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TOM TAT

Trong bai viér ndy, ching toi trinh bay ki thudt ting cirong mé hinh hinh dnh nham
bé sung thém ngit nghia cia cac thudt ngir hay hinh dnh phirc tap trong cdc i liéu vin
ban. Ki thuds dua trén su két hop nhdn dang chit quang hoc va dac trung cuc bo nham
nhdn dang cdc thudt ngir, va hinh Vé cé trong tai liéu van ban dé cé thé giai quyét bai toan
theo Vét trong linh viee thuc té tang cuong. Chiing 101 da két hop viéc khai thac vé tham so
héa déc trung cuc b cdi tién trén thiét bi di déng dé giai quyét bai toan theo vér hinh dnh
thoi gian thiee, va ki thudt nhdn dang chit quang hoc cho bude nhin dang doi twong dé
tang cwong mé hinh thich hop.

Tir khéa: thyc té ting cudng, nhan dang chir quang hoc, theo vét.
ABSTRACT

The combination of internal typical features and Optical Character recognition in
augmenting visual models for textual documents

In this paper, we present the technique of augmenting the image models aiming at
adding more meanings of terminologies or images in textual documents. The main
technique is based on the combination of optical character recognition and internal typical
features to recognize the terminologies or images in textual documents in order to solve
the problem of tracking in the augmented reality field. We have incorporated the act of
exploiting and digitalizing the internal typical features innovated on mobile devices so as
to solve the problem of tracking images and the recognition technique of optical
characters as a step for recognizing the objects and reinforcing the appropriate models.

Keywords: augmented reality, optical character recognition, ocr, tracking.

1.  Giéi thiéu

Thuc té ting cudong (Augmented Reality) 1a mot hudng nghién ctru nham tich
hop cac thong tin hay mé hinh 4o vao thé gidi thuc 1am cho ngudi dung c6 thé cam
nhan thong tin d6 nhu dugc hién hiru trong moi truong xung quanh. Thyc té ting
cuong lién quan dén nhiéu linh vurc nghién ciru, bao gom qua trinh xt i tin hiéu, hé
thong theo vét, 46 hoa, giao dién nguoi dung, yéu té con nguoi, dién toan di dong,
mang, su hién thi thong tin.

* TS, Trwong Pai hoc Sw pham TPHCM
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AR thimg tisimp Stylized AR ' " Phic thio

Hinh 1. Minh hoa thuc té tang cuong

Hé thong thuc té ting cudng can phai dap tmg ba diéu kién dé hoat dong hop .
Do 1a: bo theo vét phai chinh xéc trong qua trinh dinh hudng va vi tri; Bo theo vét phai
hoat dong & nhidu moéi truong (d6 sang, nhidu, v.v..); Pap tng thoi gian thuc gitra bo
theo vét va cac hinh anh d6 hoa 2D, 3D can hién thi trong canh; Mot trong hai bai toan
quan trong nhat cua AR 1a theo vét (tracking). Nhiém vu quan trong cua tracking la
nhdn dang doi tieong hay canh ti nhién c6 trong cac khung dnh tir camera, nho d6 ting
cwong hinh anh dé hoa thich hop. Ngoai ra, can theo vér dwoe vi tri ciia déi tieong cé
trong khung dnh (khi camera di chuyén, hay ban thin déi twong di chuyén) nham hién
thi anh tang cwong o vi tri thich hop, hay tranh viéc phai thwc hién nhdn dang cho moi
khung dnh. Cac budc chinh cia AR dugc minh hoa nhu sau.

Chudi anh tir Tién xu li khung Nhan dang/phét
camera anh hién doi tugng
Téang cudng md Nhan dang Theo vét
hinh do6 hoa hanh vi

Trong bai viét nay, chiing toi trinh bay ki thuat ting cuong mé hinh hinh anh
nhiam bo sung thém ngit nghia cua cac thuat ngit hay hinh anh phtc tap trong céc tai
liéu vin ban. Pé thuc hién, cac ki thuat nhan dang ddi tugng/hinh anh dwa trén dic
trung cuc b dugce két hop voi nhan dang chit quang hoc- OCR [1] trong bai toan theo
vét nham x4c dinh chinh xac d6i twong hay mé hinh can ting cudng cho canh tir
camera hay doan phim cua thiét bi di dong.
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2. Xac dinh ma trin camera va so sanh hiéu qua ciia hai giai phap theo vét dua
trén dac trung Fern va nhian dang chir quang hoc
2.1. Xdc dinh tham sé camera (Camera calibration)

Trong moi truong hop, viéc xac dinh vi tri va hudéng camera tai mdi frame, cling
v6i tham s6 noi tai cua camera nham render ddi tugng ao tai vi tri hop li trén mat phéng
quan sat (man hinh méay quay s6, man hinh may tinh, v.v..) 14 quan trong. Camera
calibration nham tim ra vi tri va huéng cua camera lién quan toi anh hién thi trén man
hinh quan séat. Bdi tugng a0 mudn dit hop |i trén anh ciia man hinh quan sat, can phai
xem nhu dugc chiéu tir camera 4o (trling Véi camera that). Van dé nay duoc giai quyét
bang cach sir dung cac cong thirc chiéu va suy luan vi tri ctia camera thuc lién quan dén
canh trén man hinh quan sat. Ngoai ra, viéc chuan hoa tham sé ndi ciia camera dugc
thyc hién nhim xé4c dinh tinh trang bién dang anh (image distortion) do méi truong hay
phan cimg ciia camera tao nén (thuong gip trong nhiing camera phd thong). Camera
calibration (con goi 14 camera pose estimation) nham xac dinh ma tran 3x4 (goi 12 ma
tran calibration) thé hién cac tham s nodi (intrinsic) va ngoai (extrinsic) ctia camera.
Ma tran calibration thé hién ca do 16n tiéu cy, mirc do 1éch (skew factor) anh, va bién
dang ong kinh. Hinh 2 thé hién quan hé giita diém canh (khong gian thyc) va diém anh
chiéu turong tng.

Mt phdng dnh Bifm cdnh
X, )2t

/Tc f.l/?/' /

e
|
L
Hinh 2. Pinhole camera

Cho (x;, yi) 1a toa d diém trén mat phing quan sat, (Xs, Ys,Zs) 12 diém 3D thé gisi
thue.

u ._.F X
X, = fof r:FE._‘-‘._i'() ﬂf‘n)[‘]
Tace: * = T EEE TR W/ Lo 0 1/l (1)

Néu tdm anh trén mat phang chiéu khéng trling véi giao diém cua truc Z véi mit
phang chiéu, thi

X -
X; = .lr",_-+ LYy =f=+1,
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u .rlllz 0 r. \ XS
( v ) = ( 0 f r, ][‘:]
LW 0 0 1/ Iz (2)
Truong hop kich thude pixel khong déu, thi ma tran trén dugc biéu dién boi, véi
m,, m, la kich thudc pixel theo mm.

TR :”::.-.'F 1] Mgty \[Xs o 0 ".{,u,\
-'3' = (;' ] = 0 m ._._;‘" m.t, _".‘__-] =| 0 Gy Vo )P = KP
W) 0 0 1 /L 0o 0 1/ 3)

Trong mot sb trudng hop, can tham sb do bién dang s, do truc u vav khong truc
giao. Khi do:

G, 5 Ug
(;):(I} If-‘f'_.l. :'H)F:HP
0 0 1 4

K dugc goi 1a ma tran tham sé noi tai (intrinsic) ctia camera, v6i ax, oy 1a d6 dai
tiéu cu theo pixel, (Ug, Vo) toa d6 tdm anh theo pixel.

Néu camera khong c6 tdm chiéu tai (0, 0, 0) va truc Z khong truc giao voi mat
phang quan sat, thi can thuc hién mot phép dich chuyén (Ty, Ty, T,) va mot phép xoay
R. Dit £ = (RIRT}A tham s6 ngoai ciia camera (extrinsic parameters). Khi d6, phép
bién d6i camera dugc xac dinh béi ma tran

K(R | RT) = (KR4 |KRT) = KR(I 4|1 (5)

P, (diém chiéu cta P Ién mat phang quan sat) duoc xac dinh boi

Pic = KR(I{|T)P = CP (6)

C (kich thudc3x4) dugc goi 1a ma tran camera calibration hoan chinh. Pat
C=(KR4| KRTy=((M -1 MT) / v&i M = KR (kich thude 3x3). St dung phan rd RQ
[2], s€ xac dinh dugc M = AB, véi A 1a ma tran tam giac trén va B 1a ma tran truc giao.
Khi d6 ma tran A trng v6i K (tham s6 ndi cia camera), va ma tran B (rng véi phép quay
R. bat C, la ¢ot cudi cua ma tran C, khi do

MT=C,=>T=M™C(, (7)

Nhu vay, néu cho truge C, ta s& xac dinh duoc cac tham sb ngoai va ndi cua
camera. Tuy nhién, trong diéu kién tong quat, cac gia tri ma trdn C khong dugc biét
trudce, hoac 1a nhirng gia tri mac dinh trong dicu kién nhat dinh, vi vay viéc xac dinh C
la can thiét.

.

c=(-
Dat 2/, v6i 1 1a cac hang. Cho diém 3 chiéu P va diém chiéu 2 chiéu P,
tuong ung cua P trén anh. Ta co:
u nP . v nlF

B L2l L

1 | J—

"Tw onm.P T w P (8)

172



Tap chi KHOA HOC DHSP TPHCM Ngd Quéc Viét

Khi d6 xac dinh dugc hai phuong trinh

ufirg.P)-nn.P=0

L'Ii:”z.F}— r:.P =10 (9)
Vi mbi cap diém, phét sinh dwgc hai phuong trinh,vi vay can tdi thiéu 6 cip

diém 3D trong khong gian thyc va diém 2D tuong Gng trong mdt phang quan sat dé xac

dinh C.

Thu tuc camera calibration dugc thuc hién nhu sau:

B1. Tao ban in hinh grid twong ty nhu cic mau sau

Hinh 3. C&c mdu diing dé xdc dinh ma trin C

B2. Nhén dang cac diém goc trén anh va diém 3D tuong Gmg dé giai hé phuong
trinh (9) nham tim ra ma tran C.

B3. Budc B2 c6 thé duge thuc hién nhiéu lan (voi camera ¢ cac vi tri khac
nhau) nham kiém tra lai &6 chinh xac khi xac dinh ma tran C.

2.2. Thudt gidi theo vét dwa trén dic trung Fern

Do hé théng chi 1am viéc véi cac ving (Hinh 4 - chira thuét ngir) thay vi ca khung
anh (chtra ca trang van ban, c6 thé bao gom hinh anh) tir camera nén cac dac trung
(theo vét va nhan dang) chi dugc trich trong khu vyc nay.

Ddi voi van dé tracking, ching t6i thir nghiém véi hai loai dic trung: dic trung
chit quang hoc; va déc trung cuc bd Fern.
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Hinh 4. Khu viee ¢6 chir ding cho theo vét

Nham thuc hién theo vét gitta cac khung anh video voi loai dac trung cuc bg,
chdng t6i sir dung hiéu chinh cta Fern [3] goi 1a PhonyFern Ién toan b canh. Phan 16p
dic trung cho bai toan theo vét hoc phan bd xéac suit cac ddc trung nhi phan F(p) cua
tap cac diém mo hinh m; tng véi 16p C. Cac dic trung nhi phan 13 céc so sanh giira
cuong do anh I(p) 1an can xéac dinh bai do doi (1, r) so véi diém quan tam p. F(p) 1a 1
néu I(p+1) < I(p+r) va 1a 0 néu nguoc lai. M&i diém quan tm s& dwoc hoc nhiéu F(p)
mg v6i cac goc, ti 18, nhidu, anh sang khac nhau. N gia tri F(p) dugc nhom dé tao
thanh M fern c6 kich thuéc S = N/M khac nhau cho mdi diém quan tim. Khi d6, xac
suat diéu kién cua N gia tri F(p) cho diém quan tim duogc xac dinh boi

M
PGoufar o filC = c) = [ [PRAC = ¢
¥=1 (10)
Trong thuc té, gia tri caa P(F|C=c;) trong cong thirc trén c6 thé duoc xac dinh
baoi
PRIC =)= i ¥ 2
T (., +u) (11)
V6i gia tri u 16n hon 0 (duoc chon bang 1 trong thyc nghiém) nham 1am cho gi&
tri LOG cua xac suat Fern hop 1€, va ny; la gia tri fern dugc minh hoa theo hinh sau véi
kich thudc fern la 8.

T [t (e R SR R (SIS (8 146
o (PR e (el [ [ (R [

Hinh 5. Minh hoa gid tri fern kich thudc 8
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Khi d6 x4c suit cia mot 16p duge xac dinh theo cong thie (10) voi phép nhan c6
thé thay thé bang phép cong va PFIC = ¢.} ¢6 thé duoc thay thé bang Log PFIC = ¢.)

S6 lwong diém quan tim (x4c dinh thong qua cyc tri ciia toan tir Laplacian) ¢6 thé
dugc giam bét théng qua thuat giai FAST detector [5]. Ngudng FAST c6 thé xac lap dé
xac dinh s6 luong c¢b dinh cac diém quan trong. Trong bai viét nay, s6 diém quan tim
(ciing 12 s6 16p trong qua trinh huan luyén tap dic trung Fern) duoc xac lap nhoé hon
hay bang 320 cho anh kich thudc 320x240. Kich thudc mdi Fern co chiéu dai 8(S=8),
s6 luong Fern cho mdi 16p 1a tir 32-64 (N=256-512). Viéc sir dung kich thudc Fern
bang 8 cho phép st dung s6 nguyén 8-bit dé luu trir gia tri xac suit cho dic trung Fern.

Qua trinh phan I6p dua trén céc diém quan tdm p dugc thuc hién thong qua tinh
todn C&c x4c suét F; cia p cho méi Fern F d4 luu trir thong qua cong thirc (10).

Ddi véi ddc trung chit quang hoc (thir nghiém véi van ban chit in), chung toi sir
dung anh tring den (44 xt Ii nhidu, goc quay) v6i duong vién cac chit voi cac dic trung
chinh dugc trich tu [1], [4].

Qua trinh theo vét dugc thue nghiém khoang 1440 khung anh video cho mdi loai
anh, sau do lay thoi gian trung binh cho timg loai dic trung OCR, Fern. Két qua duoc
thé hién trong Bang 1.

Bdng 1. So sanh thoi gian trung binh theo vét sir dung Fern va OCR

No Anh vin ban c6 chira ki tw (mil:?seggond) (millci)sce:(l::i)nd)
1 | Cube 32.8 239.5

2 | Tetrahedron 36.1 1080.9

3 | Icosahedron 35.9 846.9

4 | Octahedron 36.2 743.3

5 | Sphere 38.5 174.7

6 | Intersection 39.5 422.9

7 | Triangular prism 40.1 490

Thoi gian theo vét dua vao nhan dang chit quang hoc 14 kha 16n vi doi hoi nhiéu
bude tién xir i nhu: chuyén anh xam; phéan tich dong vin ban, diéu chinh dong co so;
do tim khoang cach tir, phan doan dé xac dinh tir; nhan dang ki ty va nhan dang tir,
trong khi d6 theo vét dua trén dic trung Fern c6 két qua kha quan hon nhiédu. Két qua
thuc nghiém cho thay thoi gian trung binh theo vét dua trén dic trung OCR khong dép
mg thoi gian thuce, trong khi theo vét dua trén dic trung Fern dap Gmg thoi gian thuc
cho cac video frame. D6 chinh xac ciia qué trinh phét hién va theo vét dwa vao OCR
gan nhu tuyét ddi, trong khi do chinh x4c ciia clng qué trinh dua trén dic trung Fern
phu thudc vao kich thudc Fern va dao dong tir 96% dén 99%.
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Nhan xét rang viéc két hop giira dic trung Fern trong giai quyét bai toan theo vét
két hop v6i nhan dang chir quang hoc trong budc nhan dang chir cho két qua tich cuc
trong van dé tang cudng mo hinh 4o cho cac thuat ngi trong cac linh vire khac nhau.

3. Xay dung tng dung va két qua thwre nghiém
Chung tdi phét trién mot ing dung minh hoa trén nén Android dua trén cac thu

vién mo AndAR va Tesseract OCR nham tao mdt cong cu twong ty nhu mdt tir dién
thong minh ty dongcé kha niang dién giai cac thuat ngir thong qua cac mo hinh mé
phong 3D/2D tang cuong. Cac cong cu dugc sir dung trong phét trién img dung bao
gom:

- Bo cong cu AndAR (https://www.artoolworks.com/products/mobile/andar/): hd
tro cho viéc phat trién ung dung thyc té tang cuong.

- Thu vién Tesseract OCR 3.02 [6]: hd tro nhan dang chir quang hoc.

- Thu vién xir Ii anh Leptonica 1.69 (http://www.leptonica.com/): hd tro cic thao
tac xu li anh so.

- Thu vién OpenGL ES 1.0 (http://www.khronos.org/opengles/): hd tro do hoa
2D/3D trén thiét bi di dong

Dit liéu thyc nghiém dugc thuc hién tryc tiép trén 30 trang tai liéu vin ban in.
Céc trang vin ban nay duoc trinh bay bang nhiéu kiéu phong chir khac nhau nhung gitr
nguyén kich thudc chir. Trén van ban ngoai Ki tu in con c6 kém theo cac hinh anh minh
hoa cho bai viét. Cac anh tai liéu dugc thém nhiéu, bién d6i affine véi cac tham sd khac
nhau dé tao ra tap anh huén luyén cho tap dic trung Fern. Sau ddy 1a mot s6 hinh két
qua cua trng dung minh hoa.

R -~

Hinh 6. Két qua hinh danh tang cwong cho thudt ngir
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4.  Kétluan

Trong bai viét nay ching t6i da trinh bay viéc két hop giita dic trung Fern céi tién
pht hop cho thiét bi di dong va OCR nham tang cuong mo hinh d6 hoa 2D/3D cho cac
thuat ngtr. Két qua thuc nghiém voi dac trung Fern dung cho budc theo vét va dic
trung vector cho budc OCR thé hién wu thé vé toc d6 va két qua nhan dang chinh xac
SO V6i chi sir dung dac trung vector trén chir. Ngoai ra, cac cong thuc va ki thuat xac
dinh ma tran camera nham hién thi mé hinh khép véi canh da duoc trinh bay chi tiét.
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