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ABSTRACT

Augmented reality is a technology that combines digital information and
real world in real time, input data is recorded through the camera of
devices such as phone, laptop, etc. The information is usually enhanced
on 3D objects, video, audio, etc. This paper presented the construction of
tic-tac-toe game with human and computer players applied augmented
reality  technology. Image processing techniques and Hough
transformation were used to detect 4 straight lines of the checkerboard,
from which 9 squares were extracted. To identify the ‘X’ that the player
hits, the cascade classifiers were used, each cascade classifier is a
Adaboost algorithm. The experiments showed that the accuracy of ‘X’
mark recognition is above 98%. As for the problem of auto-chess, the
Alpha — Beta pruning algorithm was applied.

TOM TAT

Thuee té ting cuong (Augmented Reality - AR) la mot cong nghé két hop
gitta thong tin ky thudt so va thé gidi thuc trong thoi gian thye, dit liéu
dau vao dwoc ghi nhdn théng qua camera cia cdc thiét bi nhw dién
thogi, laptop, ... Cdc théng tin dwgc tang cuong thuong la doi twong 3D,
video, am thanh, ...

Trong bdi bdo nay, ching téi trinh bdy vé viéc xdy dung mét chiong
trinh choi tro choi tic-tac-toe véi nguoi dau véi mdy g dung cong
nghé thiee té tang cwong. Sit dung ky thudt xit Iy dnh va phép bién doi
Hough dé phat hién 4 dwong ciia ban co, tiv dé trich xudt ra diege 9 6 co.
D6 sé la co s6 dé chiing téi ¢é thé phdt hién dwoc ddu ‘X’ ma ngweoi choi
di, chiing t6i sir dung mé hinh phdn 16p phdn tang véi méi tang la bé
phdn 16p AdaBoost, qua thiee nghiém, két qua nhan dang chinh xdc dat
hon 98%. Pé ra nuée di ciia mday mét cach “thong minh”, ching téi dp
dung gidi thudt cat tia Alpha-Beta.

Trich dan: Lé Minh Hung va Pham Nguyén Khang, 2017. Xay dung tro choi tic-tac-toe voi nguoi dau véi
mady trong phién ban thyc t€ ting cudng. Tap chi Khoa hoc Truong Dai hoc Can Tho. S6 chuyén
de: Cong nghé thong tin: 19-24.

1 GIOI THIEU

cho dién thoai thong minh cho dn cac vin dé
mang tinh hoc thudt cao nhu hé chuyén gia, nguoi

Ngay nay, tri tué nhan tao dang 1a tdm diém
nghién ctru cua cac nha khoa hoc may tinh, bai loi
ich ma tri tué¢ nhén tao mang lai, dugc Umg dung
rong rii trong nhiéu linh vuc ciia cudc sdng thuong
ngay nhu thwong mai, cac ing dung tro ly 4o danh
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may hoc (robotics). Ngoai cac linh vyc da liét ké,
khong thé khong nhic dén linh vuc giai tri ma & do
v6i tri thong minh nhan tao, may tinh co thé dau
v6i con ngudi trong cac trd choi mang tinh chién
lugc.
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Trong linh vyc gidi tri, dé tao stre hit cho cac
trd choi chién thuat, bén canh ung dung tri tué
nhan tao dugc xem nhu “bo ndo” cla chuong trinh
thi vin d& then chdt 1a giao dién va phuong thic
giao tiép v6i chwong trinh. Cac chwong trinh tro
choi truyén théng khong con tao nhiéu sirc hut d6i
v6i ngudi choi, ma thay vao do, cong nghé thuc té
tang cuong dang tao nén mdt xu hudng mai cho
cac nha phat trién tro choi. Boi luét choi don gian
va c6 tinh tong quat cao, d& dang t1ep can nén
chang t6i da lya chon tro tic-tac-toe dé tmg dung
cong nghé thuc té ting cuong va choi game tu
dong.

Di c6 nhidu nghién ctru vé dé tai thyc té ting
cuong ap dung tri tué nhan tao trong linh vuyc tro
choi, tuy nhién c¢6 kha it d& tai xay dung véi tro tic-
tac-toe. Trong bao cao cuia (Maguire and Saltzman,
2013) chuong trinh nhan dang kha tét dau ‘X’ cua
nguoi dung, tdc do ra nudce di ciia may nhanh, tuy
nhién do viéc ban cd bi che khuat khi nguoi choi di
nude co nén khi dy, may tinh khong thé nhan dang
duoc ban co va viée xur Iy bi gian doan, tir 6 anh
huong dén viée hién thi ban co, lam gian doan viéc
choi cd cua ngudi choi. O bai bao cua (Klinker er
al., 1999), ngudi choi di nuée ¢ cua minh bing
vat thé ¢6 hinh dang va kich thudc twong tw con co
véy, hé thdng c6 man hinh hién thi thong bio dang
1a luot di cua ai? Va thong bao két qua khi két thuc
van cd. Tuy nhién, c6 mot bat tién 1a khi nguoi
dung hoan thanh nudc di cia minh thi ho phai
cham tay vao phim ao “Go” hodc néi “Go” vao
microphone duoc két ndi véi hé thdng, do chuong
trinh chua thé tu dong nhan biét khi nao ngudi choi
da hoan thanh nudc di ciia minh.

Anh tir camera
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Trong bai bao nay, chiung t6i s€ trinh bay kha
nang nang cao nhan dang chinh xac ban co, cling
nhu ddu X’ ctia ngudi choi déanh ra va may tinh co
thé dua ra cac nudc di mot cach “thong minh”,

Phan tiép theo cua bai bao dugc t6 chirc nhu
sau: phan 2 md ta so lugce vé hé thdng, trinh bay
ngin gon vé ky thudt khung xuong hoa
(skeletonization) ddi tugng anh két hop véi phép
bién d6i Hough va giai thuat gom cum K-means dé
phat hién duong thang cta ban co; gidi thiéu dic
trung Haar-like cung v&i mo hinh phan 16p phan
tang sir dung giai thuat AdaBoost dé co thé nhan
dang duoc dau ‘X’ cua ngudi choi danh ra; trinh
bay so lugc vé giai thuat cat tia Alpha — Beta nhim
lam cho may tinh c6 thé dua ra nudc di mot cach
“thong minh”; phan 3 trinh bay vé két qua thuc
nghiém trude khi két luan va huéng phat trién dugc
trinh bay trong phan 4.

2 PHUONG PHAP NGHIEN CUU

2.1 M0 ti so hirge vé hé théng

Hinh anh ban co duoc thu lai tir camera cua
laptop hodc may tinh dé ban s& dwoc phat hién 4
duong thang tao nén ban co bang cach ap dung ky
thuat khung xuong hoa (skeletonization) anh dé
tim khung xwong cua 4 duong thing, sau d6 dung
phép bién d6i Hough dé tim ra 4 duong thang ay. O
day c6 mot van dé ndi 1én 1a cac dudng thang dugc
phat hién qua phép bién d6i Hough khong phai la
1-1 so voi thyc té ma 1a 1 duong thang trong thuc
té co thé dugc phat hién thanh nhiéu hon 1 trong
phép bién d6i Hough, c6 dic diém 1a cac dudng
thing Ay l4n can nhau, do vdy, chung t6i d& xuét 4 ap
dung giai thuat gom cum K-means dé giai quyét
vén dé nay.

K{ thudt khung

xwong héa dnh

Phat hién 4 dwong thang clia ban co

Ddc trung Haar-like

Nhan dang dau ‘X’

B phén I&p phén ting sir dung AdaBoost

A" 4
A
14

Cét tla Alpha - Beta

Cho'i co’ ty dong

Hinh 1: M@ ta tong quan hé thong
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Sau khi da phat hién chinh xac 4 duong thing
tao nén ban co, d6 s& 1a co s dé chung toi trich
xuit ra 9 6 co, va ciing tir ddy, chung t6i cAn nhan
dang ddu ‘X’ ma nguoi choi di di, chang t6i sir
dung dac trung Haar-like va bo phén 16p phan tang
moi tang 1a 1 bd phén 16p AdaBoost dé c6 thé nhan
dang dau ‘X’. Sau khi d nhan dang duoc diu <X’
do ngudi choi danh vao s& dén lugt ciia méay tinh
dua ra nuéc di ciia minh, dé may tinh c6 thé dua ra
cac nudc di “thong minh” thi ching to6i ap dung
giai thuat cit tia Alpha — Beta.

2.2 Phat hién dwdng thing trong ban cor

O giai doan nay, chiing t6i s& ap dung cac phép
toan xu ly hinh thai co ban trong xu ly anh nhu
phép toan an mon, phép toan gian no va phép toan
mo dé co thé khung xuong hoa (skeletonization)
anh nhi phan du vao. Khung xuong (skeleton)
(Kresch and Malah, 1998), (Magaros et al., 1986)
ctia dbi twong anh nhi phén 1a tip hop cac dudng
nét mong ma ching chi giir lai cac thong tin quan
trong vé hinh dang cua ddi twong ban dau. Khung
xuong hoa 13 qua trinh ma ta thuc hién dé tim ra
khung xwong cua déi tugng anh. N6 con c6 tén goi
khac 1a phép bién d6i truc ¢ giira (medial axis
transform).

Sau khi da tim dugc khung xuong, chung toi ap
dung phép bién d6i Hough dé co thé phat hién ra 4
duong thang tao nén ban cd. Phép bién doi Hough
(Hough, 1962) dung dé phat hién mot dang hinh
hoc bat ky trong anh nhi phan da dugc phat hién
bién hodc khung xuong, mién 13 hinh dang dy c6
thé biéu dién dugc dudi dang cong thire toan hoc.
Thudng dugc st dung dé phat hién duong thing,
duong tron (Bradski and Kaehler, 2008).

Tuy nhién, sau khi da phat hién dugc co ban
céc duong thiang phan chia 9 6 cd, do bi nhiéu nén
sO duong thing dugc phat hign nhiéu hon mong
mudn (nhiéu hon 4 dudng), déic diém cua cac
duong thang nam ngang hay nam doc 1 ching
nam gan voi duong thang thyc ma ching toi vé
trén ban co, do vay, chung t6i st dung giai thuét
gom cum K-means dé gom cic duong thing lan
cén nhau lai thanh 1 duong duy nhét.

Giai thuat gom cum (c6 thé goi 1a hoc khong
giam sat) (PO Thanh Nghi, 2008) thuc hién viéc
nhom cac dir li¢u khong c6 nhén, sao cho cac di
lidu cing nhom co céc tinh chat twong ty nhau va
dit liéu cua 2 nhom khéac nhau s& co cac tinh cht
khac nhau.

Giai thudt gom cum K-means duogc dé xuét boi
James MacQueen vao nam 1967.

Cho tap dir liéu X = {xi, X2,..., Xn} Va tdp tdm
V = {vi, va,..., Vk}, cac phan ti cla tdp tam V dugc
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chon ngau nhién khong 1ap lai tr tap X, n 1a so
diém dir liéu cAn gom cum, k 13 s6 cum ma ta can
gom, véin = k.

Cac bude thuc hién gom cum cua giai thuat K-
means dugc thue hién theo thar tur nhur sau:

1.Tinh khoang cach giira diém dir liéu va cac
tdm trong tap V. Tinh nhu thé cho tat ca cac diém
dir lieu. Cac khoang cach co6 thé 1a khoang cach
Manhattan, khoang cach Euclid,...

2.Mbi phan tir dugc gan cho tim gan nhat véi

n6, dua trén khoang cach ma ta da tinh duogc &
budce 1.

3.Cap nhat lai cac tam trong tap tdm V, gia tri
ciia moi tam s€ la gié tri trung binh cong (mean)
cta cac diém dit liéu trong cum cua né.

4.Lap lai bude 1, 2, 3 cho dén khi hoi tu (khong
c6 bat ky su thay doi tdm nao trong tap tam V).

Do dac diﬂém cia bai toan nén chung toi sur
dung K =2 d€ gom cac duong thang lan cén nhau
thanh 2 duong thang doc va 2 dudng thang ngang.
Khoang cégh Manhattan dugc sir dung dé tinh toan
d6 tuwong dong.

2.3 Nhin dang diu X’

biéc trung Haar-like (Viola and Jones, 2001)
duoc tao thanh bang viéc ket hgp cac hinh chit nhat
den, trang voi nhau theo mot kich thudc va trat ty
nao do (Chéu Ngan Khanh va Doan Thanh Nghi,
2014). Mot sO6 dic trung Haar-like co ban dugc
minh hoa trong Hinh 2.

12¢3

Pic trung canh

L= &

bac trung dudng

@

bac trung tam

bac trung duong chéo

Hinh 2: Mt s6 dic trung Haar-like co ban

Cac déc trung Haar-like co thé“ c6 cac kich
thudc khac nhau, bang cach thay doi kich thudc
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céc hinh chit nhét tao nén né. Piéu nay cho phép
gidi thuat may hoc sur dung cac dac trung Haar-like
c6 thé nhan dang cac vat thé co kich thudc khac
nhau.

Gia tri cua déc trung Haar-like duge xac dinh
boi do chénh léch gitra tong gié tri Jpixel mirc xam
nam trong ving den so v4i ving trang hodc ngugc
lai:

f(x) = TONGuing ¢en (cdc mic xam ciia pixel) -
TONGying tréng (cdc murc xam cua pixel) (1)

biac trung Haar-like c6 thé dién dat duoc mbi
li€n h¢ gitra cac vung anh trong nd, di€u ma ban
than tirng diém anh khong thé hién duogc.

Bang cach thé hién cac dic trung biang dic
trung Haar-like va tinh nhanh cac dac trung thong
qua anh tich phén thi dé huin luyén may tinh ¢ thé
nhan dang dugc ddu <X’ cta ngudi choi dénh vao,
chung t6i str dung mo hinh phan 16p phan ting véi
mdi tang 1a bo phan 16p AdaBoost. Bo phan 16p
AdaBoost (Freund ez al., 1997), la mot by phén 16p
manh phi tuyén, hoat dong v6i nguyén tac két hop
tuyén tinh cac bo phan 16p yéu — bd phan 16p cé ti
1¢ phan 16p dung lon hon 50% (Ji and Ma, 1997)
(chang han nhu gdc quyét dinh (Decision Stump),
Bayes tho ngdy (Naive Bayes),...) dé tao nén mot
bd phan 16p manh. AdaBoost st dung trong sé dé
danh dau cac mau kho nhan dang. Trong qua trinh
huén luyén, cir mdi bd phan 16p yéu duoc xay dung
thi giai thuat s& tién hanh cap nhat lai trong s6 dé
chuan bj cho viéc xay dyng bd phan 16p tiép theo.
Cap nhat bang cach ting trong s cua cac mau
nhan dang sai va giam trong s6 cua cac mau nhan
dang ding boi bd phén lop yéu vira x@y dung.
Bing cich nay, thi b phan 16p sau co thé tap trung
vao cdc mau ma by phén 16p trude lam chua tot.
Cubi cing, cac bd phan 16p yéu s& dugc két hop lai
tuy theo murc do tdt cua chung dé tao nén bod phéan
16p manh (Hinh 3).

Bophinlop  Bophinlop  Bophanlop Bb phan I6p
yéu 1 yéu 2 yéu 3 manh
e © o 9 0‘. ] 0

' '®

o %ojfo Gojg:%0

9 %0 09
00 (XY o'e
|
hi(x) In(x) hi(x)

Hinh 3: Két hep cac b phan 16p yéu thanh b
phén 16p manh duy nhat
Céc bd phan 16p yéu hi(x) duge ldy tir viéc
trich cac dac trung Haar-like, dugc bi€u dién nhu
sau:
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1 néu pifi(x) < peO«

hy(x) = )
-1 néunguogc lai
Trong d6:

x: mau hay cira sb con can xét x =1, X2 ...,
Xy) la véc-to dac trung mau).

pi: hé sb chidu cua bat phuong trinh, px € {1, -
1}.

fi: gia tri cua ddc trung Haar-like dugc tinh nhu
trong cong thure (1).

0 : ngudng do nguoi dung dit ra.

B¢ phén 16p manh H(x) dugc tao ra bang cach
két hop tuyén tinh N bo phéan 16p yéu hy(x) ().
Vién dé then chdt 1a thuc hién chon lua céc trong sé

ay az, e an thich hop:
N
H(x) = sign Z a,h, (x)
k=1

La mot md hinh phan ting véi mdi ting 1a mot
giai thuat AdaBoost (Viola and Jones, 2002, 2001)
sit dung bd phan 16p yéu 1a gbc quyét dinh
(decision stump cay quyét dinh c6 do sau 1a 1, tir
d6 dua ra két luan chi dya trén 1 thudc tinh duy
nhét) voi cc dic trung Haar-like. Pugc sir dung dé
danh gid mot vung anh nao do6 trong anh goc c6
gidng véi vat thé dang can phat hién hay khong.
Trong md hinh phan 16p phéan tang sir dung giai
thuat AdaBoost, cac by phan 16p dugc su dung 1a
giai thudt AdaBoost.

2.4 Choi co tu dong

Ching t6i sir dung giai thudt cat tia Alpha —
Beta dé tim ra nudc di t6t nhét c6 thé cho may tinh,
v6i tinh hinh ban c¢ hién tai. Y tuwéng chinh cua
giai thuat cét tia Alpha — Beta la khong khai trién
(tao mit con) cdc nut ma né khong thé thay doi
quyét dinh cudi cung & nit cha ctia no. Phuong
cham cia gidi thuat nay 1a “néu biét diéu do that sy

t01 t¢” thi ding ton thoi gian tim hiéu n6 s& “tdi

» dén dau” (nguyén van tiéng Anh: “If you have
an idea that is surely bad, don't take the time to see
how truly awful it is.” -- Pat Winston).

Pugc thuc hién theo kiéu tim kiém sau, nhung
thay vi tim kiém tit ca cac nhanh trén cay, giai
thuat nay s& cat bot cac nhanh khong can thiét, lam
giam s6 nudc di phai sinh ra va tir 6 lam giam
viéc dinh tri, do d6 co thé gia ting toc do tim kiém
nuéc di tot nhat c6 the.
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3 KET QUA THUC NGHIEM
3.1 Mo ta thuc nghiém

Chung toi thyc nghiém hé thdng choi tic-tac-toe
v6i nguoi dau voi may trong phién ban thyc té ting
cuong bang ngdn ngir 1ap trinh C/C++, st dung
ban cd dugc ké bang but 1ong trén gidy in A4
(210x297 mm), st dung thu vién ma nguén mo
OpenCV phién ban 3.1.0 trén may tinh xach tay c6
cac thong sb nhu sau:

Tiéu chi Gia tri Ghi chu
A Asus X550CC-
Hiéu may tinh X0055D

Intel Core 15 - 3337U
B¢ xtr Iy (CPU) Processor (3M Cache,
1.80Ghz)
Bo nhé (RAM) 4GB DDR3/1600MHz

Hé didu hanh ~ Windows 8.1 Pro 64 bit
Webcam Asus webcam 900KP
Toc do webcam 30 khung hinh / gidy

3.2 Huén luyén nhin dang ddu ‘X’

_ Thong s0 huan luyén mé hinh phan 16p phan
tang st dung AdaBoost, AdaBoost dugc chiing t6i
st dung 1a Gentle AdaBoost:

“-nmumPos 140 -numNeg 247 -numStages 14 -
maxFalseAlarmRate 0.3 -minHitRate 0.98”

Trong do:

— numPos 140: s6 lugng mdu duong dugc
huan luyén, hay so luwong anh c6 doi tuong (dau
‘X’) 1a 140.

— numNeg 247: s6 lugng mau 4m dugc huin
luyén, hay so luong anh khong c6 doi tuong
(khong c6 dau “X’) 1a 247.

—  numStages 14: s6 lwong ting (giai doan) cta

md hinh phan 16p phan ting, v6i mdi ting sir dung
b6 phan 16p AdaBoost dugc huén luyén 1a 14.

- maxFalseAlarmRate 0.3: ty 1€ nhan dang sai
doi tugng toi da 1a 30%.
- minHitRate 0.98: ty 1¢ nhén dang dbi tuong
(dau ‘X’) toi thieu 1a 98%.
3.3 Két qua kiém tra
Khi kiém thir v6i tap kiém tra gom 6 113 mdu:
63 mau duong (dau ‘X’) va 50 mau am (khong
phai dau ‘X’), chiing t6i thu dugc confusion matrix
nhu sau véi d6 chinh xac (accuracy) hon 98%:

=

Du doan => Duong Am
Duong 63 0
Am 2 48
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4 KET LUAN VA PE XUAT

Chung t6i vira trinh bay cac ky thuat dé xay
dung mot hé thdng choi tic-tac-toe voi ngudi déu
v6i may trong phién ban thuc té ting cuong. Quy
dinh cuda tro choi 1a nguoi choi sé 1a nguoi ra nude
di dau tién, nguoi choi s& dung bit 1ong dé danh
diu X’ 1én ban co da duge chuén bi trude, camera
cua laptop thu lai hinh anh ban c¢, va tir hinh anh
d6, chung t6i dé xuat ap dung ky thuat khung
xuong hoa déi tugng anh, két hop voi phép bién
dbi Hough va giai thuat gom cum K-means dé ¢
thé phat hién dugc 4 duong thang tao nén ban co,
str dung cac ham v€ co ban trong thu vién OpenCV
dé v& cac duong thing dé chong 1én cac duong
thing da phat hién duoc (4p dung cong nghé thuc
té ting cuong), viée phat hién chinh xac 4 dudng
thing cua ban cd 13 co s¢ dé chung t6i ¢6 thé trich
ra dugc chinh xac 9 6 co. Dé phat hién ra diu X’
cua nguoi choi, ching t6i ap dung md hinh phan
16p phin ting voi mdi tang 1a bo phan 16p
AdaBoost, toc do nhan dang nhanh va 6n dinh, két
qua nhan dang chinh xac dat hon 98%, sau khi
ngudi choi da ra nude di ciia minh va hé thong da
nhén dang dugc nudc di do thi dén luot choi cua
may tinh. Dé may tinh c6 thé dua ra cac nudc di
“thong minh” nhit c6 thé thi chiing t6i ap dung giai
thuat cit tia Alpha — Beta, v6i vu diém la d& dang
cai dat va tdc do tinh toan nhanh.

Do chuong trinh hién tai con han ché vé su linh
dong, chua thé tu dong dinh vi dugc ban co nén
hudéng nghién ctru tiép theo cuia bai bao 1a phat
trién module dé co thé tw dong dinh vi dugc ban
¢d. Véi co so dd xdy dung duoc, chung ti co thé
phat trién cac tro choi twong tu can sir dung tri tué
nhén tao nhu tro giai 6 sb sudoku, trod co ca-rd, cd
vua,... Ciing vdi tro tic-tac-toe phién ban thyuc té
tang cudng, nhung c6 thé nang cip 1én cach thic
choi mé6i hon, d6 1a thay vi choi bén gidy, chung
t6i ¢6 thé chiéu ban co 1én bang, twong hodc mot
mit phing bat ky (tit nhién cAn phai c6 may
chiéu), bén canh viéc di nudc co bang but 16ng, thi
ta co thé dung phe‘in tréng, hoac tién lgi hon thi ¢6
thé dung ban tay dé ra nuéc di, chwong trinh s& ra
nude di bang cach chiéu nude di dy 1én mat phang
ma chiing t6i sir dung.
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