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Abstract: Bone Age (BA) is one of the most important indicators in evaluating children's growth. The Bone
Age Assessment (BAA) based on Chinese wrist bone development standard-CHN (CHN) scoring method is
widely used in the evaluation of children's growth and development and height prediction. However, the
adjacent developmental levels of some reference bones last longer, leading to the subjective judgment of
developmental levels by experts based on personal experience, which affects the accuracy of predictions. When
deep learning is used to evaluate the developmental levels of these atlases, the prediction results will be
random. In this paper, based on more than 20000 X-ray images evaluated by experts, a new mature indicator
with a large interval with a large interval is drawn to generate exquisite atlas to perform some reference bones.
Additionally, the corresponding maturity score is determined by analyzing the level structure process to
maximize the impact of error -level prediction on BAA. Combining Harris features and convolutional blocks of
the convolutional neural network of the attention module is designed to evaluate automatically the level of bone
maturity. In addition, an annotated database with an age distribution of 5-11 years is built to train and
evaluate the method. The accuracy of predictions obtained by adding a new standard atlas to the CHN method
reaches 94.6% and 99.13% when the tolerance is 0.5 years and 1 year, respectively. The experimental results
show that the method proposed in this paper can distinguish the development degree of reference bones more

precisely, and improve greatly the accuracy of BAA, proving the potential for practical clinical application.

Wk H . 2021-12-27; 2RI H Y 2022-07-26; MG HIR: 2022-08-04

SEEEE: BEHE  maokeji@zjut.edu.cn

BETH: FFASFHES(62072410), WiTLA FEGA 850 71T RI(LGG22F020014)

Foundation Items: The National Natural Science Foundation of China(62072410), The Basic Public Welfare Research Project of Zhejiang
Province (LGG22F020014)


http://radars.ie.ac.cn/CN/10.11999/JEIT211577

31

BRI B L E TR CHN R RE B RTEAl 7 LT /¢ 959

Key words: Bone age intelligence assessment; Chinese wrist bone development standard (CHN); Convolutional

neural network; Attention mechanism; Analytic hierarchy process

1 s5l§

SR VN L T D AR R B R R ) EE AR AR,
AT A B2 W 59T N AR WA R . BRI A,
0 1R 2 A R TR ) L2 7 2D 4E 0 RAE &
JSAE B TR B T T )L B K P
T iR AE TR EEESERKE T, b
T A B W T o E Y Bl R R
i F B PP Aik 7 VAP 93 3 A& Greulich-Pyle B %
(GPi%) WfITanner Whitehouseit 3% (TWiZ) [,
GP B A7 X e Fr 5 05 e 1S B A LU, Y
AR N B R, XMOERE M. B0, HEN
PESR, W2 K. TWitmiEds 212 TW3
FEE . T TW RS E RIS T2 T & H TR,
T AR [ xof vp [ )L 3 7 /D AR 32 P AR 05 1R R
BN F Wi & B heiE-CHN 147400, rhfg057k
FIRUS-CHNA SRV H A AN FEAS o B A 23 i
TTRMTW2UET- Wi s K E 7 5% . bkl g
NFREH H 4205755 3-18 % L /b A= H#E AT PRI 1)
45 L LR H CHNE I 1) 45 FEAE 55 M v i /N0 . 3-
1.1%, ZetEdw/ho.2-1% o i HCHNZ /& i 5 R
F T8 50 T3 3 M U B e b, AH BE T HoAt
AL J7 VR AE B s IO 77 T SE A L%, AR CHNE
B TN B vy AR )L B s i AR 0 T
HEZ—

Bl = 2 R AL BN R BT R R, Rk
% (1) 22 0 i R 1 R BR VR A BEAT B AL . 20094F,
ThodbergZ: A H T BoneXpertH # W4l & 5t,
FERCN G T G AR o 2 RS TR K
P FE IR, 5 H 300022 5K UG R 1) 2 18
HIEA. BEE. SURERMEIZR R, 3T ER
Al o H R 1% R G0 2R i A I X4 v 4 20T i 52
B, REMZARE LK. Lee®s N2z L%
SJSITITEI R T — AT IR BE 5 ST I 6 R eV
iR Gt. ZRGN GoogleNet 4 BEAT R, L4
S5 RL W B L PPAl 45 R 5 T KA RN iR ZE
FE1 Vi A IR HERf 2 73 31 994,18 %0 4190.39%» 1)
JIRRARZES 0,825 F10.93% . 20194, Ren%
N5 A R Aot EUG AT TRAR B, 4 A2 BT
a =Wl (ST T AR AN i U NG N = WAL 1541
B NG VPR, PSR E R S T R
F 4t iR 2188 75.2~5.31H . Han% A1V
I w4 P B SEE T R A T8, FEAE T A B DE
AN HTALBE, SR 5 R B A 745 /KU B x) ER

(Y SR R [X 3 AN 5 X AT 40 %, F i resnet ¥
B EMEARE . 70 B B P BRRUIR 5 %
e R4 0R 22 80.45%

BEAl,  ASTR] 22K B AS [ () 88 DR AR f v X
B R BHAT I A . LinZs N3 TGP,
KHVGG-U-Net ¥ X £ Fr 11 F i 3673 V) H oK
SR R IE T BT R 0 B R AT AT BE PEAl . Son%E AL
KHATW3ERARE, R T — S WS XL
FI13ANROTIX 3t 47 $ B0 ok & S kAT
Iy RN TS o X545 N DSl o AR 05 B %
FRvEE, T FHIR B 2 ST TR R 5 0] HEVZH ) B R AR )
BN ) LT D A W B VP A R AR %

b v A s e X 2R ) T AL B O
O O I R 3 SR SR I N 21 B 08 DA A3k
RPE R BB W VAR PR R o IR LSBT VR AE S AT AR
T BE I BT FH B 48 AR oA e R 2 B 2N
1% BB 6 VP AL I AERA 26 o (H A SE BRI R B A
P R R R R R PR, FEAREIR
UEH PP E R TSN,  H S PPA S bR A R
ZERNVBIF, W VAl 2 B A R4 Bh I PR S -

CHNVE R B3k i 3 X 28 A v iR 1452 185 1)
KE 7 WER D RTRB8N, NN FEH BT
9. ZJaTHEAMSRE K E RS S8, FF
B AL ST N E# . T CHNE A F e S 1
BERER ERIEEERR, EREKENANERE
B B R 8 S0 ST S P4k AR o T R R
[E X ZERSIRE R E 2 AT G, 28
BRSBTS R R i FaX A
FHAR 7> BAKS B B3 0 fHZE R, IR A0 i A R E
W VEI 45 SR P A R IR 22

ARSI IX — 4 ] AR T — M H B
R BRIEM T, ECHNER IR E, EAMHLE
SRR PSRN I S B I 2 [R) /20 22 38T 1Y) A 4
fiE, PGS, Rk BRI T FHAR R B 5N
Z IS REE — MY A ESY, FRHE
A NTEERS BB () A FRAE 7Y BLfS 7, S
W R B o R PERe SR B SR R R . R
SCHE B RS R RE VA T VA I A B an B LR R
N3N, S B R Faster-RCNN 7 AK;
X2 H 1A ROIX AT e r H o0 s B 20 B
HRR T — N SRR 2 X 2 T 2 FE B I R B 2 A
R(AFEACHIRFERIK B ) fEH3 B, it
A2 BRI ) AR AT 20 R, AR 1 1)



960 BT 5 fF B % M %456
e N
B I A SE R
HEFIRME | S [apewin)]
L — | pp3: 3(5), 4(5) SrHEXT VAR 1
R
B\ —| me3:3(3)
n SHHE KR E W
ibidcls S
3 5 RITHH J
wwirs — R — _$ st | |2
eve.
A —— [ Levald | 028
N /

K 1 2T CHNVAR) I B REVTAl R4

& B TECHNYE R B 5 8 8 5 [ R 45 20 X6 B2 1
g BeAh, ARSCRHE R IIE S S b EE R
FELE0.5% V05 [ N IR RAE PR 6 b5 o
2 BRSO

2.1 BUEIREL

HT /N B A K KB ELEN B, N T X
ZIY B B VP AL AT B AT T, TR R B
o ATUHAEWTLAE “Rldamir” WH KRR
M2 NI LA F TN 2 AN ERER0 T RIKT
Wi X4 Frs SERE O ARTES-11%8 . BT XZ R ¥
[ — & DRI &ML, AT 7GRN H 5 6
o, HHEBIDICOM X EHE F 4 K /NN
1626 %2032 JPCA% R, JFIE 2 A0 e L X
AR CHNERS H A 275 RIKX & &S|
BATRE AT, ZJE RSB KXE FXT
A k=g

FE R H CHNVE X B 08 #E47 VR I 75 22143 2
a2 5004, a8 (radius), EH
[ (metacarpal I, mcl), &I (metacarpal
I, me3), %EH V (metacarpal V, mc5), IE7ifa
‘# I (proximal phalanges [, ppl), L fEH
lII(proximal phalanges Ill, pp3), T 15 H
V (proximal phalanges V, pp5), 1 1ifE& I (in-
termediate phalanges III, mp3), HFifEH V (in-
termediate phalanges V, mp5 ), & i E
I (distal phalanges 1, dpl), & {i$g&1ll(distal
phalanges IIl, dp3), @if5H V (distal phalanges
V, dp5), kIRHE (capitate), 1 (hamate). N
T D> — BT SAE B B R VPAL G R,
HE ARG, 7REGIX B ROTIX R A H K

A AE I Faster-RCNN IS v 6k X 28 A )

ROIK BT UIE . S I A VEG16 %4
SRS A B P, %5 0N X B3 P 45 1 1
AR ERRYE A AL AN, AR M
O LR B R OT IR, 1506 [ I {7 i HE 4R 51
B I b A R, 2 e AL R A
AN, R R 4 A SR OIX
S T R A FRE R 8 . TRATHE % 5P it
X2k B A, IR 5 K S I R R
B, (0T IR B R BT ST
2.2 BEEHEEAITN S EHM R

B TE R B R AL RS, T
SRR BRI T AR, A
BA—ANRENE. MR SRR
SN, RESIRETERSRE, BRI
WA R A LESEE VR, ERE N
SHIT,  HEE R 0 R A B B A KB
L2 DA b, ()R, R B AN,
O LI R B AL S BRI 9 s,
B2(b) . EEHESIRERE SR,
O 4h 2 IR 0 8 HRE O 2 AT 1 2 B R 9%
kR 1%, A TSP 2% 0 R 8T
20, B ST O A . 9 2 (c) B
B 09 R L2 (o) BT O 3300 2 B b
VI B R S, B IF A A 50 2 (b)
TR A PRI R B R, ORI R B AR E
SHIFIANI 2% R — 5, SECL KK A
L300 UG 2 1R 7 4 ST SR 1
2.3 AR F—3M

RSO P I 268 22 5 5 2
SR BT 00T . DUE SR VOB, BT A
P X AR S AR RO TES- 115, 1A 35 45 96



31

BREE: IS HENE A F LN CHNE A

B WVFR T IERT T

(a) 341

M

ﬁ'ﬂTEH

VIR B IAEEERESH . 4aARISH 2 A],
W 2 AT UL A — BUNS IR RS A 4315K, é
4!3 FONAIART B BE A 8305k, 1A 12765K KIS 1K

B MR H TS ERWOARNA—E, TH
~%@%,%%%%Wﬁﬁ$%‘%ﬁ%%ﬁﬁﬁ
480 XTI E WA — B B, HE TR
FAA HON3HII A 699K, (5 EE54.78%, HEELHK
NI HONA A 577K, H45.21%.

KR T RIS &5k 247 % P h i 13a 5 48
B VIZR 240 RPTHALE W2 S 4 — s sE
I3 A. TEVHG S RS S EgE R, 2%
FPAh = WA — S B 138.14%, AN Aii— ﬁ
HFIEME 61.86% . 1EPEAL 25 R N4 B B
LA — 8 5 41%, AAEH—85H59%. Tu
FHEANKE S WIS R ELES T EE — 5 IR
5 SN NG 56 A0 3 00 ) i s e B R B
VAL HERR FE 2 250 m . T H X S5 S B WA —
B2 HE g BB 0 I PR s A B AR AE A A A T 3 1A AN
A2 18], 5 3HARIAMARRAE B VE B R B RN
— 8, TCVEE IR At e R B RAE, mﬁ%
FEMPEN NRMAK RfE i ZSRENKE
K, =FEARME R %ﬁ%?ﬂofﬂ
FHVRFE 2 206 Z 2R BB (1) 2 8 oy BT VPl I, &
FEUE VAL 45 R A AL .

TR T BAE. LWEMETEE VRENK

B WA R R E AR 4y o IR 2PN, M—ik
%i%x%ﬁ%ﬁm%% KB oy WA E—,
REEAEEVIRIRE S RA—5, 20
ﬁﬁ%m%ﬁ FOE R A AR A A L,
QT LR E 2 20.3%, A LLE H R —HeS
R RS 1) R 8 2 BATEAR AR S 2 R A iR ZE 2%
e 2 TR WA PPN I RS T
2.4 REZFIEENFN

PAAS SC 55 45 3R B A SRR N PR Y, AR S
TEG 245 FAS I i 3 485 V B, e
25605K-H K& B FE 7R 3HA B4 2 8] ) B A Sk
BRI L R 2B . P seit g R 5 L RKIF
il &5 Jp= A R 22 1 G A 3085k o 1 7 X B8 77 A iR

(c) T34 2 ] ) 2% ik

T3 543 2 1)

£ 1 EBHE VAL EHNEANE ST
R gﬁz§%§%§ B R Eﬁﬁﬁ%ﬁ*m
— 431 38.14
3 AN—F 699 61.86
4 — 830 59
R 577 41

%2 CHNAEDBIEE VARLEHMES %

1 2 3 4 5 6 7 8

5 19 24 34 45 57 64 67 71
& 21 29 43 53 65 73 7 80

ZNEGS, AL FI RS IE R E 2 v
i AN — B R L BN 100% . B AT B
& AR IR 2 21 0 2 0B 347 K 8 0 I vEAh
I, MMSRESEXE N ERERZHTHKE
Ei=E 018 %ﬁ%%Aﬁﬁﬁ%z@ HIM R FE 2 2]
ﬁﬁ%% KBNS, R EEB S I (T 4
KRRz, WAZSREEANF T Z PG 2
HIA LR oS, SEEZE R
A 55 R PP Al £ %ﬁiw%%iﬁﬁlmﬁﬁ%
ME IR BRREN TR B EL LI, ERAE
AT OV R A ) B R B

3 MMHEsEEIE

IRAE B2V iR, AR SIRE KR &R,
TEAN SO % B BT U R0 225 DRSS 6F 2 (4 % 7 P i S L
oA N, TEARQE S RIAI KR 5 FE LRI S IR
Pl 2 T 306 330 ) O BE R AIE, 7= A — Atk 18]

o WIERTEAHARSEGL 2 ALH I 2 AR e,
WEEK%W$@ K B AREA LR Bl i, AT
MV A B BN —ANE bR B, BERT L
ﬁ AN S 2 ) () B A — AN U R B 4

, PREE R E BAER PR ST, SURMEAHAR K
%ﬁ%%ﬁ%?ﬁ&ﬁﬁ“ﬁ FRKE 7 AR 7%

REJJo EFRIH Y B BEFRAE B/ TAHAR K & 73 3
zm%%V B B A ) R B RS R YuE, Btk is
fICHNVELE N 3P NRe_ CHNV.



962 G

()

B ok %45 %

EI3(a) M3 (c) 4 AN Tifa & V 35 A4
POPA Y ARG A N TP ham m Y I F IV Dl I B =
T K B FRAE SR A Y B W A N ) s TF
AHILECE B2, it DI I3 98T IR e BE AR AIE
B —ASE AR HE RS, 3 (b) . EARASHT
TR R E 3 AR 558 DL CHN SR 2 R gmtidh, R
EHJE NG 40k 5 IRCHNSZAH X 3. #5558
{100 =7 R 38 () A v Pl 5 A 41 R S5 0 R T 145 4
o I P b A BRI 2 1) () B B dis x 10, Hrdisfiih
HansR(3)FoR. B3 (b) s e VB in e
Pt B I disN0.5, BT LE S FR B V B n b5
1 BT L B 4 bR~ N 3(5) B

FRIGZ Al 30 75 EE0 T B 4G I b o4 e i o o
IR ERS 77, HatE AN

s =81+ (s2 —s1) x (1 —dis) (1)

B vT 5% 45 40 I B 75 255 08 1) 2 dis (1) HUE .
AR SCAETHE dis i 77 22 HE 3P R 20 Hd B ) s,
AREFZIZES G VRN, SRR E S
ST HGHEAT IO P PEAR R, DO K RGBS Lk
LV EUR AL, £ TRl W, W,
W R IX 3R R AL THE disBY BT (5 AL E . AL
MH B G i PUT AN Bk E W, W,
W HUH -

(1) S AENZHIWHRE, 3R m AT
P, Horba R BRI GEF AN EEEZ .
Hrba; =1, 3, 5 73 AR IR BRI LE E R G E 2
PEARR ., B EZE, B, Ma,=2, ARZLLEASE
FIWT P E . BT WAL Wy i 228, iDL
a1o N2 SR iz I R R A — A Jont S R R R
Frllas, N1/2. FEL, a3 83, asiN1/3, axghl,
as N1,

(2) THEAZHE R RRE [ &, 20 R
FREIBE, 5 9854.85%, 24.09%, 21.06% .

(3) WPHPEREAT — SRR . Wk — k&
CR<0.1, NRA A WrH B 0 — Btk ] D2 &
) 5 0] B B AT B2, CRACISRI M
B, HCh—8EE, HEARWA(2)ir.

J

(a) 341

(b) 3 (5)#

TZHE R R EAR N, J93.01829, n NSERER ¥, Pt
PACT40.009. RUNFIIFENL— ST bR, 22—
o, RPN SR bR RS R, BUE
70.52, FTbL—XMHEFRARCRNO.017T. FH N
0.017<0.1, BT LAASC I W e B i ik 7 — BohE ks
kRt L, W, W, W,lHE 55 854.85%,
24.09%, 21.06% .

Amax — 1

Cl =

(2)

diS:W1XE1+W2XA1+W3XF1 (3)

disfitH AR (3) fin, HPERRIER
BB HE RS AE SRS R g, 138
BAYICHNEY: & FIP AT 1SR IR . ik
B35 AT TR E VIEEF, %R
CHNFRAERE & PG N3 AR UK 5 L N 54.78%,
FrbAELUN54.78% 0 A ZR 7~ IR FE 25 2 T 4% 55
I BV R R B 4y IR A T 1SS R
Bilan kB o W83 (5) MR e V i, B
RUPEAS A3 S (5 H042.48%, FTLLA, N42.48% .
FyRORTE R E 7 W8 1 5 o S5 0 ) e o
5 AH A0 0 1% b o B 2 TR P P AR AL B
PG ET SR DR RS VoA, K E
N3(5) BRI B, 53 bR B 2 1A T BT
P 1 AR UL B v 1 B 5 B 58.46 %, BT LA F R
58.46%. WhAh, (1) s A RFR 1 HTHY (1) A 55
WX RLITF5Y s 1 F s 50 Tl T 7 T 384 1l 3 P 2 2 1)
FHAT 25 5 NI 1F 5 o DLS AR IR T R V N,
sy NSHINT RIS 534, sy NN RIS 5045, 6
LI TR VTG B R S 3 (5) BT L A%
HPE1F53H40,

3T LA W, 30— AN B i bR A B 7T DA
SHMFE At o FeE KB A, PR BRI AR
XL H KB AL R PEae 1, AR B 1RIEN
THIAE R B S g2 RIS BSE — MY
YU A E SR, RN R B BN P AR R
N B 8 VA 3% BRI RS . B G0 5 AR T T 4R
V 75 J5 CHN RV 3 A A6 RS 40 A 2211, %

n—1

3 UETHRE V II3HAL 3(5) HHANAHIXS B b e Pl



31

BRI B L E TR CHN R RE B RTEAl 7 LT /¢ 963

MBS E S ZE0.3%, XTCHNFRERE AT B S
G 3G A3 (5) xS BRI 4F53 AHZE6,  KF N B 8 AH
ZAH M R0.2% o EMERA S BE EIE K E
SRR AR ZE, AR S INZ AR ZE X B RS
PP B 2

s IR 74 Al fERadius, Capitate, me3,
mchH, pp3, ppds, dpl, Hamate, mp3%5S -5 &
Tl i K (1) A AT S ) 2 TR) 5) 4 8 1) R R
fiE,  FFRf e FH B B GRS 7
4 BRI
4.1 BIE#LR

ZHRB R E 5 T AT LEE UL 2 I E BIE
RN, KESHNHEH G RT%. EXE
R, ARIZRENEE S HEAMEE AT
CHNVE )& 8 PPAl 75 ZLAE SR HUX 2R B 148 0GB X
W hE, 4R SBE KK E 5. FblA
TR VAN AE R, AR SCEBEL BN
FL AlexNet WE AR ZE, IR 1] A 712 min,
FHEEResNet 112 minflt T2 . X &Rk EUR AT
F I, AlexNet i #E 23 B 0 lE ResNet R T
2.3f%. BEAL, AlexNet i3 & HIE SRR, W LAR
UETRE B H 1551 % % Lo BT AlexNetXf ) X[
gy 8 AR AZ R T, (BAEAIRLE /e
HMELARILH R RtERe, BT DAMEX GRS IE 1K
H o WEAT IR, AR SCENE R STHLH]PURRRE
e A PR ST S Y M RRAE SR RE 7, W4 R R .
WAL, BT ZSRERE D0 IR— Ak R o 2
)RR, W E N S A B R K B IRAS
Bt A SCAE PR T Ak B A ) Harris /) SRR AE, I

PRRHIE 0 R B B 3 B I X3 AT B D) SRk AR B R
T A I I XA, B BRI X, IR B B
W E EARRAE, A AR (S BAGE R, B EhE
s B S .

Kk S B BRI R 3 RN N 12T%127
MEG . mx 127 < 127 EHE, AlexNet 512
11 x VLA A AR o7 3R 1A BUE R R AE R 1)
BUREE . T 1R MG KNS RTXT
SRk B 4 P RFAE SR UK R IR D T R . AR
T A% AlexNet 1 G RE Syt — B 82T, 1 TE
B g — AN B RE Z JFINNE— G Z (BN) 221
ReLUNEIE % . H—0JE M ERAE T DUE R 7%
N BR BRI, SR BV R, il
Ko ReLUN] LATE G bf BE T8 A G L F KR $2 =
W28 IR . 7E AN 4% 82 2 H i F Dropout !
HAR, =Mz RE ), BRI E . fER g
B fE, K Msoftmax BB L S BB MK E
Pa:i P
4.2 EFLFENER

TR IIHLE 51 S S5 IR 0 R NS 5
GEEERMER 7, XHR 2 BRI e #A R 14
F. BRHE R (Convolutional Block Attention
Module, CBAM) & Woo% AP H it —Fh 2 & 2%
B RER B, EARZEWINTRENSHE
PSR, DERTHER MR N T e R Ay
TESRELIRE 1, ASOK Ut I CBAMYS N2 H-E
FEHUN 2% . CBAM G MG S N\ st i (1 i i v
JIMEYL, P2 A )R R I, AR AT,
7% () FHE T8 P A EFE ATV R AR

® 3 IETRE VHRBREFEURL BRIEME NERERS

KE Level3 Level3(5) Level4
— A
Xf LR FRAE B A>T i (¥ — 2 HHILMGAMREES, THeH s a4k HHT N, B R
R (59) 34 40 45
o RiAF5Y (L) 43 48 53

RFAESREL N EPES |

=/ T[T

il

[ etz [ ] 4sse
] fEsntez [ ] 1|2

[ smis ok
[ %52

4 ROTIXSRA T 70 IS5 0 73 2RI 25 A5 K T



964 G

2 %

45 %

TEIEEE BB, ¥ E— 205 PO v
VENHREAE B 23 00 J 0 e Kt A 2 AP 35 it Ak 2 15 31
FOAPHI FOMPPIAN T x I x CHIFFIEE . T SENet 20
L TR/ IE BH 17 38 G o 24 AN I Y Hb 5 8 T A2 B A) DA
AR S E R 1 S ERE, BT ARSI AR
F| [y FOAPFN FOMP 23 138 I — AN KN K1 445
L FEABRAERIIG R 5 ) AN TE L = B KA
A SRR JR S B M IE X . KK /NRGE T B
WEA Z /DN RS 5 1Z@EENEE N, %2
B BB R . AIE FHHECA-net?
KEERFEARX, ws(5)phw, Hobfysnlh2H
Lo HAR|tqaRn Stiii A2 mit 1485
13 2| ) FrOAPFI FrOMPPRASREAE ] & 2L T element-
wise BT INAEEE, &L sigmoid s pf 2015 2
WIEFEINEM,, 5N FioREERE, 153
I E I IRHEE P

K = |(logy(C) + b)/7]oaa (4)

EAAAERE b, R T — BRI S PO VAR
R ANE B RN, FE T I8 X i A\ R AE
B3 R Ak 0P 25 il Ak 43 B Bl s W R W
PR /AN N x Hx WIBIE R, 2852 T IEIE i
ERE, BPHEEG F o — 2@ iE AR
IRE AT T TIN G FRERAE PR 4E g ol . Foad
sigmoidiiH PR, 332 AV ER IR EM,, 5z
DL N PR ik e, 15202 0E IR IEF

W EEREZ EM— 1" REHEZ, HZRZ—
MNRERE, SERHEG AT EA, IRk
LB, FE USRI AR AR 2 B ke 2 ) oy
THL. TEREATUR S AGRHIE R L GE ST B[R, 4
JiR 46 B4 09647 1) w5 4EHFAIE ) B A s AR 4 P AR AIE
i, JEEUERHIEY S e A BT AE = b, kb
FHMSH R HEMW A RKED KA S
SEEERE AR, BrLLHERKERAZRDN, R4
IR T IR TR G 73 B 5 R UET 2 A E A R 1)
HEKETHZWN, WNEFRTUER, YHENK
FERN320LI, 3 R B R e i . [, ARSCHN
FHRSRE IR T RAENE AR, Hay

® 4 TRKERABE THRBEERE(%)
None 12 24 32 48 128
AR 9437 T1.83  98.35 9859  97.18  96.20

TBEV, EWHEEL FEVIRRKENI2S, HilZ

B R B2 932
5 SSWARSHH

5.1 ROLX B HEIm 3
5.1.1 HIEE

NTVHEEBIRSRENRE T, ESRE R
B R Gt R, FRATEF X RS
B, EHBANRE IR 0005k S BE B,
PR AR Ee ] o RS A SR . fldn . JEYY
FREIES- 118 WIS RE K E a3, 3(5)
WL AR, 4(6). 5, BANKRE IR 0005k
B, HA80% I EHEAE NiIlZREE, 20% 1) G AR
IR, BSEEEES— I N127x 1271
KN, R FHBENUIER:, A0 38 I B 3 s oK
KRG, SRTFBIAY I RE .
5.1.2 LWIMESIIESH

AR HPytorchHEZEHEAT 5256, 20 EoR
& BC 28 /£ GeForce RTX 2080 TI, CPUNiT-8700.
BEAh, AT FRR R B E N R AL B8 R I ZrAsiztd
WG 21 % 080.01, BhESHABCE S 5000
J90.9#10.0005, 2k %8300, RAHL21EN{L
PRI R AR, N .
5.1.3 L

K5ER TS a8 Hipp3, Capitate,
mp3, dpl, Radius, hamate, mc37EANIE IR E 47
B A R R . ATLLE H, AR ims
R £ 3 SRR 0 B v T Alex N et AT At B 8 PEAG 5
125 F B Resnet Y 1) 7 Rk %6

R5MIAR T 14 S HE R E 2 W5 FHEH
o WJUEHB TSR EHASRE T2
[ S0 T W R E R, S RETEARLE

WL I 3 AR L

A
=)
w

R
o

dpl Capitate me3 Hamate Radius

pp3 mp3
W Alexnet WA Resnet

K 5 ANEJTE T A ROIX I A H 70 WIS 00 FEHErp

*5 UWRESRFNEAE TN FERE (%)

mp3 mpbh ppH pp3 ppl dpl dp3

dpb Capitate  Hamate  Radius mcl mc3 mcH

HERIZ  89.00 96.70 88.60 86.00 97.87 85.30  98.02

96.42 83.66 93.10 83.72 97.43 91.60 92.38




% 33 BRI B L E TR CHN R RE B RTEAl 7 LT /¢ 965

SRR RE AL Ao B, BT AR E 40 B
53 (TR 2 L FAth 2 B 00 R B 2 11 40 S g
%K.
5.2 B#RITME
5.2.1 HiE&E

TEVEA B W PP A A AL A ME RER, A T PRAIEE
PRAE I T SE M FNAER T, PRI T KR AN NATHR S
0. EWME. TR ISR F= X B E R, K
TIBENLIEEL2 5002 Gk 438 £ A & K PPAE i i )L &
X 28R E NIAEA SO VA ERE B 52, HER
VL ETES-11%
5.2.2 FNIEHR

RS A P R AR B N Fe AR, S ETA
FERAR SR, BRSP4 R A—
B, BN IR X R AR MER E — AN BAE R S ARt
Rl AR SCE AR ZAE K F RPN [F] At (1)
Gt A P FE S 45 B P I EAE iz X 2k
F W ARZE, o DA — e FE R bR AIAN A & K
X R—ISRERE IV AFRZEL, EF
L HlabellRon. (2)RHAHRMNZE5E, #
ZHE RS RE K E 75 BT SR E R E A
RNH—AHEARZAE, 15T X+ Hlabel2 iR, [H
SRIX R AR BEAELTE B 8 VPl S AR v DUAE NS 254K
P, BT DLKs OIS 5 3 P AN bR 2B 1) R ZE 7R — 5 Yl
Bl P ) A 2R A R A SO PR HE A
5.2.3 LERDH

6B TERFFR B, ASCHE B R
AL 77 1 AE label 1 Fllabel 2 9 AN AN [&) bR v T f v
o RTREIR T TEA R A B0 F AN S 1 () 1
T, AR A EEFICHNVEMRe . CHNYZEAS FI
HME Elabel 1 fllabel2 F IHERIR . WK LLE
R Re_ CHNE WAL I & ¢ S label 11 2 2
TE4+0.5% Fl+1 2 i [l P9 I AE R 253 301 9 87.93 %
98.67%. Hlabel2fJiRZEfE+0.5% Fl+1% Ju [ A 1Y
HERZ 2> B N85.62%M96.2% . H T labell Al
label 27E B &8 VAt Hp B BT LAVE il R B 1 PEAN ik

*® 6 NREIFRAENEIEREIEIT TENERE(%)

P, B DL B B O 25 R 5 oA — AR 1R 22
TE£0.5% Ja P, 02z TOE 2 nT LAgE & 50A
AIHY . AR ER R R R 4 R 5 % 50A 0T
() H WS AE 1% Z2 75 +0.5 % Y6 FE N RS A Rk 31 1
94.6%. AHLLT HW) I CHNIELS 21 & 85 B HER R
WE, SE SRR R BRZEE AN T84 Ui B
Re CHNEN—u 5FrifE EUE 1 % B R 1E B A A
[F) [ 2 B TR T 8 1) BB B HR IR 2 RKOK b3 1 1
PR ERR 2, W DLE— e A2 AL R BhI IR
X B R TP R —E B L.
5.2.4 S5HMFERIXTEE

TEARBREE S, BA SR P B
WPPAL LTS . Ren®E NS #E9K X 28 A
AT AL, 3 3 E MG PR R B 2 ) R4
FREEE I, [FH M 26K H Inception- V345 #4412
HUPUERRE, 4561 5E B B B0 W AT VR4S .
Wuss NP XL B 1 7 350 X 455 0 81 HE o 2 BT
AR, R Hresidual attention network ¥ 4% %
BT VAL . RSIIR 11X SR T VERIAR ST VAT
ASCEHREE T TN B 5 T SO T I B R R
ZETE£0.58 L1 BTG H N #ER R, LG A
SCHTHR H B R B VRAN 7 VR AR 2 T A AR
6 ZHRiB

ECHNEH H T30 75 Bk ) K & 1 ik 5
EROK, g TR E SRR EERE, $3K
KRB TR K E 75 B2 (8 2 BB ok SN
R A0 ) ) B R B A, A B A B W RN PR AR
W2 . ARSCUNCHNE NEEAT, 75 AH A1 45 2% [a] b5 25
FERR S M B0 2 0] A 3T O A B R AE,  FF
FIH BRI AL BCGAES 7, 1R v

# 7 DBIRFACHNATRe CHNEBRIM BT ETRE(%)

bRtk BAAJfE + 058 +1%
Re CHN 87.93 98.67

labell
CHN 78.27 97.54
Re CHN 85.62 96.20

label2
CHN 72.78 95.81
labell or label2 Re_CHN 94.60 9913
CHN 85.18 98.50

() Labell label2

+0.5% +1% +0.5% +1%

5-6 86.88 99.17 86.58 96.76
6-7 85.78 98.95 84.03 94.18
7-8 86.36 98.73 83.45 97.82
8-9 80.70 97.69 81.38 94.02
9-10 89.92 98.32 88.24 97.70
10-11 88.79 97.43 88.48 98.87

* 8 RRIFEERHIEE THIMREHEIR (%)

WARES +0.5% +1%
Regression CNN[M 69.60 93.05
Residual Attention Network®! 76.73 91.40

ARSCTTi 94.60 99.13




966 R

o

=]

¥k %45 5

M AOHERA R . AN, ARSCRERE T Harris A1 R0
FE R I RVRAE B A5 BOR Beih — MR S I
(K1 5C B DRI ATRAE R I, AL S I IR R
B ARSI, ASCHRH T AL I
WAR G L HONAT B BB IR ZEEL0.5 5 VEH A
MIHERS 5 0N94.6%, 7T LU BOIG R BT, X 32 i
BVPA IR — IR Lo RRIIFTFORE LIET
11~18% {1 LE T DI i B REVEAY .

& E x M

1] P, KER. BRS TR ERANEENE]. T

TS 244 35, 1985, 19(2): 79-82.
PAN Fuping and ZHANG Guodong. Follow-up observation
on the relationship between bone age and puberty
development[J]. Chinese Journal of Preventive Medicine,
1985, 19(2): 79-82.

2] HBFEZR, aFAE, WBE, S P E LI T B ORI A
CHN: 5 ZH EE (M), doat: b B oA EE R R 7 AL
2018: 15-20.

SHAO Weidong, JIN Chunhua, PAN Hui, et al. Chinese
Children's Wrist Bone Age Evaluation Standard[M]. Beijing:
Peking Union Medical College Press, 2018: 15-20.

B8] FKMEMN. EHRAERE B LGP FOEKE,
2018(9): 58-59. doi: 10.3969/j.iss1.2095-4581.2018.09.037.
ZHANG Yecheng. Application of bone age in physical
education teaching and training[J]. Youth Sport, 2018(9):
58-59. doi: 10.3969/j.issn.2095-4581.2018.09.037.

4] LHE. TREE RS ITERM B R D). R EARE,
2011, 1(12): 9-12.

SHEN Xunzhang. Identification of wrist skeletal age of the
research progress[J]. China Medicine and Pharmacy, 2011,
1(12): 9-12.

[5]  SPAMPINATO C, PALAZZO S, GIORDANO D, et al.
Deep learning for automated skeletal bone age assessment in
X-ray images[J]. Medical Image Analysis, 2017, 36: 41-51.
doi: 10.1016/j.media.2016.10.010.

[6) GREULICH W W and IDELL PYLE S. Radiographic atlas
of skeletal development of the hand and wrist[J]. The
American Journal of the Medical Sciences, 1959, 238(3):
393.

[71 TANNER J M and WHITEHOUSE R H. Clinical
longitudinal standards for height, weight, height velocity,
weight velocity, and stages of puberty[J]. Archives of
Disease in Childhood, 1976, 51(3): 170-179. doi: 10.1136/
adc.51.3.170.

8] HXE. WRE B VEERER ). LR, 2004, 42(1):
30-32. doi: 10.3760/j.issn:0578-1310.2004.01.009.

YE Yiyan. Overview of new version of bone age scoring

method[J]. Chinese Journal of Pediatrics, 2004, 42(1):

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

30-32. doi: 10.3760/j.issn:0578-1310.2004.01.009.

KAE, AT, XIMWE, . PEANTRE R E e
05. TIL. T HEJLEF AT RKIWES[I]. PEEsIEZERE,
2007, 26(2): 149-153. doi: 10.16038/j.1000-6710.2007.02.004.
ZHANG Shaoyan, HUA Jiqing, LIU Lijuan, et al. The
standards of skeletal maturity of hand and wrist for
Chinese-China 05. III. The secular trend of skeletal
development in Chinese children[J]. Chinese Journal of
Sports Medicine, 2007, 26(2): 149-153. doi: 10.16038/;.1000-
6710.2007.02.004.

KA, BEn, MR, & hEAFES KT RE—
CHNE[J]. R E R, 1993, 13(6): 33-39.

ZHANG Shaoyan, YANG Shizeng, SHAO Weidong, et al.
The standards of skeletal development of hand and wrist for
Chinese-CHN method[J]. China Sports Science, 1993, 13(6):
33-39.

THODBERG H H, KREIBORG S, JUUL A, et al. The
BoneXpert method for automated determination of skeletal
maturity[J]. IEEE Transactions on Medical Imaging, 2009,
28(1): 52-66. doi: 10.1109/tmi.2008.926067.

LEE H, TAJMIR S, LEE J, et al. Fully automated deep
learning system for bone age assessment[J]. Journal of
Digital Imaging, 2017, 30(4): 427-441. doi: 10.1007/s10278-
017-9955-8.

OQUAB M, BOTTOU L, LAPTEV 1, et al. Learning and
transferring mid-level image representations using
convolutional neural networks[C]. 2014 IEEE Conference on
Computer Vision and Pattern Recognition, Columbus, USA,
2014: 1717-1724. doi: 10.1109/CVPR.2014.222.

REN Xuhua, LI Tingting, YANG Xiujun, et al. Regression
convolutional neural network for automated pediatric bone
age assessment from hand radiograph[J]. IEEE Journal of
Biomedical and Health Informatics, 2019, 23(5): 2030—2038.
doi: 10.1109/jbhi.2018.2876916.

HAN Yaxin and WANG Guangbin. Skeletal bone age
prediction based on a deep residual network with spatial
transformer[J]. Computer Methods and Programs in

Biomedicine, 2020, 197: 105754. doi: 10.1016/j.cmpb.2020.

LIU Bo, ZHANG Yu, CHU Meicheng, et al. Bone age
assessment based on rank-monotonicity enhanced ranking
CNN[J]. IEEE Access, 2019, 7: 120976-120983. doi: 10.
1109/access.2019.2937341.

SON S J, SONG Y, KIM N, et al. TW3-based fully
automated bone age assessment system using deep neural
networks[J]. IEEE Access, 2019, 7: 33346-33358. doi: 10.
1109/access.2019.2903131.

RRA, R, R, & R H IR RGN 5104
JUE R 35 A R M P AR R (J). o B R A AR HOR, 2019,


https://doi.org/10.3969/j.issn.2095-4581.2018.09.037
https://doi.org/10.3969/j.issn.2095-4581.2018.09.037
https://doi.org/10.3969/j.issn.2095-4581.2018.09.037
https://doi.org/10.1016/j.media.2016.10.010
https://doi.org/10.1016/j.media.2016.10.010
https://doi.org/10.1136/adc.51.3.170
https://doi.org/10.1136/adc.51.3.170
https://doi.org/10.1136/adc.51.3.170
https://doi.org/10.3760/j.issn:0578-1310.2004.01.009
https://doi.org/10.3760/j.issn:0578-1310.2004.01.009
https://doi.org/10.3760/j.issn:0578-1310.2004.01.009
https://doi.org/10.16038/j.1000-6710.2007.02.004
https://doi.org/10.16038/j.1000-6710.2007.02.004
https://doi.org/10.16038/j.1000-6710.2007.02.004
https://doi.org/10.16038/j.1000-6710.2007.02.004
https://doi.org/10.1109/tmi.2008.926067
https://doi.org/10.1109/tmi.2008.926067
https://doi.org/10.1007/s10278-017-9955-8
https://doi.org/10.1007/s10278-017-9955-8
https://doi.org/10.1007/s10278-017-9955-8
https://doi.org/10.1109/CVPR.2014.222
https://doi.org/10.1109/jbhi.2018.2876916
https://doi.org/10.1109/jbhi.2018.2876916
https://doi.org/10.1016/j.cmpb.2020.105754
https://doi.org/10.1016/j.cmpb.2020.105754
https://doi.org/10.1016/j.cmpb.2020.105754
https://doi.org/10.1109/access.2019.2937341
https://doi.org/10.1109/access.2019.2937341
https://doi.org/10.1109/access.2019.2937341
https://doi.org/10.1109/access.2019.2903131
https://doi.org/10.1109/access.2019.2903131
https://doi.org/10.1109/access.2019.2903131

31

BRI B L E TR CHN R RE B RTEAl 7 LT /¢

967

(19]

20]

21]

[22]

23]

(24]

35(12): 1799-1803. doi: 10.13929/j.1003-3289.201907037.
LIU Zongcai, WU Jinhua, WANG Rongpin, et al. Accuracy
of deep learning based bone age assessment system of
children and adolescents in Guizhou[J]. Chinese Journal of
Medical Imaging Technology, 2019, 35(12): 1799-1803.
doi: 10.13929/j.1003-3289.201907037.

REN Shaoqing, HE Kaiming, GIRSHICK R, et al. Faster R-
CNN: Towards real-time object detection with region
proposal networks[J]. IEEE Transactions on Pattern
Analysis and Machine Intelligence, 2017, 39(6): 1137-1149.
doi: 10.1109/tpami.2016.2577031.

KRIZHEVSKY A, SUTSKEVER I, and HINTON G E.
ImageNet classification with deep convolutional neural
networks[J]. Communications of the ACM, 2017, 60(6):
84-90. doi: 10.1145/3065386.

LIU Jun, WANG Guang, DUAN Lingyu, et al. Skeleton-
based human action recognition with global context-aware
attention LSTM networks[J]. IEEE Transactions on Image
Processing, 2018, 27(4): 1586-1599. doi: 10.1109/tip.2017.
2785279.

WANG Jinrui, LI Shunming, AN Zenghui, et al. Batch-
normalized deep neural networks for achieving fast
intelligent fault diagnosis of machines[J]. Neurocomputing,
2019, 329: 53-65. doi: 10.1016/j.neucom.2018.10.049.

DAHL G E, SAINATH T N, and HINTON G E. Improving
deep neural networks for LVCSR using rectified linear units
and dropout[C]. 2013 IEEE International Conference on
Acoustics, Speech and Signal Processing, Vancouver,
Canada, 2013: 8609-8613. doi: 10.1109/ICASSP.2013.
6639346.

KO B, KIM H G, OH K J, et al. Controlled dropout: A
different approach to using dropout on deep neural

network[C]. 2017 IEEE International Conference on Big

[25]

[26]

[27]

[28]

[29]

Data and Smart Computing, Jeju, Korea (South), 2017:
358-362. doi: 10.1109/BIGCOMP.2017.7881693.

WOO S, PARK J, LEE J Y, et al. CBAM: Convolutional
block attention module[C]. The 15th European Conference
on Computer Vision, Munich, Germany, 2018: 3-19. doi: 10.
1007/978-3-030-01234-2_ 1.

HU Jie, SHEN Li, ALBANIE S, et al. Squeeze-and-
excitation networks[J]. IEEE Transactions on Pattern
Analysis and Machine Intelligence, 2020, 42(8): 2011-2023.
doi: 10.1109/TPAMI.2019.2913372.

WANG Qilong, WU Banggu, ZHU Pengfei, et al. ECA-Net:
Efficient channel attention for deep convolutional neural
networks[C]. 2020 IEEE/CVF Conference on Computer
Vision and Pattern Recognition, Seattle, USA, 2020:
11531-11539. doi: 10.1109/CVPR42600.2020.01155.

LIU Haomiao, WANG Ruiping, SHAN Shiguang, et al.
Deep supervised hashing for fast image retrieval[J].
International Journal of Computer Vision, 2019, 127(9):
1217-1234. doi: 10.1007/s11263-019-01174-4.

WU E, KONG Bin, WANG Xin, et al. Residual attention
based network for hand bone age assessment|[C]. 2019 IEEE
16th International Symposium on Biomedical Imaging,
Venice, Italy, 2018: 1158-1161. doi: 10.1109/ISBI.2019.
8759332.

BRHG B, BIEER, FTATTRDNEEERA R, R, KM

I
GIGEE
VRS $

P Hr.

L, B, BT IR N RS IR AL B
5, Wi, BTN R AR
B, @A, BT RONE SRR AL
B, %, WIS R AT

TS TR


https://doi.org/10.13929/j.1003-3289.201907037
https://doi.org/10.13929/j.1003-3289.201907037
https://doi.org/10.13929/j.1003-3289.201907037
https://doi.org/10.1109/tpami.2016.2577031
https://doi.org/10.1109/tpami.2016.2577031
https://doi.org/10.1145/3065386
https://doi.org/10.1145/3065386
https://doi.org/10.1109/tip.2017.2785279
https://doi.org/10.1109/tip.2017.2785279
https://doi.org/10.1109/tip.2017.2785279
https://doi.org/10.1016/j.neucom.2018.10.049
https://doi.org/10.1016/j.neucom.2018.10.049
https://doi.org/10.1109/ICASSP.2013.6639346
https://doi.org/10.1109/ICASSP.2013.6639346
https://doi.org/10.1109/BIGCOMP.2017.7881693
https://doi.org/10.1007/978-3-030-01234-2_1
https://doi.org/10.1007/978-3-030-01234-2_1
https://doi.org/10.1109/TPAMI.2019.2913372
https://doi.org/10.1109/TPAMI.2019.2913372
https://doi.org/10.1109/CVPR42600.2020.01155
https://doi.org/10.1007/s11263-019-01174-4
https://doi.org/10.1007/s11263-019-01174-4
https://doi.org/10.1109/ISBI.2019.8759332
https://doi.org/10.1109/ISBI.2019.8759332

	1 引言
	2 数据分析
	2.1 数据获取
	2.2 骨发育的连续性和评价方法的阶段性
	2.3 评估结果的不一致性
	2.4 深度学习算法的影响

	3 优化参考图谱
	4 算法设计
	4.1 算法概述
	4.2 卷积注意力模块

	5 实验结果与分析
	5.1 ROI发育分期分类
	5.1.1 数据集
	5.1.2 实验环境与训练参数
	5.1.3 分类结果

	5.2 骨龄评估
	5.2.1 数据集
	5.2.2 评价指标
	5.2.3 结果分析
	5.2.4 与其他方法的对比


	6 结束语
	参考文献

