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ABSTRACT

The study presents a device to support acupuncture teaching practice for
students in Ethnic Medicine through computer vision techniques. The
device includes a commercial camera, and an embedded computer
Raspberry Piwhich is connected to a computer monitor. The software was
programmed in Python based on the OpenCV library platform, Ubuntu
operating system. The system can measure the insertion angle, needle
depth, and insertion velocity. The results show that the system gives high
accuracy with small errors. The device has been approved by the scientific
council of Can Tho University of Medicine and Pharmacy and it is being
used for teaching and evaluation compared with the traditional teaching
method.

TOM TAT

Nghién ciru trinh bay mé hinh hé tro giang day thiee hanh chdam cieu cho
sinh vién nganh Y hoc dan tgc bang ky thudt thi gide mdy tinh. M6 hinh
gom mét mdy anh thuwong mai, mot mdy tinh nhung Raspberry Pi c6 thé
két néi téi man hinh mdy tinh. Phan mém dwoc thiét ké bang Python trén
nén tang thu vién OpenCV, trén hé diéeu hanh Ubuntu. H¢ thong c6 thé
do dwoc géc cham, dg sau ciia kim va van toc khi cham. Két qua cho thdy
hé th(fng cho dé chinh xdc cao véi cac sai s6 nho. Nghién cvuu da duoc
héi dong khoa hoc trieong dai hoc Y Duwoce Can Tho thong qua va dang
dwge sir dung gidng day dé danh gid wu diém ciia thiét bi so voi phwong
phap giang day truyén thong.

1. GIOI THIEU

Dé dat dwoc hiéu qua diéu tri, nguoi thuc hanh can

Cham ctu da dugce coi la mot liéu phap quan
trong trong y hoc Péng A (tte 1a Trung Qudc, Nhat
Ban, Han Qudc, Viét Nam) va da duoc phd bién ra
phan con lai cua thé gidi tir vai thé ky trude (Ted,
2012; World Health Organization [WHO], 2002).
Liéu phap chdm ctru d& cap dén viéc thuc hanh chdm
mot hoac nhiéu kim vao cac vi tri cu thé (huyét) trén
bé mit co thé con ngudi (Liu, 2009; Laeth, 2002).
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phai c6 hiéu biét day du vé cac k§ nang cham cau
(Peng et al., 2013; Jing et al., 2011). Ky nang cham
ctru khong thanh thao co thé gdy dau va tu mau,
tham chi dan dén kim bi cong va giy (Jing et al,
2013). Do d6, nhitng ngudi méi 1am nghé cham ciru
can phai tuan theo cc quy trinh dao tao tiéu chuén
nhu d4o tao V& vi tri huyét va dao tao vé kim (Sung
et al., 2010).
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Dao tao cham ciru truyén thng duoc thuc hién
thong qua hoc nghé, trong d6 hoc vién quan sat va
cb géng tai tao cach thyc hanh ciia cac chuyén gia
cham ctu. Hiéu suat cia nhimg ngudi méi duoc
danh gia sau d6 boi cac chuyén gia. Gan ddy, mot sb
nghién ctru da phat trién céc thiét bi hd tro hoc vién
thuc hanh cham ctiu bang cach dinh lugng va hinh
dung cac thong s6 ky thuat khi thao tac kim. Két qua
cho thay viéc dao tao véi cac hé théng nhu vay co
thé cai thién ky ning thao tic kim ciia nhitng ngudi
méi lam nghé (Lim, 2014; Lee et al., 2015). Tuy
nhién, khong c6 sy so sanh truc tiép véi phuong
phap dao tao truyén théng.

Ky thuat dwoc sir dung rong rai nhat 1a gin cam
bién truc tiép vao kim dé do cac thong sb theo thoi
gian thyc. Thiét bi cam bién nho gon nhét trong k§
thuat nay 1a Acusensor (Davis et al., 2012), da dugc
sir dung trong mot sé nghién ciru dao tao kim. Mot
k¥ thuat khac 1a sir dung hé thong theo ddi chuyén
dong tién tién véi cac diém danh dau vat 1y dugc gan
vao kim hodc cac ngon tay (Liu et al., 2016). Tuy
nhién, hai ky thuat nay thay ddi khdi luong ciia kim
cham tir d6 anh huong dén tinh tw nhién cua chuyén
dong ngon tay va cam giac khi thyc hién thao tac
kim. Bén canh d6, gi4 thanh thiét bi nay ciing khong
pht hop va6i hoan canh tai Viét Nam.

Nghién ctru nay trinh bay mot mé hinh danh gia
k¥ niang thuc hanh chdm ctru chdm ctu bang ky
thuét theo ddi kim dya trén thi giac may tinh. Céac
thong sb thao tac kim dugc dinh lugng béng cach
phan tich sy dich chuyén ciia kim tir hinh anh duoc
chup bai may anh. Két qua cho thiy hé thong co thé
phan tich dugc do sau khi cham kim, goc cham va
van tc chdm voi sai sb nho. Thiét bi ciing co thé
hién thi bai thyc hanh vé kim, hanh dong cham 1én
xudng tai mot huyét cb dinh. Hé thong da dugc danh
gia nghiém thu va dang hd trg giang day tai bo méon
Y hoc ¢ truyén, Truong Pai Hoc Y Dugc Can Tho.

2. PHUONG PHAP NGHIEN CUU

2.1. M hinh h¢ théng

Mb hinh hé théng tap luyén cham ctru dua trén
hé thi giac may tinh bao gdm (1) man hinh may tinh,
(2) man che tranh nhiéu, (3) Kit Raspberry Pi 4, (4)
mo hinh da bang cham ctru, (5) ban phim diéu khién,
(6) may anh quan sat va (7) dén chiéu sang (Hinh 1).

M6 hinh chdm ctru ¢6 kich thudc thiét 1ap mo
hinh 1a 500 x 400 x 400 mm. M4y anh su dung 1a
dang webcam thuong c6 do phéan giai 1920 x 1080
pixels. May anh duoc ldp dat & d6 cao 205 mm so
véi mat ban. Hinh anh do may anh chyp duoc xir 1y
bing may tinh nhiing Raspberry Pi 4 chay trén nén
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Ubuntu 20.4, c6 cai dat thu vién thu vién OpenCV
bang Python (Bradski & Kachler, 2008). Man hinh
may tinh két ndi véi may tinh nhung Raspberry Pi 4
thong qua cap Micro HDMI.

Man che tranh nhiéu

Kim cham

—

Khu vyc cham

(b)
Hinh 1. Mé hinh hé thong tap luyén cham cttu
(a) Toan bd hé thong, (b) M6 hinh chim

Mo hinh da cham ctru (Hinh 2) ¢6 kich thuéc 100
x 70 x 35 mm, trong d6 vung dién tich cham c¢6 kich
thude 40 x 10 mm. Kim c6 chiéu dai 500 mm véi
phan tay cim la @1mm va phan than 1 @ 0,3 mm.
Phéan tay cam cua kim duoc son mau xanh dé tao sy
tuong phan véi nén téi va moéi truong. Dén LED
trang duoc st dung dé cai thién diéu kién anh sang
néu can thiét.

Mot cach chi tiét, may tinh nhung Raspberry Pi
4 ¢6 ngd vao la tin hiéu tir may anh, ngd ra la giao
dién diéu khién va thong sé cham duoc hién thi trén
man hinh may tinh. May anh, vung thyc hanh cham
va man chin duoc bé tri thang hang sao cho tin higu
thu dwoc tir may anh chi cé duy nhat kim cham ciru.
Man chén tranh nhiu duoc bd tri sao cho chi c6 kim
cham 14 di twong dugc nhan dang duy nhat trong
vung quan sat ciia may anh. Nguoi thuc hanh cham
clru s& bam nut bt dau va két thuc trong qué trinh
thuc hanh cham cuu.



Tap chi Khoa hoc Trirong Pai hoc Can Tho

2.2. Giai phap nhan dang kim cham

Hiéu chinh may anh (camera calibration) la bu¢c
dau cua hé thi giac may tinh. Trong nghién ciru nay,
phuong phap hiéu chinh may anh theo (Zhang,
2000).

Phat hién kim chdm ctru va chuyén dong cia n6
1a chirc nang c6t 161 cua hé théng. Do dién tich cay
kim trén nén may anh rat nho, cac giai phap nhan
dang bang méay hoc hoic tri thong minh nhén tao 1a
khong kha thi, dé lan vao nhiéu v6i méi truong. Do
d6, nhom dé xuat glal phap phan cam kim duoc son
mau xanh lam, diéu nay gitip cay kim ndi bat véi
nén den phia sau. Truéc khi thu anh, kich thuéc cay
kim trén nén may anh can duoc xac dinh. Mot ban
¢ duge dat vudng goc voi mé hinh ao dé dat tim
may anh. Tai vi tri nay, kich thuéc cia 170 x 170
pixels twong tng véi 30 x 30 mm. Hay 1 pixel =
0.177 mm.

Giai phap nhan dang kim chdm tir m6i trudng
dugc tién hanh thong qua giai phap phén ngudng.
Anh thu dugc tir may anh s& dugc chuyén ddi tir
khong gian mau RGB sang HSV dé phét hién tay
cam kim dugc son mau xanh lam. Sau d6, mot
phuong phap ngudng (threshold) dugc ap dung voi
cac tham s6 ngudng t6i thiéu va toi da cia HSV lan
luot 1a (0, 0, 0) va (179, 255, 255). Két qua phan
ngudng cho ra 2 ving mau den va tring (c), trong
d6 mau tréng la ving kim dugc son mau xanh lam.

2.3. Giai phap do thong s6 kim chim bing
thi gidc may tinh
2.3.1. Do goc nghiéng cua kim

Trong qua trinh cham ctru, tuy vi tri huyét ma
bac si cham ctu S€ cham nhitng gdc nghiéng khac
nhau. Sai sét vé goc nghiéng c6 thé anh hudng dén
noi tang cta bénh nhan. Vi vay bai thuc hanh gbéc
nghiéng 1a vo cung quan trong. Mot giai phap do goc
nghiéng 2D dugc thiét lap dé hd trg sinh vién thuc
hanh cham cuu.

Tay cAm kim duoc phat hién dugc hinh dung
bing mot hinh chit nhat bao quanh mau do, xem
Hinh 2. C6 thé uéc tinh chiéu rong, chiéu cao, goc
quay tdi thiéu va diém trung tdm cua hinh chit nhat
gidi han, s& duoc sir dung dé xac dinh cac thong sd
thao tac kim.

Thu vién OPENCYV cung c4p nhiéu ham thu vién
hd tro qua trinh 1ap trinh nay. Mot hinh chir nhat c6
kich thuéc nho nhét bao quanh tay cam kim dugc
thiét 1ap.Mot hinh chir nhat dién tich téi thiéu voi
thong s (tam, vi tri cac dinh va goc) duge tim thong
qua cac ham:
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rect = cv2.minAreaRect(c);
box = cv.Boxpoint(rect);

Bén dinh cua hinh chir nhat duoc sép xép theo
quy tic nguoc chiéu kim dong ho véi vi tri bat dau
tir diém c6 toa do y cao nhat. TAm cua ving hinh
chir nhat 1a trung binh toa d6 (X, y) cia 4 dinh hinh
chir nhat (Hinh 3). Goc cham dugc do bang ham hd
tro tir thu vien OPENCV. Vién ciia hinh chit nhat
duoc Ve thong qua ham
cv2.drawContours(frame,[box],0,(0,0,255),2).

Hinh 2. Nhéan dang kim cham

center (x,))

x

angle af ratation

Hinh 3. Géc cua kim cham.

Hinh 4. Khoing tréng tir kim dén da

Dé dé dang hd tro thyre hanh, két qua goc chi hién
thi trong doan [0° 90°] cho ¢4 2 truong hop nghiéng
sang trai va nghiéng sang phai. Theo bac si buc,
dang cong tac tai dai hoc Y Dugc Can Tho, cac goc
nghiéng phé bién lan Iuot 13 90°, +60°, +£30°, +15°.
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2.3.2. Do do sdu cua kim cham
a. Tinh khodng cdch tir miti kim dén da

Khi bit ddu cham, quan sat hanh dong cua thay
thuc tap sinh cho thy théi quen luén c6 mot khoang
tréng tir mii kim dén bé mat da. Khoang tréng nay
1a khong gidng nhau gitra nhitng nguoi cham. Dit
tén cho gia tri nay la space (Hinh 4). Pat (x;, yp) 1a
vi tri ctia diém danh dau khi bat dau cham, (x,,y,)
1a vi tri cua diém danh dau khi két thuc qua trinh
cham (Hinh 5). Vi (x,yp) duoc xac dinh khi
ngudi thue hanh bam nut bat dau trén ban phim diéu
khién. M6 hinh luong gidc miéu ta do sau cia kim
cham duogc trinh bay trong Hinh 6.

Hinh 5. Minh hoa qua trinh cham

T eyl

Hinh 6. Lwgng gidc hinh anh bat diu chim

space=L—-K-D 1)
1 =480-vy, 2
_ | 3)
sina
D =—.d @
sina
Vi

I: @6 dai xét tir toa do y cua kim dén hét khung
anh,

L: do dai xét tir toa d9 y ctia kim dén hét khung
anh theo chiéu cham,
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K: chiéu dai kim dugc xét,

d: chiéu cao hop da trong khung anh,

D: d6 dai phan hop da theo chiéu cham.

Sau khi két thiic qua trinh cham, nguoi thyc tap
s€ bam nut ket thuc, lac nay hé thong thi giac may
tinh s€ tinh todn dwoc vi tri cudi (%e, Ve). T @6, @6
dich chuyén duogc tinh

Distance = \/(xe —xp)% + (Ve — Vp)? (5)

D0 sau ciia mii kim khi chdm vao moé hinh duoc
xac dinh bai:

Length = Distance — space (6)
b. Sai léch vi tri kim khi cham 90°

Trong qué trinh thyc hanh, goc cham 90° cho
nhiéu sai léch. Nguyén nhén cua sai léch thong
thuong do tay nguoi thuc hién c6 hién tuwong run qua
lai do diém tya kém, lam anh huong dén tinh toan
khoang dich chuyén sau khi da chon vi tri ban du.
Trong khi d9, cac truong hop cham nghiéng, tay co
diém tua tot hon nén dao dong xay ra khong dang
ké. Pé giai quyét van dé rung lic khi chim théng,
phuong phéap cap nhat lai vi tri dugc nhém dé xuét.
Dé kiém tra sai léch vi tri va goc cham, phuong phap
cap nhat va so sanh vi tri truede khi cham va sau khi
cham duoc dé xuat. Pau tién, hé thdng s& kiém tra
goc chdm a ban dau, 80° < a < 90°, luc nay nguoi
thuc hanh s& cham goc thang ding. Tiép do, ta kiém
tra qua trinh sau khi cham, c¢6 2 truong hop sai Iéch
Xay ra nhu sau:

Truong hop 1: Sai l¢éch goc ghim 16n. Géc ban
dau va vi tri cudi co sai léch @ = £10°. h¢ thong
cap nhat lai x, = x,, xem nhu chi di chuyén trén
trucy.

Truong hop 2: vi tri ban dau va cudi cach xa
nhau. D& nhan biét trudng hop nay, ta xét x,, = x, +
30 pixels. Tuong ty nhu trén, hé thong cap nhat lai
X, = X,, Xem nhur chi di chuyén trén truc y.

2.3.3. Vdn téc trung binh khi cham kim

Van téc kim cham dugc tinh dya trén do dich
chuyén cua tdm vung quan sat trén mot don vi thoi
gian (hinh 7). Trong nghién ciru nay, van tdc duoc
cap nhat 3 lan lién tuc, tir 46 gia tri trung binh s&
dugc tinh toan. May anh c6 thoi gian cap nhat khung
hinh 30 frame/gidy, do do, thoi gian t = 35(ms)
duoc chon.

Do dich chuyén khung anh dwgc tinh bang
phuong phap chuan hoa twong quan chéo (cross-
correlation) (Lewis, 1995):
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y(w,v) )
_ Yyl (6. 9) = fup]ltlx —u,y —v) — ]

SnlFGoy) = Fonl’ SayltCc =y —v) — 7

.5
()
Vi

f 1a khung anh ¢ vi tri ban dau,

t 1a gia tri trung binh cta anh sau,

y(u, v) 14 hé sb trong quan.

Dua trén hé s6 twong quan nay, do dich chuyén
trong 35ms cua tdm ving quan sat dugc nhan biét.
Thoi gian dich chuyén dugc tinh toan bang d¢ dich
chuyén chia cho don vi thoi gian.

Van téc trung binh ctia qua trinh cham 1a van toc
trung binh sau 3 lan do van toc trong mot lan cham.

(x4, 3)

35 ms

Hinh 7. Khoing dich chuyén giira hai khung hinh

- °
- °

Vi tri tim (pixels)
8
(-]

o A N X
W AVAVAVAVAVYAVYAV

100

ol -
o 100 150 200

Thai gian (s)
D> Q=

Hinh 8. Biéu do hién thi qua trinh vé kim

VELOCITY ANGLE  LENGTH
05 80 13
s 61 07
16.42 Bl

Vi tri cac dir liéu moi
duoc thém vao tiép tuc

Hinh 9. Cap nhat dit liéu thue hanh
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3. KET QUA VA THAO LUAN
3.1. Thu thap va hién thi qua trinh chAm

Biéu dd hién thi qua trinh vé kim dugc trinh bay
tai hinh 8. Qua trinh vé kim cham la bai thuc hanh
dao dong 1én xudng tai chd cua kim cham tai mot
huyét cé dinh. Diém dao dong 12 tim cuia hinh vudng
sau khi loc duoc. Két qua cho thiy d6 dao dong tay
ctia ngudi chdm ciru ¢6 hinh sin, diéu nay kha tring
véi cac nghién ciru tuong tu (Jin et al., 2014); Lee,
2015); Liu, 2021). Bén canh d6, qua trinh thyc hanh
dién ra lién tuc nén dir liéu van toc, g6c kim va do
sau khi cham duoc cap nhat lién tuc theo lan thyc
hanh (hinh 9).

3.2. D9 sau khi cham

Két qua do d6 sau ctia kim khi cham vao mé hinh
dugc trinh bay tai bang 1. Dé tranh d6 quen tay cua
nhém khi cham, dit liéu d6 sdu dwoc thu thap 20 lan
do cac sinh vién khong thudc nhém nghién ciru thyuc
hién. Két qua cho thiy do sai s rat nho, véi sai s6
I6n nhat 14 0.2cm va sai s& nho nhat 1a 0. Bo sai s6
trung binh ctia m6 hinh 1a 0.125 cm

Bang 1. két qua do dd siu ciia kim khi chAm khi
sir dung mé hinh (cm)

st Podaido  Dodaithyc o
bang may te
1 0.7 0.8 0.1
2 0.9 0.9 0.0
3 14 1.3 0.1
4 0.8 1.0 0.2
5 1.7 1.6 -0.1
6 0.5 0.6 0.1
7 0.9 0.8 -0.1
8 1.1 1.0 -0.1
9 15 1.4 -0.1
10 1.0 1.1 -0.1
11 1.2 1.3 0.1
12 0.8 1.0 0.2
13 0.5 0.7 0.2
14 0.7 0.6 -0.1
15 0.5 0.6 0.1
16 1.3 15 0.2
17 1.6 1.7 0.1
18 0.4 0.5 0.1
19 0.7 0.8 0.1
20 15 1.6 0.1
Sai s6 l6n nhat: +0.2
Sai s6 nho nhét: 0.0
Sai s6 trung binh: +0.125
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3.3. Géc nghiéng khi cham

Két qua do goc cta kim khi cham vao mo hinh
dugc trinh bay tai bang 2. D€ tranh do quen tay cua
nhom khi cham, dir liéu d6 sau duoc thu thap 20 lan
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do cac sinh vién khong thudéc nhém nghién ciru thyuc
hién. Két qua cho thiy do sai sé rat nho, véi sai s6
I6n nhét 1a 3 d6 va sai s6 nho nhét 1a 1.Sai s6 trung
binh ctia mod hinh 1a 2.65 d6.

Bang 2. két qua do goc ciia kim khi chim khi sir dung mé hinh (d9)

STT Géc do bing may Géc thyc té Sai s6

1 55 57 2

2 87 90 3

3 67 65 -2

4 90 87 -3

5 89 90 1

6 88 90 2

7 30 33 3

8 32 35 3

9 80 82 2

10 87 84 -3

11 45 48 3

12 35 38 3

13 30 33 3

14 35 38 3

15 30 27 -3

16 25 28 3

17 12 15 3

18 15 17 2

19 65 68 3

20 65 62 -3

Sai s6 I6n nhat +3
Sai s6 nho nhat £1
Trung binh +2.65

4. KET LUAN kim (hudng dau kim) va téc do ¢am kim. Bén canh

Nghién ctru trinh bay thiét ké mo hinh hd trg
giang day thyc hanh cham ctru dya trén thi giac may
tinh. Phuong phap do khéng tiép xtc cho phép
ngudi hoe ¢6 thé thyuc hién cac k§ ning thao tac kim
mot cach ty nhién. Hé théng ¢6 thé dinh luong ba
thong sb thao tac kim: chiéu dai dam kim, goc dam
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