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Motivation: ML for mmWave sensors 

• TI mmWave Radar Sensors can be used for applications such as gesture, 

human/non-human classification, and surface classification with home-grown or 

3P ML models

• Machine learning (ML) done on-chip can provide a more reliable and accurate 

classification for these applications, moving its capability for identification of 

objects closer to that of more expensive vision systems. 

• There is a need for a documented ML flow that users can re-produce, 

understand, and modify/scale for their own purpose, into their own TI-based 

radar products via open-source or TI licensed tools, libraries, and frameworks.
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• Radar can sense object range, velocity, and angle.

– Has very good range and velocity resolution

– Angular resolution (or ‘spatial resolution’) is limited

mmWave Data: Range, velocity, and angle
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mmWave Data:| Range profile and configuring

• Range profile (SDK)

– Range FFT output and zero doppler bin 

(detection matrix)

– Accumulated / normalised antenna inputs

– Linear Amplitude

• Radar configuration (scene)

– Radar front-end (chirping) needs to be 

programmed according to scene
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Application: Indoor Robotics

• Cleaning robots (vacuum)

– Surface classification (cleaning)

– Low-level obstacle detection (avoidance)

– Home security (dog or thief)

– Speed measurement (traction)

• Logistic robots

– Boundary detection

– Object detection and collision avoidance

– Higher speeds

• Surface finishing

– Surface grading / grinding / polishing
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Surface classification: xWRL6432 processing
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Machine learning flow and results
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ML Flow: Environment and setup

• Model 

– Language/ML library: Python 3.11+ / Pytorch 2.x /… + helper modules. 

– ML Development IDE: Jupyter notebook / Visual Studio Code

– ML Compiler: Apache TVM 0.16 (Tensor Virtual Machine) - TI version (TI NNC)

• Target 

– IDE: CCS12.x

– Compilers: TI CLANG (Cortex M4/M0)
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ML Flow: Major steps
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ML Flow | Juypter notebook

• Python based computing platform that 

provides interactive documentation and 

source code combined

• Formatted into blocks of code that can be 

ran one step at a time with each block’s 

output displayed, or all at once.

• Implements every step needed to do for 

data manipulation (step 1) and model 

generation (step 2)

• Data files can be changed and notebook 

code blocks tweaked to create a model 

for any radar application
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ML Flow | Major steps
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Output:

‘0’ = DRY

‘1’ = WET

Data | Decisions, decisions …
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Data | Data manipulation

• Label saved data using provided 

separate python script

• Visualizes data to ensure no 

anomalies

• Converts data to Tensor format to 

prepare for model generation
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ML Flow | Major steps
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Model | Start simple

• Provided notebook has an implementation 

of a simple linear model to start.

• Memory required and relative loading of the 

model should be known before training 

starts. 

• Training and testing loops provided

15
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Model | Training loop - hyperparameters
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Model | Metrics from testing loop

• Key metrics that are monitored during 

training is Epoch vs Accuracy and F1.

• Accuracy

– Number of correct decisions divided by 

All decisions

• F1 score

– Evaluation metric specifically for binary 

classification datasets for measuring 

performance
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ML Flow | Major steps
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Target Integration | Target code generation

1. Export model in ONNX format from 

Juypter notebook. 

2. Convert trained ML models into C 

code using TI TVM and provided 

instructions

3. Integrate: Implement into target 

application and add input/output data-

handling.

4. Compile and test.
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Target Integration | Platform integration testing

1. Use provided testing radar binary 

firmware to read training data as input 

rather than the sensor front end

2. Load datasets used to train the mode 

onto the device

3. Validate and compare accuracy with 

the Jupyter notebook model’s metrics
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Results | Functional demo
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Thank You ☺

Questions ??
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