

    
      
          
            
  
Welcome to Ianvs documentation!

Ianvs is a distributed synergy AI benchmarking project incubated in KubeEdge SIG AI. According to the landing challenge survey 2022 in KubeEdge SIG AI,
when it comes to the landing of distributed synergy AI projects, developers suffer from the lack of support on related datasets and algorithms;
while end users are lost in the sea of mismatched solutions.
That limits the wide application of related techniques and hinders a prosperous ecosystem of distributed synergy AI.

Confronted with these challenges, Ianvs aims to test the performance of distributed synergy AI solutions following recognized standards,
in order to facilitate more efficient and effective development. More detailedly, Ianvs prepares not only test cases with datasets and corresponding algorithms,
but also benchmarking tools including simulation and hyper-parameter searching.
Ianvs also reveals best practices for developers and end users with presentation tools including leaderboards and test reports.

The scope of Ianvs is mainly two folds.

First, Ianvs aims to provide end-to-end benchmark toolkits across devices, edge nodes, and cloud nodes based on typical distributed-synergy AI paradigms and applications.
- Tools to manage test environment. For example, it would be necessary to support the CRUD (Create, Read, Update, and Delete) actions in test environments. Elements of such test environments include algorithm-wise and system-wise configuration.
- Tools to control test cases. Typical examples include paradigm templates, simulation tools, and hyper-parameter-based assistant tools.
- Tools to manage benchmark presentation, e.g., leaderboard and test report generation.

Second, Ianvs also cooperates with other organizations or communities, e.g., in KubeEdge SIG AI, to establish comprehensive benchmarks and developed related applications, which can include but are not limited to
- Dataset collection, re-organization, and publication
- Formalized specifications, e.g., standards
- Holding competitions or coding events, e.g., open source promotion plan
- Maintaining solution leaderboards or certifications for commercial usage

Start your journey on Ianvs with the following links:


Introduction


	Introduction to Ianvs

	Quick Start

	What is next






GUIDEs


	How to install Ianvs

	How to test algorithms with Ianvs






SCENARIOs


	Industrial Defect Detection: PCB-AoI






ALGORITHMs


	Single Task Learning: FPN

	Incremental Learning: BasicIL-FPN






USER INTERFACE


	How to Config Algorithm

	How to Config TestEnv

	How to Config Benchmarkingjob

	How to Use Ianvs Command Line






Stories


	Leaderboard: Single Task Learning on PCB-AoI

	Leaderboard: Incremental Learning on PCB-AoI

	Test Report: Single Task Learning on PCB-AoI

	Test Report: Incremental Learning on PCB-AoI






Contribution


	How to contribute test environments

	How to contributrbute an algorithm to Ianvs

	How to contribute test reports or leaderboards






ROADMAP


	Roadmap

	Ianvs v0.1.0 release






RELATED LINKs


Release

边缘智能还能怎么玩？KubeEdge AI SIG 带你飞 [https://mp.weixin.qq.com/s/t10_ZrZW42AZoYnisVAbpg]



Meetup and Conference

HDC.Cloud 2021: 边云协同，打通AI最后一公里 [https://xie.infoq.cn/article/b22e72afe8de50ca34269bb21]
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Distributed Synergy AI Benchmarking

Edge computing emerges as a promising technical framework to overcome the challenges in cloud computing. In this machine-learning era, the AI application becomes one of the most critical types of applications on the edge. Driven by the increasing computation power of edge devices and the increasing amount of data generated from the edge, edge-cloud synergy AI and distributed synergy AI techniques have received more and more attention for the sake of device, edge, and cloud intelligence enhancement.

Nevertheless, distributed synergy AI is at its initial stage. For the time being, the comprehensive evaluation standard is not yet available for scenarios with various AI paradigms on all three layers of edge computing systems. According to the landing challenge survey 2022, developers suffer from the lack of support on related datasets and algorithms; while end users are lost in the sea of mismatched solutions. That limits the wide application of related techniques and hinders a prosperous ecosystem of distributed synergy AI. A comprehensive end-to-end distributed synergy AI benchmark suite is thus needed to measure and optimize the systems and applications.

Ianvs thus provides a basic benchmark suite for distributed synergy AI, so that AI developers and end users can benefit from efficient development support and best practice discovery.


Goals

For developers or end users of distributed synergy AI solutions, the goals of the distributed synergy AI framework are:


	Facilitating efficient development for developers by preparing


	test cases including dataset and corresponding tools


	benchmarking tools including simulation and hyper-parameter searching






	Revealing best practices for developers and end users


	presentation tools including leaderboards and test reports










Scope

The distributed synergy AI benchmarking ianvs aims to test the performance of distributed synergy AI solutions following recognized standards, in order to facilitate more efficient and effective development.

The scope of ianvs includes


	Providing end-to-end benchmark toolkits across devices, edge nodes, and cloud nodes based on typical distributed-synergy AI paradigms and applications.


	Tools to manage test environment. For example, it would be necessary to support the CRUD (Create, Read, Update, and Delete) actions in test environments. Elements of such test environments include algorithm-wise and system-wise configuration.


	Tools to control test cases. Typical examples include paradigm templates, simulation tools, and hyper-parameter-based assistant tools.


	Tools to manage benchmark presentation, e.g., leaderboard and test report generation.






	Cooperation with other organizations or communities, e.g., in KubeEdge SIG AI, to establish comprehensive benchmarks and developed related applications, which can include but are not limited to


	Dataset collection, re-organization, and publication


	Formalized specifications, e.g., standards


	Holding competitions or coding events, e.g., open source promotion plan


	Maintaining solution leaderboards or certifications for commercial usage








Targeting users


	Developers: Build and publish edge-cloud collaborative AI solutions efficiently from scratch


	End users: view and compare distributed synergy AI capabilities of solutions




The scope of ianvs does NOT include to


	Re-invent existing edge platform, i.e., kubeedge, etc.


	Re-invent existing AI frameworks, i.e., tensorflow, pytorch, mindspore, etc.


	Re-invent existing distributed synergy AI framework, i.e., kubeedge-sedna, etc.


	Re-invent existing UI or GUI toolkits, i.e., prometheus, grafana, matplotlib, etc.






Design Details


Architecture and Modules

The architectures and related concepts are shown in the below figure. The ianvs is designed to run within a single node. Critical components include


	Test Environment Manager: the CRUD of test environments serving for global usage


	Test Case Controller: control the runtime behavior of test cases like instance generation and vanish


	Generation Assistant: assist users to generate test cases based on certain rules or constraints, e.g., the range of parameters


	Simulation Controller: control the simulation process of edge-cloud synergy AI, including the instance generation and vanishment of simulation containers






	Story Manager: the output management and presentation of the test case, e.g., leaderboards




[image: ]
Ianvs includes Test-Environment Management, Test-case Controller, and Story Manager in the Distributed Synergy AI benchmarking toolkits, where


	Test-Environment Manager basically includes


	Algorithm-wise configuration


	Public datasets


	Pre-processing algorithms


	Feature engineering algorithms


	Post-processing algorithms like metric computation






	System-wise configuration


	Overall architecture


	System constraints or budgets


	End-to-end cross-node


	Per node














	Test-case Controller includes but is not limited to the following components


	Templates of common distributed-synergy-AI paradigms, which can help the developer to prepare their test case without too much effort. Such paradigms include edge-cloud synergy joint inference, incremental learning, federated learning, and lifelong learning.


	Simulation tools. Develop simulated test environments for test cases


	Note that simulation tools are not yet available in early versions until v0.5


	It is NOT in the scope of this open-sourced Ianvs to simulate different hardware devices, e.g., simulating NPU with GPU and even CPU






	Other tools to assist test-case generation. For instance, prepare test cases based on a given range of hyper-parameters.






	Story Manager includes but is not limited to the following components


	Leaderboard generation


	Test report generation










Definitions of Objects

Quite a few terms exist in ianvs, which include the detailed modules and objects. To facilitate easier concept understanding, we show a hierarchical table of terms in the following figures, where the top item contains the items below it.
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Quick Start

Welcome to Ianvs! Ianvs aims to test the performance of distributed synergy AI solutions following recognized standards,
in order to facilitate more efficient and effective development. Quick start helps you to test your algorithm on Ianvs
with a simple example of industrial defect detection. You can reduce manual procedures to just a few steps so that you can
build and start your distributed synergy AI solution development within minutes.

Before using Ianvs, you might want to have the device ready:


	One machine is all you need, i.e., a laptop or a virtual machine is sufficient and a cluster is not necessary


	2 CPUs or more


	4GB+ free memory, depends on algorithm and simulation setting


	10GB+ free disk space


	Internet connection for GitHub and pip, etc


	Python 3.6+ installed




In this example, we are using the Linux platform with Python 3.6.9. If you are using Windows, most steps should still apply but a few commands and package requirements might be different.


Step 1. Ianvs Preparation

First, we download the code of Ianvs. Assuming that we are using /ianvs as workspace, Ianvs can be cloned with Git
as:

mkdir /ianvs
cd /ianvs #One might use another path preferred

mkdir project
cd project
git clone https://github.com/kubeedge/ianvs.git





Then, we install third-party dependencies for ianvs.

sudo apt-get update
sudo apt-get install libgl1-mesa-glx -y
python -m pip install --upgrade pip

cd ianvs
python -m pip install ./examples/resources/third_party/*
python -m pip install -r requirements.txt





We are now ready to install Ianvs.

python setup.py install





Note:
If you want to use a separate space to do work, you may select the following method:

python -m pip install --pre envd
envd bootstrap

cd /ianvs/project/ianvs
envd build build.envd
envd up





refer to the ML tool envd [https://envd.tensorchord.ai/guide/getting-started.html].



Step 2. Dataset and Model Preparation

Datasets and models can be large. To avoid over-size projects in the GitHub repository of Ianvs, the Ianvs code base does
not include origin datasets and models. Then developers do not need to download non-necessary datasets and models for a
quick start.

First, the user needs to prepare the dataset according to the targeted scenario, from source links (e.g., from Cloud
Service or Kaggle) provided by Ianvs. All scenarios with datasets are available Links of scenarios. As an example in
this document, we are using the PCB-AoI Public Dataset [https://www.kaggle.com/datasets/kubeedgeianvs/pcb-aoi] put on Kaggle. The dataset is released by KubeEdge Ianvs and prepared by KubeEdge SIG AI members.
See Details of PCB-AoI dataset for more information.

cd /ianvs #One might use another path preferred
mkdir dataset
cd dataset
wget https://kubeedge.obs.cn-north-1.myhuaweicloud.com:443/ianvs/pcb-aoi/dataset.zip
unzip dataset.zip





The URL address of this dataset then should be filled in the configuration file testenv.yaml. In this quick start,
we have done that for you and the interested readers can refer to testenv.yaml [https://ianvs.readthedocs.io/en/latest/guides/how-to-test-algorithms.html#step-1-test-environment-preparation] for more details.

Then we may Develop the targeted algorithm as usual. In this quick start, Ianvs has prepared an initial model for
benchmarking. One can find the model at FPN-model [https://kubeedge.obs.cn-north-1.myhuaweicloud.com:443/ianvs/pcb-aoi/model.zip].

cd /ianvs #One might use another path preferred
mkdir initial_model
cd initial_model
wget https://kubeedge.obs.cn-north-1.myhuaweicloud.com:443/ianvs/pcb-aoi/model.zip





Related algorithm is also ready as a wheel in this quick start.

cd /ianvs/project/ianvs/
python -m pip install examples/resources/algorithms/FPN_TensorFlow-0.1-py3-none-any.whl





The URL address of this algorithm then should be filled in the configuration file algorithm.yaml. In this quick
start, we have done that for you and the interested readers can refer to the algorithm.yaml [https://ianvs.readthedocs.io/en/latest/guides/how-to-test-algorithms.html#step-1-test-environment-preparation] for more details.



Step 3. Ianvs Execution and Presentation

We are now ready to run the ianvs for benchmarking on the PCB-AoI dataset.

ianvs -f ./examples/pcb-aoi/singletask_learning_bench/benchmarkingjob.yaml





Finally, the user can check the result of benchmarking on the console and also in the output path(
e.g. /ianvs/singletask_learning_bench/workspace) defined in the benchmarking config file (
e.g. benchmarkingjob.yaml). In this quick start, we have done all configurations for you and the interested readers
can refer to benchmarkingJob.yaml [https://ianvs.readthedocs.io/en/latest/guides/how-to-test-algorithms.html#step-1-test-environment-preparation] for more details.

The final output might look like this:



	rank

	algorithm

	f1_score

	paradigm

	basemodel

	learning_rate

	momentum

	time

	url





	1

	fpn_singletask_learning

	0.8396

	singletasklearning

	FPN

	0.1

	0.5

	2022-07-07 20:33:53

	/ianvs/pcb-aoi/singletask_learning_bench/workspace/benchmarkingjob/fpn_singletask_learning/49eb5ffd-fdf0-11ec-8d5d-fa163eaa99d5



	2

	fpn_singletask_learning

	0.8353

	singletasklearning

	FPN

	0.1

	0.95

	2022-07-07 20:31:08

	/ianvs/pcb-aoi/singletask_learning_bench/workspace/benchmarkingjob/fpn_singletask_learning/49eb5ffc-fdf0-11ec-8d5d-fa163eaa99d5






This ends the quick start experiment.




What is next

If the reader is ready to explore more on Ianvs, e.g., after the quick start, the following links might help:

How to test algorithms

How to contribute algorithms

How to contribute test environments

Links of scenarios

Details of PCB-AoI dataset

If any problems happen, the user can refer to the issue page on Github [https://github.com/kubeedge/ianvs/issues] for help and are also welcome to raise any new issue.

Enjoy your journey on Ianvs!
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How to install Ianvs

It is recommended to use Ianvs on a Linux machine. But for quick algorithm development, the Windows platform is also planned to support, to reduce the configuration cost of the development environment.

This guide covers how to install Ianvs on a Linux environment.


Prerequisites


	One machine is all you need, i.e., a laptop or a virtual machine is sufficient and a cluster is not necessary


	2 CPUs or more


	4GB+ free memory, depends on algorithm and simulation setting


	10GB+ free disk space


	Internet connection for GitHub and pip, etc


	Python 3.6+ installed




you can check the python version by the following command:

python -V





after doing that, the output will be like this, which means your version fits the bill.

Python 3.6.9







Install ianvs on Linux


Create virtualenv

sudo apt-get install -y virtualenv
mkdir ~/venv
virtualenv -p python3 ~/venv/ianvs
source ~/venv/ianvs/bin/activate






If you prefer conda, you can create a python environment by referring to the creating steps [https://docs.conda.io/projects/conda/en/latest/user-guide/tasks/manage-environments.html#creating-an-environment-with-commands] provided by conda.






Download ianvs project

cd ~
git clone https://github.com/kubeedge/ianvs.git







Install third-party dependencies

sudo apt-get update
sudo apt-get install libgl1-mesa-glx -y
python -m pip install --upgrade pip

cd ~/ianvs
python -m pip install ./examples/resources/third_party/*
python -m pip install -r requirements.txt







Install ianvs

python setup.py install







Check the installation

ianvs -v





If the version information is printed, Ianvs is installed successfully.




About Windows

At the time being, the package requirements of Ianvs are only applicable for Linux, to ensure comprehensive support from the Linux ecosystem and to ease the burden of manual installation for users in Windows.

If you are more used to developing on Windows, you can still do so with remote connections like SSH from Windows connecting to a Linux machine with ianvs installed. Such remote connection is already supported in common Python coding tools like VScode, Pycharm, etc. By doing so, it helps to provide efficient installation and robust functionality of Ianvs.
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How to test algorithms with Ianvs

With Ianvs installed and the related environment prepared, an algorithm developer is then able to test his/her own targeted algorithm using the following steps.

Note that:


	If you are testing an algorithm submitted in the Ianvs repository, e.g., FPN for single task learning, the test environment and the test case are both ready to use and you can directly refer to Quick Start.


	Otherwise, if the user has a test algorithm that is new to the Ianvs repository, i.e., the test environment and the test case are not ready for the targeted algorithm, you might test the algorithm in Ianvs following the next steps from scratch





Step 1. Test Environment Preparation

First, the user needs to prepare the dataset according to the targeted scenario, from source links (e.g., from Kaggle) provided by Ianvs. Scenarios with datasets are available Links of scenarios. As an example in this document, we are using the PCB-AoI Public Dataset released by KubeEdge SIG AI members on Kaggle. See details of PCB-AoI dataset for more information on this dataset.

You might wonder why not put the dataset on the GitHub repository of Ianvs: Datasets can be large. To avoid over-size projects in the GitHub repository of Ianvs, the Ianvs code base does not include origin datasets and developers might want to download unneeded datasets.
The URL address of this dataset then should be filled in the configuration file testenv.yaml.

The URL address of this dataset then should be filled in the configuration file testenv.yaml.

# testenv.yaml
testenv:
  # dataset configuration
  dataset:
    # the url address of train dataset index; string type;
    train_url: "/ianvs/dataset/train_data/index.txt"
    # the url address of test dataset index; string type;
    test_url: "/ianvs/dataset/test_data/index.txt"

  # model eval configuration of incremental learning;
  model_eval:
    # metric used for model evaluation
    model_metric:
      # metric name; string type;
      name: "f1_score"
      # the url address of python file
      url: "./examples/pcb-aoi/incremental_learning_bench/testenv/f1_score.py"

    # condition of triggering inference model to update
    # threshold of the condition; types are float/int
    threshold: 0.01
    # operator of the condition; string type;
    # values are ">=", ">", "<=", "<" and "=";
    operator: ">="

  # metrics configuration for test case's evaluation; list type;
  metrics:
      # metric name; string type;
    - name: "f1_score"
      # the url address of python file
      url: "./examples/pcb-aoi/incremental_learning_bench/testenv/f1_score.py"
    - name: "samples_transfer_ratio"

  # incremental rounds setting for incremental learning paradigm.; int type; default value is 2;
  incremental_rounds: 2





The URL address of this test environment, i.e., testenv.yaml, then should be filled in the configuration file in the following Step 3. For example,

# benchmarkingJob.yaml
  testenv: "./examples/pcb-aoi/benchmarkingjob/testenv/testenv.yaml"







Step 2. Test Case Preparation

Note that the tested algorithm should follow the ianvs interface to ensure functional benchmarking. That is, when a new algorithm is needed for testing, it should be extended based on the basic classes, i.e., class_factory.py. The class factory helps to make the algorithm pluggable in Ianvs and two classes are defined in class_factory.py, namely ClassType, and ClassFactory. ClassFactory can register the modules you want to reuse through decorators. The user may develop the targeted algorithm, as usual, using the algorithm interface in the class factory.
Currently, Ianvs is using the class_factory.py defined in KubeEdge SIG AI (source link). If you want to contribute a new type of module to KubeEdge SIG AI, i.e., a new class type, please refer to the guide on how to contribute algorithms.

Currently, Ianvs is using the class_factory.py defined in KubeEdge SIG AI (source link [https://github.com/kubeedge/sedna/blob/main/lib/sedna/common/class_factory.py]). If you want to contribute a new type of modules to KubeEdge SIG AI, i.e., a new classtype, please refer to the guide of how to contribute algorithms.


Example 1. Testing a hard-example-mining algorithm in incremental learning

As the first example, we describe how to test an algorithm Threshold-based-HEM for HEM (Hard Example Mining) module in incremental learning.
For this new algorithm in ClassType.HEM, the code in the algorithm file is as follows:

@ClassFactory.register(ClassType.HEM, alias="Threshold-based-HEM")
class ThresholdFilter(BaseFilter, abc.ABC):
    def __init__(self, threshold=0.5, **kwargs):
        self.threshold = float(threshold)

    def __call__(self, infer_result=None):
        return Threshold-based-HEM(infer_result)





With the above algorithm interface, one may develop the targeted algorithm as usual in the same algorithm file:

def Threshold-based-HEM(infer_result=None):
    # if invalid input, return False
    if not (infer_result
                and all(map(lambda x: len(x) > 4, infer_result))):
            return False

        image_score = 0

        for bbox in infer_result:
            image_score += bbox[4]

        average_score = image_score / (len(infer_result) or 1)
        return average_score < self.threshold







Example 2. Testing a neural-network-based modeling algorithm in incremental learning

As the second example, we describe how to test a neural network FPN for HEM (Hard Example Mining) module in incremental learning.
For this new algorithm in ClassType.GENERAL, the code in the algorithm file is as follows:

@ClassFactory.register(ClassType.GENERAL, alias="FPN")
class BaseModel:

    def __init__(self, **kwargs):
        """
        initialize logging configuration
        """

        self.has_fast_rcnn_predict = False

        self._init_tf_graph()

        self.temp_dir = tempfile.mkdtemp()
        if not os.path.isdir(self.temp_dir):
            mkdir(self.temp_dir)

        os.environ["MODEL_NAME"] = "model.zip"
        cfgs.LR = kwargs.get("learning_rate", 0.0001)
        cfgs.MOMENTUM = kwargs.get("momentum", 0.9)
        cfgs.MAX_ITERATION = kwargs.get("max_iteration", 5)

    def train(self, train_data, valid_data=None, **kwargs):

        if train_data is None or train_data.x is None or train_data.y is None:
            raise Exception("Train data is None.")

        with tf.Graph().as_default():

            img_name_batch, train_data, gtboxes_and_label_batch, num_objects_batch, data_num = \
                next_batch_for_tasks(
                    (train_data.x, train_data.y),
                    dataset_name=cfgs.DATASET_NAME,
                    batch_size=cfgs.BATCH_SIZE,
                    shortside_len=cfgs.SHORT_SIDE_LEN,
                    is_training=True,
                    save_name="train"
                )

            # ... ...
            # several lines are omitted here.

        return self.checkpoint_path

    def save(self, model_path):
        if not model_path:
            raise Exception("model path is None.")

        model_dir, model_name = os.path.split(self.checkpoint_path)
        models = [model for model in os.listdir(model_dir) if model_name in model]

        if os.path.splitext(model_path)[-1] != ".zip":
            model_path = os.path.join(model_path, "model.zip")

        if not os.path.isdir(os.path.dirname(model_path)):
            os.makedirs(os.path.dirname(model_path))

        with zipfile.ZipFile(model_path, "w") as f:
            for model_file in models:
                model_file_path = os.path.join(model_dir, model_file)
                f.write(model_file_path, model_file, compress_type=zipfile.ZIP_DEFLATED)

        return model_path

    def predict(self, data, input_shape=None, **kwargs):
        if data is None:
            raise Exception("Predict data is None")

        inference_output_dir = os.getenv("RESULT_SAVED_URL")

        with self.tf_graph.as_default():
            if not self.has_fast_rcnn_predict:
                self._fast_rcnn_predict()
                self.has_fast_rcnn_predict = True

            restorer = self._get_restorer()

            config = tf.ConfigProto()
            init_op = tf.group(
                tf.global_variables_initializer(),
                tf.local_variables_initializer()
            )

            with tf.Session(config=config) as sess:
                sess.run(init_op)

        # ... ...
        # several lines are omitted here.

        return predict_dict

    def load(self, model_url=None):
        if model_url:
            model_dir = os.path.split(model_url)[0]
            with zipfile.ZipFile(model_url, "r") as f:
                f.extractall(path=model_dir)
                ckpt_name = os.path.basename(f.namelist()[0])
                index = ckpt_name.find("ckpt")
                ckpt_name = ckpt_name[:index + 4]
            self.checkpoint_path = os.path.join(model_dir, ckpt_name)

        else:
            raise Exception(f"model url is None")

        return self.checkpoint_path

    def evaluate(self, data, model_path, **kwargs):
        if data is None or data.x is None or data.y is None:
            raise Exception("Prediction data is None")

        self.load(model_path)
        predict_dict = self.predict(data.x)
        metric_name, metric_func = kwargs.get("metric")
        if callable(metric_func):
            return {"f1_score": metric_func(data.y, predict_dict)}
        else:
            raise Exception(f"not found model metric func(name={metric_name}) in model eval phase")





With the above algorithm interface, one may develop the targeted algorithm of FPN as usual in the same algorithm file.
The FPN_TensorFlow is also open sourced. For those interested in FPN_TensorFlow, an example implementation is available here [https://github.com/DetectionTeamUCAS/FPN_Tensorflow] and extended with the algorithm interface here [https://github.com/ECIL-EdgeAI/FPN_Tensorflow].

Then we can fill in the algorithm.yaml:

algorithm:
  # paradigm type; string type;
  # currently the options of value are as follows:
  #   1> "singletasklearning"
  #   2> "incrementallearning"
  paradigm_type: "incrementallearning"
  incremental_learning_data_setting:
    # ratio of training dataset; float type;
    # the default value is 0.8.
    train_ratio: 0.8
    # the method of splitting dataset; string type; optional;
    # currently the options of value are as follows:
    #   1> "default": the dataset is evenly divided based train_ratio;
    splitting_method: "default"
  # the url address of initial model for model pre-training; string url;
  initial_model_url: "/ianvs/initial_model/model.zip"

  # algorithm module configuration in the paradigm; list type;
  modules:
    # type of algorithm module; string type;
    # currently the options of value are as follows:
    #   1> "basemodel": contains important interfaces such as train, eval, predict and more; required module;
    - type: "basemodel"
      # name of python module; string type;
      # example: basemodel.py has BaseModel module that the alias is "FPN" for this benchmarking;
      name: "FPN"
      # the url address of python module; string type;
      url: "./examples/pcb-aoi/incremental_learning_bench/testalgorithms/fpn/basemodel.py"

      # hyperparameters configuration for the python module; list type;
      hyperparameters:
        # name of the hyperparameter; string type;
        - momentum:
            # values of the hyperparameter; list type;
            # types of the value are string/int/float/boolean/list/dictionary
            values:
              - 0.95
              - 0.5
        - learning_rate:
            values:
              - 0.1
      #  2> "hard_example_mining": check hard example when predict ; optional module;
    - type: "hard_example_mining"
      # name of python module; string type;
      name: "IBT"
      # the url address of python module; string type;
      url: "./examples/pcb-aoi/incremental_learning_bench/testalgorithms/fpn/hard_example_mining.py"
      # hyperparameters configuration for the python module; list type;
      hyperparameters:
        # name of the hyperparameter; string type;
        # threshold of image; value is [0, 1]
        - threshold_img:
            values:
              - 0.9
        # predict box of image; value is [0, 1]
        - threshold_box:
            values:
              - 0.9





The URL address of this algorithm then should be filled in the configuration file of benchmarkingJob.yaml in the following Step 3. Two examples are as follows:

# the configuration of test object
test_object:
  # test type; string type;
  # currently the option of value is "algorithms",the others will be added in succession.
  type: "algorithms"
  # test algorithm configuration files; list type;
  algorithms:
    # algorithm name; string type;
    - name: "fpn_incremental_learning"
      # the url address of test algorithm configuration file; string type;
      # the file format supports yaml/yml
      url: "./examples/pcb-aoi/incremental_learning_bench/testalgorithms/fpn/fpn_algorithm.yaml"





or

# the configuration of test object
test_object:
  # test type; string type;
  # currently the option of value is "algorithms",the others will be added in succession.
  type: "algorithms"
  # test algorithm configuration files; list type;
  algorithms:
    # algorithm name; string type;
    - name: "fpn_singletask_learning"
      # the url address of test algorithm configuration file; string type;
      # the file format supports yaml/yml;
      url: "./examples/pcb-aoi/singletask_learning_bench/testalgorithms/fpn/fpn_algorithm.yaml"








Step 3. ianvs Configuration

Now we come to the final configuration on benchmarkingJob.yaml before running ianvs.

First, the user can configure the workspace to reserve the output of tests.

# benchmarkingJob.yaml
  workspace: "/ianvs/pcb-aoi/workspace/"





Then, the user fill in the test environment and algorithm configured in previous steps.

# benchmarkingJob.yaml
  testenv: ".examples/pcb-aoi/benchmarkingjob/testenv/testenv.yaml"





algorithms:
  - name: "fpn_incremental_learning"
    url: "./examples/pcb-aoi/benchmarkingjob/testalgorithms/fpn_incremental_learning/fpn_algorithm.yaml"





As the final leaderboard, the user can configure how to rank the leaderboard with the specific metric and order.

# benchmarkingJob.yaml
    rank:
        sort_by: [ { "f1_score": "descend" } ]





There are quite a few possible data items in the leaderboard. Not all of them can be shown simultaneously on the screen. In the leaderboard, we provide the selected_only mode for the user to configure what is shown or is not shown. The user can add his/her interested data items in terms of paradigms, modules, hyperparameters, and metrics so that the selected columns will be shown.

visualization:
  mode: "selected_only"
  method: "print_table"

selected_dataitem:
  paradigms: [ "all" ]
  modules: [ "all" ]
  hyperparameters: [ "all" ]
  metrics: [ "f1_score" ]

save_mode: "selected_and_all"







Step 4. Execution and Presentation

Finally, the user can run ianvs for benchmarking.

The benchmarking result of the targeted algorithms will be shown after the evaluation is done. Leaderboard examples can be found here [https://github.com/kubeedge/ianvs/tree/main/docs/proposals/leaderboards].
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Industrial defect detection: the PCB-AoI dataset

Download link: Kaggle [https://www.kaggle.com/datasets/kubeedgeianvs/pcb-aoi], Huawei OBS [https://kubeedge.obs.cn-north-1.myhuaweicloud.com:443/ianvs/pcb-aoi/dataset.zip]


Authors


	China Telcom Research Institute: Dongdong Li, Dan Liu, Yun Shen, Yaqi Song


	Raisecom Technology Co.,ltd.: Liangliang Luo






Background

Surface-mount technology (SMT) is a technology that automates electronic circuits production in which components are mounted or placed onto the surface of printed circuit boards. Solder paste printing (SPP) is the most delicate stage in SMT. It prints solder paste on the pads of an electronic circuit panel. Thus, SPP is followed by a solder paste inspection (SPI) stage to detect defects. SPI scans the printed circuit board for missing/less paste, bridging between pads, miss alignments, and so forth. Boards with anomaly must be detected, and boards in good condition should not be disposed of. Thus SPI requires high precision and a high recall.

The PCB-AoI dataset is a part of the open-source distributed synergy AI benchmarking project KubeEdge-Ianvs.  Ianvs is honored to be the First site that this dataset is released and the Ianvs working group put it on Kaggle as The PCB-AoI public dataset [https://www.kaggle.com/datasets/kubeedgeianvs/pcb-aoi]. It is released by KubeEdge SIG AI members from China Telecom and Raisecom Technology.

Below shows two example figures in the dataset.

[image: ]


Data Explorer

In this dataset, more than 230 boards are collected and the number of images is enhanced to more than 1200. Detailedly, the dataset include two parts, i.e., the train and the test set. The train set includes 173 boards while the test set includes 60 boards. That is, the train-test ratio is around 3:1 in terms of PCB boards. Data augmentation is conducted, boosting the train-test ratio to 1211:60 (about 20:1) in term of images. Both directories of train_data and test_data include the index file which recodes the mapping between the raw images and the label of annotation.

The directories of this dataset is as follows:

├── PCB-AoI Dataset
│   ├── train_data
│       ├── Annotation
│       ├── JPEGImages
│       ├── index.txt
│   ├── test_data
│       ├── Annotation
│       ├── JPEGImages
│       ├── index.txt
│   ├── train_data_augmentation
│       ├── Annotation
│       ├── JPEGImages
│       ├── index.txt





The following is part of index.txt:

./JPEGImages/20161019-SPI-AOI-1.jpeg ./Annotations/20161019-SPI-AOI-1.xml
./JPEGImages/20161020-SPI-AOI-5.jpeg ./Annotations/20161020-SPI-AOI-5.xml
./JPEGImages/20161021-SPI-AOI-13.jpeg ./Annotations/20161021-SPI-AOI-13.xml
./JPEGImages/20161021-SPI-AOI-14.jpeg ./Annotations/20161021-SPI-AOI-14.xml
./JPEGImages/20161021-SPI-AOI-15.jpeg ./Annotations/20161021-SPI-AOI-15.xml





Column 1 stands for the file path of the raw image, and column 2 is the file path of corresponding annotation file.In this dataset, the xml annotation follows Pascal VOC XML format.  you can find more description of Pascal VOC XML at here [https://roboflow.com/formats/pascal-voc-xml].
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Single task learning: FPN

Pre-trained model: Huawei OBS [https://kubeedge.obs.cn-north-1.myhuaweicloud.com:443/ianvs/pcb-aoi/model.zip]

Single task learning is a traditional learning pooling all data together to train a single model. It typically includes a specialist model laser-focused on a single task and requires large amounts of task-specific labeled data, which is not always available on early stage of a distributed synergy AI project.

As shown in the following figure, the single task learning works as procedures below:


	Developer implements and deploys the application based on single task learning.


	The application runs and launches single task learning.


	The application uploads samples to the cloud.


	Labeling service labels the uploaded samples.


	Training learns the samples to generate a new model.


	The system updates the model on the edge.


	The model conducts inference given test samples where the inference result is send to the application which ends the process.




[image: ]
As for the base model of single task learning, in this report we are using FPN_TensorFlow. It is a tensorflow re-implementation of Feature Pyramid Networks for Object Detection, which is based on Faster-RCNN. More detailedly, feature pyramids are a basic component in recognition systems for detecting objects at different scales. But recent deep learning object detectors have avoided pyramid representations, in part because they are compute and memory intensive. Researchers have exploited the inherent multi-scale, pyramidal hierarchy of deep convolutional networks to construct feature pyramids with marginal extra cost. A top-down architecture with lateral connections is developed for building high-level semantic feature maps at all scales. The architecture, called a Feature Pyramid Network (FPN), shows significant improvement as a generic feature extractor in several applications. Using FPN in a basic Faster R-CNN system, the method achieves state-of-the-art single-model results on the COCO detection benchmark without bells and whistles, surpassing all existing single-task entries including those from the COCO 2016 challenge winners. In addition, FPN can run at 5 FPS on a GPU and thus is a practical and accurate solution to multi-scale object detection.

The FPN_TensorFlow is also open sourced and completed by YangXue and YangJirui. For those interested in details of FPN_TensorFlow, an example implementation is available here [https://github.com/DetectionTeamUCAS/FPN_Tensorflow] and is extended with the Ianvs algorithm inferface here [https://github.com/ECIL-EdgeAI/FPN_Tensorflow].


Implementation

Here we also show how to implement a single task learning algorithm for testing in ianvs, based on an opensource algorithm FPN [https://github.com/DetectionTeamUCAS/FPN_Tensorflow].

When testing your own algorithm, of course, FPN is not necessary. It can be replaced with any algorithm complying the requirement of ianvs interface.

Ianvs testing algorithm development, at present, are using Sedna Lib. The following is recommended development workflow:


	Algorithm Development: put the algorithm implementation to ianvs examples directory locally, for testing.


	Algorithm Submission: submit the algorithm implementation to Sedna repository [https://github.com/kubeedge/sedna], for sharing, then everyone can test and use your algorithm.






Customize algorithm

Sedna provides a class called class_factory.py in common package, in which only a few lines of changes are required to become a module of sedna.

Two classes are defined in class_factory.py, namely ClassType and ClassFactory.

ClassFactory can register the modules you want to reuse through decorators. For example, in the following code example, you have customized an single task learning algorithm, you only need to add a line of ClassFactory.register(ClassType.GENERAL) to complete the registration.

The following code is just to show the overall structure of a basicIL-fpn BaseModel, not the complete version. The complete code can be found here [https://github.com/kubeedge/ianvs/tree/main/examples/pcb-aoi/incremental_learning_bench/testalgorithms/fpn].

@ClassFactory.register(ClassType.GENERAL, alias="FPN")
class BaseModel:

    def __init__(self, **kwargs):
        """
        initialize logging configuration
        """

        self.has_fast_rcnn_predict = False

        self._init_tf_graph()

        self.temp_dir = tempfile.mkdtemp()
        if not os.path.isdir(self.temp_dir):
            mkdir(self.temp_dir)

        os.environ["MODEL_NAME"] = "model.zip"
        cfgs.LR = kwargs.get("learning_rate", 0.0001)
        cfgs.MOMENTUM = kwargs.get("momentum", 0.9)
        cfgs.MAX_ITERATION = kwargs.get("max_iteration", 5)

    def train(self, train_data, valid_data=None, **kwargs):

        if train_data is None or train_data.x is None or train_data.y is None:
            raise Exception("Train data is None.")

        with tf.Graph().as_default():

            img_name_batch, train_data, gtboxes_and_label_batch, num_objects_batch, data_num = \
                next_batch_for_tasks(
                    (train_data.x, train_data.y),
                    dataset_name=cfgs.DATASET_NAME,
                    batch_size=cfgs.BATCH_SIZE,
                    shortside_len=cfgs.SHORT_SIDE_LEN,
                    is_training=True,
                    save_name="train"
                )

            # ... ...
            # several lines are omitted here.

        return self.checkpoint_path

    def save(self, model_path):
        if not model_path:
            raise Exception("model path is None.")

        model_dir, model_name = os.path.split(self.checkpoint_path)
        models = [model for model in os.listdir(model_dir) if model_name in model]

        if os.path.splitext(model_path)[-1] != ".zip":
            model_path = os.path.join(model_path, "model.zip")

        if not os.path.isdir(os.path.dirname(model_path)):
            os.makedirs(os.path.dirname(model_path))

        with zipfile.ZipFile(model_path, "w") as f:
            for model_file in models:
                model_file_path = os.path.join(model_dir, model_file)
                f.write(model_file_path, model_file, compress_type=zipfile.ZIP_DEFLATED)

        return model_path

    def predict(self, data, input_shape=None, **kwargs):
        if data is None:
            raise Exception("Predict data is None")

        inference_output_dir = os.getenv("RESULT_SAVED_URL")

        with self.tf_graph.as_default():
            if not self.has_fast_rcnn_predict:
                self._fast_rcnn_predict()
                self.has_fast_rcnn_predict = True

            restorer = self._get_restorer()

            config = tf.ConfigProto()
            init_op = tf.group(
                tf.global_variables_initializer(),
                tf.local_variables_initializer()
            )

            with tf.Session(config=config) as sess:
                sess.run(init_op)

        # ... ...
        # several lines are omitted here.

        return predict_dict

    def load(self, model_url=None):
        if model_url:
            model_dir = os.path.split(model_url)[0]
            with zipfile.ZipFile(model_url, "r") as f:
                f.extractall(path=model_dir)
                ckpt_name = os.path.basename(f.namelist()[0])
                index = ckpt_name.find("ckpt")
                ckpt_name = ckpt_name[:index + 4]
            self.checkpoint_path = os.path.join(model_dir, ckpt_name)

        else:
            raise Exception(f"model url is None")

        return self.checkpoint_path

    def evaluate(self, data, model_path, **kwargs):
        if data is None or data.x is None or data.y is None:
            raise Exception("Prediction data is None")

        self.load(model_path)
        predict_dict = self.predict(data.x)
        metric_name, metric_func = kwargs.get("metric")
        if callable(metric_func):
            return {"f1_score": metric_func(data.y, predict_dict)}
        else:
            raise Exception(f"not found model metric func(name={metric_name}) in model eval phase")





After registration, you only need to change the name of the STL and parameters in the yaml file, and then the corresponding class will be automatically called according to the name.
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Incremental learning: BasicIL-FPN

Initial model: Huawei OBS [https://kubeedge.obs.cn-north-1.myhuaweicloud.com:443/ianvs/pcb-aoi/model.zip]

Traditionally, the data is collected manually and periodically retrained on the cloud to improve the model effect. However, data is continuously generated on the edge side. Traditional method wastes a lot of human resources, and the model update frequency is slow.

Incremental learning allows users to continuously monitor the newly generated data and by configuring some triggering rules to determine whether to start training, evaluation, and deployment automatically, and continuously improve the model performance.

Its goals include:


	Automatically retrains, evaluates, and updates models based on the data generated at the edge.


	Support time trigger, sample size trigger, and precision-based trigger.


	Support manual triggering of training, evaluation, and model update.


	Support hard example discovering of unlabeled data,  for reducing the manual labeling workload.




[image: ]
As shown in the above figure, the incremental learning works as following procedures:


	Developer implements and deploys the application based on incremental learning.


	The application runs and launches incremental learning. It can also return the inference result to the application.


	The system detects hard examples and uploads hard examples to the cloud.


	Labeling service labels the hard examples.


	Incremental training online learns the hard examples to generate a new model.


	Model evaluation is conducted and updates the model if qualified.


	The model outputs the inference result given test samples and continue as Step 3.





Implementation

Here we will show how to implement a single task learning algorithm for testing in ianvs, based on an opensource algorithm FPN [https://github.com/DetectionTeamUCAS/FPN_Tensorflow].

For test of your own algorithm, the base model of FPN is not necessary: It can be replaced with any algorithm complying the requirement of ianvs interface.

Ianvs testing algorithm development, at present, are using Sedna Lib. The following is recommended development workflow:


	Algorithm Development: put the algorithm implementation to ianvs examples directory locally, for testing.


	Algorithm Submission: submit the algorithm implementation to Sedna repository [https://github.com/kubeedge/sedna], for sharing, then everyone can test and use your algorithm.




Sedna provides a class called class_factory.py in common package, in which only a few lines of changes are required to become a module of sedna.

Two classes are defined in class_factory.py, namely ClassType and ClassFactory.

ClassFactory can register the modules you want to reuse through decorators. For example, in the following code example, you have customized an single task learning algorithm, you only need to add a line of ClassFactory.register(ClassType.GENERAL) to complete the registration.

The following code is just to show the overall structure of a basicIL-fpn BaseModel, not the complete version. The complete code can be found here [https://github.com/kubeedge/ianvs/tree/main/examples/pcb-aoi/incremental_learning_bench/testalgorithms/fpn].

@ClassFactory.register(ClassType.GENERAL, alias="FPN")
class BaseModel:

    def __init__(self, **kwargs):
        """
        initialize logging configuration
        """

        self.has_fast_rcnn_predict = False

        self._init_tf_graph()

        self.temp_dir = tempfile.mkdtemp()
        if not os.path.isdir(self.temp_dir):
            mkdir(self.temp_dir)

        os.environ["MODEL_NAME"] = "model.zip"
        cfgs.LR = kwargs.get("learning_rate", 0.0001)
        cfgs.MOMENTUM = kwargs.get("momentum", 0.9)
        cfgs.MAX_ITERATION = kwargs.get("max_iteration", 5)

    def train(self, train_data, valid_data=None, **kwargs):

        if train_data is None or train_data.x is None or train_data.y is None:
            raise Exception("Train data is None.")

        with tf.Graph().as_default():

            img_name_batch, train_data, gtboxes_and_label_batch, num_objects_batch, data_num = \
                next_batch_for_tasks(
                    (train_data.x, train_data.y),
                    dataset_name=cfgs.DATASET_NAME,
                    batch_size=cfgs.BATCH_SIZE,
                    shortside_len=cfgs.SHORT_SIDE_LEN,
                    is_training=True,
                    save_name="train"
                )

            # ... ...
            # several lines are omitted here.

        return self.checkpoint_path

    def save(self, model_path):
        if not model_path:
            raise Exception("model path is None.")

        model_dir, model_name = os.path.split(self.checkpoint_path)
        models = [model for model in os.listdir(model_dir) if model_name in model]

        if os.path.splitext(model_path)[-1] != ".zip":
            model_path = os.path.join(model_path, "model.zip")

        if not os.path.isdir(os.path.dirname(model_path)):
            os.makedirs(os.path.dirname(model_path))

        with zipfile.ZipFile(model_path, "w") as f:
            for model_file in models:
                model_file_path = os.path.join(model_dir, model_file)
                f.write(model_file_path, model_file, compress_type=zipfile.ZIP_DEFLATED)

        return model_path

    def predict(self, data, input_shape=None, **kwargs):
        if data is None:
            raise Exception("Predict data is None")

        inference_output_dir = os.getenv("RESULT_SAVED_URL")

        with self.tf_graph.as_default():
            if not self.has_fast_rcnn_predict:
                self._fast_rcnn_predict()
                self.has_fast_rcnn_predict = True

            restorer = self._get_restorer()

            config = tf.ConfigProto()
            init_op = tf.group(
                tf.global_variables_initializer(),
                tf.local_variables_initializer()
            )

            with tf.Session(config=config) as sess:
                sess.run(init_op)

        # ... ...
        # several lines are omitted here.

        return predict_dict

    def load(self, model_url=None):
        if model_url:
            model_dir = os.path.split(model_url)[0]
            with zipfile.ZipFile(model_url, "r") as f:
                f.extractall(path=model_dir)
                ckpt_name = os.path.basename(f.namelist()[0])
                index = ckpt_name.find("ckpt")
                ckpt_name = ckpt_name[:index + 4]
            self.checkpoint_path = os.path.join(model_dir, ckpt_name)

        else:
            raise Exception(f"model url is None")

        return self.checkpoint_path

    def evaluate(self, data, model_path, **kwargs):
        if data is None or data.x is None or data.y is None:
            raise Exception("Prediction data is None")

        self.load(model_path)
        predict_dict = self.predict(data.x)
        metric_name, metric_func = kwargs.get("metric")
        if callable(metric_func):
            return {"f1_score": metric_func(data.y, predict_dict)}
        else:
            raise Exception(f"not found model metric func(name={metric_name}) in model eval phase")





After registration, you only need to change the name of the basicIL and parameters in the yaml file, and then the corresponding class will be automatically called according to the name.
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How to config algorithm

The algorithm developer is able to test his/her own targeted algorithm and configs the algorithm using the following
configuration.


The configuration of algorithm



	Property

	Required

	Description





	paradigm_type

	yes

	Paradigm name; Type: string; Value Constraint: Currently the options of value are as follows: 1> singletasklearning 2> incrementallearning



	incremental_learning_data_setting

	no

	Data setting for incremental learning paradigm.the configuration of incremental_learning_data_setting [https://github.com/kubeedge/ianvs/blob/main/docs/user_interface/how-to-config-algorithm.md#the-configuration-of-incremental_learning_data_setting]



	initial_model_url

	no

	The url address of initial model for model pre-training; Type: string



	modules

	yes

	The algorithm modules for paradigm; Type: list; Value Constraint: the list of the configuration of module [https://github.com/kubeedge/ianvs/blob/main/docs/user_interface/how-to-config-algorithm.md#the-configuration-of-module]






For example:

algorithm:
  # paradigm type; string type;
  # currently the options of value are as follows:
  #   1> "singletasklearning"
  #   2> "incrementallearning"
  paradigm_type: "incrementallearning"
  incremental_learning_data_setting:
    ...
  # the url address of initial model for model pre-training; string url;
  initial_model_url: "/ianvs/initial_model/model.zip"

  # algorithm module configuration in the paradigm; list type;
  modules:
    ...






The configuration of incremental_learning_data_setting



	Property

	Required

	Description





	train_ratio

	no

	Ratio of training dataset; Type: float; Default value: 0.8; Value Constraint: the value is greater than 0 and less than 1.



	splitting_method

	no

	The method of splitting dataset; Type: string; Default value: default; Value Constraint: Currently the options of value are as follows: 1> default: the dataset is evenly divided based train_ratio.






For example:

incremental_learning_data_setting:
  # ratio of training dataset; float type;
  # the default value is 0.8.
  train_ratio: 0.8
  # the method of splitting dataset; string type; optional;
  # currently the options of value are as follows:
  #   1> "default": the dataset is evenly divided based train_ratio;
  splitting_method: "default"







The configuration of module



	Property

	Required

	Description





	type

	yes

	Algorithm module type; Type: string; Value Constraint: Currently the options of value are as follows: 1> basemodel: the algorithm module contains important interfaces such as train, eval, predict and more.it’s required module. 2> hard_example_mining: the module checks hard example when predict. it’s optional module and often used for incremental learning paradigm.



	name

	yes

	Algorithm module name; Type: string; Value Constraint: a python module name



	url

	yes

	The url address of python module file; Type: string



	hyperparameters

	no

	the configuration of hyperparameters [https://github.com/kubeedge/ianvs/blob/main/docs/user_interface/how-to-config-algorithm.md#the-configuration-of-hyperparameters]






For example:

# algorithm module configuration in the paradigm; list type;
modules:
  # type of algorithm module; string type;
  # currently the options of value are as follows:
  #   1> "basemodel": contains important interfaces such as train、 eval、 predict and more; required module;
  - type: "basemodel"
    # name of python module; string type;
    # example: basemodel.py has BaseModel module that the alias is "FPN" for this benchmarking;
    name: "FPN"
    # the url address of python module; string type;
    url: "./examples/pcb-aoi/incremental_learning_bench/testalgorithms/fpn/basemodel.py"

    # hyperparameters configuration for the python module; list type;
    hyperparameters:
      ...
    #  2> "hard_example_mining": check hard example when predict ; optional module;
  - type: "hard_example_mining"
    # name of python module; string type;
    name: "IBT"
    # the url address of python module; string type;
    url: "./examples/pcb-aoi/incremental_learning_bench/testalgorithms/fpn/hard_example_mining.py"
    # hyperparameters configuration for the python module; list type;
    hyperparameters:
      ...







The configuration of hyperparameters

The following is an example of hyperparameters configuration:

# hyperparameters configuration for the python module; list type;
hyperparameters:
  # name of the hyperparameter; string type;
  - momentum:
    # values of the hyperparameter; list type;
    # types of the value are string/int/float/boolean/list/dictionary
      values:
        - 0.95
        - 0.5
  - learning_rate:
      values:
        - 0.1
        - 0.2





Ianvs will test for all the hyperparameter combination, that means it will run all the following 4 test:



	Num

	learning_rate

	momentum





	1

	0.1

	0.95



	2

	0.1

	0.5



	3

	0.2

	0.95



	4

	0.2

	0.5






Currently, Ianvs is not restricted to validity of the hyperparameter combination. That might lead to some invalid
parameter combination, and it is controlled by the user himself. In the further version of Ianvs, it will support
excluding invalid parameter combinations to improve efficiency.




Show example

# fpn_algorithm.yaml
algorithm:
  # paradigm type; string type;
  # currently the options of value are as follows:
  #   1> "singletasklearning"
  #   2> "incrementallearning"
  paradigm_type: "incrementallearning"
  incremental_learning_data_setting:
    # ratio of training dataset; float type;
    # the default value is 0.8.
    train_ratio: 0.8
    # the method of splitting dataset; string type; optional;
    # currently the options of value are as follows:
    #   1> "default": the dataset is evenly divided based train_ratio;
    splitting_method: "default"
  # the url address of initial model for model pre-training; string url;
  initial_model_url: "/ianvs/initial_model/model.zip"

  # algorithm module configuration in the paradigm; list type;
  modules:
    # type of algorithm module; string type;
    # currently the options of value are as follows:
    #   1> "basemodel": contains important interfaces such as train、 eval、 predict and more; required module;
    - type: "basemodel"
      # name of python module; string type;
      # example: basemodel.py has BaseModel module that the alias is "FPN" for this benchmarking;
      name: "FPN"
      # the url address of python module; string type;
      url: "./examples/pcb-aoi/incremental_learning_bench/testalgorithms/fpn/basemodel.py"

      # hyperparameters configuration for the python module; list type;
      hyperparameters:
        # name of the hyperparameter; string type;
        - momentum:
            # values of the hyperparameter; list type;
            # types of the value are string/int/float/boolean/list/dictionary
            values:
              - 0.95
              - 0.5
        - learning_rate:
            values:
              - 0.1
      #  2> "hard_example_mining": check hard example when predict ; optional module;
    - type: "hard_example_mining"
      # name of python module; string type;
      name: "IBT"
      # the url address of python module; string type;
      url: "./examples/pcb-aoi/incremental_learning_bench/testalgorithms/fpn/hard_example_mining.py"
      # hyperparameters configuration for the python module; list type;
      hyperparameters:
        # name of the hyperparameter; string type;
        # threshold of image; value is [0, 1]
        - threshold_img:
            values:
              - 0.9
        # predict box of image; value is [0, 1]
        - threshold_box:
            values:
              - 0.9
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How to config testenv

The algorithm developer is able to test his/her own targeted algorithm, he/she should prepare the test environment.
how to config test environment, please to refer to the following configuration information.


The configuration of testenv



	Property

	Required

	Description





	dataset

	yes

	The configuration of dataset [https://github.com/kubeedge/ianvs/blob/main/docs/user_interface/how-to-config-testenv.md#the-configuration-of-dataset]



	model_eval

	no

	The configuration of model_eval [https://github.com/kubeedge/ianvs/blob/main/docs/user_interface/how-to-config-testenv.md#the-configuration-of-model_eval]



	metrics

	yes

	The metrics used for test case’s evaluation; Type: list; Value Constraint: the list of the configuration of metric [https://github.com/kubeedge/ianvs/blob/main/docs/user_interface/how-to-config-testenv.md#the-configuration-of-metric].



	incremental_rounds

	no

	Incremental rounds setting for incremental learning paradigm; Type: int; Default value: 2; Value Constraint: the value must be not less than 2.






For example:

testenv:
  # dataset configuration
  dataset:
    ...
  # model eval configuration of incremental learning;
  model_eval:
    ...
  # metrics configuration for test case's evaluation; list type;
  metrics:
    ...
  # incremental rounds setting for incremental learning paradigm; int type; default value is 2;
  # the value must be not less than 2;
  incremental_rounds: 2






The configuration of dataset



	Property

	Required

	Description





	train_url

	yes

	The url address of train dataset index; Type: string



	test_url

	yes

	The url address of test dataset index; Type: string






For example:

# dataset configuration
dataset:
  # the url address of train dataset index; string type;
  train_url: "/ianvs/dataset/train_data/index.txt"
  # the url address of test dataset index; string type;
  test_url: "/ianvs/dataset/test_data/index.txt"







The configuration of model_eval



	Property

	Required

	Description





	model_metric

	yes

	The Metric used for model evaluation; The configuration of metric [https://github.com/kubeedge/ianvs/blob/main/docs/user_interface/how-to-config-testenv.md#the-configuration-of-metric].



	threshold

	yes

	Threshold of condition for triggering inference model to update; Type: float/int



	operator

	yes

	Operator of condition for triggering inference model to update; Type: string; Value Constraint: the values are “>=”, “>”, “<=”, “<” and “=”.






For example:

# model eval configuration of incremental learning;
model_eval:
  # metric used for model evaluation
  model_metric:
    ...
  # condition of triggering inference model to update
  # threshold of the condition; types are float/int
  threshold: 0.01
  # operator of the condition; string type;
  # values are ">=", ">", "<=", "<" and "=";
  operator: ">="







The configuration of metric



	Property

	Required

	Description





	name

	yes

	Metric name; Type: string; Value Constraint: a python module name



	url

	no

	The url address of python module file; Type: string.






For example:

# metric used for model evaluation
model_metric:
  # metric name; string type;
  name: "f1_score"
  # the url address of python file
  url: "./examples/pcb-aoi/incremental_learning_bench/testenv/f1_score.py"








Show example

# testenv.yaml
testenv:
  # dataset configuration
  dataset:
    # the url address of train dataset index; string type;
    train_url: "/ianvs/dataset/train_data/index.txt"
    # the url address of test dataset index; string type;
    test_url: "/ianvs/dataset/test_data/index.txt"

  # model eval configuration of incremental learning;
  model_eval:
    # metric used for model evaluation
    model_metric:
      # metric name; string type;
      name: "f1_score"
      # the url address of python file
      url: "./examples/pcb-aoi/incremental_learning_bench/testenv/f1_score.py"

    # condition of triggering inference model to update
    # threshold of the condition; types are float/int
    threshold: 0.01
    # operator of the condition; string type;
    # values are ">=", ">", "<=", "<" and "=";
    operator: ">="

  # metrics configuration for test case's evaluation; list type;
  metrics:
    # metric name; string type;
    - name: "f1_score"
      # the url address of python file
      url: "./examples/pcb-aoi/incremental_learning_bench/testenv/f1_score.py"
    - name: "samples_transfer_ratio"

  # incremental rounds setting for incremental learning paradigm; int type; default value is 2;
  incremental_rounds: 2
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How to config benchmarkingjob

The algorithm developer is able to test his/her own targeted algorithm using the following configuration information.


The configuration of benchmarkingjob



	Property

	Required

	Description





	name

	yes

	Job name of benchmarking; Type: string



	workspace

	no

	The url address of job workspace that will reserve the output of tests; Type: string; Default value: ./workspace



	testenv

	yes

	The url address of test environment configuration file; Type: string; Value Constraint: The file format supports yaml/yml.



	test_object

	yes

	The configuration of test_object [https://github.com/kubeedge/ianvs/blob/main/docs/user_interface/how-to-config-benchmarkingjob.md#the-configuration-of-test_object]



	rank

	yes

	The configuration of ranking leaderboard [https://github.com/kubeedge/ianvs/blob/main/docs/user_interface/how-to-config-benchmarkingjob.md#the-configuration-of-rank]






For example:

benchmarkingjob:
  # job name of benchmarking; string type;
  name: "benchmarkingjob"
  # the url address of job workspace that will reserve the output of tests; string type;
  # default value: "./workspace"
  workspace: "/ianvs/incremental_learning_bench/workspace"

  # the url address of test environment configuration file; string type;
  # the file format supports yaml/yml;
  testenv: "./examples/pcb-aoi/incremental_learning_bench/testenv/testenv.yaml"
  # the configuration of test object
  test_object:
    ...
  # the configuration of ranking leaderboard
  rank:
    ...






The configuration of test_object



	Property

	Required

	Description





	type

	yes

	Type of test object; Type: string; Value Constraint: Currently the option of value is “algorithms”,the others will be added in succession.



	algorithms

	no

	Test algorithm configuration [https://github.com/kubeedge/ianvs/blob/main/docs/user_interface/how-to-config-benchmarkingjob.md#the-configuration-of-algorithms]; Type: list






For example:

# the configuration of test object
test_object:
  # test type; string type;
  # currently the option of value is "algorithms",the others will be added in succession.
  type: "algorithms"
  # test algorithm configuration files; list type;
  algorithms:
    ...







The configuration of algorithms



	Property

	Required

	Description





	name

	yes

	Algorithm name; Type: string



	url

	yes

	The url address of test algorithm configuration file; Type: string; Value Constraint: The file format supports yaml/yml.






For example:

# test algorithm configuration files; list type;
algorithms:
  # algorithm name; string type;
  - name: "fpn_incremental_learning"
  # the url address of test algorithm configuration file; string type;
  # the file format supports yaml/yml
  url: "./examples/pcb-aoi/incremental_learning_bench/testalgorithms/fpn/fpn_algorithm.yaml"







The configuration of rank



	Property

	Required

	Description





	sort_by

	yes

	Rank leaderboard with metric of test case’s evaluation and order; Type: list; Value Constraint: The sorting priority is based on the sequence of metrics in the list from front to back.



	visualization

	yes

	The configuration of visualization [https://github.com/kubeedge/ianvs/blob/main/docs/user_interface/how-to-config-benchmarkingjob.md#the-configuration-of-visualization]



	selected_dataitem

	yes

	The configuration of selected_dataitem [https://github.com/kubeedge/ianvs/blob/main/docs/user_interface/how-to-config-benchmarkingjob.md#the-configuration-of-selected_dataitem]; The user can add his/her interested dataitems in terms of “paradigms”, “modules”, “hyperparameters” and “metrics”, so that the selected columns will be shown.



	save_mode

	yes

	save mode of selected and all dataitems in workspace ./rank; Type: string; Value Constraint: Currently the options of value are as follows: 1> “selected_and_all”: save selected and all dataitems. 2> “selected_only”: save selected dataitems.






For example:

# the configuration of ranking leaderboard
rank:
  # rank leaderboard with metric of test case's evaluation and order ; list type;
  # the sorting priority is based on the sequence of metrics in the list from front to back;
  sort_by: [ { "f1_score": "descend" }, { "samples_transfer_ratio": "ascend" } ]
  # visualization configuration
  visualization:
    ...
  # selected dataitem configuration
  # The user can add his/her interested dataitems in terms of "paradigms", "modules", "hyperparameters" and "metrics",
  # so that the selected columns will be shown.
  selected_dataitem:
    ...
  # save mode of selected and all dataitems in workspace `./rank` ; string type;
  # currently the options of value are as follows:
  #  1> "selected_and_all": save selected and all dataitems;
  #  2> "selected_only": save selected dataitems;
  save_mode: "selected_and_all"







The configuration of visualization



	Property

	Required

	Description





	mode

	no

	Mode of visualization in the leaderboard. There are quite a few possible dataitems in the leaderboard. Not all of them can be shown simultaneously on the screen; Type: string; Default value: selected_only



	method

	no

	Method of visualization for selected dataitems; Type: string; Value Constraint: Currently the options of value are as follows: 1> “print_table”: print selected dataitems.






For example:

# visualization configuration
visualization:
# mode of visualization in the leaderboard; string type;
# There are quite a few possible dataitems in the leaderboard. Not all of them can be shown simultaneously on the screen.
# In the leaderboard, we provide the "selected_only" mode for the user to configure what is shown or is not shown.
mode: "selected_only"
# method of visualization for selected dataitems; string type;
# currently the options of value are as follows:
#  1> "print_table": print selected dataitems;
method: "print_table"







The configuration of selected_dataitem



	Property

	Required

	Description





	paradigms

	yes

	Select paradigms in the leaderboard; Type: list; Default value: [“all”]; Value Constraint: Currently the options of value are as follows: 1> “all”: select all paradigms in the leaderboard. 2> paradigms in the leaderboard, e.g., “singletasklearning”.



	modules

	yes

	Select modules in the leaderboard; Type: list; Default value: [“all”]; Value Constraint: Currently the options of value are as follows: 1> “all”: select all hyperparameters in the leaderboard. 2> hyperparameters in the leaderboard, e.g., “momentum”.



	hyperparameters

	yes

	Select hyperparameters in the leaderboard; Type: list; Default value: [“all”]; Value Constraint: Currently the options of value are as follows: 1> “all”: select all hyperparameters in the leaderboard. 2> hyperparameters in the leaderboard, e.g., “momentum”.



	metrics

	yes

	Select metrics in the leaderboard; Type: list; Default value: [“all”]; Value Constraint: Currently the options of value are as follows: 1> “all”: select all metrics in the leaderboard. 2> metrics in the leaderboard, e.g., “f1_score”.






# selected dataitem configuration
# The user can add his/her interested dataitems in terms of "paradigms", "modules", "hyperparameters" and "metrics",
# so that the selected columns will be shown.
selected_dataitem:
  # currently the options of value are as follows:
  #   1> "all": select all paradigms in the leaderboard;
  #   2> paradigms in the leaderboard, e.g., "singletasklearning"
  paradigms: [ "all" ]
  # currently the options of value are as follows:
  #   1> "all": select all modules in the leaderboard;
  #   2> modules in the leaderboard, e.g., "basemodel"
  modules: [ "all" ]
  # currently the options of value are as follows:
  #   1> "all": select all hyperparameters in the leaderboard;
  #   2> hyperparameters in the leaderboard, e.g., "momentum"
  hyperparameters: [ "all" ]
  # currently the options of value are as follows:
  #   1> "all": select all metrics in the leaderboard;
  #   2> metrics in the leaderboard, e.g., "F1_SCORE"
  metrics: [ "f1_score", "samples_transfer_ratio" ]








Show the example

benchmarkingjob:
  # job name of benchmarking; string type;
  name: "benchmarkingjob"
  # the url address of job workspace that will reserve the output of tests; string type;
  # default value: "./workspace"
  workspace: "/ianvs/incremental_learning_bench/workspace"

  # the url address of test environment configuration file; string type;
  # the file format supports yaml/yml;
  testenv: "./examples/pcb-aoi/incremental_learning_bench/testenv/testenv.yaml"

  # the configuration of test object
  test_object:
    # test type; string type;
    # currently the option of value is "algorithms",the others will be added in succession.
    type: "algorithms"
    # test algorithm configuration files; list type;
    algorithms:
      # algorithm name; string type;
      - name: "fpn_incremental_learning"
        # the url address of test algorithm configuration file; string type;
        # the file format supports yaml/yml
        url: "./examples/pcb-aoi/incremental_learning_bench/testalgorithms/fpn/fpn_algorithm.yaml"

  # the configuration of ranking leaderboard
  rank:
    # rank leaderboard with metric of test case's evaluation and order ; list type;
    # the sorting priority is based on the sequence of metrics in the list from front to back;
    sort_by: [ { "f1_score": "descend" }, { "samples_transfer_ratio": "ascend" } ]

    # visualization configuration
    visualization:
      # mode of visualization in the leaderboard; string type;
      # There are quite a few possible dataitems in the leaderboard. Not all of them can be shown simultaneously on the screen.
      # In the leaderboard, we provide the "selected_only" mode for the user to configure what is shown or is not shown.
      mode: "selected_only"
      # method of visualization for selected dataitems; string type;
      # currently the options of value are as follows:
      #  1> "print_table": print selected dataitems;
      method: "print_table"

    # selected dataitem configuration
    # The user can add his/her interested dataitems in terms of "paradigms", "modules", "hyperparameters" and "metrics",
    # so that the selected columns will be shown.
    selected_dataitem:
      # currently the options of value are as follows:
      #   1> "all": select all paradigms in the leaderboard;
      #   2> paradigms in the leaderboard, e.g., "singletasklearning"
      paradigms: [ "all" ]
      # currently the options of value are as follows:
      #   1> "all": select all modules in the leaderboard;
      #   2> modules in the leaderboard, e.g., "basemodel"
      modules: [ "all" ]
      # currently the options of value are as follows:
      #   1> "all": select all hyperparameters in the leaderboard;
      #   2> hyperparameters in the leaderboard, e.g., "momentum"
      hyperparameters: [ "all" ]
      # currently the options of value are as follows:
      #   1> "all": select all metrics in the leaderboard;
      #   2> metrics in the leaderboard, e.g., "f1_score"
      metrics: [ "f1_score", "samples_transfer_ratio" ]

    # save mode of selected and all dataitems in workspace `./rank` ; string type;
    # currently the options of value are as follows:
    #  1> "selected_and_all": save selected and all dataitems;
    #  2> "selected_only": save selected dataitems;
    save_mode: "selected_and_all"
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How to use Ianvs command line


List available commands

Command line: ianvs -h
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Leaderboard of single task learning



	rank

	algorithm

	f1_score

	paradigm

	basemodel

	learning_rate

	momentum

	time





	1

	fpn_singletask_learning

	0.8396

	singletasklearning

	FPN

	0.1

	0.5

	2022-07-07 20:33:53



	2

	fpn_singletask_learning

	0.8353

	singletasklearning

	FPN

	0.1

	0.95

	2022-07-07 20:31:08
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Leaderboard of incremental learning



	rank

	algorithm

	f1_score

	samples_transfer_ratio

	paradigm

	basemodel

	learning_rate

	momentum

	threshold_img

	threshold_box

	time





	1

	fpn_incremental_learning

	0.9572

	0.5263

	incrementallearning

	FPN

	0.1

	0.95

	0.9

	0.9

	2022-07-07 20:14:12



	2

	fpn_incremental_learning

	0.9444

	0.5789

	incrementallearning

	FPN

	0.1

	0.5

	0.9

	0.9

	2022-07-07 20:20:57
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Testing single task learning in industrial defect detection


About Industrial Defect Detection

In recent years, the manufacturing process is moving towards a higher degree of automation and improved manufacturing efficiency. During this development, smart manufacturing increasingly employs computing technologies, for example, with a higher degree of automation, there is also a higher risk of product defects; thus, a number of machine learning models have been developed to detect defectives in the manufacturing process.

Defects are an unwanted thing in the manufacturing industry. There are many types of defects in manufacturing like blow holes, pinholes, burr, shrinkage defects, mould material defects, pouring metal defects, metallurgical defects, etc. For removing this defective product all industry have their defect detection department. But the main problem is this inspection process is carried out manually. It is a very time-consuming process and due to human accuracy, this is not 100% accurate. This can be because of the rejection of the whole order. So it creates a big loss for the company.



About Dataset

The printed circuit board (PCB) industry is not different. Surface-mount technology (SMT) is a technology that automates PCB production in which components are mounted or placed onto the surface of printed circuit boards. Solder paste printing (SPP) is the most delicate stage in SMT. It prints solder paste on the pads of an electronic circuit panel. Thus, SPP is followed by a solder paste inspection (SPI) stage to detect defects. SPI scans the printed circuit board for missing/less paste, bridging between pads, miss alignments, and so forth. Boards with anomaly must be detected, and boards in good condition should not be disposed of. Thus SPI requires high precision and a high recall.

As an example in this document, we are using the PCB-AoI dataset [https://www.kaggle.com/datasets/kubeedgeianvs/pcb-aoi] released by KubeEdge SIG AI members on Kaggle. See this link for more information on this dataset. Below also shows two example figures in the dataset.

[image: ]


About Single Task Learning

Single task learning is a traditional learning pooling all data together to train a single model. It typically includes a specialist model laser-focused on a single task and requires large amounts of task-specific labeled data, which is not always available in the early stage of a distributed synergy AI project.

This report is testing the single task learning algorithm based on FPN_TensorFlow. It is a Tensorflow re-implementation of Feature Pyramid Networks for Object Detection, which is based on Faster-RCNN. More detailedly, feature pyramids are a basic component in recognition systems for detecting objects at different scales. But recent deep learning object detectors have avoided pyramid representations, in part because they are compute and memory intensive. Researchers have exploited the inherent multi-scale, pyramidal hierarchy of deep convolutional networks to construct feature pyramids with marginal extra cost. A top-down architecture with lateral connections is developed for building high-level semantic feature maps at all scales. The architecture, called a Feature Pyramid Network (FPN), shows significant improvement as a generic feature extractor in several applications. Using FPN in a basic Faster R-CNN system, the method achieves state-of-the-art single-model results on the COCO detection benchmark without bells and whistles, surpassing all existing single-task entries including those from the COCO 2016 challenge winners. In addition, FPN can run at 5 FPS on a GPU and thus is a practical and accurate solution to multi-scale object detection. The FPN_TensorFlow is also open sourced and completed by YangXue and YangJirui. For those interested in details of FPN_TensorFlow, an example implementation is available here [https://github.com/DetectionTeamUCAS/FPN_Tensorflow] and is extended with the Ianvs algorithm interface here [https://github.com/ECIL-EdgeAI/FPN_Tensorflow]. Interested readers can refer to the FPN for more details.



Benchmark Setting

Key settings of the test environment to single task learning are as follows:

# testenv.yaml
testenv:
  # dataset configuration
  dataset:
    # the url address of train dataset index; string type;
    train_url: "/ianvs/dataset/train_data/index.txt"
    # the url address of test dataset index; string type;
    test_url: "/ianvs/dataset/test_data/index.txt"

  # metrics configuration for test case's evaluation; list type;
  metrics:
    # metric name; string type;
    - name: "f1_score"
      # the url address of python file
      url: "./examples/pcb-aoi/singletask_learning_bench/testenv/f1_score.py"





Key settings of the algorithm to single learning are as follows:

# algorithm.yaml
algorithm:
  # paradigm type; string type;
  # currently the options of value are as follows:
  #   1> "singletasklearning"
  #   2> "incrementallearning"
  paradigm_type: "singletasklearning"
  # the url address of initial model; string type; optional;
  initial_model_url: "/ianvs/initial_model/model.zip"

  # algorithm module configuration in the paradigm; list type;
  modules:
    # kind of algorithm module; string type;
    # currently the options of value are as follows:
    #   1> "basemodel"
    - type: "basemodel"
      # name of python module; string type;
      # example: basemodel.py has BaseModel module that the alias is "FPN" for this benchmarking;
      name: "FPN"
      # the url address of python module; string type;
      url: "./examples/pcb-aoi/singletask_learning_bench/testalgorithms/fpn/basemodel.py"

      # hyperparameters configuration for the python module; list type;
      hyperparameters:
        # name of the hyperparameter; string type;
        - momentum:
            # values of the hyperparameter; list type;
            # types of the value are string/int/float/boolean/list/dictionary
            values:
              - 0.95
              - 0.5
          # hyperparameters configuration files; dictionary type;
        - other_hyperparameters:
            # the url addresses of hyperparameters configuration files; list type;
            # type of the value is string;
            values:
              - "./examples/pcb-aoi/singletask_learning_bench/testalgorithms/fpn/fpn_hyperparameter.yaml"







Benchmark Result

We release the
leaderboard here.
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Testing incremental learning in industrial defect detection


About Industrial Defect Detection

In recent years, the manufacturing process is moving towards a higher degree of automation and improved manufacturing efficiency. During this development, smart manufacturing increasingly employs computing technologies, for example, with a higher degree of automation, there is also a higher risk of product defects; thus, a number of machine learning models have been developed to detect defectives in the manufacturing process.

Defects are an unwanted thing in the manufacturing industry. There are many types of defects in manufacturing like blow holes, pinholes, burr, shrinkage defects, mould material defects, pouring metal defects, metallurgical defects, etc. For removing this defective product all industry have their defect detection department. But the main problem is this inspection process is carried out manually. It is a very time-consuming process and due to human accuracy, this is not 100% accurate. This can be because of the rejection of the whole order. So it creates a big loss for the company.



About Dataset

The printed circuit board (PCB) industry is not different. Surface-mount technology (SMT) is a technology that automates PCB production in which components are mounted or placed onto the surface of printed circuit boards. Solder paste printing (SPP) is the most delicate stage in SMT. It prints solder paste on the pads of an electronic circuit panel. Thus, SPP is followed by a solder paste inspection (SPI) stage to detect defects. SPI scans the printed circuit board for missing/less paste, bridging between pads, miss alignments, and so forth. Boards with anomaly must be detected, and boards in good condition should not be disposed of. Thus SPI requires high precision and a high recall.

As an example in this document, we are using the PCB-AoI dataset [https://www.kaggle.com/datasets/kubeedgeianvs/pcb-aoi] released by KubeEdge SIG AI members on Kaggle. See this link for more information on this dataset. Below also shows two example figures in the dataset.

[image: ]


About Incremental Learning

Traditionally, the data is collected manually and periodically retrained on the cloud to improve the model effect. However, data is continuously generated on the edge side. The traditional method wastes a lot of human resources, and the model update frequency is slow.

Incremental learning allows users to continuously monitor the newly generated data and by configuring some triggering rules to determine whether to start training, evaluation, and deployment automatically, and continuously improve the model performance.

Its goals include:


	Automatically retrains, evaluates, and updates models based on the data generated at the edge.


	Support time trigger, sample size trigger, and precision-based trigger.


	Support manual triggering of training, evaluation, and model update.


	Support hard example discovering of unlabeled data,  for reducing the manual labeling workload.




This report is testing the basic incremental algorithm based on FPN and interested readers can refer to the basicIL-fpn for more details.



Benchmark Setting

Key settings of the test environment for incremental learning are as follows:

# testenv.yaml
testenv:
  # dataset configuration
  dataset:
    # the url address of train dataset index; string type;
    train_url: "/ianvs/dataset/train_data/index.txt"
    # the url address of test dataset index; string type;
    test_url: "/ianvs/dataset/test_data/index.txt"

  # model eval configuration of incremental learning;
  model_eval:
    # metric used for model evaluation
    model_metric:
      # metric name; string type;
      name: "f1_score"
      # the url address of python file
      url: "./examples/pcb-aoi/incremental_learning_bench/testenv/f1_score.py"

    # condition of triggering inference model to update
    # threshold of the condition; types are float/int
    threshold: 0.01
    # operator of the condition; string type;
    # values are ">=", ">", "<=", "<" and "=";
    operator: ">="

  # metrics configuration for test case's evaluation; list type;
  metrics:
      # metric name; string type;
    - name: "f1_score"
      # the url address of python file
      url: "./examples/pcb-aoi/incremental_learning_bench/testenv/f1_score.py"
    - name: "samples_transfer_ratio"

  # incremental rounds setting for incremental learning paradigm.; int type; default value is 2;
  incremental_rounds: 2





Key settings of the algorithm to incremental learning are as follows:

# algorithm.yaml
algorithm:
  # paradigm type; string type;
  # currently the options of value are as follows:
  #   1> "singletasklearning"
  #   2> "incrementallearning"
  paradigm_type: "incrementallearning"
  incremental_learning_data_setting:
    # ratio of training dataset; float type.
    # the default value is 0.8.
    train_ratio: 0.8
    # the method of splitting dataset; string type; optional;
    # currently the options of value are as follows:
    #   1> "default": the dataset is evenly divided based train_ratio;
    splitting_method: "default"
  # the url address of initial model for model pre-training; string url;
  initial_model_url: "/ianvs/initial_model/model.zip"

  # algorithm module configuration in the paradigm; list type;
  modules:
    # type of algorithm module; string type;
    # currently the options of value are as follows:
    #   1> "basemodel": contains important interfaces such as train�� eval�� predict and more; required module;
    - type: "basemodel"
      # name of python module; string type;
      # example: basemodel.py has BaseModel module that the alias is "FPN" for this benchmarking;
      name: "FPN"
      # the url address of python module; string type;
      url: "./examples/pcb-aoi/incremental_learning_bench/testalgorithms/fpn/basemodel.py"

      # hyperparameters configuration for the python module; list type;
      hyperparameters:
        # name of the hyperparameter; string type;
        - momentum:
            # values of the hyperparameter; list type;
            # types of the value are string/int/float/boolean/list/dictionary
            values:
              - 0.95
              - 0.5
          # hyperparameters configuration files; dictionary type;
        - other_hyperparameters:
            # the url addresses of hyperparameters configuration files; list type;
            # type of the value is string;
            values:
              - "./examples/pcb-aoi/incremental_learning_bench/testalgorithms/fpn/fpn_hyperparameter.yaml"
      #  2> "hard_example_mining": check hard example when predict ; optional module;
    - type: "hard_example_mining"
      # name of python module; string type;
      name: "IBT"
      # the url address of python module; string type;
      url: "./examples/pcb-aoi/incremental_learning_bench/testalgorithms/fpn/hard_example_mining.py"
      # hyperparameters configuration for the python module; list type;
      hyperparameters:
        # name of the hyperparameter; string type;
        # threshold of image; value is [0, 1]
        - threshold_img:
            values:
              - 0.9
        # predict box of image; value is [0, 1]
        - threshold_box:
            values:
              - 0.9







Benchmark Result

We release the
leaderboard here
.



Effect Display

The pcb image has 8 bad defects. See label file [https://github.com/kubeedge/ianvs/tree/main/docs/proposals/test-reports/images/20170316-SPI-AOI-19.xml] for details.


	Before incremental learning, 7 the bad defects have been detected.




[image: ]

	After incremental learning, 8 the bad defects have been detected.




[image: ]




            

          

      

      

    

  

  
    
    

    How to contribute test environments
    

    

    
 
  

    
      
          
            
  
How to contribute test environments


Overall contribution workflow


	Apply for a topic.
Once you have a new idea about the test environment, you can apply for a topic to discuss it on SIG AI weekly meeting [http://github.com/kubeedge/ianvs.git].


	Submit proposal.
After the idea is fully discussed, the former proposal PR is needed to submit to the Ianvs repository [http://github.com/kubeedge/ianvs.git].


	Fix proposal review comments.
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How to contributrbute an algorithm to Ianvs

Ianvs serves as testing tools for test objects, e.g., algorithms. Ianvs does NOT include code directly on the test object. Algorithms serve as typical test objects in Ianvs and detailed algorithms are thus NOT included in this Ianvs python file. As for the details of example test objects, e.g., algorithms, please refer to third party packages in the Ianvs example. For example, for AI workflow and interface please refer to sedna and for module implementation please refer to third party packages like FPN_TensorFlow and Sedna IBT algorithm.

For algorithm contributors, you can:


	Release a repo independent of ianvs, but the interface should still follow the SIG AI algorithm interface to launch ianvs. Here are two examples showing how to develop an algorithm for testing in Ianvs.
Here are two examples show how to development algorithm for testing in Ianvs.


	incremental-learning


	single-task-learning






	Integrated the targeted algorithm into sedna so that ianvs can use it directly. in this case, you can connect with sedna owners for help.




Also, if a new algorithm has already been integrated into Sedna, it can be used in Ianvs directly.
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How to contribute test reports or leaderboards

This document helps you to contribute stories, i.e., test reports or leaderboards, for Ianvs.
If you follow this guide and find some problem, it is appreciated to submit an issue to update this file.


Test Reports

Everyone is welcome to submit and share your own test report to the community.


1. Setup and Testing

Ianvs is managed with git [https://git-scm.com/], and to develop locally you
will need to install git.

You can check if git is already on your system and properly installed with
the following command:

git --version





Clone the Ianvs repo.:

git clone http://github.com/kubeedge/ianvs.git





Please follow the Ianvs setup to install Ianvs, and then run your own algorithm to output test reports.



2. Declare your grades

You may want to compare your testing result and those results on the leaderboard.

Test reports are welcome after benchmarking. It can be submitted here [https://github.com/kubeedge/ianvs/tree/main/docs/proposals/test-reports] for further review.




Leaderboards

Leaderboards, i.e., rankings of the test object, are public for everyone to visit. Example:leaderboard.

Except for Ianvs Owners [https://github.com/kubeedge/ianvs/blob/main/OWNERS], there are mainly two roles for a leaderboard publication:


	Developer: submit the test object for benchmarking, including but not limited to materials like algorithm, test case following Ianvs settings, and interfaces.


	Maintainer: testing materials provided by developers and releasing the updated leaderboard to the public.




For potential developers,


	Develop your algorithm with ianvs and choose the algorithm to submit.


	Make sure the submitted test object runs properly under the latest version of Ianvs before submission. Maintainers are not responsible to debug for the submitted objects.


	Do NOT need to submit the new leaderboard. Maintainers are responsible to make the test environment consistent for all test objects under the same leaderboard and execute the test object to generate a new leaderboard.


	If the test object is ready, you are welcome to contact Ianvs Owners [https://github.com/kubeedge/ianvs/blob/main/OWNERS]. Ianvs owners will connect you and maintainers, in order to receive your test object. Note that when developers submit the test object, developers give maintainers the right to test them.




For potential maintainers,


	To maintain the consistency of test environments and test objects, the leaderboard submission is at present calling for acknowledged organizations to apply in charge. Please contact


	Maintainers should be responsible for the result submitted.


	Maintainers should update the leaderboard in a monthly manner.


	Maintainers are NOT allowed to use the test object in purpose out of Ianvs benchmarking without formal authorization from developers.


	Besides submitted objects, maintainers are suggested to test objects released in KubeEdge SIG AI or other classic solutions released in public.
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Roadmap

Upon the release of ianvs, the roadmap would be as follows


	AUG 2022: Release Another Use Case and Advanced Algorithm Paradigm - Non-structured lifelong learning paradigm in ianvs


	SEP 2022: Release Another Use Case, Dataset, and Algorithm Paradigm - Another structured dataset and lifelong learning paradigm in ianvs


	OCT 2022: Release Advanced Benchmark Presentation - shared space for story manager to present your work in public


	NOV 2022: Release Advanced Algorithm Paradigm - Re-ID with Multi-edge Synergy Inference in ianvs


	DEC 2022: Release Simulation Tools


	JUN 2023: More datasets, algorithms, and test cases with ianvs


	DEC 2023: Standards, coding events, and competitions with ianvs






Ianvs v0.1.0 release


1. Release the Ianvs distributed synergy AI benchmarking framework.



	Release test environment management and configuration.


	Release test case management and configuration.


	Release test story management and configuration.


	Release the open-source test case generation tool: Use hyperparameter enumeration to fill in one configuration file to generate multiple test cases.









2. Release the PCB-AoI public dataset.

Release the PCB-AoI public dataset, its corresponding preprocessing, and baseline algorithm projects.
Ianvs is the first open-source site for that dataset.



3. Support two new paradigms in test environments and test cases.



	Test environments and test cases that support the single-task learning paradigm.


	Test environments and test cases that support the incremental learning paradigm.









4. Release PCB-AoI benchmark cases based on the two new paradigms.



	Release PCB-AoI benchmark cases based on single-task learning, including leaderboards and test reports.


	Release PCB-AoI benchmark cases based on incremental learning, including leaderboards and test reports.
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Release

边缘智能还能怎么玩？KubeEdge AI SIG 带你飞 [https://mp.weixin.qq.com/s/t10_ZrZW42AZoYnisVAbpg]



Meetup and Conference

HDC.Cloud 2021: 边云协同，打通AI最后一公里 [https://xie.infoq.cn/article/b22e72afe8de50ca34269bb21]
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Quick Start for multi-task inference

Welcome to Ianvs! Ianvs aims to test the performance of distributed synergy AI solutions following recognized standards,  in order to facilitate more efficient and effective development. Quick start helps you to test your algorithm on Ianvs with a simple example of industrial defect detection. You can reduce manual procedures to just a few steps so that you can build and start your distributed synergy AI solution development within minutes.

Before using Ianvs, you might want to have the device ready:


	One machine is all you need, i.e., a laptop or a virtual machine is sufficient and a cluster is not necessary


	2 CPUs or more


	4GB+ free memory, depends on algorithm and simulation setting


	10GB+ free disk space


	Internet connection for GitHub and pip, etc


	Python 3.6+ installed




In this example, we are using the Linux platform with Python 3.6.9. If you are using Windows, most steps should still apply but a few like commands and package requirements might be different.


Step 1. Ianvs Preparation

First, we download the code of Ianvs. Assuming that we are using /ianvs as workspace, Ianvs can be cloned with Git as:

mkdir /ianvs
cd /ianvs #One might use another path preferred

mkdir project
cd project
git clone https://github.com/kubeedge/ianvs.git





Then, we install third-party dependencies for ianvs.

sudo apt-get update
sudo apt-get install libgl1-mesa-glx -y
python -m pip install --upgrade pip

cd ianvs
python -m pip install ./examples/resources/third_party/*
python -m pip install -r requirements.txt





We are now ready to install Ianvs.

python setup.py install







Step 2. Dataset Preparation

Datasets and models can be large. To avoid over-size projects in the Github repository of Ianvs, the Ianvs code base does not include origin datasets. Then developers do not need to download non-necessary datasets for a quick start.

cd /ianvs #One might use another path preferred
mkdir dataset
cd dataset
mkdir bdd





The url of bdd is BDD: https://bdd-data.berkeley.edu/, we download the dataset and put it in bdd

The URL address of this dataset then should be filled in the configuration file testenv.yaml. In this quick start,
we have done that for you and the interested readers can refer to testenv.yaml [https://ianvs.readthedocs.io/en/latest/guides/how-to-test-algorithms.html#step-1-test-environment-preparation] for more details.

Related algorithm is also ready in this quick start.

export PYTHONPATH=$PYTHONPATH:/ianvs/project/examples/curb-detection/lifelong_learning_bench/testalgorithms/rfnet/RFNet





The URL address of this algorithm then should be filled in the configuration file algorithm.yaml. In this quick
start, we have done that for you and the interested readers can refer to algorithm.yaml [https://ianvs.readthedocs.io/en/latest/guides/how-to-test-algorithms.html#step-1-test-environment-preparation] for more details.



Step 3. Model Preparation


Yolov5 model Preparation


	We  install mmcls: https://mmclassification.readthedocs.io/zh_CN/latest/install.html


	We download the code of yolov5:




git clone https://github.com/ultralytics/yolov5  # clone
cd yolov5
pip install -r requirements.txt  # install






	We modify the yolo_hub_path in basemodel.py




yolo_hub_path= '/home/yourname/.cache/torch/hub/ultralytics_yolov5_master'






	We replace the model/commom.py under yolo_hub_path with examples/resources/algorithms/common.py






Selector Model Preparation

First, we config the model to select which models will be chose


	We download the checkpoint_file from 百度网盘 [https://pan.baidu.com/s/1hCbjrSW7A0J8tgfc-s5R1g], 提取码:d1b5,  which is the weight file for model selector


	The checkpoint_file need to be put under bdd/lifelong_learning_bench/testalgorithms/yolo/model_selector/




Then, we config the models which could be selected to realize multi-joint inference


	We download the models from  百度网盘 [https://pan.baidu.com/s/1HE10JVbQgnam264f4m57Nw], 提取码：p21x


	The file called yolo_model need to be put under examples/resources/






Sedna preparation

We replace the file in yourpath/anaconda3/envs/ianvs/lib/python3.7/site-packages/sedna with examples/resources/sedna.zip




Step 4. Ianvs Execution and Presentation

We are now ready to run the ianvs for benchmarking.

cd /ianvs/project
ianvs -f examples/bdd/lifelong_learning_bench/benchmarkingjob.yaml





Finally, the user can check the result of benchmarking on the console and also in the output path(
e.g. /ianvs/lifelong_learning_bench/workspace) defined in the benchmarking config file (
e.g. benchmarkingjob.yaml). In this quick start, we have done all configurations for you and the interested readers
can refer to benchmarkingJob.yaml [https://ianvs.readthedocs.io/en/latest/guides/how-to-test-algorithms.html#step-1-test-environment-preparation] for more details.

The final output might look like this:



	rank

	algorithm

	map

	paradigm

	basemodel

	task_allocation

	task_remodeling

	inference_integrate





	1

	yolo_lifelong_learning_five_model_750data

	0.5

	lifelonglearning

	BaseModel

	TaskAllocationByOrigin

	TaskRemodeling

	InferenceIntegrate






This ends the quick start experiment.




What is next

If any problems happen, the user can refer to the issue page on Github [https://github.com/kubeedge/ianvs/issues] for help and are also welcome to raise any new issue.

Enjoy your journey on Ianvs!
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Quick Start

Welcome to Ianvs! Ianvs aims to test the performance of distributed synergy AI solutions following recognized standards,
in order to facilitate more efficient and effective development. Quick start helps you to test your algorithm on Ianvs
with a simple example of industrial defect detection. You can reduce manual procedures to just a few steps so that you can
build and start your distributed synergy AI solution development within minutes.

Before using Ianvs, you might want to have the device ready:


	One machine is all you need, i.e., a laptop or a virtual machine is sufficient and a cluster is not necessary


	2 CPUs or more


	4GB+ free memory, depends on algorithm and simulation setting


	10GB+ free disk space


	Internet connection for GitHub and pip, etc


	Python 3.6+ installed




In this example, we are using the Linux platform with Python 3.8.5. If you are using Windows, most steps should still apply but a few like commands and package requirements might be different.


Step 1. Ianvs Preparation

First, we download the code of Ianvs. Assuming that we are using /ianvs as workspace, Ianvs can be cloned with Git
as:

mkdir /ianvs
cd /ianvs #One might use another path preferred

mkdir project
cd project
git clone https://github.com/kubeedge/ianvs.git





Then, we install third-party dependencies for ianvs.

sudo apt-get update
sudo apt-get install libgl1-mesa-glx -y
python -m pip install --upgrade pip

cd ianvs
python -m pip install ./examples/resources/third_party/*
python -m pip install -r requirements.txt





We are now ready to install Ianvs.

python setup.py install







Step 2. Dataset Preparation

Datasets and models can be large. To avoid over-size projects in the Github repository of Ianvs, the Ianvs code base does
not include origin datasets. Then developers do not need to download non-necessary datasets for a quick start.

cd /ianvs #One might use another path preferred
mkdir dataset
cd dataset
wget https://kubeedge.obs.cn-north-1.myhuaweicloud.com/ianvs/curb-detection/curb-detection.zip
unzip dataset.zip





The URL address of this dataset then should be filled in the configuration file testenv.yaml. In this quick start,
we have done that for you and the interested readers can refer to testenv.yaml [https://ianvs.readthedocs.io/en/latest/guides/how-to-test-algorithms.html#step-1-test-environment-preparation] for more details.

Related algorithm is also ready in this quick start.

export PYTHONPATH=$PYTHONPATH:/ianvs/project/ianvs/examples/curb-detection/lifelong_learning_bench/testalgorithms/rfnet/RFNet





The URL address of this algorithm then should be filled in the configuration file algorithm.yaml. In this quick
start, we have done that for you and the interested readers can refer to algorithm.yaml [https://ianvs.readthedocs.io/en/latest/guides/how-to-test-algorithms.html#step-1-test-environment-preparation] for more details.



Step 3. Ianvs Execution and Presentation

We are now ready to run the ianvs for benchmarking.

cd /ianvs/project/ianvs
ianvs -f examples/curb-detection/lifelong_learning_bench/benchmarkingjob.yaml





Finally, the user can check the result of benchmarking on the console and also in the output path(
e.g. /ianvs/lifelong_learning_bench/workspace) defined in the benchmarking config file (
e.g. benchmarkingjob.yaml). In this quick start, we have done all configurations for you and the interested readers
can refer to benchmarkingJob.yaml [https://ianvs.readthedocs.io/en/latest/guides/how-to-test-algorithms.html#step-1-test-environment-preparation] for more details.

The final output might look like this:



	rank

	algorithm

	accuracy

	samples_transfer_ratio

	paradigm

	basemodel

	task_definition

	task_allocation

	basemodel-learning_rate

	task_definition-origins

	task_allocation-origins





	1

	rfnet_lifelong_learning

	0.2123

	0.4649

	lifelonglearning

	BaseModel

	TaskDefinitionByOrigin

	TaskAllocationByOrigin

	0.0001

	[‘real’, ‘sim’]

	[‘real’, ‘sim’]






This ends the quick start experiment.




What is next

If any problems happen, the user can refer to the issue page on Github [https://github.com/kubeedge/ianvs/issues] for help and are also welcome to raise any new issue.

Enjoy your journey on Ianvs!
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	for i in range(len(nam_label)):
	img_label = cv2.imread(label_ori_path+nam_label[i], -1)[:,:,2]
img_label_temp = img_label.copy()
img_label_temp[img_label == 0] = 22
img_label_temp[img_label == 1] = 10
img_label_temp[img_label == 2] = 2
img_label_temp[img_label == 3] = 0
img_label_temp[img_label == 4] = 1
img_label_temp[img_label == 5] = 4
img_label_temp[img_label == 6] = 8
img_label_temp[img_label == 7] = 5
img_label_temp[img_label == 8] = 13
img_label_temp[img_label == 9] = 7
img_label_temp[img_label == 10] = 11
img_label_temp[img_label == 11] = 18
img_label_temp[img_label == 12] = 17
img_label_temp[img_label == 13] = 21
img_label_temp[img_label == 14] = 20
img_label_temp[img_label == 15] = 6
img_label_temp[img_label == 16] = 9
img_label_temp[img_label == 17] = 12
img_label_temp[img_label == 18] = 14
img_label_temp[img_label == 19] = 15
img_label_temp[img_label == 20] = 16
img_label_temp[img_label == 21] = 3
img_label_temp[img_label == 22] = 19





#print(img_label)
#img_label[img_label == 0] = 10
#img_label[img_label == 6] = 0
#img_label[img_label == 5] = 11
#img_label[img_label == 1] = 5
#img_label[img_label == 2] = 1
#img_label[img_label == 4] = 9
#img_label[img_label == 3] = 4
#img_label[img_label == 7] = 8
#img_label[img_label == 11] = 2
img_resize_lab = cv2.resize(img_label_temp, (2048,1024), interpolation=cv2.INTER_NEAREST)
cv2.imwrite(label_save_path+str(i)+'TrainIds.png', img_resize_lab.astype(np.uint16))
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Benchmarking of pedestrian tracking

Person Re-ID based on Cloud-edge collaborative architecture is an example feature that Sedna [https://github.com/kubeedge/sedna] supports, which can continuously recognize, track and search the target person provided by the user in the source video, and push the video containing the search results to the streaming media server. This guide provides users with the actual performance test of the AI algorithm as a reference. To simulate the workflow in Sedna, the benchmarking process consists of a tracking job and a Re-ID job. The MOT17 dataset is used as the input for both tracking and Re-ID. After running benchmarking jobs, a report will be generated.

With Ianvs installed and related environment prepared, users is then able to run the benchmarking process using the following steps. If you haven’t installed Ianvs, please refer to how-to-install-ianvs.


Prerequisites


	CUDA >= 10.0




To setup the environment, run the following commands:

git clone https://github.com/ifzhang/ByteTrack.git
cd ByteTrack
pip install -r requirements.txt
python setup.py develop
pip install cython
pip install cython_bbox
pip install pycocotools
pip install scikit-learn seaborn fpdf
cd <Ianvs_HOME>
mkdir dataset initial_model







Step 1. Run tracking benchmark job

Download MOT17 [https://motchallenge.net/] and put it under 
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Quick Start

Welcome to Ianvs! Ianvs aims to test the performance of distributed synergy AI solutions following recognized standards,
in order to facilitate more efficient and effective development. Quick start helps you to test your algorithm on Ianvs
with a simple example of industrial defect detection. You can reduce manual procedures to just a few steps so that you can
build and start your distributed synergy AI solution development within minutes.

Before using Ianvs, you might want to have the device ready:


	One machine is all you need, i.e., a laptop or a virtual machine is sufficient and a cluster is not necessary


	2 CPUs or more


	4GB+ free memory, depends on algorithm and simulation setting


	10GB+ free disk space


	Internet connection for GitHub and pip, etc


	Python 3.6+ installed




In this example, we are using the Linux platform with Python 3.8.5. If you are using Windows, most steps should still apply but a few like commands and package requirements might be different.


Step 1. Ianvs Preparation

First, we download the code of Ianvs. Assuming that we are using /ianvs as workspace, Ianvs can be cloned with Git
as:

mkdir /ianvs
cd /ianvs #One might use another path preferred

mkdir project
cd project
git clone https://github.com/kubeedge/ianvs.git





Then, we install third-party dependencies for ianvs.

sudo apt-get update
sudo apt-get install libgl1-mesa-glx -y
python -m pip install --upgrade pip

cd ianvs
python -m pip install ./examples/resources/third_party/*
python -m pip install -r requirements.txt





We are now ready to install Ianvs.

python setup.py install







Step 2. Dataset Preparation

Datasets and models can be large. To avoid over-size projects in the Github repository of Ianvs, the Ianvs code base does
not include origin datasets. Then developers do not need to download non-necessary datasets for a quick start.

mkdir /data
cd /data
mkdir datasets
cd datasets
python -m pip install kaggle
kaggle datasets download -d hsj576/cloud-robotics
unzip cloud-robotics.zip





The URL address of this dataset then should be filled in the configuration file testenv.yaml. In this quick start,
we have done that for you and the interested readers can refer to testenv.yaml [https://ianvs.readthedocs.io/en/latest/guides/how-to-test-algorithms.html#step-1-test-environment-preparation] for more details.

Related algorithm is also ready in this quick start.

export PYTHONPATH=$PYTHONPATH:/ianvs/project/ianvs/examples/robot/lifelong_learning_bench/testalgorithms/rfnet/RFNet





The URL address of this algorithm then should be filled in the configuration file algorithm.yaml. In this quick
start, we have done that for you and the interested readers can refer to algorithm.yaml [https://ianvs.readthedocs.io/en/latest/guides/how-to-test-algorithms.html#step-1-test-environment-preparation] for more details.



Step 3. Ianvs Execution and Presentation

We are now ready to run the ianvs for benchmarking.

cd /ianvs/project/ianvs
ianvs -f examples/robot/lifelong_learning_bench/benchmarkingjob.yaml





Finally, the user can check the result of benchmarking on the console and also in the output path(
e.g. /ianvs/lifelong_learning_bench/workspace) defined in the benchmarking config file (
e.g. benchmarkingjob.yaml). In this quick start, we have done all configurations for you and the interested readers
can refer to benchmarkingJob.yaml [https://ianvs.readthedocs.io/en/latest/guides/how-to-test-algorithms.html#step-1-test-environment-preparation] for more details.

The final output might look like this:



	rank

	algorithm

	accuracy

	BWT

	FWT

	paradigm

	basemodel

	task_definition

	task_allocation

	basemodel-learning_rate

	basemodel-epochs

	task_definition-origins

	task_allocation-origins

	time

	url





	1

	rfnet_lifelong_learning

	0.2970033189775575

	0.04239649121511442

	0.02299711942108413

	lifelonglearning

	BaseModel

	TaskDefinitionByOrigin

	TaskAllocationByOrigin

	0.0001

	1

	[‘front’, ‘garden’]

	[‘front’, ‘garden’]

	2023-05-24 15:07:57

	/ianvs/lifelong_learning_bench/robot-workspace-bwt/benchmarkingjob/rfnet_lifelong_learning/efdc47a2-f9fb-11ed-8f8b-0242ac110007






This ends the quick start experiment.




What is next

If any problems happen, the user can refer to the issue page on Github [https://github.com/kubeedge/ianvs/issues] for help and are also welcome to raise any new issue.

Enjoy your journey on Ianvs!
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	for i in range(len(nam_label)):
	img_label = cv2.imread(label_ori_path+nam_label[i], -1)[:,:,2]
img_label_temp = img_label.copy()
img_label_temp[img_label == 0] = 22
img_label_temp[img_label == 1] = 10
img_label_temp[img_label == 2] = 2
img_label_temp[img_label == 3] = 0
img_label_temp[img_label == 4] = 1
img_label_temp[img_label == 5] = 4
img_label_temp[img_label == 6] = 8
img_label_temp[img_label == 7] = 5
img_label_temp[img_label == 8] = 13
img_label_temp[img_label == 9] = 7
img_label_temp[img_label == 10] = 11
img_label_temp[img_label == 11] = 18
img_label_temp[img_label == 12] = 17
img_label_temp[img_label == 13] = 21
img_label_temp[img_label == 14] = 20
img_label_temp[img_label == 15] = 6
img_label_temp[img_label == 16] = 9
img_label_temp[img_label == 17] = 12
img_label_temp[img_label == 18] = 14
img_label_temp[img_label == 19] = 15
img_label_temp[img_label == 20] = 16
img_label_temp[img_label == 21] = 3
img_label_temp[img_label == 22] = 19





#print(img_label)
#img_label[img_label == 0] = 10
#img_label[img_label == 6] = 0
#img_label[img_label == 5] = 11
#img_label[img_label == 1] = 5
#img_label[img_label == 2] = 1
#img_label[img_label == 4] = 9
#img_label[img_label == 3] = 4
#img_label[img_label == 7] = 8
#img_label[img_label == 11] = 2
img_resize_lab = cv2.resize(img_label_temp, (2048,1024), interpolation=cv2.INTER_NEAREST)
cv2.imwrite(label_save_path+str(i)+'TrainIds.png', img_resize_lab.astype(np.uint16))
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Quick Start about Unknown task recognition

Welcome to Ianvs! Ianvs aims to test the performance of distributed synergy AI solutions following recognized standards, in order to facilitate more efficient and effective development. Quick start helps you to test your algorithm on Ianvs with a simple example of industrial defect detection. You can reduce manual procedures to just a few steps so that you can build and start your distributed synergy AI solution development within minutes.

Before using Ianvs, you might want to have the device ready:


	One machine is all you need, i.e., a laptop or a virtual machine is sufficient and a cluster is not necessary


	2 CPUs or more


	4GB+ free memory depends on the algorithm and simulation setting


	10GB+ free disk space


	Internet connection for GitHub and pip, etc


	Python 3.6+ installed




In this example, we are using the Linux platform with Python 3.7.1. If you are using Windows, most steps should still apply but a few like commands and package requirements might be different.


Step 1. Ianvs Preparation

First, we download the code of Ianvs. Assuming that we are using /ianvs as workspace, Ianvs can be cloned with Git as:

mkdir /ianvs
cd /ianvs #One might use another path preferred

mkdir project
cd project
git clone https://github.com/kubeedge/ianvs.git





Then, we install third-party dependencies for ianvs.

sudo apt-get update
sudo apt-get install libgl1-mesa-glx -y
python -m pip install --upgrade pip

cd ianvs
python -m pip install ./examples/resources/third_party/*
python -m pip install -r requirements.txt





We are now ready to install Ianvs.

python setup.py install







Step 2. Dataset and Model Preparation

Datasets and models can be large. To avoid over-size projects in the GitHub repository of Ianvs, the Ianvs code base does not include origin datasets. Then developers do not need to download non-necessary datasets for a quick start.

cd /ianvs #One might use another path preferred
mkdir dataset
cd dataset
wget https://kubeedge.obs.cn-north-1.myhuaweicloud.com/ianvs/curb-detection/curb-detection.zip
unzip dataset.zip





The URL address of this dataset then should be filled in the configuration file testenv.yaml. In this quick start, we have done that for you and interested readers can refer to testenv.yaml [https://ianvs.readthedocs.io/en/latest/guides/how-to-test-algorithms.html#step-1-test-environment-preparation] for more details.

cd /ianvs/examples/scene-based-unknown-task-recognition/lifelong_learning_bench/testalgorithms/rfnet
mkdir results





Put the model to results.Download model [https://pan.baidu.com/s/18MA8Gaw7ptpipfLD6Hz6SA] access code: 37ff.

The related algorithm is also ready for this quick start.

export PYTHONPATH=$PYTHONPATH:/ianvs/project/examples/scene-based-unknown-task-recognition/lifelong_learning_bench/testalgorithms/rfnet/RFNet
export PYTHONPATH=$PYTHONPATH:/ianvs/project/examples/scene-based-unknown-task-recognition/lifelong_learning_bench/testalgorithms/rfnet/





The URL address of this algorithm then should be filled in the configuration file algorithm.yaml. In this quick start, we have done that for you and interested readers can refer to algorithm.yaml [https://ianvs.readthedocs.io/en/latest/guides/how-to-test-algorithms.html#step-1-test-environment-preparation] for more details.



Step 3. Ianvs Execution and Presentation

We are now ready to run the ianvs for benchmarking.

cd /ianvs/project
ianvs -f examples/scene-based-unknown-task-recognition/lifelong_learning_bench/benchmarkingjob.yaml





Finally, the user can check the result of benchmarking on the console and also in the output path( e.g. /ianvs/lifelong_learning_bench/workspace) defined in the benchmarking config file ( e.g. benchmarkingjob.yaml). In this quick start, we have done all configurations for you and the interested readers can refer to benchmarkingJob.yaml [https://ianvs.readthedocs.io/en/latest/guides/how-to-test-algorithms.html#step-1-test-environment-preparation] for more details.

The final output might look like this:



	rank

	algorithm

	accuracy

	samples_transfer_ratio

	paradigm

	basemodel

	task_definition

	task_allocation

	unseen_sample_recognition

	basemodel-learning_rate

	task_definition-origins

	task_allocation-origins

	unseen_sample_recognition-model_path

	time

	url





	1

	rfnet_lifelong_learning

	0.30090234155994056

	0.4535

	lifelonglearning

	BaseModel

	TaskDefinitionByOrigin

	TaskAllocationByOrigin

	UnseenSampleRecognitionByScene

	0.0001

	[‘real’, ‘sim’]

	[‘real’, ‘sim’]

	/examples/scene-based-unknown-task-recognition/lifelong_learning_bench/testalgorithms/rfnet/results/Epochofprose17.pth

	2022-10-25 14:50:01

	/ianvs/lifelong_learning_bench/workspace/benchmarkingjob/rfnet_lifelong_learning/1dfff552-542f-11ed-b875-b07b25dd6922






This ends the quick start experiment.




What is next

If any problems happen, the user can refer to the issue page on Github [https://github.com/kubeedge/ianvs/issues] for help and are also welcome to raise any new issue.

Enjoy your journey on Ianvs!
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	for i in range(len(nam_label)):
	img_label = cv2.imread(label_ori_path+nam_label[i], -1)[:,:,2]
img_label_temp = img_label.copy()
img_label_temp[img_label == 0] = 22
img_label_temp[img_label == 1] = 10
img_label_temp[img_label == 2] = 2
img_label_temp[img_label == 3] = 0
img_label_temp[img_label == 4] = 1
img_label_temp[img_label == 5] = 4
img_label_temp[img_label == 6] = 8
img_label_temp[img_label == 7] = 5
img_label_temp[img_label == 8] = 13
img_label_temp[img_label == 9] = 7
img_label_temp[img_label == 10] = 11
img_label_temp[img_label == 11] = 18
img_label_temp[img_label == 12] = 17
img_label_temp[img_label == 13] = 21
img_label_temp[img_label == 14] = 20
img_label_temp[img_label == 15] = 6
img_label_temp[img_label == 16] = 9
img_label_temp[img_label == 17] = 12
img_label_temp[img_label == 18] = 14
img_label_temp[img_label == 19] = 15
img_label_temp[img_label == 20] = 16
img_label_temp[img_label == 21] = 3
img_label_temp[img_label == 22] = 19





#print(img_label)
#img_label[img_label == 0] = 10
#img_label[img_label == 6] = 0
#img_label[img_label == 5] = 11
#img_label[img_label == 1] = 5
#img_label[img_label == 2] = 1
#img_label[img_label == 4] = 9
#img_label[img_label == 3] = 4
#img_label[img_label == 7] = 8
#img_label[img_label == 11] = 2
img_resize_lab = cv2.resize(img_label_temp, (2048,1024), interpolation=cv2.INTER_NEAREST)
cv2.imwrite(label_save_path+str(i)+'TrainIds.png', img_resize_lab.astype(np.uint16))
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Quick Start

Welcome to Ianvs! Ianvs aims to test the performance of distributed synergy AI solutions following recognized standards,
in order to facilitate more efficient and effective development. Quick start helps you to test your algorithm on Ianvs
with a simple example of industrial defect detection. You can reduce manual procedures to just a few steps so that you can
build and start your distributed synergy AI solution development within minutes.

Before using Ianvs, you might want to have the device ready:


	One machine is all you need, i.e., a laptop or a virtual machine is sufficient and a cluster is not necessary


	2 CPUs or more


	4GB+ free memory, depends on algorithm and simulation setting


	10GB+ free disk space


	Internet connection for GitHub and pip, etc


	Python 3.6+ installed




In this example, we are using the Linux platform with Python 3.8.5. If you are using Windows, most steps should still apply but a few like commands and package requirements might be different.


Step 1. Ianvs Preparation

First, we download the code of Ianvs. Assuming that we are using /ianvs as workspace, Ianvs can be cloned with Git
as:

mkdir /ianvs
cd /ianvs #One might use another path preferred

mkdir project
cd project
git clone https://github.com/kubeedge/ianvs.git





Then, we install third-party dependencies for ianvs.

sudo apt-get update
sudo apt-get install libgl1-mesa-glx -y
python -m pip install --upgrade pip

cd ianvs
python -m pip install ./examples/resources/third_party/*
python -m pip install -r requirements.txt





We are now ready to install Ianvs.

python setup.py install







Step 2. Dataset Preparation

Datasets and models can be large. To avoid over-size projects in the Github repository of Ianvs, the Ianvs code base does
not include origin datasets. Then developers do not need to download non-necessary datasets for a quick start.

cd /root #One might use another path preferred
mkdir data
cd data
wget https://kubeedge.obs.cn-north-1.myhuaweicloud.com/sedna-robo/semantic_segmentation_dataset.zip
unzip semantic_segmentation_dataset.zip





The URL address of this dataset then should be filled in the configuration file testenv.yaml. In this quick start,
we have done that for you and the interested readers can refer to testenv.yaml [https://ianvs.readthedocs.io/en/latest/guides/how-to-test-algorithms.html#step-1-test-environment-preparation] for more details.

Copy the index files of dataset.

cp /ianvs/project/ianvs/examples/semantic_segmentation/lifelong_learning_bench/indexes/* /root/data/semantic_segmentation_dataset/





Related algorithm is also ready in this quick start.

export PYTHONPATH=$PYTHONPATH:/ianvs/project/ianvs/examples/semantic_segmentation/lifelong_learning_bench/testalgorithms/rfnet/RFNet





The URL address of this algorithm then should be filled in the configuration file algorithm.yaml. In this quick
start, we have done that for you and the interested readers can refer to algorithm.yaml [https://ianvs.readthedocs.io/en/latest/guides/how-to-test-algorithms.html#step-1-test-environment-preparation] for more details.



Step 3. Ianvs Execution and Presentation

We are now ready to run the ianvs for benchmarking.

cd /ianvs/project/ianvs
ianvs -f examples/semantic_segmentation/lifelong_learning_bench/benchmarkingjob-smalltest.yaml





Finally, the user can check the result of benchmarking on the console and also in the output path(
e.g. /ianvs/lifelong_learning_bench/workspace) defined in the benchmarking config file (
e.g. benchmarkingjob.yaml). In this quick start, we have done all configurations for you and the interested readers
can refer to benchmarkingJob.yaml [https://ianvs.readthedocs.io/en/latest/guides/how-to-test-algorithms.html#step-1-test-environment-preparation] for more details.

The final output might look like this:



	rank

	algorithm

	accuracy

	samples_transfer_ratio

	paradigm

	basemodel

	task_definition

	task_allocation

	basemodel-learning_rate

	task_definition-origins

	task_allocation-origins





	1

	rfnet_lifelong_learning for small test

	0.3009

	0.4807

	lifelonglearning

	BaseModel

	TaskDefinitionByOrigin

	TaskAllocationByOrigin

	0.0001

	[‘real’, ‘sim’]

	[‘real’, ‘sim’]






This ends the quick start experiment.




What is next

If any problems happen, the user can refer to the issue page on Github [https://github.com/kubeedge/ianvs/issues] for help and are also welcome to raise any new issue.

Enjoy your journey on Ianvs!
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./test/leftImg8bit/synthia_sim/1380.png ./test/depth/synthia_sim/1380.png ./test/gtFine/synthia_sim/1380TrainIds.png
./test/leftImg8bit/synthia_sim/139.png ./test/depth/synthia_sim/139.png ./test/gtFine/synthia_sim/139TrainIds.png
./test/leftImg8bit/synthia_sim/1391.png ./test/depth/synthia_sim/1391.png ./test/gtFine/synthia_sim/1391TrainIds.png
./test/leftImg8bit/synthia_sim/14.png ./test/depth/synthia_sim/14.png ./test/gtFine/synthia_sim/14TrainIds.png
./test/leftImg8bit/synthia_sim/140.png ./test/depth/synthia_sim/140.png ./test/gtFine/synthia_sim/140TrainIds.png
./test/leftImg8bit/synthia_sim/1402.png ./test/depth/synthia_sim/1402.png ./test/gtFine/synthia_sim/1402TrainIds.png
./test/leftImg8bit/synthia_sim/141.png ./test/depth/synthia_sim/141.png ./test/gtFine/synthia_sim/141TrainIds.png
./test/leftImg8bit/synthia_sim/1412.png ./test/depth/synthia_sim/1412.png ./test/gtFine/synthia_sim/1412TrainIds.png
./test/leftImg8bit/synthia_sim/142.png ./test/depth/synthia_sim/142.png ./test/gtFine/synthia_sim/142TrainIds.png
./test/leftImg8bit/synthia_sim/1422.png ./test/depth/synthia_sim/1422.png ./test/gtFine/synthia_sim/1422TrainIds.png
./test/leftImg8bit/synthia_sim/143.png ./test/depth/synthia_sim/143.png ./test/gtFine/synthia_sim/143TrainIds.png
./test/leftImg8bit/synthia_sim/1433.png ./test/depth/synthia_sim/1433.png ./test/gtFine/synthia_sim/1433TrainIds.png
./test/leftImg8bit/synthia_sim/1443.png ./test/depth/synthia_sim/1443.png ./test/gtFine/synthia_sim/1443TrainIds.png
./test/leftImg8bit/synthia_sim/145.png ./test/depth/synthia_sim/145.png ./test/gtFine/synthia_sim/145TrainIds.png
./test/leftImg8bit/synthia_sim/1453.png ./test/depth/synthia_sim/1453.png ./test/gtFine/synthia_sim/1453TrainIds.png
./test/leftImg8bit/synthia_sim/146.png ./test/depth/synthia_sim/146.png ./test/gtFine/synthia_sim/146TrainIds.png
./test/leftImg8bit/synthia_sim/1465.png ./test/depth/synthia_sim/1465.png ./test/gtFine/synthia_sim/1465TrainIds.png
./test/leftImg8bit/synthia_sim/1475.png ./test/depth/synthia_sim/1475.png ./test/gtFine/synthia_sim/1475TrainIds.png
./test/leftImg8bit/synthia_sim/148.png ./test/depth/synthia_sim/148.png ./test/gtFine/synthia_sim/148TrainIds.png
./test/leftImg8bit/synthia_sim/1485.png ./test/depth/synthia_sim/1485.png ./test/gtFine/synthia_sim/1485TrainIds.png
./test/leftImg8bit/synthia_sim/149.png ./test/depth/synthia_sim/149.png ./test/gtFine/synthia_sim/149TrainIds.png
./test/leftImg8bit/synthia_sim/1495.png ./test/depth/synthia_sim/1495.png ./test/gtFine/synthia_sim/1495TrainIds.png
./test/leftImg8bit/synthia_sim/15.png ./test/depth/synthia_sim/15.png ./test/gtFine/synthia_sim/15TrainIds.png
./test/leftImg8bit/synthia_sim/150.png ./test/depth/synthia_sim/150.png ./test/gtFine/synthia_sim/150TrainIds.png
./test/leftImg8bit/synthia_sim/1506.png ./test/depth/synthia_sim/1506.png ./test/gtFine/synthia_sim/1506TrainIds.png
./test/leftImg8bit/synthia_sim/151.png ./test/depth/synthia_sim/151.png ./test/gtFine/synthia_sim/151TrainIds.png
./test/leftImg8bit/synthia_sim/1516.png ./test/depth/synthia_sim/1516.png ./test/gtFine/synthia_sim/1516TrainIds.png
./test/leftImg8bit/synthia_sim/1526.png ./test/depth/synthia_sim/1526.png ./test/gtFine/synthia_sim/1526TrainIds.png
./test/leftImg8bit/synthia_sim/153.png ./test/depth/synthia_sim/153.png ./test/gtFine/synthia_sim/153TrainIds.png
./test/leftImg8bit/synthia_sim/1538.png ./test/depth/synthia_sim/1538.png ./test/gtFine/synthia_sim/1538TrainIds.png
./test/leftImg8bit/synthia_sim/154.png ./test/depth/synthia_sim/154.png ./test/gtFine/synthia_sim/154TrainIds.png
./test/leftImg8bit/synthia_sim/1548.png ./test/depth/synthia_sim/1548.png ./test/gtFine/synthia_sim/1548TrainIds.png
./test/leftImg8bit/synthia_sim/155.png ./test/depth/synthia_sim/155.png ./test/gtFine/synthia_sim/155TrainIds.png
./test/leftImg8bit/synthia_sim/1558.png ./test/depth/synthia_sim/1558.png ./test/gtFine/synthia_sim/1558TrainIds.png
./test/leftImg8bit/synthia_sim/1569.png ./test/depth/synthia_sim/1569.png ./test/gtFine/synthia_sim/1569TrainIds.png
./test/leftImg8bit/synthia_sim/157.png ./test/depth/synthia_sim/157.png ./test/gtFine/synthia_sim/157TrainIds.png
./test/leftImg8bit/synthia_sim/1579.png ./test/depth/synthia_sim/1579.png ./test/gtFine/synthia_sim/1579TrainIds.png
./test/leftImg8bit/synthia_sim/158.png ./test/depth/synthia_sim/158.png ./test/gtFine/synthia_sim/158TrainIds.png
./test/leftImg8bit/synthia_sim/1589.png ./test/depth/synthia_sim/1589.png ./test/gtFine/synthia_sim/1589TrainIds.png
./test/leftImg8bit/synthia_sim/159.png ./test/depth/synthia_sim/159.png ./test/gtFine/synthia_sim/159TrainIds.png
./test/leftImg8bit/synthia_sim/1599.png ./test/depth/synthia_sim/1599.png ./test/gtFine/synthia_sim/1599TrainIds.png
./test/leftImg8bit/synthia_sim/161.png ./test/depth/synthia_sim/161.png ./test/gtFine/synthia_sim/161TrainIds.png
./test/leftImg8bit/synthia_sim/1611.png ./test/depth/synthia_sim/1611.png ./test/gtFine/synthia_sim/1611TrainIds.png
./test/leftImg8bit/synthia_sim/162.png ./test/depth/synthia_sim/162.png ./test/gtFine/synthia_sim/162TrainIds.png
./test/leftImg8bit/synthia_sim/1621.png ./test/depth/synthia_sim/1621.png ./test/gtFine/synthia_sim/1621TrainIds.png
./test/leftImg8bit/synthia_sim/163.png ./test/depth/synthia_sim/163.png ./test/gtFine/synthia_sim/163TrainIds.png
./test/leftImg8bit/synthia_sim/1631.png ./test/depth/synthia_sim/1631.png ./test/gtFine/synthia_sim/1631TrainIds.png
./test/leftImg8bit/synthia_sim/164.png ./test/depth/synthia_sim/164.png ./test/gtFine/synthia_sim/164TrainIds.png
./test/leftImg8bit/synthia_sim/1642.png ./test/depth/synthia_sim/1642.png ./test/gtFine/synthia_sim/1642TrainIds.png
./test/leftImg8bit/synthia_sim/1652.png ./test/depth/synthia_sim/1652.png ./test/gtFine/synthia_sim/1652TrainIds.png
./test/leftImg8bit/synthia_sim/166.png ./test/depth/synthia_sim/166.png ./test/gtFine/synthia_sim/166TrainIds.png
./test/leftImg8bit/synthia_sim/1662.png ./test/depth/synthia_sim/1662.png ./test/gtFine/synthia_sim/1662TrainIds.png
./test/leftImg8bit/synthia_sim/167.png ./test/depth/synthia_sim/167.png ./test/gtFine/synthia_sim/167TrainIds.png
./test/leftImg8bit/synthia_sim/1673.png ./test/depth/synthia_sim/1673.png ./test/gtFine/synthia_sim/1673TrainIds.png
./test/leftImg8bit/synthia_sim/1684.png ./test/depth/synthia_sim/1684.png ./test/gtFine/synthia_sim/1684TrainIds.png
./test/leftImg8bit/synthia_sim/169.png ./test/depth/synthia_sim/169.png ./test/gtFine/synthia_sim/169TrainIds.png
./test/leftImg8bit/synthia_sim/1694.png ./test/depth/synthia_sim/1694.png ./test/gtFine/synthia_sim/1694TrainIds.png
./test/leftImg8bit/synthia_sim/17.png ./test/depth/synthia_sim/17.png ./test/gtFine/synthia_sim/17TrainIds.png
./test/leftImg8bit/synthia_sim/170.png ./test/depth/synthia_sim/170.png ./test/gtFine/synthia_sim/170TrainIds.png
./test/leftImg8bit/synthia_sim/1705.png ./test/depth/synthia_sim/1705.png ./test/gtFine/synthia_sim/1705TrainIds.png
./test/leftImg8bit/synthia_sim/171.png ./test/depth/synthia_sim/171.png ./test/gtFine/synthia_sim/171TrainIds.png
./test/leftImg8bit/synthia_sim/1715.png ./test/depth/synthia_sim/1715.png ./test/gtFine/synthia_sim/1715TrainIds.png
./test/leftImg8bit/synthia_sim/172.png ./test/depth/synthia_sim/172.png ./test/gtFine/synthia_sim/172TrainIds.png
./test/leftImg8bit/synthia_sim/1725.png ./test/depth/synthia_sim/1725.png ./test/gtFine/synthia_sim/1725TrainIds.png
./test/leftImg8bit/synthia_sim/173.png ./test/depth/synthia_sim/173.png ./test/gtFine/synthia_sim/173TrainIds.png
./test/leftImg8bit/synthia_sim/1735.png ./test/depth/synthia_sim/1735.png ./test/gtFine/synthia_sim/1735TrainIds.png
./test/leftImg8bit/synthia_sim/1746.png ./test/depth/synthia_sim/1746.png ./test/gtFine/synthia_sim/1746TrainIds.png
./test/leftImg8bit/synthia_sim/175.png ./test/depth/synthia_sim/175.png ./test/gtFine/synthia_sim/175TrainIds.png
./test/leftImg8bit/synthia_sim/1757.png ./test/depth/synthia_sim/1757.png ./test/gtFine/synthia_sim/1757TrainIds.png
./test/leftImg8bit/synthia_sim/1767.png ./test/depth/synthia_sim/1767.png ./test/gtFine/synthia_sim/1767TrainIds.png
./test/leftImg8bit/synthia_sim/177.png ./test/depth/synthia_sim/177.png ./test/gtFine/synthia_sim/177TrainIds.png
./test/leftImg8bit/synthia_sim/1778.png ./test/depth/synthia_sim/1778.png ./test/gtFine/synthia_sim/1778TrainIds.png
./test/leftImg8bit/synthia_sim/178.png ./test/depth/synthia_sim/178.png ./test/gtFine/synthia_sim/178TrainIds.png
./test/leftImg8bit/synthia_sim/1788.png ./test/depth/synthia_sim/1788.png ./test/gtFine/synthia_sim/1788TrainIds.png
./test/leftImg8bit/synthia_sim/179.png ./test/depth/synthia_sim/179.png ./test/gtFine/synthia_sim/179TrainIds.png
./test/leftImg8bit/synthia_sim/1798.png ./test/depth/synthia_sim/1798.png ./test/gtFine/synthia_sim/1798TrainIds.png
./test/leftImg8bit/synthia_sim/18.png ./test/depth/synthia_sim/18.png ./test/gtFine/synthia_sim/18TrainIds.png
./test/leftImg8bit/synthia_sim/180.png ./test/depth/synthia_sim/180.png ./test/gtFine/synthia_sim/180TrainIds.png
./test/leftImg8bit/synthia_sim/1809.png ./test/depth/synthia_sim/1809.png ./test/gtFine/synthia_sim/1809TrainIds.png
./test/leftImg8bit/synthia_sim/181.png ./test/depth/synthia_sim/181.png ./test/gtFine/synthia_sim/181TrainIds.png
./test/leftImg8bit/synthia_sim/1819.png ./test/depth/synthia_sim/1819.png ./test/gtFine/synthia_sim/1819TrainIds.png
./test/leftImg8bit/synthia_sim/182.png ./test/depth/synthia_sim/182.png ./test/gtFine/synthia_sim/182TrainIds.png
./test/leftImg8bit/synthia_sim/1830.png ./test/depth/synthia_sim/1830.png ./test/gtFine/synthia_sim/1830TrainIds.png
./test/leftImg8bit/synthia_sim/1841.png ./test/depth/synthia_sim/1841.png ./test/gtFine/synthia_sim/1841TrainIds.png
./test/leftImg8bit/synthia_sim/185.png ./test/depth/synthia_sim/185.png ./test/gtFine/synthia_sim/185TrainIds.png
./test/leftImg8bit/synthia_sim/1851.png ./test/depth/synthia_sim/1851.png ./test/gtFine/synthia_sim/1851TrainIds.png
./test/leftImg8bit/synthia_sim/186.png ./test/depth/synthia_sim/186.png ./test/gtFine/synthia_sim/186TrainIds.png
./test/leftImg8bit/synthia_sim/1861.png ./test/depth/synthia_sim/1861.png ./test/gtFine/synthia_sim/1861TrainIds.png
./test/leftImg8bit/synthia_sim/187.png ./test/depth/synthia_sim/187.png ./test/gtFine/synthia_sim/187TrainIds.png
./test/leftImg8bit/synthia_sim/1871.png ./test/depth/synthia_sim/1871.png ./test/gtFine/synthia_sim/1871TrainIds.png
./test/leftImg8bit/synthia_sim/188.png ./test/depth/synthia_sim/188.png ./test/gtFine/synthia_sim/188TrainIds.png
./test/leftImg8bit/synthia_sim/1882.png ./test/depth/synthia_sim/1882.png ./test/gtFine/synthia_sim/1882TrainIds.png
./test/leftImg8bit/synthia_sim/189.png ./test/depth/synthia_sim/189.png ./test/gtFine/synthia_sim/189TrainIds.png
./test/leftImg8bit/synthia_sim/1892.png ./test/depth/synthia_sim/1892.png ./test/gtFine/synthia_sim/1892TrainIds.png
./test/leftImg8bit/synthia_sim/190.png ./test/depth/synthia_sim/190.png ./test/gtFine/synthia_sim/190TrainIds.png
./test/leftImg8bit/synthia_sim/1903.png ./test/depth/synthia_sim/1903.png ./test/gtFine/synthia_sim/1903TrainIds.png
./test/leftImg8bit/synthia_sim/191.png ./test/depth/synthia_sim/191.png ./test/gtFine/synthia_sim/191TrainIds.png
./test/leftImg8bit/synthia_sim/1914.png ./test/depth/synthia_sim/1914.png ./test/gtFine/synthia_sim/1914TrainIds.png
./test/leftImg8bit/synthia_sim/1924.png ./test/depth/synthia_sim/1924.png ./test/gtFine/synthia_sim/1924TrainIds.png
./test/leftImg8bit/synthia_sim/1934.png ./test/depth/synthia_sim/1934.png ./test/gtFine/synthia_sim/1934TrainIds.png
./test/leftImg8bit/synthia_sim/194.png ./test/depth/synthia_sim/194.png ./test/gtFine/synthia_sim/194TrainIds.png
./test/leftImg8bit/synthia_sim/1945.png ./test/depth/synthia_sim/1945.png ./test/gtFine/synthia_sim/1945TrainIds.png
./test/leftImg8bit/synthia_sim/195.png ./test/depth/synthia_sim/195.png ./test/gtFine/synthia_sim/195TrainIds.png
./test/leftImg8bit/synthia_sim/1955.png ./test/depth/synthia_sim/1955.png ./test/gtFine/synthia_sim/1955TrainIds.png
./test/leftImg8bit/synthia_sim/196.png ./test/depth/synthia_sim/196.png ./test/gtFine/synthia_sim/196TrainIds.png
./test/leftImg8bit/synthia_sim/1965.png ./test/depth/synthia_sim/1965.png ./test/gtFine/synthia_sim/1965TrainIds.png
./test/leftImg8bit/synthia_sim/197.png ./test/depth/synthia_sim/197.png ./test/gtFine/synthia_sim/197TrainIds.png
./test/leftImg8bit/synthia_sim/1977.png ./test/depth/synthia_sim/1977.png ./test/gtFine/synthia_sim/1977TrainIds.png
./test/leftImg8bit/synthia_sim/198.png ./test/depth/synthia_sim/198.png ./test/gtFine/synthia_sim/198TrainIds.png
./test/leftImg8bit/synthia_sim/1987.png ./test/depth/synthia_sim/1987.png ./test/gtFine/synthia_sim/1987TrainIds.png
./test/leftImg8bit/synthia_sim/199.png ./test/depth/synthia_sim/199.png ./test/gtFine/synthia_sim/199TrainIds.png
./test/leftImg8bit/synthia_sim/1997.png ./test/depth/synthia_sim/1997.png ./test/gtFine/synthia_sim/1997TrainIds.png
./test/leftImg8bit/synthia_sim/2.png ./test/depth/synthia_sim/2.png ./test/gtFine/synthia_sim/2TrainIds.png
./test/leftImg8bit/synthia_sim/20.png ./test/depth/synthia_sim/20.png ./test/gtFine/synthia_sim/20TrainIds.png
./test/leftImg8bit/synthia_sim/2007.png ./test/depth/synthia_sim/2007.png ./test/gtFine/synthia_sim/2007TrainIds.png
./test/leftImg8bit/synthia_sim/201.png ./test/depth/synthia_sim/201.png ./test/gtFine/synthia_sim/201TrainIds.png
./test/leftImg8bit/synthia_sim/2018.png ./test/depth/synthia_sim/2018.png ./test/gtFine/synthia_sim/2018TrainIds.png
./test/leftImg8bit/synthia_sim/2028.png ./test/depth/synthia_sim/2028.png ./test/gtFine/synthia_sim/2028TrainIds.png
./test/leftImg8bit/synthia_sim/203.png ./test/depth/synthia_sim/203.png ./test/gtFine/synthia_sim/203TrainIds.png
./test/leftImg8bit/synthia_sim/2038.png ./test/depth/synthia_sim/2038.png ./test/gtFine/synthia_sim/2038TrainIds.png
./test/leftImg8bit/synthia_sim/204.png ./test/depth/synthia_sim/204.png ./test/gtFine/synthia_sim/204TrainIds.png
./test/leftImg8bit/synthia_sim/205.png ./test/depth/synthia_sim/205.png ./test/gtFine/synthia_sim/205TrainIds.png
./test/leftImg8bit/synthia_sim/2050.png ./test/depth/synthia_sim/2050.png ./test/gtFine/synthia_sim/2050TrainIds.png
./test/leftImg8bit/synthia_sim/206.png ./test/depth/synthia_sim/206.png ./test/gtFine/synthia_sim/206TrainIds.png
./test/leftImg8bit/synthia_sim/2060.png ./test/depth/synthia_sim/2060.png ./test/gtFine/synthia_sim/2060TrainIds.png
./test/leftImg8bit/synthia_sim/207.png ./test/depth/synthia_sim/207.png ./test/gtFine/synthia_sim/207TrainIds.png
./test/leftImg8bit/synthia_sim/2070.png ./test/depth/synthia_sim/2070.png ./test/gtFine/synthia_sim/2070TrainIds.png
./test/leftImg8bit/synthia_sim/2081.png ./test/depth/synthia_sim/2081.png ./test/gtFine/synthia_sim/2081TrainIds.png
./test/leftImg8bit/synthia_sim/209.png ./test/depth/synthia_sim/209.png ./test/gtFine/synthia_sim/209TrainIds.png
./test/leftImg8bit/synthia_sim/21.png ./test/depth/synthia_sim/21.png ./test/gtFine/synthia_sim/21TrainIds.png
./test/leftImg8bit/synthia_sim/210.png ./test/depth/synthia_sim/210.png ./test/gtFine/synthia_sim/210TrainIds.png
./test/leftImg8bit/synthia_sim/212.png ./test/depth/synthia_sim/212.png ./test/gtFine/synthia_sim/212TrainIds.png
./test/leftImg8bit/synthia_sim/213.png ./test/depth/synthia_sim/213.png ./test/gtFine/synthia_sim/213TrainIds.png
./test/leftImg8bit/synthia_sim/214.png ./test/depth/synthia_sim/214.png ./test/gtFine/synthia_sim/214TrainIds.png
./test/leftImg8bit/synthia_sim/215.png ./test/depth/synthia_sim/215.png ./test/gtFine/synthia_sim/215TrainIds.png
./test/leftImg8bit/synthia_sim/217.png ./test/depth/synthia_sim/217.png ./test/gtFine/synthia_sim/217TrainIds.png
./test/leftImg8bit/synthia_sim/218.png ./test/depth/synthia_sim/218.png ./test/gtFine/synthia_sim/218TrainIds.png
./test/leftImg8bit/synthia_sim/219.png ./test/depth/synthia_sim/219.png ./test/gtFine/synthia_sim/219TrainIds.png
./test/leftImg8bit/synthia_sim/22.png ./test/depth/synthia_sim/22.png ./test/gtFine/synthia_sim/22TrainIds.png
./test/leftImg8bit/synthia_sim/221.png ./test/depth/synthia_sim/221.png ./test/gtFine/synthia_sim/221TrainIds.png
./test/leftImg8bit/synthia_sim/222.png ./test/depth/synthia_sim/222.png ./test/gtFine/synthia_sim/222TrainIds.png
./test/leftImg8bit/synthia_sim/223.png ./test/depth/synthia_sim/223.png ./test/gtFine/synthia_sim/223TrainIds.png
./test/leftImg8bit/synthia_sim/225.png ./test/depth/synthia_sim/225.png ./test/gtFine/synthia_sim/225TrainIds.png
./test/leftImg8bit/synthia_sim/226.png ./test/depth/synthia_sim/226.png ./test/gtFine/synthia_sim/226TrainIds.png
./test/leftImg8bit/synthia_sim/227.png ./test/depth/synthia_sim/227.png ./test/gtFine/synthia_sim/227TrainIds.png
./test/leftImg8bit/synthia_sim/228.png ./test/depth/synthia_sim/228.png ./test/gtFine/synthia_sim/228TrainIds.png
./test/leftImg8bit/synthia_sim/23.png ./test/depth/synthia_sim/23.png ./test/gtFine/synthia_sim/23TrainIds.png
./test/leftImg8bit/synthia_sim/230.png ./test/depth/synthia_sim/230.png ./test/gtFine/synthia_sim/230TrainIds.png
./test/leftImg8bit/synthia_sim/231.png ./test/depth/synthia_sim/231.png ./test/gtFine/synthia_sim/231TrainIds.png
./test/leftImg8bit/synthia_sim/233.png ./test/depth/synthia_sim/233.png ./test/gtFine/synthia_sim/233TrainIds.png
./test/leftImg8bit/synthia_sim/234.png ./test/depth/synthia_sim/234.png ./test/gtFine/synthia_sim/234TrainIds.png
./test/leftImg8bit/synthia_sim/235.png ./test/depth/synthia_sim/235.png ./test/gtFine/synthia_sim/235TrainIds.png
./test/leftImg8bit/synthia_sim/236.png ./test/depth/synthia_sim/236.png ./test/gtFine/synthia_sim/236TrainIds.png
./test/leftImg8bit/synthia_sim/237.png ./test/depth/synthia_sim/237.png ./test/gtFine/synthia_sim/237TrainIds.png
./test/leftImg8bit/synthia_sim/239.png ./test/depth/synthia_sim/239.png ./test/gtFine/synthia_sim/239TrainIds.png
./test/leftImg8bit/synthia_sim/241.png ./test/depth/synthia_sim/241.png ./test/gtFine/synthia_sim/241TrainIds.png
./test/leftImg8bit/synthia_sim/242.png ./test/depth/synthia_sim/242.png ./test/gtFine/synthia_sim/242TrainIds.png
./test/leftImg8bit/synthia_sim/243.png ./test/depth/synthia_sim/243.png ./test/gtFine/synthia_sim/243TrainIds.png
./test/leftImg8bit/synthia_sim/244.png ./test/depth/synthia_sim/244.png ./test/gtFine/synthia_sim/244TrainIds.png
./test/leftImg8bit/synthia_sim/245.png ./test/depth/synthia_sim/245.png ./test/gtFine/synthia_sim/245TrainIds.png
./test/leftImg8bit/synthia_sim/246.png ./test/depth/synthia_sim/246.png ./test/gtFine/synthia_sim/246TrainIds.png
./test/leftImg8bit/synthia_sim/249.png ./test/depth/synthia_sim/249.png ./test/gtFine/synthia_sim/249TrainIds.png
./test/leftImg8bit/synthia_sim/25.png ./test/depth/synthia_sim/25.png ./test/gtFine/synthia_sim/25TrainIds.png
./test/leftImg8bit/synthia_sim/250.png ./test/depth/synthia_sim/250.png ./test/gtFine/synthia_sim/250TrainIds.png
./test/leftImg8bit/synthia_sim/251.png ./test/depth/synthia_sim/251.png ./test/gtFine/synthia_sim/251TrainIds.png
./test/leftImg8bit/synthia_sim/252.png ./test/depth/synthia_sim/252.png ./test/gtFine/synthia_sim/252TrainIds.png
./test/leftImg8bit/synthia_sim/253.png ./test/depth/synthia_sim/253.png ./test/gtFine/synthia_sim/253TrainIds.png
./test/leftImg8bit/synthia_sim/254.png ./test/depth/synthia_sim/254.png ./test/gtFine/synthia_sim/254TrainIds.png
./test/leftImg8bit/synthia_sim/255.png ./test/depth/synthia_sim/255.png ./test/gtFine/synthia_sim/255TrainIds.png
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./test/leftImg8bit/synthia_sim/861.png ./test/depth/synthia_sim/861.png ./test/gtFine/synthia_sim/861TrainIds.png
./test/leftImg8bit/synthia_sim/862.png ./test/depth/synthia_sim/862.png ./test/gtFine/synthia_sim/862TrainIds.png
./test/leftImg8bit/synthia_sim/863.png ./test/depth/synthia_sim/863.png ./test/gtFine/synthia_sim/863TrainIds.png
./test/leftImg8bit/synthia_sim/865.png ./test/depth/synthia_sim/865.png ./test/gtFine/synthia_sim/865TrainIds.png
./test/leftImg8bit/synthia_sim/866.png ./test/depth/synthia_sim/866.png ./test/gtFine/synthia_sim/866TrainIds.png
./test/leftImg8bit/synthia_sim/867.png ./test/depth/synthia_sim/867.png ./test/gtFine/synthia_sim/867TrainIds.png
./test/leftImg8bit/synthia_sim/868.png ./test/depth/synthia_sim/868.png ./test/gtFine/synthia_sim/868TrainIds.png
./test/leftImg8bit/synthia_sim/87.png ./test/depth/synthia_sim/87.png ./test/gtFine/synthia_sim/87TrainIds.png
./test/leftImg8bit/synthia_sim/870.png ./test/depth/synthia_sim/870.png ./test/gtFine/synthia_sim/870TrainIds.png
./test/leftImg8bit/synthia_sim/871.png ./test/depth/synthia_sim/871.png ./test/gtFine/synthia_sim/871TrainIds.png
./test/leftImg8bit/synthia_sim/873.png ./test/depth/synthia_sim/873.png ./test/gtFine/synthia_sim/873TrainIds.png
./test/leftImg8bit/synthia_sim/874.png ./test/depth/synthia_sim/874.png ./test/gtFine/synthia_sim/874TrainIds.png
./test/leftImg8bit/synthia_sim/875.png ./test/depth/synthia_sim/875.png ./test/gtFine/synthia_sim/875TrainIds.png
./test/leftImg8bit/synthia_sim/876.png ./test/depth/synthia_sim/876.png ./test/gtFine/synthia_sim/876TrainIds.png
./test/leftImg8bit/synthia_sim/877.png ./test/depth/synthia_sim/877.png ./test/gtFine/synthia_sim/877TrainIds.png
./test/leftImg8bit/synthia_sim/879.png ./test/depth/synthia_sim/879.png ./test/gtFine/synthia_sim/879TrainIds.png
./test/leftImg8bit/synthia_sim/881.png ./test/depth/synthia_sim/881.png ./test/gtFine/synthia_sim/881TrainIds.png
./test/leftImg8bit/synthia_sim/882.png ./test/depth/synthia_sim/882.png ./test/gtFine/synthia_sim/882TrainIds.png
./test/leftImg8bit/synthia_sim/883.png ./test/depth/synthia_sim/883.png ./test/gtFine/synthia_sim/883TrainIds.png
./test/leftImg8bit/synthia_sim/884.png ./test/depth/synthia_sim/884.png ./test/gtFine/synthia_sim/884TrainIds.png
./test/leftImg8bit/synthia_sim/885.png ./test/depth/synthia_sim/885.png ./test/gtFine/synthia_sim/885TrainIds.png
./test/leftImg8bit/synthia_sim/886.png ./test/depth/synthia_sim/886.png ./test/gtFine/synthia_sim/886TrainIds.png
./test/leftImg8bit/synthia_sim/889.png ./test/depth/synthia_sim/889.png ./test/gtFine/synthia_sim/889TrainIds.png
./test/leftImg8bit/synthia_sim/89.png ./test/depth/synthia_sim/89.png ./test/gtFine/synthia_sim/89TrainIds.png
./test/leftImg8bit/synthia_sim/890.png ./test/depth/synthia_sim/890.png ./test/gtFine/synthia_sim/890TrainIds.png
./test/leftImg8bit/synthia_sim/891.png ./test/depth/synthia_sim/891.png ./test/gtFine/synthia_sim/891TrainIds.png
./test/leftImg8bit/synthia_sim/892.png ./test/depth/synthia_sim/892.png ./test/gtFine/synthia_sim/892TrainIds.png
./test/leftImg8bit/synthia_sim/893.png ./test/depth/synthia_sim/893.png ./test/gtFine/synthia_sim/893TrainIds.png
./test/leftImg8bit/synthia_sim/894.png ./test/depth/synthia_sim/894.png ./test/gtFine/synthia_sim/894TrainIds.png
./test/leftImg8bit/synthia_sim/895.png ./test/depth/synthia_sim/895.png ./test/gtFine/synthia_sim/895TrainIds.png
./test/leftImg8bit/synthia_sim/898.png ./test/depth/synthia_sim/898.png ./test/gtFine/synthia_sim/898TrainIds.png
./test/leftImg8bit/synthia_sim/899.png ./test/depth/synthia_sim/899.png ./test/gtFine/synthia_sim/899TrainIds.png
./test/leftImg8bit/synthia_sim/9.png ./test/depth/synthia_sim/9.png ./test/gtFine/synthia_sim/9TrainIds.png
./test/leftImg8bit/synthia_sim/90.png ./test/depth/synthia_sim/90.png ./test/gtFine/synthia_sim/90TrainIds.png
./test/leftImg8bit/synthia_sim/900.png ./test/depth/synthia_sim/900.png ./test/gtFine/synthia_sim/900TrainIds.png
./test/leftImg8bit/synthia_sim/901.png ./test/depth/synthia_sim/901.png ./test/gtFine/synthia_sim/901TrainIds.png
./test/leftImg8bit/synthia_sim/902.png ./test/depth/synthia_sim/902.png ./test/gtFine/synthia_sim/902TrainIds.png
./test/leftImg8bit/synthia_sim/903.png ./test/depth/synthia_sim/903.png ./test/gtFine/synthia_sim/903TrainIds.png
./test/leftImg8bit/synthia_sim/905.png ./test/depth/synthia_sim/905.png ./test/gtFine/synthia_sim/905TrainIds.png
./test/leftImg8bit/synthia_sim/907.png ./test/depth/synthia_sim/907.png ./test/gtFine/synthia_sim/907TrainIds.png
./test/leftImg8bit/synthia_sim/908.png ./test/depth/synthia_sim/908.png ./test/gtFine/synthia_sim/908TrainIds.png
./test/leftImg8bit/synthia_sim/909.png ./test/depth/synthia_sim/909.png ./test/gtFine/synthia_sim/909TrainIds.png
./test/leftImg8bit/synthia_sim/91.png ./test/depth/synthia_sim/91.png ./test/gtFine/synthia_sim/91TrainIds.png
./test/leftImg8bit/synthia_sim/910.png ./test/depth/synthia_sim/910.png ./test/gtFine/synthia_sim/910TrainIds.png
./test/leftImg8bit/synthia_sim/911.png ./test/depth/synthia_sim/911.png ./test/gtFine/synthia_sim/911TrainIds.png
./test/leftImg8bit/synthia_sim/913.png ./test/depth/synthia_sim/913.png ./test/gtFine/synthia_sim/913TrainIds.png
./test/leftImg8bit/synthia_sim/914.png ./test/depth/synthia_sim/914.png ./test/gtFine/synthia_sim/914TrainIds.png
./test/leftImg8bit/synthia_sim/916.png ./test/depth/synthia_sim/916.png ./test/gtFine/synthia_sim/916TrainIds.png
./test/leftImg8bit/synthia_sim/917.png ./test/depth/synthia_sim/917.png ./test/gtFine/synthia_sim/917TrainIds.png
./test/leftImg8bit/synthia_sim/918.png ./test/depth/synthia_sim/918.png ./test/gtFine/synthia_sim/918TrainIds.png
./test/leftImg8bit/synthia_sim/919.png ./test/depth/synthia_sim/919.png ./test/gtFine/synthia_sim/919TrainIds.png
./test/leftImg8bit/synthia_sim/921.png ./test/depth/synthia_sim/921.png ./test/gtFine/synthia_sim/921TrainIds.png
./test/leftImg8bit/synthia_sim/922.png ./test/depth/synthia_sim/922.png ./test/gtFine/synthia_sim/922TrainIds.png
./test/leftImg8bit/synthia_sim/923.png ./test/depth/synthia_sim/923.png ./test/gtFine/synthia_sim/923TrainIds.png
./test/leftImg8bit/synthia_sim/925.png ./test/depth/synthia_sim/925.png ./test/gtFine/synthia_sim/925TrainIds.png
./test/leftImg8bit/synthia_sim/926.png ./test/depth/synthia_sim/926.png ./test/gtFine/synthia_sim/926TrainIds.png
./test/leftImg8bit/synthia_sim/927.png ./test/depth/synthia_sim/927.png ./test/gtFine/synthia_sim/927TrainIds.png
./test/leftImg8bit/synthia_sim/929.png ./test/depth/synthia_sim/929.png ./test/gtFine/synthia_sim/929TrainIds.png
./test/leftImg8bit/synthia_sim/93.png ./test/depth/synthia_sim/93.png ./test/gtFine/synthia_sim/93TrainIds.png
./test/leftImg8bit/synthia_sim/930.png ./test/depth/synthia_sim/930.png ./test/gtFine/synthia_sim/930TrainIds.png
./test/leftImg8bit/synthia_sim/931.png ./test/depth/synthia_sim/931.png ./test/gtFine/synthia_sim/931TrainIds.png
./test/leftImg8bit/synthia_sim/932.png ./test/depth/synthia_sim/932.png ./test/gtFine/synthia_sim/932TrainIds.png
./test/leftImg8bit/synthia_sim/934.png ./test/depth/synthia_sim/934.png ./test/gtFine/synthia_sim/934TrainIds.png
./test/leftImg8bit/synthia_sim/935.png ./test/depth/synthia_sim/935.png ./test/gtFine/synthia_sim/935TrainIds.png
./test/leftImg8bit/synthia_sim/937.png ./test/depth/synthia_sim/937.png ./test/gtFine/synthia_sim/937TrainIds.png
./test/leftImg8bit/synthia_sim/938.png ./test/depth/synthia_sim/938.png ./test/gtFine/synthia_sim/938TrainIds.png
./test/leftImg8bit/synthia_sim/939.png ./test/depth/synthia_sim/939.png ./test/gtFine/synthia_sim/939TrainIds.png
./test/leftImg8bit/synthia_sim/94.png ./test/depth/synthia_sim/94.png ./test/gtFine/synthia_sim/94TrainIds.png
./test/leftImg8bit/synthia_sim/940.png ./test/depth/synthia_sim/940.png ./test/gtFine/synthia_sim/940TrainIds.png
./test/leftImg8bit/synthia_sim/941.png ./test/depth/synthia_sim/941.png ./test/gtFine/synthia_sim/941TrainIds.png
./test/leftImg8bit/synthia_sim/95.png ./test/depth/synthia_sim/95.png ./test/gtFine/synthia_sim/95TrainIds.png
./test/leftImg8bit/synthia_sim/953.png ./test/depth/synthia_sim/953.png ./test/gtFine/synthia_sim/953TrainIds.png
./test/leftImg8bit/synthia_sim/963.png ./test/depth/synthia_sim/963.png ./test/gtFine/synthia_sim/963TrainIds.png
./test/leftImg8bit/synthia_sim/97.png ./test/depth/synthia_sim/97.png ./test/gtFine/synthia_sim/97TrainIds.png
./test/leftImg8bit/synthia_sim/973.png ./test/depth/synthia_sim/973.png ./test/gtFine/synthia_sim/973TrainIds.png
./test/leftImg8bit/synthia_sim/98.png ./test/depth/synthia_sim/98.png ./test/gtFine/synthia_sim/98TrainIds.png
./test/leftImg8bit/synthia_sim/983.png ./test/depth/synthia_sim/983.png ./test/gtFine/synthia_sim/983TrainIds.png
./test/leftImg8bit/synthia_sim/99.png ./test/depth/synthia_sim/99.png ./test/gtFine/synthia_sim/99TrainIds.png
./test/leftImg8bit/synthia_sim/994.png ./test/depth/synthia_sim/994.png ./test/gtFine/synthia_sim/994TrainIds.png
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  ./test/leftImg8bit/cityscapes_real/frankfurt/frankfurt_000000_009688_leftImg8bit.png ./test/depth/cityscapes_real/frankfurt/frankfurt_000000_009688_disparity.png ./test/gtFine/cityscapes_real/frankfurt/frankfurt_000000_009688_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/frankfurt/frankfurt_000000_017228_leftImg8bit.png ./test/depth/cityscapes_real/frankfurt/frankfurt_000000_017228_disparity.png ./test/gtFine/cityscapes_real/frankfurt/frankfurt_000000_017228_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/frankfurt/frankfurt_000001_004859_leftImg8bit.png ./test/depth/cityscapes_real/frankfurt/frankfurt_000001_004859_disparity.png ./test/gtFine/cityscapes_real/frankfurt/frankfurt_000001_004859_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/frankfurt/frankfurt_000001_011715_leftImg8bit.png ./test/depth/cityscapes_real/frankfurt/frankfurt_000001_011715_disparity.png ./test/gtFine/cityscapes_real/frankfurt/frankfurt_000001_011715_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/frankfurt/frankfurt_000001_017101_leftImg8bit.png ./test/depth/cityscapes_real/frankfurt/frankfurt_000001_017101_disparity.png ./test/gtFine/cityscapes_real/frankfurt/frankfurt_000001_017101_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/frankfurt/frankfurt_000001_028232_leftImg8bit.png ./test/depth/cityscapes_real/frankfurt/frankfurt_000001_028232_disparity.png ./test/gtFine/cityscapes_real/frankfurt/frankfurt_000001_028232_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/frankfurt/frankfurt_000001_035864_leftImg8bit.png ./test/depth/cityscapes_real/frankfurt/frankfurt_000001_035864_disparity.png ./test/gtFine/cityscapes_real/frankfurt/frankfurt_000001_035864_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/frankfurt/frankfurt_000001_044525_leftImg8bit.png ./test/depth/cityscapes_real/frankfurt/frankfurt_000001_044525_disparity.png ./test/gtFine/cityscapes_real/frankfurt/frankfurt_000001_044525_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/frankfurt/frankfurt_000001_051737_leftImg8bit.png ./test/depth/cityscapes_real/frankfurt/frankfurt_000001_051737_disparity.png ./test/gtFine/cityscapes_real/frankfurt/frankfurt_000001_051737_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/frankfurt/frankfurt_000001_057954_leftImg8bit.png ./test/depth/cityscapes_real/frankfurt/frankfurt_000001_057954_disparity.png ./test/gtFine/cityscapes_real/frankfurt/frankfurt_000001_057954_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/frankfurt/frankfurt_000001_063045_leftImg8bit.png ./test/depth/cityscapes_real/frankfurt/frankfurt_000001_063045_disparity.png ./test/gtFine/cityscapes_real/frankfurt/frankfurt_000001_063045_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/frankfurt/frankfurt_000001_068682_leftImg8bit.png ./test/depth/cityscapes_real/frankfurt/frankfurt_000001_068682_disparity.png ./test/gtFine/cityscapes_real/frankfurt/frankfurt_000001_068682_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/frankfurt/frankfurt_000001_080091_leftImg8bit.png ./test/depth/cityscapes_real/frankfurt/frankfurt_000001_080091_disparity.png ./test/gtFine/cityscapes_real/frankfurt/frankfurt_000001_080091_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/lindau/lindau_000012_000019_leftImg8bit.png ./test/depth/cityscapes_real/lindau/lindau_000012_000019_disparity.png ./test/gtFine/cityscapes_real/lindau/lindau_000012_000019_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/lindau/lindau_000032_000019_leftImg8bit.png ./test/depth/cityscapes_real/lindau/lindau_000032_000019_disparity.png ./test/gtFine/cityscapes_real/lindau/lindau_000032_000019_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/lindau/lindau_000052_000019_leftImg8bit.png ./test/depth/cityscapes_real/lindau/lindau_000052_000019_disparity.png ./test/gtFine/cityscapes_real/lindau/lindau_000052_000019_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/munster/munster_000013_000019_leftImg8bit.png ./test/depth/cityscapes_real/munster/munster_000013_000019_disparity.png ./test/gtFine/cityscapes_real/munster/munster_000013_000019_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/munster/munster_000033_000019_leftImg8bit.png ./test/depth/cityscapes_real/munster/munster_000033_000019_disparity.png ./test/gtFine/cityscapes_real/munster/munster_000033_000019_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/munster/munster_000053_000019_leftImg8bit.png ./test/depth/cityscapes_real/munster/munster_000053_000019_disparity.png ./test/gtFine/cityscapes_real/munster/munster_000053_000019_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/munster/munster_000073_000019_leftImg8bit.png ./test/depth/cityscapes_real/munster/munster_000073_000019_disparity.png ./test/gtFine/cityscapes_real/munster/munster_000073_000019_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/munster/munster_000093_000019_leftImg8bit.png ./test/depth/cityscapes_real/munster/munster_000093_000019_disparity.png ./test/gtFine/cityscapes_real/munster/munster_000093_000019_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/munster/munster_000113_000019_leftImg8bit.png ./test/depth/cityscapes_real/munster/munster_000113_000019_disparity.png ./test/gtFine/cityscapes_real/munster/munster_000113_000019_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/munster/munster_000133_000019_leftImg8bit.png ./test/depth/cityscapes_real/munster/munster_000133_000019_disparity.png ./test/gtFine/cityscapes_real/munster/munster_000133_000019_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/munster/munster_000153_000019_leftImg8bit.png ./test/depth/cityscapes_real/munster/munster_000153_000019_disparity.png ./test/gtFine/cityscapes_real/munster/munster_000153_000019_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/munster/munster_000173_000019_leftImg8bit.png ./test/depth/cityscapes_real/munster/munster_000173_000019_disparity.png ./test/gtFine/cityscapes_real/munster/munster_000173_000019_gtFine_labelTrainIds.png
./test/leftImg8bit/synthia_sim/1109.png ./test/depth/synthia_sim/1109.png ./test/gtFine/synthia_sim/1109TrainIds.png
./test/leftImg8bit/synthia_sim/122.png ./test/depth/synthia_sim/122.png ./test/gtFine/synthia_sim/122TrainIds.png
./test/leftImg8bit/synthia_sim/1329.png ./test/depth/synthia_sim/1329.png ./test/gtFine/synthia_sim/1329TrainIds.png
./test/leftImg8bit/synthia_sim/1433.png ./test/depth/synthia_sim/1433.png ./test/gtFine/synthia_sim/1433TrainIds.png
./test/leftImg8bit/synthia_sim/1548.png ./test/depth/synthia_sim/1548.png ./test/gtFine/synthia_sim/1548TrainIds.png
./test/leftImg8bit/synthia_sim/1662.png ./test/depth/synthia_sim/1662.png ./test/gtFine/synthia_sim/1662TrainIds.png
./test/leftImg8bit/synthia_sim/1778.png ./test/depth/synthia_sim/1778.png ./test/gtFine/synthia_sim/1778TrainIds.png
./test/leftImg8bit/synthia_sim/1882.png ./test/depth/synthia_sim/1882.png ./test/gtFine/synthia_sim/1882TrainIds.png
./test/leftImg8bit/synthia_sim/1997.png ./test/depth/synthia_sim/1997.png ./test/gtFine/synthia_sim/1997TrainIds.png
./test/leftImg8bit/synthia_sim/212.png ./test/depth/synthia_sim/212.png ./test/gtFine/synthia_sim/212TrainIds.png
./test/leftImg8bit/synthia_sim/235.png ./test/depth/synthia_sim/235.png ./test/gtFine/synthia_sim/235TrainIds.png
./test/leftImg8bit/synthia_sim/26.png ./test/depth/synthia_sim/26.png ./test/gtFine/synthia_sim/26TrainIds.png
./test/leftImg8bit/synthia_sim/283.png ./test/depth/synthia_sim/283.png ./test/gtFine/synthia_sim/283TrainIds.png
./test/leftImg8bit/synthia_sim/306.png ./test/depth/synthia_sim/306.png ./test/gtFine/synthia_sim/306TrainIds.png
./test/leftImg8bit/synthia_sim/33.png ./test/depth/synthia_sim/33.png ./test/gtFine/synthia_sim/33TrainIds.png
./test/leftImg8bit/synthia_sim/353.png ./test/depth/synthia_sim/353.png ./test/gtFine/synthia_sim/353TrainIds.png
./test/leftImg8bit/synthia_sim/378.png ./test/depth/synthia_sim/378.png ./test/gtFine/synthia_sim/378TrainIds.png
./test/leftImg8bit/synthia_sim/4.png ./test/depth/synthia_sim/4.png ./test/gtFine/synthia_sim/4TrainIds.png
./test/leftImg8bit/synthia_sim/423.png ./test/depth/synthia_sim/423.png ./test/gtFine/synthia_sim/423TrainIds.png
./test/leftImg8bit/synthia_sim/446.png ./test/depth/synthia_sim/446.png ./test/gtFine/synthia_sim/446TrainIds.png
./test/leftImg8bit/synthia_sim/470.png ./test/depth/synthia_sim/470.png ./test/gtFine/synthia_sim/470TrainIds.png
./test/leftImg8bit/synthia_sim/495.png ./test/depth/synthia_sim/495.png ./test/gtFine/synthia_sim/495TrainIds.png
./test/leftImg8bit/synthia_sim/517.png ./test/depth/synthia_sim/517.png ./test/gtFine/synthia_sim/517TrainIds.png
./test/leftImg8bit/synthia_sim/54.png ./test/depth/synthia_sim/54.png ./test/gtFine/synthia_sim/54TrainIds.png
./test/leftImg8bit/synthia_sim/565.png ./test/depth/synthia_sim/565.png ./test/gtFine/synthia_sim/565TrainIds.png
./test/leftImg8bit/synthia_sim/589.png ./test/depth/synthia_sim/589.png ./test/gtFine/synthia_sim/589TrainIds.png
./test/leftImg8bit/synthia_sim/610.png ./test/depth/synthia_sim/610.png ./test/gtFine/synthia_sim/610TrainIds.png
./test/leftImg8bit/synthia_sim/634.png ./test/depth/synthia_sim/634.png ./test/gtFine/synthia_sim/634TrainIds.png
./test/leftImg8bit/synthia_sim/66.png ./test/depth/synthia_sim/66.png ./test/gtFine/synthia_sim/66TrainIds.png
./test/leftImg8bit/synthia_sim/682.png ./test/depth/synthia_sim/682.png ./test/gtFine/synthia_sim/682TrainIds.png
./test/leftImg8bit/synthia_sim/703.png ./test/depth/synthia_sim/703.png ./test/gtFine/synthia_sim/703TrainIds.png
./test/leftImg8bit/synthia_sim/729.png ./test/depth/synthia_sim/729.png ./test/gtFine/synthia_sim/729TrainIds.png
./test/leftImg8bit/synthia_sim/753.png ./test/depth/synthia_sim/753.png ./test/gtFine/synthia_sim/753TrainIds.png
./test/leftImg8bit/synthia_sim/775.png ./test/depth/synthia_sim/775.png ./test/gtFine/synthia_sim/775TrainIds.png
./test/leftImg8bit/synthia_sim/799.png ./test/depth/synthia_sim/799.png ./test/gtFine/synthia_sim/799TrainIds.png
./test/leftImg8bit/synthia_sim/822.png ./test/depth/synthia_sim/822.png ./test/gtFine/synthia_sim/822TrainIds.png
./test/leftImg8bit/synthia_sim/847.png ./test/depth/synthia_sim/847.png ./test/gtFine/synthia_sim/847TrainIds.png
./test/leftImg8bit/synthia_sim/870.png ./test/depth/synthia_sim/870.png ./test/gtFine/synthia_sim/870TrainIds.png
./test/leftImg8bit/synthia_sim/894.png ./test/depth/synthia_sim/894.png ./test/gtFine/synthia_sim/894TrainIds.png
./test/leftImg8bit/synthia_sim/917.png ./test/depth/synthia_sim/917.png ./test/gtFine/synthia_sim/917TrainIds.png
./test/leftImg8bit/synthia_sim/940.png ./test/depth/synthia_sim/940.png ./test/gtFine/synthia_sim/940TrainIds.png
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  ./test/leftImg8bit/cityscapes_real/frankfurt/frankfurt_000000_009688_leftImg8bit.png ./test/gtFine/cityscapes_real/frankfurt/frankfurt_000000_009688_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/frankfurt/frankfurt_000000_017228_leftImg8bit.png ./test/gtFine/cityscapes_real/frankfurt/frankfurt_000000_017228_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/frankfurt/frankfurt_000001_004859_leftImg8bit.png ./test/gtFine/cityscapes_real/frankfurt/frankfurt_000001_004859_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/frankfurt/frankfurt_000001_011715_leftImg8bit.png ./test/gtFine/cityscapes_real/frankfurt/frankfurt_000001_011715_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/frankfurt/frankfurt_000001_017101_leftImg8bit.png ./test/gtFine/cityscapes_real/frankfurt/frankfurt_000001_017101_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/frankfurt/frankfurt_000001_028232_leftImg8bit.png ./test/gtFine/cityscapes_real/frankfurt/frankfurt_000001_028232_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/frankfurt/frankfurt_000001_035864_leftImg8bit.png ./test/gtFine/cityscapes_real/frankfurt/frankfurt_000001_035864_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/frankfurt/frankfurt_000001_044525_leftImg8bit.png ./test/gtFine/cityscapes_real/frankfurt/frankfurt_000001_044525_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/frankfurt/frankfurt_000001_051737_leftImg8bit.png ./test/gtFine/cityscapes_real/frankfurt/frankfurt_000001_051737_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/frankfurt/frankfurt_000001_057954_leftImg8bit.png ./test/gtFine/cityscapes_real/frankfurt/frankfurt_000001_057954_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/frankfurt/frankfurt_000001_063045_leftImg8bit.png ./test/gtFine/cityscapes_real/frankfurt/frankfurt_000001_063045_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/frankfurt/frankfurt_000001_068682_leftImg8bit.png ./test/gtFine/cityscapes_real/frankfurt/frankfurt_000001_068682_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/frankfurt/frankfurt_000001_080091_leftImg8bit.png ./test/gtFine/cityscapes_real/frankfurt/frankfurt_000001_080091_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/lindau/lindau_000012_000019_leftImg8bit.png ./test/gtFine/cityscapes_real/lindau/lindau_000012_000019_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/lindau/lindau_000032_000019_leftImg8bit.png ./test/gtFine/cityscapes_real/lindau/lindau_000032_000019_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/lindau/lindau_000052_000019_leftImg8bit.png ./test/gtFine/cityscapes_real/lindau/lindau_000052_000019_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/munster/munster_000013_000019_leftImg8bit.png ./test/gtFine/cityscapes_real/munster/munster_000013_000019_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/munster/munster_000033_000019_leftImg8bit.png ./test/gtFine/cityscapes_real/munster/munster_000033_000019_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/munster/munster_000053_000019_leftImg8bit.png ./test/gtFine/cityscapes_real/munster/munster_000053_000019_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/munster/munster_000073_000019_leftImg8bit.png ./test/gtFine/cityscapes_real/munster/munster_000073_000019_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/munster/munster_000093_000019_leftImg8bit.png ./test/gtFine/cityscapes_real/munster/munster_000093_000019_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/munster/munster_000113_000019_leftImg8bit.png ./test/gtFine/cityscapes_real/munster/munster_000113_000019_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/munster/munster_000133_000019_leftImg8bit.png ./test/gtFine/cityscapes_real/munster/munster_000133_000019_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/munster/munster_000153_000019_leftImg8bit.png ./test/gtFine/cityscapes_real/munster/munster_000153_000019_gtFine_labelTrainIds.png
./test/leftImg8bit/cityscapes_real/munster/munster_000173_000019_leftImg8bit.png ./test/gtFine/cityscapes_real/munster/munster_000173_000019_gtFine_labelTrainIds.png
./test/leftImg8bit/synthia_sim/1109.png ./test/gtFine/synthia_sim/1109TrainIds.png
./test/leftImg8bit/synthia_sim/122.png ./test/gtFine/synthia_sim/122TrainIds.png
./test/leftImg8bit/synthia_sim/1329.png ./test/gtFine/synthia_sim/1329TrainIds.png
./test/leftImg8bit/synthia_sim/1433.png ./test/gtFine/synthia_sim/1433TrainIds.png
./test/leftImg8bit/synthia_sim/1548.png ./test/gtFine/synthia_sim/1548TrainIds.png
./test/leftImg8bit/synthia_sim/1662.png ./test/gtFine/synthia_sim/1662TrainIds.png
./test/leftImg8bit/synthia_sim/1778.png ./test/gtFine/synthia_sim/1778TrainIds.png
./test/leftImg8bit/synthia_sim/1882.png ./test/gtFine/synthia_sim/1882TrainIds.png
./test/leftImg8bit/synthia_sim/1997.png ./test/gtFine/synthia_sim/1997TrainIds.png
./test/leftImg8bit/synthia_sim/212.png ./test/gtFine/synthia_sim/212TrainIds.png
./test/leftImg8bit/synthia_sim/235.png ./test/gtFine/synthia_sim/235TrainIds.png
./test/leftImg8bit/synthia_sim/26.png ./test/gtFine/synthia_sim/26TrainIds.png
./test/leftImg8bit/synthia_sim/283.png ./test/gtFine/synthia_sim/283TrainIds.png
./test/leftImg8bit/synthia_sim/306.png ./test/gtFine/synthia_sim/306TrainIds.png
./test/leftImg8bit/synthia_sim/33.png ./test/gtFine/synthia_sim/33TrainIds.png
./test/leftImg8bit/synthia_sim/353.png ./test/gtFine/synthia_sim/353TrainIds.png
./test/leftImg8bit/synthia_sim/378.png ./test/gtFine/synthia_sim/378TrainIds.png
./test/leftImg8bit/synthia_sim/4.png ./test/gtFine/synthia_sim/4TrainIds.png
./test/leftImg8bit/synthia_sim/423.png ./test/gtFine/synthia_sim/423TrainIds.png
./test/leftImg8bit/synthia_sim/446.png ./test/gtFine/synthia_sim/446TrainIds.png
./test/leftImg8bit/synthia_sim/470.png ./test/gtFine/synthia_sim/470TrainIds.png
./test/leftImg8bit/synthia_sim/495.png ./test/gtFine/synthia_sim/495TrainIds.png
./test/leftImg8bit/synthia_sim/517.png ./test/gtFine/synthia_sim/517TrainIds.png
./test/leftImg8bit/synthia_sim/54.png ./test/gtFine/synthia_sim/54TrainIds.png
./test/leftImg8bit/synthia_sim/565.png ./test/gtFine/synthia_sim/565TrainIds.png
./test/leftImg8bit/synthia_sim/589.png ./test/gtFine/synthia_sim/589TrainIds.png
./test/leftImg8bit/synthia_sim/610.png ./test/gtFine/synthia_sim/610TrainIds.png
./test/leftImg8bit/synthia_sim/634.png ./test/gtFine/synthia_sim/634TrainIds.png
./test/leftImg8bit/synthia_sim/66.png ./test/gtFine/synthia_sim/66TrainIds.png
./test/leftImg8bit/synthia_sim/682.png ./test/gtFine/synthia_sim/682TrainIds.png
./test/leftImg8bit/synthia_sim/703.png ./test/gtFine/synthia_sim/703TrainIds.png
./test/leftImg8bit/synthia_sim/729.png ./test/gtFine/synthia_sim/729TrainIds.png
./test/leftImg8bit/synthia_sim/753.png ./test/gtFine/synthia_sim/753TrainIds.png
./test/leftImg8bit/synthia_sim/775.png ./test/gtFine/synthia_sim/775TrainIds.png
./test/leftImg8bit/synthia_sim/799.png ./test/gtFine/synthia_sim/799TrainIds.png
./test/leftImg8bit/synthia_sim/822.png ./test/gtFine/synthia_sim/822TrainIds.png
./test/leftImg8bit/synthia_sim/847.png ./test/gtFine/synthia_sim/847TrainIds.png
./test/leftImg8bit/synthia_sim/870.png ./test/gtFine/synthia_sim/870TrainIds.png
./test/leftImg8bit/synthia_sim/894.png ./test/gtFine/synthia_sim/894TrainIds.png
./test/leftImg8bit/synthia_sim/917.png ./test/gtFine/synthia_sim/917TrainIds.png
./test/leftImg8bit/synthia_sim/940.png ./test/gtFine/synthia_sim/940TrainIds.png
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  ./train/leftImg8bit/synthia_sim/1769.png ./train/depth/synthia_sim/1769.png ./train/gtFine/synthia_sim/1769TrainIds.png
./train/leftImg8bit/synthia_sim/1770.png ./train/depth/synthia_sim/1770.png ./train/gtFine/synthia_sim/1770TrainIds.png
./train/leftImg8bit/synthia_sim/1771.png ./train/depth/synthia_sim/1771.png ./train/gtFine/synthia_sim/1771TrainIds.png
./train/leftImg8bit/synthia_sim/1772.png ./train/depth/synthia_sim/1772.png ./train/gtFine/synthia_sim/1772TrainIds.png
./train/leftImg8bit/synthia_sim/1773.png ./train/depth/synthia_sim/1773.png ./train/gtFine/synthia_sim/1773TrainIds.png
./train/leftImg8bit/synthia_sim/1775.png ./train/depth/synthia_sim/1775.png ./train/gtFine/synthia_sim/1775TrainIds.png
./train/leftImg8bit/synthia_sim/1777.png ./train/depth/synthia_sim/1777.png ./train/gtFine/synthia_sim/1777TrainIds.png
./train/leftImg8bit/synthia_sim/1779.png ./train/depth/synthia_sim/1779.png ./train/gtFine/synthia_sim/1779TrainIds.png
./train/leftImg8bit/synthia_sim/1780.png ./train/depth/synthia_sim/1780.png ./train/gtFine/synthia_sim/1780TrainIds.png
./train/leftImg8bit/synthia_sim/1781.png ./train/depth/synthia_sim/1781.png ./train/gtFine/synthia_sim/1781TrainIds.png
./train/leftImg8bit/synthia_sim/1782.png ./train/depth/synthia_sim/1782.png ./train/gtFine/synthia_sim/1782TrainIds.png
./train/leftImg8bit/synthia_sim/1785.png ./train/depth/synthia_sim/1785.png ./train/gtFine/synthia_sim/1785TrainIds.png
./train/leftImg8bit/synthia_sim/1786.png ./train/depth/synthia_sim/1786.png ./train/gtFine/synthia_sim/1786TrainIds.png
./train/leftImg8bit/synthia_sim/1787.png ./train/depth/synthia_sim/1787.png ./train/gtFine/synthia_sim/1787TrainIds.png
./train/leftImg8bit/synthia_sim/1789.png ./train/depth/synthia_sim/1789.png ./train/gtFine/synthia_sim/1789TrainIds.png
./train/leftImg8bit/synthia_sim/1790.png ./train/depth/synthia_sim/1790.png ./train/gtFine/synthia_sim/1790TrainIds.png
./train/leftImg8bit/synthia_sim/1791.png ./train/depth/synthia_sim/1791.png ./train/gtFine/synthia_sim/1791TrainIds.png
./train/leftImg8bit/synthia_sim/1794.png ./train/depth/synthia_sim/1794.png ./train/gtFine/synthia_sim/1794TrainIds.png
./train/leftImg8bit/synthia_sim/1795.png ./train/depth/synthia_sim/1795.png ./train/gtFine/synthia_sim/1795TrainIds.png
./train/leftImg8bit/synthia_sim/1796.png ./train/depth/synthia_sim/1796.png ./train/gtFine/synthia_sim/1796TrainIds.png
./train/leftImg8bit/synthia_sim/1797.png ./train/depth/synthia_sim/1797.png ./train/gtFine/synthia_sim/1797TrainIds.png
./train/leftImg8bit/synthia_sim/1799.png ./train/depth/synthia_sim/1799.png ./train/gtFine/synthia_sim/1799TrainIds.png
./train/leftImg8bit/synthia_sim/1801.png ./train/depth/synthia_sim/1801.png ./train/gtFine/synthia_sim/1801TrainIds.png
./train/leftImg8bit/synthia_sim/1803.png ./train/depth/synthia_sim/1803.png ./train/gtFine/synthia_sim/1803TrainIds.png
./train/leftImg8bit/synthia_sim/1804.png ./train/depth/synthia_sim/1804.png ./train/gtFine/synthia_sim/1804TrainIds.png
./train/leftImg8bit/synthia_sim/1805.png ./train/depth/synthia_sim/1805.png ./train/gtFine/synthia_sim/1805TrainIds.png
./train/leftImg8bit/synthia_sim/1806.png ./train/depth/synthia_sim/1806.png ./train/gtFine/synthia_sim/1806TrainIds.png
./train/leftImg8bit/synthia_sim/1807.png ./train/depth/synthia_sim/1807.png ./train/gtFine/synthia_sim/1807TrainIds.png
./train/leftImg8bit/synthia_sim/1810.png ./train/depth/synthia_sim/1810.png ./train/gtFine/synthia_sim/1810TrainIds.png
./train/leftImg8bit/synthia_sim/1812.png ./train/depth/synthia_sim/1812.png ./train/gtFine/synthia_sim/1812TrainIds.png
./train/leftImg8bit/synthia_sim/1813.png ./train/depth/synthia_sim/1813.png ./train/gtFine/synthia_sim/1813TrainIds.png
./train/leftImg8bit/synthia_sim/1814.png ./train/depth/synthia_sim/1814.png ./train/gtFine/synthia_sim/1814TrainIds.png
./train/leftImg8bit/synthia_sim/1815.png ./train/depth/synthia_sim/1815.png ./train/gtFine/synthia_sim/1815TrainIds.png
./train/leftImg8bit/synthia_sim/1817.png ./train/depth/synthia_sim/1817.png ./train/gtFine/synthia_sim/1817TrainIds.png
./train/leftImg8bit/synthia_sim/1818.png ./train/depth/synthia_sim/1818.png ./train/gtFine/synthia_sim/1818TrainIds.png
./train/leftImg8bit/synthia_sim/1821.png ./train/depth/synthia_sim/1821.png ./train/gtFine/synthia_sim/1821TrainIds.png
./train/leftImg8bit/synthia_sim/1822.png ./train/depth/synthia_sim/1822.png ./train/gtFine/synthia_sim/1822TrainIds.png
./train/leftImg8bit/synthia_sim/1823.png ./train/depth/synthia_sim/1823.png ./train/gtFine/synthia_sim/1823TrainIds.png
./train/leftImg8bit/synthia_sim/1825.png ./train/depth/synthia_sim/1825.png ./train/gtFine/synthia_sim/1825TrainIds.png
./train/leftImg8bit/synthia_sim/1826.png ./train/depth/synthia_sim/1826.png ./train/gtFine/synthia_sim/1826TrainIds.png
./train/leftImg8bit/synthia_sim/1827.png ./train/depth/synthia_sim/1827.png ./train/gtFine/synthia_sim/1827TrainIds.png
./train/leftImg8bit/synthia_sim/1828.png ./train/depth/synthia_sim/1828.png ./train/gtFine/synthia_sim/1828TrainIds.png
./train/leftImg8bit/synthia_sim/1831.png ./train/depth/synthia_sim/1831.png ./train/gtFine/synthia_sim/1831TrainIds.png
./train/leftImg8bit/synthia_sim/1833.png ./train/depth/synthia_sim/1833.png ./train/gtFine/synthia_sim/1833TrainIds.png
./train/leftImg8bit/synthia_sim/1834.png ./train/depth/synthia_sim/1834.png ./train/gtFine/synthia_sim/1834TrainIds.png
./train/leftImg8bit/synthia_sim/1835.png ./train/depth/synthia_sim/1835.png ./train/gtFine/synthia_sim/1835TrainIds.png
./train/leftImg8bit/synthia_sim/1836.png ./train/depth/synthia_sim/1836.png ./train/gtFine/synthia_sim/1836TrainIds.png
./train/leftImg8bit/synthia_sim/1837.png ./train/depth/synthia_sim/1837.png ./train/gtFine/synthia_sim/1837TrainIds.png
./train/leftImg8bit/synthia_sim/1839.png ./train/depth/synthia_sim/1839.png ./train/gtFine/synthia_sim/1839TrainIds.png
./train/leftImg8bit/synthia_sim/1842.png ./train/depth/synthia_sim/1842.png ./train/gtFine/synthia_sim/1842TrainIds.png
./train/leftImg8bit/synthia_sim/1843.png ./train/depth/synthia_sim/1843.png ./train/gtFine/synthia_sim/1843TrainIds.png
./train/leftImg8bit/synthia_sim/1844.png ./train/depth/synthia_sim/1844.png ./train/gtFine/synthia_sim/1844TrainIds.png
./train/leftImg8bit/synthia_sim/1845.png ./train/depth/synthia_sim/1845.png ./train/gtFine/synthia_sim/1845TrainIds.png
./train/leftImg8bit/synthia_sim/1846.png ./train/depth/synthia_sim/1846.png ./train/gtFine/synthia_sim/1846TrainIds.png
./train/leftImg8bit/synthia_sim/1849.png ./train/depth/synthia_sim/1849.png ./train/gtFine/synthia_sim/1849TrainIds.png
./train/leftImg8bit/synthia_sim/1850.png ./train/depth/synthia_sim/1850.png ./train/gtFine/synthia_sim/1850TrainIds.png
./train/leftImg8bit/synthia_sim/1852.png ./train/depth/synthia_sim/1852.png ./train/gtFine/synthia_sim/1852TrainIds.png
./train/leftImg8bit/synthia_sim/1853.png ./train/depth/synthia_sim/1853.png ./train/gtFine/synthia_sim/1853TrainIds.png
./train/leftImg8bit/synthia_sim/1854.png ./train/depth/synthia_sim/1854.png ./train/gtFine/synthia_sim/1854TrainIds.png
./train/leftImg8bit/synthia_sim/1855.png ./train/depth/synthia_sim/1855.png ./train/gtFine/synthia_sim/1855TrainIds.png
./train/leftImg8bit/synthia_sim/1858.png ./train/depth/synthia_sim/1858.png ./train/gtFine/synthia_sim/1858TrainIds.png
./train/leftImg8bit/synthia_sim/1859.png ./train/depth/synthia_sim/1859.png ./train/gtFine/synthia_sim/1859TrainIds.png
./train/leftImg8bit/synthia_sim/1860.png ./train/depth/synthia_sim/1860.png ./train/gtFine/synthia_sim/1860TrainIds.png
./train/leftImg8bit/synthia_sim/1862.png ./train/depth/synthia_sim/1862.png ./train/gtFine/synthia_sim/1862TrainIds.png
./train/leftImg8bit/synthia_sim/1863.png ./train/depth/synthia_sim/1863.png ./train/gtFine/synthia_sim/1863TrainIds.png
./train/leftImg8bit/synthia_sim/1865.png ./train/depth/synthia_sim/1865.png ./train/gtFine/synthia_sim/1865TrainIds.png
./train/leftImg8bit/synthia_sim/1867.png ./train/depth/synthia_sim/1867.png ./train/gtFine/synthia_sim/1867TrainIds.png
./train/leftImg8bit/synthia_sim/1868.png ./train/depth/synthia_sim/1868.png ./train/gtFine/synthia_sim/1868TrainIds.png
./train/leftImg8bit/synthia_sim/1869.png ./train/depth/synthia_sim/1869.png ./train/gtFine/synthia_sim/1869TrainIds.png
./train/leftImg8bit/synthia_sim/1870.png ./train/depth/synthia_sim/1870.png ./train/gtFine/synthia_sim/1870TrainIds.png
./train/leftImg8bit/synthia_sim/1873.png ./train/depth/synthia_sim/1873.png ./train/gtFine/synthia_sim/1873TrainIds.png
./train/leftImg8bit/synthia_sim/1874.png ./train/depth/synthia_sim/1874.png ./train/gtFine/synthia_sim/1874TrainIds.png
./train/leftImg8bit/synthia_sim/1876.png ./train/depth/synthia_sim/1876.png ./train/gtFine/synthia_sim/1876TrainIds.png
./train/leftImg8bit/synthia_sim/1877.png ./train/depth/synthia_sim/1877.png ./train/gtFine/synthia_sim/1877TrainIds.png
./train/leftImg8bit/synthia_sim/1878.png ./train/depth/synthia_sim/1878.png ./train/gtFine/synthia_sim/1878TrainIds.png
./train/leftImg8bit/synthia_sim/1879.png ./train/depth/synthia_sim/1879.png ./train/gtFine/synthia_sim/1879TrainIds.png
./train/leftImg8bit/synthia_sim/1881.png ./train/depth/synthia_sim/1881.png ./train/gtFine/synthia_sim/1881TrainIds.png
./train/leftImg8bit/synthia_sim/1883.png ./train/depth/synthia_sim/1883.png ./train/gtFine/synthia_sim/1883TrainIds.png
./train/leftImg8bit/synthia_sim/1885.png ./train/depth/synthia_sim/1885.png ./train/gtFine/synthia_sim/1885TrainIds.png
./train/leftImg8bit/synthia_sim/1886.png ./train/depth/synthia_sim/1886.png ./train/gtFine/synthia_sim/1886TrainIds.png
./train/leftImg8bit/synthia_sim/1887.png ./train/depth/synthia_sim/1887.png ./train/gtFine/synthia_sim/1887TrainIds.png
./train/leftImg8bit/synthia_sim/1889.png ./train/depth/synthia_sim/1889.png ./train/gtFine/synthia_sim/1889TrainIds.png
./train/leftImg8bit/synthia_sim/1890.png ./train/depth/synthia_sim/1890.png ./train/gtFine/synthia_sim/1890TrainIds.png
./train/leftImg8bit/synthia_sim/1891.png ./train/depth/synthia_sim/1891.png ./train/gtFine/synthia_sim/1891TrainIds.png
./train/leftImg8bit/synthia_sim/1894.png ./train/depth/synthia_sim/1894.png ./train/gtFine/synthia_sim/1894TrainIds.png
./train/leftImg8bit/synthia_sim/1895.png ./train/depth/synthia_sim/1895.png ./train/gtFine/synthia_sim/1895TrainIds.png
./train/leftImg8bit/synthia_sim/1897.png ./train/depth/synthia_sim/1897.png ./train/gtFine/synthia_sim/1897TrainIds.png
./train/leftImg8bit/synthia_sim/1898.png ./train/depth/synthia_sim/1898.png ./train/gtFine/synthia_sim/1898TrainIds.png
./train/leftImg8bit/synthia_sim/1899.png ./train/depth/synthia_sim/1899.png ./train/gtFine/synthia_sim/1899TrainIds.png
./train/leftImg8bit/synthia_sim/1900.png ./train/depth/synthia_sim/1900.png ./train/gtFine/synthia_sim/1900TrainIds.png
./train/leftImg8bit/synthia_sim/1901.png ./train/depth/synthia_sim/1901.png ./train/gtFine/synthia_sim/1901TrainIds.png
./train/leftImg8bit/synthia_sim/1905.png ./train/depth/synthia_sim/1905.png ./train/gtFine/synthia_sim/1905TrainIds.png
./train/leftImg8bit/synthia_sim/1906.png ./train/depth/synthia_sim/1906.png ./train/gtFine/synthia_sim/1906TrainIds.png
./train/leftImg8bit/synthia_sim/1907.png ./train/depth/synthia_sim/1907.png ./train/gtFine/synthia_sim/1907TrainIds.png
./train/leftImg8bit/synthia_sim/1908.png ./train/depth/synthia_sim/1908.png ./train/gtFine/synthia_sim/1908TrainIds.png
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./val/leftImg8bit/synthia_sim/656.png ./val/depth/synthia_sim/656.png ./val/gtFine/synthia_sim/656TrainIds.png
./val/leftImg8bit/synthia_sim/659.png ./val/depth/synthia_sim/659.png ./val/gtFine/synthia_sim/659TrainIds.png
./val/leftImg8bit/synthia_sim/664.png ./val/depth/synthia_sim/664.png ./val/gtFine/synthia_sim/664TrainIds.png
./val/leftImg8bit/synthia_sim/668.png ./val/depth/synthia_sim/668.png ./val/gtFine/synthia_sim/668TrainIds.png
./val/leftImg8bit/synthia_sim/672.png ./val/depth/synthia_sim/672.png ./val/gtFine/synthia_sim/672TrainIds.png
./val/leftImg8bit/synthia_sim/677.png ./val/depth/synthia_sim/677.png ./val/gtFine/synthia_sim/677TrainIds.png
./val/leftImg8bit/synthia_sim/680.png ./val/depth/synthia_sim/680.png ./val/gtFine/synthia_sim/680TrainIds.png
./val/leftImg8bit/synthia_sim/686.png ./val/depth/synthia_sim/686.png ./val/gtFine/synthia_sim/686TrainIds.png
./val/leftImg8bit/synthia_sim/688.png ./val/depth/synthia_sim/688.png ./val/gtFine/synthia_sim/688TrainIds.png
./val/leftImg8bit/synthia_sim/695.png ./val/depth/synthia_sim/695.png ./val/gtFine/synthia_sim/695TrainIds.png
./val/leftImg8bit/synthia_sim/696.png ./val/depth/synthia_sim/696.png ./val/gtFine/synthia_sim/696TrainIds.png
./val/leftImg8bit/synthia_sim/704.png ./val/depth/synthia_sim/704.png ./val/gtFine/synthia_sim/704TrainIds.png
./val/leftImg8bit/synthia_sim/705.png ./val/depth/synthia_sim/705.png ./val/gtFine/synthia_sim/705TrainIds.png
./val/leftImg8bit/synthia_sim/712.png ./val/depth/synthia_sim/712.png ./val/gtFine/synthia_sim/712TrainIds.png
./val/leftImg8bit/synthia_sim/714.png ./val/depth/synthia_sim/714.png ./val/gtFine/synthia_sim/714TrainIds.png
./val/leftImg8bit/synthia_sim/72.png ./val/depth/synthia_sim/72.png ./val/gtFine/synthia_sim/72TrainIds.png
./val/leftImg8bit/synthia_sim/720.png ./val/depth/synthia_sim/720.png ./val/gtFine/synthia_sim/720TrainIds.png
./val/leftImg8bit/synthia_sim/723.png ./val/depth/synthia_sim/723.png ./val/gtFine/synthia_sim/723TrainIds.png
./val/leftImg8bit/synthia_sim/728.png ./val/depth/synthia_sim/728.png ./val/gtFine/synthia_sim/728TrainIds.png
./val/leftImg8bit/synthia_sim/732.png ./val/depth/synthia_sim/732.png ./val/gtFine/synthia_sim/732TrainIds.png
./val/leftImg8bit/synthia_sim/736.png ./val/depth/synthia_sim/736.png ./val/gtFine/synthia_sim/736TrainIds.png
./val/leftImg8bit/synthia_sim/74.png ./val/depth/synthia_sim/74.png ./val/gtFine/synthia_sim/74TrainIds.png
./val/leftImg8bit/synthia_sim/741.png ./val/depth/synthia_sim/741.png ./val/gtFine/synthia_sim/741TrainIds.png
./val/leftImg8bit/synthia_sim/744.png ./val/depth/synthia_sim/744.png ./val/gtFine/synthia_sim/744TrainIds.png
./val/leftImg8bit/synthia_sim/750.png ./val/depth/synthia_sim/750.png ./val/gtFine/synthia_sim/750TrainIds.png
./val/leftImg8bit/synthia_sim/752.png ./val/depth/synthia_sim/752.png ./val/gtFine/synthia_sim/752TrainIds.png
./val/leftImg8bit/synthia_sim/759.png ./val/depth/synthia_sim/759.png ./val/gtFine/synthia_sim/759TrainIds.png
./val/leftImg8bit/synthia_sim/760.png ./val/depth/synthia_sim/760.png ./val/gtFine/synthia_sim/760TrainIds.png
./val/leftImg8bit/synthia_sim/768.png ./val/depth/synthia_sim/768.png ./val/gtFine/synthia_sim/768TrainIds.png
./val/leftImg8bit/synthia_sim/769.png ./val/depth/synthia_sim/769.png ./val/gtFine/synthia_sim/769TrainIds.png
./val/leftImg8bit/synthia_sim/776.png ./val/depth/synthia_sim/776.png ./val/gtFine/synthia_sim/776TrainIds.png
./val/leftImg8bit/synthia_sim/778.png ./val/depth/synthia_sim/778.png ./val/gtFine/synthia_sim/778TrainIds.png
./val/leftImg8bit/synthia_sim/784.png ./val/depth/synthia_sim/784.png ./val/gtFine/synthia_sim/784TrainIds.png
./val/leftImg8bit/synthia_sim/787.png ./val/depth/synthia_sim/787.png ./val/gtFine/synthia_sim/787TrainIds.png
./val/leftImg8bit/synthia_sim/792.png ./val/depth/synthia_sim/792.png ./val/gtFine/synthia_sim/792TrainIds.png
./val/leftImg8bit/synthia_sim/796.png ./val/depth/synthia_sim/796.png ./val/gtFine/synthia_sim/796TrainIds.png
./val/leftImg8bit/synthia_sim/8.png ./val/depth/synthia_sim/8.png ./val/gtFine/synthia_sim/8TrainIds.png
./val/leftImg8bit/synthia_sim/80.png ./val/depth/synthia_sim/80.png ./val/gtFine/synthia_sim/80TrainIds.png
./val/leftImg8bit/synthia_sim/800.png ./val/depth/synthia_sim/800.png ./val/gtFine/synthia_sim/800TrainIds.png
./val/leftImg8bit/synthia_sim/805.png ./val/depth/synthia_sim/805.png ./val/gtFine/synthia_sim/805TrainIds.png
./val/leftImg8bit/synthia_sim/808.png ./val/depth/synthia_sim/808.png ./val/gtFine/synthia_sim/808TrainIds.png
./val/leftImg8bit/synthia_sim/814.png ./val/depth/synthia_sim/814.png ./val/gtFine/synthia_sim/814TrainIds.png
./val/leftImg8bit/synthia_sim/816.png ./val/depth/synthia_sim/816.png ./val/gtFine/synthia_sim/816TrainIds.png
./val/leftImg8bit/synthia_sim/823.png ./val/depth/synthia_sim/823.png ./val/gtFine/synthia_sim/823TrainIds.png
./val/leftImg8bit/synthia_sim/824.png ./val/depth/synthia_sim/824.png ./val/gtFine/synthia_sim/824TrainIds.png
./val/leftImg8bit/synthia_sim/83.png ./val/depth/synthia_sim/83.png ./val/gtFine/synthia_sim/83TrainIds.png
./val/leftImg8bit/synthia_sim/832.png ./val/depth/synthia_sim/832.png ./val/gtFine/synthia_sim/832TrainIds.png
./val/leftImg8bit/synthia_sim/833.png ./val/depth/synthia_sim/833.png ./val/gtFine/synthia_sim/833TrainIds.png
./val/leftImg8bit/synthia_sim/840.png ./val/depth/synthia_sim/840.png ./val/gtFine/synthia_sim/840TrainIds.png
./val/leftImg8bit/synthia_sim/842.png ./val/depth/synthia_sim/842.png ./val/gtFine/synthia_sim/842TrainIds.png
./val/leftImg8bit/synthia_sim/848.png ./val/depth/synthia_sim/848.png ./val/gtFine/synthia_sim/848TrainIds.png
./val/leftImg8bit/synthia_sim/851.png ./val/depth/synthia_sim/851.png ./val/gtFine/synthia_sim/851TrainIds.png
./val/leftImg8bit/synthia_sim/856.png ./val/depth/synthia_sim/856.png ./val/gtFine/synthia_sim/856TrainIds.png
./val/leftImg8bit/synthia_sim/860.png ./val/depth/synthia_sim/860.png ./val/gtFine/synthia_sim/860TrainIds.png
./val/leftImg8bit/synthia_sim/864.png ./val/depth/synthia_sim/864.png ./val/gtFine/synthia_sim/864TrainIds.png
./val/leftImg8bit/synthia_sim/869.png ./val/depth/synthia_sim/869.png ./val/gtFine/synthia_sim/869TrainIds.png
./val/leftImg8bit/synthia_sim/872.png ./val/depth/synthia_sim/872.png ./val/gtFine/synthia_sim/872TrainIds.png
./val/leftImg8bit/synthia_sim/878.png ./val/depth/synthia_sim/878.png ./val/gtFine/synthia_sim/878TrainIds.png
./val/leftImg8bit/synthia_sim/88.png ./val/depth/synthia_sim/88.png ./val/gtFine/synthia_sim/88TrainIds.png
./val/leftImg8bit/synthia_sim/880.png ./val/depth/synthia_sim/880.png ./val/gtFine/synthia_sim/880TrainIds.png
./val/leftImg8bit/synthia_sim/887.png ./val/depth/synthia_sim/887.png ./val/gtFine/synthia_sim/887TrainIds.png
./val/leftImg8bit/synthia_sim/888.png ./val/depth/synthia_sim/888.png ./val/gtFine/synthia_sim/888TrainIds.png
./val/leftImg8bit/synthia_sim/896.png ./val/depth/synthia_sim/896.png ./val/gtFine/synthia_sim/896TrainIds.png
./val/leftImg8bit/synthia_sim/897.png ./val/depth/synthia_sim/897.png ./val/gtFine/synthia_sim/897TrainIds.png
./val/leftImg8bit/synthia_sim/904.png ./val/depth/synthia_sim/904.png ./val/gtFine/synthia_sim/904TrainIds.png
./val/leftImg8bit/synthia_sim/906.png ./val/depth/synthia_sim/906.png ./val/gtFine/synthia_sim/906TrainIds.png
./val/leftImg8bit/synthia_sim/912.png ./val/depth/synthia_sim/912.png ./val/gtFine/synthia_sim/912TrainIds.png
./val/leftImg8bit/synthia_sim/915.png ./val/depth/synthia_sim/915.png ./val/gtFine/synthia_sim/915TrainIds.png
./val/leftImg8bit/synthia_sim/92.png ./val/depth/synthia_sim/92.png ./val/gtFine/synthia_sim/92TrainIds.png
./val/leftImg8bit/synthia_sim/920.png ./val/depth/synthia_sim/920.png ./val/gtFine/synthia_sim/920TrainIds.png
./val/leftImg8bit/synthia_sim/924.png ./val/depth/synthia_sim/924.png ./val/gtFine/synthia_sim/924TrainIds.png
./val/leftImg8bit/synthia_sim/928.png ./val/depth/synthia_sim/928.png ./val/gtFine/synthia_sim/928TrainIds.png
./val/leftImg8bit/synthia_sim/933.png ./val/depth/synthia_sim/933.png ./val/gtFine/synthia_sim/933TrainIds.png
./val/leftImg8bit/synthia_sim/936.png ./val/depth/synthia_sim/936.png ./val/gtFine/synthia_sim/936TrainIds.png
./val/leftImg8bit/synthia_sim/942.png ./val/depth/synthia_sim/942.png ./val/gtFine/synthia_sim/942TrainIds.png
./val/leftImg8bit/synthia_sim/943.png ./val/depth/synthia_sim/943.png ./val/gtFine/synthia_sim/943TrainIds.png
./val/leftImg8bit/synthia_sim/944.png ./val/depth/synthia_sim/944.png ./val/gtFine/synthia_sim/944TrainIds.png
./val/leftImg8bit/synthia_sim/945.png ./val/depth/synthia_sim/945.png ./val/gtFine/synthia_sim/945TrainIds.png
./val/leftImg8bit/synthia_sim/946.png ./val/depth/synthia_sim/946.png ./val/gtFine/synthia_sim/946TrainIds.png
./val/leftImg8bit/synthia_sim/947.png ./val/depth/synthia_sim/947.png ./val/gtFine/synthia_sim/947TrainIds.png
./val/leftImg8bit/synthia_sim/948.png ./val/depth/synthia_sim/948.png ./val/gtFine/synthia_sim/948TrainIds.png
./val/leftImg8bit/synthia_sim/949.png ./val/depth/synthia_sim/949.png ./val/gtFine/synthia_sim/949TrainIds.png
./val/leftImg8bit/synthia_sim/950.png ./val/depth/synthia_sim/950.png ./val/gtFine/synthia_sim/950TrainIds.png
./val/leftImg8bit/synthia_sim/951.png ./val/depth/synthia_sim/951.png ./val/gtFine/synthia_sim/951TrainIds.png
./val/leftImg8bit/synthia_sim/952.png ./val/depth/synthia_sim/952.png ./val/gtFine/synthia_sim/952TrainIds.png
./val/leftImg8bit/synthia_sim/954.png ./val/depth/synthia_sim/954.png ./val/gtFine/synthia_sim/954TrainIds.png
./val/leftImg8bit/synthia_sim/955.png ./val/depth/synthia_sim/955.png ./val/gtFine/synthia_sim/955TrainIds.png
./val/leftImg8bit/synthia_sim/956.png ./val/depth/synthia_sim/956.png ./val/gtFine/synthia_sim/956TrainIds.png
./val/leftImg8bit/synthia_sim/957.png ./val/depth/synthia_sim/957.png ./val/gtFine/synthia_sim/957TrainIds.png
./val/leftImg8bit/synthia_sim/958.png ./val/depth/synthia_sim/958.png ./val/gtFine/synthia_sim/958TrainIds.png
./val/leftImg8bit/synthia_sim/959.png ./val/depth/synthia_sim/959.png ./val/gtFine/synthia_sim/959TrainIds.png
./val/leftImg8bit/synthia_sim/96.png ./val/depth/synthia_sim/96.png ./val/gtFine/synthia_sim/96TrainIds.png
./val/leftImg8bit/synthia_sim/960.png ./val/depth/synthia_sim/960.png ./val/gtFine/synthia_sim/960TrainIds.png
./val/leftImg8bit/synthia_sim/961.png ./val/depth/synthia_sim/961.png ./val/gtFine/synthia_sim/961TrainIds.png
./val/leftImg8bit/synthia_sim/962.png ./val/depth/synthia_sim/962.png ./val/gtFine/synthia_sim/962TrainIds.png
./val/leftImg8bit/synthia_sim/964.png ./val/depth/synthia_sim/964.png ./val/gtFine/synthia_sim/964TrainIds.png
./val/leftImg8bit/synthia_sim/965.png ./val/depth/synthia_sim/965.png ./val/gtFine/synthia_sim/965TrainIds.png
./val/leftImg8bit/synthia_sim/966.png ./val/depth/synthia_sim/966.png ./val/gtFine/synthia_sim/966TrainIds.png
./val/leftImg8bit/synthia_sim/967.png ./val/depth/synthia_sim/967.png ./val/gtFine/synthia_sim/967TrainIds.png
./val/leftImg8bit/synthia_sim/968.png ./val/depth/synthia_sim/968.png ./val/gtFine/synthia_sim/968TrainIds.png
./val/leftImg8bit/synthia_sim/969.png ./val/depth/synthia_sim/969.png ./val/gtFine/synthia_sim/969TrainIds.png
./val/leftImg8bit/synthia_sim/970.png ./val/depth/synthia_sim/970.png ./val/gtFine/synthia_sim/970TrainIds.png
./val/leftImg8bit/synthia_sim/971.png ./val/depth/synthia_sim/971.png ./val/gtFine/synthia_sim/971TrainIds.png
./val/leftImg8bit/synthia_sim/972.png ./val/depth/synthia_sim/972.png ./val/gtFine/synthia_sim/972TrainIds.png
./val/leftImg8bit/synthia_sim/974.png ./val/depth/synthia_sim/974.png ./val/gtFine/synthia_sim/974TrainIds.png
./val/leftImg8bit/synthia_sim/975.png ./val/depth/synthia_sim/975.png ./val/gtFine/synthia_sim/975TrainIds.png
./val/leftImg8bit/synthia_sim/976.png ./val/depth/synthia_sim/976.png ./val/gtFine/synthia_sim/976TrainIds.png
./val/leftImg8bit/synthia_sim/977.png ./val/depth/synthia_sim/977.png ./val/gtFine/synthia_sim/977TrainIds.png
./val/leftImg8bit/synthia_sim/978.png ./val/depth/synthia_sim/978.png ./val/gtFine/synthia_sim/978TrainIds.png
./val/leftImg8bit/synthia_sim/979.png ./val/depth/synthia_sim/979.png ./val/gtFine/synthia_sim/979TrainIds.png
./val/leftImg8bit/synthia_sim/980.png ./val/depth/synthia_sim/980.png ./val/gtFine/synthia_sim/980TrainIds.png
./val/leftImg8bit/synthia_sim/981.png ./val/depth/synthia_sim/981.png ./val/gtFine/synthia_sim/981TrainIds.png
./val/leftImg8bit/synthia_sim/982.png ./val/depth/synthia_sim/982.png ./val/gtFine/synthia_sim/982TrainIds.png
./val/leftImg8bit/synthia_sim/984.png ./val/depth/synthia_sim/984.png ./val/gtFine/synthia_sim/984TrainIds.png
./val/leftImg8bit/synthia_sim/985.png ./val/depth/synthia_sim/985.png ./val/gtFine/synthia_sim/985TrainIds.png
./val/leftImg8bit/synthia_sim/986.png ./val/depth/synthia_sim/986.png ./val/gtFine/synthia_sim/986TrainIds.png
./val/leftImg8bit/synthia_sim/987.png ./val/depth/synthia_sim/987.png ./val/gtFine/synthia_sim/987TrainIds.png
./val/leftImg8bit/synthia_sim/988.png ./val/depth/synthia_sim/988.png ./val/gtFine/synthia_sim/988TrainIds.png
./val/leftImg8bit/synthia_sim/989.png ./val/depth/synthia_sim/989.png ./val/gtFine/synthia_sim/989TrainIds.png
./val/leftImg8bit/synthia_sim/990.png ./val/depth/synthia_sim/990.png ./val/gtFine/synthia_sim/990TrainIds.png
./val/leftImg8bit/synthia_sim/991.png ./val/depth/synthia_sim/991.png ./val/gtFine/synthia_sim/991TrainIds.png
./val/leftImg8bit/synthia_sim/992.png ./val/depth/synthia_sim/992.png ./val/gtFine/synthia_sim/992TrainIds.png
./val/leftImg8bit/synthia_sim/993.png ./val/depth/synthia_sim/993.png ./val/gtFine/synthia_sim/993TrainIds.png
./val/leftImg8bit/synthia_sim/995.png ./val/depth/synthia_sim/995.png ./val/gtFine/synthia_sim/995TrainIds.png
./val/leftImg8bit/synthia_sim/996.png ./val/depth/synthia_sim/996.png ./val/gtFine/synthia_sim/996TrainIds.png
./val/leftImg8bit/synthia_sim/997.png ./val/depth/synthia_sim/997.png ./val/gtFine/synthia_sim/997TrainIds.png
./val/leftImg8bit/synthia_sim/998.png ./val/depth/synthia_sim/998.png ./val/gtFine/synthia_sim/998TrainIds.png
./val/leftImg8bit/synthia_sim/999.png ./val/depth/synthia_sim/999.png ./val/gtFine/synthia_sim/999TrainIds.png
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  ./train/leftImg8bit/cityscapes_real/aachen/aachen_000019_000019_leftImg8bit.png ./train/depth/cityscapes_real/aachen/aachen_000019_000019_disparity.png ./train/gtFine/cityscapes_real/aachen/aachen_000019_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/aachen/aachen_000039_000019_leftImg8bit.png ./train/depth/cityscapes_real/aachen/aachen_000039_000019_disparity.png ./train/gtFine/cityscapes_real/aachen/aachen_000039_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/aachen/aachen_000059_000019_leftImg8bit.png ./train/depth/cityscapes_real/aachen/aachen_000059_000019_disparity.png ./train/gtFine/cityscapes_real/aachen/aachen_000059_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/aachen/aachen_000079_000019_leftImg8bit.png ./train/depth/cityscapes_real/aachen/aachen_000079_000019_disparity.png ./train/gtFine/cityscapes_real/aachen/aachen_000079_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/aachen/aachen_000099_000019_leftImg8bit.png ./train/depth/cityscapes_real/aachen/aachen_000099_000019_disparity.png ./train/gtFine/cityscapes_real/aachen/aachen_000099_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/aachen/aachen_000119_000019_leftImg8bit.png ./train/depth/cityscapes_real/aachen/aachen_000119_000019_disparity.png ./train/gtFine/cityscapes_real/aachen/aachen_000119_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/aachen/aachen_000139_000019_leftImg8bit.png ./train/depth/cityscapes_real/aachen/aachen_000139_000019_disparity.png ./train/gtFine/cityscapes_real/aachen/aachen_000139_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/aachen/aachen_000159_000019_leftImg8bit.png ./train/depth/cityscapes_real/aachen/aachen_000159_000019_disparity.png ./train/gtFine/cityscapes_real/aachen/aachen_000159_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/berlin/berlin_000005_000019_leftImg8bit.png ./train/depth/cityscapes_real/berlin/berlin_000005_000019_disparity.png ./train/gtFine/cityscapes_real/berlin/berlin_000005_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/berlin/berlin_000025_000019_leftImg8bit.png ./train/depth/cityscapes_real/berlin/berlin_000025_000019_disparity.png ./train/gtFine/cityscapes_real/berlin/berlin_000025_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/berlin/berlin_000045_000019_leftImg8bit.png ./train/depth/cityscapes_real/berlin/berlin_000045_000019_disparity.png ./train/gtFine/cityscapes_real/berlin/berlin_000045_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/berlin/berlin_000065_000019_leftImg8bit.png ./train/depth/cityscapes_real/berlin/berlin_000065_000019_disparity.png ./train/gtFine/cityscapes_real/berlin/berlin_000065_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/berlin/berlin_000085_000019_leftImg8bit.png ./train/depth/cityscapes_real/berlin/berlin_000085_000019_disparity.png ./train/gtFine/cityscapes_real/berlin/berlin_000085_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/berlin/berlin_000105_000019_leftImg8bit.png ./train/depth/cityscapes_real/berlin/berlin_000105_000019_disparity.png ./train/gtFine/cityscapes_real/berlin/berlin_000105_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/berlin/berlin_000125_000019_leftImg8bit.png ./train/depth/cityscapes_real/berlin/berlin_000125_000019_disparity.png ./train/gtFine/cityscapes_real/berlin/berlin_000125_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/berlin/berlin_000145_000019_leftImg8bit.png ./train/depth/cityscapes_real/berlin/berlin_000145_000019_disparity.png ./train/gtFine/cityscapes_real/berlin/berlin_000145_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/berlin/berlin_000165_000019_leftImg8bit.png ./train/depth/cityscapes_real/berlin/berlin_000165_000019_disparity.png ./train/gtFine/cityscapes_real/berlin/berlin_000165_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/berlin/berlin_000185_000019_leftImg8bit.png ./train/depth/cityscapes_real/berlin/berlin_000185_000019_disparity.png ./train/gtFine/cityscapes_real/berlin/berlin_000185_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/berlin/berlin_000205_000019_leftImg8bit.png ./train/depth/cityscapes_real/berlin/berlin_000205_000019_disparity.png ./train/gtFine/cityscapes_real/berlin/berlin_000205_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/berlin/berlin_000225_000019_leftImg8bit.png ./train/depth/cityscapes_real/berlin/berlin_000225_000019_disparity.png ./train/gtFine/cityscapes_real/berlin/berlin_000225_000019_gtFine_labelTrainIds.png
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./train/leftImg8bit/synthia_sim/8206.png ./train/depth/synthia_sim/8206.png ./train/gtFine/synthia_sim/8206TrainIds.png
./train/leftImg8bit/synthia_sim/8233.png ./train/depth/synthia_sim/8233.png ./train/gtFine/synthia_sim/8233TrainIds.png
./train/leftImg8bit/synthia_sim/8259.png ./train/depth/synthia_sim/8259.png ./train/gtFine/synthia_sim/8259TrainIds.png
./train/leftImg8bit/synthia_sim/8285.png ./train/depth/synthia_sim/8285.png ./train/gtFine/synthia_sim/8285TrainIds.png
./train/leftImg8bit/synthia_sim/8310.png ./train/depth/synthia_sim/8310.png ./train/gtFine/synthia_sim/8310TrainIds.png
./train/leftImg8bit/synthia_sim/8337.png ./train/depth/synthia_sim/8337.png ./train/gtFine/synthia_sim/8337TrainIds.png
./train/leftImg8bit/synthia_sim/8363.png ./train/depth/synthia_sim/8363.png ./train/gtFine/synthia_sim/8363TrainIds.png
./train/leftImg8bit/synthia_sim/8389.png ./train/depth/synthia_sim/8389.png ./train/gtFine/synthia_sim/8389TrainIds.png
./train/leftImg8bit/synthia_sim/8415.png ./train/depth/synthia_sim/8415.png ./train/gtFine/synthia_sim/8415TrainIds.png
./train/leftImg8bit/synthia_sim/8442.png ./train/depth/synthia_sim/8442.png ./train/gtFine/synthia_sim/8442TrainIds.png
./train/leftImg8bit/synthia_sim/8468.png ./train/depth/synthia_sim/8468.png ./train/gtFine/synthia_sim/8468TrainIds.png
./train/leftImg8bit/synthia_sim/8493.png ./train/depth/synthia_sim/8493.png ./train/gtFine/synthia_sim/8493TrainIds.png
./train/leftImg8bit/synthia_sim/8519.png ./train/depth/synthia_sim/8519.png ./train/gtFine/synthia_sim/8519TrainIds.png
./train/leftImg8bit/synthia_sim/8546.png ./train/depth/synthia_sim/8546.png ./train/gtFine/synthia_sim/8546TrainIds.png
./train/leftImg8bit/synthia_sim/8572.png ./train/depth/synthia_sim/8572.png ./train/gtFine/synthia_sim/8572TrainIds.png
./train/leftImg8bit/synthia_sim/8598.png ./train/depth/synthia_sim/8598.png ./train/gtFine/synthia_sim/8598TrainIds.png
./train/leftImg8bit/synthia_sim/8625.png ./train/depth/synthia_sim/8625.png ./train/gtFine/synthia_sim/8625TrainIds.png
./train/leftImg8bit/synthia_sim/8651.png ./train/depth/synthia_sim/8651.png ./train/gtFine/synthia_sim/8651TrainIds.png
./train/leftImg8bit/synthia_sim/8676.png ./train/depth/synthia_sim/8676.png ./train/gtFine/synthia_sim/8676TrainIds.png
./train/leftImg8bit/synthia_sim/8702.png ./train/depth/synthia_sim/8702.png ./train/gtFine/synthia_sim/8702TrainIds.png
./train/leftImg8bit/synthia_sim/8729.png ./train/depth/synthia_sim/8729.png ./train/gtFine/synthia_sim/8729TrainIds.png
./train/leftImg8bit/synthia_sim/8755.png ./train/depth/synthia_sim/8755.png ./train/gtFine/synthia_sim/8755TrainIds.png
./train/leftImg8bit/synthia_sim/8781.png ./train/depth/synthia_sim/8781.png ./train/gtFine/synthia_sim/8781TrainIds.png
./train/leftImg8bit/synthia_sim/8807.png ./train/depth/synthia_sim/8807.png ./train/gtFine/synthia_sim/8807TrainIds.png
./train/leftImg8bit/synthia_sim/8834.png ./train/depth/synthia_sim/8834.png ./train/gtFine/synthia_sim/8834TrainIds.png
./train/leftImg8bit/synthia_sim/8859.png ./train/depth/synthia_sim/8859.png ./train/gtFine/synthia_sim/8859TrainIds.png
./train/leftImg8bit/synthia_sim/8885.png ./train/depth/synthia_sim/8885.png ./train/gtFine/synthia_sim/8885TrainIds.png
./train/leftImg8bit/synthia_sim/8911.png ./train/depth/synthia_sim/8911.png ./train/gtFine/synthia_sim/8911TrainIds.png
./train/leftImg8bit/synthia_sim/8938.png ./train/depth/synthia_sim/8938.png ./train/gtFine/synthia_sim/8938TrainIds.png
./train/leftImg8bit/synthia_sim/8964.png ./train/depth/synthia_sim/8964.png ./train/gtFine/synthia_sim/8964TrainIds.png
./train/leftImg8bit/synthia_sim/8990.png ./train/depth/synthia_sim/8990.png ./train/gtFine/synthia_sim/8990TrainIds.png
./train/leftImg8bit/synthia_sim/9017.png ./train/depth/synthia_sim/9017.png ./train/gtFine/synthia_sim/9017TrainIds.png
./train/leftImg8bit/synthia_sim/9042.png ./train/depth/synthia_sim/9042.png ./train/gtFine/synthia_sim/9042TrainIds.png
./train/leftImg8bit/synthia_sim/9068.png ./train/depth/synthia_sim/9068.png ./train/gtFine/synthia_sim/9068TrainIds.png
./train/leftImg8bit/synthia_sim/9094.png ./train/depth/synthia_sim/9094.png ./train/gtFine/synthia_sim/9094TrainIds.png
./train/leftImg8bit/synthia_sim/9121.png ./train/depth/synthia_sim/9121.png ./train/gtFine/synthia_sim/9121TrainIds.png
./train/leftImg8bit/synthia_sim/9147.png ./train/depth/synthia_sim/9147.png ./train/gtFine/synthia_sim/9147TrainIds.png
./train/leftImg8bit/synthia_sim/9173.png ./train/depth/synthia_sim/9173.png ./train/gtFine/synthia_sim/9173TrainIds.png
./train/leftImg8bit/synthia_sim/9199.png ./train/depth/synthia_sim/9199.png ./train/gtFine/synthia_sim/9199TrainIds.png
./train/leftImg8bit/synthia_sim/9225.png ./train/depth/synthia_sim/9225.png ./train/gtFine/synthia_sim/9225TrainIds.png
./train/leftImg8bit/synthia_sim/9251.png ./train/depth/synthia_sim/9251.png ./train/gtFine/synthia_sim/9251TrainIds.png
./train/leftImg8bit/synthia_sim/9277.png ./train/depth/synthia_sim/9277.png ./train/gtFine/synthia_sim/9277TrainIds.png
./train/leftImg8bit/synthia_sim/9303.png ./train/depth/synthia_sim/9303.png ./train/gtFine/synthia_sim/9303TrainIds.png
./train/leftImg8bit/synthia_sim/9330.png ./train/depth/synthia_sim/9330.png ./train/gtFine/synthia_sim/9330TrainIds.png
./train/leftImg8bit/synthia_sim/9356.png ./train/depth/synthia_sim/9356.png ./train/gtFine/synthia_sim/9356TrainIds.png
./train/leftImg8bit/synthia_sim/9382.png ./train/depth/synthia_sim/9382.png ./train/gtFine/synthia_sim/9382TrainIds.png
./val/leftImg8bit/synthia_sim/1003.png ./val/depth/synthia_sim/1003.png ./val/gtFine/synthia_sim/1003TrainIds.png
./val/leftImg8bit/synthia_sim/1024.png ./val/depth/synthia_sim/1024.png ./val/gtFine/synthia_sim/1024TrainIds.png
./val/leftImg8bit/synthia_sim/1045.png ./val/depth/synthia_sim/1045.png ./val/gtFine/synthia_sim/1045TrainIds.png
./val/leftImg8bit/synthia_sim/1068.png ./val/depth/synthia_sim/1068.png ./val/gtFine/synthia_sim/1068TrainIds.png
./val/leftImg8bit/synthia_sim/1090.png ./val/depth/synthia_sim/1090.png ./val/gtFine/synthia_sim/1090TrainIds.png
./val/leftImg8bit/synthia_sim/1111.png ./val/depth/synthia_sim/1111.png ./val/gtFine/synthia_sim/1111TrainIds.png
./val/leftImg8bit/synthia_sim/1132.png ./val/depth/synthia_sim/1132.png ./val/gtFine/synthia_sim/1132TrainIds.png
./val/leftImg8bit/synthia_sim/1154.png ./val/depth/synthia_sim/1154.png ./val/gtFine/synthia_sim/1154TrainIds.png
./val/leftImg8bit/synthia_sim/1176.png ./val/depth/synthia_sim/1176.png ./val/gtFine/synthia_sim/1176TrainIds.png
./val/leftImg8bit/synthia_sim/1197.png ./val/depth/synthia_sim/1197.png ./val/gtFine/synthia_sim/1197TrainIds.png
./val/leftImg8bit/synthia_sim/1218.png ./val/depth/synthia_sim/1218.png ./val/gtFine/synthia_sim/1218TrainIds.png
./val/leftImg8bit/synthia_sim/1240.png ./val/depth/synthia_sim/1240.png ./val/gtFine/synthia_sim/1240TrainIds.png
./val/leftImg8bit/synthia_sim/1262.png ./val/depth/synthia_sim/1262.png ./val/gtFine/synthia_sim/1262TrainIds.png
./val/leftImg8bit/synthia_sim/1283.png ./val/depth/synthia_sim/1283.png ./val/gtFine/synthia_sim/1283TrainIds.png
./val/leftImg8bit/synthia_sim/1304.png ./val/depth/synthia_sim/1304.png ./val/gtFine/synthia_sim/1304TrainIds.png
./val/leftImg8bit/synthia_sim/1326.png ./val/depth/synthia_sim/1326.png ./val/gtFine/synthia_sim/1326TrainIds.png
./val/leftImg8bit/synthia_sim/1348.png ./val/depth/synthia_sim/1348.png ./val/gtFine/synthia_sim/1348TrainIds.png
./val/leftImg8bit/synthia_sim/1369.png ./val/depth/synthia_sim/1369.png ./val/gtFine/synthia_sim/1369TrainIds.png
./val/leftImg8bit/synthia_sim/1390.png ./val/depth/synthia_sim/1390.png ./val/gtFine/synthia_sim/1390TrainIds.png
./val/leftImg8bit/synthia_sim/1413.png ./val/depth/synthia_sim/1413.png ./val/gtFine/synthia_sim/1413TrainIds.png
./val/leftImg8bit/synthia_sim/1435.png ./val/depth/synthia_sim/1435.png ./val/gtFine/synthia_sim/1435TrainIds.png
./val/leftImg8bit/synthia_sim/1456.png ./val/depth/synthia_sim/1456.png ./val/gtFine/synthia_sim/1456TrainIds.png
./val/leftImg8bit/synthia_sim/1477.png ./val/depth/synthia_sim/1477.png ./val/gtFine/synthia_sim/1477TrainIds.png
./val/leftImg8bit/synthia_sim/1499.png ./val/depth/synthia_sim/1499.png ./val/gtFine/synthia_sim/1499TrainIds.png
./val/leftImg8bit/synthia_sim/1520.png ./val/depth/synthia_sim/1520.png ./val/gtFine/synthia_sim/1520TrainIds.png
./val/leftImg8bit/synthia_sim/1542.png ./val/depth/synthia_sim/1542.png ./val/gtFine/synthia_sim/1542TrainIds.png
./val/leftImg8bit/synthia_sim/1563.png ./val/depth/synthia_sim/1563.png ./val/gtFine/synthia_sim/1563TrainIds.png
./val/leftImg8bit/synthia_sim/1585.png ./val/depth/synthia_sim/1585.png ./val/gtFine/synthia_sim/1585TrainIds.png
./val/leftImg8bit/synthia_sim/1605.png ./val/depth/synthia_sim/1605.png ./val/gtFine/synthia_sim/1605TrainIds.png
./val/leftImg8bit/synthia_sim/1627.png ./val/depth/synthia_sim/1627.png ./val/gtFine/synthia_sim/1627TrainIds.png
./val/leftImg8bit/synthia_sim/1649.png ./val/depth/synthia_sim/1649.png ./val/gtFine/synthia_sim/1649TrainIds.png
./val/leftImg8bit/synthia_sim/1670.png ./val/depth/synthia_sim/1670.png ./val/gtFine/synthia_sim/1670TrainIds.png
./val/leftImg8bit/synthia_sim/1691.png ./val/depth/synthia_sim/1691.png ./val/gtFine/synthia_sim/1691TrainIds.png
./val/leftImg8bit/synthia_sim/1713.png ./val/depth/synthia_sim/1713.png ./val/gtFine/synthia_sim/1713TrainIds.png
./val/leftImg8bit/synthia_sim/1736.png ./val/depth/synthia_sim/1736.png ./val/gtFine/synthia_sim/1736TrainIds.png
./val/leftImg8bit/synthia_sim/1756.png ./val/depth/synthia_sim/1756.png ./val/gtFine/synthia_sim/1756TrainIds.png
./val/leftImg8bit/synthia_sim/1808.png ./val/depth/synthia_sim/1808.png ./val/gtFine/synthia_sim/1808TrainIds.png
./val/leftImg8bit/synthia_sim/1884.png ./val/depth/synthia_sim/1884.png ./val/gtFine/synthia_sim/1884TrainIds.png
./val/leftImg8bit/synthia_sim/1957.png ./val/depth/synthia_sim/1957.png ./val/gtFine/synthia_sim/1957TrainIds.png
./val/leftImg8bit/synthia_sim/2032.png ./val/depth/synthia_sim/2032.png ./val/gtFine/synthia_sim/2032TrainIds.png
./val/leftImg8bit/synthia_sim/2112.png ./val/depth/synthia_sim/2112.png ./val/gtFine/synthia_sim/2112TrainIds.png
./val/leftImg8bit/synthia_sim/2192.png ./val/depth/synthia_sim/2192.png ./val/gtFine/synthia_sim/2192TrainIds.png
./val/leftImg8bit/synthia_sim/2268.png ./val/depth/synthia_sim/2268.png ./val/gtFine/synthia_sim/2268TrainIds.png
./val/leftImg8bit/synthia_sim/2344.png ./val/depth/synthia_sim/2344.png ./val/gtFine/synthia_sim/2344TrainIds.png
./val/leftImg8bit/synthia_sim/2416.png ./val/depth/synthia_sim/2416.png ./val/gtFine/synthia_sim/2416TrainIds.png
./val/leftImg8bit/synthia_sim/2496.png ./val/depth/synthia_sim/2496.png ./val/gtFine/synthia_sim/2496TrainIds.png
./val/leftImg8bit/synthia_sim/2570.png ./val/depth/synthia_sim/2570.png ./val/gtFine/synthia_sim/2570TrainIds.png
./val/leftImg8bit/synthia_sim/2652.png ./val/depth/synthia_sim/2652.png ./val/gtFine/synthia_sim/2652TrainIds.png
./val/leftImg8bit/synthia_sim/2728.png ./val/depth/synthia_sim/2728.png ./val/gtFine/synthia_sim/2728TrainIds.png
./val/leftImg8bit/synthia_sim/2800.png ./val/depth/synthia_sim/2800.png ./val/gtFine/synthia_sim/2800TrainIds.png
./val/leftImg8bit/synthia_sim/2880.png ./val/depth/synthia_sim/2880.png ./val/gtFine/synthia_sim/2880TrainIds.png
./val/leftImg8bit/synthia_sim/296.png ./val/depth/synthia_sim/296.png ./val/gtFine/synthia_sim/296TrainIds.png
./val/leftImg8bit/synthia_sim/3036.png ./val/depth/synthia_sim/3036.png ./val/gtFine/synthia_sim/3036TrainIds.png
./val/leftImg8bit/synthia_sim/3112.png ./val/depth/synthia_sim/3112.png ./val/gtFine/synthia_sim/3112TrainIds.png
./val/leftImg8bit/synthia_sim/3192.png ./val/depth/synthia_sim/3192.png ./val/gtFine/synthia_sim/3192TrainIds.png
./val/leftImg8bit/synthia_sim/3265.png ./val/depth/synthia_sim/3265.png ./val/gtFine/synthia_sim/3265TrainIds.png
./val/leftImg8bit/synthia_sim/3344.png ./val/depth/synthia_sim/3344.png ./val/gtFine/synthia_sim/3344TrainIds.png
./val/leftImg8bit/synthia_sim/3420.png ./val/depth/synthia_sim/3420.png ./val/gtFine/synthia_sim/3420TrainIds.png
./val/leftImg8bit/synthia_sim/3496.png ./val/depth/synthia_sim/3496.png ./val/gtFine/synthia_sim/3496TrainIds.png
./val/leftImg8bit/synthia_sim/3575.png ./val/depth/synthia_sim/3575.png ./val/gtFine/synthia_sim/3575TrainIds.png
./val/leftImg8bit/synthia_sim/3656.png ./val/depth/synthia_sim/3656.png ./val/gtFine/synthia_sim/3656TrainIds.png
./val/leftImg8bit/synthia_sim/3728.png ./val/depth/synthia_sim/3728.png ./val/gtFine/synthia_sim/3728TrainIds.png
./val/leftImg8bit/synthia_sim/3804.png ./val/depth/synthia_sim/3804.png ./val/gtFine/synthia_sim/3804TrainIds.png
./val/leftImg8bit/synthia_sim/3880.png ./val/depth/synthia_sim/3880.png ./val/gtFine/synthia_sim/3880TrainIds.png
./val/leftImg8bit/synthia_sim/3959.png ./val/depth/synthia_sim/3959.png ./val/gtFine/synthia_sim/3959TrainIds.png
./val/leftImg8bit/synthia_sim/4032.png ./val/depth/synthia_sim/4032.png ./val/gtFine/synthia_sim/4032TrainIds.png
./val/leftImg8bit/synthia_sim/4112.png ./val/depth/synthia_sim/4112.png ./val/gtFine/synthia_sim/4112TrainIds.png
./val/leftImg8bit/synthia_sim/4188.png ./val/depth/synthia_sim/4188.png ./val/gtFine/synthia_sim/4188TrainIds.png
./val/leftImg8bit/synthia_sim/4264.png ./val/depth/synthia_sim/4264.png ./val/gtFine/synthia_sim/4264TrainIds.png
./val/leftImg8bit/synthia_sim/4343.png ./val/depth/synthia_sim/4343.png ./val/gtFine/synthia_sim/4343TrainIds.png
./val/leftImg8bit/synthia_sim/4417.png ./val/depth/synthia_sim/4417.png ./val/gtFine/synthia_sim/4417TrainIds.png
./val/leftImg8bit/synthia_sim/4496.png ./val/depth/synthia_sim/4496.png ./val/gtFine/synthia_sim/4496TrainIds.png
./val/leftImg8bit/synthia_sim/4576.png ./val/depth/synthia_sim/4576.png ./val/gtFine/synthia_sim/4576TrainIds.png
./val/leftImg8bit/synthia_sim/4648.png ./val/depth/synthia_sim/4648.png ./val/gtFine/synthia_sim/4648TrainIds.png
./val/leftImg8bit/synthia_sim/4727.png ./val/depth/synthia_sim/4727.png ./val/gtFine/synthia_sim/4727TrainIds.png
./val/leftImg8bit/synthia_sim/549.png ./val/depth/synthia_sim/549.png ./val/gtFine/synthia_sim/549TrainIds.png
./val/leftImg8bit/synthia_sim/624.png ./val/depth/synthia_sim/624.png ./val/gtFine/synthia_sim/624TrainIds.png
./val/leftImg8bit/synthia_sim/704.png ./val/depth/synthia_sim/704.png ./val/gtFine/synthia_sim/704TrainIds.png
./val/leftImg8bit/synthia_sim/778.png ./val/depth/synthia_sim/778.png ./val/gtFine/synthia_sim/778TrainIds.png
./val/leftImg8bit/synthia_sim/851.png ./val/depth/synthia_sim/851.png ./val/gtFine/synthia_sim/851TrainIds.png
./val/leftImg8bit/synthia_sim/928.png ./val/depth/synthia_sim/928.png ./val/gtFine/synthia_sim/928TrainIds.png
./val/leftImg8bit/synthia_sim/96.png ./val/depth/synthia_sim/96.png ./val/gtFine/synthia_sim/96TrainIds.png
./val/leftImg8bit/synthia_sim/981.png ./val/depth/synthia_sim/981.png ./val/gtFine/synthia_sim/981TrainIds.png
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  ./train/leftImg8bit/cityscapes_real/aachen/aachen_000019_000019_leftImg8bit.png ./train/gtFine/cityscapes_real/aachen/aachen_000019_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/aachen/aachen_000039_000019_leftImg8bit.png ./train/gtFine/cityscapes_real/aachen/aachen_000039_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/aachen/aachen_000059_000019_leftImg8bit.png ./train/gtFine/cityscapes_real/aachen/aachen_000059_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/aachen/aachen_000079_000019_leftImg8bit.png ./train/gtFine/cityscapes_real/aachen/aachen_000079_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/aachen/aachen_000099_000019_leftImg8bit.png ./train/gtFine/cityscapes_real/aachen/aachen_000099_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/aachen/aachen_000119_000019_leftImg8bit.png ./train/gtFine/cityscapes_real/aachen/aachen_000119_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/aachen/aachen_000139_000019_leftImg8bit.png ./train/gtFine/cityscapes_real/aachen/aachen_000139_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/aachen/aachen_000159_000019_leftImg8bit.png ./train/gtFine/cityscapes_real/aachen/aachen_000159_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/berlin/berlin_000005_000019_leftImg8bit.png ./train/gtFine/cityscapes_real/berlin/berlin_000005_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/berlin/berlin_000025_000019_leftImg8bit.png ./train/gtFine/cityscapes_real/berlin/berlin_000025_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/berlin/berlin_000045_000019_leftImg8bit.png ./train/gtFine/cityscapes_real/berlin/berlin_000045_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/berlin/berlin_000065_000019_leftImg8bit.png ./train/gtFine/cityscapes_real/berlin/berlin_000065_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/berlin/berlin_000085_000019_leftImg8bit.png ./train/gtFine/cityscapes_real/berlin/berlin_000085_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/berlin/berlin_000105_000019_leftImg8bit.png ./train/gtFine/cityscapes_real/berlin/berlin_000105_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/berlin/berlin_000125_000019_leftImg8bit.png ./train/gtFine/cityscapes_real/berlin/berlin_000125_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/berlin/berlin_000145_000019_leftImg8bit.png ./train/gtFine/cityscapes_real/berlin/berlin_000145_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/berlin/berlin_000165_000019_leftImg8bit.png ./train/gtFine/cityscapes_real/berlin/berlin_000165_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/berlin/berlin_000185_000019_leftImg8bit.png ./train/gtFine/cityscapes_real/berlin/berlin_000185_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/berlin/berlin_000205_000019_leftImg8bit.png ./train/gtFine/cityscapes_real/berlin/berlin_000205_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/berlin/berlin_000225_000019_leftImg8bit.png ./train/gtFine/cityscapes_real/berlin/berlin_000225_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/berlin/berlin_000245_000019_leftImg8bit.png ./train/gtFine/cityscapes_real/berlin/berlin_000245_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/berlin/berlin_000265_000019_leftImg8bit.png ./train/gtFine/cityscapes_real/berlin/berlin_000265_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/berlin/berlin_000285_000019_leftImg8bit.png ./train/gtFine/cityscapes_real/berlin/berlin_000285_000019_gtFine_labelTrainIds.png
./train/leftImg8bit/cityscapes_real/berlin/berlin_000305_000019_leftImg8bit.png ./train/gtFine/cityscapes_real/berlin/berlin_000305_000019_gtFine_labelTrainIds.png
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./val/leftImg8bit/synthia_sim/1111.png ./val/gtFine/synthia_sim/1111TrainIds.png
./val/leftImg8bit/synthia_sim/1132.png ./val/gtFine/synthia_sim/1132TrainIds.png
./val/leftImg8bit/synthia_sim/1154.png ./val/gtFine/synthia_sim/1154TrainIds.png
./val/leftImg8bit/synthia_sim/1176.png ./val/gtFine/synthia_sim/1176TrainIds.png
./val/leftImg8bit/synthia_sim/1197.png ./val/gtFine/synthia_sim/1197TrainIds.png
./val/leftImg8bit/synthia_sim/1218.png ./val/gtFine/synthia_sim/1218TrainIds.png
./val/leftImg8bit/synthia_sim/1240.png ./val/gtFine/synthia_sim/1240TrainIds.png
./val/leftImg8bit/synthia_sim/1262.png ./val/gtFine/synthia_sim/1262TrainIds.png
./val/leftImg8bit/synthia_sim/1283.png ./val/gtFine/synthia_sim/1283TrainIds.png
./val/leftImg8bit/synthia_sim/1304.png ./val/gtFine/synthia_sim/1304TrainIds.png
./val/leftImg8bit/synthia_sim/1326.png ./val/gtFine/synthia_sim/1326TrainIds.png
./val/leftImg8bit/synthia_sim/1348.png ./val/gtFine/synthia_sim/1348TrainIds.png
./val/leftImg8bit/synthia_sim/1369.png ./val/gtFine/synthia_sim/1369TrainIds.png
./val/leftImg8bit/synthia_sim/1390.png ./val/gtFine/synthia_sim/1390TrainIds.png
./val/leftImg8bit/synthia_sim/1413.png ./val/gtFine/synthia_sim/1413TrainIds.png
./val/leftImg8bit/synthia_sim/1435.png ./val/gtFine/synthia_sim/1435TrainIds.png
./val/leftImg8bit/synthia_sim/1456.png ./val/gtFine/synthia_sim/1456TrainIds.png
./val/leftImg8bit/synthia_sim/1477.png ./val/gtFine/synthia_sim/1477TrainIds.png
./val/leftImg8bit/synthia_sim/1499.png ./val/gtFine/synthia_sim/1499TrainIds.png
./val/leftImg8bit/synthia_sim/1520.png ./val/gtFine/synthia_sim/1520TrainIds.png
./val/leftImg8bit/synthia_sim/1542.png ./val/gtFine/synthia_sim/1542TrainIds.png
./val/leftImg8bit/synthia_sim/1563.png ./val/gtFine/synthia_sim/1563TrainIds.png
./val/leftImg8bit/synthia_sim/1585.png ./val/gtFine/synthia_sim/1585TrainIds.png
./val/leftImg8bit/synthia_sim/1605.png ./val/gtFine/synthia_sim/1605TrainIds.png
./val/leftImg8bit/synthia_sim/1627.png ./val/gtFine/synthia_sim/1627TrainIds.png
./val/leftImg8bit/synthia_sim/1649.png ./val/gtFine/synthia_sim/1649TrainIds.png
./val/leftImg8bit/synthia_sim/1670.png ./val/gtFine/synthia_sim/1670TrainIds.png
./val/leftImg8bit/synthia_sim/1691.png ./val/gtFine/synthia_sim/1691TrainIds.png
./val/leftImg8bit/synthia_sim/1713.png ./val/gtFine/synthia_sim/1713TrainIds.png
./val/leftImg8bit/synthia_sim/1736.png ./val/gtFine/synthia_sim/1736TrainIds.png
./val/leftImg8bit/synthia_sim/1756.png ./val/gtFine/synthia_sim/1756TrainIds.png
./val/leftImg8bit/synthia_sim/1808.png ./val/gtFine/synthia_sim/1808TrainIds.png
./val/leftImg8bit/synthia_sim/1884.png ./val/gtFine/synthia_sim/1884TrainIds.png
./val/leftImg8bit/synthia_sim/1957.png ./val/gtFine/synthia_sim/1957TrainIds.png
./val/leftImg8bit/synthia_sim/2032.png ./val/gtFine/synthia_sim/2032TrainIds.png
./val/leftImg8bit/synthia_sim/2112.png ./val/gtFine/synthia_sim/2112TrainIds.png
./val/leftImg8bit/synthia_sim/2192.png ./val/gtFine/synthia_sim/2192TrainIds.png
./val/leftImg8bit/synthia_sim/2268.png ./val/gtFine/synthia_sim/2268TrainIds.png
./val/leftImg8bit/synthia_sim/2344.png ./val/gtFine/synthia_sim/2344TrainIds.png
./val/leftImg8bit/synthia_sim/2416.png ./val/gtFine/synthia_sim/2416TrainIds.png
./val/leftImg8bit/synthia_sim/2496.png ./val/gtFine/synthia_sim/2496TrainIds.png
./val/leftImg8bit/synthia_sim/2570.png ./val/gtFine/synthia_sim/2570TrainIds.png
./val/leftImg8bit/synthia_sim/2652.png ./val/gtFine/synthia_sim/2652TrainIds.png
./val/leftImg8bit/synthia_sim/2728.png ./val/gtFine/synthia_sim/2728TrainIds.png
./val/leftImg8bit/synthia_sim/2800.png ./val/gtFine/synthia_sim/2800TrainIds.png
./val/leftImg8bit/synthia_sim/2880.png ./val/gtFine/synthia_sim/2880TrainIds.png
./val/leftImg8bit/synthia_sim/296.png ./val/gtFine/synthia_sim/296TrainIds.png
./val/leftImg8bit/synthia_sim/3036.png ./val/gtFine/synthia_sim/3036TrainIds.png
./val/leftImg8bit/synthia_sim/3112.png ./val/gtFine/synthia_sim/3112TrainIds.png
./val/leftImg8bit/synthia_sim/3192.png ./val/gtFine/synthia_sim/3192TrainIds.png
./val/leftImg8bit/synthia_sim/3265.png ./val/gtFine/synthia_sim/3265TrainIds.png
./val/leftImg8bit/synthia_sim/3344.png ./val/gtFine/synthia_sim/3344TrainIds.png
./val/leftImg8bit/synthia_sim/3420.png ./val/gtFine/synthia_sim/3420TrainIds.png
./val/leftImg8bit/synthia_sim/3496.png ./val/gtFine/synthia_sim/3496TrainIds.png
./val/leftImg8bit/synthia_sim/3575.png ./val/gtFine/synthia_sim/3575TrainIds.png
./val/leftImg8bit/synthia_sim/3656.png ./val/gtFine/synthia_sim/3656TrainIds.png
./val/leftImg8bit/synthia_sim/3728.png ./val/gtFine/synthia_sim/3728TrainIds.png
./val/leftImg8bit/synthia_sim/3804.png ./val/gtFine/synthia_sim/3804TrainIds.png
./val/leftImg8bit/synthia_sim/3880.png ./val/gtFine/synthia_sim/3880TrainIds.png
./val/leftImg8bit/synthia_sim/3959.png ./val/gtFine/synthia_sim/3959TrainIds.png
./val/leftImg8bit/synthia_sim/4032.png ./val/gtFine/synthia_sim/4032TrainIds.png
./val/leftImg8bit/synthia_sim/4112.png ./val/gtFine/synthia_sim/4112TrainIds.png
./val/leftImg8bit/synthia_sim/4188.png ./val/gtFine/synthia_sim/4188TrainIds.png
./val/leftImg8bit/synthia_sim/4264.png ./val/gtFine/synthia_sim/4264TrainIds.png
./val/leftImg8bit/synthia_sim/4343.png ./val/gtFine/synthia_sim/4343TrainIds.png
./val/leftImg8bit/synthia_sim/4417.png ./val/gtFine/synthia_sim/4417TrainIds.png
./val/leftImg8bit/synthia_sim/4496.png ./val/gtFine/synthia_sim/4496TrainIds.png
./val/leftImg8bit/synthia_sim/4576.png ./val/gtFine/synthia_sim/4576TrainIds.png
./val/leftImg8bit/synthia_sim/4648.png ./val/gtFine/synthia_sim/4648TrainIds.png
./val/leftImg8bit/synthia_sim/4727.png ./val/gtFine/synthia_sim/4727TrainIds.png
./val/leftImg8bit/synthia_sim/549.png ./val/gtFine/synthia_sim/549TrainIds.png
./val/leftImg8bit/synthia_sim/624.png ./val/gtFine/synthia_sim/624TrainIds.png
./val/leftImg8bit/synthia_sim/704.png ./val/gtFine/synthia_sim/704TrainIds.png
./val/leftImg8bit/synthia_sim/778.png ./val/gtFine/synthia_sim/778TrainIds.png
./val/leftImg8bit/synthia_sim/851.png ./val/gtFine/synthia_sim/851TrainIds.png
./val/leftImg8bit/synthia_sim/928.png ./val/gtFine/synthia_sim/928TrainIds.png
./val/leftImg8bit/synthia_sim/96.png ./val/gtFine/synthia_sim/96TrainIds.png
./val/leftImg8bit/synthia_sim/981.png ./val/gtFine/synthia_sim/981TrainIds.png



            

          

      

      

    

  

  
    
    

    <no title>
    

    

    
 
  

    
      
          
            
  
	for i in range(len(nam_label)):
	img_label = cv2.imread(label_ori_path+nam_label[i], -1)[:,:,2]
img_label_temp = img_label.copy()
img_label_temp[img_label == 0] = 22
img_label_temp[img_label == 1] = 10
img_label_temp[img_label == 2] = 2
img_label_temp[img_label == 3] = 0
img_label_temp[img_label == 4] = 1
img_label_temp[img_label == 5] = 4
img_label_temp[img_label == 6] = 8
img_label_temp[img_label == 7] = 5
img_label_temp[img_label == 8] = 13
img_label_temp[img_label == 9] = 7
img_label_temp[img_label == 10] = 11
img_label_temp[img_label == 11] = 18
img_label_temp[img_label == 12] = 17
img_label_temp[img_label == 13] = 21
img_label_temp[img_label == 14] = 20
img_label_temp[img_label == 15] = 6
img_label_temp[img_label == 16] = 9
img_label_temp[img_label == 17] = 12
img_label_temp[img_label == 18] = 14
img_label_temp[img_label == 19] = 15
img_label_temp[img_label == 20] = 16
img_label_temp[img_label == 21] = 3
img_label_temp[img_label == 22] = 19





#print(img_label)
#img_label[img_label == 0] = 10
#img_label[img_label == 6] = 0
#img_label[img_label == 5] = 11
#img_label[img_label == 1] = 5
#img_label[img_label == 2] = 1
#img_label[img_label == 4] = 9
#img_label[img_label == 3] = 4
#img_label[img_label == 7] = 8
#img_label[img_label == 11] = 2
img_resize_lab = cv2.resize(img_label_temp, (2048,1024), interpolation=cv2.INTER_NEAREST)
cv2.imwrite(label_save_path+str(i)+'TrainIds.png', img_resize_lab.astype(np.uint16))
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Using simulation controller build the edge-cloud AI simulation environment with just one host

This document introduces how to build a edge-cloud AI simulation environment(e.g. kubeedge sedna) with just one host.


Introduction to simulation controller

the simulation controller is the core module of system simulation. The simulation controller has been supplemented, which build and deploy local edge-cloud simulation environment with K8s.

[image: ]
 [https://github.com/kubeedge/ianvs/blob/main/docs/proposals/simulation/images/simulation_controller.jpg?raw=true]The models in simulation controller are as follows:


	The Simulation System Administrator is used to


	parse the system config(simulation)


	check the host enviroment, e.g. check if the host has installed docker, kind, and whether memory > 4GB


	build the simulation enviroment


	create and deploy the moudles needed in simulation enviroment


	close and delete the simulation enviroment






	The Simulation Job Administrator is the core module for manage the simulation job, and provides the following funcitons:


	build the docker images of algorithms to be tested


	generate the YAML file of simulation job


	deploy and delete the simulation job in K8s


	list-watch the results of simulation job in K8s










Simulation System Administrator Experiment

At present, we have completed the construction of simulation environment through Simulation System Administrator module.

The detailed process is as follows:


1. Prepare the benchmarkingJob.yaml file

Typically, the config file benchmarkingJob.yaml is as follows, which represents the configuration information required for a benchmarkingJob.

benchmarkingjob:
  # job name of benchmarking; string type;
  name: "benchmarkingjob"
  # the url address of job workspace that will reserve the output of tests; string type;
  # default value: "./workspace"
  workspace: "/ianvs/incremental_learning_bench/workspace"

  # the url address of test environment configuration file; string type;
  # the file format supports yaml/yml;
  testenv: "./examples/pcb-aoi/incremental_learning_bench/testenv/testenv.yaml"
  # the configuration of test object
  test_object:
    ...
  # the configuration of ranking leaderboard
  rank:
    ...





We need to supplement the config of simulation in the benchmarkingJob.yaml, such as the following.

benchmarkingjob:
  ...

  simulation:
    cloud_number: 1
    edge_number: 2
    cluster_name: "ianvs-simulation"
    kubeedge_version: "1.8.0"
    sedna_version: "0.4.3"





Related parameters and explanations are as follows:


	cloud_number : int, number of the cloud worker


	edge_number : int, number of the edge nodes.


	cluster_name : int, name of the simulation cluster.


	kubeedge_version : string, version of kubeedge, e.g. 1.8.0, latest.


	sedna_version : string, version of sedna, e.g. 0.4.3, latest.




Note that the current simulation environment build script is still being debugged at this time. Our current testing is based on Kubeedge v1.8.0, sedna v0.4.3, and the system OS is ubuntu 20.04.



2. Run the benchmarkingJob

We just need to attach the benchmarkingJob.yaml when executing the ianvs command as before. Just like ianvs -f /somepath/benchmarkingJob.yaml

Next, the Simulation System Administrator module will first check your system environment, including the following checks:


	Whether docker has been installed. If not, it will try to help users install it.


	Whether kind has been installed. If not, it will try to help users install it.


	Whether the number of cpus is sufficient. Currently we tentatively need 4 CPU logical cores.


	Whether the available memory is sufficient. More than 4GB of free memory is required.




If you pass the above environment tests, you will see the following information in the terminal.

[2022-10-29 01:12:54,544] simulation_system_admin.py(48) [INFO] - check docker successful
[2022-10-29 01:12:54,559] simulation_system_admin.py(61) [INFO] - check Kind successful
[2022-10-29 01:12:54,617] simulation_system_admin.py(130) [INFO] - check cpu successful
[2022-10-29 01:12:54,626] simulation_system_admin.py(99) [INFO] - check memory successful





Next, the module starts installing all-in-one environment of sedna. If all goes well, you should get the following output:

NAME                  READY   STATUS    RESTARTS   AGE
gm-5bb9c898d6-45fnv   1/1     Running   0          33s
kb-6b7897c89-ljxbb    1/1     Running   0          34s
lc-9tkdj              1/1     Running   0          33s
lc-cc5gl              1/1     Running   0          33s
lc-qnhfp              1/1     Running   0          33s
lc-tmx62              1/1     Running   0          33s
Sedna is running:
See GM status: kubectl -n sedna get deploy
See LC status: kubectl -n sedna get ds lc
See Pod status: kubectl -n sedna get pod
[I1029 01:16:56.974] Mini Sedna is created successfully
[2022-10-29 01:17:12,880] simulation_system_admin.py(170) [INFO] - Congratulation! The simulation enviroment build successful!





In the end. You get an all-in-one environment of sedna.
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Cloud-Robotic AI Benchmarking for Edge-cloud Collaborative Lifelong Learning


1 Motivation


1.1 background

It is estimated that by 2025, 75% of the world’s data will be generated at the edge, and the computing power on the cloud will be more abundant. Edge-cloud collaborative artificial intelligence will become an inevitable trend, and its demand will be further released. Among them, the global service robot market is expected to reach 90-170 billion US dollars in 2030. The use of cloud-native edge computing and artificial intelligence technology to deal with the issues of the robot industry and complete industrial transformation has also become the focus of the industry.

In recent years, lifelong learning-related algorithms such as Lifelong SLAM and Lifelong Object Detection have become popular for the problem of edge-data heterogeneity and small samples, but the real-world practise requires further considerations on its edge-cloud collaborative nature. To further accelerate research and results transformation, the KubeEdge community released the first open source edge-cloud collaborative lifelong learning framework and its resource orchestration template on KubeEdge-Sedna in June 2021. Moreover, the collaborative AI benchmarking KubeEdge-Ianvs in July 2022 is also released with related benchmark datasets and compute metrics.

This project aims to develop the edge-cloud collaborative lifelong learning benchmarking that are suitable for robotic scenarios based on KubeEdge-Ianvs. This project will help all Edge AI application developers to validate and select the best-matched algorithm of lifelong learning. The benchmark can include dataset, metrics and algorithm. Specific applications include but are not limited to robot navigation, inspection, cleaning, delivery, etc. KubeEdge SIG AI has already prepared real-world datasets for everyone to explore!



1.2 Goals

Based on real-world datasets provided by industry members of KubeEdge SIG AI, this project aims to build a lifelong learning benchmarking on KubeEdge-Ianvs. Namely, it aims to help all Edge AI application developers to validate and select the best-matched algorithm of lifelong learning. It includes:


	Release new datasets for lifelong learning in KubeEdge-Ianvs.


	Build benchmarking websites for released datasets.


	Provide test examples for released datasets in KubeEdge-Ianvs.


	Reproduce BWT, FWT and other system metrics for lifelong learning in KubeEdge-Ianvs.


	Improve the tutorial document for lifelong learning in KubeEdge-Ianvs.







2 Proposal

This project will provide new test examples of real-world datasets for KubeEdge-Ianvs’s lifelong learning algorithm, including a public Semantic-Segmentation data set and a Cloud-Robotics dataset provided by Huawei. Each dataset released at the same time will have a supporting benchmarking website to introduce the dataset. In addition, the project will further enrich the lifelong learning algorithm in KubeEdge-Ianvs, including but not limited to dataset-splitting, task-definition, task-allocation, task-recognition and other methods.


2.1 Introduction for Semantic-Segmentation datasets

This project will provide a public semantic segmentation dataset of the real world. This data set is from SYNTHIA and cityscapes. We will mix the data of two datasets to form a dataset specifically for lifelong learning algorithm. Here is a brief introduction to the contents of these two datasets.


2.1.1 Cityscapes dataset

Cordts propose the Cityscapes benchmark suite and a corresponding dataset, speciﬁcally tailored for autonomous driving in an urban environment and involving a much wider range of highly complex inner-city street scenes that were recorded in 50 different cities. Cityscapes signiﬁcantly exceed previous efforts in terms of size, annotation richness, and, more importantly, scene complexity and variability. We go beyond pixel-level semantic labeling by also considering instance-level semantic labeling in both our annotations and evaluation metrics. To facilitate research on 3D scene understanding, and provide depth information through stereo vision.

paper link: The Cityscapes Dataset for Semantic Urban Scene Understanding [https://www.cityscapes-dataset.com/wordpress/wp-content/papercite-data/pdf/cordts2016cityscapes.pdf]

Below shows one example figure(RGB) in the dataset.

[image: aachen_000000_000019_leftImg8bit]


2.1.2 SYNTHIA dataset

The *SYNTHetic collection of Imagery and Annotations* is a dataset that has been generated with the purpose of aiding semantic segmentation and related scene understanding problems in the context of driving scenarios. SYNTHIA consists of a collection of photo-realistic frames rendered from a virtual city and comes with precise pixel-level semantic annotations for 13 classes: misc, sky, building, road, sidewalk, fence, vegetation, pole, car, sign, pedestrian, cyclist, lane-marking.

paper link: The SYNTHIA Dataset: A Large Collection of Synthetic Images for Semantic Segmentation of Urban Scenes [https://github.com/kubeedge/ianvs/tree/main/docs/proposals/algorithms/lifelong-learning/www.cv-foundation.org/openaccess/content_cvpr_2016/papers/Ros_The_SYNTHIA_Dataset_CVPR_2016_paper.pdf]

Below shows one example figure(RGB) in the dataset.

[image: 1769]



2.2 Introduction for Cloud-Robotics datasets

We present Cloud-Robotics, a new test benchmark dataset for lifelong learning. The Cloud-Robotics dataset contains 2500 annotated real-world images collected in Shenzhen Industry Zone by robotic dogs.

The Cloud-Robotics Dataset is intended for


	assessing the performance of vision algorithms for major tasks of semantic robotic scene understanding for lifelong learning;


	supporting research that aims to exploit large volumes of annotated data for lifelong learning.




Below shows one example figure(RGB) in the dataset.

[image: 1769]


2.3 Introduction for the benchmarking  website


2.3.1 Content of the benchmarking website



	Page

	Content





	Home page

	1.Dataset overview



	
	2.Lifelong learning algorithm overview



	
	3.Data sample display



	Documentation page

	1.Dataset partition description



	
	2.Data statistics



	
	3.Data format



	
	4.Data annotation



	Download page

	1.Instructions and links



	Benchmark page

	1.Various algorithm and metric results








2.3.2 An Example

[image: web]



2.4 New test examples of semantic segmentation for lifelong learning


2.4.1 Why we need it?

The way the dataset is divided during each round of training in lifelong learning tasks has a significant impact on the final model training results. If only a random partitioning method is used, there may be situations that are inconsistent with reality, such as later data appearing in earlier training sets. At the same time, changes in data distribution in different splitting methods can make it difficult to compare test results. Therefore, we urgently need a reasonable dataset splitting method as a benchmark for testing lifelong learning algorithms on semantic segmentation datasets.

Currently, we have implemented the “City Mode” test benchmark, and we will implement more various test benchmarks in the future.



2.4.2 An example of “City Mode” test benchmark

In this example, we provide City Mode: a dataset splitting method based on different cities. The test workflow is shown in the following figure:

[image: workflow]
The first training round uses all simulated images as the pre training of the model. The second training round uses images collected by mobile edge devices in nine cities that first joined the system, including aachen and berlin, for training. The third training round uses images collected by mobile edge devices in 10 cities that have joined the system, including Weimar and Zurich. The final test uses images collected by mobile edge devices in Frankfurt, Lindau, and Munster that have not yet joined the system. During each round of training, the images were fed into the model in chronological order.




2.5 Introduction for BWT, FWT

The BWT and FWT metrics are used to respectively measure the model’s ability to resist forgetting and to generalize.

[image: workflow]


2.6 Scope

What we propose：


	Provide new real world datasets for KubeEdge-Ianvs lifelong learning users.


	Provide benchmarking websites for released datasets.


	Provide variable testing examples for the new datasets.


	Provide BWT, FWT and other system metrics for KubeEdge-Ianvs lifelong learning algorithm.




We are NOT:


	Provide domain/application-specific algorithms, i.e., facial recognition, text classification, etc.


	Pursue SOTA results on released datasets.







3 Design Details


3.1 Implementation for released datasets

You can download the dataset directly locally by following the command below.

wget https://kubeedge.obs.cn-north-1.myhuaweicloud.com/sedna-robo/semantic_segmentation_dataset.zip





The structure of semantic_segmentation_dataset is as follow:

semantic_segmentation_dataset
├── test
│   ├── depth
│   │   ├── cityscapes_real
│   │   │   ├── frankfurt [267 pic]
│   │   │   ├── lindau [59 pic]
│   │   │   └── munster [174 pic]
│   │   └── synthia_sim [830 pic]
│   ├── gtFine
│   │   ├── cityscapes_real
│   │   │   ├── frankfurt [1335 pic]
│   │   │   ├── lindau [295 pic]
│   │   │   └── munster [870 pic]
│   │   └── synthia_sim [830 pic]
│   └── leftImg8bit
│       ├── cityscapes_real
│       │   ├── frankfurt [267 pic]
│       │   ├── lindau [59 pic]
│       │   └── munster [174 pic]
│       └── synthia_sim [830 pic]
├── test.txt
├── train
│   ├── depth
│   │   ├── cityscapes_real
│   │   │   ├── aachen [174 pic]
│   │   │   ├── berlin [544 pic]
│   │   │   ├── bochum [96 pic]
│   │   │   ├── ...
│   │   │   └── zurich [122 pic]
│   │   └── synthia_sim [5813 pic]
│   ├── gtFine
│   │   ├── cityscapes_real
│   │   │   ├── aachen [870 pic]
│   │   │   ├── berlin [2720 pic]
│   │   │   ├── bochum [480 pic]
│   │   │   ├── ...
│   │   │   └── zurich [610 pic]
│   │   └── synthia_sim [5813 pic]
│   └── leftImg8bit
│       ├── cityscapes_real
│       │   ├── aachen [174 pic]
│       │   ├── berlin [544 pic]
│       │   ├── bochum [96 pic]
│       │   ├── ...
│       │   └── zurich [122 pic]
│       └── synthia_sim [5813 pic]
├── train.txt
└── val
    ├── depth
    │   ├── cityscapes_real
    │   │   ├── bielefeld [181 pic]
    │   │   ├── bonn [46 pic]
    │   │   ├── leverkusen [58 pic]
    │   │   ├── mainz [298 pic]
    │   │   └── munich [398 pic]
    │   └── synthia_sim [1663 pic]
    ├── gtFine
    │   ├── cityscapes_real
    │   │   ├── bielefeld [905 pic]
    │   │   ├── bonn [230 pic]
    │   │   ├── leverkusen [290 pic]
    │   │   ├── mainz [1490 pic]
    │   │   └── munich [1990 pic]
    │   └── synthia_sim [1663 pic]
    └── leftImg8bit
        ├── cityscapes_real
        │   ├── bielefeld [181 pic]
        │   ├── bonn [46 pic]
        │   ├── leverkusen [58 pic]
        │   ├── mainz [298 pic]
        │   └── munich [398 pic]
        └── synthia_sim [1663 pic]





The following is part of train.txt:

/train/leftImg8bit/cityscapes_real/aachen/aachen_000000_000019_leftImg8bit.png /train/depth/cityscapes_real/aachen/aachen_000000_000019_disparity.png /train/gtFine/cityscapes_real/aachen/aachen_000000_000019_gtFine_labelTrainIds.png
/train/leftImg8bit/cityscapes_real/aachen/aachen_000001_000019_leftImg8bit.png /train/depth/cityscapes_real/aachen/aachen_000001_000019_disparity.png /train/gtFine/cityscapes_real/aachen/aachen_000001_000019_gtFine_labelTrainIds.png
...
/train/leftImg8bit/synthia_sim/6707.png /train/depth/synthia_sim/6707.png /train/gtFine/synthia_sim/6707TrainIds.png
/train/leftImg8bit/synthia_sim/6708.png /train/depth/synthia_sim/6708.png /train/gtFine/synthia_sim/6708TrainIds.png
...





The first column represents the file path of the original image, the second column represents the file path of the depth file, the third column represents the file path of the label file.



3.2 Customize algorithm

We uses the RFNet method mentioned in the RAL2020 paper Real-Time Fusion Network for RGB-D Semantic Segmentation Incorporating Unexpected Obstacle Detection for Road-Driving Images to train the model.

The entire network architecture of RFNet is shown below. In the encoder part of the architecture, we design two independent branches to extract features for RGB and depth images separately RGB branch is the main branch, and the Depth branch is the subordinate branch. In both branches, we choose ResNet18 as the backbone to extract features from inputs because ResNet-18 has moderate depth and residual structure, and its small operation footprint is compatible with the real-time operation. After each layer of ResNet-18, the output features from the Depth branch are fused to the RGB branch after the Attention Feature Complementary (AFC) module. The spatial pyramid pooling (SPP) block gathers the fused RGB-D features from two branches and produces feature maps with multi-scale information. Finally, referring to SwiftNet, we design the efﬁcient upsampling modules to restore the resolution of these feature maps with skip connections from the RGB branch.

[image: RFNet]



4 Roadmap


March


	Release the semantic_segmentation_dataset;


	Build the benchmarking website for semantic_segmentation_dataset.






April


	Release the dataset from Huawei;


	Build the benchmarking website for the dataset;


	Provide variable test examples for the new datasets.






May


	Reproduction of BWT, FWT and other system metrics;


	Merge into the lib of the Ianvs module.
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Real-Time IoT Perception Systems Based on Edge-Cloud Collaboration with Large Foundation Models


1 Motivation


1.1 Background

Real-time perception systems are an essential component of intelligent Internet of Things (IoT) devices such as industrial robots and household mobile devices. When performing basic perception tasks such as semantic segmentation, the limited resources of edge platforms pose great challenges to the accuracy and adaptiveness of models. For example, in the case of semantic segmentation, new environments bring new semantic classes and states, and the small models that edge platforms can only segment limited-semantic information. Currently, large foundation models represented by SAM and GPT are widely recognized for their superior generalization ability. It is an important research direction to enable small models on edge platforms to achieve efficient and real-time IoT perception applications through the framework of edge-cloud collaboration with foundation models.



1.2 Goal


	Implementation of Real-time IoT Perception Algorithm with Edge-Cloud Collaboration:


Implement SAM-based Semantic Segmentation algorithm and hard-example mining algorithm based on Kubeedge/Ianvs, and test the algorithm’s performance (model inference accuracy and other metrics).






	Development of Edge-Cloud Collaboration Real-time IoT Perception System:


Port the implemented edge-cloud collaboration algorithm to the Kubeedge/Sedna platform and develop an edge-cloud collaboration real-time IoT perception system.






	Deployment on Real Edge-Cloud Environment Platform:


Deploy the edge-cloud collaboration real-time IoT perception system developed based on Kubeedge/Sedna to real edge-cloud environments composed of devices such as Nvidia Jetson Nano and Raspberry Pi, and test the system’s actual performance (latency, communication overhead, resource utilization, and other metrics).











2 Proposal

This project mainly focuses on semantic segmentation tasks in the AIoT environment, deploying SAM as the large model in the cloud and RFNet as the small model at the edge, and collaborating through cloud-edge collaborative inference.


2.1 Introduction for Segment Anything Model

The **Segment Anything Model (SAM [https://segment-anything.com/]) **is a model designed for promptable segmentation, which is a task in image segmentation. SAM consists of three components: an image encoder, a prompt encoder, and a mask decoder. The image encoder computes an image embedding, the prompt encoder embeds prompts, and the mask decoder predicts segmentation masks by combining the information from the image and prompt encoders. SAM is trained to be promptable, meaning it can transfer its segmentation capabilities to new image distributions and tasks through prompt engineering. It is designed to be flexible, real-time, and ambiguity-aware. SAM has been evaluated on various tasks and has shown impressive zero-shot performance, often comparable to or better than fully supervised models.

[image: sam]
SAM is designed to perform promptable segmentation, which means it can generate segmentation masks from a wide range of prompts. This flexibility allows SAM to be used for various segmentation tasks without the need for extensive retraining. SAM has the ability to transfer its segmentation capabilities to new image distributions and tasks without the need for additional training. This zero-shot transfer capability makes SAM highly adaptable and useful in scenarios where labeled data for specific tasks may be limited.



2.2 Introduction for Cloud-Edge Collaborative Inference

Cloud-edge collaborative inference, as an emerging technology, combines the processing capabilities of the cloud and edge devices to handle complex tasks more efficiently. The core idea of cloud-edge collaborative inference is to deploy large-scale models in the cloud, leveraging the powerful computing resources to handle complex tasks and challenging samples. On the other hand, deploying small-scale models on edge devices can meet the requirements for processing simple samples. In this architecture, edge devices only need to transmit sample data and communicate with the cloud, without bearing a large amount of computation tasks, greatly saving energy and computational resources.
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Unknown Task Recognition Algorithm Reproduction based on Lifelong Learning of Ianvs


1 Project Background

The current mainstream machine learning paradigm is to run machine learning algorithms on a given set of data to generate a model, and then apply this model to a task in a real environment, which we can call “isolated learning”. The main problem with this learning paradigm is that the model does not retain and accumulate previously learned knowledge and cannot use it in future learning, and the learning environment is static and closed, in contrast to the human learning process. In reality, the situation is so varied that it is clearly impossible to label every possible task or to collect large amounts of data before training in order for a machine learning algorithm to learn. Lifelong machine learning was created to address these problems.

Lifelong learning has five key characteristics.


	a process of continuous learning.


	the accumulation and retention of knowledge in the knowledge base.


	the ability to use accumulated learned knowledge to aid future learning


	the ability to discover new tasks.


	the ability to learn while working.




Relying on the lifelong learning system built by KubeEdge+Sedna+Ianvs distributed collaborative AI joint inference framework, the core task of this project is to complete the unknown task identification algorithm module and embed it in the framework, with the aim of equipping the system with the ability to discover new tasks.

Traditional machine learning performs test set inference by training known samples, whose knowledge is limited, and the resulting models cannot effectively identify unknown samples in new classes, which will be treated as known samples. In a real production environment, it is difficult to guarantee that the training set contains samples from all classes. If the unknown class samples cannot be identified, the accuracy and confidence of the model will be greatly affected, and the cost consumed for model improvement is incalculable. This project aims to reproduce the algorithm of the CVPR2021 paper “Learning placeholders for open-set recognition”. The paper proposes placeholders that mimic the emergence of new classes, thus helping to transform closed training into open training to accomplish recognition of unknown classes of data.

In this project, the algorithm is packaged as a python callable module and embedded in the lib library of Ianvs’ lifelong learning testing system. The algorithm developer does not need to develop additional algorithms for unknown task recognition and can directly test the performance of the currently developed algorithms in combination with the dataset and testing environment provided by Ianvs. At the same time, Ianvs provides local and cloud-based algorithm performance rankings for developers to facilitate the exchange of lifelong machine learning researchers and thus promote the development of the lifelong learning research field.



2 Goals


	Reproducing the algorithm from the CVPR2021 paper “Learning placeholders for open-set recognition”.


	Achieving an accuracy of 0.9 for unknown task recognition.


	Making unknown category recognition modules according to Ianvs architecture and contextual relationship to store in the lib library, so that the algorithm can be used on demand.






3 Proposal

The goal of this project based on Ianvs’ lifelong learning replication of the unknown task recognition algorithm is to train the classifier model by the unknown task recognition algorithm after the dataset has been trained by the initial task definition and business model in Ianvs’ lifelong machine learning system, and to reason that the dataset can categorize and classify the known samples and identify the unknown samples for subsequent task assignment by reasoning with the classifier model.

This project needs to complete the task definition part and the unknown task identification part.

Task definition is the predecessor task, the business model is trained by the RFNet semantic segmentation algorithm, and the datasets involved are Cityscapes (camera data) and SYNTHIA-RAND-CITYSCAPES (simulation data).

Unknown task identification is the core task of this project. The unknown task recognition is data inference, using Wide-ResNet network structure, combined with the classification placeholders and data placeholders in the CVPR2021 paper “Learning placeholders for open-set recognition” to form a neural network and train the classifier, which can classify known samples and identify the unknown samples.


3.1 Architecture

This project mainly implements the function of discovering new tasks.

[image: Lifelong_learning_structure]

The following is the architecture diagram of this project system, as shown in the figure, the input of the unknown sample identification module is the inference dataset, and the output bits are the known sample set and unknown sample set. Before the unknown sample identification module is the task definition module, after the task definition, the initialized dataset is considered a known dataset. In the task assignment module after the unknown sample identification module, the known data are inferred and the unknown data are re-posted and incorporated into the edge-side knowledge base and then into the cloud-side knowledge base.




3.1.1 How the algorithm work in ianvs

[image: User]



3.1.2 Description of the callable class

The detailed code can be viewed here [https://github.com/Frank-lilinjie/ianvs/blob/feature-lifelong-n/examples/scene-based-unknown-task-recognition/lifelong_learning_bench/testalgorithms/rfnet/unseen_sample_recognition_by_scene.py]


	Sign up in class factory from sedna




@ClassFactory.register(ClassType.UTD, alias="UnseenSampleRecognitionByScene")


	Get model path from rfnet_algorithm.yaml [https://github.com/Frank-lilinjie/ianvs/blob/feature-lifelong-n/examples/scene-based-unknown-task-recognition/lifelong_learning_bench/testalgorithms/rfnet/rfnet_algorithm.yaml]




def __init__(self, **kwargs):
  self.model_path = kwargs.get("model_path")






	Return the results

return seen_image, unseen_image







3.1.3 Interface Description

- type: "unseen_sample_recognition"
# name of python module; string type;
  name: "UnseenSampleRecognitionByScene"
# the url address of python module; string type;
  url: "./examples/scene-based-unknown-task-recognition/lifelong_learning_bench/testalgorithms/rfnet/unseen_sample_recognition_by_scene.py"
# hyperparameters configuration for the python module; list type;
  hyperparameters:
    - model_path:
      values:
        - "./examples/scene-based-unknown-task-recognition/lifelong_learning_bench/testalgorithms/rfnet/models/Epochofprose17.pth"








3.2 Usecase


3.2.1 Calling datasets

The current testenv.yaml file is as follows

testenv:
  # dataset configuration
  dataset:
    # the url address of train dataset index; string type;
    train_url: "./ianvs/dataset/curb-detection/train_data/index.txt"
    # the url address of test dataset index; string type;
    test_url: "./ianvs/dataset/curb-detection/test_data/index.txt"

  # model eval configuration of incremental learning;
  model_eval:
    # metric used for model evaluation
    model_metric:
      # metric name; string type;
      name: "accuracy"
      # the url address of python file
      url: "./examples/scene-based-unknown-task-recognition/lifelong_learning_bench/testenv/accuracy.py"

    # condition of triggering inference model to update
    # threshold of the condition; types are float/int
    threshold: 0
    # operator of the condition; string type;
    # values are ">=", ">", "<=", "<" and "=";
    operator: "<"

  # metrics configuration for test case's evaluation; list type;
  metrics:
      # metric name; string type;
    - name: "accuracy"
      # the url address of python file
      url: "./examples/scene-based-unknown-task-recognition/lifelong_learning_bench/testenv/accuracy.py"
    - name: "samples_transfer_ratio"







3.2.2 User flow chart

[image: User]

Usage Process


	View the dataset


	download the edge cloud synergy dataset


	Package your algorithm into Estimator


	Call the Benchmark module, and the Benchmark module calls the developer’s encapsulated Estimator


	Run and view the results


	Update and view the local edge cloud collaborative AI ranking








4 datasets

Two datasets, SYNTHIA, and cityscape, were selected for this project. Because SYNTHIA is often easier to obtain than the real urban road dataset as simulated by the simulator in a real research environment, it is treated as known task data for model pre-training, while the real urban landscape image acquisition requires more resources and is more difficult to obtain, so it is treated as unknown task data.

You can check here [https://github.com/Frank-lilinjie/ianvs/tree/main/docs/proposals/algorithms/lifelong-learning/Additional-documentation/curb_detetion_datasets.md] for more details about curb_detetion_datasets.



5 Design Details

It is mainly about the algorithm of the training business model of the system, logical structure of task definition part, introduction of urban landscape dataset, neural network structure, and algorithm principle of unknown task recognition algorithm.


5.1 Model of the task definition section

This part of the training model algorithm uses the RFNet method mentioned in the RAL2020 paper Real-Time Fusion Network for RGB-D Semantic Segmentation Incorporating Unexpected Obstacle Detection for Road-Driving Images to train the model.

The entire network architecture of RFNet is shown in Fig. In the encoder part of the architecture, we design two independent branches to extract features for RGB and depth images separately RGB branch is the main branch, and the Depth branch is the subordinate branch. In both branches, we choose ResNet18 [30] as the backbone to extract features from inputs because ResNet-18 has moderate depth and residual structure, and its small operation footprint is compatible with the real-time operation. After each layer of ResNet-18, the output features from the Depth branch are fused to the RGB branch after the Attention Feature Complementary (AFC) module. The spatial pyramid pooling (SPP) block gathers the fused RGB-D features from two branches and produces feature maps with multi-scale information. Finally, referring to SwiftNet, we design the efﬁcient upsampling modules to restore the resolution of these feature maps with skip connections from the RGB branch.
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Open-set recognition: Learning Placeholders

This is based on the 2021 CVPR paper Learning Placeholders for Open-Set Recognition . The basic information as followed.

author = {Zhou, Da-Wei and Ye, Han-Jia and Zhan, De-Chuan},
title = {Learning Placeholders for Open-Set Recognition},
booktitle = {CVPR},
pages = {4401-4410},
year = {2021}





You can find more details as follows:

The paper link: Learning Placeholders for Open-Set Recognition [https://openaccess.thecvf.com/content/CVPR2021/papers/Zhou_Learning_Placeholders_for_Open-Set_Recognition_CVPR_2021_paper.pdf]

The GitHub link:CVPR21-Proser [https://github.com/zhoudw-zdw/CVPR21-Proser]


Background

Traditional classiﬁers are deployed under a closed-set setting, with both training and test classes belonging to the same set. However, real-world applications probably face the input of unknown categories, and the model will recognize them as known ones. Under such circumstances, open-set recognition is proposed to maintain classiﬁcation performance on known classes and reject unknowns. The closed-set models make overconﬁdent predictions over familiar known class instances so that calibration and thresholding across categories become essential issues when extending to an open-set environment.

Learning PlaceholdeRs for open-set recognition prepares for the unknown classes by allocating placeholders for both data and classiﬁer. In detail, learning data placeholders try to anticipate open-set class data, thus transforming closed-set training into open-set training. Besides, reserving classiﬁer placeholders as the class-speciﬁc boundary between known and unknown to learn the invariant information between target and non-target classes.



PROSER Algorithm Principle




Learning classifier placeholders

Retaining classifier placeholders aims at setting up additional virtual classifiers and optimizing them to represent the threshold between known and unknown classes. Assuming a well-trained closed-set classifier W; the paper first augments the output layer with additional virtual classifiers, as shown in Eq.
$$
hat{f} (mathrm {x})=[W^{top}phi(mathrm {x}),hat{w}^{top }phi(mathrm {x})]
$$
The closed set classifier and the virtual classifier embed the same set (matrix) and create only one additional linear layer. The added indices are passed through the softmax layer to generate the posterior probabilities. By fine-tuning the model so that the virtual classifier outputs the second highest probability of a known class, the invariant information between the known class classifier and the virtual classifier can be transferred to the detection process by this method. Since the output is increased by using the virtual classifier, the classification loss can be expressed as Eq:
$$
l{1}=sum{(mathrm {x},y)in mathcal{D}_{tr}  }^{} ell (hat{f}(mathrm {x},y)+beta ell(hat{f}(mathrm {x} setminus  y,K+1 )
$$
$L$ denotes cross entropy or other loss function. The first term in the formula corresponds to the output of the optimized expansion, which pushes the samples into the corresponding class groups to maintain accurate identification in the closed set. In the second term, matching the task to $K+1$ classes makes the virtual classifier output the second highest probability, tries to associate the position of the virtual classifier in the center space, and controls the distance to the virtual classifier as the second closest distance among all class centers. Thus, it seeks a trade-off between correctly classifying closed set instances and retaining the probability of a new class as a classifier placeholder. During training, it can be positioned between target and non-target classes. In the case of novel classes, the predictive power of the virtual classifier can be high because all known classes are non-target classes. Therefore, it is considered as an instance-related threshold that can be well adapted to each known class.



Learning data placeholders

The purpose of learning data placeholders is to transform closed-set training into open-set training. The combined data placeholders should have two main characteristics, the distribution of these samples should look novel and the generation process should be fast. In this paper, we simulate new patterns with multiple mixtures. Equation 6 in the paper gives two samples from different categories and mixes them in the middle layer.
$$
widetilde{mathrm {x} } {pre}  =lambda phi *{pre}(mathrm {x}*{i})+(1-lambda)phi{pre}(mathrm {x}{j}),y{i}ne y{j}
$$
The results of the mixture are passed through the later layers to obtain the new model embedding $phi{post}$. considering that the interpolation between two different clusters is usually a low confidence prediction region. The paper treats the embedding $phi {post}(tilde{mathrm {x}}{pre} ))$as an embedding of the open set class and trains it as a new class.
$$
l{2}=sum{(mathrm {x}{i},mathrm {x}{j})in mathcal{D}{tr}  }^{} ell ([W,hat{w}]^{top}phi{post}(tilde{x}_{pre}),K+1 )
$$

$$
tilde{x}{pre}=lambdaphi{pre}(mathrm{x}{i})+(1-lambda)phi{pre}(mathrm{x}{j}),y{i}ne y_{j}.
$$

It is clear that the formulation in the paper does not consume additional time complexity, which would generate new situations between multiple decision boundaries. In addition, streamwise blending allows better use of interpolation of deeper hidden representations to generate new patterns in the improved embedding space, which better represents the new distribution. As illustrated in the figure above, the blending instance pushes the decision boundaries in the embedding space to two separate locations of the classes. With the help of the data placeholders, the embedding of the known classes will be tighter, leaving more places for the new classes.




PROSER algorithm training process
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Tes