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A Feature Map Compression Method for Multi-resolution Feature
Map with PCA-based Transformation
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Abstract

In this paper, we propose a compression method for multi-resolution feature maps for VCM. The proposed compression method
removes the redundancy between the channels and resolution levels of the multi-resolution feature map through PCA-based
transformation. According to each characteristic, the basis vectors and mean vector used for transformation, and the transformation
coefficient obtained through the transformation are compressed using a VVC-based coder and DeepCABAC. In order to evaluate
performance of the proposed method, the object detection performance was measured for the OpenlmageV6 and COCO 2017
validation set, and the BD-rate of MPEG-VCM anchor and feature map compression anchor proposed in this paper was compared
using bpp and mAP. As a result of the experiment, the proposed method shows a 25.71% BD-rate performance improvement
compared to feature map compression anchor in OpenlmageV6. Furthermore, for large objects of the COCO 2017 validation set,
the BD-rate performance is improved by up to 43.72% compared to the MPEG-VCM anchor.
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Table 1. The amount of data in the P-layer feature map according of
the resolution layer

. Data amount of Ratio of data
Resolution level
feature map amount (%)
P5 WXHXC 1.18
P4 2WX2HXC 4.71
P3 AW x4HXC 18.82
P2 8WX8HXC 75.29

2. 3 Fio| FI|7} 640x480x3 L f, P-H[0[0f LA 2| PCA 7[Hh HEk OIXo| HO|E L (C'=25)
Table 2. Data amount of PCA-based transformation parameters of the P-layer feature map when the size of the input image is 640 x480 X3

(C'=25)
Data amount
Resolution level Feature map Basis vector Mean vector Coefficients

(WXHXC) (WXxH)XC") (WXH) (CxC")

P5 34 xX25X256 34X25X25 34x25 256 x25
=217,600 =21,250 =850 =6,400

P4 68 x50 X256 68 xX50%25 68 x50 256 x25
=870,400 =85,000 =3,400 =6,400

P3 136 X100 X256 136 X100 x25 136 X100 256 x25
=3,481,600 =340,000 =13,600 =6,400

P2 272x200%256 272x200%25 272 %200 256 x25
=13,926,400 =1,360,000 =54,400 =6,400
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Table 3. Bpp and mAP of the proposed method according to QPs on OpenlmageV6

Image compression anchor Feature-map compression anchor Proposed method
P bpp mAP (%) bpp mAP (%) bpp mAP (%)
22 0.86 78.93 23.94 79.16 1.84 78.08
27 0.51 77.99 13.20 79.12 1.25 78.03
32 0.29 77.26 6.42 79.00 0.69 77.98
37 0.15 73.96 2.83 79.05 0.36 77.07
42 0.08 68.84 1.15 78.77 0.20 74.67
47 0.04 58.02 0.45 75.86 0.14 71.13
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Table 4. BD-rate of the proposed method with mAP on OpenimageV6

Anchor BD-rate with mAP (%)
Feature-map compression anchor -28.11
MPEG-VCM anchor 25.71
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Table 5. Bpp and mAP of the proposed method according to QPs on COCO 2017 validation set

ap Image compression anchor Feature-map compression anchor Proposed method
bpp mAP (%) bpp mAP (%) bpp mMAP (%)

22 1.31 35.27 68.13 39.11 5.54 35.66
27 0.93 34.57 37.50 39.05 3.46 35.40
32 0.59 32.64 18.22 39.05 1.88 34.57
37 0.32 28.70 7.93 38.42 0.95 32.63
42 0.15 21.79 3.20 36.29 0.54 28.70
47 0.06 12.91 1.24 29.07 0.36 22.84
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Table 6. Bpp and precision of the proposed method according to QPs on COCO 2017 validation set (APs, APy and APy)

Multi-resolution Feature Map with PCA-based Transformation)

Q Image compression anchor Feature-map compression anchor Proposed method
P
APs (%) APy (%) AP (%) APs (%) APy (%) APL (%) APs (%) APwy (%) AP (%)
22 17.69 38.17 48.40 22.66 42.30 51.15 16.93 41.02 50.32
27 17.31 37.25 48.17 22.59 42.27 51.02 16.99 41.22 49.61
32 15.25 35.52 45.28 22.37 42.53 51.28 14.16 41.04 49.61
37 12.43 31.40 40.50 21.31 42.25 51.37 10.04 40.08 50.11
42 7.78 23.90 33.65 17.12 41.52 51.11 3.97 35.42 48.74
47 3.14 12.85 23.12 6.98 34.67 47.04 0.61 24.41 44.80
E 7. COCO 2017 validation setOllA H7| CHE| Hotshk= o K| 27| & BD-rate
Table 7. BD-rate of the proposed method according to target object size on COCO 2017 validation set
BD-rate by target object size (%)
Anchor
All (mAP) Small (APs) Medium (APy) Large (AP.)
Feature-map compression anchor -36.04 -22.93 -53.56 -86.70
MPEG-VCM anchor 76.91 391.29 28.49 -43.72
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