VY.V gl.\’é,f AQuls)y S JWal YOITTIIS 3
OR9) 43 (5 a5 b JLsl ys e (5 loxo

" gozmo sl (2058 ! Gilyg o (il paw |y
Yu‘fl ‘OL......’LA; ‘6)‘) olKisls ‘)45..*9[5 9 d); dasiisly cnledls! LS)BLJ 9 )Jj.uuols (W0 09; )L......u‘é

US>

aible ol Gcadgame (38,5 1550 (b ((oanild (Louan (hgh (53l g bl Loyl b (Sbp sollwws ool
ol 1 (S 0,10 candluw 8395 30 1y Ll 2 iyl (loilobs S0y T (gl Jund (pansidd 9,50 95 (Sl 3 (53w yho Jamuiliy
Qo Cawd Bl S eroly walai 3l ylesiw! pw g bglial 095 byl .Cawl Bl S groly olluws (SoudSTHh 0 04,

1..’/4‘)3.24.‘ 6&0&“‘" o .M‘sc oS UU‘R u\.&) [WIX V- - '9 é)’-ﬁ )é 6){5”@ y )é ‘5;5.;& ;ﬂ‘}-& 9 JLé.Ia| GLMM. P F- LI "35.‘9-1&‘)
ol Sl Juwo S 3l colisw! b callio (pal 5 aciwas osld oL paxe 0310 3 4 508 aulin Codgumme cdeay Sy 50 Ldl

x> 31 gy ol ewloosds ool lgiuw! o (guidinb (gl jgol Gl AKul 4 phro iz omas BASLD I ooy j
plmil Jlusm s caws bl brosloacgommo 31 oolaiw! b &ilyl gy Uyl w2l o0 ad bolKiws 1y Lo 90 Oluwlxo
Qo0 AFIFY eolpsuioy Jow cCawloads ob )l Glhae sl (nKle 9 Como (bbb cds sbajlao b g Ao .Cawlon

91 o0 Cawddy ylgiim] Cpw (gl gl 1y (yg03T B

Wy (85l ¢ ild G (o (Bl (6 puS L JU) gl (5519

Diagnosing Children's Developmental Disorders By A
Transfer Learning Based Architecture Using Knowledge

Distillation

Homeyra Sarabi Sarvarani !, Fardin Abdali Mohammadi ?*
Master student of Information Technology Engineering, Razi University, Kermanshah, Iran*
Associate Professor, Faculty of Electrical and Computer Engineering, Department of Computer
Engineering, Razi University, Kermanshah, Iran®*

Abstract

Enhancing medical devices with Internet of Things (IOT) and diagnostic artificial intelligence
technology, while considering the constraints of these systems, has the potential to modernize and
enhance the diagnostic approach of future generations of Internet of Things systems in healthcare. The
radiography device, commonly used in paraclinical settings, is widely used in various hospital
departments. The automated assessment of abnormalities and bone age from radiographic images of the
left hand assists radiologists, pediatricians, and forensic experts in determining the developmental stage
of young individuals. The 10T devices in medicine are unable to process large amounts of data due to
limited resources. This article uses a teacher-student network for bone age classification, using the
decomposed knowledge distillation model of convolutional neural networks. This approach minimizes
the computational resources needed for edge devices. The proposed method is comprised of two
sequential steps. In the preprocessing step, the initial phase involves the elimination of non-clinical data
and artifacts. This is followed by the extraction of region of interest (ROI). In this phase of the
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procedure, only the hand portion of the patient's X-ray remains for further evaluation. The subsequent
phase involves the delineation of the boundaries of the region of interest. This is necessary because, in
certain age groups, some bones are not ossified. Consequently, reliance on bones as landmarks is
precluded. In the second step, The extracted ROI from the preceding step is utilized to train the teacher
model. The student model utilizes the teacher model's knowledge to learn how to predict patient age.
Therefore, the present study puts forth transfer learning methodologies founded on the distillation of
knowledge, with the aim of facilitating the transference of knowledge between teacher and student
models.

The proposed method is based on the data set of the Digital Hand Atlas (DHA) database. The evaluation
criteria used in this work are Accuracy, recall, permission and mean absolute error (MAE). The

proposed model achieves 96/47% test accuracy for bone age classification.

Keywords: Developmental Disorders, Knowledge Distillation, Bone Age, Deep Learning
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(Figure-1): The general architecture of the presented knowledge Distillation model
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(Table-1): Performance comparison of six student models
and teacher models
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(Figure-4): The confusion matrix of the student's model
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(Figure-3): The confusion matrix of the teacher's model
A g oo @02 b e yile 90l slaasl o dlae L
o8les 4 005 Jlws jeel sl Jow o,Sles a5 285
3 dgzge dib o0je 5l Sy e (gl el gmils Jae
GXudwd Sy |y bdiged olaws iy oolddc goore

! True Positive




Wloads b Shg g 6yl «ds (s slacs Sl

gl g0 Sl 15 KD (gla by, dadnylio (! ol
Sl 0550 50 adlllas puiwss Jow (pl : O-KD )
oSy bl p jeel uils 0 o5 ol il
ool ijgel plre & JLL &Y lawg oo ol
3518 b jgmagenly (il (g, Ml 5o g 358 o0

ol JuilSs dalllae fyitass bg, opl @ FitNet Y
seelimils a0l Jue oal po el (g » e
olae B8 e slow¥ Sy sloatss bl
Dy oo 008 bjgal

s bac 5 izl 2 plas sz (Jas ool 2 T-KD ¥
5 e oy uils sl olas jeel ils Jow
el s 5 plesl o b olas o L 2 i
lai b ar plee o nl pogdle gh o Jitie
Alflas Ojse a1y gigeliils oy 51 24,5

Ao gl
A CRY QA
q
ah !
AY
A v§ vy
Ve
7o 7Y
%\
O
£l
v
Y.
Yo
<8 or w3 <éb b F1 jlaol

Hodao WH_ ool dits

Jow g 53901 Lils Juo 8 ,Shos glabeo 410905 (B JSi)
F1 5Ll 9 <l 5l o s (b)) lmo 5l L plro

(Figure-5): Comparing performance of Student-6 and teacher
model by Accuracy, Precision, Recall, and F1-measure
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(Table-3): The performance of the teacher model based on

the criteria of accuracy, Precision, recall, sensitivity and
Mean Absolute Error
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criteria of accuracy, Precision, recall, sensitivity and Mean
Absolute Error

S| s | b | cme | e |3
e
o[\Y SJAN T [AY[/YY 2 o/YB| +/FY 2 +/q¢ | +/aF £ /0N
+[+8 AV E o [YY| o[ £ o[AY | o/Oe £ +/QF | +/ADE /Y \
ofeeA JANE[FA| JFF £ ooV | o[/FVE [P | /A5 £ /Y Y
o[+)e) SJAV o [FY| [PV L o[oF [ «/Oe £ o/FA | </ADET/FY | ¥
o[eNVY DENE-RYA 4 4RIV V2= -RYLT IRYN) d= VA o il BRYL V- -RVA 4 o \4
ofeeh AV E o[V [o/YY £ o/FF| +[FY 2 o[Qe | </ADT/AF | O
o[y JANT /D[ e/Ae T o/YY| A E[¥F | </AVE V] | #
ofeey JAF o [OY|+/FY £ [FF[ JAY E V) | /AP LYY \
o[+\F SJAV E AV /YT 2 [FO| /YT £ /YA | JAD XNV A
o[\Y JAY £ /YR [OA L +[OF| «/FF /YA | +/AFL+/YY | 4
o[+¥ JAF L [FF| YTV L /YA| /VF L /YF | «/AFZ/FY | Vo
of ) AT LYY [IVA LIV o/PA L o[Fe [ /AFE/FY [ 1)
of4\Y JAFE MY IVYE AN o[/Veto[eq | /A £ /QY | VY
o[AA [AF L o [BY|[FY T o[FA| /AL AY | /AT T 4/FY | VY
of ) JAV R [YO[ /P NN IVE X /AF [ /AY E VA [ VY
RS AV E[AY[/EY £ o/YF| </FA L /A0 | /AP /R [ VD
of+\) AV o [AV[ /YT 2 +[8Y| «/IVYE/BY | </aD T +/AY | VF
o[y JAY Lo [OB|IVOE /YA| «[FF Eo[sd | /DT [FY | VY
of ) SJAV Eo[EY] JAVYE o[e A | o/VYE LYY | /AV /N | A

ol (gild il Joo 0 ySlos Juldoxi —Y-F
S0 SIS (SO s b Annglic 1o

s Wz Joe w0 Sles s s cnl o
clJoe ple wlal 5 a8 50 0,54, dw g oulsdsl)|

L oaal, o bawlbe  pl 04 Ll gl il
; abal, lie (pl Dedge ploxl il S g“)u’

Y 2l F ol VFeY Lo

I3



RIS GRS Y9 Ay (55 Sb JUi p3 (o (Solomo SoS Ay YT 398 Sulsy HS JURI yousediss

&

oozl b (V) Jgaz o a5 laghs,
Orle 550k 5l anlons (glwesky iz slap 55l
odoluwody gl @ a>g L CNN sloaSll b a8 )8
oS ol geoly ol jsbo dy 005,83 (ol Joro dam Aliosgay
b aglie )3 (6 0 Shoe e ol )3 oadall)l s,
03j9 plod Wlgioo Lo S35l &5 559k @ 0l b g,
sl (Sl o 1A7/FY céo b 1) Sleseinl pw dibs
Al W ey & 4 ik AV la
Calrd S
loghyy plo b goleidiy Joo gl duaylio (V- Jgur)

Jluz o Cawd pulbl 8810dc goxo (59 y ol
(Table-7): Comparing the results of the proposed model and
other methods presented on the digital hand atlas dataset
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(Table-5): performance analysis of the proposed knowledge
Distillation model compared to other knowledge Distillation models
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(Table-6): Comparing the results of the T-test of the
proposed method and other knowledge extraction methods
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