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Abstract

MPEG-VCM(Video Coding for Machine) aims to standardize video codec for machines. VCM provides data sets and anchors,
which provide reference data for comparison, for several machine vision tasks including object detection, object segmentation, and
object tracking. The evaluation template can be used to compare compression and machine vision task performance between anchor
data and various proposed video codecs. However, performance comparison is carried out separately for each machine vision task,
and information related to performance evaluation of multiple machine vision tasks on a single bitstream is not provided currently.
In this paper, we propose a performance evaluation method of a video codec for Al-based multi-tasks. Based on bits per pixel
(BPP), which is the measure of a single bitstream size, and mean average precision(mAP), which is the accuracy measure of each
task, we define three criteria for multi-task performance evaluation such as arithmetic average, weighted average, and harmonic
average, and to calculate the multi-tasks performance results based on the mAP values. In addition, as the dynamic range of mAP
may very different from task to task, performance results for multi-tasks are calculated and evaluated based on the normalized
mAP in order to prevent a problem that would be happened because of the dynamic range.
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Fig. 1. mAP results normalization method
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Table 1. Network used for each task

Task Network

Object detection Faster R-CNN X101-FPN!'"l'2

Instance Segmentation Mask R-CNN X101-FPN!"3

E2 M8 87 4

Table 2. Experimental environmental setting

Software/Framework/Language version
CUDA 11.1
Pytorch 1.9
Python 3.7/3.8
Detectron2 0.5
Tensorflow 2.7
FFMPEG 422
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Table 3. Machine vision task results on TVD anchor!™"!
Image Dataset Test Task 1 Test Task 2
9 Object Detection Instance Segmentation
N li . N li .
Scale | Dataset | QP BPP mAP ormalized | weight | BPP mAP ormalized | weight
22 0.475 55.748 99.404 0.475 45.005 99.645
27 0.266 53.752 95.845 0.266 43.822 97.026
32 0.145 50.632 90.281 0.145 40.746 90.215
0,
100% b 37 0.075 45.311 80.793 0.6 0.075 36.796 81.470 04
42 0.037 38.586 68.802 0.037 29.091 64.410
47 0.017 20.155 35.938 0.017 18.346 40.620
22 0.310 55.913 99.698 0.310 44,163 97.781
27 0.179 52.074 92.853 0.179 41.945 92.870
32 0.098 49,988 89.133 0.098 37.950 84.025
0,
5% Vb 37 0.051 42.668 76.081 06 0.051 33.226 73.565 04
42 0.025 28.295 50.452 0.025 21.454 47.501
47 0.012 14.061 25.072 0.012 13.167 29.153
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mAP, A71318F mAP, B1A3 ¥ 71EAE BoFTh HA
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Table 4. Machine vision task results of Encoder 1! on TVD dataset

Imaqe Dataset Test Task 1 Test Task 2
9 Object Detection Instance Segmentation
Scale | Dataset | QP BPP map | Normalized | weignt | BpP map | Normalized | yyeight
22 0.209 54.585 97.329 0.209 44.291 98.065
27 0.118 52.023 92.762 0.118 43.094 95.413
32 0.064 47.667 84.994 0.064 37.916 83.950
0,
100% b 37 0.035 41.579 74.140 06 0.035 33.470 74.106 04
42 0.019 30.302 54.030 0.019 23.620 52.297
47 0.010 17.853 31.834 0.010 15.368 34.026
22 0.166 54.211 96.664 0.166 43.656 96.658
27 0.094 50.376 89.825 0.094 40.366 89.374
32 0.051 43.745 78.001 0.051 36.087 79.900
0,
5% b 37 0.027 37.740 67.293 06 0.027 29.854 66.100 04
42 0.015 24.280 43.293 0.015 18.727 41.463
47 0.008 13.113 23.382 0.008 11.370 25.175
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TVD Image Dataset Multiple Task Results Normalized Multiple Tasks Results
Scaling QP BPP Arithmetic Weighted Harmonic Arithmetic Weighted Harmonic
Factor Average Average Average Average Average Average
22 0.475 50.377 51.451 49.804 99.524 99.500 99.524
27 0.266 48.787 49.780 48.282 96.435 96.317 96.432
100% 32 0.145 45.689 46.678 45.154 90.248 90.255 90.248
’ 37 0.075 41.054 41.905 40.612 81.132 81.064 81.130
42 0.037 33.839 34.788 33.172 66.606 67.045 66.534
47 0.017 19.251 19.431 19.208 38.279 37.811 38.136
22 0.310 50.038 51.213 49.348 98.739 98.931 98.730
27 0.179 47.010 48.022 46.464 92.861 92.860 92.861
75% 32 0.098 43.969 45173 43.145 86.579 87.090 86.504
° 37 0.051 37.947 38.891 37.360 74.823 75.075 74.802
42 0.025 24.875 25.559 24.404 48.977 49.272 48.932
47 0.012 13.614 13.703 13.599 27.112 26.704 26.959
£ 62 & 45 2OF 59 Encoder 1P9] TVD Hloe] 2] sicke] ABE 2af & 7INCR & ABo|H, Ao
AEd tigk 9E B Ase AN 23S BoEth ABE A tsle s ol&ste] 13 ABot: 2 s
Multiple Tasks Results®] 7%, 3 59 FUsA 2 B+, %i A8 A, AR 7+ wAg zlo] & Hol&= Ae &
N A@, 23 AE 5 F A A9 A4E naFn, on) 1 % w789 21 Wit ol A1 w e
7V Bl Baa E VA 642 AT Nor- EOEHZ—%HL 71 olfr= TVD HloJE] AlEe] thet A4

malized Multiple Tasks Results®] 73, A 7+3}3F mAP 3t
= o&3te] 37HA] AR Fe AHEsATh

J% 2 % 3, & 55 (ko2 3sted 27 TVD anchorol
et HE] |23 A3} Pareto-Front AEE HoFo) 19
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Table 6. Multi-tasks performance results of Encoder 1[9] on TVD dataset

TVD Image Dataset Multiple Task Results/Precision Multiple Tasks Rgsults/Precision
(Normalized)

Scaling Arithmetic Weighted Harmonic Arithmetic Weighted Harmonic
Factor ap BPP Average Average Average Average Average Average
22 0.209 49.438 50.467 48.902 97.697 97.623 97.696

27 0.118 47.558 48.451 47.139 94.088 93.823 94.069

100% 32 0.064 42.791 43.767 42.236 84.472 84.576 84.469
37 0.035 37.525 38.336 37.087 74.123 74.126 74.123

42 0.019 26.961 27.629 26.547 53.164 53.337 53.150

47 0.010 16.610 16.859 16.517 32.930 32.710 32.893

22 0.166 48.934 49.989 48.364 96.661 96.661 96.661

27 0.094 45.371 46.372 44.819 89.600 89.645 89.599

75% 32 0.051 39.916 40.682 39.549 78.950 78.761 78.939

37 0.027 33.797 34.586 33.337 66.697 66.816 66.691

42 0.015 21.503 22.059 21.145 42.378 42.561 42.358

47 0.008 12.242 12.416 12.180 24.279 24.100 24.246
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MULTIPLE TASKS RESULTS ON TVD ANCHOR
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Fig. 2. Multi-tasks results Pareto-Front curves on TVD anchor!™

ENCODER 1'S MULTIPLE TASKS RESULTS ON TVD
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Fig. 3. Multi-tasks results Pareto-Front curves of Encoder 1[9] on TVD
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MULTIPLE TASKS PERFORMANCE
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Fig. 4. Multi-tasks performance comparison based on arithmetic average of TVD Anchor and Encoder 1
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