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TOM TAT - Trong bai bdo nay, ching t6i dé xudt mot ky thudt woc lugng chinh xdc ban do phap tuyen bé mdt (Normal-
Map) trén tap anh thu dwoc tir doi tuwong Vi vi tri camera 6 dinh va hirdng nguon sang thay doi. Ky thuat dé xudt sir dung phirong
phap lap 16i wu Gradient descent dé gidi nguoc phiong trinh chiéu sang Blinn-Phong véi mét sé diéu kién gia dinh. Chiing toi da
tién hanh cai dat va thir nghiém ky thudt dé xudt trén hai tdp dir liu: mét dwoc sinh ra tiv cdc mé hinh 3D bdng cdc phuwong phdp
chiéu sang, hai la tdp dir liéu thu dwoc tir camera voi cdc diéu kién chiéu sang biét trude dwoc xdy dung béi Ying Xiong va cong su.
K thudt dé xudt cho két qud 16t trén cd hai tdp dit lidu thir nghiém véi thoi gian tinh toan chdp nhdn duwoc.

Tir khoa - NormalMap, Surface Normal, NormalMapEstimate, Acquisition NormalMap.
I. GIOI THIEU

Céc d6i tuong phtrc tap trong do hoa ba chiéu thudng dugc biéu dién thong qua mét tap cac ddi twong hinh hoc
co ban (diém, duong va da giac). Po chi tiét cia mdi ddi tugng phu thude vao sb lwong cac doi twgng hinh hoc co ban
céu thanh. Dé ting do chi tiét cuia ddi tuong, cach don gian nhét 1a ting s lugng ddi tugng hinh hoc co ban biéu dién
no, viéc nay keo theo nhu cdu bo nhé sir dung va thoi gian tinh toan hién thi ddi tuong cung tang theo, day la didu
khong mong mubn véi cac ung dung dd hoa ba chiéu ddc biét la cac ing dung thyc tai a0 von co 56 luong 16n db6i
tugng can biéu dién theo thoi gian thuc. Ngoai hudng tiép can “ting sb lwong dbi twong hinh hoc co ban cdu thanh” cb
hai huéng tiép can khac thuong duoc st dung: Mot 1a sir dung céc k§ thudt ndi suy trong qua trinh chiéu sang nham
tang d¢ tron, cong, lién tuc cho bé mat dbi twong qua d6 lam tang do chi tiét cia mo hinh. Hai la st dung ban do phap
tuyen hoic két hop ban do phap tuyen v6i mot sb ban do ket céu bé mat dé tang do chi tiét bé mat ddi tuong can biéu
dién. Di theo hudng tiép can thir nhit c6 thé ké dén mot s cong trinh tiéu biéu cia cac tac gia nhu Gouraud [6], Phong
[21], Blinn[9] v.v.. Uu diém cua cac k¥ thuat nay 1a c6 kha niang thé hién tot cac tinh chit cong, tron, lién tuc cua bé
mit mic di n6 duge cdu thanh tir cac da giac phéng. Tuy nhién, cac k¥ thuat nay khong thé hién duoc cac bé mat ddi
tugng c6 tinh chat 16i, 1dm phuc tap. Hudng tiép can thir hai duoc tap trung nghién ciru nhiéu hon trong thoi gian gan
day, di dau cho hudng tiép can nay 1a nhom tac gia Wolfgang Heidrich véi cong trinh[30] da gidi thiéu mot phuong
phap ting cudng chit lugng hién thi bé mat ddi twong bang cach sir dung ban d6 phap tuyén. Sau d6, da c6 nhiéu cong
trinh da dugc dé xuat trong do sir dung ban do phap tuyén két hop véi cac ban dd khac nhu ban db chidu su (Depth-
Map) cua nhom tac gid Kaneko [13], ban dd dich chuyén (Displacement-Map) cua nhom tac gia Jan Kautz [10], su
dung két hop nhiéu ban dd phap tuyén trén mot bé mit ba chiéu ciia nhém tic gia Sema Berkiten [25] v.v.. Hién nay
viéc st dung ban dd phap tuyén 1a rat phd bién va dwoc hd trg sin trong hiu hét cdc phin mém thiét ké do hoa
ba chiéu.

Bén d6 phap tuyén bé mit khong chi dugc sir dung trong viée ting do chi tiét ctia bé miat ddi tuong ma nd con
duge sir dung trong nhidu muc dich khac vi du: Trong x4y dung mé hinh ba chiéu tir anh tiéu biéu nhu cac cong trinh
cua nhém Aiyun Qing [1] khoi phuc lai hinh dang khuén mat, Alexandros Panagopoulos [2] khoi phuc lai hinh dang
dbi twong duya tir dién t6 bong cac ddi twong hinh hoc co ban va nhom Yusuke Yamauraa [29] khoi phuc lai bé mit sur
dung ndi suy B-Spline. Trong d6 hoa hai chiéu hudng phap tuyén con duoc sir dung trong viéc chiéu sang lai cho cac
burc anh di dugc chup [17], hodc ting cuong chit lwong hinh anh, chuin hoa anh sang cho cac bai toan phat hién va
nhan dang dbi twong [3, 12, 23] v.v..

Do tinh chit va tim quan trong, c6 kha nhiéu k¥ thuat duwoc d& xudt phuc vu viéc xdy dung ban db phap tuyén
bé mit [4,5,8,7, 11, 16, 20, 22, 24, 26, 27] tuy nhién hau hét cac phuong phap ¢6 d6 chinh xac chua cao hodc phirc
tap trong viéc to chtrc va thu thap dir liéu, hodc khong khong pht hop véi cac dang bé mat c6 hé sb phan xa guong cao.
C6 thé phan cac k¥ thuat uéc lugng phép tuyén thanh ba hudng chinh:

Mot 1a e luong phap tuyén cac dir liéu ba chiéu da co nhu cac loai md hinh ba chiéu, anh chiéu sau, anh cét
16p, hoac tap ddm may diém [7, 11] v.v., hudng ti€p can nay khong thudc pham vi nghién ctru cia bai bao.

Hudng tiép can thir hai 1a wéc luong phap tuyen bé mat tir mot anh duy nhét. Theo hudng tiép can nay cach don
gian nhét va ciing duoc sir dung phd bién nhét dé tinh ban d6 phap tuyen 1a dya trén cac dao ham riéng cua mdi diém
anh trong anh theo cac huéng x, va y theo d6 hudng vector phap tuyén ciia diém do s& dugc tinh truc tep tir cac gid tri
dao ham riéng nay. Viéc tinh nay khong dam bao su chinh xac vé mat gia tri nhung khi ing dung ban dd két qua trong
cac k¥ thuat [10, 13, 25, 30] déu cho dwoc hinh anh chip nhan duoc, ddy chinh 1 mot trong nhimg 1y do ma k¥ thuat
nay van dugc sir dung phé bién. Ngoai viéc sir dung truc tiép cac gia tri dao ham dé tinh ra hudng phép tuyén co nhidu
cong trinh nghién ctru da dwoc dé xuét theo hudng nay véi muc dich ting do chinh xac ciia ban do két qua, tiéu biéu 1a
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cong trinh ctia nhom tac gia TAI-PANG WU [26] di dé xuat mot k¥ thuét wéc lwong hudng phap tuyén chinh xac hon
bao g6m hai pha, pha thi nhét tién hanh mot cach tu dong vai ky thuat dé xuét SfS, pha th{r hai chinh xac héa lai cac
gié tri phap tuyén bang cach diéu khién cac diém danh dau. Twong tu nhu vay tic gia M. Okabe [17] di dua ra mot cach
wdc luong hudng phéap tuyén ban ty dong dua trén cac dudng bién cia anh v.v..

Hudng tiép can thir ba 1 udc lwong vector phéap tuyén tir nhiéu anh, day 1a hudng tiép can dugc sy quan tdm va
¢6 nhiéu két qua da duoc dang tai [4,5, 8, 16, 20, 22, 24, 26, 27]. Cac phuong phap theo hudng tiép can nay thuong
cho d¢ chinh xac cao hon hudng tiép can thtr hai tuy nhién nd lai yéu cau mot s6 rang bude dir licu kh: thu nhan.
Khong ngoai hudng tiép can nay, ching t6i dé xuat mot ky thuat uwéce luong chinh xac hudng phép tuyén bé mat dbi
twong trén tap anh thu duogc tir dbi twong véi vi tri camera c¢b dinh va hudng ngudn sang thay doi. Ky thuat dé xuat sir
dung phwong phap lip t6i vu Gradient descent dé giai nguoc phwong trinh chiéu sang Blinn-Phong [9] v6i mot vai diéu
ki¢n gia dinh.

Phan con lai cua bao cdo duge to chirc nhu sau: Phan II trinh bay cac nghién ctru lién quan. Phan III trinh bay
ky thuét udc luong phap tuyén bé mit dé xuét. Tiép theo 1a cai dat thir nghiém va cudi cung 13 két luan vé ky thuat
de xuat.

II. MOT SO NGHIEN CUU LIEN QUAN

Trong pham vi nghién ctru mot cach hinh thirc, c6 thé dinh nghia bai toan udc lugng ban do phéap tuyén nhu sau:
Cho mot tap dir liéu quan sat duwoc Z = {z,,z,,..z,, };M >2 trong d6 z={I;, L;} voi [; 1a anh dbi tugng thu dugc tu
camera theo mot goc nhin ¢ dinh v6i thong sO camera ¢ dinh trong diéu kién chiéu sang L;. Bai toan dat ra 1a lam thé
nao dé tim dugc ban dd phap tuyén cua d6i tuong trén goc quan sat cua tap anh?. Pé thyc hién duoc diéu ndy y tuong
co ban cua ching t6i la tim mot phuong trinh biéu dién mdi quan hé gitra anh dbi twong thu duoc va cac diéu kién sang
khi da biét hudng phép tuyén cua timg diém va cac hé sé phan xa cia md hinh sau do tién hanh giai ngupc phuong
trinh nay dwa trén tap dit liéu quan sat Z khi d6 c6 thé tim dugc ban db phap tuyén va cac hé sb phan xa ciia bé mat doi
twong. Trong nghién ciru nay dwa trén mo hinh chiéu sang Blinn-Phong [9] dé xay dung phuong trinh biéu cién va giai
nguoc phuong trinh nay bang phuong phap Gradien Descent;

1. MO HINH CHIEU SANG BLINN-PHONG

Blinn-Phong [9] 1a mot md hinh chiéu sang duoc cai tién dya trén mé hinh chiéu sang Phong [21] mdt mé hinh
chiéu sang cuc bo duoc sir dung phd bién trong d6 hoa ba chiéu phan anh twong ddi day du va chinh x4c céc hiéu ting
4nh sang. Trong cac mo hinh nay anh sang va cac thudc tinh bé mat dbi twong duge phan thanh cac thanh phan: nén
(Ambient), phan xa khuéch tan (Diffuse), phan xa guong (Specular).

Ambient Diffuse Specular = Blinn Phong

Hinh 1. Cic thanh phén trong mé hinh phan xa Phong va Blinn-Phong

Theo d6 v6i mot tp ngudn sang {L;,L,, .L,} ; L= (i/.d,ijx,lﬂj) trong canh phwong trinh biéu dién chiéu sang

cho mot diém trén bé mit dbi twong duge biéu dién nhur sau:

L = kuia + zkd (imﬁ)lmd +ks (ﬁ‘lzn1)aim.§

g )]
~ v+l
" |\7|+‘lm‘ ®

v6i i, 14 cudng do anh sang nén hay con goi 13 4nh sing moéi trudng (Ambient); img, ims: twong tmg véi cac
cuong d6 anh phan xa khuéch tan va phan xa guong ctia nguon sang thir m; k,, kq, ks va o twrong ting voi cac hé so phan
xa nén, phan xa khuéch tan, phan xa guong va dé bong cua bé mat doi tugng. Thong thuong thi moi gia tri ia, img, ims,
va k,, kq, k; duoc biéu dién béi 3 thanh phén tuong Gng véi ba mau co ban RGB; /, 1a vector hudng cua nguén sang
thir m; 7 1a vector phap tuyén cua diém dang xét; v : 1a vector huéng quan sat; h 1a vector trung binh cta hudng quan
sat va hudng nguodn sang duogc tinh theo cong thire 2. Hinh 2 biéu dién moi cac vector va moi quan hé cua ching.
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Hinh 2.Céc vector sir dung trong m6 hinh Phong va Blinn-Phong
Trong cong thirc 1 & md hinh chiéu sang nguyén gdc, tic gia sir dung vector phan xa 7 , Blinn da céi tién bang
cach thay 7 bang % tao thanh mo hinh chiéu sang Blinn-phong. Vi cai tién nay, mo hinh chiéu sang Blinn-phong cho
hinh 4nh giéng thuc té hon vi vay, cac bo thu vién do hoa pho bién nhu OpenGL hoic DirectX di chuyén tir viéc hd trg
mdc dinh m6 hinh Phong sang m6 hinh Blinn-Phong.

Theo cac mo hinh trén gia st ta c6 mot tép anh thu duoc tur dbi twong, twong tng v6i mdi anh 12 mét tap tham
s6 dic trung cho cac nguon sang va camera. Khi d6 néu co thé giai nguoc duoc phuong trinh 1 ta c6 thé wée luong
dugc chinh x4c ban dd phéap tuyén va cac hé sb phan xa bé mit cia mé hinh. Day chinh 1a myc tiéu chinh cua
nghién cuu.

2. GRADIEN DESCENT

Gradien Descent con dugc goi xuong ddi theo hudng vector dao ham” 1a mot phuwong phap dugc st dung phd
bién nhat dé giai cac bai toan t6i wu cuc tiéu ham muc tiéu, n6 dic biét dugce dung nhidu trong bai toan tim tham sb cho
cac md hinh hoc may [14, 16, 29].

Trong hau hét truong hop ¢6 thé dinh hiéu phuong phap t6i wu Gradient Descent nhu sau: Gia st ching ta can
di tim 101 gidi cho mot ham f,, véi @ 1a cac tham so can tim dya trén mot tap cac gia tri quan sat dugc Z = {z,, z5,...,
Zym}, khi d6 ta di xdy dung ham muc tiéu:

1 M
C(O) =—2 D(f;.z)
M i=l (3)

trong d6 D(f,,z;) 1a ham sai s6 ciia 1 mau quan sat, 2,12 mot mau quan sét co thé biéu dién z, =(x,,y;) voi
x, € R" 1a dic trung dau vao va y,€R la két qua ctia ham So(x).

Y tudng dé giai bai toan tdi wu nay 1a tir gia tri hién tai cua tham s6 @, ta di chuyén tham sb 1 khoang trong
khong gian ctia n6 dé lam giam gia tri ham muyc tiéu. Nguoi ta da chirng minh gia tri ham muc ti€u giam khi ta dich
chuyén 6 nguoc chiéu dao ham ctia ham muc tiéu tai 6 tuc 1a tai bude tho k+1: 6,,, =6, —,C'(8,) thi ludén co
C(6,,,) < C(6,) voi a, du nho. Thuc hién viéc lap cho dén khi gia tri ham muc tiéu khong giam nita cd nghia ta da tim
duoc bd tham sd € sao cho ham muc tiéu dat cuc tiéu, hay noi cach khac ta da tim dugc 101 gidi cho ham £, (ham léi).

IIL. UOGC LUQNG PHAP TUYEN BE MAT
A. UOC LUQONG PHAP TUYEN DUA TREN BLINN-PHONG VA GRADIEN DESCENT
1. PHUONG TRINH CHIEU SANG

Dé giai ngugc duoc phugng trinh (1) ching t6i dua ra mot sé gia dinh dé don gian hoa bai toan, cic gia dinh
nay c6 thé thyc hién mot cach dé dang khi thu thap anh dir ligu:

- Chi c6 duy nhét mot nguf}n sang dang hudng anh huong tryc tiép dén dbi tuong, cac gia tri dic trung cho ngudn
sang la cac tham so6 da bict.

- Goc va thong sO camera la cb dinh, khoang cach tir camera dén dbi twong 16n hon nhiéu so véi kich thudc cua
d61 tugng do do c6 thé coi phép chifu cua camera la phép chiéu song song khi d6 hudng quan sat tir camera dén

moi diém thudc doi tugng ludn 1a (0, 0, -1).

- Pbi tuong dugc cAu thanh tir mot chét ljéu 6 cac hé sb phan xa bé mat nhu phqu tr@n moi Qiém cua ddi tuong.

Gia tri mau sac thu dugc khi quan sat doi tugng 1a tich hgp ctia anh sang va két cau bé mat doi tuong.

Khi d6 theo mé hinh Blinn-Phong cuong d6 sang tai mdi dém trén mot anh trén mdi kénh mau co ban véi ngudn
sang Is = {i ,i, ,is,l (I,1,,1.)} ¢ thé dugc tinh bang cong thirc sau:
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L(p,s)=k,i, +k ldMax(l n, 0) +ki (Max(h a, ,O))
(%)

Gi4 tri quan sat dugc 1a gia tri chiéu sang két hop voi két ciu bé mit tai P nhu dudi day:

I(p,ls) = L(p,ls), ©)

trong d6:i,, ig, is: 1a cac gia tri déc trung cho cac cuong do sang (Ambient, Deffuse, Specular) € [0, 1]; I, 1y, 1,: la
cac thanh phan clia vector chun hoa dic trung cho huéng ngudn sang; ki, kg, ky: 12 cac gia tri dic trung cho cac he 5O
phan xa bé mat cta ddi tugng (Ambient, Deffuse, Specular)e [0, 1]; a 1a gia tri dac trung cho d¢ bong cua ddi tuong
ae [0, oo];npy, Npy, Ny, 18 cde thanh phan cua vector chuan dic trung cho hudéng phap tuyén bé mit tai diém P; ¢7 : 1a gia
tr1 [0, 1] dic trung cho két cau ctia bé mit tai P, c6 thé udc luorng trude duorc 17 bang céach 13y trung binh cta tap anh
mau hodc dya vao anh cta d6i tuong trong diéu kién chi ¢ su chiéu sang nén.

Trong céc tham s6 clia phuong trinh (5), cac gia tri k, kg, ks, o, npx, 0y, 1y, 12 cac gia tri can tim cac gia tri con
lai la cac gia tri quan sat hoac co thé uéc lugng trude dwoc. Ham Max trong (5) 1a ham tra vé gia tri 16n hon viéc sir
dung ham Max dé dam bao tic dong cua cac thanh phin 4nh sang dén bé mit ddi twong 1a khong am, didu nay 1a hoan
toan hop 1y va d& hiéu.

2. XAY DUNG HAM TOI UU

Tix (5), (6) voi mot tép dir licu dau vao Z = {z1, 25, zu}; M>0 trong do zj= (Isj, 1s;), v6i Isj 1a 4nh thu duoc tur
camera tuong Ung véi nguon sang Is;, khi d6 ta co sai s6 cia mOt mau quan st j trén mot diém anh P dwoc biéu dién
bang cong thirc sau:

D;(p)= (IS,/p _[(P’IS/))Z = (IS/p _L(P’IS/)’p)z

2
Z(Isjp - (kai,.a +kyigMax(l;.n,,0)+ ki (Max(hj .np,O))I )p )

(7
Nhu vy sai sb trén toan télp dir liéu la:
cO)=— D;(p)
M Jj= IZM |IS| Vpg;s (8)

voi |/s|1a s6 diém trén anh mu; 6 = (k,.k,.k,,0.n,0,n ...

g IS‘) 1 céc tham s can tim. Cong viéc clia ching ta
la di tim cac 6 sao cho gia tri ham sai sO trén toan tap (ham t01’u’u) 1a nho nhat. Dé thyc hién viéc nay theo phuong
Gradien Descent dau tién chung ta tién hanh khdi tao cac tham so ban dau cho 0 sau d6 thuc hién viéc cap nhat 0 13p di
lap lai voi gia tri 0 tai bude tha n+1 1a: 6,,,=6,- ¢,C'(6,) trong do6 §, la toc do hoi tu 3, cang nho thi do chinh xac
cang cao nhung s vong lip cang 16n c6 nhidu phuong phép chon §, tuy nhién trong nghién ctru nay ching t6i chon 6,
theo phuong phap [19]. Nhu vay cong viée tiép theo cua ching ta la di tinh cac dao ham riéng theo ting thanh phan

clia 0, tuy nhién c6 mot van dé trong cong thirc (7) d6 1a ham Max 1a mot ham roi rac khong c6 dao ham do d6 chung ta
S AL 1A A, \ \ Y .. a X L Azt e A 14 1Y tZ gt Al T
phai tim mdt lién tuc ham xap xi cho ham Max, ham ching t6i chon la: 0%’ de thay voi & du lon thi gia tri cia ham
+e

nay la x4p xi bang ham Max. Nhu vdy cong thirc 7 ¢6 thé viét lai nhu sau:

D,(p)=Is, ~1(p.is))} =I5, —L(p.is)t, ]
2
—_ — _— o
l.n h.n
=|Is, —| ki, +kyi, ——L—+k,i S
» J v _I_e—g(z],np) J: l+e—§(h/,np) r

3. CONG THUC CAP NHAT THAM SO

Dé cap nhat tham sb 0 ciia bude thir n+1 dau tién ta phai tinh cac dao ham riéng ciia ham t6i wu C(0) theo timg
thanh phan cta 0. Twr cac cong thuc 7, 8, 9 cd thé thay cac dao ham riéng theo tirng thanh phan cua 6 la:

- DPao ham riéng theo hé sé phén xa nén (Ambient) k,:

(), = 2 R |v221]atp (L(pis e, ~1Is, )
=l M pels (10)
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- Pao ham riéng theo hé s6 khéch tan (Diffuse) k,:

—_—

1 1 .
CO), =~ ¥ = 3 2ut,— = (Lps)1,~Is,)
M J=l,.M |1S| Vpels, 14e ») (11)
- Pao ham riéng theo hé s6 phan xa guong (Specular) k;:
), = Z D 2115 —L ) (Lp.ts, e, ~Is,)
M A ,M| S| Viels, (12)
- DPao ham riéng theo d bong bé mat o
hon hon
C(6), = Z 2k i (—L L) In(—LL—yt (LU p, 1)t ~ I,
/ =1,..,.M |IS| Vpely e_é(h/‘nl’) 1+ e_é(h/‘np) (13)

- Pao ham riéng cua phiap tuyén tai P 1a tong hop cua ba dao ham riéng thanh phan

c'(e)ﬁ =(C'(O)n,,,C'(O)n,y,C'(O)n,,), mdi dao ham riéng thanh phan c6 thé tinh bing cong thirc sau:

px>

I.n (z n )& S

; Jq"rq
kqi = An) 5 [tk ohn,,
1+ l+e §(l/.ny)
" 2tp
c®, == Y, L(p.is)t, ~Is,)
M J=lM — o1 ]
hyn, I anﬁﬁw>

T+ l+e’5(""””) (l o500 m)
(14)

trong d6 q tuong Ung vé6i cac thanh phan cia cac vector phap tuyén, hudng ngudn sang va vector trung binh h
6 thé 1a x hodc y hodc z.

Nhu vay gié tri cua 0 tai bude tha n+1 la:
k,+9,C'(0), .k, +6,C'(O),, .k, +0,C'(0), ,a+5,C'(0),,

)

6., =|— — n
7+l Myt (5‘7;C'(9)ﬂ»np1 +577C’(0)a’"’n17\15\ +6,C'(0)

) 15|

(15)
B. THUAT TOAN

Tuong tu nhu thut toan giai cac bai toan t6i wu khac bang Gradient Descent thuat toan gom hai pha chinh pha
thir nhat 1a khdi tao tham so ban dau, pha tha hai la pha lap trong d6 thuc hién viéc cap nhéat cac gia tri ciia 6 cho dén
khi cac gia tri cia ham t6i wu la nhd nhat. Co6 thé mo ta so bd thuat toan bang giai ma nhu sau:

Piu vao:Tap dit liéu Z = {z,, z,,..., zm} V6i zi={Is;, Is;} nhu dd mo ta ph?m trén

_—

Dau ra: cac gid tricuad = (k. k, .k, o, np(,, pl’"-”p\zs\)

Cac budc chinh cua thuat toan:
Budre 1: Udc luong anh két ciu bé mit t.

Buge 2: Khoi tao cac tham s6 ban ddu gém (0, budc nhay step, va cac bién moéi truong khac).
Tinh gia tri ham toi vu véi tham so 0.

Buge 3: Cép nhat gia tri cho tham s6 0 theo cac cong thic (10-15), cdp nhat lai budc nhay.
Tinh gia tri ham toi vu twong tng vdi 6 méi.

Budére 4:Lap lai bude 2 cho dén khi sai khac glia gia tri ham tdi wu cua bude sau véi bude trude nhd hon mot
ngudng cho trude.

Anh ket chu bé mit “t” dac trung cho phin bé mau sic co ban trén bé mat cua d01 tuong. Co thé wéc lwong t
bang mdt s6 cach thuc vi du: lay anh véi diéu kién chiéu sang moéi truong khong c6 ngudn sang nao anh huong truc
tlep dén ddi tuong, hodc cd thé wdc luong t bang cach tinh trung binh cua toan bd tap anh thu dugc véi nhiéu diéu kién
chiéu sang khac nhau phan phdi déu trong khong gian v.v...

Viéc khéi tao tham sb ban dau c6 vai trd quan trong anh huéng quyét dinh dén két qua cua thuat toan. Néu tham
s0 ban dau cang gan véi gia tri that thi toc d6 hoi tu va do chinh xac ctia thuat toan cang cao. Trong 0 ¢6 thé phan thanh
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hai loai tham s6: Loai thtr nhat d6 1a thong s6 bé mat ciia ddi twong quan tAm thir hai 14 tip cac vector phap tuyén trén
bé mat déi tugng. Cac thong s6 bé mat doi twong ching ta cé thé Iwa chon dua trén kinh nghiém, dac tiét 1a kinh
nghiém cia nhitng hoa sy v€ moé hinh ba chiéu khi lya chon céc thong s6 bé mat cho ddi tuong can thé hién. Gia tri cua
cac thong s6 bé mat dua vao thuat toan c6 mdi lién hé tuong dong so véi gia tri thiét lap khi str dung cac phin mém ba
chiéu dé tai hién lai mé hinh. V&i tap vector phap tuyén chung t6i khéi tao gia tri ban dau cho né 1a gid tri nguoc chiéu
vOi huong quan sat (0, 0, 1). S6 di lwa chon gia tri nay 1a vi khi quan sat mot dbi twong, chung ta chi ¢ the nhin thay
nhitng diém co vector phap tuyén nguoc chiéu véi huéng quan sat dong thoi khu vue ¢6 hudng phap tuyén gan gia tri
(0, 0, 1) thuong 13 16n nhat do d6 gi tri nay sé 1a gia tri gan ding nhat trén toan anh.

Tham s6 0 dugc cap nhét theo cong thirc (15), viée cap nhat 0 co thé dua cac gia tri thanh phan ra khoi tap xac
dinh gidi han cta chung vi vay sau budc nay chiing ta phai hi¢u chinh lai céc gid tri thanh phan vé khoang gi6i han gia
tri sau khi hiéu chinh méi 1a gia tri dugc str dung cho budce tiép theo.

IV. THU NGHIEM

_Chung t6i da tién hanh cai dat thuat toan dé xudt trén ngon ngir 1ap trinh C++ v6i b cong cu phat trién Eclipse
trén nén tang hé diéu hanh Linux. Sau khi cai dat ching tdi tién hanh thu thap dir liéu va thir nghiém trén hai tap dur
liéu: mdt dugc sinh ra tr mo hinh ba chiéu bang mét cong cu do chung t6i xdy dung, tap khac dugce lay tir ngudn tur
http://vision.seas.harvard.edu/qsfs/Data.http, day 1 tap dir liéu anh cac doi tuong thu dugc tir camera v6i goc quan sat
va thong s0 camera co dinh, dugc chidu sang boi mét ngudn sang dang hudng. Tép dir liéu ndy duoc xdy dung boi
Ying Xiong va cdng su phuc vu cho bai toan xay dung lai cac thong s6 bé mat tir dnh.

A. THU NGHIEM TREN TAP DU LIEU SINH TU MO HINH
Pé thuc hién céac thuc ngh@ém nay chung t6i st dung mot sb hién vat ba chiéu c6 duqc trong qua 'grinh xay dung
Béo tang Nhan hoc - Pai hoc Quoc gia Ha Noi. Cu thé ching t61 da su dung 10 hién vat, moi hién vat tién hanh render

dé duoc 10 anh két qua, cac thong sd camera trong cac lan render 1 ¢d dinh, hudng ngudn sang thay ddi déu theo cac
huéng khac nhau. Hinh duéi day 1a mot s6 anh hién vt thir nghiém.

Hinh 3. Mot s6 anh hién vat trong ca thir nghiém

Chung t6i cling tién hanh chay thur thuat toan trén cac bo dir liéu c6 duoc sau do, dbi sanh két qua ban dd phap
tuyén thu duoc véi hudng phap tuyen trén mé hinh ba chiéu mau Viéc dbi sanh dya trén hai tiéu chi do la khoang cach
trung binh va khoang cach lon nhit gilta cac vector phap tuyen trén ban d6 phap tuyén két qua va hudéng phap tuyén
trén mo hinh mau. Dudi day 1a bang két qua thu duoc sau khi tién hanh thir nghiém.

Bang 1. Két qua thyuc nghiém trén tap dnh thu duoc tir cac mé hinh 3D miu

STT Tén hién vit S$6 anh Sai s6 trung binh Sai sb cuwe dai
1 Gido ddng 10 0.0138 0.0556
2 Binh gém 10 0.0371 0.1878
3 Gach 1 10 0.0092 0.0622
4 Gach 2 10 0.0085 0.0798
5 Mii tén dong 10 0.0096 0.0643
6 | Trong dong 10 0.0103 0.0687
7 Pia men ngoc 10 0.0587 0.2453
8 Binh gdm men ran 10 0.0196 0.1748
9 Ngbi hoa sen 10 0.0098 0.0843
10 | Ngoi vay ca 10 0.0089 0.0794

Céc két qua cuia thuat toan trén tap dit liéu thir nghiém 1a twong ddi tot v6i cac sai sd trung binh va sai sé cuc dai
la kha nho. Véi két qua nay ban do phap tuyen thu dugce ngoai viée str dung cho viéce ting cudng chat lugng trong viéce
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render con co thé sir dung trong cac myc dich khac yéu céu do chinh xac cao nhur nhan dang dbi tugng, khoi phuc hinh
dang 601 tuong v.v.. Bang két qua (1) ciing chi ra v6i cac déi tuong c6 do bong cao nhu dia men ngoc hodc binh gom
sai s6 van cao hon dang ké so v6i nhitng déi twong khac nhung van ¢ muc chap nhan dugc. Véi két qua nay c6 thé
khang dinh thut toan phan nao khic phuc duoc nhugc diém cua mot s6 thudt toan khac 1a kho ap dung cho nhitng hién
vat c¢6 do bong bé mat cao.

B. THU NGHIEM TREN DU LIEU THU PUQC TU CAMERA

Viée thiét ké mot hé théng thu nhan dir lidu tir camera 1a khong kho tuy nhién dé dam bao tinh khach quan
chung t6i sir dung tap dir liéu dugc xay dung béi Ying Xiong va cong su. Chiing t6i tién hanh chay thuat todn dé xuat
va thuat toan cua Qingxiong Yanga va cong su dé dugc mot anh phép tuyén bé mit. Tiép theo ching t6i st dung chinh
anh phép tuyén bé mat két qua lam dau vao cho viéc render lai anh chiéu sang v6i nguon sang 1a dir liéu dau vao cua
thuat toan xdy dung phap tuyén, dbi sanh anh két qua thu duogc tir qua trinh render v6i anh dau vao cua thuat toan
tuong Gmg thé hién ¢ bang dudi day.

Bang 2. Mot s6 két qua thir nghiém trén tap co so dit lidu Ying Xiong va cong su

Tap anh ban diu S6 Anh ban d6 phap tuyén Anh sau render lai Sai 6 k§ Sai s0
P lwong (ky thuit de xuat) (ky thujt de xuat) thuit deé xuat Qingxiong

0.080 0.103
0.075 0.0962
0.093 0.0984

Nhin chung trén tdp dir liéu cia Ying Xiong két qua thyc hién ciia thuat toan déu tot hon so véi két qua cia
Qingxiong [22]. Tuy nhién ky thuét dé xuat ciing c6 mot nhuge diém twong ty nhu nhuge diém cua cac thudt toan lap
t6i wru khac d6 1a toc do thyc hién trong d6i cham trung binh khoang 5.376 phut trén tap dir liu méu nhung van dé nay
hoan toan cé thé chap nhan dugc vi viée tinh ban d6 phap tuyén khong yéu cau thoi gian thye. Cling c6 thé tang toc
dang ké cho thuat toan nay néu trién khai trén nén tang GPU day ciing 14 cong viéc du dinh tiép theo clia nhém tac gia.

V. KET LUAN

Udc luong phap tuyén bé mit 1a mot bai toan quan trong, c6 nhiéu tng dung trong thuc tai 40, do hoa may
tinh va thi giac may. Trong bao c4o nay chung t6i di dé xuét mot k¥ thuat udc luong phap tuyén bé mit dira trén mo
hinh chiéu sang Blinn-Phong va phwong phép lap t6i uu Gradien-Descent. K¥ thuat dé xudt da dugc cai dat thir nghiém
trén hai tap dir liéu: mot duge sinh ra tir md hinh ba chiéu, mot duogce thu thap tir camera trong cac diéu kién gidi han,
cac két qua trén ca hai tap dir liéu thir nghiém c6 kha nang mg dung t6t cho bai toan ting chat luvong hién thi mé hinh
trong do hoa ba chiéu, xa hon nita c6 kha ning tmg dung tryc tiép trong bai toan nhan dang mat ngudi vi dic diém
phap tuyén 1a bat bién véi anh sang, day ciing 1a hudng tiép theo ctia nghién ctru nay.
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AN ESTIMATED NORMAL MAPTECHNIQUE BASED ON IMAGES

Trinh Xuan Hung, Do Nang Toan, Do Van Thien

ABSTRACT- In this paper, we propose a technique that helpful in building Normal Map from object images which are collected by
static camera with the change of light direction. The proposal technique uses iterative optimization Gradient descent to inverse
solve the Blinn-Phong function with some assumptions. We run the proposal technique with two datasets: one-we collect from 3d
model with different types of lighting, the other is collection images from camera with definite light built by Ying Xiong et al. We get
good result with 2 data sets in acceptable time.



