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THUC HIEN XU LY ANH SO TREN FPGA VA UNG DUNG
PHAN TiCH CAC VUNG HAC TO BAT THUONG TREN DA
DE CHAN DOAN SOM NGUY CO UNG THU DA

PERFORM DIGITAL IMAGE PROCESSING ON THE FPGA AND APPLY AN ANALYSIS
OF ABNORMAL AREAS OF THE SKIN TO DIAGNOSE EARLY SKIN CANCER RISK

[OM TAT

Phat hién nhitng déu hiéu bét throng trén da déc biét la nhiig dau hiéu dé phat hién ung thi da
& giai doan sém la rat quan trong. Trong nhitng ndm gan day, ung thw da duoc xem la mét trong
nhiing loai ung thu nguy hiém nhét trong nhiing loai ung thu tim théy & con nguoi. Viéc phét hién ung
thir, u 4c tinh giai doan som c6 thé hitu ich cho viéc chira tri. Chan doan hinh anh y khoa ddng vai tro
quan trong trong viéc phat hién sém cac dau hiéu bat thuong trén da dua vao cac hinh anh y hoc.
Trong bai bao ny, ching tdi trinh bay mot phuong phép ho tro béc sj dé phat hién dau higu bét
thuong trén da st dung cac cong cu x& Iy hinh &nh duoc hién thuc héa trén FPGA. Dau vao ctia hé thong
la anh t6n throng da va sau d6 béng céch ap dung céc ky thuat xit 1y hinh anh s& phén tich, xéc dinh
kich thwéc ctia dau hiéu bat thudng, tinh toan cac tham s6 va dua ra nhitng két luan ban dau vé sy hién
dién clia ung thi da. Cac cdng cu phén tich hinh anh vét seo kiém tra cac thong s6 u &c tinh khac nhau
nhu Asymmetry, Border, Color, Diameter, (ABCD), kich thuéc va phan tich hinh dang cho céc phén doan
hinh &nh va céc giai doan tinh nang s& dugc thyc hién trén FPGA va cong cu System Generator (SG). Céc
tham s6 duroc trich xuat dwoc si dung dé phéan loai hinh anh va chan dodn sim viing da la da binh
thirong hay cd thuong ton hodc u &c tinh.

Tir khod: Ky thuat xt Iy anh; FPGA; Ung thu da.

ABSTRACT

Detecting abnormalities on the skin, especially signs for early skin cancer, is very important. In recent
years, skin cancer is considered one of the most dangerous types of cancers found in humans. Early
detection of melanoma can be helpful for treatment. Medical imaging plays an important role in the early
detection of abnormal skin markings based on medical images. In this paper we present a method to
assist physicians in detecting skin abnormalities using visualization tools rendered on FPGAs. The input of
the system is skin lesions and then by applying imaging techniques it will analyze, determine the size of
abnormalities, calculate parameters and make conclusions. Early on the presence of skin cancer. The
scanners image analysis tools examine different malignant melanoma parameters, such as Asymmetry,
Border, Color, Diameter, (ABCD), size and shape analysis for image segments and counting phases.
Features will be implemented on FPGA and System Generator (SG) tools. Parameters to be extracted are
used to classify images and to predict early on the skin as normal or damaged or malignant.

Keywords: Image processing techniques; FPGA; Skin cancer.
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1.GIOI THIEU

X ly &nh la m6t Iinh viec mang tinh
khoa hoc va cdng nghé. N6 la mot
nganh khoa hoc méi mé so véi nhiéu
nganh khoa hoc khac nhung téc do
phat trién ctia né rat nhanh, kich thich
cac trung tam nghién ctru, t'ng dung,
dac biét Ia may tinh chuyén dung riéng
cho né.

Cac phuong phap xt ly anh bat dau
tir cac (ng dung chinh: nang cao chat
lvgng &nh va phan tich anh. Cac phuong
phap tri thirc nhan tao nhu mang no ron
nhan tao, cac thuat toan xt ly hién dai
va cdi tién, cac cdng cu nén anh ngay
cang duwoc ap dung rong rdi va thu
nhiéu két qua kha quan.

Ngay nay, céng nghé xt ly hinh &nh
dang duwoc (rng dung rdong réi trong
nhiéu linh vic nhe y hoc, an ninh, giao
théng, bdo mat, cling nhw trong linh vuc
tw dong hda. Cac ing dung cla xi ly
anh trong chan doan y hoc dva vao cac
thiét bi phan cltng da dang nhuv may
chup cét I6p, may chup cdng hudng tir,
may siéu am, may dién tim. Co6 thé ndi,
k§ thuat xt ly &nh da va dang déng vai
tro cuc ky quan trong va dang hién hitu
rong khap trong cac hé théng dién ti
théng minh cé trén thi trudng. Ngay
nay, yéu cau str dung cac thiét bi nhiing
théng minh tich hop k¥ thuat x ly anh
nang cao dang gia tang nhanh chéng.
Diéu nay doi héi sv tich hgp clia cac k§
thuat xt ly &nh trén cac hé thdng nhing
dé dat dugc nhitng yéu cau khat khe vé
cdng sudt tiéu thu, toc do xi ly, tai
nguyén phan ctng va thoi gian phat
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trién san pham. Thach thirc dat ra la lam thé nao dé cé thé
thyc thi cac ky thuat tdch bién &nh nay cling nhuv cac k§
thuat xt ly &nh khac moét cach hiéu qua trén cac phan cling
va hé théng nhang.

Trong b6i canh d6, cbng nghé FPGA (Field
Programmable Gate Array) cho phép thiét ké va thuc thi
cac hé théng s6 voi téc dd cao, cong suat tiéu thu thap,
dong thoi cho phép tai cdu hinh va cau hinh dong tirng
phan. Cac (ng dung dién hinh clia FPGA la st dung FPGA
nhir mét bd tdng téc phan clng (hardware-accelerator)
trong cac hé thdng tinh toan hiéu nang cao, hodc st dung
FPGA dé thiét ké va phat trién hé théng nhing.

Cung véi si ra doi clia cac dong san pham chip FPGA
méi c6 mat doé tich hop ngay cang cao va cong sudt tiéu
thu cuc thap, cac cong cu phan mém ho tro thiét ké di kem
cho FPGA ciing dwoc cac hang san xudt FPGA chi trong
phét trién véi muc tiéu gilp ngudi ding giam thiéu thoi
gian thiét ké va phat trién san pham. Hai cong cu tiéu biéu
cla héng Xilinx - mot trong nhitng hang san xuat FPGA
hang dau thé gidi - 1a Embedded Development Kit (EDK)
cho phép phét trién hé thong nhlng va Xilinx System
Generator (XSG) cho phép phat trién nhanh cac (rng dung
Xt ly tin hiéu (bao gom ca xt ly &nh) trén cac board phéat
trién FPGA clia Xilinx [1].

Bai bao sé trinh bay viéc thuc thi ky thuat chuyén déi
anh mau vé anh mirc xam, chuyén ddi anh xam vé anh nhi
phén va tach bién anh nhi phan, dong thoi tinh toan cac
tham s& ABCD trén anh céac ving bat thuong hay cac ving
tén thuong trén da nguoi dé dwa ra cac canh bao som vé
kha nang ung thu da. Cac k¥ thuat xt ly &nh néu trén duoc
thuc thi trén chip FPGA cla héng Xilinx s dung cong cu
System Generator (SG). K&t qua thu duoc bang phuong
phap déng md phong (software-hardware co-design) trén
Kit ZedBoard.
2.COSOLY THUYET
2.1. Ky thuat tach bién Gradient

Phat hién bién dya trén gradient la mot k§ thuat thudng
dugc st dung. Phuong phap gradient la phuvong phap do
bién cuc bo (phwong phép tim bién truc ti€p) duwa theo dao
ham cuc dai bac nhat. Gradient duoc hiéu la mot vecto cd
cac thanh phan biéu thi toc do thay déi gia tri cwdng do
sang cua diém anh theo hai hudng x (huvdng ngang) va y
(hwéng doc).

Dao ham béc nhat theo hwéng ngang va doc duoc tinh
theo (1) [1]:

G of
x dx

-

dy.

Bién d6 cua gradient vector hay do Ién tGng cdng cla
gia tri dao ham nam tai bién la két hop clia ca hai gié tri nay
theo céng thirc (2)[1]:

Af = IAfl = JGZF G2 @

Huéng clia gradient vector duwgc xac dinh theo (3)[1]:
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angle of Vf = tan™?! (g—y) (3)

Huéng cla bién sé vuéng géc véi hwéng cla gradient
vector nay.

Trén thuc t€ Sobel sir dung hai mat na c6 kich thuéc [3 x
3] trong d6 mot mat na chi don gian la sy quay clia mat na
kia di mot goc 90° nhu (4). Cac mat na nay dugc thiét ké dé
tim ra cac duong bién theo chiéu di*rng va chiéu ngang mot
cach t6t nhat. Khi thuc hién phép convolution gitta &nh va
cac mat na nay ta nhan duoc cac gradient theo chiéu dirng
va chiéu ngang G,, G,. Toan ttr Sobel c6 dang nhu (4):

-1 0 1 -1 -2 -1
H.=|-2 0 2 H,=]0 0 ol (4)
-1 0 1 1 2 1

Hudng ngang (x) Hudng doc (y)

2.2.Cong cu System Generator (SG)

BO cong cu System Generator la su két hop gitra Xilinx va
MatLab cho phép ngui thiét ké st dung cac khdi c6 san clia
Xilinx nhir mot Block trong Matlab Simulink dé xay dwng va
mo phong céc thiét ké lIon hon déng thoi chuyén chiing
thanh cac ma HDL dé hién thuc hda trén phan cting [9].

MathWorks SIMULINK cung céap chta 2 thu vién (block)
ho tro thiét ké cac tng dung trén nén tang FPGA la: Xilinx
Blocksets va Xilinx Reference Blocksets. Mdi block c6 mét
chtre nang riéng. Sau khi md hinh dwoc xay dyng, cac tham
sO Ve thoi gian, tinh dong bo, cac thuat toan cé thé chay
dong (md phong hoat dong nhu trong thoi gian thyc) dva
trén cac cong cu cé kha nang wéc lvgng cac hanh vi clia ca
mo hinh, chi trong mot giao dién ngwoi dung dang do hoa.
Cong cu HDL Coder c6 chitc ndng tao ra cac file HDL, test
benches HDL trén nén tang mot chip FPGA cu thé. Voi
nhitng kha nang nay clia phan mém, nguoi thiét ké cé thé
dé dang kiém tra, phan tich két qua vé mat Iy thuyét trén
cac mo hinh cling co thé kiém chirng lai két qua trén phan
citng bang cach téng hop thiét ké trén mot chip Xilinx
FPGA cu thé. Xilinx System Generator for DSP la mot c6ng
cu hitu ich cho cdng viéc thiét ké (rng dung DSP trén FPGA
& cép do System- level, gitp cho viéc thiét ké cac rng dung
trén FPGA tré nén thuan tién va dé dang hon [9].

3. MO HINH HE THONG
3.1. So do khoi thiét ké

Hinh 1 biéu dién so dd khai bd xt ly anh s6 tng dung

cho y hoc trong viéc canh bao sém biéu hién ung thuw da.

Chuyén anh mirc

S Chuyén anh RGB
Anh dau vao

5| xamthanh anh

thanh anh mire xam

nhiphan

| 5 ien x
Anh va cac két Tach bién xac

qua daura

Tinhtoan cac
thams6 ABCD |

dinh vung bat

thuang

Hinh 1. So d0 khai thiét ké
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Khoi anh dau vao: dwoc thwc hién trén Matlab Simulink
nguoén anh tir [4], c6 nhiém vu doc mdt anh mau chira viing
bét thuong hay viing thvong tén trén da, anh nay duoc cat
veé kich thuéc 256x256 véi do phan giai 96dpi.

Khoi chuyén anh RGB thanh anh mikc xam: dugc thuc hién
trén System Generator, nhiém vu clia khéi nay 1a chuyén doi
mot anh RGB vé anh muiic xam theo cong thic (2).

Khéi chuyén anh mac xam thanh anh nhi phan: dwoc
thuc hién trén System Generator, véi chitc ndng chuyén doi
anh mic xdm vé anh nhi phan véi ngudng chuyén doi
bang 40%.

Khoi tach bién x&c dinh ving bat thuong: dugc thuc
hién trén System Generator, v&i chirc nang khoanh viing da
bat thwdng hay ving da bi tén throng trén anh.

Khoi tinh toan cac tham s6 ABCD va khoi dau ra; duoc
thwc hién Matlab, nhiém vu cla khoi nay la trich chon céc
tham s6 mong mudén va so sanh cac tham s6 véi ngudng
cho trudc dé dua ra dy doan va hién thi két qua, hién thi
anh dau ra.

3.2. Khoi chuyén anh mau (dnh RGB) thanh &nh mic
xéam

So do chi tiét khéi chuyén d6i anh RGB sang anh xam
(hinh 2) duwoc thuwe hién dua trén cong thire (2).

R o

] a
g b Z3-b —
]

Hinh 2. So dd chi tiét khi chuyén ddi anh RGB sang anh xam
3.3. Khéi chuyén ddi anh mic xam vé anh nhi phan
Trong thiét ké kh6i~nay duwoc dat trong Mcode: duoc lap
trinh bang cac Iénh hd tro HDL trén m-file chuyé&n ddi anh
xa4m thanh anh nhi phan. Anh muc xam c6 gia tri tir 0 - 255
dugc chuyén thanh nhi phan theo nguéng 103 (c& 40%
mUrc cuvong do sang téi da) theo cong thirc (3).
3.4. Khoi tach bién

Line1 »(Linel
Line2 p(Line2
»in Line3 p(Line3  out|—
Line4 p»(Lined
Line5 »(Line5
Line Buffer x5 5x5Filter

Hinh 3. So dd khdi téch bién

So do khdi tach bién trong thiét ké ctia nhom nghién
ctru duoc biéu dién trén hinh 3. O day st dung khGi
5x5Filter la khoi tach bién dung bo loc tach bién~ anh théng
dung la bo loc Sobel X-Y cd kich thuéc 5x5 c6 san trong tai
nguyén clia SG.

3.5. Tinh to&n cac tham s6 xéac dinh bat thuvong trén da

Céac tham sd duoc xac dinh sé mo ta tinh déng déu, tinh
ddi xtng vé hinh dang, mau sic clia cac ving bét thuong
trén da[5, 6].

Tham s6 A (Asymmetry of lesion shape) la gia tri bi€u
dién tinh khéng ddng déu (tinh bat ddi xting) cla ving
bién dang trén da. Tham s nay duoc tinh bang ty 1& phan
tram clia cac diém bién trén dién tich ton thuong.

IndexA = % (5)

Trong do: P 1a téng céac diém anh trén duong bién

A la tong cac diém anh trén viing bién dang

Tham s6 B (Border irregularity) do Iéch ctia dwong bién

duwgc tinh theo cong thirc:
P2
4T A (6)

Tham s6 C (Colour variegation): Sy bién dang mau duoc
dinh lvong bang dé léch chuédn dwoc chudn héa clia cac
thanh phan mau red, green, blue clia ving bién dang:

dred dblue
IndexC = —+ — (7)
red Mgreen

Trong do6: ored, égreen, dblue la dd léch chuan clia cac
thanh phan mau dé, xanh |4 cay va xanh duong cla vung
bién dang.

Mied Mgreens Mpie 12 gid tri I6n nhét cda cac thanh phan
mau do, xanh |4, xanh duong clia vang bién dang.

Tham s6 D (Diameter of lesion) dutng kinh ving bién
dang. Trong thuc té, d6i véi nhirng n6t rudi thdng thuong,
duwong kinh cda né nhé hon 6mm. Do vay tham s6 D =5
néu dwong kinh cla vung bién dang Ién hon 6mm trudng
hop nguoc lai D dugc tinh bang dwdng kinh ctia viing bién
dang véi toa dé tdm cua vung bién dang dugc xac dinh
bang biéu thirc:

(xe,ye) = (B, 2=a) ®)

n n

IndexB =

dgreen

Mpiye

Trong do: x; v; 1a toa dd cac diém anh nam trong ving
bién dang.
n laténg so diém anh trong viing bién dang.
Ty s6 TDS (Total Dermoscopy Score) dugc xac dinh bang
biéu thic:
TDS = 1,3*IndexA + 0,1*IndexB + 0,5*IndexC + 0,5*IndexD
Canh bao vé ung thu trén da dwgc xac dinh tr ty s6
TDS. Néu 1< TDS < 4,75 da da c6 dau hiéu bat thuong,
néu 4,75 < TDS < 5,45 da can theo ddi vé kha& ndng ung
thu, néu TDS > 5,45 canh bao vung bién dang trén da la u
4ctinh [5, 6].
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4. KET QUA BAT BUOC

Viéc tong hop cac thiét ké da trinh bay trong phan
trwéc duoc thuc hién trén chip Zyng XC7z020-1clg484 cla
hang Xilinx. D€ danh gia két qua cla cac khoi x Iy anh
trén phan citng, ching téi thuc hién mé phéng phan
mém va phan cttng (hardware-software co-design) voi
board thi nghiém duwgc st dung la ZedBoard Zynq
XC7z020-1clg484. K&t qua chuyén doi anh va tach bién
duoc biéu dién trén hinh 4, 5 d6i voi mot trudng hop co
canh b&o vé u 4c tinh trén da [4].

So sanh két qua thuc hién trén phan clrng va két qua
mo phdng trén phan mém la tuong dwong nhau. Digu nay
cho thdy thuat toan xay dung trén FPGA s* dung céng cu
SG da dam bao tinh dang dan clia thiét ké.

| Figure 1: Color Conversion Results - olEl
I File Edt View Inset Tooks Dektop Window Help ‘i
'do h AR 09RL-B|0B eD
)
Anh goc
i
E .0
Loy
Ny
Anh muc xam Anh ohi phan Anh tach bien
N
| -8 L
E
&
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Hinh 4. Két qué thuc hién trén phan mém

Két qua tinh toan cac tham s6 ABCD:
A=1711 P=739

Toa do tam X;= 60 Y;=139

Ban kinh nhé nhat va I6n nhat
SD=136690 GD =22,9883
IndexA =0,4321

IndexB = 25,4226

IndexC = 0,4097

IndexD =5

Ty s6 TDS = 15,8089 (Canh bao u ac tinh)

]

Hinh 5. Két qua anh nhi phan va anh tach bién thu dugc trén phan ciing
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Anh muc xam

Anh nhi phan

Anh tach bien

Hinh 6. K&t qué thuc hién trén phan mém

K&t qua chuyén ddi anh va tach bién dugc biéu dién
trén hinh 6, 7 d6i véi mot trvong hop da binh thuong [4].

Két qua tinh toan cac tham s6 ABCD:

A=4787 P =697

Toa d6 tam X; =148 Y; =156

Ban kinh nhé nhét va Ién nhat

SD =6,9601 GD = 14,8025

IndexA =0,1457

IndexB = 8,0837

IndexC = 0,5069

IndexD =5

Ty s6 TDS = 3,7512 (Da binh thuong)

Hinh 7. Két qua anh nhi phan va anh tach bién thu dugc trén phan ciing

Uéc lwvgng cong sudt va tai nguyén phan ciing can st
dung cla thiét ké trén board phat trién Zed Board Zing
XC72020-1clg484 duwoc biéu dién trén bang 1.

Bang 1. Udc lvong cong sudt va tai nguyén phan cling cta thiét ké trén chip
Zynq XC72020-1clgA84

Congsudt | Tainguyénda | Tainguyénda
(W) str dung (block) | st dung (%)
LUT as Logic 1,850 587 1,10
CARRY4 0,312 118 0,89
Register 0,239 1063 1,00
BUFG 0,049 4 12,50
LUT as Shift Register 0,019 35 0,20
Block RAM 4,097 6,5 4,64
MMCM 1,784 1 25,00
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DSPs 0,493 5 2,2
110 0,004 4 0,50
Static Power 1,055
Total 13,689

5. KET LUAN

Bai bao da trinh bay str dung mét s6 cong cu dé thuec thi
Xt Iy anh so trén FPGA, dong thoi phan tich anh dé dua ra
mot s6 canh bao sém vé nguy co mac bénh ung thu, hodc
cac dau hiéu bat thurong trén da ho trg cac bac s§ trong qua
trinh chan doan bénh.

Huéng nghién cliu ti€p theo clia nhém tac gia la thuc
thi cac thuat toan xt ly tin hiéu y hoc khac trén nén tang
phan cltng FPGA bang cong cu SG.
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