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TOM TJT: A"nh X-quang vé rang la mét théng tin can thiét cho cdc nha si xdc dinh triéu chimg bénh hodc {5n thuong vé rang. Bai
bado dé cdp dén sw dung cac ky thudt xur ly anh trich chon ddc trung vé rang va may hoc cdac ddc trung do dé phat hién cdc dau hiéu
bénh ban dau.

Tir khoa: danh X-quang rang, ddac trung anh, phuong phap HaFCM.

I. GIOI THIEU

Trong nhitng ndm gan day, sy phat trién ciia khoa hoc thong tin va may tinh da dem lai nhiéu thanh tyu to 16n,
ung dung trong moi mat cia doi séng, k¥ thuat, kinh té va xa hoi, trong d6 c6 linh vuc cham séc strc khoe vé rang
miéng. Anh X-quang vé ring 1 mot thong tin can thiét cho cac nha si xac dinh triéu chimg bénh hodc ton thuong veé
rang. Néu nhu trude kia, can c6 bac si doc anh X-quang dé xéac dinh cac diu hiéu cho chan doan va diéu tri bénh, thi
ngdy nay, véi sy phat trién cta cac k¥ thuat may hoc, co thé nghi dén viéc chuong trinh may tinh dwoc huan luyén c6
thé “doc” anh x-quang phat hién cac d4u hiéu bénh ban dau.

Pi c6 mot s6 cong trinh nghién ctru vé anh X-quang riang, nhu [5] trich chon mét s didc trung anh Local
Patterns Binary feature (LBP), Entropy, edge-value and intensity (EEI), Patch level feature (Patch), Red-Green-Blue
(RGB), Gradient feature (GRA), dé tir d6 dung cac phuong phap may hoc khac nhau huan luyén mé hinh phan 16p,
chan doan bénh. Tuy nhién cac dic trung d6 méi 1a cac dic trung cta anh néi chung, ma chwa hudng téi cac dic trung
vé ring. Ciing c6 thé sir dung cac phuong phap hoc sdu dé phan tich anh da gan nhan, tim mo hinh, nhung do s& la
“hop den” khi mudn hiéu vé qua trinh phan 16p.

Bai bao nay tiép cn theo cach dung cac ky thuat xir Iy anh dé xac dinh cac dic trung vé ring trong anh X-
quang, nhu vi tri cua ring, truc cla rang ... dé phan tich cac ddu hiéu bat thuong, ma trudc mét 1a ring khon moc 1éch.
Céch 1am nay gan giii v6i cach doc anh X-quang ctia bac si. Sau khi c¢6 bang thong tin chtra cac dic trung vé rang thi
¢6 thé dung mot phuong phap may hoc [2] dé huan luyén mé hinh phéan 16p c6 / khong bi rang khoén moc 1éch, va qua
d6 s& chan doan vé rang khon khi dua anh X-quang ring méi vao. Dé trich chon céc dic trung vé ring, bai bao st dung
ky thuat phan doan anh, cai tién phuong phép phan cum mo FCM [6,7], két hop voi xac dinh cac duong bién ding
cong cu OpenCV [8]. Bé sir dung FCM, can lya chon tham s6 mit m phu hop, thuong 1a m=2, nhung tay thudce vao dac
thi cta anh. Da ¢6 cac cai tién phan cum mo véi tham sé mii la mot khoang [m1, m2], phu hop cho mot s6 16p bai
toan. Bai bao nay ap dung phuong phap phan cum ma véi trong s6 mit ngdn ngit HaFCM [3], voi m 1a mot tap mo loai
hai dai sé gia tur [1]. Trong s6 mii ngdn ngir s& duoc diéu chinh qua ting bude lap dé dan hoi tu dén mot gié tri chung.
DBong gop cua bai bao vé mit khoa hoc 1a hoan thién thém phuong phéap HaFCM [3], véi viée diéu chinh cac gia tri
bién ml, m2 qua ting budce lap dé hoi tu vé gia tri chung, dong gép vé ing dung 1a cac thir nghiém trich chon dic
trung anh va budc dau phan 16p chan doan.

Noi dung bai béo dugc t6 chirc nhu sau: Phan 2 trinh bay vé anh X-quang rang va cac dac trung, Phan 3 trinh
bay cach tiép can trich chon dac trung va huan luyén mo hinh phan 16p, Phan 4 trinh bay veé thuc nghiém.
I1. ANH X-QUANG NHA KHOA

Chup anh X-quang gitip cho bac si c6 thé co chan doan ban dau vé cac tén thwong vé rang, nhu rang khon moc
l&ch, viém, sau rang ...

Hinh 1. Anh X-quang vé ring
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Ngoai cac ddc trung vé& anh noéi chung, nhu Local Patterns Binary feature (LBP), Entropy, edge-value and
intensity (EEI), Patch level feature (Patch), Red-Green-Blue (RGB), Gradient feature (GRA), bai béo nay s€ trich chon
thém cac dic trung vé ring 1am cac thude tinh cho phan 16p. Cach 1am nay giéng cach tiép can ciia bac si “doc” anh x-
quang.

Dé xéc dinh ring khon moc 1éch thi tmg véi mdi ring s6 8 ¢ bon vi tri ham trén trai, ham dudi trai, ham trén
phai, ham dudi phai, c¢6 hai dac tinh can quan tam la goc tao thanh gitra truc rang so 8 va rang s 7, va chénh 1éch vé do
cao gitta rang sO 8 va rang sO 7. Vi du nhu ¢ Hinh 1 1a c6 rang khon moc 1éch.

Phan tiép theo ap dung cac k¥ thuat xtr Iy anh dé trich chon céac dic trung vé goc va chénh léch do cao giita ring
8 va rang 7 tir anh X-quang nha khoa.
I11. TRICH CHON VA PHAN TiCH CAC PAC TRUNG VE RANG
Viéc trich chqn va phan tich dac trung rang qua cac budc: tién xur Iy anh, trich chon déc trung rang, phan tich
dac trung rang va chan doan rang khon moc Iéch.
A. Phan dogn dnh
Phuong phap HaFCM duoc trinh bay trong [3]. Y tudng chinh 1a phan tich ma tran d6 thudc U ciia FCM, tinh

theo cdng thirc:
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Cong thirc nay c6 dic diém, khi m cang nho, do tuyét ddi caa U (46 ddc cua d thi) cang cao, nhu hinh sau minh
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Hinh 2. Phan tich anh huéng ctia mii m

R rang, v6i cac phan tir ¢ ranh gii cum (khoang cach twong dbi 16m), do tuyét dbi cua U phai thdp hon so véi
cac phan tir & gin tdm cum (khoang cach tuong d6i nho). Ly do 14 boi vi ta chua thé dwa ra quyét dinh phan cum véi
cac phan tir & ranh giéi ngay dugc, cho nén ta can dd thi U thoai hon dé linh dong hon trong viée chon cum cho cac
phan tir nay, Trong khi d6, cac phan tir gin tim cum nén c6 d6 thi U doc hon dé dam bao kiém soat sy phan cum cho
céc phan tir d6 ludn roi vao cum gan nhat. Do FCM chi sir dung mét gia tri m duy nhét, nén muc do tuyét dbi cua U 1a
nhu nhau v6i cac phan tir gdn tim cum va cac phan tir & ranh gi6i. Dé hop 1y, ta c6 quy luat sau:

- Khi khoang cach twong ddi nho (phan tir gan nhu da ¢ rit gin mot cum nao d6) thi m nén nho, do tuyét doi
cua U tang 1én

- Khi khoang cich tuong ddi 16n (phan tr nim & ranh gidi gilta cac cum hodc chua qua gan mot cum nao cé) thi
m nén 16n, phan nh do tuyét d6i ciia U giam xudng.

Phuong phap HaFCM diéu chinh tham sb mii m tir mot khoang (M_min, M _max) cho trudc. Ung véi mdi gia
tri U(i,j) ta chon tham s6 mii M(i,j) ty 1€ nghich véi U(i,j). Qua moi budc lap, didu chinh M_min tang din, M_max
giam dan tly thudc vao muac do bién chuyén cua ham muc tiéu. Viéc diéu chinh M(i,j) dwoc thyc hién thong qua
chuyén tuong duong khoang (M_min, M_max) v& mot cau tric dai sb gia tir {X, <cao, thip>, <rat, it>, <} va diéu
chinh tham s6 dai s6 gla tir qua mdi budce, cho dén khi M_max < M_min. Khi d6 ta cé mii m = M_min, c4c bude tiép
theo dugc thyc hién gidng nhu FCM. Viéc thuc hién HaFCM ¢ giai doan dau gidp cho tinh ma tran U "hop 1y” hon,
phan cum héi tu sém hon.
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Hinh 3. Phuong phap HaFCM

Céc giao dién dudi day minh hoa hiéu qua cia HaFCM:

s Done in 18 terations. Duration: 00:02:3385  Delta):0 b
- =

Hinh 4. Phan cum FCM v&i m=2

s Done in 11 #ecatices. Duration: 00021683  Delta 1:0J = 123464329 Joew = 128464329

Hinh 5. Phan cum HaFCM v6i M_min = 1.1, M_max = 10

Sau khi thir nghiém nhiéu lan vai anh kich thude 780 x 340, ta thdy chia 5 cum 1a hop 1y. S6 bude lap khi ap
dung HaFCM giam di so vai khi ap dung FCM.

Sau khi phan doan anh, ta c6 thé chon ra cum chira nhiéu pixel thé hién vi tri ham ring dé tinh toén céc dic
trung rang.



Tran Pinh Khang, Nguyén Dirc Vuong, Lé Kha Hai 515

Hinh 6. Cum chita vi tri ham rang
B. Phét hi¢n dwong bién

Pau tién 1a chon ngudng thich hop de phat hién canh cua anh cho ham canny cia OpenCV [8]. Viéc chon
ngudng thich hop gitp ¢6 nhiéu diém sang tring, ting do rd cua rang. Hinh dudi day 1a anh tuong tmg véi ngudng 150.

Hinh 7. Phat hién cac canh trong anh
Mi ngudn dudi day thé hién viéc chon ngudng, v6i didu kién: sé diém anh tring (255) 13 s 16n nhit va bé hon
6500
canny = 150
img4 = cv2.Canny(img3, canny//2, canny)
nonzero = cv2.countNonZero(img4)
while nonzero > 6500:
canny +=1
img4 = cv2.Canny(img3, canny//2, canny)
nonzero = cv2.countNonZero(img4)
print("Threshold for canny: ",canny)
print("Number of white pixel: ",nonzero)

Budc tiép theo tim doan thing tiém can ham trén, ham dudi bang cach kiém tra cic doan thing song song truc
hoanh, tir trén xuong va tir dudi 1én, cho dén khi gip phan 16n cac diém den. O Hinh 3 tim duoc hai doan a va b, cac
diém 1 va 2 la tam ham trén, ham dudi.

Hinh 8. Xac dinh ham trén, ham dudi
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Sau do, tir tim ham duyét cac goc dé chon ra dudng giao tuyén ham thich hop nhét. Giao tuyén thich hop cat cac
duong thang song song vai soO lugng diém cat la nhiéu nhat va khoang cach cac diém cat 16n hon mét ngudng nao do.

B canny_1jpg - m] X

Hinh 9. Tim cac giao tuyén ham

Cong viée tiép theo 1a xéc dinh cac rang sO 7 va rang s6 8. Y tuong tim bién cua ring sd 8 bang cach, xét cac
duong thang chay qua ving ring, néu chi gip toan cac pixel mau den, c6 nghia la di chay quéa ving riang. Ngoai ra, két
hop cuing két qua phan doan anh dé tinh cac truc rang.

Hinh 10. Két hop duong bién va ving énh

Sau khi biét vi tri cua cac rang s6 7, sb 8 thi can xac dinh truc cua tung rang dé tinh duoc cac dic trung vé rang.
B Debugging Img — [m] X

Hinh 11. Tryc cua ring

C. Cdc ddc trung ciia rang

Trudce mét, dé xac dinh xem ¢0 bi rang khon moc Iéch thi ¢ cac dac trung la goe tao thanh tir truc cua rang s6 7
va ring sb 8, va chénh léch ve chidu cao gitra rang s6 7 va rang s 8. Vi 4 cdp rang s6 7, s6 8 & bdn goc ham trén,
dudi, trai, phai, ta c6 8 tham $6, va thém mot tham sd nita 1a khoang cach gitra diém bén trai va bén phai ham.

Pé xay dung bo dir liéu cho may hoc ta thuc hién gan nhén cho mot s6 anh. Thudc tinh nhan chira 4 bits twong
ung véi cac rang Trai trén, Phai trén, Trai dudi, Phai dudi, gia tri bit 1, n€u moc 1€ch, va bit 0, néu khong 1éch. Gia tri
nhan 1a mdt so nguyén trong khoang tu 0 dén 15. Bang dudi day luu ddc trung dnh rang, moi ban ghi twong g voi
mot anh.
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Bang 1. Bang dif liéu thudc tinh diic trung vé ring

TT TT PT PT TD D PD PD Rong Label
Goc Cao Goc Cao Goc Cao Goc Cao Ham
22 0 17 0 58 9 61 12 511 11
5 0 4 0 71 27 86 38 584 11
13 -8 21 -6 17 19 97 41 570 1111
14 12 2 1 59 13 23 0 638 1010
2 -7 5 12 80 36 58 7 578 1111
13 1 5 0 28 7 53 13 566 111
15 7 17 5 73 20 68 18 574 1011
34 23 39 14 53 16 13 0 536 1110
3 3 172 15 2 2 102 33 544 101
19 6 17 1 39 17 63 18 578 1011
21 15 24 37 40 12 20 7 604 1111
5 2 2 0 2 0 51 24 458 1

D. Phin tich dic trung ring va chin dodn ring khén moc lgch

Tir bang dit liéu thudc tinh vé déc trung ring da dwoc gan nhin nhu & phan trén, ¢ thé tich ra thanh 4 bo dir
liéu twong ung voi 4 goc rang: Trai trén, Phai trén, Trai dudi, Phai dudi. V&i moi ban ghi co cac gia tri thude tinh gil
nguyén, tinh lai gi4 tri nhan véi bit 1 hodc 0 twong tng.

Vé&i mdi bang dit liéu tng v6i mdi loai ring, ching ta ap dung phuong phap SVM (Support Vector Machine).
SVM la mét thuét toan thuec nhém Supervised Learning dung dé phén biét dir liéu thanh cac nhom riéng biét dugc st
dung rat phd bién hién nay. C6 thé sir dung thu vién Scikit-learn [4], viét chuong trinh bang ngén ngir Python, dé huan
luyén mo hinh phan 16p cho médi loai ring.

bé chan doan rang khén moc 1éch, tién hanh cac budce sau:

e  Bude I: Tir anh x-quang rang, thuc hién tién xir Iy nhu & Phan 3.1 va 3.2 dé trich chon ra 9 dic trung tuong
ung véi anh rang do.

e  Budc 2: Chay md hinh phén 16p kiém tra 4 goc rang khon xem c6 bi moc 1éch hay khong, véi cac mé hinh da
duoc huén luyén.

Sau d6 tong hop két qua dé dua ra chan doan.

IV. THU NGHIEM

Bo dit liéu bao gdbm 100 anh x-quang da dugc cac nha sy gan nhén, trong 100 anh do, c6 69 anh co riang khon
moc léch ¢ goc trai trén, 55 anh c6 rang khon moc 1éch ¢ goc phai trén, 67 anh c6 rang khon moc léch ¢ goc trai dudi
va 78 anh c6 rang khon moc 1éch ¢ goc phai dudi. Trich chon dac trung ctia 100 anh nay, thu dugc bd dir liéu gom 100
ban ghi.

Huén luyén bo dit liéu nhan dwoc bang md hinh SVM, ta thu dwgc 4 mé hinh phan 16p twong tmg v6i 4 goc
rang.

Thir nghiém theo kich ban 5-folds, 1an lugt 1y 80 bo di liéu cho hudn luyén va 20 bo dir ligu dé kiém tra, cho ca
4 mo hinh, dugc két qua nhu & bang bén dudi, trong d6 cé cac do do:

True positive (TP) la $6 mau co moc 1éch, dugc chan doan moc 1éch

False positive (FP) la s6 mau khong moc 1éch duoc chan doan moc 1éch,

True negative (TN) 1a s6 mau khong moc 1éch, chan doén thanh khong moc léch,
False negative (FN) 1a $6 mau moc 1éch, chan doan thanh khong moc 1éch.

Bang 2. Két qua thir nghiém

TP FP TN FN
Trai trén 62 7 26 5
Phai trén 50 5 38 7
Trai dudi 61 6 27 6
Phai dudi 75 3 16 6
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M0 hinh hoc may SVM, kernel = 'rbf', gama = 2.

for k in range(5):

X_train = list(X_folds)
X_test = X _train.pop(k)

X_train = np.concatenate(X_train)

y_train = list(y_folds)
y_test = y train.pop(k)

y_train = np.concatenate(y_train)

clf = SVC(kernel«"rbf", gammas=2)

clf.fit(X_train,y_train)

predicted y = clf.predict(X_test)

tn, fn, fp, tp = confusion_matrix(y_test, predicted_y).ravel()

Két qua chay chuong trinh:

(base) D:\DentalXray>"E:/Programing IDEs/Anaconda3/python.exe” d:/DentalXray/ParseAndviesfata.py
North West teeth

™ :
P :
N :
TP :
F1 score of North West teeth is:

26
7
5
62

0.9117647058823529

North East teeth

™ :
FP :
FN :
L |
F1 score of North East teeth is:

38
5
7
50

0.8928571428571428

South West teeth

™ :
FP :
FN :
TP :
F1 score of South West teeth is:

27
6
6
61

0.91084477611940298

South East teeth

™ :
FP :
FN :
T
F1 score of South East teeth is:

16
3
6
75

©.943396226415944

V. KET LUAN

Phén tich anh x-quang va dua ra chan doan 14 van dé c6 y nghia trong chan doan bénh. Bai bao da budc dau dua
ra cac giai phap xu ly anh dé trich chon dic trung anh x-quang nha khoa va ap dung méay hoc phan 16p theo cac dic
trung cho chan doén ban dau.

Phuong phap HaFCM dugc cai tlen s0 v&i [3] khi s6 budc lap da giam tir 18 iterations & Hinh 4 xudng con 11
iterations & Hinh 5, véi cling yéu cau vé& ham muc tiéu khi phan cum.

Céc giai phap co thé tgep tuc dugc cai thién dé tang hiéu qua, ciing nhu 4p dung cac phuong phap phan 16p khac
nhau, danh gia va lya chon d€ c6 d¢ chinh xac tot hon.

VI.LOI CAM ON

Cam on seminar va dé tai “Research and Develop Medical Diagnosis Support System based on Fuzzy
Computing”, mé s6 102.05-2018.02, duoc tai trg boi NAFOSTED.
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EXTRACTING FEATURES AND ANALYSING DENTAL X-RAY IMAGES
Tran Dinh Khang, Nguyen Duc Vuong, Le Kha Hai

ABSTRACT: Dental X-Ray images are valuable information for dentist to determine possible symptoms of dental diseases. This
paper proposed some issues for analyzing dental X-ray images by using image processing techniques for extracting dental features
and machine learning techniques for detecting possible dental diseases.
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