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VE PHUONG PHAP XAY DUNG
PHAN HE VUNG BAO TU DONG CHO
DOI TUQONG 3D
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Tom tit: Phan hé ving giéi han (Bounding
volume hierarchy - BVH) hay phan h¢ vung bao 1a
mot kién trac dang cay cho mdt tip cac ddi tuong
hinh hoc. Vi¢c lya chon vung bao thuong dugc xac
dinh trén co s¢ phi hop vé6i cac dbi tugng va thuong
theo mo hinh tir trén xudng (top-down), hodc tir dudi
1én (bottom-up) hodc thém vao (add in) cho mdt dang
hop bao cu thé. Dbi véi cac ddi tugng 3D, can giai
quyét cic va cham c6 thé xudt hién giita cac dbi
tuong. Bai bao nay dé cap dén phuong phép xay dung
mdt phan h¢ vung bao (BVH) tu dong mot déi tuong
3D. Phuong phap dé xuit dua trén viéc sir dung nhiéu
dang hop bao khac nhau phu hop véi thuc té hoat
dong cua déi tugng. Ky thuat da dugc thir nghiém va
t6 ra hidu qua ddi voi cac mo hinh dbi tugng 3D dwoc
xay dung theo phuong phép lién tuc.

Tir khéa: Phan hé vung bao, nhiéu dang hop bao,
nhan dang va cham.

. MO DAU

Trong thé gi6i d6 hoa, viéc xdy dung cac phan hé
Vung bao (Bounding volume hlerarchy BVH) la rat
can thiét, nhim nhén dang va cham glua cac ddi tuong
khéc nhau dé c¢6 thé biéu dién cac hiéu ung ciia chung
[1,2,3]. Mot phén h¢ Vung bao (BVH) 1a phan h¢ pho
bién dung d€ don gian hoa viéc biéu dién cac dbi
tuong bang cach sir dung céc thanh phan ciia cac hinh
hoc bao quanh ddi tuong. Phan hé cho phép dong goi
cac dbi tugng phitrc tap bang cac vung bao don gian.
Do d6, cac phan hé nay rat c6 ich trong vi¢c phat hién
va cham ciia cac d6i twong [2,3].

Phan hé vung bao dong vai tro quan trong trong
vige bleu dién cac vat thé, cho phép giai quyét nhiéu
vén dé trong ly thuyét va tmg dung ctia nhin dang va
cham, do tia [3, 4, 5, 6]. Céc ky thudt nay cho phép
giai cac bai toan trong nhiéu linh vyc nhu robotic, do
hoa may tinh, d6 hoa dong, tro choi dién tu, thyc tai
40, mo phong va biéu dién c6 kha ning twong tac.

Céc phén h¢ vung bao BVH da dugc dé xut va ap
dung t6i nay 1a mét cach tlep can thanh cong nhat
trong cac hé thong biéu didn dd hoa hién hanh [7].
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Thoi gian tinh toan cho cac hé thong nay thé hién do
uu viét ciia cac phan hé BVH [5, §].

Theo [2], cac phan hé ving bao pho bién nhét
gom Phéan hé ving bao hinh khdi ciu (Sphere), phan
h¢ vung bao ¢6 dinh huéng OBB (Oriented Bounding
Box) hay hinh hdp chit nhat, phan hé khoi 1ap phuong
AABB (Axis-Aligned Bounding Box) va phan h¢
vung bao k-DOP (Discrete Oriented Polytopes) [2].

Phan hé ving bao khdi ciu (Sphere) [9] va khoi
lép phuong (AABB) [7] tao ra phép thir chong lan don
gian nhét. Trong khi do, phan h¢ Vung bao khoi chir
nhat (OBB) [7] va khéi da dién roi rac c6 huéng (k-
DOP) [5, 9] cho biéu dién khit nhat.

Trong [10], Beckmann va cac tac gid da dua ra giai
thuat cho cay AABB. Palmer va cac tac gia trong [11],
Hubbard va cac tac gla trong 19 ] dé dua ra g1a1 thuat
cho cay khdi cau dé giai quyet van dé don gian hoa.
Trong khi d6, Gottschalk va céc tac gia trong [4, 5] da
dua ra giai thuat cho khdi OBB. Klosowski va céc tac
gia trong [12 13] da duara glal thuat cho khéi da dién
k-DOP de¢ giai quyet van dé vé do khit cia hop bao.
Van den Bergen va céc tac gia trong [14] da dua ra
mot phuong thirc don gian dé phan tach cac hop chir
nhat OBB duoc biét dén voi tén SAT lite. Gidi thuat
nay chi sir dung 6 trong s6 15 hé truc toa dd so giai
thuat gdc, do d6 giam duogc thoi gian tinh toan.

Tuy nhién, viéc xay dung mét phan hé vung bao
van c6 van dé nan gidi v€ khd ning giam thiéu tinh
toan trong khi van phai bao dam dugc d§ chinh xac
khi biéu dién [2]. Céc phén h¢ vang bao thuong la mot
cay trong dé cac dbi tuong hoan chinh dugc thé hién
chdt ché va phu hop véi moi cap dd cua phan hé¢.
Ngoai ra, mdi viing bao c6 yéu cau cy thé vé thoi gian
tinh todn va do chinh xac. Chang han, phan hé vung
bao khéi cu la bat bién i véi phep quay va dich
chuyén, do vy ciu triic clia n6 va viéc ki€ém tra sai
léch don gian hon nhiéu so v6i phan hé khéc, vi du cac
phan hé¢ OBB. Tuy nhién, d¢ khit ciia ving bao khdi
cau lai kém hon so v6i cac phan hé vung bao OBB [1,
2,6].

Trong bai bao nay, tac gia s€ tap trung vao hai loai
phan hé vung bao pho bién va xem xét van dé xdy
dung mét phén hé vang bao ty dong cho cac dbi tuong
3D nhim tbi wu ca vé mat do khit cua hé bao va do
don gian cua phép thu chdng lan.
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Van dé xdy dung phan hé Vung bao (BVH) cho
modt ddi tugng 3D dya trén viéc s dung nhiu dang
hop bao dwoc dé cap o1 voi hai myc tiéu: g1am thoi
gian tinh toan nhung van dat dugc do chinh xac.

Céu tric phan con lai cta bai bao nhu sau. Phan II
ctia bai trinh bay vé nguyén tic phan hé vung bao
(BVH). Phan I trinh bay veé k¥ thut xay dung h¢ bao
ty dong voi nhiéu dang hop bao. Phin IV dua ra mot
sO két qua thir nghiém. Phan V 1a két luan ctia bai.

Il. PHAN HE VUNG BAO

A. Cac phan hé viing bao co ban
Vi du vé céac phéan h¢ vung bao co ban dugc trinh

bay trén hinh 1.

K-DOPs

AABB

Snphere 0OBB
Hinh 1. Cac phan hé vung bao (BVH) co ban

Phan h¢ vung bao Sphere dya trén viéc dat mot
khdi da dién 16i trong mdt hinh cau. Hinh ciu bén
ngoai cho phep lién két khoi da dién, dugc sir dung dé
nhanh chong xac dinh tinh khong giao nhau (va cham)
gifta cac doi tugng (cac khdi da dién). Hinh cau bén
trong dugc s dung dé xac dinh giao diém gitra cac da
dién. Uu diém cta Vung bao hinh cu la hi€u qué trong
vi€e tinh toan cac giao dlem va céc khoang cach. Mac
di cac mat cau 1a bit bién dbi véi phép quay hay dich
chl,lyen song ching khong that sy phu hop cho cac
khoi da dién kéo theo chiu dai [2].

Phan h¢ vung bao OBB st dung dinh hudng da
dién va mot hinh chir nhat duoc tinh toan dé bao dbi
tuong. Uu diém cua phén h¢ nay la sy bét bién d01 voi
phép quay va dich chuyén. Ta c6 thé di chuyén hoic
xoay ddi tugng va ca vung bao nd cling nhau. Tuy
nhién, tinh toan vé do va cham kho khan hon so véi
cac phan hé khac. Mic du vay, mot s6 nghién ciru da
chi ra, OBB tiém can nhanh hon so véi cac phan hé
khac [4, 5, 8].

AABB 1a m6t hinh chir nhat duoc sip xép theo
truc bao quanh kh01 da dién. Uu diém ciia AABB la:
1) dé dang tim thay mot hinh chit nhat phu hop, 2)
AABB la bat bién d6i v6i phép dich chuyén, 3) AABB
cho phép thu don gian. Tuy nhién, AABB khong bét
bién dbi véi phep quay, do do, nhiing thay 601 theo
huéng cua cac doi tuong doi hdi phai thay dbi trong
phan h¢ ving bao chir nhat. Nhiéu nghién ctru da tim
cach lai ghép gura OBB va AABB nhiam han ché cac
nhuoc diém ciia AABB.

Phan h¢ k-DOP la mot dang AABB téng quat. k-
DOP 1a mét da giac 101 chira d6i tuong, duoc xay dung
bang cach 1dy mot sb k cua cac mit phang dinh hudéng
thich hgp & v6 cyc va dua n6 lai gan doi tugng cho
dén khi ching va cham nhau. Cac DOP phd bién nhit
dugc tinh bang 6 mit phing thang hang truc (hop giGi
han huéng truc), 10 mat phang thang hang tryc (hop
gioi han vat trén cac canh thang dung), 18 mit phing
thang hang truc (vat trén tit ca cac canh) hodc 26 truc-
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cac mit phing thing hang (vat trén tit ca cic canh va
goce) [2].

Hinh 2 13 vi du vé mot vung bao st dung hinh chit
nhat AABB va Hinh 3 biéu thi phan hé vung bao
tuong tng st dung hinh chir nhat.

Hinh 2. Ving bao st dung hinh chi¥ nhat

Hinh 3. Phén hé ving bao st dung hinh chi¥ nhat

Theo [4], thoi gian tinh toan cho cac phan hé vung
bao duogc theo cong thuc sau:

T=NvxCv+NpxCp
Trong do:
- T 1a tong thoi gian tinh toan.

- Nv la s6 cac phép thir ciia mot cip hé bao chdng
lan.

- Cv la thoi gian cua phép thur cho mot cap cac hé
bao.

- Np la sé céac phép thr cia mot cap hinh co ban
chong lan.

- Cp la thoi gian ctia phép thu cho mot cdp cac
hinh co ban.

Diéu nay chung to mot phan h¢ vung bao hoat
dong duya trén hai yéu t: do khit ctia hé bao so voi (101
tuong (Nv, Np) va do don gian cia phép thu chong lin
trén mot cap hé bao (Cv).

B. Hop bao

Déi voi cac dbi tugng 3D, viée giai quyét cac bai
toan nhu nhan dang va cham, do tia, ... can phdi xem
xet dén bé mit cung nhu phan thé thh bén trong cua
aéi tuong. Viéc nay tré nén phuc tap va rat ton tai
nguyén néu d6i tugng xem xét ¢6 hinh dang phtic tap.

Dé phan tich cic tac dong 1én cac dbi twong nay,
hop bao dugc str dung. Thay vi viée can phai xem x¢ét
toan bo ddi tuong, hdp bao cho phép viéc chi can tinh
toan dya trén cc hinh hinh hoc don glan Déi véi cac
bai toan khong yéu cau do chinh xac qua cao, viéc
xem xét gigi han & phén tich bé mat (3D) hodc dudng
bao (2D) ctia hop bao.
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Tuy nhién, dé bao dam d6 don gian tinh toan, cac
bai toan sir dung hop bao thuong dua ra cac gia thiét
sau day:

- Céc phép tinh chi ding lai & mirc gn diing.

- Tinh chinh xac cua cac phép tinh sé dya trén do
khit ciia duong bao.

Phép tinh chi dung & mirc gan dung do réat kho xac
dinh dugc d9 va cham glua cac dbi tugng. Hinh 4 b1eu
thi cac hop bao khong c6 va cham (khong cé chdng
lan hop bao) Hinh 5 biéu thi cac hop bao c6 va cham
(nghia la co chong 14n hop bao).

Hinh 4. Khéng c6 va cham (khéng cé chéng Ian hdp

bao)

Hinh 5. C6 va cham (c6 chéng I4n hdp bao)

Cac dang hop bao thuong duoc st dung dé xay
dung phan hé ving bao cho doi tuong, bao gom:

« Hop bao khdi cau: Sphere

« Hop bao khdi lap phuong: AABB

« Hop bao khdi chit nhét c¢6 huéng: OBB

* Hop bao khéi da dién roi rac c6 huéng: k-DOP
« Hop bao khdi 16i: convex hull

Hinh 6 biéu dién c4c dang hop bao co ban dé xay
dung phan hé ving bao cho doi tuong.

Hinh 6. Cac dang hdp bao
Hép bao khdi ciu (Sphere):

Hop bao kh01 cau dugc b1eu d1en boi tam (c) va
ban kinh khéi cau (r). Hai khdi ciu khong chong lan
1én nhau khi:

(€1 —€).(C; — €)= (ry —1y)?
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Hop bao khéi lap phwong (AABB):

Hop bao khéi lap phuorng AABB duoc biéu dién
boi tm hop (c) va tham s chiéu dai cac canh (rx, ry,
17)

Hai khéi hop lap phuong khong chdng l4n lén
nhau khi (xét trong mién khong gian 2D):

[tes - en)(g)] > 71 + 73
[cr-enDl>r + 7

Hinh 7 mo ta va cham (c6 chdng 1an) giita hai khoi
hop lap phuong AABB.

ty

.
T
Hinh 7. Va cham giita hai hép bao khéi lép phuong

AABB

Hop bao khéi da dién roi rac ¢é6 huéng (k-DOP):

Hop bao khdi da dién roi rac ¢6 hudng k-DOP
dugc xac dinh boi hai tham so k/2 trung binh; k/2
khoang cach 16n nhit - nho nhét.

Nhu vy 1 néu trong mién khong gian 2D, ¢6 thé coi
hop bao khoi lap phuong AABB la 4- DOP Trong
mién khong gian 3D c6 thé coi hop bao khdi lap
phuong AABB la 6-DOP.

y

m iﬂ.?
max
ming T
mazs

Hinh 8. Biéu dién hai khéi OBB
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Hai c@p hop da dién s€ khong chéng l4n 1én nhau
khi (xét trong mién khong gian 2D):

Jdirection : max, < min, Vmin, <max,

Hép bao khéi chir nhat c6 hwéng (OBB):

Hop bao khdi chit nhat c6 huéng OBB gidng nhu
khoi hop lap phuong AABB nhung c6 kha nang xoay.

Bai toan x4ac dinh khong chong lan déi véi khoi
hop OBB dugc cu thé hoa nhu sau:
o Trong mién khong gian 2D:
OBB dugc biéu dién boi cac tham s (xem Hinh 9):

- Al, A2, B1, B2: biéu dién phép tuyén vuéng goc
cua hai doi tuong A va B.

- al, a2, bl, b2 biéu thi s do cac canh cta hai hop
bao.

- L 1a phap tuyén chi huéng.

- T 1a khoang cach giita cac hop bao A va B
- pA=alAlIL +a2A2L
- pPB=DbIBIL +b2B2L

bl Bl __,,..—4\

1 \

T-L

Hinh 9. Xéc dinh va cham gitia hai kh6i OBB

A va B khong chong 14n nhau khi:
JL:T.L > pA +pB

Dé xét hai d6i tugng 10i ¢6 chdng 1an 1én nhau hay
khong, mC)} truc toa dgf) phan tach vsé duoc xac dinl}
gitra hai doi tugng. DOi voi cdc doi tugng nay mot so
cac truc can xem xét nhu sau:

- Truc song song v4i mat trung binh cua A
- Truc song song v6i mat trung binh cua B

- Truc song song v&i mét cat tai cac goc cua cac
hop bao AvaB

*  Trong mién khéong gian 3D:

bé xé}c dinh chéng lén, cac truc cAn xem xét gém
15 tryc dé xac dinh dugc truc toa d§ phan tach.
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separating
axis

Hinh 10. X4c dinh va cham gitka hai khéi da dién

C. Xac dinh phdan hé ving bao (BVH)

Phan h¢ vung bao (BVH) 1a mot cAu trac dix lié}l
dang cay dugc xay dung trén co so phan tich cac doi
tugng dugc xem xét dya trén co s& cac hop bao hinh
hoc. Tai cac 14 cua phan hé 1a cac dang hinh hoc co
ban.

Hinh 11 mé td& mdt phan hé vung bao dugc xay
dung béi cac hop bao.

Hinh 11. Xay dwng phén hé vung bao ttr cac hop bao

Phén h¢ ving bao c6 cac dac diem sau:

- Cac nut trong mot nhanh phai gér} nhau hon so
v6i cac nit khac. Cang xubng thap thi cac nat
cang phai gan nhau hon.

- M&i nat trong BVH can ¢6 thé tich nho nhat

- Tong cia cac khdi bao can phai t6i gian

- Céc nut cang gan géc thi cang quan trong. Viéc
loai b6 mot nut gan goc s€ anh hudng 16n hon
nhi€u lan so vai cac nit 6 xa.

- Thé tich tring nhau ciia cic nut ddng cap phai tbi
gian.

- D9 khit: Do khit c6 thé tinh toan qua thé tich, cy
thé theo cong thirc sau [2]:

volume (B)

T =
E:eﬂm waluma ()

Trong do:
- C(B) 1a tap cac nhanh con tai nat B
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- volume(B) 1 thé tich cua hé bao tai B
- t1a d6 khit

Gia tri cua hé bao duogc tinh dua trén cac tham )
sau day [2]:

cost{H) = N {("{n) - rolume(n))
oy

Trong do:
- H 1a hé bao
- C(n) la tap cac nhanh con tai nit n

- cost la gia tri h¢ bao

Dé xac dinh mot phan hé vung bao, ta xem xét cac
phuorng thirc thiét 1ap cdy va cac phuong thirc kiém tra
cay nhu sau.

1) Phwong thirc thiét lip cdy:

- Tir trén xudng: Chia dau vao thanh hai (hodc
nhleu) nhénh, bao chung lai , sau d6 tiép tuc chia
nho cac nhanh dén khi moi nhanh chi chtra mét
hinh co ban. Phuong phép nay cho phép tao ra
cay don gian nhung khong dugc ung dung nhiéu
trong thyc té.

- Tir duéi 1én: Bét dau voi cdc hinh co ban tai cac
nhénh, sau d6 cong gop dan dé xay dung thanh
dbi twong ban dau. Phuorng phap nay kho thuc
hién nhung nhin chung c6 thé tap hop thanh cay
t6t hon.

- Thém vao: Hai phuong phap trén st dung tat ca
cac hinh co ban truéc khi to hop thanh cay
Phuong phap thém vao cho phép khong can st
dung tat ca cac hinh co ban. Cay ban dau dugc
xay du’ng la mot cay rong va duoc xdy dyung dan
bang viéc xac dinh cdy nho nhit.

2) Phuong thirc kiém tra doi véi ciy:

- Neu hop bao trén mot tang nao do cua h¢ bao bi
chdng lan, cac nhanh con cta n6 can duge kiém
tra

- Tai cac 1a, viéc kiém tra thuc hién do1 véi cac
hinh hinh hoc co ban

- Loai bo cac phﬁn déi tuong khong chiu tac dong

Hinh 12. Anh huéng cta cac va cham téi cac phan ti
cla hé bao
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lll. PHWONG PHAP XAY DUNG PHAN HE
VUNG BAO T DONG VO'I NHIEU DANG
HOP BAO

A. Gid thiét cho bai toan

Phuong phap xdy dung phén h¢ ving bao dugc
thyc hién trén co so cac gia thiét sau day:

- Chi thyc hién trén hai vt thé rn. Tinh uu viét
cua k¥ thuét duoc thé hién qua viéc cho hai vét
thé ran gidng hét nhau va cham v&i nhau. Thoi
gian tinh toan va cham 1a tiéu chi dé xem xét.

- Viéc biéu dién hé bao ddi tugng véi nhiéu dang
h(f)~p bao s€ gidi han (f)r hai dang hop bao thudc vé
moi phuong hudng t6i uu.

- Mot phan h¢ vung bao vdi hai dang hdp bao
duogc Iya chon, trong d6 mdi nut hop bao thudc
hudng khit s€ dugc tang cudng bdi mot hop bao
c6 hudng don gian.

- Phép thtr v6i hop bao huong don gian s& duoc
thuc hién trude dé loai trir cac ddi tuong & xa

B. Xdy dung phdn hé bao tw dong

Vigc xay dung ty dong hé bao c6 thé duoc coi 1a tu
dong xay dung cau truc dir li€u hinh cdy mo ta hé bao
[15].

Phuong thirc chung dé xay dung mot hé bao c6 thé
dugc miéu ta nhu sau: hé¢ bao dugc xay dung trén co
s6 mot cay dir liéu cac hop bao. Trong d6 cac hop bao
la cac hinh don glan dugc sip xép khit quanh nhau,
bao phu do6i tuong can xem xét. Cac hop nay duge aé
cap dén ¢ phan 1.

Hinh 13 m6 ta mot vi du vé mdt phan h¢ viung bao

st dung cac hgp bao OBB.
OBE
level 1
LA
Object
0OBBs
level n

Y Al
B

Hinh 13. Vi du vé mét phan hé viing bao st dung céc
hép bao OBB

C. Cac gidi thuqt hé tro xay dung phan hé bao tw
dong
Mot sé giai thuat c6 thé sir dung dé xay dung hé
bao tu dong nhu sau [16, 17, 18].
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Hinh 14. Gigi thuat thém dén
1) Gidi thugt thém din

Giai thuat duge dua ra boi Goldsmith [16]. Giai
thuat dwoc thiét 1ap dya trén viéc tinh toan gid tri nho
nhét ctia cdy khi thém céc hinh co ban vao trong hé.

Khi mdt hinh co ban p dugc thém vao trong mot
phéan hé dugc phan chia (xem Hinh 14), giai thuat s¢
st dung 3 ludt nhu sau:

- p ¢6 thé 1a nhanh con ctia mot nhém g

- p c6 thé két hop véi mot hinh co ban p' nhom g,
g' s€ 1a mot nhanh con cua g

-pco thé duoc thém vao mdt nhom g' thude nhom
déquyctag

Phuong phép néu trén c6 thé duoc su dung dé tao
mot h¢ bao xap xi tuy nhién né c6 mot s6 han ché. Hé
dugc tao ra dya trén yéu cau thém vao cua cac nat. Va
yeu ciu nay la khong mong muén do phai dya trén
cam quan cua ngudi xay dung hé bao.

Trong mot sO truong horp gia tri cua cay sé khong
t6i wu va moi nhoém moi chi chira hai hinh co ban.
Diéu nay dugc cai thién hon trong thuat todn dugc dua
ra boi Haber [17] stir dung hai cach tiép can nhu sau:

- Thém lai thanh cong: Loai bo nhiing nit khong
t6t va thém lai chung vao hé bao

- Gioi han cac nhom xau: Tim cac nhom khong tot
va c¢b géng chia chung ra.

2) Gidi thudt chia nho

Thuat toan nay dugc xay dung bdi Muller [18].
Thuét toan chia nho mot tap hgp cac hinh co ban mot
cach d¢ quy thanh hai tap con khong trung phan tir.
Qué trinh nay dugc dimg lai khi dat dén mot mirc
ngudng.

Thuat toan thuc hién theo cac budc nhu sau:

- Cay phan h¢ vung bao dugc xay dung bdi viée
sdp x€p cac h‘;nh co ban theo cac truc toa do
chinh va lay moc la tam cua céc hinh co ban.

- Sau d6 chure nang lya chon gia tri nho nhét cua
cay hoat dong trén viéc xem xét tat ca cac diém
phan chia c6 thé.

- Thuat toan s€ tlep tuc chia dén khi cac cay chua
toan cac hinh co ban tai cac la.

Giai thuat nay ciling duoc Gottschalk [4,5] st dung
cho phan hé¢ vung bao st dung cac hdp bao OBB.
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Trong do, viéc chia nho s& tién hanh doc theo truc dai
nhét, sir dung cac diém trung tam.
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Hinh 15. Giai thuat chia nhé

Hinh 15 md ta giai thudt chia nhd, trong doé cay
dugc xdy dung bang cach phan chia dgc theo mot
trong ba truc tai cac diém co gia tri nho nhat.

Diém han ché duy nhat cua giai thuat nay la chi
xay du’ng duoc cac phan hé vung bao nhi phén. Tuy
nhién co the khéc phuc bang cach chia nhiéu lan tai
ciing mdi cap. Po can bang cua cdy phu thudc va chuc
nang gia tri dugc st dung.

3) Gidi thudt két hop

Giai thudt duoc xay dung boi Erleben [19, 20] va
¢6 thé thay duogc ap dung trong OpenTissue [21]. Cac
budce cta gidi thuat nhu sau:

- Gidi thudt nay bét dau véi viée xay dung, clu trac
dd thi dit lidu, trong d6 mdi nut thude dd thi lién
quan dén cac hinh co ban va cac dinh c6 quan hé
lan can.

- Mot dinh trong do thi nghla la hai nuat trong h¢
bao c6 thé két hop t6t voi nhau.

- Céc dinh dugc xac dinh bang mot chirc ning
phong doan trong d6 phong dai hop bao co ban
va ghi nhén va cham.

- Mét va cham c6 nghla 12 mot dinh gilra hai dd thi
nut vira va cham can dugc thém vao do thi.

- Qua trinh tgén‘duqc lap di 1ap lai cho dén khi mot
nut duy nhat ton tai.

Hinh 16. Mét dinh sup dé thanh mét nut
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Hinh 16 mo ta giai thuat két hop, trong d6 mot
dinh sup d6 thanh mot nit.

Sau khi mot dinh sup d6 trong db thi, cac nut thudce
phén h¢ vung bao duoc két hop thanh mot nhom méi
khi mot trong hai diéu kién sau thoa min:

- D) thi nit bao phu lugng 16n hon mét nhanh ¢
dinh.

- C¢ it dinh hon trong mot 6 thi so véi mot nhanh
cb dinh.

D. Phwong phap lya chon hop bao phu hop

Nhu da trinh bay ¢ trén, viéc xay dung phan hé
vung bao doi tugng c6 thé thong qua cac phuong phéap
chinh 1a: sir dung h¢ bao cau (Sphere); hé¢ bao hop chir
nhat (AABB); h¢ bao hgp chit nhat c6 hudong (OBB);
va hé bao da dién c6 hudng roi rac (k-DOP).

Dé tan dung loi thé cua hai dang hop bao: tinh don
gian cua cac hop bao AABB va Sphere; tinh chinh xéac
ctia cac hop bao OBB va k-DOP, ta co thé xay dung
mot cay phan hé Vung bao dugc xay dung bang nhiéu
dang hop bao trén moi nut. Trong do, tai moi nit s€ co
mdt hdp bao dang don gidn va mot hop bao dang
chinh xac.

Trong bai bdo nay, ta lya chon sir dung hai dang
hop bao la AABB va OBB dé xay dung cay phan h¢
ving bao cho déi tugng 3D.

Céu trac cdy vé co ban dugc xdy dung dua trén
chu trac cdy OBB da dugc dwa ra béi Gottschalk [4,
5]

Véi mbi nit trén cdy OBB dugc xdy dung, chu trac
hai hop bao s€& duoc xay dung bao gom thém mot hop
bao AABB bao céc thanh t6 cua mét phing tai nut do.

Ta c6 thé sir dung hai phuong thirc dé xay dung
hép bao AABB trong truong hop nay.

- Phuong thic thtr nhét s& tim ra hop bao AABB
nho nhat cho dbi twong. Phuong thirc thir hai s&
dat tam cua hop AABB trung v6i tAm cua hop
OBB.

- Phuong thtrc thir hai s& cho gidi thuat don gian
hon va viéc tinh toan s€ nhanh hon. Trong khi d6
phuong an thtr nhét s& cho hop bao AABB khit
hon dbi véi (?101 tuong. Theo mot s6 thyc ngh1em
viéc chon khéi hop AABB khit s& cho két qua
ctia cac phép thir tot hon.

Hinh 17. Str dung hai hép bao khéng chdng lan
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Hinh 18. Str dung hai hép bao c6 chéng lan

Viéc kiém tra khi phan tach nit dbi véi cdy phan
hé vung bao st dung hai dang hdp bao sé duoc thuc
hién nhu sau:

- H¢ hop bao AABB sé€ duoc kiém tra trudc, néu
chung can phai chia nho thi phan hé ving bao
chung sé chia nho.

- Néu h¢ hop bao AABB bj chong lan, khi d6 hop
bao OBB s€ dugc xem xét ticp.

Nhimng vu diém cua phuong phap xay dung hop
bao da néu trén bao gom:

- Tang cuong d§ khit cua hop bao so voi cac
phuong phap AABB don I¢. D1eu nay dat dugc
do d6 khit caa hop OBB tét hon so véi hop
AABB

- Giam d¢ phtic tap ctia phép thu so voi phuong
phap su dung hop OBB. Do chi phdi thyc hi¢én
phép thur voi hé hop AABB ftrudc, néu xay ra
chong, lan thi mé&i can xét tiép dén hé hop OBB
nén s6 luong tinh todn cua phuong phap kép sé&
giam thiéu.

E. Nhan xét

Phuong phép x@y dyng phén h¢ vung bao (BVH)
tw dong cho céac dbi twong 3D néu trén c6 nhitng wu
diém va nhugc diém chinh nhu sau:

- Uu diém chinh ctia phuong phap nay 1a viéc
kh()ng lam giam d¢ chinh xac cua cac phép thu
do str dung h¢ bao dam béo chinh xac (OBB) lam
co sd. Mot uu diém khac 1a ¢6 kha ning ting toc
tinh toan do st dung hé bao dam bdo tinh don
gian (AABB) dé tinh toan trudc, khi va cham xay
ra tai nhanh nao thi méi khoanh ving dé tinh
chinh xac.

- Han ché cua phuong phéap nay 1a thoi gian xay
dyng phan h¢ ving bao sé& ting 1én nhiéu so voi
phuong phép st dung phén hé ving bao st dung
mot dang hop bao. Ngoai ra do ¢6 hai dang hop
bao trén mot vat thé nén kich thudc cua doi
tuong dugc xem xét ciing s€ tang 1én.

F. Thudt toan xdy dung phdn hé bao

Céc bude xay dyng thuat toan co thé dwoc mo ta
tom tit nhu sau:
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VE PHUONG PHAP XAY DUNG PHAN HE VUNG BAO TU PONG CHO BOI TUONG 3D

- Budc 1: Xay dung cay dit licu phan h¢ ving bao
theo phuong phéap xay dung phan h¢ ving bao tu
dong su dung cho dang hdp bao 1la AABB theo
giai thudt ciia Gottschalk nhu da néu trén.

- Budc 2: Tai mdi nat trén ciy phan hé ving bao
da xay dung, thuc hién tai tao mot cdy méi co
cu triic cay gidng cay cii. Dang hop bao dugc st
dung s& duoc thay thé bing OBB.

- Budce 3: Xay dung gidi thuat va tinh toan dua
trén co so vi€c phat hién cac va cham xay ra voi
phén hé vung bao.

- Néu khong xay ra va cham: Phén h¢ vung bao
cho dbi tugng s& 1a phan hé ving bao sir dung
dang hop bao 1a AABB.

- Néu xdy ra va cham tai mdt n}'lt nao do thudc hé
bao: Phan h¢ vung bao cho doi tuong sé€ la phan
hé ving bao stir dung dang hop bao la OBB.

IV. KET QUA THU NGHIEM

Trong phan nay, bai bio tom tat mot so két qua
tinh toan véi cac mau thir. Viéc tinh toan thoi gian xur
ly dugc ap dung cho cac dang bé mat khac nhau, véi
céc cau hinh khac nhau.

Mau thir duge ding trong thir nghiém 13 hinh khéi
tuong Phat Di lac. MaAu thtr hé bao duoc thé hién dudi
dang hé ludi bao g@)m 15.536 tam giac. Va cham xay
ra voi hai ddi tuong gidng nhau s& co 229,824 cach
cu hinh vi tri va huéng mau thir.

Bang 1 biéu thi cac miu thir st dung 6 dang
khoang céach khac nhau: 0%, 1%, 2%, 3%, 4% va 5%
cho kich thuéc mau thir dua vao. Mdi khoing cach
duogc xac dinh boi ban kinh cua hdp bao. Cach cAu
hinh vj tri va huéng mau thir dugc dua ra béi Trenkel
[22].

Béng 1. So sanh thoi gian tinh toén véi cac méu tho

RAPID DUAL
0% 272540 | 20.6053
1% 14.0696 | 10.1924
Mau thir 2% 8.6457 5.8939
3% 6.2860 4.0741
4% 4.9193 3.0381
5% 4.0032 23816

Giai thuat RAPID la giai thuat cho phép nhan dang
va cham trén co sé st dung cac hdp bao OBB. Giai
thuat nay xay dung trén co so st dung giai thuat OBB
tur trang web:

http://www.cs.unc.edu/~geom/OBB/OBBT .html
Trén co so thay doi ma ngudn mo cia giai thudt nay
chung t6i da xay dung gidi thuat cho viéc nhan dang
va cham str dung hai dang hop bao.

Két qua vé thoi gian tinh toan trong Bang 1 cho
théy: viéc su dung hai hop bao véi giai thuat DUAL
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cho thoi gian nho hon so véi gidi thuat chi su dung
mdt hdp bao RAPID.

V. KET LUAN

Viéc xdy dung cac phan hé ving bao (Bounding
volume hierarchy - BVH) 1a van dé can giai quyét
nham dat dugc hidu qua vé tinh don gian, tinh chinh
xac va thoi gian tinh toan ngan.

Phuong phap xdy dung h¢ bao BVH tu dong cho
mot dbi trgng 3D dugc dé xuat trong bai thé hién
nhiéu vu diém. Phuong phap nay dugc xay dung trén
o s sir dung nhiéu dang hop bao khac nhau phu hop
v6i thyc t& hoat dong cua dbi tuong. Uu diém cia
phuong phap da d& xuét 1a cho két qua thoi gian tinh
toan ngén hon so véi phuong phap sit dung mot hop
bao nhu da mo ta trong [4,5]. Cac két qua thir nghiém
v6i hai dang hop bao va to ra hidu qua dbi véi cac md
hinh d6i twong 3D dugc xdy dung theo phuong phap
st dung mot hop bao.
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ON THE METHOD FOR BUILDING A
BOUNDING VOLUME HIERARCHY
AUTOMATICALLY FOR 3-D OBJECTS

Abstract: Bounding Volume Hierarchy (BVH) is a
tree-like structure for a set of geometric objects. The
selection of bounding areas is usually defined on the
basis of matching objects and often follows the top-
down or bottom-up models or the add-in models for
specific bounding boxes. For 3D objects, collisions
may occur between objects. This paper discusses how
to build a Bounding Volume Hierarchy (BVH)
automatically for 3D objects. The proposed method is
based on the use of many different types of bounding
boxes suitable for the actual operation of the objects.
The method has been tested and proved effective for
3D object models built on a continuous manner.

Keywword: Bounding Volume Hierarchy, multiple
bounding boxes, collision detection.
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