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Research on Application and Classification Algorithm of
Computer Aided Diagnosis for Skin Disease Based on Clinical
Image

Abstract: Skin diseases are various with a high prevalence. For some diseases
with high mortality, if they can be diagnosed in the early stage, they will be
easily cured. However, the number of registered dermatologists in China is
small, and there 1s a serious imbalance about medical resources. The research
on the computer aided diagnosis of skin diseases has become a hot topic
because of the advantage of non-invasive and objectivity. This paper has
carried out a deep study on this subject, and the specific work contents are as
follows:

The existing public datasets are mostly composed of European and
American dermoscopic image, and cover less diseases, the acquisition
conditions are harsh and not conducive to practical application. This paper
builds a large-scale clinical image dataset based on the domestic skin patients,
including 541 types of skin diseases based on pathological examination, with a
total number of 47075. In order to evaluate the performance of datasets, this
paper conducts benchmark experiments on four kinds of convolutional neural
networks, and highlights the differences of dermatological characteristics of
different races by comparing this dataset with foreign datasets.

A two-stage classification method with more fine-grained features is
proposed to solve the problem of large intra-class difference in the
classification of coarse-grained skin diseases. In this paper, psoriasis, a disease
with sufficient data and high research value, is taken as an example, and a
dataset of four close relatives and four distant relatives of psoriasis is built to
study the binary classification tasks of psoriasis. Compared with the
single-stage method that other 8 diseases are defined as "non psoriasis", this
paper conducts fine-grained 9 classification prediction with two-stage method
firstly, and then changes the result to binary output through output strategy.
The experimental results show that the AUC (Area Under the Curve) of two
stages based on the concept V3 network can reach 0.981, while the AUC in
single stage is only 0.966.



In view of the problems of classification for multi-category skin diseases
with inconsistent inter-class difference, which are difficult to train, a
hierarchical diagnosis algorithm based on granularity transfer is proposed.
Based on the construction of two-layer taxonomy including 19 sub-class
dermatoses and 6 meta-class dermatoses, this paper first to transfer the model
parameters of sub-class disease to the training network of meta-class diseases.
Then, in the process of prediction, combined with the prediction results of
meta-class diseases, the fine-grained hierarchical diagnosis of sub-class
diseases is completed. Through the extensive experiment, the results of this
method were F1: 0.591 and ACC (Accuracy): 0.600 with using stratified 5
folds of 12612 images, which was strictly in accordance with the case splitting,
which was higher than that of the non-hierarchical model.

In view of the problems that the sensitivity and specificity of the existing
classification algorithms are difficult to meet the clinical application standards,
this paper presents the application of health management for patients based on
the grading of skin tumor malignancy. Considering that there is no specific
quantitative index of the degree of malignancy in dermatology, this paper uses
10 kinds of skin tumors representing three kinds of malignant degree. The
model is trained by using the loss function of classification task. The reference
score and the specific level of malignant degree of each image are given by
establishing the output decision-making method. Compared with 20
professional dermatologists, the application can be more accurate and
objective to classify the malignant degree of skin tumors.

Keywords: Computer aided diagnosis; Clinical skin disease image; Transfer
learning; Grade of malignancy; Convolution neural networks
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BrBLrRI7i%k. T XiangyaDerm HdfEferh, MRIERINAGEE A KZH, HIRE
TRAE IR A S i BAT R S BrBL, ARSI R M BB S N RS I S
PUFf “HL2R 7 BOPRPIRAN “mog” BB CRAEALSE L AIAI U E 300, KA 3
Bt 1 g DU AR WL AR 22 X 2%, 33 PR BT 5 I SR IR ROR RA L2 5 — B B3 b
SR, UL BOR A R JFIE I ALK 3B i s iz AR RE S S BR i 3

3.1 ML R4 T
3.1.1 AL

B IREEAR LR RS, RS ZRRNRNSH, PR
BB HO L LR AR RS —— SOk MO B A7, R F 84S
MOTRARE, R0 RERL AN 7 T B BT B (A R 28 2 104 SR o, L £
Bk BRHO S AR . (R X2 W, T RS RS . B EMERE
ST BRI, T SRR 54 R A MR U e, 7 DA SR o) RS
EURH (O TT B LR A R

{1 (x) = —log(p(x))
HX) = =X p(x) log(p(x:)), X = x1,%2..., Xp

A8 SRR I R PR R RIS S0 10 2 RAREE , FEA B0, S TR 4
45 ZUSEME S S) A 1 2 508, TN ZUSE M6 4 B 2 q (i ) Rp () Foms, FITLL %
Iy A8 X A I F AR

H(p,q) = —— %, X7 p(xy) log(q(xi)) (3-2)

HpmZBos bk B2, nZon%, wiRni8E)y 2, BT HEFR%) 0-1 73
A, FrPAasUn] BLE R I A LR T
H,p) = ——ZP[ylog(p(xi)) + (1 =y log(1 —p(xip))]  (3-3)
KLZAE G L FRORHR A — 46T, Bingiit B gniR e, £ 2RA155 1,
HUAT LLR R SR o R ARAR R o il [F) — a5, R, kil oy R 3K
AR Z, KA R Z RN NCL BRI AT DU B, EEE — 81
RIS, RAZ, 28 SRR R BT R LA R 0RGE, BLIS b 2 K504 4 R i
WEAE S, AR T B M 4 BEATRE 5 T DAA Sl B AT AL 7 2R
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)3 P I BORFETH 0 R 1 BE
3.1.2 AR B 7 7 1 X 485 25 44

BT B AR, AR T PR B g ) SEA LS 1, I SRR 2
WEEE, MR NLZ, (ERRRESER, REErRsk, B8R4 0HMH
SRS 2Rds . L EE il 3-1 Fos.

EE—BL WLICRA ImageNet TR TR, EH 2 0ZArZ M50, I
SR — A FEXS T B 283 S48 BAG T DIORS 000 B2 (A8 o X /MSERY R DA B B AR R A 2R AT
FHESEEL, FFFIA softmax WO BR 4045 2 FrA 20 B FUNME . 1 5L S0 E w] LA st
B, AR IR IR 2 57, A R IR m il SRR AR . BB
M2 Rl 5 g, AR IR M AR, 8 T R —RRLRE 2R A 25 SRR & 31—, &
JE AT AN [FURLRLBE B A X b, 19 B I R R . 45 b, N4 25 1) HA 75 A
s —RAAHREEGEE, T MRHERBOSFE, R RBNESR, 3K
BT R AIE 5 B A B 1

B A% "
L L REERREL

FPrE 3
B 3-1 A TFHmbEgmhgsEms

3.2 Wil Bor SRS it

AR XT3 P BUR 2 AT SC AR VAl S5 90 E, S LR AN 7] 0 19X 2% 1 P B BUE
EHISRIG SR, W RERA R, FINGEE S BB E RN EESEE, B e Tk
PR ) BT B RO IR AR . AEART B B R, i8I S SR B 2 I R B &R
BIRESIXS L, BRUEHZ AL ERE.

3.2.1 SEIHHELE

£ XiangyaDerm $dE5rh, MREWH CURAE R 1 EBEE S 2 BdRER—
K, AL E SRR+ B E K, HETBCH 440 ARG, i DORHR S 9 i)
SIS W AT K N e AR Oy B, AT LA A SR8 ™ B ACRE (A I S BT I ACRE D
giit, attAoA-L 1.25 084l B E gac RS, BREN 1-3%. Hiz, i
TEE T BRI R A LA K B S 2 B S R R, AR 290 N e i2 8/ B iR 2
NHAGI . R, A A VR E LR R AR &, s+ S Bk Fe. &
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H R R AR A 1 ST 3 FETHEANRLE KB Bey KI5

St Bt b, AR ROER R AT S rT DAE AR CERIEE 7 SRR “ARERE 7 2RI ousy
FAESS o SR, “HARERIEE 7 RIS R I B i 2 b, AN B — b B DR 5 I 4L R
HEBRER G 7E N BT A e, #BAT LA R “AR4RIE W 7, (ERIXFE “ARERIE 7 201
(2 N RRAE 22 Tt 2 00 K, B AL SRid FR SR 1R RIS . A 1 38 A IR 1 53 2
1E5%, KA BORACEER G W 0GB, fEARTTSLIGH, “HRRIER 7 Fihle RN
J\FE R R, oA DU 2R 9 ER B i A b S Bl ST B RIAR S 2L BRI
B2, SAMUSNRE AL E RIS ar. R SR, RaE. e
e . I DX N B 5 =) B bR, AT DR 3] — S8 51 O KR, Ehan it
AR, @it DA S0 5 =) B bR, AT DAAS 31— Se S A KRR AE, B ansc s
& o N T BRAREE AT 25 R s, fEEE E R E b, X LR R
HeE B B 7R 832 5K, NRWEMEAM L 889 5Kk, HARIIN 900 5K

FicE A WIS ARRE ME B SERCAn Mg SR M KA B S AL

l

O

B LR HA L 1) KA

-
L]

MaCEe

& ZPNREF

4.

Ll SFRFEE

FEREPRER
EETEEN ¥

FIEFEBL==

©o
1=
=]

900 900 900 832

K 3-2 AIBs L7 ERER

Qo
(=3
=]

900 889

3.2.2 BFVETRAN HEN

T A= AR B R ) =50 K A4F 55, B DAVPAR v 222k F % A ROC HiTZ:
(2l TAEFFEZ) LR AUC 1, B5 P-R 4 CRimhZe-H i) M,
HAHEEFRRE M, e AR AR 7 A Ay R B2, AT B2 in e W & B
PSR, ROC M2k i AL b AEBH (False Positive Rate, FPR), ZAARFRANEBHAE
(True Positive Rate, TPR), MR AT LA — 43 R (TR F0 FERMRRE, anl& 3-3 P,
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Tl 55

TR AR
o =3 BItE
(Positive) (Negative)
EE ELIH {EFA
(Positive) (True Positive, TP) (False Negative, FN)
R fEzr LI
(Negative) (False Positive, FP) (True Negative, TN)

B 3-3 — 5 RAYIR A4 F B AR AR

BT UMBBH 2 FPR, FLBHZE TPR MA@ LA A 15 2

FP

FPR = ooy (3-4)
TPR = —= (3-5)
TP+FN

FE o RIAESS TN 0 BE PR AN B A AL A A AR A AR T It ) A5 2okt E
R, =R Ry A5 PR TR — BMELRY S R LA e D R, T BRE B DN B A
R R BE E, e EARHABRA R S5 HMRE. £ ROC ki iid iz
R R O REAR R, R RO AR, BEALE AT AR O AL b il i —
ARG TR, BT DS BB AR R, PR AR A, AR TR
R ROC M2k, AR, 70 288 1 FURH A58 Ry, RS RS B A F S AR AR 000 1 oK
HABUENE Csensitivity) Wi, BRPHAHAK, BANE 5 BIVERE A B % 1000 9 B 1
FEAS, HRpSIE (specificity) Wi, #i 5z, whZkrhiieil 2 EmmALE iz

R ARBIME, ) LUES 284840 (Youden index, Yi) SR A7 B X AL b5
Yi = TPR — FPR = sensitivity + specificity — 1 (3-6)

X F AR RETT 5, ROC HHZR T ATHAGECR, R R MEgEkLr, XA R
M°& AUC (Area Under the Curve) 1H.

3.2.3 PRI B BRI 7 S A S B At

AATREAREILIR 6:2:1 MLLEI =14 2R, BUEMINR, FFafrix L
BFEEZMBEAES. EZI 7MKL P) CNN: DenseNet. InceptionV3 .
InceptionResNetV2 1 Xception 15 A FEAl 0 258 45 1) . R 48+ 55 BT A 1R 18 4% 2.~ A TITAN
Xp, AT BIFFIINESE, KA ImageNet BTG, Xt 47— @ FE L A3
SRR WeRe, AETBONUK-FRRE:, DAMSINEGRE 2 e, IR Bdm #h AT EL A Ab B DR HF
FHEHE R AL G AR V2R, SR JE R HE 400 DL A AR 26 A RO/ N BN 25 1E
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fetbas i b, e 5 AL S BEAT HU B 2 ), 1%64% RMSprop /F AL S -

ROC curve of DenseNet ROC curve of InceptionResNetV2
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0.0 = DenseNet{AUC=0.954) 0.0 —— InceptionResNetV2(AUC=0.975}
0.0 0.2 0.4 0.6 0.8 10 0.0 0.2 0.4 0.6 0.8 L0
False positive rate False positive rate
ROC curve of Xception ROC curve of InceptionV3
Lo 1.0
-
-
r’ .
-
-
o
0.8 (0.02, 0.93) Vg 0.8
.
-
4
3 » ’ o
2 ]
S os ° 4 S 06
2 7 2
G » =
2
a st g
¥ 0.4 -,
2 i g 04 ¢
# s [ ’
P .
3 -
@ -
02 i 02 A7
» .
P -
> .
» .
// o ’
0oq ¥ — Xception{AUC=0.976} 00 ¥ —— InceptionV3({AUC=0.981)
0.0 02 0.4 08 0.8 Lo 0.0 02 0.4 06 08 10
False positive rate False positive rate

B 3-4 I B M 469 ROC ¥ £ (a:DenseNet, b:InceptionResNetV2, c:Xception, d:InceptionV3)

13201 ROC HiZeun&l 3-4 Frow, ML i BRI KA SRR AL R 1L, 1%
ALK I BARRE R AU B WLER 3-1. A T PPN Y AR SR I, THE S Y
(1) AUC 18, HI DeLong J7¥ETHHE T 95%E A5 X AIN KX [AME . MEER ERTLUE H,
FEMBY B J7 i InceptionV3 ) AUC fHkfF, v 0.981£0.015, HKs2& Xception.
InceptionResNetV2 1 DenseNet121. M EBUBCE NS 7 1 1) e e B0 AT AR, 4R
JETRBIRIE PIEEABI 2%, BIRIZHMEAEE 5%.

% 3-1 A5 £ AUCAAR RHR SHBREAEFE (1 A TEWME, 2 ATFANK)

T7ik: AUC 1 (95%CD) U Rk
InceptionV3-1 0.966+0.014 0.96 0.91
DenseNet121-2 0.954+0.024 0.97 0.83
InceptionResNetV2-2 0.97540.022 0.98 0.95
Xception-2 0.97610.022 0.98 0.93
InceptionV3-2 0.981%£0.015 0.98 0.92

N T BB U B A AL S, AT S BUR R R BEAT TS b, A
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B HISEG T, InceptionV3 FEPUFH M 4% AUC {E &AL, {8 LA InceptionV3 A,
MR AE B BRIt e . E SRR BUBI R o, RS IR S ) 9 402K = 2 AR B B
B PR TE, RN BRI ZR 885 i I R R 1) — o0 70 K48 . BRI 4 5 PR B Y
R AR R . B AR AR, SEIGNH T bootstrap HEHE, B#H4T T 8 IRSEEG. Wi
3-5 LR 3-2 for, FRHIPERY BB (AUC: 0.981+0.015) #fSAL T Hp B A
(AUC: 0.966:0.014). MHLSERAE R ARG, FBr B ALK 8 M i Fr A 99 141
SrBCEIE ) “ARERER 7 . TEX 8 M AL R AR & AN AR R (45 G
2 o g 52 R 10 R 5 ROPR B2 A, T AR e ) 2 B R T AR R I AL LB HUIR 2 B
KWFHEZERBOR, i T8 “IRER8% 7 SR 73 2800 53 insof] .

1.0 1
0g{ f.f00s 091
&
= 0.6
%
2
3
o
Q
o 0.4
2
-
0.2 1
- -- each binary classifier
004 ¥V —— mean(AUC=0.966)
0.0 0.2 0.4 0.6 0.8 1.0

False positive rate

K 3-5 F Y BAEA L 3 B At bk

3.2.4 ZALPERELGAIE

T B A3 S AT VU AR 95 1 PR R L ) SE B 38R AR B iz AL g, AR SCEK
GIHELR BE ) 25 A7 2 IRBHEE AR AT T — IR ANLRAER LSS « Hif b, HEEAEEE T 100
MR EENGE S BRI R, ENE e, HiEH T InceptionV3 fE
NECERI 735 8% . SR NIE 3-6 P, ORGSR REENSGR (GO =MEERRE
B, WELRRWIBITENES R, NEHRImLA ST LLE Y (LEIETT’
R, AR LA B RPN 0.04, BIRZF N 4%, 7] LUIA B )5t B R
4 0.97, BIRIZF A 3%: 1 25 A7 B RFHEE A2 IR BH Z6-~F 348 4 0.10, BIRIZF 9 10%,
Al LUA B BHZE R 0.81, EIRIZE AN 19%, P BAKT 02888 /K v« (15— 4R 2,
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X 25 frBEA RS — LI EA, WK 3-6 THATLIEW, BHEA —#rEARR
DR TP ME, At SRR e KRS, R 2R T RES MR T. 5K
BRI W, BRI IR R AR S, 5 s AR S B DL R AR,
AR R B BRI T 5 5 b B AR LA iR 2 5% 2T I H SR AR R e 5 3 . {H
e, MEER BT — W R R 0 R85 ] LIE — E R LB s ST R
AT IR AR IS W o

1 (0.04, 0.97)
= J
0.6

True positive rate
(@]
IS

o
)

0 0.2 04 0.6 0.8 1
False positive rate

K 3-6 BB, R T EEEAEWITIL

LRI W T, “ARARER 7 AR T LB RN Rk £ 10 JLR I, O 1 it
PR R ALVERE, AT DI Be SR 7 A Hril iRt AT se e, $ov Bl b
e “ARIRIER T RS BIRR R NIRRT 50 KB IR E R
W R FEIRHEL., HRR . AR, BEREEAEAR. LA, BREOERE.
RBLRFEN TG PE5E, RPN SIRIENAE Z R BRI, B T RESEIIZGE
FRPLBE BB R Al 2 IR FRE B 50 NEBRA R CIEEREE),
X R SIRE A E MRS, BT AREEEIGEF R LR 2R R
e SRIGZE IR EIR, ACC A LLIAH] 0.88, X R WL MoK Hh BLAE I 2R 0 £ v R ik
R, B SEImR W g5, AR RNETR A RiFrvERe, EH TS0
HITH RN B2 BT R 4.

FER DL A BB B O HE R R (A AR R, AT DU DX AR AL AR by
R TR B SR BEERRAE, BUOAE ISR BIR R BOE b, AFAH IR 5
TR I Rz 2% A DA S0 BEDWL B FRRFAE N DX 3 2o A DL 2 = B 3 DLW
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HHGRRE, XFETEZ JEIBBIRHR AT, a2 SRR R “IERER” e N
Bl 3-7 DUFF P B BOA TR 6T L2860 (DURMR B 59K : LP-Jm P & &%, Par-fl
BRIGW . LE-ZLBRIE . Ecz-ig%, DUFMREIRILSER: BCC-2E K4l s . SCC-fi%
IRYHHSE . Pem-KJEHE . SK-IRMEMAAL) HIREIEME T LAE Y, X LRGN 2 1R ¥
BHE W RZE, HAR P AE e P B S & T A%, BR T DenseNet 117 0.8
PLAE, T 0.9 BIfE.

InceptionV3 DenseNet
SEREEREEN B SEREEREEN B
p 0.050.03 0.02 0.04 0.1 0.02 0.01 0.08| w ﬂom 0.190.01 0.01 0.02 0.04 0.010.11
Par {0.150.41 0.0 0.020.010.110.04 0.18 0.08| 08 Par {0.08 ;«] 0.090.02 0.0 0.1 0.1 0.040.06| 98
LE 0.1 0.080.42 0.03 0.03 0.12 0.07 0.07 0.08 LE 0.06 0.11.0.03 0.02 0.03 0.02 0.02 0.01
5 BCC 0.0 0.02 0.0 .0.05 0.02 0.03 0.030.16 0.6 5 BCC 0.01 0.0 o.oz.o.oa 0.02 0.0 0.0 0.14 0.6
% scc {0.06 0.0 0.03 o.1s.o,04 0.04 0.02 0.06 % $CC0.01 0.0 0.11 0.24 0.020.02 0.0 0.09
E Ecz {0.24 0.04 0.03 0.03 0.11 0.24 0.06 0.13 0.12 0.4 g Ecz 40.080.16 0.150.07 0.0 0.26 0.08 0.05 0.15| 0.4
Pem - 0.1 0.050.010.010.04 0.14-0.07 0.04] Pem -0.09 0.1 0.08 0.06 0.06 0.07 0.44 0.05 0.05|
Pso {0.0 0.01 0.0 0.0 0.010.03 0.0 0.0 - Pso 0.0 0.1 0.02 0.0 0.0 0.030.03 JliEN0.02 -
SK 40.030.06 0.0 0.060.030.02 0.0 5- : SK 40.010.020.04 0.03 0.0 0.04 0.0 0.03 A

Predicted label Predicted label ~ T

a 00 b 0.0
InceptionResNetV2 Xception

SEEEEREEE B SERERREEE B

P 0.020.01 0.0 0.010.08 0.0 0.020.07 P . ojo 0.05 0.0 o.‘o 0.01 0.0 0.0 o.;)a
Par -0.17 0,44 0.04 0.02 0.01 0.09 0.03 0.11 0.09)| s Par {0.15 0.4 0.08 0.0 0.020.14 0.0 0.11 0.1 o8

LE {0.14 0.04.0.02 0.0 0.09 0.02 0.05 0.01 LE {0.12 0.0 . 0.0 0.020.02 0.01 0.06 0.04|
3 {0.02 0.0 o.oz.o.oe 0.050.01 0.020.13 0.6 5 Bec (001002 0_02.0.04 0.04 0.0 0.0 0.09 0.6

§ 40.080.010.03 0.02.0-03 0.02 0.0 0.1 ::‘: scc 40.03 0.0 0.02 0.12. 0.0 0.0 0.030.06|
F  Ecz {0.220.070.090.020.02 0.3 0.01 0.1 0.17 0.4 g Ecz 4 0.3 0.050.110.030.040.23 0.0 0.080.16 0.4

Pem { 0.2 0.050.04 0.03 0.04 0.14 0.41 0.04 0.05, Pem -0.15 0.03 0.08 0.06 0.05 0.06 0.4 0.07 0.06
Pso 0.0 0.0 0.01 0.0 0.0 0.04 0.0 .ﬁ o3 Pso -0.02 0.01 0.01 0.010.02 0.0 0.0 . 0.0 o2

sK 0.020.02 0.0 0.010.020.02 0.0 0.03 sK 40.04 0.03 0.010.030.020.01 0.0 0.0 .

T T 7 prédicted label T T Predicted label

C o0 d 0.0

B/ 3-7 RSB m. WAYIL SR R VAR W AR ST 3 R R 09 TR R 4B

Rtz Ab, B2 T AR JE P IR 12 2R AR EEA, SRR 2.5% (DenseNet).
ATPLEH, CNN ] DUR S 52 B SR R B 25 AN JZ IR, BLIX 40885 i 5 HoAt
BRI o AH A& E— 5 73 At BT ik () )\ ol S e o £ DU A X % b~ S5 B o I, DY
T 5 407 5 R o3 AH AL DI R o T S HE A P 22, NN B G IRVE BT, (HIX R ik
TR BRI, DR g RIS oMb () B2 IR A, W TGVRAE AN 18 B8 5 sk 15
SIE O ST RD 73 7 X S8 955

3.3 ARF/hE
I B T R R I SR B R TT TRTSE, e T IR0, W e 0 A
IO, RSYIRLEE ()45 25 LA SE B ) W B E DL /NSRS 45 )
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TR, Tk, ATRM 7B ML, SEIRIANRLEL F (KT 45 R 7 i
R R RS R R A I o 2R EE R, IR VR OB, s st BRESE 1 BB SR AR
IR AR BLE B RS v B, A3 BIRIARE IR 20 A LIRS RZ AL TERE, 7R “ AL
KA it 7SRRI TEKT, FFEE T IE— SR FR R, RERLs 1AW 75
VAR, P AAS B (K S 36 OR T DA — @ REE B, A — 28 S o) R AR BEAT AR o 19
iz,
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H R R AR A 1 ST 4 FTREIEB N0 E W

F4E ETNEIBNS RISEHEE

R b FINE, WU I FORLEENS B IR 7 SR 24 B s P ARRLE 7y
FAE 9N G5 H AR m] AL RE 70 SRR RE o SR ITTAE 22000 M (R8T e i, 70 2R TR
FEAEAEAGE —, FRLRPR T LA oy, 1 2 S8 50 WAR S P2 7, 25 RS B S B ) Wi
Rz, R AR HEA HOm A BT B B R R, pre e lng s B,
Je HURDRLEE P B 4000 B2 I AR . 1928 T EEAE RIS 8RR, ASCIR W T —Fh XS T 20
FEABIZEIE R, JFEE B AREMBTFURR, M R BRI A 4R
JRER TR TREER 0 R k. RERRAE L E VLR P R 1LIZk
B AR FEAR R 1) 3 S BRI ) iy 7 AR AR 5 2 5 T AL 38 S At R PR R AR IE A% 5

3N TAURLEE R RS (RS BRI 73 FARTY s 4 SRS R o A FDRAESE 4 e
HPIAE D

4.1 BIRESHIEE®

FEIRIR 20k 2000 A, ELARDGH 4 R A gk AT 43 28 R SR IRAE IR SR A2 AT
SEf), —J7 T B RIS AR R At EAR R, S J7 T, MRS A A R
Ut SRR R 3 R AT LU BOR L, A AE &M o RS AE IR 00, SR &5 iR iR 4
XiangyaDerm a0 1, =% (ERMER 25 8 hR) Mo KbriE, ARG SRS
I AR S AR AL, AR FEXT XiangyaDerm fifb 1 /e AbH S HRE, FHMAIESL T 19 50K
MR 6 KFIIR I3 KPR T 22 W 8, WKl 4-1 . N 7 ORIE SRS 45 1
FoEtE, ARMH T 50 E8 XIUER T . BRI R G H, Bo—A
AT REARAE LRI v, D 7 A — N AR v A2 [E]INF R 0 AE U 2R B Al i 4
FZIEBEAL R B PHE 19 38 B RGO EAE 73 i 5 e MWEEREIR LR AEN S, A
BT ARERIRRES, IR REAR 5 Am S 2 S I, XA AN R 4T 2 18] 1) 28
HA BRI E M, ﬁﬁf@ﬂﬂ@?:&%mﬁ%
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] I T | 4 ]
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i m B g I a0 |
R FEOE OB 2 BOE A
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H R R AR A 1 ST 4 FTREIEB N0 E W

HH T AN R B JR T ) R R AR AE R IR ZE 1, NS 704 B mT DUE Y, 4
PR LT RBUD, P UL T R A B B 1 5 7 U AR A 2 - A B
Bfa it on F B E2HA A AT RN UM 2 AN R TR, AR R 2 L
ARt (BEALBS V). 4Tl ede. i, AFMEERES) . ARRHERE (5
PRI BRI A AR S 5 U7, DU Cutout!®%5 5 X, 2 W IR, 1XLe%)
PRI DRIRAE, S 1 R IR A2 W00, b AN T 2 AN B8 1 3 9 073 32 B9 SMOTE!?
A MixuplV55, (5 B T 57 S5k 95 P A 387k A AL P 6 vy » X e i 1 5 X AR AN EE

Az A AR G R R A ] 4-2 Fios, A8 7 BUR UM B 1 5 07 =

1) HSV (Hue, Saturation, Value) Bift =S [a]48 4, b H KRB EIA, W4

2)

3)

A, TR BEECRE R, S R MBI, BIgt St e g, 2
FEbs, HAMBERN R V RoRBE R, BB . sl
AR, $Rm T B A R 2 R

JUA A, WA IR 1, BRI 1@ BEHLIRE: . ~TH. Fiil b
BIYIERAE . WA 5, 2 X e P ] (R E AT 3Rkb o i e AR i
FEOR B R BRFIEANAR IR 26, SR IESRA5 B I SRR

Cutout #fF. fEJUGNIRIET, 2B E DRSS B G #ET— e
FERIIESS, ARJE R DR B IR e o2 — e (. EXH, Sy 7Et—2m
SR REVE, AU [ 2 KNS — 8 YO B Y RIBENL R, [R]I I E F 3
B =R L% S R N = D EL N EER =P S I N 8 oo S E P R ST
el Ar B AR IEEL  BARR/ N BB B IR AT DAL R X Se fi S T4, I8
R AR, GO 12K RAL 4 R R O e

B 4-2 $IEHEEAER
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42 SHEOEF
42.1 BBHKE

FEVR P 2 SRR i S AR e B+ B BE, O 1R AT REMLIRAS SE4F 1 I 45 1k i
B 78 Z AT BR B AR e 9 5 0%, B N B SR AU . T S0
EPERAENAA R, TUES e EREEHEGEEE SR, N T
BERAR N TR B pAS LS S T (AR X B S B S8, A 2 Ja &k TS,
S BAT — R IR . 3R 4-1 DSl b s BRI I 2 DL S NI G E -

* 4-1 BARKB B4 1E

ST T KA WG
ORI 4R 2] %) 0.00465
Irf( e 45 21 3R) le-5
momentum(z/] &) 0.951
weight decay (X # % i) 0.000355
hsv_h(fe i1k &) 0.0138
hsv s(IEAIFEAR {0 &) 0.678
hsv_v(WIFEAR AL ) 0.36
rotation( & % ) 10
translation(*F-% &) 0.15
scale(4A ) 0.358
shear(3(BY &) 0.9
burn_in(#J46% =) HEEK [ {E) 50

ARSI MANIRE I T AR B S, 2l DA R SR iR 2 A —E
RIS H . X E, R T 32 B NP5 (Stochastic
Gradient Descent, SGD) "4, ‘& 5 5 FL{) SGD AL, A LLREE — 8590 Z HIRASHIBRFE
BAEBIFMiREt. AT R 5ER:

{Vt+1 =UXV+ Gr1
Pt+1 = De — Ir X vpyq

Horb, p R t NZIEAL S, g, 8o ¢ IS ZIRIBRUER B, v 8o t I ZIHE R, pik
. AERERYIGRI R B — B EBORI 2 2%, TR pRitliesh, &
ZJEHIE B N T IREBE RSB R, A S PR S A ARSI 5%
NARTLIB KNG, QW] LU B &% 105 5] R AR 2 1A 4-3 s :

(4-1)
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00 25 50 75 100 125 150 17.5
epoch

B 4-3 A T Hizik Kays 5] & 247k

HAl IR I 08 10, AR RUNSH Ife v 7 PERAE S, R
IR I T L2 1R

Obj = loss+§x2’i"w2 (4-2)
P e A I A WA R
Wipg = We — aaovftj =W — aal:;: (4-3)
W NS B /A WA R
Wet1 =Wt—1ﬁ)tj=wt—(%+,1><wt)=Wt(1—,1)_aal“/’;: (4-4)

IR AR (4-3) AR (4-4) FTRLE H, L2 IR 2 500 B i g A% it
€ WIS, BT DAZE SEPRI R, H R EAERT SN W E EIA T weight_decay
S WeAh, R T 7 I 2 W Aa I 2R kot 4 SR s LR IS O, AERE AL I 2R
2NN burn_in 4, F£IRAE burn_in KB FZEAT, PLALES 2855 ) M /NEIKH
LR, AR (4-5) Fiw.

Ir = lr, X (M)n (4-5)

burn_in

A Sz g, I A S 3] AR AR HEE W] DU AR A A B AR TS (R RE, (HAZ AR
M HUE BB IR T 2k %

422 FeF BRI S Bk £

N T RRILRENL B E R R 2 B E T S, A AR R E S
W HA RN, TR FEN e BRI . A2 49K Titan Xp 5
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RN, {8 EfficientNet-B6l 5 28 15 B — IR 58 Bl SR (1 I [0 A 48 75 ZEHU Ny, Bl
PR T BRI ZRsAS, ATTIE A BRIN (8] 945 21O R B S5, RGBS HuE
FHEEA 5 ¥ —F (1) EfficientNet-B3 1E IR L I B . 1A, HHE b0 1 AH B 1) 4b
H, M S H 0 EA XIS UF R RENLIE R 2 Hridf AT se5e, B 2 Hr i P I EE N —ikik
R R . RXBESEIE R RPN

1)

2)

3)

4)

5)

WG R EE . IR BN 5, ARSI HEENA 12 NS, bl — 1
Pt 12 4Em 2 %, BSHEIWIGE B Z R W, i BT R 4-1 s
THRIENE . ENEE HARRE, 2 B REE RV R IR . ER S
PR A I3 AT 55 AR B 7 R e e — )2, B 19 R B2 BRI 7328
115 FHEPIPF fabrfFE: AR (Recall). K& % (Precision). F1 734k
AL AUC 1B oI o BA_E JUANBAREBEAT IR AN, AT 45 2 e A 275 50 34S
HER R, A (4-6) Fors.

TP
TP+FN

Precision = —T"
4 recision = —— (4-6)

Recall =

F = 2(PrecisionxRecall)
l 1™ precision+Recall
S = w; X Recall + w, X Precision + w3 X F; + w, X AUC

FREIESE . N T B ORBUN S ARECT /T MR B IAL I 22, X B FE

N B i) 5 MR — D2 547 R

S TT e N TARRGH IR, MR 5 AMRBLIME S HEAT AR R4

g, BARRARW (4-7) Pros. HPRRABRBEN 0.9, REESHK

HEME, WEYR, REEULBITRN BN 10, §¥N 0.2, vl

om0 2 1 I BEHLEL H AP RS HORYE S Bt 2 R LR E fE e VL
{mt = min(3,max(g x 1, xr x § + 1,0.3))

SPt+1 = SPe X My

(4-7)

fE2% . BT ARNESEHRRY LANSEEER S, HEI0EARSE
BACHT B AU TR EXIRB KT (WP ESErRInDD, Fikik
RS 1L 2 AF B B dE € BRI K 50,

HSHHHL R RN 4-4 FrosBbnRonS8EH, ABIREoRENE), EHh
A OR PR R RTINS SHE, R SNRRERIRE RS H L 4
=M NRIR R ES 7 eSS T VR, B R—R8 t n R 4G
mz b, HE AL TEOVET X, WA R RCR A 1, ErTEIE
i, REMESEER NS ERET - HENERSEEKRFAZ . T, &
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SRR R, ARRRI ) H RN T HRBBTARSHETFISE, N
KE, CEXF| 75 HP.
0.9 0.9 0.9
0.89 - ..!.'.IE(L:, 0.89 4 Irf%“, : 0ge | Momentum
088 { 0.88 - “ o 0ss 4 Y
087 { . . 0.87 * 087 | .
086 1 . 0.86 . 0.86 .
08 4 ° 0.85 - ‘ 0.85 - ‘
0.84 0.84 - 0.84 -
0.83 - . 0.83 - . 0.83
0.82 A ° 0.82 A ° 0.82 - :
0.81 ~ 0.81 A 0.81 -
0.8 - ‘ 0.8 - ‘ 08 .
0.79 T T 0.79 T T 0.79 : :
0 0005 001 0015 0 0.0000050.000010.000015 0 05 1 1.5
0.9 0.9 0.9
o.8o | Weight_decay 0.89 4 h%ﬁ__ 0.89 1 hsv_s
0.88 1 e 0.88 - .’.": 0.88 - .t
087 . 0.87 . 0.87 .
086 1 . 0.86 - . 0.86 - .
0.85 - . 0.85 - . 0.85 - .
0.84 - 0.84 - 0.84 -
0.83 - . 0.83 - . 0.83 .
0.82 - . 0.82 . 0.82 - .
0.81 - 0.81 - 0.81 -
0.8 ‘ 0.8 ’ 0.8
0.79 . . 0.79 , . 0.79 ;
0  0.0002 0.0004 0.0006 0 001 002 003 0 0.5 1
0.9 H 0.9 —r 0.9 : o
0.89 SV_V g | . rotation 089 { translation
0.88 - ’A.’? 0.88 —t'.:“ e 0.88 1 . aﬁ o
0.87 - : 087 4 0.87 S
0.86 - . 086 1. 0.86 - .
0.85 - . 0854 ° 0.85 - .
0.84 - 0.84 - 0.84
0.83 - . 0.83 - . 0.83 - .
0.82 - . 0.82 - . 0.82 - .
0.81 - 0.81 - 0.81
0.8 - ‘ 08" 0.8 - :
0.79 . . 0.79 . . 0.79 . . .
0 0.2 0.4 0.6 0 5 10 15 0 005 01 015 02

K 4-4 BAFHEB IR LIRET
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B 4-4 (%) BARNEFIEBLRE TSR, ABIFEATELE)

4.3 BRI I ARRLEE 73 RAFFAEIE RS

4.3.1 R R 3

FE TN B BB/ 1 e FU B 7 A — et g 5 5 ik, i

Moo 2 M52

— MR T B AT 4-5 TRI5E 1 BN S E,  H T RS - 2
Jrid, RT7i% 2: BT TmageNet FIGER R 1000 SR AR 70 R ZRA Y

i LR R B EIERR R [ softmax pRE KRN BORETY 250 E e hn 28 21 7] (1 99 4%
giryh, EIPSERGEM IR, ZRRRIEAES GO, LIRS AR s 2, tn]
LU FERES— 0 Z BN SR AW SR BT, TEA 5% 2T B S T LUSE PRl 21 5 4
FRIRCRUOY, MR AT =5 AW e 4 R ARRI RO AV, SRR (70 K AT ARG 5
G PERERCR o FITULNY T OLACBEAR (10 B PR 70 JR A2 W SR A PR e, AR ZREE — R Y
FERPREARL FE 1 23 AT 8 B, AR SCRI T 88 — 3 43 AT 55 B RL BE AR AE S BB B 2 )
RSB 19 SR IR ) 73 AT 5518 B B AN AL T TmageNet 352 J& /N AR A
B, LBRHHTSEOTRN, W 4. (ERSHSEITE, MTRSESIREM,

FTEA R TR AT SIS L, 0 EEAEAS R B BEAT IR HORICR
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LEEHL 8 T 2.ImageNet#iE
sz — REmaRe TS5 H
15 7E AYONNEE 14
3ETHEK — A BT Wk
fE’ﬁ;&#ﬁé _______ | PIGREFROsER | fgﬁi#ﬁg!
HSE HERP S

B 4-5 ST ME R 2695 5] 7ok

432 IERSEIIER ST

NTHEAREERIE T, A REH @A R 7 25 fE

AR, AT

B 2% 45444 EfficientNet-B6. EER FAETTIR VI B LU T, BRI 25 (1) S
CEPPRREEIREE 2% i S DL e I 28 S N R IR 2 ) R, otk e R Dbk o . 1B
I A TR ARSI S, T RARE A E!. Frik, EfficientNet 1E=2
WIS AN R A R RARMBESH AN R &R, FFlid sh 2 g5 M8 = EOR P
B HERf 2 B PR R SRR AL (1 2 B o B 24 1R Btk ) 4% 45 4 EfficientNet-BO A 413 4-2
Fiizs, & Hh i) MBConv 3275 3 #1 4% il 2176 #2 (mobile inverted bottleneck convolution,

MBConv) 5k, 2 HEER 7 BEM LK SENet"™ /. EfficientNet-B6 I j2& Hi 5

£ MM ¥ MBConv 5 AH ) B .

% 4-2 EfficientNet-B0 &9 9 2 2 #)

o #HAE LTS T T EY 2%
1 Conv 3*3 224*224 32 1
2 MBConvl, k3*3 112*112 16 1
3 MBConv6, k3*3 112*112 24 2
4 MBConv6, k5*5 56*56 40 2
5 MBConv6, k3*3 28*28 80 3
6 MBConv6, k5*5 14*14 112 3
7 MBConv6, k5*5 14*14 192 4
8 MBConv6, k3*3 77 320 1
9 ConvI1*1&Pooling&FC 7*7 1280 1

35



TR R EE 2 1S 4 FTREIEB N0 E W

TEREANM 28, WG B HOT B A B AR R DT R . R 7 k& AL
B, ATREHT S RIE ST E . HEF] EfficientNet-B6 &HILAH 45 4
MBConv #i#t (block), ARSZIGERE T = A EIALE: M 10block HIEATSHULH,
(R 10block R 19 UKL KRB 70 FAE LA Z 4L, 10block 2 &K H
ImageNet 1240, M 23block R AT S HUTH LA S M 30block Fi#EAT ZH0T# . th4h,
WAL 1 548 H ImageNet TR SRS H UL 56 A8 F 19 AR L Bz K59 73 FA Y
WS, IR gE T LUK 4-6 v ULE H, Hpf N rLEFRR i EL
XEGAE S 5, AR R —MSEIEH T, B SRR R SR ACC HI1E,
M=MEER AUC 1H. N T EIEWMEHRICKER, ARTEIRT R85 BT
# 77 O BB 25 tH, BEARAR R R I ZRIN AR 3

0.95 H0d

0.90
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0.80

0.75 (11, 0.700)
0.70

0.65
0.60
0.55
0.50 KRIEFMIACC 10block AT HIACC
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—a&— 30b1lock B iEF% JAUC —e— 5T RS IFAUC
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—a— 30blockBITFERIAUC  —d— & ETFEAIAUC
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B 4-6 IR A 6 REH LR R M AREA TGS, ALIRET AUC A ACC 14)
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AREFBACC —eo— 10blockBTIERAACC
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0.45 —o— 2 ERITFEHIACC RIEFEHIAUC
0.40 e 10block BT FEZHIAUC == 23blockBIIEFZAIAUC
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0.70 {1, 0.658)
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KIEFBAHIACC —o— 10blockBTiEFEHIACC
—0— 23blockBTEFEHIACC == 30blockBTEFEEIACC
—e— £EMEFRIACC RITFEHIAUC
—#— 10blockBTEFEAIAUC ~ —a— 23blockBIIEFEHIAUC
—a— 30blockBTIEFEEIAUC  —a— £ ERTFEAIAUC
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REIPEF
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4-8 Fi7R o
1. VIZREE T GHRL B AR 1T 25 B R0 ) Bl 7 282 . |l T2 R e 48 H b
F X SE AR P (1 28 R HEAT 328, BTLASE — 0 b B S SR AG S AR Y,
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[FG 08 1 AR R AR, (ERARZE IR 1 A 19 8 R R & 5 1) 6 KIEHL
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AR RFOSARET] LB MR T e i — BB — 20 6 ZE505 1 T 45
RAJPLRIR Np! = (], x5, x5, x4, x8,x6), 5B 20 19 ZRBIR N EE K] LRIR N

p" = (xf, x5 xy L xle), IHHITFES [ | s AT A3 (4-8) IR
{1, ifx; = max(x)
0,ifx; # max(x)

VUi T P ) TS AR AR B 45 p T AR AR N A (4-9) DU

p = ([xf] x xf, [x1] x x|, L] x 23], [ez] X xf, o [6] X xf) (4-9)
X BRIy JZ 2 W SRS AR BT ot 5 3 B R B TN AT B IR, Bl A 45 R 2%
TE-ZWMNMSER, HE—ZRe W REs] 7 et s SERER: Jem K 8E
(2 FME 4= 5 BN 001X A7 sRE L LR iRty G SRS 6 1) R 73 ol
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p = (b x ol xd x adl, al x ol x xT, L xk x xdL) (4-10)

MBS, 5 ARyt i, Hoag e 1w R O
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4.4.1 FIEVEY

N T IR E 2 W BRI B SEYERE, ARFTEXT AR E 2 WiE L, RSy
VECL SR MR AT TSI L . SRR A 5 T ER XAER 7, B3
FINRERE LN 2523 5Kk, B Sit Rt 12612 kMR EHE 1 F1 /8 LL& ACC 1H,
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% 4-3 B w R 19 R m ey BAR LIS 4 F Atk

J7i% F1 ACC
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JIIR, SRR E B S A R BRI AR T RAE R, W Tl AT, A
MG R BB DXt R JDRCT R PR SBR APE RE B A AR A Y (EIK ANl R B S R i ) EL
fro AT DLRBRIRE ], 38 VR B 5 1 iR SR B2 T NP B8 B JHRrh Jeg s  E J5E
FEL, I B A A A .

5.1 [ RPPE N BN A T
5.1.1 NHRIREE

XA AR E BRGNS, IR R SO EAR SRR — 200w, HA
S RAREIIRIER, ZH05 BRI, (H/NE 7 B2 PR mT RE 3 AL S B ke (i
RO, XX EERVGEE AT T BP0 E AT R AR, YAl Bk
TR ) PR P ASE Py T B s i R A e ) — TR AR 5% . AEImIR b, B kMR
WEBPEREEE R “ Ehnife” 5 2Lm AR E A B, O B RV BE 9 I S Bk iy HLE
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¥ B2 A IR, 3 SO BRI 3t — 25 8 Ak
FERXAFOLT, WA — P SN B3 (R A TR B 55, T ARG A7 XU
g, IHRBEARA) L ER M — PR . B0, i s R e R O R,
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