S

TS

21 B4t FLANF DAME BAL AT S 0010 . DA B Bl 0 [ FA% 0 3e 5 11
OB, IEISRET AR B AR . o AR il R G B TR S A S A TR
I TIAT, W7 B AL L VA A TR AR . AR T S0 T o) A HIR JBR A P 4030
i B AR 2 BRT AR TE UZ TR 38 B, X AW 2 R i AR 2 ik iy A e )
SERT LY A s AL S A BT R RE R K, PRI Py AL A ) P AR A S R B 9
ETAE o B TH LA LD ) G A A L 7 VA A B 6T T B — 1145 Rk RedR Tt
XI5 Z R FAE M A 2, MEDAT 2 52 AL ot b 3 55 i e s A i 7 3K
P, FERVIEAT S5 Z R ATE SO 1, RS HER TS5 Z (R TR A, 2R
INEE SRS RN, 0T LT BRI 90 5 1) S S RCR AR T A &
R o AR SCEF S A LA LT A BRI g A 3, MBILER AT 45 2 A R 1
MR K, TRATHE TSGR A HEG T 45 M0 S P BRERSL . 24T 45 A0 2R
i A AT A0 M AR FRAT: 558 [R) 407 2 [B) 1 SR S PR B AL, e 24T 1 T g L
FLBEAT S RS RCR . AR SR BAH AR PA T = AT -

B, BT METESEEENER RN . S ESRIRAGREER 2
45 B BB AT, $2 4 T —Fh 5 2 LA 5518 SORE 5 B R I AR AT 55
HRHBET BTN LS . BT M 4 B B Ak i A B G A — MR R e RBAE 55
(W TTHRIEA TR A, $2 1 T ATLA AL B SRR DI 5 3% Lt 00 5 AR
ET XMW 2SS, it THLER s | SR TSRS, SClE S
RSN AE IR R, SR TIRESINE LI SUHMERE, SR AHE
RALERE, F NS 03 R ERIAOT IS BB IR A S ELE T . 5 H.266 [T
GRRDAHLY, BT AR R 2. AR . 1 S BRI S AR T U LA LS AT 55
(%) Top-1 HERIZ . “FIIRGEEII(E S B de i 29.19% 1k RIS 7

B, PRI T AL S RSN U GRS . B AL I AT 55 6T R
R SRS A0 RO IR MER R, 2 IR FE2- S e 2RS4 ek, wit T
H AT 45 2 ) 28 AR R 55 4 S e D) 28 AR 2 B P 22 AT 4524 2 I 4 . DA R BRI
SRR AAT S H AR, XA AR S T A T A i AT S50 0k, ok o ) i 1)
23] R AL AT G A . — 7T, SRS SR A 85 R T AT 55 6 B
A (B R T SOAH &, AR T s T SR R 3R G O — 7T, 45 e Sk P 2% A
oy BT T WAME 55 6 B e hn L PERE, RIHSEEL T R AR B R A S
HERA LRSIV EIR BB AHEE T H.265 (WRAE R FL B gAY, A8 73k S 00 5 AR 24 1

I



R A2 A 8 ST

MS-SSIM PEREMIRI , FEBIVEIR BT 1 Top-1 #ERHHR ESEIL T 106.99% AL REME 7 .

LR R B S B B T S T D R DO R S (T e (R P
AT AN B TS [R) RSt 0 A1 A L A0 5 A 55 R AR Ik 22 [ T SR A TEASE DR Y 1 K 1)
A, M KRBT A2 g 5 ) B R R R, S T S RF IR R R A S
PR 5| 00 RE SRR PR AE R R T ik o, SO R R A S T
THFERTESCRERE, 4T T HINEeR . il RHERR B R0 2R 2
B, B Z R8s e 55 W RE Sy, AEBUERRS bl SCA SR i TS 5, 2
AR Rk, b S AN (R 2500 2011 X ML g W0 A 55 %ok AR ) BB £ A
5 H.266 (M g fAH EL , BB 7 ¥R AR TR SO B 55 1 P FE S (H B SE B T 110.60%
A PEREHE 23

Zi bR, AR T AL LS S R A AU B T MHLER LS AT 55
Z IR R K, Bt m RO AU AL SRl AR5 e 0 BEAIAE 55
RN A FESLEL T A FE S5 Z TR ks MERTIN L . BE S, A ORI A 2 v
TR FE R, X AL 55 A R R 11 2 AT SORT G P A T s, dE—2 4R Tt
T DAL AR DL ) PR AU G B (4 A B R o AR SO A R ALAR ILAE AT 55 TR 7Y
R MEEBIAT TIRRIIE, 2 MLt 55 L R BTt g tae, f&71 7 mm
DL 1) P AR L3 20 A A AT 55 J2 T Al P 1, SR oA SIS B 1% T [ AL L B 1
B ST BE 1 HEAil o

A DU, HLARLSE, WAL ISE R ORI, FRAESREY, TR
1l



ABSTRACT

High Efficiency Image/Video Coding for Machine
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ABSTRACT

Today’s world has entered a new stage characterized by comprehensive innovation driven
by informatization and the restructuring of national core competitiveness based on informa-
tion technology, ushering in a new wave of the information revolution. The massive volume of
produced image/video data cannot be fully analyzed by limited human resources and must rely
on intelligent machine vision algorithms for efficient understanding. However, existing video
coding technologies aimed at human perception are limited by non-semantic rate-distortion op-
timization and face challenges while meeting the requirements of machine vision analysis in
new intelligent application scenarios in the era of big data, such as smart cities and the Internet
of Things (IoT). Thus, research on image/video coding for machine has emerged as a necessity.
Current image/video coding methods for machine vision focus more on the performance im-
provement for single tasks and lack sufficient modeling of correlations between different tasks,
making it challenging to improve the coding efficiency of complex machine vision application
scenarios. Therefore, exploring the semantic correlations between machine vision tasks, accu-
rately constructing predictive models between tasks, and exploring more compact and efficient
task feature representations are of great significance for improving the coding efficiency of im-
age/video coding for machine. This dissertation proposes image/video coding methods for ma-
chine that starts with the modeling of semantic correlations between different tasks. It delves
into modeling of correlations between different tasks in traditional hybrid coding frameworks,
fine modeling optimization of multi-task correlations, and semantic correlation modeling be-
tween different distributions of a certain task to enhance the coding efficiency for machine
vision. The main innovations of this dissertation include the following three aspects:

First, an importance-based image coding method is proposed. To address the difficulty of
joint modeling of multiple tasks in traditional hybrid coding frameworks, a proxy task with high
semantic relevance to several machine vision tasks is introduced, and an analysis network is
designed for it. Gradient analysis based on this network models the contribution of each coding

unit in the input image to the proxy task numerically, introducing the concepts of the Region
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of Interest for Machine (ROIM) and Pixel-Level Importance Score for machine (PLIS). Based
on these concepts, a machine vision-guided bitrate allocation strategy is designed, achieving
signal-driven non-uniform bitrate allocation. Simultaneously, a machine vision rate-distortion
model is constructed by designing Multi-Context Feature Distortion (MCFD) based on deep
learning, combined with rate-distortion optimization theory, and deployed in traditional hybrid
coding frameworks. This method achieves a maximum performance gain of 29.19% in four

machine vision coding tasks compared to the intra-frame coding of H.266.

Second, a multi-task driven efficient video coding method is proposed. Inspired by multi-
task learning in deep learning theory, a multi-task learning network composed of task-shared
modules and task-specific modules is designed. Targeting action recognition and video recon-
struction, the features are jointly modeled, and a multi-task loss is constructed, optimized in
stages through an end-to-end learning strategy. On the one hand, the existence of the shared
module fully utilizes the semantic correlation between features corresponding to the two tasks,
reducing the bitrate required for coding; on the other hand, task-specific modules improve
the performance of the evaluation indicators corresponding to the two tasks, achieving high-
fidelity video reconstruction and high-accuracy action recognition analysis. Compared to the
low-delay configuration coding of H.265, this method achieves a performance gain of 106.99%
in the top-1 accuracy rate of the action recognition task while achieving comparable MS-SSIM

performance.

Third, a text-prompt guided efficient image coding method is proposed. Addressing the
challenges of insufficiently compact semantic feature representations and the difficulty of mod-
eling semantic correlations between features corresponding to different data distributions of
machine vision tasks, this method leverages the rich knowledge contained in large-scale pre-
trained models. It proposes two types of feature representations: text-modality feature repre-
sentation and text-prompt guided universal feature representation. The text-modality feature
representation effectively improves the semantic compactness of features, further enhancing
coding efficiency. The universal feature representation, extracted by large-scale pretrained
models, has the capability to handle tasks with various data distributions. Guided by text
prompts, it achieves selective expression of semantic information and joint modeling of features
corresponding to different data distributions of machine vision tasks. This method achieves
a performance gain of 110.60% in mean Average Precision(mAP) of semantic segmentation

task compared to the intra-frame coding of H.266.

In summary, this dissertation proposes efficient image/video coding method for machine
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vision, starting from the modeling of correlations between machine vision tasks, designing
efficient predictive models and optimization strategies, and implementing precise predictive
modeling between different tasks from the perspectives of signal numerical analysis and task-
driven optimization. Then, leveraging the rich knowledge contained in large-scale pretrained
models, it models the semantic correlations between different data distributions of the same
task, further enhancing the coding efficiency of image/video coding for machine vision. This
dissertation explores the modeling of correlations between machine vision tasks from multiple
angles, significantly improving performance in various machine vision tasks, enhancing the
universality of image/video coding for machine at the task level, and laying a foundation for

future more intelligent research in image/video coding for machine area.

KEY WORDS: Video coding, machine vision, video coding for machine, feature coding, deep

learning
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