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Abstract

Artificial Intelligence Medical Device (AIMD) are becoming a key driver of medical service upgrading.
Usability engineering aims to identify use-related issues that may arise during human-machine inter-
action. This paper systematically reviews the current state of standards and research in usability en-
gineering for AIMDs and, on this basis, summarizes two major challenges: (1) the limitations of tradi-
tional evaluation frameworks imposed by the inherent attributes of Al systems—continuous learning,
probabilistic outputs, and explainability—and (2) the risk of use errors triggered by the cognitive
layer of users, including cognitive load, mental model mismatch, and trust imbalance. Accordingly,
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this paper aims to provide systematic references for the usability design of AIMD and to outline future
development trends, contributing to the coordinated advancement of intelligence and human-cen-
teredness in AIMD.

Keywords

Artificial Intelligence Medical Device, Usability Engineering, Human Factors Engineering,
Use-Related Risks, Human-Computer Interaction

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|18

BEE N T BEHORFEB ST U IRANRL , BRIT W& IES ML SHUAL . i & e fe . B
MR A PEAR ¥, N T BB T 28t (Artificial Intelligence Medical Device, AIMD)J& f53E T B y7 24t %
7 RHAN LR R BRSO A (R BT HI&) M EEST 440 1o ATMD DAL K A HCE 25 B A4 Bl
REEBE ST, IEVRZI AR BT (i RIS . 27 2 PR T P Ak T IR A P ) B B A R 7y, 7] AT
BEAR R ST A5 e A MLAE LIS A At AR A P 1) R, it v BT el i) & e Ve AN Rk (1] B4, 3RIH
AIMD 77 St AR W 2 T AR B BRI R, JREktasxt AIMD [Pk et & HAT #0126 75 (2]
SR, TRt TARAE AIMD AU B B ST A . 2025 42 6 H, EBRAL T2 5123 (International
Electrotechnical Commission, IEC) & 4fi T IEC TS 62366-3 {Medical devices-Part 3: Guidance on the application
of usability engineering to medical devices using artificial intelligence and machine learning technology) %%
2, IZARHEREE X AIMD (AT FIVE TR ARAE, Dy filiE g 4Rt A scit LR E & U 1R AL, K8 AIMD
TEA] AVE TAR M) 2 4 G BT o BT otk AR50 AIMD m A% TAZ A AL IR AT R AR S 256 4T,
SR AIMD AL AT IV TR RIARHE 5 I BUIR, S8R50 AIMD A] F % TR AR O PG 5 R P A it
17930, wJE TR AIMD SR BT AIT A (TP i S5 A2 B . A R AR AT BAE — R BRI
ALBEITIE ) HR SR 4, TR, e SEOEORIR e BT SR 47 e 5t

2. ATEREETHRMA B TERRK
2.1. ATEGETSRMNAREE

2025 4F 8 H, (HEEFRTIERASLNE “ N TG+ 73hm i) 3SRA, HZOo B2 A T
B SRS EME, IS RETFRE, B gtsd k. EEK “ AL+ 1Ta)%ErE 5
HB T, RENTHEBEET Sr LA RE KR, IGARNAEEAMEC AR, i 2lkRE2
TR TR, WA IRF BT RS e SBT3 [3].
2.2. AT EREESTRM AR EIIR

[ 5% 24 & Wi B4 #1L /5 (National Medical Products Administration, NMPA)F- 2019 4 10 A mlior N T2 fg

'https://www.cnesdr.org/ggtz/ggzz/202203/t20220311_304188.html

*https://www.iso.org/standard/91594.html
Shttps://www.gov.cn/gongbao/2025/issue_12266/202509/content_7039598.html
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BE97 2SR AL BOR H 1 BA7(SMD/TU 002). #% 2026 4 4 H, SMD/TU 002 C.& A0 10 Wikeik, ¥,
1. fECRATM AIMD M KARAEF, YY/T 1833 RFUCGE 1~5 #0) 2 41T AIMD HeZ O AT I An e, I
FTARE. B BUEAAE. AHBWIMES SR NE . BT, YY/T 1833 RAIARHEIEZ A 7 [ R bk ik R
T, Hbss 1 #0 EAL N GB/T 47941.1-2026, T 2026 4£ 7 H 30 H kA 4 452 & 5 &0k T

2025 4 12 H5eE AR LT, HETAL TREN B 5 6. 7 8 CoeMOLI, FIFEfEREHES 4] [5].
Table 1. Current status of AIMD standard publication
F 1. AIMD fRER IR
FFs RS PRAELFR BoL g
1 YY/T 1833.1-2022 CATHRET ERH R RAF G —BERNRTE, 2 RIBRAE R A

2 YY/T 1833.2-2022

%1 RIE) S

CN TR REBR T A o B R PF A
552 #ar: BURSEEAIEER) ©

CN TR REBR T A o B R PF A

FURE FI T UNZRANI Bt AT 22 it 24
I B BER SR AT T7 TH AE  EER

e B bR A URE (1 B AR A 2R,

300 YYTISSI32022 s, SR bR B ER) 7 T A T P — B
) T 1sssagry | (ATREDST RIS N CTIMR LB AT A IS
WL RE IR ) B RE T 7 1

CNT SRR BB R FIEA I AT BSR4 o 300 AT 36 W 3

5 YY/T 1833.4-2023 5 4 H4s ﬁiﬁiﬁﬂ‘ﬁ)} 9 sk

o yymioorans | ATHEETEBERMKCT R ERAK CT RGN
(0 I T PR BV RE A T 1) 10 SRR T
CNT /B REEST SR LR B AT M T 25 780 30 PR I

7 YY/T 1833.5-2024 5. TRy 1 35k

. T togoggns | (ATHBTRT R ER  EA TR LU A R
B SR UL B AR R AR 12 M, SRV LA, B R R

o yyTioo0nnys  CATHUCTEMAMMAEGE SR AT RO
B4 TR 4 B RE AT ) 1 MEREIA T
CNT/BREEEST SR CT B8 IR CT SUARMHBN ST P 47 B

100 YT ION2025 o pyy oo b e B REDIA i) 14 Ve B 1

N O\ T8 BB 7 S B R AR
o AR B 6 A ARELD 1 /
’ g N TEIEET BTG /

BT ERy . ZBIRAE) 16

“https://openstd.samr.gov.cn/bzgk/std/newGbInfo?hcno=E4C6AC190179662A34731DCC3433BB36

Shttps://app.nidc.org.cn/jianybz/jybzTwoGj.do?formAction=viewBzpdfjs&type=gxtjbz&id=tjbz202207020006

®https://app.nidc.org.cn/jianybz/jybzTwoGj.do?formAction=viewBzpdfjs&type=qxtjbz&id=tjbz202207020007

"https://app.nidc.org.cn/jianybz/jybzTwoGj.do?formAction=viewBzpdfjs&type=qxtjbz&id=tjbz202209010004

8https://app.nidc.org.cn/jianybz/jybzTwoGj.do?formAction=viewBzpdfjs&type=gxtjbz&id=tjbz202209010009

*https://app.nidc.org.cn/jianybz/jybzTwoGj.do?formAction=viewBzpdfjs&type=qxtjbz&id=2c9048cc88b9957018aabfa0fdc1 111
1%https://app.nidc.org.cn/jianybz/jybzTwoGj.do?formAction=viewBzpdfijs&type=qxtjbz&id=2c¢9048cc88b995f7018aac3a5add12ed
Thttps://app.nidc.org.cn/jianybz/jybzTwoGj.do?formAction=viewBzpdfjs&type=qxtjbz&id=2c9048cc8fafeb880193059d734c45¢ec
https:/std.samr.gov.cn/hb/search/stdHBDetailed?id=259650B6B8 A95193E06397BE0A0A3791
Bhttps:/std.samr.gov.cn/hb/search/stdHBDetailed?id=42D068048674648 IE06397BEOAOAF7EL
Yhttps:/std.samr.gov.cn/hb/search/stdHBDetailed?id=42D068048675648 IE06397BEOAOAF7EL
Shttps:/std.samr.gov.cn/gb/search/gbDetailed?id=2E65C6BFCFFA 1C32E06397BE0AOAC23B
!%https:/std.samr.gov.cn/gb/search/gbDetailed?id=29 AF6FB258EC9CF9E06397BEOAOASA2A
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TR BT S RGO AR 7y, AIMD IS MIEE AT 24, REMMRE TR SR
o A PEZRZ T, AIMD 5 HOEAE LT a8 R . g s BBl i, AR et Bl ARAL
B o PRV S R RV HOR FE T R . R 2026 4F 3 7, NMPA S8 S i ik © & A6 19
T AIMD H 1545 T R, 3800 15 ke NTHUZ 1 B ¥ i B4 0 R GUs ) Se MR L . AR B MR R
N REEYT S A4 U (2022 5F5 8 5) ) A NNUWESCHE, B 1 AT
Wi R VPA K 4 A i o ST o B P FRE M R AR HE 175 ARG EDR A, (BT a8 OnT I AR TE A o
EIEF N (2024 4R35 13 5) ) FIEEERFEESE T, H MU B A1y 52 WG [ 7 S B P e 7 o 1 S
FEHER, PR AN B R % e 5 BIEM AL RIS 8. AIMD SESS IR, kRN
P E A, HmT P TR AT 2 BT R SRAE RV S A F e RE 0 2 il

23. EfFSRmATA TN LR

BEIT Ak n] F I AR AR A% O 3R, dl I PR Ak P ST et 7 ot A ) 22 A ik 5 2801k
B2y astlonT P L AR SRR T 20 4D 80 EAN, RILIEHE . JeE S ABEZF N, IR RN
5 WA ST AL T BRI AL . 1996 4, LE (TEAR RIEMD) Rt Ik U BT 258 5t
BEMAR, REEUNT OB ST ARG Y. R, 6 E 52 & I B B RI(US.
Food and Drug Administration, FDA)RF4E & A - 56 3 ] FIPE TARAH IR T 000, M 1996 EH (BEJT #e A
BT ARY 2 2000 44 T IV TAR S5 XS B BLARSE A Ta T, PR3 2011 42 H RS0 B FAESE,
PLA 2016 fE 2 #4530 R HEH, B PR BN IR E A R 2, K, (Applying Human Factors
and Usability Engineering to Medical Devices (Guidance for Industry and Food and Drug Administration Staff))
PARNRZ AR T, IR PO 28, RGEE ] PR 753 S F AR 25K 21 2026 £ 5 H,
FDA 1ExUk#fi (Content of Human Factors Information in Medical Device Marketing Submissions (Guidance
for Industry and Food and Drug Administration Staff)) , 5 =7 &b T F PRI 50 A AT 35 T Ay i T 22,

TEARMIER R T TH, 52 E K Fri#ES~ 23 (American National Standards Institute, ANSI)5 IEC LR ZE L
BB R PRAENESE, NBEyT e bin] I AR ARG & e S fit 7 Bk . Horr, AAMI KA
ANSI/AAMI HE74 5 HE75 73l WL AR RG-S BT B0 25 D6 B s tnn] FEPE AR SR ok, A HA
#t. IEC Mlid IEC 62366 RIIBRAERISL | BT as T YL CARHE VA AR, KT Ve i Wit B
RIS AR T FEE SR IR oKk IEC 60601-1-6 19158 Y ML B A& ST E SRR AE, 4 AT R PRIk 44
NEEAR A GHAMERER R 2. b4k, 1SO 13485:2016 TS LR R A BEHR HAHSCEDR, SRR KUK
RS BAC S A AR DGR & 28 AU, 1 — 2Bt 1 R] PR R AR 7 il 2 2R i JR S b A A 24

FNE B g7 S0 AT PR TR AR R AR AR D B, (HUR R AR . [ 2016 4FLRISKR,  FRIE i 55 7]
BB HCK A IEC A1 ISO AHICHRE, B RSt o v] I TRE . B i AROBe & 22 4 SO PRI [ K
ATIARHEIR R o 1 GB/T 42062 5 GB/T 42061 73 A5 [FRH T 1SO 14971 5 1SO 13485, YY/T 1474, GB
9706.1. YY/T 9706.106 Z:h5ifE 43 B %+ M IEC 62366 5 IEC 60601 RAIbr#E[6]-[8]. fEME JZ1H, 2024 4

https://www.cmde.org.cn/fifg/zdyz/zdyzwbk/20220309091014461 .html
Bhttps://www.cmde.org.cn/flfg/zdyz/zdyzwbk/20240325155506130.html.

Yhttps://www.federalregister.gov/citation/61-FR-52602

2https://ydemdei.org.cn/article/375
2https://www.fda.gov/regulatory-information/search-fda-guidance-documents/applying-human-factors-and-usability-engineering-medical-
devices
Zhttps://www.fda.gov/regulatory-information/search-fda-guidance-documents/content-human-factors-information-medical-device-market-
ing-submissions

Bhttps://webstore.iec.ch/en/publication/2596

Z*https://www.iso.org/standard/59752.html
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TERRA BT #0mT P 1 TR o e 5 U s 2 T I By ik o] FH e TR o VR E N T AL
BB RBERFEWE 1 FR. 2480, BN CIERB RSO UISMER R NS, URE R
NG RGNAELE, R EE I bR 65 I8 S B AR, 185 M R A A 1 7 oK HLIA) 5 [ b
AP RT I T AR AA 2R [9]

EFEHTA TR RESRUNER

0 W ERBRAEELR) FOA (RERSHRUBEERE @ IEC ERBIZEAR) M| (REERIPEFS)

Figure 1. The evolution of usability engineering standards for medical devices

E 1. Efrsma At T e R R

3. AIMD FTRM I ENZ OB 5458
3.1. %DER

FRE ) AIMD IEARFE A B AR )5Sk QB AR L 120 1 [ B4 ) S B A J I B, 3% — B B™ b 14
RIETEGE VAT ARKHME RI[10]0 AR S AR AR, AT I TRE AR 2 ok 2. wT A
PETREA N R B B AR B R R, SR e ™ A S 2 e ARk BREA T R SR IR 0Bl
N2z BRI AT RO B S ER R A i = MO BRI . RN,
AAETRERASES AIMD AR A, Bl 2 2 SRR BLRAG B L 248 4 1)l AR % AIMD
TorEE, HRNAERS AR, AR A TR E R .

3.2. FrAbk

G RT3 AR TIRe, LR ST S A VR B AT B R A RN, i AIMD B
R SRR . X AIMD, A8 BT EERE PPN 5l N TR I4ERE: AIMD fm] I AR AT
BORUE R E Y B RV, SRR IR 2 IR HO AR e A WL 8] B PT fREPE  A RN [R]85 DA S P S AT 1] R
AIMD 7] HPE TREX B FAL Gl 7 28 I M Z 0 X, — & AL RGBS MEN:, —~INFF &H -
54 AU#E e F P e AR AL IOERSEERE, 53 toe H P 2 P s DL AT R 4h AL i, — 33t
[F] 52 A ATLAS AR A FHAT A

3.2.1. Al RGBT RAOPEER

Al RGH GIEMES ST M TR R 2 EHhiR, RIS oIR8 i b R 1tk DA & v fie e
Mo MBS RZ AT EARA, Wi AL 5 ZR FUA A P A B S48 S A 757, 6 75 B AR A AL 1)
HEWIZ 4 . AIMD & B4 “Hral2 3] 7 BrtEmzhas AL R4, I B9 W] I DR SR (B ZE b T RO 700 7= i
HLARHEAT ST FIVE VRO ) ol REAE DLRI B4 BT IR IUAT N B . T Al RGA G AT L& IR 15 2
BAREWE, SRS BRI R — &P & . sAh, TR LR RGAENE LUK T B AR )
D7 E IR EARIE AL ST, SRR N TR UM, Al R N LR AL 5 E ML 28 27 SRR [ Py 3
B Bt 5 SR B e N FRAR, SRS R A RS R DR ERR[11]. WERSEEE, "Rk
IR RIERS R AR A E IR &SRR B E X R 1 ATy, [R12 AR R R A A RS L RFAIE
WA, @& TR S BT RS AR e B, B AT AN B, A
NS X — 25107 (i, BN F IR R AR sE[12] [13].
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3.2.2. APRIAAER PEETRBEE

CERyT #5tnT R CARVEM & A da SR ) #RTE A AR, nTARYE PCA (&% - W - 47
3], perception-cognition-action) 7 #7, LB AIET 1R INAIETRAUT AN . H PN R P EE
£ AIMD 22 B H G B PRARAE T O BB R il S5 AR 20 9 P RGNS R G SERRIZ T HLEIA
—FUE, 551 R T v SR B B S H AR . £E AIMD A8 E A, AT ARG M5 B AT FE LR B 4%,
5 GBI A A e, 3k T R I PR PSR IR [ 14] [15]. O EEERENS I, F PR X R4 T1E
JEBE R A A RR R E e SRR R 16]. 4 AL RGHH 045 R 5 H P G IR & 5 B 50 TIUH A — 2
B, (F 2= AR OB I, E 5 R R, IREEE B EERR . Dietvorst S AW FRE—DAESE, —
H &g %0 ik P BEE WA EEI0ES), Sk EENIRE, SBUSIEME17]. EIRRRESCR
Yt , Egala Ml Liang K3, PR ES A2 5o 50925 1) PR 28 LI St JO MR g A= ook, B2 0940 1
A FIBA—BN G R, ARG T4 SR8 I BT @[ 18]. MU F/EfE ] AIMD K,
RGASATRAT M RR: —J7 A 7T fe H I E 30 ., i BEOGHE AT, S8 E HIRM AL 458,
AT LEM N TEZ[19] [20]; B HE AT REFANEEECEHF AL SEALE I, R4
KA BIIRIT T %o

4. RREREHERE

LT AIMD CHEAR AL S HE R HTEN B, H R HIVE TRRAE AIMD S50 0 B FH AT ST 480, 18000
VIR T IT R R S RPN R B AT HIVE AR — 307, R F O IP R R G . £/ b
AT, WS AT AR50 R S T R DE SN T P A R 2 4. AR TR AN (BRAIE) B B, FIHT
FOFE  NEE A B B T I, B ORI P S AT JE B R AN A R R AR R S VR VR
(BB B AR BRI S I3 50 B U A P AT R BT 55, Sl WL A7 B R U, 3aiiE AIMD
7 T A A AR

Ak, BRITRAARMS TN A E 3. v I LR FPIEAR, MEERD AIMD RV RIHT
LRSS PPHESE, ROREEEOR 24 A ROBRINIG RS . 75 BRI SGVE 1 7 [m) AL 45 «

(1) FERRIKF 5ilm R ST 2 A S Bkt

Rezaeian O W70 R RFER . MAET W AESEANOXRELSMTELES AL A2 H[21], Jussupow E
X 68 o FEEAM 12 H A AR AT 7 k8, RIHT 5L AR ToIAA 1 R R G
ZES, FOW AL EUCRANE TR [22], Tschandl 557E B KA IR ANLEMERT 8 I, 2560 A 2 Bl R
BRAEN AL fiBh R el o, MTERE A BIAH Al E 2 RFERALKIER, #n Al XA RERE
Wi 775 B S AR A4 22 3 [ 23] Xu 55500 S 2% FLIBR IR T PR ASCRF I BT AL o, MU RHEE 4R S AT U
—HUE S, MR FE R MR K 2 AR E EHIW[24]. BRAREAMLALR K FERILE AIMD %
BT PGRGEAREE, A Ja ] DL RE AR B2 47\ 53 i M 2 560 /K P S AN [R] i) 52 ELSRMG o an NI
RALE IR, EUF R BGEEROR 58IESI S, AT FH RO AT IR A R AR IR, WA E
TG H B P 2 5L 5 SE bR RE I UL BB AT Ko AEAF IR S, 2023 5 AR AU sl s
Aif AR SR 57 AFAE i PR I A 5 B AE 6 N 1) A A BEOK B iy UK 1297 1R 5K (251 Croskerry fi i1, T2
BEAEAEIN 8] 5 ) T 58 B (e R AUB 5 F H BN AR 22, X0 AIMD S TS 1 “HRad, IR AR
B B IR EE K [26]. FESZ THRE ) AIMD, L5t MR S5 B D BRI D IR ST TR R A
el BT NI AL G50 B AERE,  [FIIN 75 &5 I ) IS 70T B s A i W B8O [27] [28]

() HRRE SRR

FDA ARSI HT SR, AL ST SR A AH OC inl JL 3 B0 FH T RE e 4 #%[29], B 3Bk
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DR B FEOAAZ O R R T M B I HE LR, R 25 Al RS8R S] . MR s A4, IEEH e
f) IEC TS 62366-3 A 2%y AIMD (7] 1t o PERR (AR . SRR RS EE [ A 4h AT AL R R
HIEE, fEHIREER SR, FEEH LB WS LS R TH AR IR X SR [30], AsanO
RGN T 48w ] AIME S N TR BeAHCCHR, 2R G 518 R WU R, 2 —Fh RGN 7, A 3o
NTEGBANMH, DA AT ORI RETHET R RN R P 2 2 FRHE1E3 1.
Sujan MA $2H ST AL W “HoRFL” Fa “REMM”7 . /TN F TREZ2EN, FFas
BN GINTT M TR R AA[32]. KK, BEERENELSE ., brdEth RN BEF= P FHESE, vTLKN
AIMD R ER EIRMSCHE . i EoR, Wit 5WRERZ 7 EERE, KMt 2 A G5 A
PEAAAREE (19 N T RE R IT 28087 i o

SEHEk

[1] 3K&E, PMB. ST BT 28 0mT F I AR BRI [I]. H ECERAR, 2022(7): 31-33.

2] ®&, MRE. AL REET M A BE B I]. P EERZ NN, 20242): 16-23.
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