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Abstract

This paper explores Non-NN-based feature transform techniques for Feature Coding for Machines (FCM), which aims to
efficiently compress and transmit intermediate features extracted at split points in machine learning models. Designed for split
computing between edge devices and the cloud, This work focuses on two major PCA-based approches: PreBM PCA and Online
PCA. PreBM PCA reduces computational overhead using predefined basis vectors, while Online PCA adapts to real-time data
changes and is applicable across various network architectures and split points. These techniques offer advantages such as low
complexity, high versatility, and preservation of inference accuracy, making them strong candidates for future inclusion in the FCM
standard. The paper analyzes their structure, implementation, and performance, and discusses their applicability and future
directions.
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Fig. 3. Pixel-shuffling and merging multi-layer features!”
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Table 1. The summary of PreBM PCA performanc compared to FCTM4.0 and Remote inference anchor

Task / Dataset FCTM4.0 Remote inference
BD-rate (%) EncT (%) DecT (%) BD-rate (%)

Instance Segmentation OpenimageV6 237.12 350.27 27.93 -83.18
TVD N/A 316.89 28.95 N/A

Object Tracking HIEVE (1080p) 26.80 408.80 33.22 -17.17

HIEVE (720p) 329.64 359.02 24.88 -13.26

SFU (ClassAB) 339.78 320.48 24.58 11.61

Object Detection SFU (ClassAB) 434.20 290.99 16.10 -36.89
SFU (ClassAB) 602.70 213.46 21.43 -18.23

OpenlmageV6 1000.51 248.60 19.04 240.51

Overall N/A 341.075% 25.943% N/A
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RP-curve of proposal vs feature and video anchor

mAP (%) vs BPP
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02! 4. QIAHA 25 OpenlmageV6 C|0|E{AIOIA2] Remote anchor CHH| PreBM PCA A1S!
Fig. 4. Rate-Performance (RP) curve comparing the instance segmentation performance of the
PreBM PCA approach with the Remote Anchor baseline on the Openimages V6 dataset"®
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Fig. 5. Online PCA encoding and decoding®®
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AR THes

Table 2. Number of PCA components used in Online PCA?

Task Dataset Sequence Components

Instance Segmentation Openimage OpenlimageV6 60, 30, 30

Openimage OpenlimageV6 60, 30, 30

Traffic_2560x1600_30_val 60, 30, 30

Kimono_1920x1080_24 val 70, 35, 35

ParkScene_1920x1080_24_val 60, 30, 30

Cactus_1920x1080_50_val 50, 25, 25

BasketballDrive_1920x1080_50_val 80, 40, 40

BQTerrace_1920x1080_60_val 80, 40, 40

Object Detection SFU BasketballDrill_832x480_50_val 60, 30, 30

BQMall_832x480_60_val 60, 30, 30

PartyScene_832x480_50_val 120, 60, 60

RaceHorses_832x480_30_val 80, 40, 40

BasketballPass_416x240_50_val 80, 40, 40

BQSquare_416x240_60_val 80, 40, 40

BlowingBubbles_416x240_50_val 90, 45, 45

RaceHorses_416x240_30_val 60, 30, 30

TVDO1 75, 175, 50

TVD TVDO02 75, 125, 50

TVDO3 25, 50, 25

Object Tracking HIEVE2 55, 55, 30

HIEVE13 50, 75, 50

HIEVE HIEVE 16 35, 55, 35

HIEVE17 65, 90, 90

HIEVE18 55, 80, 80
Online PCATE A28 (Channel-wise)Z PCA T
gtk ole v AdE AEH AE W A el
de AAs7] 91 A Aotk B3 R FS Fold
ek

ME Aese ﬁ
A

19 69014

R

Az

A1 B8 X (subpicture) 2 VVC ¢
A AHEEE 714 WHE IF

%] QP tiH] QP 2=

Al(Offset) -18

FRAS e A3 PCA

il 3 29 o] A=t
HEZo] VIMS 2 H353}
714 ¥ E(basis vectors)2] A4
Aol FARlel, W ZH Y 1A W B Agd P Ee
AT FE T, of2 Y
A2 A7 Sal 8
AR =N

& g3l ¢

9 62 SFU Hlo|E{A <] RaceHorses AlE 2~ A WA
g el ek VVC 15H 9 oz 74 HolE e A
BYA WX E =4 skek Zlolth 118 5904 & F %ol
Online PCA 3.3} HolE = Al 7§9] GH(AEZA, sub-
pictures) 2.2 1 FH
o A9 T 7k(channel-wise mean values)©] E3H
H, o] ATHEE wjX| g},

72! 6. Online PCA 7|&0{A{ |
2| A
Fig. 6. VVC sub-pictures for Online PCA®!
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Table 3. The summary of Online PCA performanc compared to FCTM4.0 and Remote inference anchor®!

FCTM4.0 Remote inference
Task / Dataset
BD-rate (%) EncT (%) DecT (%) BD-rate (%)

Instance Segmentation OpenlimageV6 2459.31 N/A N/A 48.13
TVD 1437.60 N/A N/A 3.50
Object Tracking HIEVE (1080p) 585.60 463.16 86.32 298.95
HIEVE (720p) 192.40 361.19 63.18 -38.23

SFU (ClassAB) 179.92 539.47 53.91 -28.71

SFU (ClassAB) N/A 1640.49 181.33 N/A

Object Detection

SFU (ClassAB) 1642.84 94417 180.58 -6.46

OpenlmageV6 828.89 1760.89 384.06 49.77

Overall N/A N/A N/A N/A
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