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1980s1950s 2010s

ARTIFICIAL INTELLIGENCE
Any technique that enables machines to mimic 

human intelligence

MACHINE LEARNING
Statistical methods that enable machines to 

“learn” tasks from data without explicitly 

programming DEEP LEARNING
Neural networks with many layers that learn 

representations and tasks “directly” from data

深度学习是推动人工智能大趋势的关键技术
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ASPICE 3.x 过程参考模型
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ASPICE 4.0 过程参考模型
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W 开发过程模型
将经典的 V 形开发过程扩展至 AI
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Credit: EASA, Daedalean
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W 开发过程模型
与 V 模型共存
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汇集分配给 ML 组件的需求
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便利地管理大数据

trainingDataFolder = “trafficsign\Train";

imdsTrain = imageDatastore(trainingDataFolder,IncludeSubfolders=true,LabelSource="foldernames");

Databases

Images

MDF Files

Custom

Simulation

http://hadoop.apache.org/
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直观地创建网络加快设计速度

numClasses = numel(classNames);

layers = [

    imageInputLayer(imageSize,Normalization="none")

    convolution2dLayer(7,64,Padding=0)

    batchNormalizationLayer()

    reluLayer()

    dropoutLayer(0.5)

    averagePooling2dLayer(2,Stride=2)

    convolution2dLayer(7,128,Padding=0)

    batchNormalizationLayer()

    reluLayer()

    dropoutLayer(0.5)

    averagePooling2dLayer(2,Stride=2)

    fullyConnectedLayer(numClasses)

    softmaxLayer

    classificationLayer(Classes=classNames,ClassWeights=classWeights)]; 

options = trainingOptions("adam", ...

    ExecutionEnvironment="auto", ...

    InitialLearnRate=0.001, ...

    MaxEpochs=50, ...

    MiniBatchSize=256, ...

    Shuffle="every-epoch",...

    LearnRateSchedule="piecewise", ...

    LearnRateDropPeriod=30, ...

    LearnRateDropFactor=0.1, ...

    Plots="training-progress", ...

    ValidationData={XVal,TVal}, ...

    ValidationPatience=10, ...

    OutputNetwork="best-validation-loss");
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使用 Experiment Manager 优化模型架构
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验证深度学习网络的鲁棒性

perturbation = 0.01;

XLower = XTest - perturbation;

XUpper = XTest + perturbation;

XLower = dlarray(XLower,"SSCB");

XUpper = dlarray(XUpper,"SSCB");

result = verifyNetworkRobustness(net,...

    XLower,XUpper,TTest);

summary(result)

     verified      402 

     violated       13 

     unproven      209



121212

网络压缩
体积减小 93%，速度提升 2 倍
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示例：使用深度神经网络设计 SOC 估计器

EKF
Extended Kalman Filter

Tree
Fine Regression Tree

FFN
1-hidden layer Feedforward 

Network

LSTM
Stacked Long Short-Term 

Memory Network

预处理工作量

训练速度 N/A

可解释性

推理速度

模型尺寸

准确度 （RSME）

13

Much Better Better Okay Worse

LSTM*
* Compressed Stacked Long 

Short-Term Memory Network
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零编码错误部署到目标硬件

analyzeNetworkForCodegen(net)

                   Supported
                   _________

    none             "Yes"  
    arm-compute      "Yes"  
    mkldnn           "Yes"  
    cudnn            "Yes"  
    tensorrt         "Yes" 
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系统级仿真和测试
将 AI 模型集成到 Simulink
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开发模型和推理模型完全一致

max(abs(differences))

ans = single

5.9605e-07
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验证需求通过全面测试
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关键要点

▪ ASPICE 4.0 中引入了机器学习

▪ MATLAB 机器学习/深度学习应用简化了 ML 设计、训练、部署和测试
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