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Food Intake Activity Recognition

● Motivation:
○ Rise of lifestyle-related diseases
→ Monitoring food intake gains importance

● Problems with food logging/food diaries:
○ Error-prone, inconvenient, and time-consuming
→ Need for an automated recognition system
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Food Intake Activity Recognition

● Motivation:
○ Rise of lifestyle-related diseases
→ Monitoring food intake gains importance

● Problems with food logging/food diaries:
○ Error-prone, inconvenient, and time-consuming
→ Need for an automated recognition system

● Problems with RGB cameras:
○ Privacy concerns drive users away
○ Vulnerable to poor/fluctuating lighting
→ Explore alternative sensors, e.g., the mmWave radar
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[MMSys '23] Y. Wu, H. Chiang, S. Shirmohammadi, and C. Hsu. 2023.
[MMSys '23] A Dataset of Food Intake Activities Using Sensors with Heterogeneous Privacy Sensitivity Levels. In Proc. of the ACM MMSys '23. 416–422.
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mmWave Point Cloud Dataset [MMSys '23]
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Sample Sensor Data

RGB Video Depth Video Sparse Dynamic
3D Point Cloud
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Sample Sensor Data

RGB Video Depth Video Sparse Dynamic
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● Challenges:
○ Food intake activities involve smaller movements
○ Differentiating them requires higher precision

● Solution:
○ Skeletal Pose Estimation (a.k.a. Human Joint Estimation)
○ Leverage the human body structure to capture subtle nuances
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Skeletal Pose Estimation



① Skeletal Pose
Estimator (SPE)
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② Dynamic Point Cloud 
Recognizer (DPR)

③ Lightweight Dynamic Point 
Cloud Recognizer (LDPR)

Proposed Solutions



① Skeletal Pose
Estimator (SPE)
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Proposed Solutions



mmWave-Based Assistive Rehabilitation System for Smart Healthcare

7[1] S. An and U. Ogras. 2021. MARS: mmWave-based Assistive Rehabilitation System for Smart Healthcare. ACM TECS 20, 5s, Article 72, 1–22.

MARS [1]



8

Errors of the Estimated Joints in SPE
①
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Errors of the Estimated Joints in SPE
①
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Errors of the Estimated Joints in SPE
①
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Errors of the Estimated Joints in SPE
①
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● End-to-end learning
○ An ML technique where we train a single neural network for complex tasks
○ Directly using raw input data without manual feature extraction

[MADiMa ‘22] Y. Wu, Y. Chen, S. Shirmohammadi, and C. Hsu. 2022.
[MADiMa ‘22] AI-Assisted Food Intake Activity Recognition Using 3D mmWave Radars. In Proc. of the ACM MADiMa '22. 81–89.

● Food Intake Activity (FIA) [MADiMa '22]

→ Uses voxelization, which is quite memory inefficient for sparse point clouds

End-to-End Solution
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FIA PipeLine

Voxelization
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FIA Voxel Size↓ Accuracy↑ Memory↑
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Proposed Solutions

① Skeletal Pose
Estimator (SPE)

② Dynamic Point Cloud 
Recognizer (DPR)

③ Lightweight Dynamic Point 
Cloud Recognizer (LDPR)
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② Dynamic Point Cloud 
Recognizer (DPR)

Proposed Solutions
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Finding the optimal Parameters



● Activity Recognition Accuracy
○ 95.56% → 99.66% (4.10% improvement)

● GPU Memory Consumption
○ 9817 MiB → 2131 MiB (78.29% reduction)
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Improvement of DPR
②

over FIA
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Proposed Solutions

① Skeletal Pose
Estimator (SPE)

② Dynamic Point Cloud 
Recognizer (DPR)

③ Lightweight Dynamic Point 
Cloud Recognizer (LDPR)
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③ Lightweight Dynamic Point 
Cloud Recognizer (LDPR)

Proposed Solutions
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③ Lightweight Dynamic Point 
Cloud Recognizer (LDPR)

Proposed Solutions
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LDPR
③

Accuracy using Different Features
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LDPR
③

Accuracy using Different Features



● Activity Recognition Accuracy
○ 99.66% → 99.81 (0.15% improvement)

● GPU Memory Consumption
○ 2131 MiB → 1219 MiB (42.80% reduction)

● Besides the standard 80-20 split, we also experimented with the leave-one-out test
○ Each subject is selected for testing
○ Remaining 23 subjects for training
○ Replicates the situation of recognizing a new subject
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Improvement of LDPR
③

over DPR
②
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LDPR
③

Accuracy: Leave-One-Out Test
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LDPR
③

Accuracy: Leave-One-Out Test
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Confusion Matrix: Best/Worst Subject
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Confusion Matrix: Best/Worst Subject
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Accuracy Diff. between LDPR
③

and DPR
②



Task:
● Food intake activity recognition using mmWave point clouds

Proposed solutions:
● Skeletal Pose Estimator (SPE)
● Dynamic Point Cloud Recognizer (DPR)
● Lightweight Dynamic Point Cloud Recognizer (LDPR)

Ongoing works:
● Further enhancing the precision of the estimated skeletons
● Enhance the model’s generalization capability
● Apply these solutions to other scenarios, e.g., Driver Monitoring System (DMS)
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Summary



Any Questions?
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