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MoaenupoBaHue MHAUBUAYANBHOrO CTUA Pa3MeTKU ekt
BpaYa-peHTreHosora ANs yaAy4leHUs TOYHOCTY
HEeUPOHHbBIX ceTeM

E.[. HukutuH

Meauumtckmne CkpuHuHr Cuctembl, CankT-TeTepbypr, Poccuiickas ®enepaums

AHHOTALINA
06ocHosaHue: ofHa W3 4acTo BCTPeYaloLLMXcs npobneM npu pasMeTke MeAMLMHCKUX M300paXKeHnn — pacxoXaeHus

MeX/ly pa3HbiMM BpayaMu-pa3MeTymnKamm (inter-observer variability). OnHo v To e M306paeHne MoxeT bbiTb pa3MeyeHo

BpayaMm no-pasHoMy. OCHOBHbIE NPUYUHBI — YeNIOBEYECKUIA BaKTop, pasHuLA B OMbITE U KBANMGUKALMW, pasHble «pajuo-

NOTUYECKUE LUKOJbI», NI0X0E KaYecTBO M30DpaXeHUs, HEYETKUE MHCTPYKLMK. BnnsHne HeKoTopbIx GaKToOpoB MOXHO YMEHb-

LUMTb 33 CHET NPaBWILHON OpPraHW3aLMM NpoLecca pa3MeTKYW, HO MHEHWE Bpayeii BCE PaBHO HEPEAKO pa3inyaeTcs.

Llesb: NpoBEpUTD, MOXKET NN HEMPOHHASA CETb C MOMOLLbIO JOMNOTHUTENBLHOr0 MOAYNS 00Y4MTLCA CTUAIO M 0COBEHHOCTAM
pa3MeTKM pasHbiX Bpayen-peHTTeHOMON0B U MOKET /I TaKoe MOAENUPOBaHUE YITYYLLINTL UTOrOBblE METPUKU LeTeKLun 06b-
€KTOB Ha PafiMoNIOrNieCKUX N300paXKeHMsX.

Memodbi: nns 06y4eHus cUCTEM UCKYCCTBEHHOMO MHTENNIEKTA B PAAMOIIOTHM YacTo UCTONb3YeTCA NepeKpECTHan pa3MeT-
Ka, T.e. pa3MeTKa 0JHOr0 W TOr0 JKe MCC/efloBaHNsA HECKONIbKMMU Bpayamu. CylLecTBYHOT pasHble MeTOAbl paboThl ¢ TakoM
pa3meTkoi. CaMblid MPOCTON cnocob — MCcroNb30BaTh pa3MeTKY OT KaX/0ro Bpaya Kak He3aBUCUMBbIA npuMep npu 0bydeHum
Mogenu. EcTb MeTofbl, KOTOpbIE C MOMOLLH Pa3fIMyHbIX NPaBWA UM anropuTMOB 06bEMHAINT pa3MeTKy nepes 0bydeHueM.
Hakoneu, M.Y. Guan 1 coaBT. UCMOMb3YHOT OTAEMbHbIE KNAaCCM(DUKALMOHHBIE TONOBbI AN MOLENMPOBAHUA CTUASA Pa3MEeTKU
pasHbIx Bpayen. K coxaneHuio, 3ToT MeToZ, He MoAXoauT s bonee CNOXHbIX 33Aay, HanNpUMep AETeKUMM 06BEKTOB Ha M30-
bpaeHuun. [lns faHHOro aHanu3a UCMofb30Banach MOAESb MalUMHHOTO 00yYeHWs, MpefHa3HaueHHas Ans AeTeKumn 06b-
EKTOB Pa3fIMyHbIX KIacCoB Ha MaMMOrpauuyeckux uccnefoBaHusX. 3Ta MoOAeNb ABNAETCA HEMPOHHOI CETbi0, OCHOBAHHOM
Ha apxutekType Deformable DETR. [lns 0by4eHus HelipoHHOM ceTU MCMoNb30Bancs Habop AaHHbIX, COCTOALLMIA U3 7756 MaM-
MOrpaguyecKux ucciefoBaHUin MOSTOUHBIX XeNE3 U 12 543 yHUKanbHbIX aHHoTauuy o1 19 Bpayew; onis Banmaaum — Habop
AaHHbIX, cocTosAwmn 13 700 nccnefoBaHuiA, pasMeyeHHbIX Mo LWKane Bi-Rads; ans TectupoBaHus — Habop AaHHbIX, COCTO-
Awmn u3 300 nccnenoBaHui, pa3aMeyeHHbIX Mo WKane Bi-Rads. Bo Bcex Habopax faHHbIX [0N1S UCCNefoBaHUiA C NaTosoruei
Haxopunack B fuana3soHe 15-20%. Kaxpaomy u3 19 Bpaueit bbin NpUCBOEH YHUKAMBHBIA MHAEKC, MO KOTOPOMY CreuuabHbIA
MOLy/lb Ha KaX[o0M utepaumn obyyeHns HelpoHHOW CETWU HaXOAWUT COOTBETCTBYHOLUMI 3TOMY MHAEKCY BEKTOP. ITOT BEKTOP
pacLUMpsancs [0 pa3Mepa KapTbl NPU3HAKOB KaX4oro ypoBHSA NUpamMuibl NPU3HAKOB, a 3aTeM NpUCOEAMHANCS OTAEbHbIMM
KaHanaMmm K 3TuM KapTaM. TakuM 00pa3oM, 3HKOAep W JeKofep AeTeKTopa Nosiydany SOCTyn K UHGOpMaLmM 0 TOM, KaKom
Bpay pasMeTUn AaHHoe UccriefoBaHue. BekTopbl 06HOBNANMCH € MOMOLLBIO MeToAa 06paTHOro pacnpocTpaHeHUs OLIMBKH.
[lna cpaBHeHus bbinn BbIbpaHbI TpU MeToAa.

1. basoBas Mogenb — obbeauHeHWe pa3MeTKM MeTOAOM pasHbIX Bpayen ¢ NOMOLLbH METOAA "ronocoBaHuMs".

2. Mcnonb3oBaHWe HOBOMO CTUAMCTMYECKOrO Moayns. [lng npefcKasaHuii Ha TeCTOBOM Habope AaHHbIX Bbin MCMosb30BaH
MHIEKC OAHOr0 BPaya, KOTOPbIM MOoKa3as nyyllme MeTPUKM Ha BaMAaLMOHHOM Habope AaHHbIX.

3. Wcnonb3oBaHne HOBOrO CTUNMCTMYECKOrO Mogyns. [1s npeficka3aHuWi Ha TeCTOBOM Habope faHHbIX bblan MCMoNb30BaHb
WHOEKCHI NATW Bpayeil ¢ NyyYIMMKM METpPUKaMW Ha BalMLALMOHHOM Habope AaHHbIX. [ng obbeauHeHNs npefcKasaHwi
npumersnca metoa Weighted Boxes Fusion.

B KauectBe ocHoBHOW MeTpuKM Obin ucnonb3oBaH ROC-AUC Ha TecToBoM Habope AaHHbIX (K MaToNorMu OTHOCUIIMCh Ka-
Teropumn Bi-Rads 3, 4, u 5). B kauecTBe BepOATHOCTM 3/I0KAYECTBEHHOCTW AJ1S KAXLOr0 MeTofa MCMoNb3oBanach CyMMa
MaKCMMaJbHbIX BEPOSTHOCTEN 0OHAPYKEHHBIX 3M10Ka4eCTBEHHBIX 0OBEKTOB (3N10KaYeCTBEHHbIE 06pa30BaHMs M KanbLWHATI)
no npoekumsM CC n MLO.

Pesynemamel: no pesynbtataM 0byueHus Obinu nonydeHsl cneaytowme Metpuki ROC-AUC ansa Tpéx npuBeLEHHBIX Me-
Topos — 0,82; 0,87 1 0,89.

3axsnioyeHue: ucnonb3oBaHue WHGOPMaLMKU 0 Bpaue-pa3MeTUMKe NMO3BONSET HepoHHOW ceTh addeKTUBHee obydaTbes
¥ MOLENMPOBaThb CTUb Pa3MeTKW Pa3HblX Bpayel. [JaHHbIN METOL MOXET TaKIKe NPUMEHATLCA A1 NOYYEHUS OLEHKU He-
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YBEPEHHOCTM CETW B CBOEM Mpe/icKasaHuu. Micnonb3osaHne 3MbeAMHIOB pasHbIX Bpadel, MpUBOAALLEE K PasHbIM MpefcKa-

3aHUAM, MOXKET 03Ha4aTb CJIOXHOCTb AAaHHOro nccnenoBaHna anA 06p860TKM cucTeMon MUCKYCCTBEHHOIr0 UHTEJIeKTa.

KnioyeBble cnoBa: MaluMHHOe 06y4eHue; pa3MeTKa AaHHbIX.
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Learning radiologists’ annotation styles
with multi-annotator labeling for improved neural
network performance
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Medical Screening Systems LLC, Saint Petersburg, Russian Federation

ABSTRACT

BACKGROUND: One of the common problems in labeling medical images is inter-observer variability. The same image can
be labeled differently by doctors. The main reasons are the human factor, differences in experience and qualifications, different
“radiology schools”, poor image quality, and unclear instructions. The influence of some factors can be reduced by proper
organization of the annotation; however, the opinion of doctors frequently differs.

AIM: The study aimed to test whether a neural network with an additional module can learn the style and labeling features
of different radiologists and whether such modeling can improve the final metrics of object detection on radiological images.

METHODS: For training artificial intelligence systems in radiology, cross-labeling, i.e., annotation of the same image by
several doctors, is frequently used. The easiest way is to use labeling from each doctor as an independent example when
training the model. Some methods use different rules or algorithms to combine annotation before training. Finally, Guan et al.
use separate classification heads to model the labeling style of different doctors. Unfortunately, this method is not suitable
for more complex tasks, such as detecting objects on an image. For this analysis, a machine learning model designed to
detect objects of different classes on mammaographic scans was used. This model is a neural network based on Deformable
DETR architecture. A dataset consisting of 7,756 mammographic breast scans and 12,543 unique annotations from 19 doctors
was used to train the neural network. For validation and testing, a dataset consisting of 700 and 300 Bi-Rads-labeled scans,
respectively, was taken. In all data sets, the proportion of images with pathology was in the 15%-20% range. A unique index
was assigned to each of the 19 doctors, and a special module at each iteration of the neural network training found a vector
corresponding to this index. The vector was expanded to the size of the feature map of each level of the feature pyramid,
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and then attached by separate channels to the maps. Thus, the encoder and the decoder of the detector had access to the

information about which doctor labeled the scan. The vectors were updated using the back-propagation method. Three methods

were chosen for comparison:

1. Basic model: Combining labels by different doctors using the “voting” method.
2. New stylistic module: For predictions on the test dataset, a single doctor’s index was taken, which showed the best metrics

on the validation dataset.

3. New stylistic module: The indexes of the five doctors with the best metrics on the validation dataset were used for predictions
on the test dataset. Weighted Boxes Fusion was chosen to combine the predictions.
The area under the receiver operating characteristic curve (ROC-AUC) was used as the primary metric on the test dataset
(Bi-Rads 3, 4, and 5 categories were referred to pathology). The sum of maximum probabilities of detected malignant objects
(malignant masses and calcinates) by cranio-caudal and medio-lateral oblique projections was assumed as the probability of

malignancy for each method.

RESULTS: The following ROC-AUC metrics were obtained for the three methods: 0.82, 0.87, and 0.89.

CONCLUSIONS: The information about the labeling doctor allows the neural network to learn and model the labeling style
of different doctors more effectively. In addition, this method may obtain an estimate of the uncertainty of the network’s
prediction. The use of embedding from different doctors, leading to different predictions, may mean that this data is difficult for

an artificial intelligence system to process.

Keywords: machine learning; data annotation.
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