MOTION CAPTURE
OPTIMIZATION

Group: GFA23AI20, Project: FA23AI11

Present by Phan Ngoc Anh, Nguyén Trung Nguyén
Supervisor: PhD. Lé Phud Nguyén



.. Project: FA23Al11

Table of Content PN

. Problem

. Introduction

. Data inputs

. Model

. Optimizations

. Result

N OO O & W N -

. Demo




\=\| Project: FA23AI11
Problem
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Introduction
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Introduction

1. left forearm 4. right lower leg
2. right forearm 5. head
3. left lower leg 6. pelvis (root)
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Data inputs from sensors

e Signals from a set of 6 IMU sensors.

® Response speed: 60 samples/s. 7~
e Acceleration for X, Y, Z (14 bits resolution -8g to 89) ya‘w [r’x\ > ( | pitch

e Quaternion with W, X, Y, Z (float value, interpolated '
Inside the sensor).

—

o [ [id" 0, "acc” X, Y, 7], "quat [W, X, Y. Z
{"id": 1, "acc™ [X, Y, Z], "quat™: [W, X, Y, Z]
{"id": 2, "acc™: [X, Y, Z], "quat™ [W, X, Y, Z]
{"id" 3, "acc™ [X, Y, Z], "quat": [W, X, Y, Z]
{"id": 4, "acc": [X, Y, Z], "quat": [W, X, Y, Z]
{"id": 5, "acc": [X, Y, Z], "quat": [W, X, Y, Z]}]

i

Kalman filter
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01

02

Acceleration values

Quaternion values

inputs = |
RO1, RO2, ... RO9,
R51, R52, ... R59,
X0, Y1, Z1,
X5, Y5, Z5,

]

Data inputs for model

Acceleration values

Rotation matrix values

q = (cos(6/2),sin(8/2)a@) = (w, (z,y, 2))

Rq =
1 —2y2 —222 22y — 2wz 2z + 2wy
22y + 2wz 1 — 232 — 222 2yz — 2wx
2z — 2wy Quz + 2wx 1 —2z2 — 2y?

shape = (None, 72) = (None, 6*9 + 6%*3) 0 0 0

= O O O
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Data process flows
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Model Pipeline
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Model
Architecture
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Open Neural Network Exchange

(ONNX)

Provide:

e Standard representation graphs
e Standard data types
e Standard functions

PyTorch
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ONNX Runtime

In-Memory — Graph
Graph Partitioner

| Proylder
Registry
Parallel, Distributed Graph Runner |

Execution Providers

— Output

MKL-DNN nGraph TensorRT
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Evaluation datasets
X | '

Metrics:

e Mean Joint Angle Error
e Mean Root-Relative

Joint Position Error
e Root Error 2s/5s/10s

DanceDB - Part of AMASS
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Results

Engine PyTorch ONNX FP32 ONNX FP16

40 60 120 40 60 120 40 60 120
Joint Angle Error 10.008 9.833 5.385 6.609 6474 6431 6.604 6429 6.591
Joint Position Errors 6.144 6.064 3.289 3.370 3.335 3.184 3.358 3.323 3.193
Root Errors in 2s 0.022 0.016 0.025 0.012 0.010 0.011 0.012 0.010 0.011
Root Errors in 5s 0.032 0.017 0.012 0.012 0.013 0.014 0.013 0.014 0.014
Root Errors in 10s 0.047 0.024 0.029 0.011 0.008 0.009 0.011 0.009 0.009
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Hardware information

Table 5.2 Hardware information used for benchmark.

GPU Name VRAM TFLOPS CPU cores CPUclock RAM

Tesla T4 16GB 8.14 2 25GHz 12GB
RTX 2060 6GB 6.45 12 4.3 GHz 16GB
TeslaM40  24GB 6.83 48 2.5GHz 32GB

GTX 1060 4GB 1.86 3 40GHz 16GB
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Model Performance

Table 5.3 Comparison of model performance, benchmark on Tesla T4

. PyTorch ONNX FP32 ONNX FP16
Engine

Num of frames 40 60 120 40 60 120 40 60 120

Model runtime (s) 44.1 4677 535 17.8 19.7 284 17.7 193 27.0
Engine runtime (s) 114.8 126.1 163.7 63.0 748 113.8 62.7 74.2 111.5
Process speed (fps) 436 396 305 793 668 439 79.7 674 448
Memory usage (MB) 172 176 184 152 156 184 156 160 184
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Model Performance

Table 5.5 Comparison of model performance, benchmark on Tesla M40

Engine
Num of frames

PyTorch ONNX FP32 ONNX FP16

40 60 120 40 60 120 40 60 120

Model runtime (s)
Engine runtime (s)
Process speed (fps)
Memory usage (MB)

524 555 63.6 21.2 234 338 21.0 229 321
86.1 94.6 1228 473 56.1 853 471 55.6 83.6
58.1 529 40.7 105.8 89.1 58.6 1063 89.9 598
184 188 200 168 172 200 168 172 200
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Model Performance

Table 5.6 Comparison of model performance, benchmark on GTX 1060

Rirgine PyTorch ONNX FP32 ONNX FP16
Num of frames 40 60 120 40 60 120 40 60 120

Model runtime (s) 183.4 194.2 22277 742 819 118.1 73.5 803 112.2
Engine runtime (s) 2104 2255 270.1 95.1 108.1 1594 943 1064 153.5
Process speed (fps) 23.8 222 185 526 463 314 530 470 326
Memory usage (MB) 220 256 268 210 224 236 212 216 232
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Model Performance

Table 5.4 Comparison of model performance, benchmark on RTX 2060 Super

Engine
Num of frames

PyTorch ONNX FP32 ONNX FP16

40 60 120 40 60 120 40 60 120

Model runtime (s)
Engine runtime (s)
Process speed (fps)
Memory usage (MB)

56.1 58.7 66.2 204 250 28.7 20.0 23.2 33.2
89.9 95.1 12377 47.6 64.0 975 491 58.0 88.6
55.6 526 404 105.0 78.1 513 101.8 86.2 564
176 180 188 156 160 188 160 164 188
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Demo

You can watch some of my videos [here].

You can find our official repo at [here].



https://www.youtube.com/playlist?list=PLzFeP9tMTVBPWqaOVx13h6u3O4Mb1mzOc
https://github.com/Pna2791/MotionCapture_Optimization/tree/live

'\ ‘ (

Thank You




