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Abstract

With the recent development of hardware computing devices and software based frameworks, machine tasks using deep learning
networks are expected to be utilized in various industrial fields and personal IoT devices. However, in order to overcome the
limitations of high cost device for utilizing the deep learning network and that the user may not receive the results requested when
only the machine task results are transmitted from the server, Collaborative Intelligence (CI) proposed the transmission of feature
maps as a solution. In this paper, an efficient compression method for feature maps with vast data sizes to support the CI
paradigm was analyzed and presented through experiments. This method increases redundancy by applying feature map reordering
to improve compression efficiency in traditional video codecs, and proposes a feature map method that improves compression
efficiency and maintains the performance of machine tasks by simultaneously utilizing image compression format and video
compression format. As a result of the experiment, the proposed method shows 14.29% gain in BD-rate of BPP and mAP
compared to the feature compression anchor of MPEG-VCM.

Keyword : Deep Learning, Video Coding for Machine, Feature Frame, Feature Map Compression, Moving Picture Expert
Group
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2. IX Mo AfAZ AME Z1} (a) Original feature map (b) Reordered feature map
Table 2. Experiment results of feature map reordering (a) Original feature map (b) Reordered feature map

Original feature QP mAP BPP Reordered feat'ure QP mMAP BPP
map compression map compression

Uncompressed - 44,13 - Uncompressed - 4413 -
27 44.13 49.74 27 4413 49.58
32 43.08 25.63 32 43.18 25.48
Compressed 37 40.98 11.77 Compressed 37 41.14 11.61
42 37.23 4.83 42 37.08 4.66
47 27.10 1.83 47 27.44 1.65
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Table 3. Compression performance results according to feature frame construction

Feature frame compression with VVenC

(BPP)
QP ) feature frame feature frame feature frame feature frame feature frame
(1,1) (2,2) (4,4) (8,8) (16,16)
Byte 1312665 1278044 1292249 1556970 3204944
2 BPP 34.18 33.28 33.65 40.54 83.46
Byte 542249 515028.4 528706.5 729346.8 1910024
o BPP 14.12 13.41 13.76 18.99 49.74
2 Byte 232261.9 205257.2 212126.2 332612.1 984565.5
BPP 6.04 5.34 5.52 8.66 25.63
37 Byte 111576.5 85075.56 86166.67 143281.5 452031.7
BPP 2.90 2.21 224 3.73 11.77
" Byte 61669.36 36165.26 33366.42 57010.35 185479.4
BPP 1.60 0.94 0.86 1.48 4.83
47 Byte 42337.97 17998.58 13519.64 22151.45 70279.73
BPP 1.10 0.46 0.35 0.57 1.83
E 4. X ZY 7Y do ME oA B3 ds 2
Table 4. Machine task performance results according to feature frame construction
Feature frame compression with VVenC
(mAP)
QP feature frame feature frame feature frame feature frame feature frame Uncompressed
(1,1) (2,2) (4,4) (8,8) (16,16)
22 0.4413 0.4413 0.4413 0.4413 0.4413
27 0.4083 0.4077 0.4090 0.4165 0.4413
32 0.3625 0.3520 0.3703 0.3773 0.4308
37 0.2588 0.2573 0.2747 0.2893 0.4098 0.44
42 0.0696 0.0620 0.0518 0.1277 0.372
47 0.0006 0 0.0005 0.0045 0.2710
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Fig. 7. Feature frame compression and machine task performance results according to the number of feature

map allocations
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Feature frame compression with VVenC (BPP)
QP feature frame feature frame feature frame feature frame feature frame
(1,1) (2,2) (4,4) (8,8) (16,16)
P2 layer feature frame compression with VVenC (BPP)
22 24.4136 24.3381 24.8180 30.1987 63.3426
27 9.4663 9.4049 9.8148 13.8579 37.2728
32 3.6641 3.5506 3.7936 6.1684 18.7456
37 1.5097 1.3780 1.4898 2.5860 8.3211
42 0.6606 0.5327 0.5598 1.0022 3.2917
P3 layer feature frame compression with VVenC (BPP)
22 6.0601 5.8222 5.8700 6.9797 13.9332
27 2.6980 2.5266 2.5752 3.4053 8.4369
32 1.2518 1.0930 1.1159 1.6351 4.5599
37 0.6279 0.4809 0.4823 0.7476 2.2528
42 0.3429 0.2053 0.1920 0.3130 1.0050
P4 layer feature frame compression with VVVenC (BPP)
22 2.2171 1.9935 1.9464 2.2553 4.2409
27 1.0903 0.9162 0.8915 1.1442 2.7077
32 0.5802 0.4203 0.3974 0.5653 1.5377
37 0.3490 0.1972 0.1725 0.2595 0.7831
42 0.2383 0.0945 0.0683 0.1086 0.3550
P5 layer feature frame compression with VVenC (BPP)
22 0.9316 0.7296 0.6754 0.7550 1.3581
27 0.5220 0.3617 0.3236 0.3969 0.8979
32 0.3188 0.1824 0.1487 0.2008 0.5296
37 0.2268 0.0993 0.0669 0.0944 0.2787
42 0.1883 0.0621 0.0303 0.0416 0.1277
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Fig. 8. Allocation methods of reordered feature maps into feature frame
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Table 6. Compression results according to priority allocation

Feature frame (4,4) compression with VWenC

(BPP)
QP (Unsgr:s:jn?l'liling) Spatial-priority allocation Temporal-priority allocation
22 33.6523 33.0733 33.0060
27 13.7684 13.6863 13.6270
32 5.5241 5.5172 5.4832
37 2.2439 2.2098 2.1985
42 0.8689 0.8383 0.8348
47 0.3521 0.3241 0.3220
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7. I =Zyel 7|k TX 9 Q= giHo| BD-rate
Table 7. BD-rate of feature frame based feature map compression method

Feature frame compression with VTM-12.0
(MAP vs BPP)

Feature compression QP mAP BPP Proposed QP MAP BPP
anchor method
Uncompressed - 78.93
39 77.05 0.64 35 76.38 0.60
41 74.75 0.44 37 74.01 0.42
Compressed 43 69.65 0.29 Compressed 39 70.63 0.29
45 59.72 0.19 41 65.07 0.21
47 44.40 0.13 43 59.86 0.14
49 25.00 0.09 45 51.90 0.10
BD-rate -14.29%

78.93 — 1 7893

Image compression anchor

=+~ Feature compression anchor

mAP (%)

* / - Proposed method

0 0.2 0.4 0.6 0.8
BPP

2 9. X =2 7|8k I M =9 rate-precision ZM
Fig. 9. Rate-precision curves for feature frame based feature map compression
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