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A Structure-Semantics-Residual Collaborative Image Compression
Framework: Towards Privacy Protection and High-Fidelity Reconstruction
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Abstract: To achieve both image privacy protection and high-fidelity reconstruction at ultra-low
bitrates, a structure-semantics-residual collaborative image compression framework is proposed.
In this framework, representations are extracted from three distinct levels (i. e., image structure,
semantics and residual): structural information is captured via edge maps for backbone compression;
semantic priors are derived from image captions with mutual information removed; and residual
signals containing sensitive region information are transmitted via a trusted channel. At the
decoder, de-identified images are generated by integrating edge maps with semantic information,
while original high-fidelity images are restored using edge maps and residual signals, thereby
achieving synergistic optimization of privacy protection and visual fidelity. Results demonstrate
that through the comparative experiments on the CLIC ( Challenge on lLearned Image
Compression) dataset, the proposed method reduces bitrate by 13%—32% while maintaining
high-quality reconstruction. Additionally, branch-wise generation of de-identified images is
supported. Furthermore, the effectiveness of the individual branches and constraint mechanisms

is verified through ablation experiments, indicating that a reasonable trade-off between privacy
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protection and image reconstruction quality is realized by the proposed framework.

Keywords: image compression; ultra-low bitrate; privacy protection; high-fidelity
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Fig. 1 Overview of structure-semantic-residual collaborative image compression framework
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Fig. 2 Schematic diagram of the control net architecture
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Fig. 3 Architecture of generative network
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Fig. 4 Architecture of residual information codec network

zkxb. xjtu. edu. cn

TEAG BB A G x, 5 Rk x, 5
U2 30 3B PR IF 6 AT A 45 DLAE b IR L A IR AR
xR KB L R
Le=Xllx—x13+

A.g 2 H ﬂ]@[(x) _#2@1('%) H é folggrad(x,.;C)

(14
S B — U R A U R 5 IR
FIAR @, o) S AL LA ZH M 45 (VGG19) W 42
WO SR @ J2 AR 5 57 = Q3R PRI JEE 40 2K 524 1
Ao g s RS TR G AT, i 2 0 A4

2 SLEETR 5

2.1 HI\|E

Shy 6 F T+ A 5 R - -3 22 3 TR P 4 HE 2R
B RPE L 7E CLIC2020 W4 R 45 32 ok B8 45 LT
JESLIS PPAL . B B R A B 8 R ER A
e S SN =R e A D A e X T OE €
B iz T 2R ) R RS R 45 7 25 09 1 A It
5, AAEL W KB T 5 BT % a3
BG4 B eI, Ir A S 3 R F oo 885 9%
SRR GE 4y PR 512 X512,
2.2 XWiIgE

XiF T G At ity 340 2% PR 0 3R B, SR AR 8 9 A
TR B AL (%) B A i 22 0 A N 9 2R AT BRI, FH R TR
2 7 e Ot B ) R AR 1% 5 SO A Rl i %P CLIP
BERHEAT IR R4S . IF 2R Lempel-Ziv Jo 45k 45 5
AT G 5 5% 22 05 B rh G 05 it A 4L Mo A 285 4 LR
Ji 5 B P 2z ) ) 22 AE T H AR 3] O SRS ] 42
H ) ity 80 ot X 28 AR AT PR AR . E A 5 e L RIS LR
FH 5 A 42 4] 19X 45 A 5 A5 40026 i I 4% 55 o o ) 246 3%
K HIFEF U-Net BY24EBLAE 45 A 35 T BR300 2B iR
Xof 7L 19X 45 10 531 285 19 2% A 0 ) 25 A 2 ket T AE 42
B SRS a 5£46 N {“person”, “car”, “room”,
“animal”, “lake”, “tree”, “mountain”}, /H T i
LT R, AR SCHETE I 2 B AL R R i R
T4 24 GB B AE ) GeForce RTX 3090 GPU L
HEAT ORI 25 o R L A e A 45 11 GB B A7
#) GeForce RTX2080Ti GPU F#ki7il%:, £ Kafh
FEZEFRAY B RN BB A 1,A=5.0,8=1.0; = f#
LR 4 5B 43 WAL R /N BB 4, AR IS N
it (Adam) P A5 5 W16 2% 2] 5 0. 002, A2 B
I EFFREE RN 0.5 BAHBIR LI VGG19 M4




190 [N 7 . i

PN

%60 %

B conv2_1 Fll conv3_1 JZMIHFAE, 1y = 1., = 0.5,
A = A, = 1000,4, = 5000,4; = 0.001,4; = 100,
As FHT R R 48 L JREAE 0. 000 1~0. 000 001,
2.3 ITLEE®

Sk B0 UE BT 5 T A AU AR SCE I R B A
AR Y AR T i 505 AR S W) L BR 4R W o5 1% G2 i
WEFNTR BE 27 2 7 vk . AR dibn e 46 B & R &
KA bR (JPEG | JPEG2000 K% T 45 bk fE™ |
A0 A6 85 5 T 4% 3K (BPG) %) L) K £ 1) fi W0 901 24 7%
FRUE (VO BT VR BE 24 2] 1 R 46 7 A 46 4
Je-JEy S PR A B TR A AR B (GLLMMD Rl 3 F A
2R TR (g B RA DR 37 T 5 406 HEE 2 (PICS)
2.4 BEFARIPELERE

R SR A SCHE Y B RA DR R R 46 0 VR A
ROk, R A 2R B AR 5 A 48 AR (Nige) L B3R
(B JEMEAFME L (Pow) PA KX FET CLIP B9 SCAH
LS (Scow) ME R PEM HE 45 . Forr, Noge i 5 A2 B A
B H AR Po R R B ER 5 R G BUR R R
PR LR . Scow T VEAR BG5S 00RO A 7 4%
k2 (] ) A ARLRE , 4 S 4 2 08 AR B r R R FEE
U SRR FEAE ] Nuge BT 09 551 T, LA [F]
J5VEAE By P U Scve J7 T 2R 3, DL 30 4iF A% SC
J5 VR AE PR UE AL BE 0T o R R 46 2% IR B R A Ak 2 BR
T BEORA T PR B AT 55 SR | ) B R R B A
R AURS . S22 bR R S 4R R R A
PR R, i SR 2R J - R AT o A ) A A8 L O R R
RS A 2R R

T RERE ELW L G — I B [ 5 R AR R AL DR
50 U RR S 22 B W 25 R B, Ikt e (A
—FE AR T 4 T B S BR BR AL PR PR, S I R

L1013t T — MG PR 4855 ¥ Nige < By « Psae Fl
ScLr A NG —V5r . T 3 T8 R A 40 F1HUE
J R [R5 R AT 00— A 3, o Nyge .
B, Pxg B2 7R 850 847, PR A — £k I U DA
PRFE—SPE . Scow B BAL, 3 — 105 O/ 507 ),
¥ N B\ P".C" 53 53R Nige By« Pssg ~Seww 1 —
TG 894543 W 255 48 Br 191 294540
A = naN'+bB" + pP’ + C’ (15)

K nbpoc 39N Nige By s Psse~Seww H— 16
1307 WAL 2850, T T A 00 5 SRR 1 SR F L B
FDORA I 4 380CR B9 52 . AR SCHE R 51 A9 4
IR B S0, B n=b=p=c=0.25, A E R
Me 4 YERE I PERER I, ZIR bR IE 1, Ron
PERE AL .

T NN LR R B g ERE . TTLLE
AR SCRR G AR B s 0. 75 4, EAL TR
g 45 br ffE (JPEGY . JPEG2000% . BPG™ |
VVC#) FEE F 3 2 > 1 J7 % (GLLMMPY |
PICS"), ik —Z5 70 40 UE B T A STy ¥ 7 3 Joi 40
BT RO TR SRR R R AL DR A 0 2 H AR
e B W e, BRI F A SCR L TR R 40 %
TR, B, BARAUH 0. 029 bit/BRE, Bos i
e 5 1 5 % R 45 8 0. AE AL 66 T & U5 T Nuge 4
11. 718, 4 F R ZHoxk e ik R IE T A4 s R 1 A
SR RCR o B XS B FA LR B, A SCO7 B 1 P AR
(10. 03 dB) , S e 1 XF [R5 40 757 1 A7 R 55 25
M 5 SR 3 BUSE B R H . B8R Scuw BT
HoAth 75 v ABAR IR PR R T 8 1 — bk AR T
PG A 3 5208 SUAE B DU B3 L IE I 2 BaoR ik 5 18
P15 i e S 5 J5 2 38 3 BT A 55

A1 RARA R YRR

Table 1 Privacy-preserving compression performance

Bk Nige B, /(bit+ FE ™) Pswk /dB Secrp 75 4y

JE IR E 1% 12. 500 12.657 0 oo 1. 000

JPEGH 13. 432 1.3201 34. 445 0.976 0.41
JPEG2000 % 12. 306 0.996 5 47. 887 0.998 0.51

BPGH 14. 558 0.1706 28. 066 0.891 0.48

vkl 13. 461 0.089 8 27.431 0. 880 0.58
GLLMM" 13. 794 0.6333 36. 433 0. 985 0.51

PICSH! 12.514 0.0316 9. 785 0. 800 0. 70

ARICHE D 11.718 0.029 9 10. 031 0.784 0.75

zkxb. xjtu. edu. cn




57

J7 8 A R SR 22 DRI () PR P A HE T 1 B RA £ B 45 v AR T A 191

5 g AN [R) J5 3 A8 AU 3 DAL 58 it i Nos Y
HASR . N T LR N B A I AT R AR AR
IR . R RN OR Sk B 45 7 R L E A
IR D7 T 28 5 AN K BT RE S A= AL A 9K L 4 4 o8
R AR, I U WY AR AR TR] O B R L A5 T
V5 B0 2 B 3 R B A I AR AU A Y R Ak B T UL
Lt A5 BAR R E . B AKSRE X e J5 5 7 A
FERLSE A AR B[R] I 4019 {5 B S AR o8 B8 A7 7R

TV -
e |

JPEG2000

SRR AIE Y U 4 DRI 5 T 45 R R 4R TR AE — E R R
S50 T R r SCHLAR Y BT PR BT O R T R Y
Kk, ML Z T ARSCHR M T E LG4 Y
Yy A Jm b5 I ah AR R R T B 1 — Btk A
I A2 2 S8 A0 T i A SO S AR S AT . A A T B
P Bk, (RS ORI A BT A LUGR 57 o AT w475 T
T 9 531 37 5% 28 Sl R 2 Xk 4 PR AIE T L A
AT 55 9 AT I

o e e N . BN

PICS

B S AN TR) D5 i A AT AL AR PG5 R T A 48 B A5 16 8 B9 25 BB E F A 25 R0 LU (Niqe > 12)

E. 5 Comparison of privacy-preserving reconstruction results under similar natural image quality evaluation(Ngz=12)
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Table 3 Comparison of privacy removal ablation experiments
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