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PHAT HIEN DUNG CU PHAU THUAT THOI GIAN THUC
TRONG MG NOI SOI DUA TREN MANG NO-RON TiCH CHAP

REAL-TIME SURGICAL TOOL DETECTION IN MINIMALLY INVASIVE SURGERY

USING CONVOLUTIONAL NEURAL NETWORK

TOMTAT

Phat hién dung cu phau thuat bao gom viéc xac dinh vi tri va loai dung cu
phau thut trong mdt bitc anh hodc mot video. Day 1a mdt bai toan quan trong
trong viéc (ing dung thi gidc médy tinh nham nang cao hiéu qua ctia phau thuat
ndi soi. Bai bao nay trinh bay mdt thudt toan phat hién dung cu phau thuat & thoi
gian thuc dua trén mang ng-ron tich chap (CNNs). Tap di liéu dugc st dung trong
nghién ctiu nay dugc tao ra tlf nhiing video phau thudt cat tui mét. Két qua thuc
nghiém cho thdy réng thudt todn c6 thé hoat ddng 6 thai gian thuc véi téc do
khung hinh 1a 25,4 (fps) va d6 chinh xdc trung binh cGia phat hién dung cu (mAP)
1a71,54%.

Tir khéa: Phau thudt ndi soi, CNN, phdt hién dung cu phdu thudt, thi gidc
mdy tinh.

ABSTRACT

The sugical tool detection is identifies the surgical tool category and locates the
position using a bounding hox for every known tool within an image or video. This
is a significant issue in the use of computer vision to increase laparoscopic surgery
efficacy. This paper presents a real-time surgical tool detection algorithm based on
convolutional neural networks (CNNs). The dataset for this research was derived
from cholecystectomy surgical videos. The experimental results show that the
algorithm can operate in real-time at a frame rate of 25.4 (fps), with a mean
average precision (mAP) of 71.54% over our dataset.

Keywords: MIS, CNN, surgical tool detection, computer vision.
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1.GIGI THIEU

Ngay nay, phuong phap mé ndi soi dang dan thay thé
phucng phap mé h& truyén théng nhd nhiing uu diém
vugt tréi clia nd, chdng han nhu chdng han nhu: it dau sau
mé hon, héi phuc nhanh hon, thai gian ndm vién ngén hon,
vét seo nho hon va nguy co nhiém trung thap hon so véi
md ma [1, 2]. Trong phau thuat ndi soi, cac bac si sé tao ra
céac vét rach “dd nhd” 1én co thé bénh nhan dé cho phép
cac dung cu phau thuat va 6ng ndi soi di qua. Sau d6, nha
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phau thuat sé thuc hién cac thao tac cat hodc dot béi cac
dung cu cam tay théng qua viéc quan sat nhing hinh anh
trén mét man hinh dugc cung cap bdi camera gan trén 6ng
ndi soi. Do khéng thé nhin truc ti€p vao trong khoang bung
cla bénh nhan ma phai nhin gian ti€p thong qua man hinh
hién thi dé thuc hién cac thao tac, cho nén ky thuat mé noi
soi thuc su khé hon so véi ky thuat mé hé truyén théng rat
nhiéu, dac biét 1a véi cac bac si it kinh nghiém [3]. Do vay,
thai gian can thiét cho viéc dao tao moét bac si phau thuat
ndi soi thudng kha dai. Hon nira, viéc danh gia ky nang sau
qua trinh dao tao van dugc thuc hién thu cong, dua trén
viéc quan sat va danh gid chd quan cia moét chuyén gia.

Trong nhiing nam gan day, thi gidac may tinh da co
nhiing phat trién vugt bac va do d6 viéc tich hop ky thuat
thi gidc may tinh da trg thanh mét phan quan trong trong
computer-assisted interventions (CAl) cho phdu thuat néi
soi [4]. C6 thé 18y vi du nhu la viéc 4p dung thi gidc may
tinh dé phat hién dau cla dung cu phau thuat (surgical
tool’s tip): VGi nhitng hinh anh thu dugc tir camera ndi soi
6 thé trich xuat dugc thong tin vé loai dung cu va vi tri cla
dau dung cu c6 trong buc anh dé. Tir d6, mét céng cu danh
gia tu déng vé hiéu qua ctia mét qué trinh mé (hodc ky
nang clia mot bac si) dudc phat trién théng qua viéc phan
tich quy dao chuyén déng ctia dau dung cu dugc st dung
trong su6t qua trinh phau thuat [5]. Bén canh d6, théng tin
phan héi vé vi tri clia dau dung cu ciing c6 thé dugc su
dung dé diéu khién tu dong camera ndi soi téi vi tri mong
mudn [6].

Trén thé gidi da cé mét sé nghién clu truse do déi vai
bai toan phat hién dung cu ndi soi. Cé nhiéu céach ti€p can,
c6 thé ké dén nhu Cai et al. [7] da s&r dung nhiing markers
dé dat trén dung cu phau thuat cho viéc phat hién. Cach
ti€p can khac la st dung tan sé radio cho viéc phat hién va
theo déi dung cu phau thuat & thoi gian thuc [8]. Tuy
nhién, ca hai cach ti€p can nay déu yéu cau mot su sifa dbi
dé6i vai dung cu dugc theo déi [9].

Do d6, mot s6 nghién ctu dua trén thi giac may tinh da
dugc dé xuat. Cach tiép can nay dua trén nhimng dac trung
hinh &nh cho viéc phat hién, chdng han nhu: dua trén mau
[6, 10], gradients [11] va texture [12]. Tuy nhién, hau hét cac
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nghién ctiu nay khéng di manh mé dé phat hién cac dung
cu phau thuat véi cac diéu kién méi trusng trong bung
bénh nhan, noi ma thudng co su xuat hién cda khéi, mau,
do chéi, d6 bong... Gan day, da c6 mot s6 nghién ciu dua
trén mang no-ron tich chap (CNN). Puta et al. [13] [a ngudi
dau tién st dung CNN cho nhiéu nhiém vu nhan dang
trong video ndi soi. Mot vai nghién ctu [14-16] da dugc dé
xudt trong thach thdc phat hién su xuat hién dung cu trong
M2CAI 2016 [17]. Jin et al. [5] sau d6 da phat trién cong viéc
nay bang viéc dua vao Fast Region-based Convolutional
Network (Faster R-CNN) [18] d€ nhan ra khéng chi su xuat
hién ma con dinh vi tri clla dau dung cu trong nhiing video
cat tui mat. Tuy nhién, & Viét Nam, viéc iing dung thi giac
may tinh vao trong mé ndi soi néi chung, ciing nhu nhiing
nghién ctiu va ing dung vé viéc phat hién dung cu phau
thuat van con kha mai mé.

Trong nghién clu nay, tac gid s dung mét kién truc
CNN réat néi tiéng c6 tén 1a Only Look Once (YOLO) [19-21]
cho viéc phat hién dung cu phau thuat. Kién trac nay
khéng chi phat hién dugc su xuat hién cta dung cu ma con
dinh dugc vi tri clla dung cu d6é trong mét buc anh. Giai
doan nghién ciu hién tai, tac gid chua xay dung dugc moét
tap dit liéu da 16n cho nhiéu loai dung cu phau thuat néi
soi. Vi vay, trong bai bao nay, tac giad st dung tap di liéu
m2cai16-tool-locations dugc cung cdp bdi [5] cho viéc phat
hién bay loai dung cu thudng dugc si dung trong phau
thuat noéi soi cat tai mat. Sau do, tac gia thuc hién huan
luyén va danh gia hiéu qua cta moé hinh dé xuat dua trén
tap dir liéu nay.

2. PHAT HIEN DUNG CU PHAU THUAT

Phat hién dung cu phau thuat gbm cé hai nhiém vu.
Mot la phat hién hodc nhan dang nhirng dung cu nao xuat
hién va hai la xac dinh hop bao quanh nhiing dung cu do,
¢6 trong mot buic anh hoac mét video ndi soi. Trong nghién
clru nay, ching téi st dung kién trdc YOLOvV3 (phién ban 3)
[21] cho viéc phat hién dung cu phau thuat, nhu dugc minh
hoa trong hinh 1. YOLO I3 mét kién trac CNN néi tiéng
dugc st dung cho nhiing bai toan phat hién déi tugng néi
chung vi can d6i dugc ca yéu cau vé chat luong cling nhu
téc d6 thuc hién.

YOLO

===\

1. Resize image
2. Run convolution network
- 3. Non-max suppresion

Hinh 1. Phat hién dung cu phau thudt dua trén YOLO
Nhu dugc biéu dién trong hinh 2, kién tric mang YOLO
bao gom phan trich xuat dac trung (Feature Extractor) va
phan phat hién (Detector). V&i dau vao la mot buc anh, sau
khi qua khau trich xuat dac trung, dau ra sé 1a ba ban dé
dac trung (feature map) & cac ti 1é (scale) khac nhau. Sau
dé, nhilng ban dé dac trung nay sé dugc dua dén khau
phat hién dé 18y dugc cac thong tin vé loai (class) va hop
bao quanh vat thé (bounding box).

Website: https://jst-haui.vn

Feature Bounding
Images Extractor [ —Multi-scale features—m]  Detector Baxes,
{Backbone) Classes

Hinh 2. S¢ d6 tong quét kién tric mang YOLO

Trong YOLOv3 [21], Darknet-53 dugc st dung lam feature
Extractor dé trich xuat cac dac trung clia mot buc dnh. Nhu
dugc biéu dién trong hinh 3, Darknet-53 gém c6 23 khéi du
(residual unit). Mi khéi du nay gém c6 mot 3x3 va mét 1x1
I6p tich chap (convolutional layer). Sau méi I6p tich chap la
mét batch normalization [22] va mot ham kich hoat Leaky
Relu [23]. Tai cu6i méi khéi du, mot phép cong theo tiing
phan tu (element-wise) dugc thuc hién gilta vec-to dau vao
va vec-to dau ra. Ti€p theo dé, sau mdi khoi du la mét I6p
tich chap véi budc nhay la 2 dé giam kich thudc ban d6 dac
trung va do d6 giam sé lugng tham s6 cho mé hinh.

Type Filters Size Output
Convolutional 32 3x3 256 x 256
Convolutional 64 3x3/2 128 x 128
Convolutional 32 1x1

1x| Convolutional 64 3x3
Residual 128 x 128
Convolutional 128 3x3/2 64 x64
Convolutional 64 1x1

2x| Convolutional 128 3 x3
Residual 64 x 64
Convolutional 256 3x3/2 32x32
Convolutional 128 1 x 1

8x| Convolutional 256 3 x 3
Residual 32 x 32
Convolutional 512 3x3/2 16x 16
Convolutional 256 1 x1

8x| Convolutional 512 3x3
Residual 16 x 16
Convolutional 1024 3x3/2 8x8
Convolutional 512 1 x 1

4x| Convolutional 1024 3 x 3
Residual 8x8
Avgpool Global
Connected 1000
Softmax

Hinh 3. Kién triic Darknet-53 cta YOLOv3

Khau phat hién ctia YOLOv3 st dung Feature Pyramid
Network (FPN) [24] dé phat hién vat thé & ba ti I& khac
nhau. DGi véi danh dau vao kich thudc 416 x 416 thi dau ra
clia YOLOV3 la ba ban d6 dau ra (output map) c6 cac kich
thudc 13 x 13,26 X 26 va 52 x 52. Ban d6 dau ra nay c6 kich
thuéc nhé dugc st dung dé€ du doan nhiing vat thé co kich
thudc 16n va nhing ban d6 dau ra co kich thudc 16n dugc
st dung dé du doan nhiing vat thé cé kich thudc nhd. Moi
6 luéi (grid cell) trén moi ban d6 dau ra nay sé du doan ba
hop bao quanh, nhu vay s6 lugng hop dugc du doan trén
mot blc anh sé la:

(13x13+26%26+52x52) x3=10647(boxes) (1)

Dé tim dugc hop bao quanh mét vat thé trong mot biic
anh, YOLOv3 st dung cac hdp méc (anchor box) dé lam co
sG udc lugng. Nhiing hép méc nay sé dugc xac dinh trudc
va sé bao quanh vat thé mét cach tuong déi chinh xac. Méi
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mot vat thé trong hinh dnh huan luyén dugc phan bé vé
mot hép méc. Trong trudng hop ¢é tir hai hop méc trd 1én
cung bao quanh vat thé thi hop dugc lua chon la hop cé
Intersection Over Union (IOU) véi hép su that (truth
bounding box) la cao nhat.

C

Py

b

w

b =o0(t )+c,
by=0(ty)+c)a
b'ﬂ:pwet.

b,=p, e

b, | [oCe)
oCt)

Hinh 4. Cong thic uéc lugng hop bao quanh (mau xanh) tir hop mdc (dudng
nét dut) va 6 ludi ma hop do thudc vé

Nhu dugc biéu dién trong hinh 4, mét hdp méc c6 kich
thudc (pw, pr) tai 6 luGi nam trén ban d6 dau ra véi goc trén
cung bén trai ctia no la (¢, ¢y), YOLOV3 du doan bén tham
SO (ty, ty, tw, th), trong d6 hai tham s6 dau la dé léch (offset)
50 v&i goc trén cung bén trdi clia 6 ludi va hai tham s6 sau
Ia ty 1é so v&i hop méc. Cac tham s6 nay dugc st dung dé
xac dinh mot hop maéc vai toa do tam la (by, by) va kich
thudc la (b, bn) theo cong thic trong hinh 4.

D6i v6i mbi hop du doan, YOLOV3 sé du doan xac suat
ma hoép dé cé chia vat thé va xac suat I6p ma vat thé dé
thudc vé. Do vay, dau ra ctia moé hinh YOLOv3 la mét véc-to
sé bao gém céc thanh phan sau:

yT=[po,<tX bty ) (1D, P, )] )

Trong d6, po 13 1a xac sudt du doan vat thé xuat hién
trong hop bao quanh.

<t tot t > gilp xac dinh hép bao quanh nhu dugc

x!rytw/
mo ta trong hinh 4.

<p1,p2,...pc> la véc to phan phéi xac suat du doéan cla
cac 16p.

YOLOV3 c6 thé du doan ra rat nhiéu hop bao quanh cé
thé c6 trén mot buc dnh. Nhing 6 ludi ¢é vi tri gan nhau thi
kha ndng cac hép du doan bi chéng chéo la rat cao. Vi vay,
thuat toan non-max suppression (NMS) [25] dugc st dung
dé gidm bdt cac hdp du doan nay. NMS thuc hién theo hai
budc nhu sau: Dau tién la loai bd cac hdp co xac suat chia
vat thé nhd hon 0,5. Sau d6 Iua chon nhiing hop cé xac
suat chira vat thé 1a cao nhat va loai bo tat cd cac hop cb
IOU véi hop nay I6n han mot gia tri ngudng nao do.

Qua trinh huan luyén cGa YOLOvV3 la qua trinh t&i uu
ham mat mat nhiéu phan (multi-part loss function). Ham
mat mat nay la téng ham mat mét cta hdp du doan so véi
thuc té€ (Lioc - localization loss) va ham mat mat cha phan
phéi xac suat (Lgs - confidence loss):
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Ham mat mat: L=L, +L_, (5)
Trong do:

[ (xy),(w.h)]:Kich thudc 6 méc.
[( 7). (w ﬁ)}: Kich thuéc 6 du doan.
1™ =1, néu 6 ludi thi i c6 chira vat thé.

% =1, néu hop thirj clia 6 thiri cé chifa vat thé.
T°% =1, néu box thit j ctia 6 thit i khéng chita vat thé.
C,: Diém tin cdy cda 6 thii.

aj : Diém tu tin du doan.

Acoords Anoobji Cac hang s6 diéu chinh, c6 nhiém vy lam
gidm gia tri cila ham mat mat.

pi(c): Xac suat cé diéu kién: c6 hay khéng 6 6 chiia mét
déi tuong cua I6p.

ai(c) : Xac sudat co diéu kién du doan.

C: Tap hop tat ca cac 16p.

B: S6 hop du doan d6i cho méi 6 ludi.

S: Kich thudc clia feature map & mai ti lé.

Lioc: Ham mat mat cta hop du doan so véi thuc té.

Las: Ham mat mat ctia phan phéi xéac suat.

3. DANH GIA KET QUA
3.1.Tap ditliéu

D& thuc hién nghién ctu nay, tac gia can xay dung mét
tap dit liéu dd 16n cho cac loai dung cu véi nhitng chu thich
(annotation) vé tén va vi tri trong nhing hinh anh néi soi.
Giai doan nghién ctu hién tai, tap di liéu nay van chua
dugc hoan thanh. Vi vay, trong bai bdo nay, tac gid sé si
dung tap di liéu m2cail6-tool-locations dugc cung cap
trong [5] d€ hudn luyén va kiém tra hiéu qua ctia mé hinh
dé xuat.

Tap dir liéu m2cail16-tool-locations dugc xdy dung tu
m2cai16-tool dataset [15] cho viéc phat hién bay loai dung
cu thudng dugc st dung trong phau thuat noi soi cat tui
mat, nhu dugc biéu dién trong hinh 5. Tap dit liéu m2cai16-
tool-locations gém c6 2532 buc anh da dugc gan nhan vé
tén va toa d6 ctia nhiing hép bao quanh dau ctia mai loai
dung cu.
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Bang 1 md ta s6 luong anh cling nhu tén va s6 lugng
gan nhan cuta bay loai dung. Trong m2cai16-tool-locations,
tac gia st dung dir liéu dugc ghi ti video-1 téi video-7 cho
viéc huan luyén (training), dit liéu dugc ghi tur video-10 cho
viéc xac minh (validation) va dir liéu dugc ghi ti video-8,
video-9 cho viéc kiém tra (test).

Grasper Bipolar Hook Scissors Clipper Irrigator

llll
\. i

Hinh 5. By loai dung cu trong phau thudt cat tdi mat (hang trén) va chu
thich vé vi tri clia dau moi loai dung cu (hang dudi)

Specimen Bag

A
&

Bang 1. S0 lugng cac hinh anh da dugc gan nhan cho moi loai dung cu

Dung cu $6 lugng chii thich
Grasper 923
Bipolar 350
Hook 308
Scissors 400
Clipper 400
Irrigator 485
Specimen Bag 275
T6ng chd thich 3141
56 lugng énh 2532

3.2. Két qua danh gia

Thi nghiém dugc thuc hién trén hé diéu hanh Ubuntu
16.04 v&i mdy tinh Intel i5-4590 CPU @ 3.40 GHz, RAM 16G
va card man hinh GTX1060 Nvidia GPU.

Tac gid da thuc hién chuong trinh dua trén darknet
framework [26], v6i cac tham s6 duoc lua chon nhu sau:
width = 416, height = 416 (kich thudc anh dau vao);
classes = 7 (bay loai dung cu) va filters = (classes+5)x3 = 36.
Qua trinh huan luyén dugc thuc hién dua trén tap training
va validation nhu dugc mé ta trong phan (3.1). Sau dé,
ching téi da sir dung dir liéu dugce ghi tir hai video cat tui
mét (video-8, video-9) trong tap di liéu dé xac nhan hiéu
qua mé hinh dé xuat. Hinh 6 biéu dién mot s6 két qua phat
hién dung cu phau thuat trén tap di liéu kiém tra. K&t qua
nay cho thay, mé hinh dé xuat ¢ thé nhan dang va dinh vi
tri ding cho méi loai dung cu, mac du cac dung cu nay
thudng xuyén c6 su thay déi vé hinh dang, huéng hodc vé
goc nghiéng so véi vi tri cla camera quan sat. M6 hinh
cling c6 thé phat hién dugc dung cu da bi che khust mot
phan nao do.

Hinh 6. Mt 58 két qué phat hién dung cu phau thudt. M hinh ¢ thé nhan
dang va dinh vi tri ding cho méi loai dung cu mac du ¢d su thay ddi vé hinh
dang, hudng, goc va su che khudt

Tiép theo, tac gia thuc hién danh gia dinh lugng hiéu
qua cia md hinh bang cac tham s6 recall, precision va mAP
(mean Average Precision). Hinh 7 mé td khai niém
Intersection over Union (loU), d6 la ti |&é phan giao véi phan
hop clia hop du doan va hop su that. Cong thiic (6-7) mo ta
dinh nghia cac tham sé recall va precision. Trong d6, True
Positive (TP) Ia téng s6 cac phat hién c6 10U 16n han hoidc
bang 0,5; False Positive (FP) 13 t6ng s6 cac phat hién c6 10U
nhd hon 0,5; va False Negative (FN) Ia téng s6 cac khéng
phat hién dugc vat thé trong tap d liéu kiém tra.

- True positive
Precision =

(6)

True positive+False positive

True positive
Recall = P

7)

True positive+False Negative

™~

Intersection over Union=

=

Hinh 7. Hop su that (vién mau d6) va hop du doan (vién mau xanh)

Bang 2. Két qua danh gid hiéu qué ctia mé hinh qua tham s6 recall va Precision

Testing Videos Recall (%) Precision (%) FPS
video_08 78,5 85,2 25,5
video_09 80,6 90,5 25,3
Trung binh 79,55 87,85 25,4

Két qua danh gia cho tap di liéu kiém tra thong qua

tham s6 recall, precision va t6c d6 khung hinh (frame per
second - FPS) dugc dua ra trong bang 2. Tur két qua nay cé
thé thdy rang, kha nang phat hién cia mé hinh (recall) la

Website: https://jst-haui.vn Vol. 58 - No. 1 (Feb 2022) e Journal of SCIENCE & TECHNOLOGY | 41



CONG NGHE

P-ISSN 1859-3585 | E-ISSN 2615-9619

khodng 79,55% va ti 1& du dodn chinh xac cita mé hinh
(precision) la khodng 87,85%. Hon nita, mé hinh c6 thé phat
hién dugc dung cu phau thuat & thai gian thuc vai téc do
khung hinh la khoang 25,4 (fps).

Bang 3 mo ta két qua phat hién trung binh cho tat ca
céac loai dung cu phau thuat trong di liéu kiém tra. Nhin
vao két qud nay co thé thay rang Bipolar va Irrigator c6 do
chinh xac phat hién la kha thap. Diéu nay la do dac diém vé
hinh dang cling nhu di liéu hudn luyén cho cac hai loai
dung cu nay la chua dua. Véi moé hinh dé xuat, @6 chinh xac
phat hién trung binh (mAP) cho céc loai dung cu dugc xac
dinh bang 71,54%. Ti |é nay la kha cao khi dugc so sanh véi
cac két qua dugc cong bé trong [15].

Bang 3. Két qué phat hién dung cu trung binh (mAP) cho tat ca cdc dung cu
phau thuat

M hinh

Grasper [Bipolar| Hook |Scissor | Clipper | Irrigator [Specimanbagl  mAP

YOLOv3 883 |325]922| 645 (914 41,5 90,4
4.KET LUAN

Trong bai bao nay, tac gia da gigi thiéu vé bai toan phat
hién dung cu phau thuat néi soi. Chiung téi da tng dung,
kiém tra va danh gia hiéu qua ctia mé hinh dé xuat dua trén
CNN (YOLOv3) do6i véi viéc phat hién bay loai dung cu
thudng dugc st dung trong phau thuat noi soi cat tdi mat.
Két qua danh gia cho thdy rang precision la khoang 87,85%,
recall la khoadng 79,55%, mAP la khoang 71,54% va toc do
khung hinh la khoang 25,4 (fps).

Trong nghién cuu ti€p theo, tac gid sé tang cudng tap
d{ liéu hién cé thdong qua céc thuat toan xti ly anh (xoay,
1at, kéo, dan, lam mg, lam boéng anh...). Hon niia, tac gia sé
thu thap tap dit liéu dd 16n cho nhiéu loai dung cu dugc st
dung trong phau thuat ndi soi néi chung, khong chi riéng
ndi soi cat tui mat. Trong bai bao nay, tdc gid mai chi tng
dung mé hinh YOLOv3 ma chua cé cdi tién nao. Vi vay,
trong nghién ctu tiép theo, tac gia sé cai thien mé hinh
YOLOv3, déng thoi két hgp thém mét s6 thuat toan xi ly
anh, chdng han nhu optical flow dé nang cao hiéu qua cla
su phat hién dung cu ndi soi.
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