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TOM TAT

Thoai hoa khép gbi 1a can bénh man tinh chiém ty 1¢ khong nho trong cac bénh 1y
xuong khép, gdy dau dén kéo dai, giam va mat kha niang van dong, co thé gy tan phé cao
nhit hién nay. Viéc phat hién sém tinh trang thoai hoa khop gitip kiém soat nhirng con dau
va han ché qua trinh tién trién cta bénh khi c6 biéu hién thoai hoa khép gbi. Trong bai bao
nay, chung t6i dé xuét k¥ thuat phan loai dwa trén kién tric mang Vision Transformer trén
mdi truong phan tan dé phan loai thoai hoa khép gdi dua trén anh X-Quang. Qua két qua
thuc nghiém cho théy dd chinh x4c ciia md hinh dé xuét 1én dén 98.85% va cai thién thoi
gian huan luyén gap d6i so vi md hinh huin luyén trén méi trudng cuc bo.

Tir khéa: Vision Transformer, M6i truong phéan tan

ABSTRACT

Knee osteoarthritis is a chronic disease that affects a large proportion of joint
diseases, causing prolonged pain, reduced and loss of mobility, and can cause the
highest freckles today. Early detection of osteoarthritis helps control pain and limit the
progression of the disease when knee chemotherapy occurs. In this paper, we propose to
publish a classification technique based on Vision Transformer network architecture on
a distributed environment for pillow match classification based on X-ray images. Actual
results show that the accuracy of the published model is up to 98.85% and improves
training time by twice as much as the model trained in the local environment.

Keywords: Vision Transformer, Distributed environment

1. MO PAU trén 55 tudi. Nguyén nhan do tudi cang
1.1. Giéi thiéu bai toin cao thi qua trinh téng hop cua sun lai cang
) c6 xu hudng suy giam. Vi thé cac té bao
gan bi bao mon va khong duoc tai tao lai
khién sun bi thoai héa nhanh chéng. Tuy
nhién, ngay nay tinh trang thoai hoa khép

C6 thé noéi nguyén nhan chinh giy ra
tinh trang thoai héa khép goi chinh 1a do
tudi tac. Bénh thuong gip & nhiing nguoi
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trong d6 co khop g01 tré ngay cang tré hoa.
Thong ké cho thay, chi c6 10% tinh trang
thoai hoa khép goi xay ra & nguoi dudi 26
tudi. Nhung tir tudi 27- 45 14 25,5% va do
tudi 46 — 60 thi ti 1¢ nay lai 1én téi 50%.
Can xdy dung mot giai phap dé giai quyét
bai todn do tim va phan loai cac dang thoai
hoa khép gdi qua anh X-Quang trén mai
truong phan tan. Két qua thu duoc cho do
chinh xac khong thay doi nhiéu va cai thién
thoi gian chudn doan bénh, co thé phat trién
thanh tng dung thuc té trong tuong lai, hd
trg cho Bac si phat hién sém bénh dé co
giai phap diéu tri kip thoi cho bénh nhan.
1.2. Nhirng nghién ctru lién quan

Pingjun Chen va nhom nghién ctru [4]
lan luot 4p dung hai mang ludi than kinh
tich chap sau (CNN) dé tu dong do murc
d6 nghiém trong cta viém khop gbi, duoc
danh gia bang hé théng phan loai Kellgren-
Lawrence (KL).

Bochen Guan va nhoém nghién ctru [6]
phat trién va dénh gia cac mé hinh danh gia
rii ro hoc sau (DL) dé du doan tién trién
con dau ¢ nhimg ddi twong co hoidc co
nguy co bi viém xuong khop dau gdi (OA).

Bin Liu va cac cong su [7] gidi thi¢u
mdt mo hinh chian doan tu dong viém
khép gbi dua trén phuong phap hoc sau
end-to-end.

Pauline Shan Qing Yeoh va nhom
nghién cuu 8] cung cap mot cai nhin tong
quan bao quat vé cac phuong phap tiép
can CNN 2D va 3D hién tai trong Iinh vyc
nghién ctru viém khop.

Yifan Wang va cac cong su [9] tich hop
mo hinh phat hién déi twong, YOLO, véi
bo bién d6i hinh anh vao quy trinh chan
doan, giam sy can thi€p cua con nguoi va
cung cip phuong phap tiép can toan dién
dé chan doan viém xuong khép tu dong.

Albert Swiecicki va cac cong su [10]
gi6i thi€u mat thuat todn hoc sau hoan toan
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tu dong phu hop voi hiéu sudt cta cac bac
si X quang trong viéc danh gia muc do
nghiém trong ciia viém xuong khop dau
gbi trong anh chup X quang bang hé thong
phéan loai Kellgren-Lawrence.

Simon Olsson va nhém nghién ctru [11]
danh gia mtrc do Al co thé phan loai murc do
nghiém trong ctia viém khép gdi, str dung
toan bg loat hinh anh va khong loai trir cac
16i loan thi giac phd bién nhu cy ghép, bo
bot va cac bénh ly khong thoai hoa.

S Sheik Abdullah va cac cong su [12]
da phat trién mot cong cu dé xac dinh va
phan loai viém xuong khop dau gbi (OA)
tir hinh dnh X-quang k¥ thuat s6 va minh
hoa kha ndng sir dung cac k¥ thuat hoc sau
dé du doan viém khép gbi theo hé thong
phéan loai Kellgren-Lawrence (KL).

Joseph Humberto Cueva va nhém
nghién ctru [13] dé xudt mdé hinh CADx
ban ty dong dua trén mang than kinh tich
chap Deep Siamese va ResNet-34 dugc
tinh chinh dé phat hién dong thoi cac tén
thuong viém khop ¢ hai dau gbi theo thang
do KL.

Abdul Sami Mohammed va cic nha
nghién ctru [14] trong mién ML/DL d3 sir
dung kha ning cua cac mo hinh mang than
kinh sau (DNN) dé xac dinh va phan loai
hinh anh KOA mot cach ty dong, nhanh
hon va chinh xac hon.

Chen Pingjun va céc cong su [18] da
tap hop duoc Bo dir 1i¢u phan loai mac do
nghiém trong cta bénh viém xuong khop
dau gbi nam 2018. Tap dit liéu nay chira dit
liéu X-quang dau gdi dé phat hién khép gbi
va phan loai KL dau gdi.

Alexey Dosovitskiy va cong su [5] tai
Google Research c6 bai nghién ctru vé “An
Image is Worth 16x16 Words: Transformers
for Image Recognition at Scale” tir d6 dua
ra K¥ thuat Vision Transformer (ViT). M6
hinh nay c6 thé duoc hudn luyén trén céac

TAP CHi KHOA HOC | 71 5i0ucne



JOUPI’]CII o]( Science - V L U T E

tap dir liéu 16n nhu ImageNet va da cho
thdy hiéu suat va do chinh xac cao, vuot
qua nhiéu mé hinh CNN truyén thong trong
nhiéu tac vu nhan dién hinh anh.

Duya vao cac nghién ciru trén, c6 thé
théy dugc cac nghién ctru hién tai cho do
chinh xac phan loai chua cao va chua thyc
su ¢6 duge mo hinh tdi wu nhit cho viéc
phat hién va phan loai bénh thoai hod khép.
Nhirng nghién ctru trén chi dung lai ¢ viéc
huan luyén mé hinh & mot may tinh cyc bo,
nén viéc nghién ctru phat hi¢n va phan loai
thoai hoa khép qua dnh X-Quang trén moi
truong phan tan nhiéu may va trén tap dir
liéu 16n hon, can di sdu dé tim hiéu va thyc
nghi¢m, tir d6 dua ra dugc cac danh gia, so
sanh gitra cdc phuong phéap véi nhau. Day
la mot dinh hudng nghién ctru phu hop voi
xu thé nghién ctru chung cua thé gidi, mang
tinh cdp thiét cao va c6 kha ning tmg dung
hiéu qua trong thuec tién.

1.3. Pic diém thoai hoa khép gobi

Trong bai bdo nay, chiing t61 str dung
phuong phap phan loai thoai hod khép dua

BINH THUONG GIAI POAN 1

GIAI DOAN 2
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theo Kellgren va Lawrence [14], phuong
phap nay ap dung cho danh gia ton thuong
sun khop trén phim X-quang. Phuong phéap
phén loai thodi hoa khdp theo Kellgren va
Lawrence 1a mot phuong phép don gian va
phé bién duoc sir dung dé danh gid muic do
nghiém trong cua thodi hoa khép dua trén
hinh anh chyp X-quang. Phuong phap nay
da duoc gidi thiéu lan dau tién vao nam 1957
boi J.H. Kellgren va J.S. Lawrence. Dudi
day 1a mo ta tong quat vé phuong phép nay:

Binh thuong (Healthy): khong thiy ton
thuong khop.

Giai doan 1 (Doubtful): khe khép gan
nhu binh thudng, c6 thé c6 gai xwong nho.

Giai doan 2 (Minimal): khe khép hep
nhe, c6 gai xuong nho.

Giai doan 3 (Moderate): khe khop hep
13, ¢6 nhiéu gai xuong kich thudc vira, vai
chd dic xuong dudi sun, cb thé co bién
dang dau xuong.

Giai doan 4 (Severe): khe khép hep
nhiéu, gai xuong kich thuéc 16n, dic xwong
duéi sun, bién dang rd diu xuong.

GIAI bOAN 3 GIAI bOAN 4

Hinh 1. Cdc mirc dé phan loai bénh

1.4. Cac mang no-ron dé xuat

a) Mang Vision Transformer: la mot
kién tric mang no-ron sdu tién tién ding
dé xir 1y hinh anh, dac biét 1a trong linh vuc
thi gidc may tinh. Diéu dic biét vé& Vision
Transformer 12 n6 khong sir dung cac kién
tric mang no-ron tich chap (CNN) truyén
thong nhu ResNet hay DenseNet, ma thay
vao d6, nd sir dung co ché transformer
dugc gio1 thi¢u ban dau cho viéc xir ly
ngoén ngit ty nhién. Piac diém quan trong
cua mang Vision Transformer la sy sir dung

cac "patch embeddings", trong d6 hinh anh
dugc chia thanh cac miéng nho (patch) va
mdi patch duge biéu dién bang mot vector
embedding. Nhiing embedding nay sau d6
duoc dua vao mot cau tric transformer dé
trich xuét thong tin ddc trung tir hinh anh.
Diéu nay gitp mo hinh nhan biét cac dac
trung khong gian trong anh va mdi quan
hé gitra cac patch; qua trinh xr 1y thong tin
duoc thuc hién dya trén cac phép chuyén
d6i tuyén tinh va co ché tu cht y ma khong
yéu cau cac phép tich chip nhu cic mang
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CNN. Do cing la ly do ching toi chon mé
hinh nay dé thuc nghiém.

b) Mang ResNet152: 1a mot kién trac
mang no-ron sau (deep neural network)
thudc loai mang hoc sau (deep learning).
N6 14 mot bién thé cua mang Residual
Network (ResNet), dugc phat trién boi cac
nha nghién ctru tai Microsoft Research. Dac
diém noi bat ciia ResNet 1a sir dung cac khbi
xay dung goi la “residual blocks”, trong do6
thong tin “con lai” (residual) tr mét 16p
duoc truyén qua mot dudng di tit (shortcut)
va duoc thém vao 16p dau ra cua khéi. Diéu
nay gitp giam hién twong bién mat dao ham
(vanishing gradient) va cai thién kha nang
hoc cua mang no-ron sdu, cling chinh vi vdy
phuong phap nay cting 1a mdt lya chon cua
chung t6i trong mo hinh thuc nghiém.

¢) Mang DenseNet121: 1a mot kién
traic mang no-ron sau khac, thudc loai
mang Dense Convolutional Network
(DenseNet). DenseNet 1a mot sy tién b tir
ResNet, trong d6 mdi 16p nhan dau vao tir
tat ca cac 16p trude do, thay vi chi tir cac
16p gan nhat nhu trong ResNet. Dic diém
chinh cta DenseNet 1a su két ndi mat thiét
giita cac 16p, trong d6 mdi 16p nhan dau
vao tir tit ca cac 10p trudc d6 thong qua
viéc ndi chudi dau vao cua ching lai véi
nhau. Diéu nay gitp 1am ting su truyén
tai thong tin trong mang va giam thiéu sb
lugng tham sb can hoc, 1am cho mang tré
nén hi¢u qua hon, vi thé chung t6i chon
DenseNet121 vao mo hinh thyc nghiém.

1.5. Xir ly song song va phan tan voi
Apache Spark va thu vién BigDL

Apache Spark (goi tit 1a Spark) 1a mot
cong cu xu ly dir liéu song song va phan tan
¢6 kha ning md rong, nhanh so voi nhiéu
khung xir Iy dit liéu khac. N6 bao gdm mot
sO thu vién dé giup xay dung cac img dung
cho may hoc (MLIib), xtr Iy ludng (Spark
Streaming) va xtr 1y d6 thi (GraphX),....
Apache Spark dya trén y tudéng cuia mo
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hinh MapReduce nhung khéac biét chinh
v6i Hadoop & cach tiép can xir 1y: Apache
Spark c6 thé tinh toan va ghi dir liéu tam
thoi & bd nhé trong, trong khi Hadoop phai
doc va ghi vao bo nhé ngoai. Do do, téc do
xt 1y ctia Apache Spark c6 thé nhanh hon
gip 10 dén 100 so véi Hahoop. N6 khic
phuc duoc mét sb han ché ciia Hadoop nhu:
cac phép toan déu thuc hién trén dia cing
thoi gian cham, khong hd tro thoi gian thuc;
hd tro nhiéu thu vién MLIib, BigDL....

BigDL 1a mét thu viégn ma nguén mé
duogc phat trién boi cong ty Intel, nham hd
tro viée trién khai va huin luyén moé hinh
hoc sdu trén Apache Spark. BigDL cho
phép nguoi dung st dung cac md hinh hoc
sdu 10n trén cing mot co s ha tang phan
tan ma Apache Spark cung cap. BigDL lam
cho viéc trién khai va huan luyén mé hinh
hoc sau trén Apache Spark tré nén dé dang.

Tan dung nhitng vu diém trén nén
trong nghién clru nay chung toi cai dat va
su dung thu vién BigDL trén moi truong
Apache Spark dé huan luyén, so sanh vé
thoi gian va d0 chinh xac gitra hai kich ban
dé ra. P& minh hoa kién trac va mé hinh
ctia BigDL trén Apache Spark bang hinh
anh, chiing ta c6 thé hinh dung cac thanh
phan nhu sau:

Data Ingestion: Dir lidu tir cdc ngudn
dugc chuyén doi thanh cac dbi tuong RDD
hoac DataFrame cua Spark. Pay 1a budc
dau tién trong pipeline dit liéu cua Spark.

Apache Spark Cluster: Dam bao vi¢c
phan phdi dit liéu va tinh toan trén cac nit
trong cluster.

Distributed Training: Qua trinh huin
luyén phan tan véi su hd tro cia Spark
gitip ting toc do va hiéu sudt cua cac tac
vu hoc sau.

Data Sources va Data Storage: Dam
bao dir liéu dugc nap vao va luu trir mat
cach hi¢u qua.
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Hinh 2. Kién tric va mé hinh cia BigDL trén Apache Spark

2. PHUONG PHAP NGHIEN CUU  déu vao dugc ching t6i tién xur 1y va dua

2.1. Mé hinh d xuét téng quat vao Spark Master phan chia ngﬁvu nhién

i o cho cac Worker xu ly rut trich dac trung

Mo hinh tong quat duoc d€ xuat d€ giai  va dugce Spark Master tong hop. Va Model

quyét cho bai toan phat hién va phan loai cua pha Huan luyén dugc pha Kiém thir str

gdm ¢6 2 pha, pha huén luyén va pha kiém  dung trong budc Classification dé dua ra
thir. D6i v6i pha Hudn luyén tap dir liéu két qua chuan doan.

Training / Validating

Feature Extraction

‘Worker Node
- Vision Transformer
=T e
DenseNet121
B Pr i
=
[SSpEs ]
Dataset
training
Feature Extraction
Vision Transformer
B B ] -
, .
B B e
n u DenseNet121
Dataset
testing

Hinh 3. Mé hinh téng qudt

2.2. Xir ly giai doan rut trich dic cu va thu vién dé thyc hién rat trich dic
trung trung trén dir liéu phan tdn mot cach hig¢u

Apache Spark h3 trg mot loat cc cong qua trong do6 phai ké dén thu vién. Apache
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Spark tgy dong phan tan dir li€u va phan
phoi qua trinh xur Iy va tinh toan trén nhiéu
node trong mot cum may tinh. Diéu nay

ISSN 2681 5-9945

gilip tang tbc qua trinh rit trich ddc trung
trén dir liéu 16n bang cach sir dung nhiéu
tai nguyén tinh toan song song.

Map Pharse Reduce Pharse
/’ P(1,1),value(1,1) \_‘ P(1,1),value{1,1}
P(2,2)value(2.2) P(1,3)valuel1,3) ‘[j—
Map 1 "!—‘ Pl lue 1
° P PU3value(13) P(1.4)value(1 4) o iz
’ P(2,1),value(2,1) P(1.2).value(1,2}
e P13 valUE(14) PR2)valuel(2,2)
bl P(1.2)value(12) P2.1)valuel2,1) N . Sz
value
Map2 D PRIvalve(23) | P(23)valuel2.3) Y
e PoAveluc ) =P  PQ4)valuc24) V(_ector
— dac
I/ (L trung
. . '—
- = | e
Pl Pl1LNRIuEI) \ Pii1) value(i1)
g P Pivaluei2) | Pl 2)value(i,2) g
Mapn e —— P Pidvaluei3) Pl 3)valueli3) V| | veluei
= I P, 1) valuei,1)

Hinh 4. Mé hinh rut trich ddc trung

2.3. Xir Iy giai doan huén luyén

Trong giai doan huan luyén, tap dit liéu
duge phan chia ngau nhién cho cac worker
voi W1,...,Wn 1a cac trong ) mang duogc
lién két véi tung worker 1,..., worker n. W 1a
trung binh trong s6 (Global Parameter Vecto
W) duoc thu thap bdi cac worker tai may

chii tham s. Sau khi viéc tinh trung binh
cac trong s6 dugce thue hién cac worker 1,...,
worker n s€ dugc phan bd W1,..., Wn tuong
tmg voi phan cuc bd mang. Mdi worker
s& thyc thi huan luyén cing luc song song
nhau. Viéc cap nhét trong s6 1am giam thoi
gian huan luyén cho mé hinh.

batches as
inputs to workers

|
| |SPARK CLUSTER o |
| H
! . . Worker 1 :
|
! :
: wi |
> ( :
|
|
| Update Task
- S |
I Cluster Manager " . . HDFS
Image Database ‘*’T\"*"'T"*' (MASTER) W w (Features
Pararmete Database)
Data is slpit into

\\ i w\n Task

Worker n
(Slave)

Hinh 5. M6 hinh Apache Spark
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3. KET QUA NGHIEN CUU

3.1. Mbi truwong cai dat

Tién hanh thuc hién cai dat va huin
luyén trén hai moéi truong: cuc bg (Local)

va phan tan (Cluster). V&i mdi may s& ¢
cu hinh RAM 4gb, CPU (4 nhan), hé diéu

ISSN 261 5-9945

hanh Ubuntu 21.04 LTS x86 64, cung voi
cac thu vién, va moi truong hd trg: Java
JDK 8, python 3.7, tensorflow 2.11, va
Apache Spark 2.7. O méi truong cuc bd
dugc cau hinh véi mot may va moi truong
phan tan duoc cau hinh véi sé luong may
12 bén.

Bdng 1. Cdu hinh va cai dat méi truong

MGdi truong | Céu hinh Hé diéu hanh Cai dat S6 lwong
Java JDK 8,
Cuc bd RAM:4gb | Ubuntu 21.04 LTS |Python3.7, 1
(Local) CPU: 4 nhan |x86_64 Tensorflow 2.11,
Apache Spark 2.7
Java JDK 8,
Phan tin RAM:4gb | Ubuntu 21.04 LTS |Python3.7, 4
(Cluster) CPU: 4 nhan |x86_64 Tensorflow 2.11 ,
Apache Spark 2.7

3.2. Dir liéu thuc nghiém
Pé co thé théy duoc su khac nhau
gitra hai moi truong cuc bd (Local) va
phan tan (Cluster) can phai st dung
tap dir liéu co sb luvong anh 16n. Do d6
1400

1200

1000

Healthy (0) Doubtful (1)

tap dir liéu dugc thuc hién la tap di
liécu Knee Osteoarthritis Dataset with
Severity Grading c6 6.000 anh da dugc
ting cudng dé mat do anh giira cac 16p
la 1.200 anh.

800
600
400
200

0

Minimal (2)

Moderate (3) Severe (4)

Hinh 6. Hinh énh minh hoa sé lugng dnh giira cdc I6p
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3.3. Kich ban va két qua huin luyén hoc: 0

Thuc nghiém trén nam kich ban véi

cac tham sé huin luyén nhu sau: Ty l¢ X224

ISSN 2681 5-9945

.001; S6 1an hoc: 300; S6 lwong anh
cho mét 1an hoc: 64; Kich thudc anh: 224

Bdng 2. Cac kich ban dwoc dé xudt va két qua hudn luyén

Kich | | s man Mbi P6 chinh P mat | Thoi gian huén
ban ang truong xac mat luyén (gio)
1 Vision Local 98.85% 0.028 22.50
2 Transformer Cluster 95.17% 0.033 10.13
3 Local 92.01% 0.234 50.54
ResNetl152
4 Cluster 88.29% 0.269 33.12
5 Local 84.93% 0.65 20.12
DenseNet121
6 Cluster 83.91% 0.87 11.52
3.4. P§ chinh xac
10 - 10 .
081 08
2 061 g 06
: 044 % 041
g " — Train < " — Tan
: ~— Validation — Validation
0.0 T T T T T T
00 0 50 100 150 200 250 300 0 % 100 E;:i’h 00250 300
Epoch
Kich ban 1 Kich ban 2
1.0 1.0
—— Train 08 1 — Train Wrﬁw
_ 87— \alidation | NPTy .. | — validation
gos| g 061
§ 0.4 ;J 0.4
021 0.2 4
0.0 T T T T T T T
0 50 100 150 200 250 300 0.0 T T T T T T
Epoch 0 50 100 E150h 200 250 300
Kich bin 3 Kich ban 4
1.0 A 1.0 4
— Train .
g o6d" g 061
5 2 044
§ ay < o — Train
0.2 - 021 —— Validation
WET = e 10 e 2w an v 010 E;ifh 0 %0
Kich ban 5 Kich ban 6
Hinh 7. D chinh xdc ctia cdc kich ban
36 TAP CHi KHOA HOC | rsngobra02s




JOUPI’]CI' o]( Science - V L U T E

Kich ban 1 dat d chinh xac 98.85%,
kich ban 2 c¢6 do chinh xac 1a 95.17%. Kich
ban 3, 4, 5 va 6, dd chinh xéac thap hon han
so voi hai kich ban dau tién. Mat khac, kich
ban 5, 6 ¢ gia trj val accuracy cho két qua
thdp hon gia tri train accuracy va khong
o6n dinh, diéu nay cho thiy mo hinh huén
luyén chua that sy hiéu qua va co thé sai
l1éch trong qud trinh dy doan. Nguoc lai,
kich ban 1, 2, 3, 4 c6 gia tri val accuracy
va train_accuracy chénh léch it. Pac biét,
kich ban 1 va 2 c6 gia tri val accuracy cao
hon so vé6i train_accuracy, didu nay cho
thdy mo hinh trong hai kich ban 1 va 2 ¢
kha niang du doan tt hon cac mé hinh trong
bon kich ban con lai. Chtng ta théy duoc,
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trong cung mot tap dir liéu khi huin luyén
trén mo hinh Vision Transformer lai cho
két qua tot hon cac mo hinh CNN, mic du
cac md hinh CNN ciing c¢6 kha ning tong
quét héa tot, nhung ching co thé gap gidi
han trong vi¢c nam bét cac moi quan h¢ dai
han va céc dac trung phuc tap. Nguoc lai
do co ché ty cha y ctia Vision Transformer
¢6 thé hoc duoc cac dic trung tong quat va
phirc tap hon, gitip n6 tong quat hoa tot hon
trén cac tap dir liéu kiém tra khac nhau, tap
dir liéu cang 16n cang cho thay sy hi¢u qua
cua Vision Transformer so v&i cdc mo hinh
CNN khac.

3.5. P mat mat
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Hinh 8. D6 mdt mdt cua cdc kich ban

Vé d6 mat mat, cac kich ban 3 va 4 ¢o
gia tri val loss kha tuong dong nhau voi
lan luot 0,234 va 0,269. Tuong tu, kich ban

5 va 6 cling c6 gia tri val_loss 0,65 va 0,87.
Kich ban 5 c¢6 dau hiéu underfitting do 2
duong val loss va train_loss trung nhau.
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Riéng kich ban 1 va 2 c6 val_loss thap nhét
lan luot 13 0,028 va 0,033, dic biét duong
val loss ctia hai kich ban nay thip hon
duong train_loss. Tir d6 c6 thé thay duoc
mo hinh cia kich ban 1 va 2 cho két qua
t6t hon cac mo hinh trong cac kich ban con
lai. Tuong ty nhu két qua do chinh xac,
d6 mat mat cia Vision Transformer ciing
thép hon so v&i cac mang CNN con lai,
Vision Transformer chia hinh anh thanh
cac patch nho va xur ly ting patch nhu mdt
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token, twong tu nhu cach Transformer xu
1y cac tir trong NLP. Diéu nay gitip Vision
Transformer hoc céc dac trung rat chi tiét
va phtic tap tir ting phan cua hinh anh,
kha nang nay giip Vision Transformer
xdy dung cac biéu dién dic trung phong
phua va chi tiét hon, din dén d6 mat mat
thap hon khi so sanh véi cic mang CNN
truyén thong.

3.6. Thoi gian huéin luyén

Thoi gian huan luyén (Gio)

60 50.54
33.12
40
22.5 20.12
20 10.33 . 1152
. | - B e
Vision Transformer ResNet152 DenseNet121

M Local m Cluster

Hinh 9. Théi gian hudn luyén

V& thoi gian huén luyén mo hinh, kich
ban 2 cho két qua tot nhét v6i chi 10 gid 13
phiit va kich ban 3 ¢6 thoi gian huan luyén
lau nhat v6i 50 gio 54 phut. Ta c6 thé thay
cac kich ban hudn luyén trén moi truong
cuc bo ¢o thoi gian hudn luyén 1au hon gip
d6i so vai cac kich ban huan luyén trén moi

truong phan tan. Cu thé voi mé hinh Vision
Transformer ¢ kich ban 1 (cuc bg) va kich
ban 2 (phan tan) cho thoi gian lan luot 1a
22 gid 5 phat va 10 gio 33 phut, chénh 1éch
gap doi.

3.7. Mt s6 hinh anh kiém thir trén
Mo hinh Vision Transformer

Healthy (0) Doubtful (1)

Hinh 10. Két qua kiém thir trén mé hinh Vision Transformer

Theo két qua kiém thir cho thay, mo
hinh Vision Transformer cho két qua phan
loai thodi hod khép c6 do chinh xéc cao.
Cu thé anh kiém thir mic do cao nhat
(Severe), ta c6 thé thiy rd khe khép trong
hinh rat hep, tham chi dau khép cham nhau,

38

chimg to sun khép khong con nita, c6 thé
két luan day 1a truong hop nang nhat. Anh
duoc chuin doan 1a mac do 3 (Moderate),
d6 hep khop 1a c6 nhung khong nhiéu nhu
hinh dau, trén khép co cac diém gai nho.
Anh chuan doan myc d 2 (Minimal) ciing
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tuong tu, khdp c6 gai xuong nho va do hep
khe khép khong dang ké, chimg to sun khop
con tot. Va anh duoc chuan doan & mire do
0 (Healthy) va muc d§ 1 (Doubtful), khép
g6i duong nhu binh thudng, c6 mot vai gai
xuong nhé nhung khong dang ké.

3.8. So sanh két qua

Qua danh gia két qua sau khi huan
luyén cho thdy cac mé hinh dat két qua vé
dd chinh xac cao va 6n dinh sau céac lan
huan luyén ¢ trong ba mé hinh, trong d6
Vision Transformer dugc danh gia 1a c6 do
chinh x4c cao nhat voi do chinh xac huin
luyén dén 98.85% va do loss dat 0.028.
Do d6 phirc tap vé ciu tric mé hinh, anh
huong dén thoi gian huan luyén nén thoi
gian huin luyén ¢ mo hinh ResNet qua
16n, mo6 hinh Densenet va mo hinh Vision
Transformer c6 thoi gian huan luyén twong
duong nhau, nhung Vision Transformer
t6i wu hon vé do chinh xac va co thoi gian
huén luyén ngin hon. So véi cac bai bao
khac cu thé nhu “ Fully automatic knee
osteoarthritis severity grading using deep
neural networks with a novel ordinal loss”
cua Pingjun Chen va cac cong sy nam
2021, phuong phap ching t6i dé ra c6 do
chinh x4c cao hon rd rét. Do cac co ché tu
chu y, kha ning nim bt cac mdi quan hé
khong gian dai han va kha nang hoc céc dac
trung phirc tap hon tir dit liéu hinh anh cua
Vision Transformer nén két qua huan luyén
luén tot hon so véi cac md hinh CNN khac,
dac biét la trén tap dir liéu co kich thuodc
16n. V& thoi gian huan luyén, déi véi mo
hinh ResNet & moi truong cuc bo cd thoi
gian huan luyén cao nhat véi thoi gian 1én
dén hon 50 gio, nhung trong moi truong
phan tan thoi gian hudn luyén giam con 30
gi0. Sau d6 1a mo hinh Vision Transformer
c6 thoi gian hudn luyén ¢ méi truong cuc
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bd hon 20 gido va & moi truong phan tan
la xdp xi 10 gio. Thoi gian hudn luyén &
kich ban ciia m6 hinh DenseNet va cua mo
hinh Vision Transformer ngin hon voi thoi
gian huan luyén huan luyén & méi truong
cuc bo local tur 20 gio to1 22 gio va giam
di nhidu & méi trudong phan tan tir 10 gid
dén 11 gio. Co thé thiy duoc ring thoi gian
huan luyén giam di 40 — 50% & moi truong
phan tan so v&i moi trudong cuc b, nhung
két qua huan luyén trén moi truong phan
tan lai kém hon méi trudng cuc bo, co thé
do mét s 1y do nhu trong méi trudng phan
tan, dir li¢u va thong tin vé cac tham sd mo
hinh can dugc truyén tai va dong bo gitta
cac nat tinh toan, c6 thé gy ra do tré va
dan dén viéc cap nhat trong s6 khong dong
bd, 1am giam hiéu qua cta qua trinh huin
luyén. Spark Master c6 nhi¢m vu tinh trung
binh cac trong s6, viéc cap nhat cac trong
s6 lam giam thoi gian huén luyén nhung
dong thoi cling lam giam hiéu qua huan
luyén. Tom lai, ddi véi tap dir li¢u cang
16n, khi huin luyén trén mé hinh Vision
Transformer va moéi trudong phan tan cang
thdy dugc sy khac biét vé do chinh xéc, do
mat mat va thoi gian huan luyén so véi cac
md hinh khac.

4. KET LUAN

Trong nghién ctru nay, ching toi dé
xuat mot hudng tiép can huin luyén mo
hinh mang noron Vision Transformer thuc
nghiém ¢ moi truong phan tan trén tap dir
liéu anh X-Quang khép gbi nham rat ngin
thoi gian hudn luyén mé hinh va hd tro
phat hién va phan loai chinh xac thoai hoa
khop gbi. Qua thuc nghiém di thyc hién,
mot sé dong gop clia nghién ctru nay nhu
sau: tong hop dit liéu vé t6n thuong khép
gbi tir ngudn dir liéu cong khai va tién hanh
tién xtr 1y, thuc hién kiém tra viéc phan
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16p cua cac mo hinh mang noron Vision tdi, ching toi sé tiép tuc cai thién do chinh
Transformer, ResNet152, DensNet trén xac cia md hinh va bd sung thém giai doan
moi trudng phan tan va cuc bd ddi voi tdp phan doan anh, chi ra va khoanh vung cu
dir lidu thuc nghiém. Hudng phat trién sip  thé cac ton thwong ctia khop trén anh,
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