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Xay dung mo hinh chup anh gin ban tay bang
k¥ thuat hong ngoai

Phan Ngoc Khuong Cat, Tran Vin Tién, Nguyén Tri Dan, Nguyén Ngb Minh Tri

Tém Tit — Ban tay con ngudi Ve mit giai phiu
hoc 1 mdt ciu truc phite tap, bao gdm xwong, gin,
khép, co, mod mém va mang luwdi caic mach mau.
Trong cac chdn thwong vé ban tay thi tén thuwong
gén 1 nhirng t6n thwong phd bién thi hai. Do dé, dé
¢6 hwéng diéu tri diing dén va kip thoi, cAn cé hinh
anh chin do4an nhanh chéng va chinh xac. Trong bai
bao nay, chung téi sir dung phuwong phap chup anh
hdng ngoai gin (Near infrared - NIR) dé nghién ciru
hé théng gan ban tay con ngwoi. Phwong phap nay
¢6 cac wu diém nhu khong xaAm l4n, khéng ion héa,
nhanh chéng va 1a phwong phip ré tién. Véi muc
dich nay, chuing téi da xdy dung mé hinh thiét bi
chup dnh gén ban tay, mo hlnh str dung nguon thu
viing hdng ngoai gin va ngudn phat sing ing véi
cac buée song 750 nm, 850 nm, 940 nm. Ngoai ra cac
thuat toan két hop anh dwoc sit dung nhim nang
cao d§ twong phan giita gin va cac vung xung
quanh.

Tir khoa — Hinh danh NIR, bay tay con ngudi, gan
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1 GIOI THIEU

B an tay 1a mot trong nhitng co quan quan trong
trén co thé con ngudi. N6 dugc xem la trung
tdm cda cac hoat dong, van ddng hang ngay cua
con nguoi. Vi du nhu khi thao tdc véi may tinh,
hay khi lam cac cong viéc ndi trg thi hai ban tay
van thuong hoat dong qua tai, himg chiu cac ton
thuong kéo dai. D6 1a 1 do vi sao cac chan thwong
lién quan dén ban tay 1a mot trong nhimg chin
thuong phd bién. Theo mot nghién ctru cho thiy,
chan thuong ban tay chiém 14% - 30% céc chan
thwong trong cic phong cép ciru, trong do, chan
thuong lién quan dén gan chiém 29%, dtmg thir 2
so voi cic chan thuong lién quan dén ban tay
[1,2]. Sau khi kham 1am sang, cac phuong phéap y
hoc hd trg chan doan hién dai hon nhu si€u am,
chup cét 16p vi tinh va chup cong huong tir da
dugc chimg minh 13 cong cu chin doan quan
trong [3- 5] Tuy nhién, nhitng phuong phap nay
tén kém, cong kénh, va c6 sir dung phong xa, co
thé anh hudng truc tiép dén strc khoe nguoi bénh.
Ngoai ra, voi cac phong kham nho khong du
diéu kién trang bi céc thiét bi dic tién nay, viéc
chan doan dwa chu yéu vao kinh nghiém béc si,
dan dén sy thiéu chinh xac, mang tinh chi quan,
va d6i khi dan dén sy chan doan sai cho ngudi
bénh. Do @0, yéu ciu cdp thiét 1a can c6 mot
phuong phap chin doan chinh x4c, nhanh chong
va ré tién hon, c6 thé sir dung & moi phong kham.
Gan day, ky thuat chup anh hong ngoai gan (NIR)
la mot cong nghé moi hién dang duogc st dung
rong rai trong cac linh vuc y sinh hoc v6i nhitng
loi thé khong xam lin, khong ion héa, nhanh
chong va ré tién. Vi thanh phan chinh ciia mé
nguodi 1a nudc, vi du nhu trong mdé nac nudc
chiém 75%, trong mau nudc chiém 83%, trong
chét béo nudc chiém 25% [6], ma nude lai co do
hip thy anh sang hong ngoai gin (680nm — 1000
nm) rat thdp do d6 sir dung hong ngoai gan trong
nghién ctru md sinh hoc s& ¢6 thé tao ra nhing két
qua th vi. Mot s6 tng dung ky thuat chup anh
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héng ngoai gén da duoc thyc hién nhu chyp ct
16p quang hoc [7, 8], chin doan cia phu néo [9,
10] va ciing chup nhii anh [11, 12]. Ky thuat nay
cling duogc su dung dé xac dinh hinh anh tinh
mach [6, 10-12] hay dé nghién ctru hinh anh 1ong
ban tay [13]. Ngoai ra, phuong phap nay ciing cé
thé ghi nhan hinh anh hé gan ban tay véi do twong
phan cao, an toan, c6 thé quan sat cic chuyén
dong cua gan theo thoi gian thyc, nhan dugc sy
quan tam 16n trong thoi gian gan day

K¥ thuat chup anh hong ngoal gan hoat dong
trén nguyén tic ciia sy truyén anh sang, sy hap
thu, phan xa va tan xa ¢ cac 16p khac nhau cua da.
Khi chiéu 4nh sang hong ngoai c¢6 budc song tir
750-940 nm di qua canh tay bénh nhan thi c6 mot
s phan s& hdp thy nhiéu hon nhitng bd phan
khac. Hau hét cac mo c6 kha nang hap thu thap
dbi voi anh sang hong ngoai gan va s& dugc hién
thi nhu mot ving sang, nhung d6i voi mach mau
va hé gén ban tay do cac hemoglobln trong mau
hap thu dang ké luong anh sang hong ngoai gin s&
hién thi nhu mot ving t6i. Pac biét 1 4nh sang
can hong ngoai 1a birc xa khong ion hoa, co thé
dugc ap dung nhiéu lan trén bénh nhan ma khong
¢6 bét ky tac dong c6 hai nao. Trong bai bao nay,
chung t6i st dung anh sang budc song 740 nm,
850 nm va 940nm dé chup anh hé thdng tinh
mach va gan ban tay véi myc dich tdi da hoa su
twrong phan giita cac md da va gan. Sy phan xa bé
mat — mot trong nhitng 1y do gidm d6 twong phan
cho anh NIR, duogc loai bo béng cac hé kinh phan
cuc va kinh loc... Ngoai ra, dé tang cuong do
twong phan gitta gn va da, chung t6i st dung
phuong phép chong anh da budc song. Phuong
phap nay di dugc s dung rit nhiéu trong cic
nghién ctru gan déy [14, 15].

2 PHUONG PHAP NGHIEN CUU
2.1 B6 tri hé quang hoc

T MEw

TR LED

Hinh 1. M6 hinh quang hoc xdc dinh gin ban tay st dung
phuong phap két hop giira truyén qua va tan xa

Duva trén su hép thu cia mo véi anh sang héng
ngoai. Khi 4nh sang hong ngoai chiéu qua ban tay
cdc mo s& hidp thy anh sang hong ngoai, mach
méu chira hemoglobin s& hip thu nhiéu hon
nhitng ving khéc trong hinh anh thu dwoc s& hién
thi nhu mot ving t6i trong khi ving da xung
quanh hap thu thap hon sé& hién thi trong hinh anh
thu dugc nhu mét vung sang. Hinh anh sé duogc
thu lai qua hé thong quang hoc va camera sau d6
hién thi trén may tinh. Ngudn sang hdong ngoai
gan dugc st dung bao gdom cic LED (light
emitting diode) cong suit cao voi cac bude song
740 nm, 850 nm va 940 nm. H¢ thong st dung
phuong phap két hop thu nhan dong thoi anh sang
tan xa va truyén qua. Trong phuong phap niy,
camera dit phia truée cua dbi trong can xéac dinh
gan ban tay, con cac LED chiéu sang hong ngoai
s€ dugc dat ¢ hai phia trude va sau cla dbi tuong
can xac dinh gan ban tay. Hé thong quang hoc sir
dung trong phuong phap nay bao gém: kinh loc
hong ngoai (F.IR), kinh loc cudong d6 (ND), hai
kinh phan cyc (POL) dwoc méc chéo nhau mot
kinh phan cuc dugc dat trudc camera, mot kinh
dugc dit trude dén LED hong ngoai gan.

2.2 Phwong thirc giao tiép

Hé thdng bao gdm céc thanh phan chinh:

Module thu nhan tin hiéu: Camera hong ngoai
giao tiép qua USB (Universal Serial Bus)

Module xtr ly tin hi€u: May tinh nhing
Raspberry Pi 3. Hinh anh thu dugc tir camera s
dugc xir 1y tryc tiép trén may tinh nhiung gon nhe
nay va két qua dugc hién thi trén man hinh LCD
(liquid-crystal display) hodc truyén vao dién thoai
hodc may tinh bang qua két ndi wifi ndi bo

Module hién thi, twong tac: Man hinh LCD
7inch cam ung dién dung Waveshare, dién thoai
hoic may tinh bang st dung hé didu hanh
Android.

Giao tiép gitra cac khdi trong hé thong:

Giao tiép khdi Camera hong ngoai — Module xtr
1y chinh: Camera hdng ngoai dugc két ndi vai
méy tinh nhing qua céng USB. Két ndi nay cho
phép cip ngudn hoat dong cho camera ddng thoi
thu nhan hinh anh thu duwoc tir camera dé xu ly,
diéu khién cac thao tac luu anh, luu video.

Giao tiép LCD touch screen — Module xir 1y
chinh: Giao tiép qua két ndi HDMI (High-
Definition Multimedia Interface) va USB. Két ndi
HDMI cho phép man hinh hién thi hinh anh da
qua xir 1y trong Module xtr 1y chinh hién thi 1én
man hinh LCD. Két ndi USB déng vai trd cung
cép ngudn dién cho man hinh dong thoi thu nhan
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tin hiu cam ung.

Giao tiép Smartphone — Module xir Iy chinh:
Giao tiép thong qua SSH (Secure Shell) hoic
VNC (Virtual Network Computing) qua két n6i
wifi hodac mang LAN (Local Area Network) hitu
tuyén noi bo, gitp co thé didu khién va thu nhan
hinh anh tir h¢ thong tir xa ma khong phu thudc
vao man hinh.

Hién thj trén
man hinh dién
thoai di dong
7'y

USB, wifi

v

USB Module

Raspberry Pi 3
xt ly chinh

Camera
héng ngoai

A 4

A
USB, HDMI
A 4

Hién thj trén
man hinh LCD
cam ing

Hinh 2. So d giao tiép ctia hé théng thu nhan va hién thi hinh
anh

2.3 Phwong phdp két hop anh

Trude tién, chung toi tién hanh chup anh hé gan
ban tay ¢ ba khoang budc song hong ngoai lan
lwvge 1a 740 nm, 850 nm, 940 nm. Hinh anh thu
dugc tir hé théng quang hoc s& duoc tién xir 1y
nhu loc nhidu bang phin mém Matlab. Tiép dén
chung t6i két hop 1an luot hai hinh anh v6i nhau
theo dang sau:

loey — |
850 ~ lo40
1= . (1)
Igs0 + lgao
locn — |
850 ~ !740
2= . (2)
lgso + 1740

Trong d6, I1 va |, 1a anh két hop thu duogc nhd
su két hop hai anh chup boi budc song 850 nm,
940 nm va hai anh chup boi bude séng 850 nm,
740 nm.

Dé co cai nhin chinh x4c va toan dién hon nén
trong nghién ctru ndy di st dung cong thic dé
tinh toan do tuong phan gitra gén va da, d¢ tuong
phan M [14] dugc biéu dién bai cong thirc sau:

M = Ugén - Uda (3)
Ugén + Uda

Trong d6: M — d6 twong phan gilta gan va da;
Ugan — 1a cuong @6 diém anh trung binh cia ving
chtra gan ban tay; U — 13 cuong do diém anh
trung binh cta ving da xung quanh h¢ gan. Viéc

chon vung gan va da cé thé duoc thuc hién dua
trén cuong do diém anh cta nhiéu vi tri tryc quan
gin ké ving da c6 gi tri diém anh cao, sau d6 liy
gia trj trung binh dé c6 duoc gia tri Ugs, va nhiéu
vi tri tryc quan gan k& ving gan c6 gia tri diém
anh thap, sau d6 lay gia tri trung binh dé c6 duoc
gia tri Ugan.

3 KET QUA
3.1 M6 hinh thiét bi hoan chinh

Hé théng quang hoc dugc xdy dung va sir dung
trong thuc nghiém dugc thiét ké va ché tao hoan
chinh dya trén so d6 nguyén 1y hinh 1. Trong d6
CCD camera dugc st dung cia hiang Questek
Sony - Nhat Ban. Camera c6 d§ nhay cao véi anh
sang can hong ngoai, v6i ché d6 phan giai la
1920*1080 pixel ¢ 60 fbs, c6 nhiém vu thu va
chup lai hinh anh hong ngoai trong thi nghiém.
Kinh loc hong ngoai (Infrared filter - F. IR), kinh
loc hong ngoai ciia Edmund optice — USA, duoc
sir dung dé chan anh sang nhin thiy duoc, cho
phép 4nh sang hong ngoai di qua dén CCD
camera ciia hé thdng quang hoc. Kinh loc cuong
d6 (Neutral density filter — ND), kinh loc cuong
d6 cua Edmund optice — USA, dugc st dung dé
lam giam cuong d6 anh sang dén CCD camera
cua hé théng quang hoc, dac biét hiru dung khi
chup lai hinh anh c6 thoi gian phoi sang dai dudi
ngudn sang manh. Kinh phan cyc (POL), kinh
phén cuc cia Edmund optice — USA, dugc Gng
dung dé giam bot hién tudng chda sang tir bé mit.
Ngudn sang hong ngoai gan, nguon sang hong
ngoai gan duoc sir dung bao gdm cac LED (Light
Emitting Diode) cong sudt cao ctia T.Tech LED —
China. Budc song duge su dung 1a 740 nm, 850
nm va 940 nm. Mb hinh thiét bi duoc hoan thién
nhu hinh 3. Phan vo bén ngoai dugc gia cong
bang chit liéu nhom, trong d6 thiét ké bao gdbm
hai phan chinh 13 hop diéu khién va thanh ga
camera. Cdc module xir 1y trung tdm Raspberry Pi
3 nguon sang LED hong ngoal ngudn pin Li-ion
dugc dat trong hop diéu khién bén dudi. Phan
camera va nguén sang LED héng ngoai dugc dat
trén phan thanh gi. Khi mé hinh thiét bi hoat
dong, ban tay sé dat trén hop diéu khién, mot phé‘m
anh sang bén dudi hop diéu khién s& chiéu qua tay
cho ché d¢ truyén qua, va phan anh sang tir thanh
ga chiéu xudng bé mat cho ché do tan xa. Hinh
anh chup tir camera s& duoc xir 1y ¢6 thé két ndi
va truyén hinh anh tryc tiép 1én may tinh bang
hoac cac thiét bi di dong theo thoi gian thyc, 1am
tang do linh dong cho nguoi st dung.
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Hinh 3. Thiét bi may soi vein, gan st dung céng nghé héng
ngoai
3.2 Két qua thit nghiém mé hinh

Thiét bi dwoc thir nghiém voi mot sb tinh
nguyén vién 1a sinh vién khoa Khoa hoc Ung
dung Truong Pai hoc Bach Khoa — PHQG -
HCM. Hinh 4 A cho thiy hinh anh tinh mach va
gan (0 tron) ctia mu ban tay va hinh 4 B cho thdy
hinh anh gan & 1ong ban tay. Chiing ta c6 thé quan
sat théy hinh anh tinh mach xuat hién nhu mot
ving toi trong hinh anh. Hinh anh vé gan xuat
hién nhat hon so véi tinh mach, diéu d6 do sy hép
thy va suy giam hé sb tan xa clia mach mau (bao
gdm oxy hemoglobin va nuéc) 1a khac so v6i gan
(bao gdm collagen loai 1 va nuéc) [5,6]. Trong
hinh 4 A, hé thong tinh mach dugc hién thi dudi
dang mang ludi, con gan dugc hién thi duéi dang
dudng thing bit dau tir ¢d tay dén ngon tay,
chiing duoc goi 1a gan co dudi. Vi tri cua tinh
mach nam & phia trén gan, do twong phan giita
tinh mach va da 13 t6t hon so véi giira gan va da,
ddng thoi sir dung cac kién thirc vé giai phdu hoc
ban tay nguoi, chiing ti c6 thé phan biét hinh anh
ctia tinh mach va day chang. Hinh 4 B cho thay
hinh 4nh gin & phia trong long ban tay, dugc biét
dén 1a gan co gip. O day, hinh anh hong ngoai
gan clia gan c6 mot sd khac biét so v6i mu ban
tay. Gén 0 trong long ban tay ciing 6 hinh dang
du(mg thing, nhung chiéu dai 1 ngén hon so v&i
co dudi. Hinh anh gan cta ngon tay cai va mach
mau khong duoc phat hién. Didu nay phu hop véi
giai phau ctia gan gap, n01 ma cac mang boc bao
phii mot phan ciia gan gap [32-34]. Dé viéc quan
sat tré' nén dé dang hon, chung t6i da sir dung mot
s6 phuong phap xtr 1y anh nhdm ting cuong do
tuong phan giira tinh mach, hé gan ddi véi ving
da xung quanh.

Hinh 4. Hinh anh gan ban tay dugc chyp dudi anh sang 850
nm, A) mu ban tay, B) long ban tay.

Hinh 5 cho thay hinh anh tinh mach va gan &
mu ban tay, trong d6 hinh 5 A, B 1a c@p hinh anh
dugc chup véi anh sang 850 nm va 940 nm, hinh
5 C, D 1a cép hinh anh duwogc chup véi budc song
740 nm va 850 nm, va hinh 5 E, F 1 hinh anh két
hop hai budc song. Dé danh gia rd rang hon vé do
tuong phan gitra gn va da, chung t6i sir dung chi
sO twong phan M. Ung vdi cac hinh anh duoc
chup véi mot budce song (hinh 5 A, B, C, D), co
thé thdy ring hinh anh thu duoc v6i 4nh sang
chiéu t6i 1a 850 nm cho d¢ twong phan giita ving
gan va ving da xung quanh 1a t6t hon, (hinh 5 A
c6 M=0,31 va hinh 5 D ¢6 M=0,29), két qua tng
voi anh sang chiéu t6i 1a 940 nm cho M=0,09
(hinh 5 B) va thap nhit d6i v6i anh sang chiéu t6i
la 740 véi M=0,04 (hinh 5(c)).

Céc hinh anh dugc xir 1y bang k¥ thuat két hop
hai budc song cho d§ twong phan cao hon, hinh
anh rd nét hon, trong d6 su két hop gitra anh chup
v6oi anh sang 850 nm va 940 nm cho M=0,60
(hinh 5 e) va sy két hop giira anh chup vé&i anh
séng 740 va 850 cho M =0,41 (hinh 5 f).

Hinh 5. Hinh anh tinh mach va hé gan trén mu ban tay dugc
chup dudi 4nh sang hdng ngoai, A) 850 nm, B) 940 nm, C)
740 nm, D) 850 nm, E) két hop anh 850 va 940 nm va F) két
hop anh 740 va 850 nm.
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4 KET LUAN

Nghién ctru nay da xay dung thanh cong mo
hinh thiét bi chup anh tinh mach ciing nhu gin
trén ban tay s dung k¥ thuat hong ngoai gan.
Thiét bi ¢6 kha ning két ndi tryc tiép voi may tinh
bang hoidc dién thoai di dong gitp dé dang quan
sat. Bén canh d6, cac hinh anh dugc chup voi
nhiéu dai budc song khac nhau: 740 nm, 850 nm,
va 940 nm, hinh anh két hgp hai budc song lam
tang d0 tuong phan gilra cac vung tinh mach, gan
va cac ving da xung quanh. Két qua tao tién dé
cho céc nghién ctru sau hon nhim hd trg trong
cong tac kham chira bénh lién quan dén hé mach
mau va gan ban tay.
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A near infrared technique for tendon
Imaging in human hand

Phan Ngoc Khuong Cat, Tran Van Tien, Nguyen Tri Dan, Nguyen Ngo Minh Tri

Abstract— Tendons are tissues that connect muscles to bone. When muscles contract, tendons pull on bones. This
causes parts of the body (such as a finger) to move. Tendon injuries are the second most common injuries of the hand
and most injuries are open injuries to the flexor or extensor tendons. After clinical examination, ultrasound, computed
tomography (CT) and magnetic resonance imaging (MRI) have proved to be important diagnostic tools. Recently
more and more studies have been initiated to define the vein imaging, beside that NIR imaging technique also be used
to detect the tendon imaging. In this research, we focus on a background removal method that support to enhance the
ratio contrast of tendons on the skin background. Those images are recorded by an optical system that allows to
capture the near infrared light imaging of hand at the spectral regions: 740nm, 850 nm and 940 nm. After that we
apply a background removal to enhance the ratio contrast of tendon.

Index Terms— NIR imaging, human hand, tendons.



