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Minimally Invasive Surgery (MIS) is a surgical technique of the
present and the future. However, there are two major challenges in the
MIS technique: the quality of the stitched image and the speed of the
image stitching. Because MIS has very high requirements on the
precision of tissue surgery and the time taken by the surgeon.
Therefore, this paper proposes a method to improve the quality of the
stitched image and speed of the image stitching to provide the surgeon
with a good image of the surgical area in the best time. The proposed
method is: reduce the time spent to detecting feature points in the
small image by using OpenCL and improve the quality of the stiched
image by finding the best hemography matrix. Research results show
that the time spent to detecting feature points is reduced by seven
times compared to the current method, so the stitched speeding will be
faster. Moreover, the number of detected feature points is 3 times
higher compared to the current method , so the quality of the stitched
image is better. This proposed method give promises to improve
existing limitations in laparoscopic surgery.
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Phau thuat xam lan téi thiéu (MIS) 1a mot ky thuat phau thuat cua
hién tai va tuong lai. Tuy nhién, MIS gap phai hai thach thuc Ion vé
chat luong cua anh khau va téc d6 khau anh. Béi vi MIS yéu cau rat
cao vé& do chinh xac phau thuat moé va thoi gian thuc hién cua bac si
phdu thuat. Do do, bai bao nay dé xuit phuong phap cai thién chét
luong anh khau va tang tdc d6 khau anh dé cung cip cho béc si phiu
thuat hinh anh t6t vé khu vuc phiu thuat véi thoi gian tét nhat.
Phuong phap dé xuat d6 1a: giam thoi gian phat hién cac diém dic
trung trong anh nho bang cach s dung OpenCL va cai thién chat
lwong anh khau bang cach tim ma tran Hemography tét nhat. Két qua
nghién ciru cho thay thoi gian phét hién céc diém dic trung giam bay
1an so v&i phuong phap hién tai, do vay téc d6 khau anh s& nhanh
hon. Hon nira, sé lugng diém dic trung dwoc phat hién cao gip 3 lan
so v&i phuong phap hién tai, do vay, chat lwong anh ghép tot hon.
Phuong phap dé& xuat hira hen s& cai thién nhiing han ché hién c6
trong phau thuat noi soi.
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1. Gigi thiéu

Phiu thuat xam lan t6i thiéu (MIS - Minimally Invasive Surgery) dang dén thay thé cac
phuong phap phau thuat truyen théng vi nhimg uu diém cua né nhu vét mé kich thuéc nho, it gay
ton thuong, bénh nhan phuc | héi nhanh. Vét moé MIS dua nho dé c6 thé dua dung cu va dng noi soi
di qua. Tuy nhién, bac si phau thuat khdng thé nhin tryc tiép vao ving mé ma phai nhin hinh anh
trén man hinh duoc két ndi véi dng noi soi.

Khi lip camera vao than may dé chup anh, khoang céch tir camera dén chu thé twong déi ngan
nén pham vi quan sat qua nho. Do vay, néu chi sir dung mot camera dé quan sat viing mo s& rat
han ché gdc nhin. Ky thuat khau anh cho phép ma rong viing quan séat bang céach sir dung tir hai
camera trg 18n. Mot s6 nha nghién ctru da thyc hién khau anh tinh [1] nhung cach nay kho thu
duoc anh khau véi chat luong tét. Trong bai bao nay, tdi s dung hai camera noi soi va mot thuat
toan khau hinh anh dua trén viéc két néi cac diém dic trung tot dé tao ra mot hinh anh dong toan
canh. Ky thuat khau anh bao gom: phét hién diém dic trung, mé ta tinh toan, tim cac két néi tot
va tim ma tran Homography.

V& vin d& phat hién cac diém dic trung, mot s6 nghién ctu trude day di dé xuat mot sé thuat
toan phat hién cac diém dic trung nhu SIFT va SUFT [2]. SIFT loi thé hon vi n6 chinh x4c hon
nhung SIFT danh nhiéu thoi gian cho tinh toan, vi vay trong wng dung thoi gian thuc thuat toan
SIFT khong thé duoc sir dung. Do vy, trong nghién ciru nay, toi sir dung thuét toan SURF dya
trén cac nguyén tic va budc tuong ty nhu SIFT [3] nhung c6 cai tién dé thu dugc cac diém dac
trung t6t trong cac diéu kién méi truong khac nhau. Toi ciing trinh bay phwong phap loai bo cac
dlem dic trung du thira, nho vay ma cé thé giam thoi gian tinh toan cac bo mo ta va tim cac diém
ndi tot.

Vé van d& mo ta tinh toan, mot s6 nghién ciru gan day vé ting toc d6 khau anh bang céch thay
dbi kich thuéc anh gbe thanh anh nho hon hodc chon viing nho dé phat hién cac diém dic trung
[4]. Bo md ta SURF 64 chiéu duoc tao ra bai cach tinh toan phan hoi song con Haar trong cac
viing con 4x4 voi cac diém dic trung 1a trung tdm [5]. Phuong phap nay c6 thé giam thoi gian
phét hién cac diém dic trung nhung thong tin s& bi mat. Doi khi khong thé khau anh khi ap dung
céc phuong phap nay. Phuong phap dé xuat 1a chia hinh anh gdc thanh bén hinh anh nho, sau d6
phét hién cac diém dic trung trong bdn hinh anh nho lién tiép va két hop bon bo diém dic trung
dugc phat hién trong bon hinh anh nho & trén, ta s& co dugc tt ca cac diém dic trung ciia hinh
anh gbc. Bang cach phét hién cac diém dic trung trong cac hinh anh nho, ta giam duoc rat nhiéu
thoi gian. Ngoai ra, viéc hop nhat cac dic trung tir bon hinh anh nho s& mang lai s6 luong I6n
hon céc dic trung caa hinh anh gbc, dan dén chat lwong khau anh dugc cai thién.

V& vén dé tim cac két ndi tét, cac nghién ctu gan day da thyc hién so sénh cc by m6 ta thu
dugc tir cac hinh anh khac nhau dé c6 thé tim thiy céc cap pht hop [6]. Mot két hop tot co thé
duogc xac dinh bang céch lay ty 1é khoang cach tir hang xom gan nhat véi khoang céch gan nhat
thir hai [7]. Tuy nhién, ty I& nay khong thé st dung gia tri nao ciing dugc. Ty 1& nay nén ldy nho
hon 0,7 thi hau hét két qua két ndi tét déu dung [8].

Ma tran Homography Ia mot &nh xa xa anh tir mat phang Xa anh nay sang mat phang xa anh
khac. Thuc hién tim ma tran Homography cua hai anh nhiéu lan thi dugc cung mot két qua vi vi
tri ctia cac diém dic trung 1a ¢d dinh [9]. Nhung khi tim ma tran Homography cua hai anh doc tir
hai camera cé dinh thi két qua khdng gidng nhau bai vi khoang cach gitta cac diém dic trung, vi
tri cua diém dic trung, sb lugng khung hinh két hop tét 13 khéng giéng nhau [10]. Diéu nay dan
tGi mot s6 két qua tot nhung mot sé khdng tét, do vay, 1am cho két qua bi sai léch. Trong bai béo
nay, t6i d& xuét phuong phap lam cho két qua on dinh hon.

2. Pé xuit
2.1. Phét hién cdc diém dic trung sir dung OpenCL
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Bang 1 chi ra chi tiét thoi gian dung khau anh sir dung CPU [9]. Ta c6 thé thay thoi gian can
thiét dé phéat hién cac diém dac trung chiém gan 46% tong thoi gian khéu anh.
Bang 1. Thoi gian si dung cho viéc khau anh [9]

Thoi gian phét hién cac diém dic trung 320,3ms
Thoi gian bd phéat hién tinh toan 220 ms
Thoi gian tim ma tran Homography 120 ms
Thoi gian két hop 40 ms

Khi str dung OpenCL dé phat hién cac diém dic trung thi thoi gian tiéu tén da dugc giam di
nhiéu [10]. Nhu bang 2 cho thiy, thoi gian dé phat hién cac diém dic trung khi thuc hién trén
OpenCL nhé hon so véi viéc sir dung CPU. Tuy nhién, thoi gian dé phat hién cac diém dic trung
khi str dung OpenCL van con kha 16n. Bé khau anh theo thoi gian thuc thi thoi gian phét hién
phai nho hon 30 (ms). Phan tiép theo s& trinh bay mot dé xuat dé giam bt thoi gian nay.

Bang 2. So sanh thoi gian phat hién cdc diém dac trung sir dung CPU va OpenCL [10]

CPU OpenCL
320,3 ms 191,7 ms

2.2. Phét hién cdc diém dic trung trong cac anh nhé

Trude hét, anh gbc duoc ldy mau theo cac yéu té £, £ dé c6 dugc anh nho véi kich thudc
320x240 [11]. V6 f, f. laty 1€ hang va cot twong ung. Vi du véi hinh anh VGA 640x480 f, =
£, = 2; Hinh anh Full HD 1920x1080 f. = 4,5,f, = 6 V.v.

Budc tiép theo, chia hinh anh co s thanh bon hinh nho, hinh anh dau tién gdm céc hang 18,
cot 1é; Hinh tha hai gdm cac hang I¢, cot chan; Hinh thir ba gém cac hang chin, céc cot 1é; Hinh
anh cudi cuing bao gém cac hang chin va céc cot chin caa anh co so.

S1(x,y) = Izg(2x + 1,2x + 1); (1)
S2 (x,y) = Iz2x + 1,2x);
S3(x,y) = Ip(2x,2x + 1)
S4 (x,y) = Ig(2x, 2x)

Trong d6, S1, 52,53, S4 la cac anh nho; I 1a hinh co so; (x, v) latoa d6 hang va cot twong ung.

Thuat toan tim ma tran Homography duoc mé ta ¢ hinh 1. Véi thuat toan dé& xuat ndy, ta co
thé c6 duoc ma tran Homography tét do viéc chia anh co sé thanh bdn anh nho, phét hién diém
dac trung va cap nhat ma tran Homography.

Thuat toan d& xuat gébm cac budc sau:

Budc 1: Phat hién diém dic trung trong hinh anh nho S1 trong khi sir dung ma tran
Homography trudc d6 tai khung F,_; dén khung ghép E,.

Buéc 2: Phat hién diém dic trung trong hinh anh nhé S2 trong khi sir dung ma tran
Homography trudc d6 & F,,_; dén khung ghép F,..1 .

Budc 3: Phat hién diém dic trung trong hinh anh nho S3 trong khi sir dung ma tran
Homography trudc d6 tai khung F,_; dén khung ghép F,,,, .

Bud6c 4: Phat hién diém dic trung trong hinh anh nhé S4, sau d6 tim ma tran Homography véi
bon bo diém dic trung did dwoc phat hién trong bon budc. Kiém tra va cap nhat ma tran
Homography cho khung nay va céc khung tiép theo. Quay lai budéc 1.

Hinh 2 chi ra cac diém dic trung duoc phat hién trong cac anh nhé va sau d6 dinh vi ching
trong hinh anh gdc. S6 lugng diém dic trung duoc phat hién trong S1, S2, S3 va S4 lan luot la
160, 146, 161 va 138. Cudi cung, ta nhan duoc 605 diém dic trung trong hinh anh gbc. Dé xac
dinh vi tri cac diém dic trung trong hinh anh gdc, thi str dung cac phwong trinh:

X, = (2xs + Df; B )
Cho anh nho S1 2
{yo = (2ys + Df; a © ( )
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Yo = 2Ysfr
X, = 2% f;

xo = 2xsf;

+Dfe cho anh nho S2

Cho anh nho S3
Yo =@y +Dfp 0 N0
= 2.f. Cho anh nho S4
Khoi tao
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DPoc khung hinh tir camera
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v
Chia thanh 4 anh nho
S1,S2,S3, 54
¥
Phat hién diém dic trung S1
¥
Ghép khung Fn
L 4
Phat hién diém d3c trung S2
v
Ghép khung F
Phat hién diém dic trung S3
v
Ghép khung F_
v
Phat hién diém dic trung S4
v

Hop nhét cac diém dic trung va tinh

toan cac by mo ta

v

Tim va cép nhat ma tran Homography

Hinh 1. Luu do thudt toan dé xudt tim ma trén Homography
Trong d6, (o, ¥o), (X5, ¥s) lan luot 12 toa d6 cua cac diém dic trung trong hinh anh géc va

hinh anh nho.

Hinh 2. Phat hién diém dic trung trong cdc anh nhé

@)
(4)
(®)
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Uu diém cua phuong phép nay 1a khong chi giam thoi gian phat hién cac diém dic trung ma
con ¢6 thé nhan duoc nhiéu diém dic trung hon, tir d6 cung cap nhiéu két qua phi hop hon, vi
vay phuong phap d& xuat nay hoan toan cé thé cai thién chat lwong khau anh.

Bang 3. So sanh thoi gian phat hién cdc diém dac trung

Anh goc Anh nhé
191,7 ms 25,3 ms

Bang 3 cho thay thai gian phat hién céc diém dic trung trong anh goc 16n. Vi vay ta khong the
dat dugc thoi gian thuc khau anh néu ta sir dung anh goc dé phat hién cac diém dic trung. Trong
khi @0, thoi gian danh cho viéc phat hién cac diém dic trung trong hinh anh nho nhé hon 30 ms,
c6 nghia 13 ta c6 thé dat duoc qua trinh khau anh theo thoi gian thyc.

2.3. Loc cdc diém dic trung

MJ3i mét anh ¢ rat nhiéu diém dic trung, thuc té trong khau anh ta chi can ding mot sé it
diém dic trung co chat lugng tot (it nhat 4 diém) I1a c6 thé khau dugc anh. Do do, viée di tim cac
diém dic trung c6 chat luong tot va loai bo di cac diém dic trung khong can thiét s& 1am giam
dang ké cong doan tinh toan cac bo mo ta cua cac diém dic trung.

Nghién ctru ndy sir dung thuat toan SIFT va SURF dé phat hién cac diém dic trung, tinh toan
bo md ta va so khép cac diém dic trung. Chit luong cua hinh anh “dwdng may” anh phu thuoc
vao s6 lugng khép tot, tir thuc nghiém véi hon 3500 khung hinh véi cac chat lwong va goc do
khéc nhau toi xét thiy hau hét cac khop tot déu 1a cua cac diém dic trung c6 duong kinh nho hon
30. T4t nhién, véi cac diém dic trung c6 dudng kinh 16n hon 30 ta van tim dwoc céc khop tét,
nhung cac khép tét d6 ciing khong can thiét vi hau hét cac diém dic trung c6 duong kinh nho
hon 30 da du cac khop tot dé co thé khau cac anh, do do ta co thé loai bo cac diém dic trung c6
duong kinh Ién hon 30, didu nay lam ting tbc d6 dang ké cho viéc tinh toan cac bo mo ta cho cac
diém dic trung, ciing c6 nghia 1a ting toc d6 khau anh ma van dam bao chat lwong cua anh khau.
2.4. Tim céc két hop tét duwa trén thudt fodn dwong song song gan nhat

Phuong phép duoc dé xuit bao gom mét quy trinh hai budc. Bude dau tién la tim mot két hop
t6t dya trén Khoang cach Euclide tdi thiéu cua cac diém dic trung va sau d6 xac dinh phuong
trinh cua dudng. Pay dugc goi 1a dudng co sé. Budc tiép theo 1a tim céc két hop tdt khac gan
song song véi duong co s va cho rang ching la cac két hop tét.

Bai bao nay tap trung tim ra sy két hop tot trong hinh anh ni soi bang cach 1a tim cac diém
dic trung trong hai hinh anh ma twong ng vdi vector riéng c6 khoang cach Euclide tdi thiéu.
Néu ty sb giita khoang cach nho nhat vai khoang cach nho nhat thir hai nho hon mét gia tri nhat
dinh, thi cac diém twong Gng ciia chung duge coi 1a cac diém dic trung phi hop ma vector riéng
cuia ching ¢ khoang cach nho nhat. Hai diém dic trung tao thanh mot cap diém phi hop. Néu
khong, chung duoc coi 1a mét cap didm khong phi hop va bi loai bo. Tuy nhién, khi hinh anh bi
mo hodc dugc chup véi tiéu cu qué gan, thi rat kho dé tim du két qua phi hop tot dé ghép hinh
anh.

Néu str dung phuwong phép hién c6 dé ghép 3200 khung hinh doc tir hai camera cb dinh, thi c6
thé nhan dwoc 727 ma tran Homography khac nhau ma khéng thé sir dung 340 ma tran
Homography hoic c6 340 khung khong thé sir dung dé ghép duoc.

2.5. Két qud c6 tinh én dinh ciia khau dnh

Dé két qua dau ra on dinh, tac gia s dung cting mot ma tran Homography cho moi khung
hinh khi camera duoc ¢ dinh. Chat lwong cua két qua phu thudc vao ma tran Homography, neu
ta c6 duoc ma tran Homography t6t thi moi khung hinh dugc ghép s& c6 két qua | tét. Bé ¢ dugc
ma tran Homography tét, thi ta so sanh sé lugng cac két qua phu hop tét cua ma tran
Homography hién tai véi ma tran trudc d6. Sau do, sé cap nhat ma tran Homography méi néu s6
lugng phu hop t6t I6n hon. Cung véi do, cap nhat ma tran Homography méi khi camera di
chuyén. Khi cac camera di chuyén dén gan dbi tuong, viing chdng chéo s& giam xudng va khi cac
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camera di chuyén ra xa dbi twong, viing chong chéo tang 1én. Nhung nhu di trinh bay ¢ trén, cac
camera ciing duoc ¢b dinh, ving chong chéo van ting hoic giam ngiu nhién, vi vy dé dam bao
céc camera dang chuyén dong ta s& so sanh viing chong chéo cia khung hinh hién tai véi khung
hinh trude d6. Néu ving chong lap tang hodc giam & N khung lién tuc, ta s& cap nhat ma tran
Homography mai. N khong qué 16n vi néu N qua lon thi khi camera chuyén dong ta s& bi tré
nhiéu hon. Trong bai bao nay, N dugc chon bang 3.

3. Két qua

400 100
300 (AT SRR A 50 WW'M
200 0 A o rwenioesudi -
100 A A o 0 100 200 300 400 500
0
0 200 400 600 Number of Good Matches of existing method

Number of Good Matches of proposed method

Number of Feature Point of existing method

Number of Feature Point of proposed method

Hinh 3. So sanh vé sé liwong diém ddic trung dwoc Hinh 4. So sanh vé sé leong két hop tot
phat hién

Hinh 3 cho thiy s6 lugng diém dic trung dugc phat hién theo phwong phap dé xuit (mau cam
d6) 16n gap 3 phuong phéap hién c6 (mau xanh).

V6i s6 lugng diém dic trung 16n hon, thi s& dé dang tim duoc nhiéu két hop tt hon. Nhu hinh
4 cho thiy sé lugng két hop t6t cia phuong phap duge dé xut (duong mau cam d6) Ién hon
phuong phép hién c¢6 (dudng mau xanh), do d6 chat lwong khau anh sé tt hon.

Bang 4 cho thay két qua caa 3500 khung duoc ghép. Khi &p dung cac phuwong phap dé xuat thi
ma tran Homography thay d6i 56 lan. Trong khi ap dung véi phuong phap hién co, n6 thay doi
747 lan. Piéu d6 co nghia 13, két qua 6n dinh hon khi 4p dung cac phuong phap dé xuit.

Béang 4. So sanh tinh 6n dinh cua két qua

Ma tran Homography thay déi (1in)

Téng s6 khun ; ——
0ng so Khung Phwong phap hién tai Phwong phap dé xuat

3500 747 56

Hinh 5 hién thi két qua hinh anh duoc ghép, Hinh 5a la hinh anh bén trai (640x480), Hinh 5b
la hinh anh bén phai (640x480), Hinh 5c la hinh anh két qua (971x517). Bang cach su dung hai
camera, ta o thé m¢ rong chicu rong cua h‘mh anh thém 51,7% trong khi chiéu cao la 5,8%.

Hinh 5. Két qua khau anh: (a) Anh bén trai; (b) 4nh bén phadi; (c) Anh sau khi khau
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Két qua so sanh giita phuong phap dé xuét v6i phuong phap hién tai duoc thé hién trong bang
5. R& rang, phuong phap dé xuit cho két qua vé téc do ghép ciing nhu chat lwong anh tét hon.

Bang 5. So sanh giita phirong phdp dé xuat véi phirong phap hién tqi

Phuwong phap dé xuit Phwong phap hién tai
S6 luong diém dic trung 337 117
S6 lwong phu hop tét 58 9
Thoi gian phét hién diém dic trung 25 ms 191 ms

4. Két luan

Bai béo trinh bay phuong phap cai thién Chat lwong anh khau va tdc do khau anh véi két qua
kha quan. Phuong phap dé xuat da giai quyét dugc nhiéu han ché cua cac phuong phap hién tai
vé thoi gian phat hién cac diém dic trung, loai bo cac diém dic trung du thra, phat hién cac két
hop tot dé khau anh... Céch tiép can nay ciing cai thién chét lugng hinh anh khau bang cach giam
16i can chinh va “bong mo” khi so sanh véi phuong phap SUFT.

Trong tuong lai, nghién ciu du dinh phét trién mot modul theo ddi déi twong dua trén hoc sau
dé hinh anh khau c6 chiéu sau, cht lugng tot hon va dap tng thoi gian thuc hon.
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