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Fig.2 Unified human-centered framework for trustworthy visual intelligence

1 BUIAA SO rTE L5 & BE

Bt 3 T AL AL B B h S B B 1) B A S A R B T, R TR 2 BN DA S B Bk R
LB RN RGO REALIF . TE A S BBk A I 4 R REER ST 5 AHLPME S R e
GyGtrp 0t R G R FAUE R B 2% Nt HES 5 SRR S Y AT R . TR,
PLBE R G T AE R ROABS: B 25 WO, R i A 1 BB 415 A 0 X LR s R 8 A S BRI v A 22 4 P S 4
ST HE A iR TG DA FR G R AL S T o TSR AL A 1 T A e ] R AT o A

MR GEBATHLILI A, 31 5 AL GE A i) m] A 1] R A e I A AR R AIE o N I 2 0 5 530 119 R 5
Z0 im0 %k G B RL 22 S P 5 R L A B B A S B A AR . R, R R AR G AR 55 B
G5 YRR R B R A R R A O AR T ONROAT D A AR o L, AT AR A BB G U
AR S IE VR RE RO B2 T, 3 S oy Za) i N IR 55 N, O MEVE AR 5E 28 G % A B9S2 7 3.

BT IR IR AR SR — il LA rh s B RT3 R 5 R BEAE 22, R 10 B B AR G Wl s 3k 23
WA RE T A BOHE RIS TN N RG24 T AR 3R R T, SO0 8 RE e 2 ZR 3R 58 vb i vl
iBAT B 2R THERR S MY o AEBLAEZL R nE R B A% HAR , it PR AL AR | DEAT R
LA S EYINE"6 A FEA R IE R, LB — A bR, AR SCaE— 2D 7 £ B 23 18] A0 = () 5 i
25 [6)3 34> 23 (), 6 AT £ WL 50 B RE AT AR G e, O ad ok ™ WY A (AT IE 9 AT B AR A 08 AR HLAD R LA
h FL B AL SR B TR R G N A A R

TE S HERE b A SO HE SR 1 3 A B LR 2 3 50 JE T 23 M o Hevb 23 B N 28 OG0 T AL T 05 B s il
B R R B IO AT U0 B ARTE T80 2 0 R RETE B BER AT 4 S BX — H AR,
NS R R A R A /N 4 0 22 s T P A R T AR JEE B DX, DA S 3 il % T N 26 A
WL BB 5T R L ZHEE I R Sl A S PSR B BE AT SE R AE . 7RI — 2 Wb F 5 Xt 4
ANAR AT N GBS 547 0 55 400 BE N 2SO0 58 B 20 B S VDA 3 R 0 SR L4 #Y 26 R Laz sl s LA 5 il
SC2E SRR A . AR LA v A SR A )2 U ] A 4k 29 SR LN P 5 B RAE P A% 4R



B FAANA TS TR 307

AT ARG AL R o AP ZORBERIE AN R IR @ Bl R0 5 A 0 S AR TR 2 ) PR R R 25 AT L
T AE i G e B KR 5 0 B 4 R A AR A TR A S B R G s A b B E AR BRI
SRS AR WAL 5 4 S U3 B4 Ak BRRE A DA 0 R /0 A DO BRI A4 By 4 SC IR 5 R fk A
i, I AN (8 o A A T R E S AT ) S A IR B R . it 3 B 9 R S TE TN RE RS AE 4R T
JERIRE 1 B ) I <748 2 F S B AA T B, S AT {5 L5 B AR AR 0 A o B IS SR il

BB 55 T AL TN RIS [ 2 R R 2 b A . HAZO B bR 2 N 555K 45 M (20 0)
PR A S A TR A A B 7 X, AT [l 2 40 0 R A 2R 8 A DA R 55 4 B Y B 2 8 AT ). S X — H
P, A5 R AN PS40 DA 3 SR RIE i DIE 1% A S R S0, i i 2 L B AT B T 3 A HL T R B AN RIAT
ol HE A 52 2R PR v L n] 15U 014 07 2K T AR A P A SC B B 5 R RE RS IO0 B I A8 KU 5 4 80 BE
B4 T8 8] AT Y6 B AT A) 57 A9 Ab AL o O SR IX — IR T OB RIE S, AR AL AT A R S i s A
Tl PE X — B TP = 1o AR AN DU AR 0 A (A G B S BRI B AR R PR RE AR E
TR AR XS AN B E R H A A IR ARE T, R S R T AN 2 I B A AR R S5, O 8 R R KT B
Lemd U Pl PRUESS SR B T SE RS —Bob . Rk Al b R BE— 20 DL ST U S HAR A0, [l
5 FAR S VEA BIL ) 8 5 S W 0S5 T S 9 XURS: 140 5t 5 4k 2 RS, I A 20 A1 728 A 0 2 52 BRI 4T3 £ 455 T
75 AT RF2E i STAE AL 2 Rl T 2. IR Y AT A 0 22 B A ARG R by S5, IR R G ml
14 A TS 4, DA ST AT SRR R A (55 3 B B o 00 IR TR 3 i A SR8 0 TS AR EAR Y R R S A& .
H IR, 3 T 2R R 55 N RE A% £ DA T DR 0 5 BE i 11 IOk mT 5 T ST R) B AT B A R K
IR 255 T N K .

L 2R G A2 4% T AL T B ) O B A R Y o 2 T e A AR A0 B AR S 8 5 N 28T
AGintrd B E S AL T SEBX — H AR, 7 BRI SR A DR S AT I R B B 2
RS HITL 5 HOTL HLHI 2 OCH 2. O SO X — 2 45355, RGEIE AT 09 Al {5 1 1 Se i S 738 W R X
— NI $ 22 b, 38 e K 52 2% 1) AR 2 PR A Dy AR 5 B0 DR SRR A B 6 AR SRR AT O B B R
AR TR AT AL & 7 B fE AR R o AR SRR b RGEHE— P LR AR AT O A, A
SRS AN 2 A F T B g XU R0 5 R S BRI BE 3, DA AT BE R v TS O i 18 A 2 A 5 R
S LA B TR BE P[] o 3 A L W O Sl A XS 5 L DL e M DR R AT O 24 SRR T A T AR
B AR AL AR Y P TR Al e T N SR A SR I 20 A A B IE P 1R R GEAT B e SREA
PG 8 BE AT LATE A2 #5932 68 00 09 [] I A3 000 0 2 2 XU o el b, 00 T R 832 45 T N BE BB IR R B R TE W)
PR S b BB 2 is AT, I A AR AT (5 HE SR T f & [ T e 55 AR AR AL B9 i (B AR 67
TE FIRHERE 3 B N SR TE TN B B I 55 T N5 N R G2 45 TN IR AR A ST
B B, T 2 3 e — 2 5% B ML 1 7 5 5 2 ) AR 3 ) 5 0 B s ) v S A BILART 4 B B AR . = SRR A
B AN S r s BRI RS BE DA BR (R T AR 5 MU AR B AT B A ad B T R LX) S AR R S
Pl B, AN SGE T ATEN RS TN W 2 AR R W rh S B R SR RE A T AL BT Y
PERE B Gy, B RE 5 A O IR 55 T AR 5K o M RE B9 4 T A (PR BT HE 0 1R AN R L, i 13 25 T H X A
RAT MR A B R0 o A5G T N7 BN 245 TN, 5 AR Y B2 (] b S B H AR A n] IR
W7o BUBT Y WA A2 T R AR S 5 0 A B0 B TR S R AR BB 6 A 0 I S R A B AR 48 1Y
PRFE R B IR BOR B . TR RIS TNV R A TN R AR A A ] v s B R SR
PR A AT BRAE 7 o FUAT 5 BOR B9 AT S R a6 RO T o 5 S R B AR A, A RE Sl SR T L R] FE N
PR BE R G . X M BN AL G BOR A9 a3 AR D7 3 i W KU e AE B 2R B BT R 5 N R BE AT A AL
HE.

L8 LTI AR SO T — AN U s i TS A8 R REGE —HE AL, 9 LS R U AE SR Ak HLS

=
N

R

§



308 R EBLE Journal of Data Acquisition and Processing Vol. 41, No. 2, 2026

BT A 5 B R 2 o B A SR A o IS 2 B ORE DL B D FE 2, 23 i) DA IR U T A 23 BT A R
TE TN A B T A B R e 55 T N AT ) T B D R G A 4 TN IX 3N AR G A B AT A5 AR
B YOG HE PR IR 2% 5 S BR B A .

2 HESWRETA

TE AN A FfC 59 A0 A5 A58 8 RE MR A T, [RS8 N2 -5 R A 0 e i A9 K80 20 B 2 AR 8 1Lk B
SR SR B . AT LAPERE R AR O T S A9 AL GERL SEAT 55, Bl 0 AT O TN R A S S AL
P 37 0 5 1 B TR] 45 B B A A% 0 2 SR, R R GEAE 2 1 B 07 AT O R A I e S AN TR A B R
JRUISE 77 AR 25 R P A 1) S A AR R A SR O I 5 9 W7 PR S 7 0 2 T A

O 5 BEORAE I A A B ST T e ) AR B S TN U 2 SRAE R LR P M OG0 Y R
DR R S TR B 2 8] 20 A7 A S A A ) AN R R L R ) AR 0 B AT SRR T IR AR B B b
AN BRI AR RE (9 22 B, OF AR £ R PR HF 5 B A 22 5 2 S O EUICHR A 1 AR AF R AT DR AR XS
—H R, B, A PR IR B 2R X4 L BRI R G RS AR b ) 0 [ R
F1 {5 B A AN [ A AR 0 LA R T 5 S, B B P 28— (L PR 25 8 3 A 7 FH B 10 5 4R O A XU
Bt FAME S0 5 B3 B 5 T A O ELRE WA T o HOHIR 2 TR AR ] B AR 4 ORI 5 R AR 2R R TR
% RIS e G ) ) 0 0 16 A DA T AR LT S A R AT I AR B S B o R ) T T R RAR
BT B KU, , B AN £ A7 SR T8, 35 B 003 4 A0E T LAAE AN T3] 37 35 v i A DR , U2 AT B S A5 AR S ALY
KIS B ER . AR TIA T 8UANAR , W0 R B L AZ N GRRE AR, nl RE A 22 R & 21 vh it 8 5
JEUUE A P i BE AL 405 o DU BRURA PR A AL SR D SR AR DR ATt BORAE R R I 2 TR B BO
AN LR AT B AR B I O B BT AT IE M A G0 SR S SR A .

BT FIAHESL AR LA 3T SRAMEAT 55 2) 8 O T N7 B8t 0 p i A2, BARHE NI 3 s o AT

@ s T A

BBt @ reni

O NE BRI gy M= I
i/ 3
> ISR Tk “'a'ﬂﬁg
> RS e o "
> RS IR B e R, 8ta

A E AR S HHT

R RIEEEM e > ARG

@ ﬁ S | > mmswspre
= > ZRERIEES ST

RS Bt M vl 55 A MR G B R LR
TR

> Rl b5 ki A Kl

> AEfE B AR A %

> FFL A I )

3 B HTRET A

Fig.3 Human-focused data analysis
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Human-Centered Trustworthy Visual Intelligence

GAO Xinbo", MO Mengjingcheng’, ZHANG Can’, YUAN Yu’, ZHANG Mingzhu®, REN Luyang’,
LI Shuang®’, LENG Jiaxu™

(1. School of Electronic Engineering, Xidian University, Xi’an 710071, China; 2. School of Computer Science and Technology,
Chongqing University of Posts and Telecommunications, Chongqing 400065, China)

Abstract: This survey reviews human-centered trustworthy visual intelligence by summarizing its
application landscape, key techniques, and emerging trends. As computer vision advances from perception
to highly autonomous decision making and physical execution, risks related to privacy, fairness,
robustness, transparency, and safety become increasingly salient. When system outputs may affect human
safety and rights, performance optimization alone can no longer satisfy the requirements for
trustworthiness. From a computer vision perspective, the paper traces the concept and evolution of
trustworthy visual intelligence, emphasizing the multiple roles of humans as data subjects, cognitive
participants, and ultimate controllers. A unified framework is then presented along three complementary
spaces, information, cognitive, and physical, and a progressive paradigm is formulated that focuses on
humans, serves humans, and remains under human control. The survey synthesizes human-oriented visual
data analysis methods under fairness and privacy constraints, robust and responsible model design
strategies, and human-machine collaborative control mechanisms centered on transparency and safety, with
discussions across representative scenarios such as image enhancement, video analysis, robotic
manipulation, and 3D visual perception. Finally, open challenges and future directions are outlined,
including robustness evaluation, cross-scenario generalization, collaborative governance, and sustainable
deployment, providing a roadmap for trustworthy visual intelligence in real-world systems.

Highlights:

1. The paper proposes a human-centered unified framework for trustworthy visual intelligence, anchored by
the triadic space of “information space, physical space, and cognitive space” and integrating the analytical
chain from data to models to governance.

2. The paper develops an organizing scheme centered on “focusing on humans, serving humans, and
remaining under human control”. It aligns task and data object specification, model design with constraint
injection, and explainable auditing with risk management, enabling a coherent narrative across application
scenarios.

3. The paper outlines six principles for trustworthy deploying, including fairness, privacy, security,
transparency, traceability, and robustness. It provides task-aware guidance that bridges model design
choices with evaluation protocols to support systematic assessment and practical implementation.

Key words: trustworthy visual intelligence; human-centered; computer vision
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