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I. ARKMREAE

1 IR I E MERFED 72D CNN E T /LAERK D B
AlIZXDEARfEIETCOT7r—F ¥ — M ERT,
1. wg
(1) #HEmpE HER

May-Griinwald - Giemsa (MG)Y& € % 1T - 7= @i A )& 1
BRI 40 Bl & L7z, MG Y B AZ AR5 100 ff51H1R L
U X% W CBEMBEEZE L, BBE S A T (Axiocam ERcS5s,
Carl Zeiss )% v CHELA A e 5 2 7= 31 & B i BRAR A
% 2560x1920 pixel DOfFEEEIC THRE, A 1335 Ko EH
E L ER 5 % 1572,
(2) HERWETAH FHIE

MG Jefa 24T o 7o TR IR B HAE AR 57 il L Lz,
MG G EASAIT R 100 f50IR L > X & A C B el 42
L, 1HEARIZOX 150~200 fH 0 B iR 2 B A 5
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(Axiocam ERcS5s, Carl Zeiss £1:) & T 2560x1920 pixel Dfif
BRI T L,

ZUAN A B L OMERRAEAm 2 U 7= )8 M ik R A 1L &
HIZHBEHEATHY, ZOFHICBOTIIREEZES &
Lbiz, BEabxiToT,

2. REEE X TLOEK

VEJE 38 7 A4 7 Z U IZ1% Nnabla (SONY #h)%, BAZEEREE
IZ1% Anaconda3.0, Python3.5 Zfff L7z, F7-f@HTH —
K = 712X CPU (Z Intel(R) Core(TM) i7-8700 3.2GHz,
GPU |Z NVIDIA GeForce GTX 1070 8GB, OS |Z Microsoft
Windows 10 professional % fifi i L7z,

3. EfgT—%2ty FDERL
(1) HERAERT—4 Y DR

a2 L 7o ZAh o2 H A ek 13 B I L0 Ry
ER(Band), ) HEikZ4F FER(Segment), 4FE&EK(Eosinophil),
I ¥ KBk (Basophil), HLEK(Mono), U > /<ER(Lymph)iZ 6 43
A U7z, JIEFEES B ARAE MR ES R T HIEIZHEN 79,
I HERIL Band & Segment & O#ERIFEAE L L C, Band ITE
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SZ kb L7, —F, Segment I EEL7EOMITERT
DIRMBN, O E/NEERG B3 IME LT 58138
RIS HEIT L7z & AT Segment & CHIE L7z, 6 MRREIC
SDE LB T — 2 x5 s LTON R L EmEKEfg T
—XEy NEQERHY AMKEGR T 4y FD2 2%
BB TE T — % & L TER LTz, 2, 3 I2&HATH
BT — %y MERFIEZ 7T,
@ TRLFELAOKERT—2tEY F

F L ERAR AR 2 0 & U CJEL %2 750X 750 pixel TRV
I, RIERC ML/ MR 7 EE R AIEE L, Ak
%ﬁﬂﬁﬁﬁﬁ‘fﬁiﬁ%?ﬁﬂﬂj L7, BocBEBILS b8 T

Wt L TERS ) A Xz 52 & THET— 2 8%

i%‘jJD S % W4 AL (Augmentation ALER) A i L7z, 454
(Z%f L Augmentation ZLEE & L T 90 £, 180 £, 270 Ji [,
AL A N2 5 2 & Tl BcE K# L S+, Band,
Segment, Eosinophil, Basophil, Mono, Lymph % [f]% D E|
B TELAF 2385 oK HEigt v M &k L, £ D
% CNN T8 FEG AL & LT 480 X 480 pixel [ZfiR 4
EAEER LT,
@ BRHYALKERT—4EY +

FfLERHAE 2 Hl & U CELE Z 750%750 pixel T Y
2 7%, Augmentation ERZJE L 7=, SHEEIZK L 90
FE, 180 J, 270 FE[NIER, [EALERE A INZ 5 2 & CHERAL
¥ k¥ L X+, Band, Segment, Eosinophil, Basophil,
Mono, Lymph % [F%OE| A TE LA 7 3284 Koo Zfii A
Bty NEARKR LTc, £D% CNN TONE Hmig s %
& LT 480x480 pixel (ZfRfRE 2285 L 7=,
(2) HMEFMESET—2 Y FOER

H I BR R R 52 % I B I &Y Band,
Eosinophil, Basophil, Mono, Lymph IZ 6 4338 L 7=, #&5Ikk
T HMAELR T — &> OB L H’F%T&)Z)o BIEAR
B W T4 L7 AR E & IZ > Tl 1 X%
750x750 pixel ThU I 7L, EDH% I HIZ CNN T
OHEFRATAf FH ARG EE & LT 320 320 pixel &£ L7z,
4. ONN ETF L TOEGETAE
(1) HEGLERFET(CKS CNN ETILIER & HRELE

Hae LI KA HAIFEH 2T CNN 70 e LT
Kaiming He % 23B% L 72 ResNet-18 122\ T/ ¥EIE E@I’i’

6 MRS LT L7z 9, B %D CNN 13K 4
R U7T2, 28 ResNet-18 Z VY, /e L%IEFI?)EHE@7*~
Xt b 2385 fi :ob\fﬂﬁ A= & LT o ik
(Optlmlzer) 1% AdaBound ¥, 2238 131X 300 Epoch % 3% /E L
TR 21T, BMERM A ICEAMT T AR S iz
mﬁﬂ: CNN EF /U (WBC &7 /L A) 2 51-, & D%, K WBC
ET VA TR I U CHERR AL 217V [ 1ML
BB S 33 L 6 W TO TR A FHRAE L7,

Segment ,
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Layer Name Output Size ResNet-18

convl 112x112x64 7%x7,64, stride2

3 X 3 max pool, stride2

conv2_x 56 x 56 x 64 3x3,64
3x3,64
3x3,128
3 28x28x128
conv3_x 3x3, 128
convd x  14x14x256 33,256
3x3,256
3x3,512
5 7xT7x512
convex 3x3,512
average pool 1x1x512 7 X7 average pool
fully connected 6 512 x 6 fully connections
softmax 6

X4 HAiEk> A ResNet-18 £ 7 /L
Training & Validation T3 Input Size % 480X 480 pixel & L,
Augmentation P2 LY 1 EHIZ Contrast, Brightness,
Magnification, Angle ZZ % L7z, #EFmaEliic VT Input
Size % 320320 pixel & L, Augmentation ZLFRI I T 72> 72,

(2) BExHYERFPFIZK S CNN EFILIERL & HEMREEM
AR O e Uik CNN €7 /L Cdbh 5 WBC ET /L A
% Plfeafs 58 (Pre-training) 7 /v & LT, ELICE=H Y
B HESR T — 27> b 3284 BUZHONWTATA—=Z L L
T Optimizer I3 AdaBound %, & [BI4% 300 Epoch % 7% &
LB INERFE 52 (Fine tuning) %2 17\ B I BRI > F6 A (2
BAFUT A e ST G b CNN £ 7 /L(WBC €5 /v B) &5
7o EDO%, AWBCET/V B &AWV THIEARBEIS L
THERRATAG 247\ [ L ER AL 0> 5 438 L 6 /8T TME
ZEHRALER LT,
3) HEAEGROERVLEBOARICLIDPERELR
WBC £7 /L A & WBC E7 /v B ® A IER Sy FEFEAGE
IZ 2T Wilcoxon DNERZFIREIZ & D HEEHFRIITHREE L
7me BEKMEP<OS ZHEERY L LT,

Im. #5538

1. ’“-’-&L f&"#“%l’;ééﬁiﬁﬂﬁﬁ
K51z C LB HEEER AT, TRAINING ERROR
Hi%t & VALIDATION ERROR BHARICIZTREEIZFE S ST,
VALIDATION ERROR fi#, COST Ba#k iz &
FEAIZ 0.1 ARG E TR L7z, [ 6 12 2 il D HEGRETAT % R
a9, A-1 13 57 BilH Accuracy D3 b B 2 R L7 A=A
ThHV, A2 13 57 HIF R HEELZRLZERTH D,
Accuracy %5 535/6 733 TiE A-1 1284 T 0.985/0.949, A-2
128N T 0.985/0.646 TH Y 0.303 OEDRD Hivlz, F* 1
(A-l ANTA 5T EEAROHERFHMFE R % 7R 7, Accuracy 13
ST 0.9900.011 (Mean=SD), 6 43744 T 0.822+0.062
(MeaniSD)%:m L7z,
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Lymph 88 1 Lymph 29
VAN -
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6 WBC E7 /L AT L D HEE ANEAR 2 51 o He 56 FEAm RS SR
HIERAIIE DB OB MRS R & O —BRiE, 5 H%/6 DEICE VT A-1 T0.985/0.949, A-2 T 0.985/0.646 TH -7z,
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Learning Curve
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M, % 8 B, O M, oM A
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Basophil 1 Basophil 3
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577%
Lymph 88| 1 Lymph 27| 2
Mono 1|12 Mono 1110
Neutrophil Neutrophil
(Band) 88 (léand)I 150
t b /Al |Basophil[Eosinophil|[Lymph Mono N?‘é:;’z;'" 'E'Se:gt::g:ti)' t /Al |BasophilEosinophil| Lymph |Mong N?;::g)h“ ?Sigtﬂfé’:'ti;
Basophil 1 Basophil 3
Eosinophil 6 Eosinophi 5
6ﬁj\* Lymph 88| 1 Lymph 27 | 2
FR
Mono 1 12 Mono 1 10
Neutrophil Neutrophil
Band). (Band) 9 2
Neutrophil Neutrophil
(S:gmentl) 77 (Segment) 38 101
VAN ¢
o5 s« T e
-
[EIEES /
x 100 X 100 X100 x 100

Xl 8

WBC E7 /L B2 & 2 AEA 2 5 OHeESHREAm A F

HImERAIE D OB MBI R L O—8=RiE, 5 5%/6 IV TB-1 T 0.990/0.980, B-2 T 0.985/0.783 TH -7,

WER] & B D% Segment & Band [l TOFE45HH, @1% Mono & Lymph M TORRA ML TH 5,
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BIHAH=2—T )V Fy T —27 (CNN)Z W= RIS A IMER DA 7 U — = 7 B ot
£ 1 REFITOHEREALE R
Al: WBCEFTNAIC L 2595 A2: WBCETIAIZL 2608
k& | /Al|Basophil|[Eosinophil| Lymph | Mono Neutrophil Accuracy t | /Al|BasophilEosinophil| Lymph | Mono N?;;r::g)h" ?seelg:;% Accuracy|
Basophil | 116 1.000 | [Basophil| 116 1.000
Eosinophil 246 1.000 | [Eosinophil 246 1.000
Lymph 3179 34 0.989 Lymph 3179| 34 0.989
Mono 61 596 0.907 Mono 61 | 579 0.905
Neutrophil] 14 3 6917 | 0.998 | [Neutrophil 1 1 849 80 0.912
ait | 0.990 | [Band
ment) 13 2 1812 | 4176 | 0.696
aft 0.822
Bl: WBCETFNBIC & 35458 B2: WBCETIVBIC X 365958
e I"/Al Basophil | Eosinophil | Lymph| Mono | Neutrophil | Accuracy E |"/A| Basophil EosinophJ Lymph | Mono N?;ta?‘%h“ I;ls:grﬂne%%l Accuracy
Basophil | 116 1.000 Basophil [ 116 1.000
Eosinophil 246 1.000 | |Eosinophil 246 1.000
Lymph 3184| 29 0.991 Lymph 3184| 29 0.991
Mono 1 43 | 596 0.931 Mono 1 43 | 596 0.931
Neutrophil 9 1 1 6923 | 0.998 | [Neutrophil 3 810 118 |0.870
&t 0092 [leeet
(Segment) 6 1 1 1152 | 4843 | 0.807
& 0.879
A B
N & 3 ii "
v \ + : y
o . ‘?&G‘) . — X ‘ ‘
=% % | X 100 X 100 X 100 % 100
0.9 - 0.9 #
038 - 08 “ '.
0.7 - 0.7 "' ‘bﬁi »{
06 - 06 - X X 100 X100 X 100 X 100
0.5 05 C - D
0.4 - 0.4
03 - 0.3 ‘ 4 p c
0.2 - 0.2 X 100 % 100 X 100 X 100
0.1 01
0 : . : : :
E1 E1- 0 b % ’ ?
Rkl TRHY 2L ERHY
© %100 X 100 % 100 X 100
9 R DOAMEIZ L D AR bR K10 b - HERSIE-AL 2B TOR—EHM L5
A S PBEREELLESR B 6 0 JENE I LLi A: Mono | ﬁéntumm
5 57$E ClIE M CNN 7 /LC 0.990 LA Accuracy 3% S A B: Lymph {2438 & 1172 Mono

HAETE

ZERIZBNTH
=HY
[X] 7 1Z CNN |Z

2.

1
(]

Bz

RO BN,
YIRS DA E 72 W F(p<.001) 2358
Eﬁ#%t;ém%ﬁm
DR T,

#hfit & VALIDATION ERROR HE#Z (AT
VALIDATION ERROR Hh#R, COST B iu\fh%%
0.1 KR FETIWRLE, K81

-7,

JEF!

v i
B b,

6 FEICB VT

ARl A2 R, B-1 1% 57 B Accuracy 23 b EifE %

IRLTEEARTHY, B2 1357 flhx bIREZ R LA T
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TRAINING ERROR
BOLIT,

TR NAREA 2 Bl HE

C: Segment |Z4y#H & 72 Band
D: Band 27740 S 172 Segment
% 5, Accuracy 13 5 53 %8/6 537 FH CIX B-1 1231 >T 0.990/0.980,
[ZFUNT 0.985/0.783 Th D K 0.197 DZEDED H il
72, 5% 1 (B-1, B-2)i24 57 FEAOHERm AR #E R 2 =7,
Accuracy 1 5 4373 0.992+0.008(Mean*=SD), 6 43#H T
0.879+0.039(Mean+ SD) % 7% L 7=,
3. ¥MAEROERLEBDOERICEL DD ERELE
B 92 WBCE7 /LA & WBCET /LB & D HERGED
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fere, /i W, B O, o B, O M, & R

g kE R4 RT, WBC £ /L A & WBC 5/ B & D
T, 4257 BT O HERR R RS 5 D Accuracy (35 4338 T 0.002,
6 53FE T 0.057 ® LA %75 L7z, Wilcoxon DNEMZFIMEE I 5
STPETCTHBZAITRD BT (p=0473), 6 SR TITAEZEN
RO LT (p<001), b Accuracy 2 LH L 7= IR X
Segment TH Y, 0.11 O EFPFED L7z, ¥ 10 12, Lymph
& Mono, Band & Segment DFRFEFE L 72/l Dl &7~ L7,
Lymph & Mono, Band & Segment D#BIIZIVT, R0
SRR TR, MR E DR, BRTEIR e & BN
HEE LolLEoOREFNRMEMITERD Dol

V. &8

AR TR B R M B ERIEA % FV ¢ CNN 12 &
DRI AMERSEA 7 UV —= 7l LToaAEE
Bt L7z, EOREE 5 558 TD Accuracy 1% 0.992 1T L,
AU ) —= v 7 HAR & U TR R % Fe 53 T 7= 3R A
HFohiz,—77,6 433E T Accuracy 1£0.87912& K £,
FIMERSEEA 7 U —=2 7 Hf & L CORERAER %57
TDIFIEREORMBED b, 5 e 6 pHEICE
WTHEARE TRl LR E LT, iFHEkTéH 5 Band
L Segment ] CORGENRERFEKR E72>THBY, 647
T ONGEE A RT3 W TRAF T ER O 43RG EE M) 235 &
2%, SEREEOM LBV TE, AEICBNTERD
DEBIZEZENFBICBWTARENRO LN &2
B, ZRATYE O BRI\ TIRITRI G & 72 D A i Bk E
TEREEAIRH S % CNN 25 2 27200 T, BROMVT &
WMEMZDZENBEN ECEHTHLEEZDND, L
HLIOZ EiE, BERLICED AL &AWV WIRGEEEE
DW|E VL IIRLTWD, HHLOWFRIZEL D L, ALIEH
2H7 IV —OBBENR AT Y — &I RERER AR A R o
Tl EZ L EATVDRICB D TIEEEHT —F DN
AT ALK DFERHEMRREAET D ENREN TN D, A
2BV TIE, WBC EF /L B OEHIZHB W THEY D A
\Z &% WBC ET /L A IZ%} L C Fine tuning #47->722 & T
FET—INA T APERS N RBERSH Y, T b
BRI L D AT Z W REERE B RR I L 22
Wr 34 Y — L OB ORAIZHB VT, ImageNet 12K D
Pre-training £ CNN £ /LiCxt LT B AMRFEMER HE
B ZENPE S¥D 2 LT, BNERER CNN €71
NEHINZEOREICL > TXFRFEND D, LR
5 CNN 2RO & ORHIE T 2 WL CHIET L TV o 23R
HEORTEARATH D, ZOMBEICH L TiE, #HE
CNN ETANEERNT —F ONA T ADEBELZIT T
208 DEHET 2HM & LT Grad-CAM (T X 2 iRt 23
H#hTH D Z &1 Ramprasaath HOHFFEIZ L VSN E 72
STWND D, [IMEREET — X AT B WD CARFEIENS R
ZoR LT BRIC DWW TEARBIEICHE A L7c 7 — 2okt LT
Grad-CAM % F\\ = f8HF, & /- fth oo IR AT REMRHT AL IC B
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A EBECTHLNMITEDEEZD, 72 CNN T
IO AN SE 5 2 L THERBE DM LR RIAD
5 Z &M Karen HOWFFRICE VA DENTWED, BE
DR S IIHEFHEAGE T L OAF AT IC BT 2 FH & D B L
— AT D LICEET DHNENRH D, F7- Qingshan
She HOWEIZ LD &, TAVUAFT S U7 2l i 72 1
T, TV L T O HETEAG T b 5y SES EE 0 [
LIZFGT DI ENRENT VD W, Z -2 A i
FEHEEENDFIETH Y, BERET —% TIE7 At
JFENTWARNWEEDOT — & % I EE T & D ARETERF
BammIE, SR RMHETICHESES ETHEATH
2bDEBZEND T END, HEBEOR EICBW T
INDOFEOENERNTHILERS L EBEXHND,

ZDX O Al DR E DA T ML THOMTSE
B EFRAENA OO, — S THRERKRET —Zide k&
Al L DFBMEIZ S B AAD Z &, ek & DR ¥
BLFTHIEND, T—FHEIZOWTHRAED LI & 7
b, BEMFEITFEELE LT, SO0 UDEBEICERE LN
TA—HIZESE, AMEROBFEIEREME L, T—#
—ALWED ETHMERSE AT O BBEEE TR
D—EOHBM S FCERINZ & Z2aiteskt e LT
BY, HxOEREOEAFEIZH S Ml E R RZEE
TIEBET D2 L —BICHBT AT > TV D 1B, Z4Z
LT, ALIC K 2%bldH 0 58 TIX G 2 6 v 7 Zhil s %
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Artificial intelligence analysis with convolutional neural network
for peripheral blood smear screening in leukocyte classification

AMI SASAKI®! MIKU ODA*!  HIROYUKI NOZAKA™?
MANABU NAKANO™ MIYUKI FUJIOKA™ HIDEKI TAKAMI ™2
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Abstract. Medical Al is a next-generation medical technology that presents a diagnosis based on EBM regardless of the
experience of clinical laboratory technologists. The technology is characterized by learning large amounts of patient data
diagnosed by experts based on years of experience. In this study, we examined the clinical usefulness of screening technology
with Al for peripheral leukocyte classification. The subjects were 57 healthy person's peripheral blood smears performed MG
staining. The CNN model learned with teacher images of mature leukocyte cells that show typical morphology, and parameter
tuning for optimization was performed. We performed additional learning and fine-tuning on this CNN model with various
leukocyte images. The accuracy of 5 classifications showed 0.990 and 6 classifications showed 0.822 respectively in the
additional learning with background-less images. Contrast, the accuracy of 5 classifications showed 0.992 and 6 classifications
showed 0.879 respectively in the additional learning with images included background. It was cleared that the mature
leukocyte cell morphology screening with CNN was highly accurate and useful. However, it is necessary to examine the cutoff
value and the judgement pending condition for the boundary area cells in the clinical application.
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