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MOT LY THUYET MO PHONG HINH HQC CAC POI TUQONG
TRONG KHONG GIAN TREN CO SO NOQI SUY
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TOM TAT

Bai bao phan tich va trinh bay vng dung cua ndi suy ham co so xuyén tam (radial basic
funtion (RBF)), lam co sé Iy thuyét chuyén déi sang ham tron ciia co sé truc giao (blending
functions of orthogonal basis (BFOB)). Tir d6 dé xudt ly thuyét todn hoc mé phéng céc doi
twong trong khéng gian, bao gom cdc budc sau: dp dung RBF xdy dung cdc mé hinh bé mat
trén tdp hop cdc diém quy chiéu cho trude; thay thé tap hop diém quy chiéu cho truéc bing
tdp hop diém quy chiéu mdi; phan bé déu cdc diém trén bé mat; xdy dung mé hinh todn hoc
ciia bé mat trén co sé BFOB; dp dung phuong phdp sai phdn hitu han trong qud trinh tinh
toa dé cdc diém trung gian.

Tt khoa: Ngi suy, ham tron, co SO xuyén tdm, co so truc giao, sai phan hiru han.
ABSTRACT

The article presents and analyzes applications of radial basis function (RBF), the theory
of the transition to blending functions of orthogonal basis (BFOB). Recommended a simulating
mathematical theory of objects of the virtual environment interface, it includes the following steps:
construction of surface patterns according to the set of points of reference given to the application
of RBF, replacement set where the reference point given by the new set of reference points, evenly
distributed over the surface, construction of mathematical models on the basis BFOB surface,
applying finite difference method for computing of the coordinate of intermediate points.

Keywords: interpolation, blending function, radial basis, orthogonal basis, finite-difference.

1. it vin d@ nhiéu truéng hgp con ngudi phai hoat dong

Céic he théing xit 1y va bidu thi theng tin 008 rens thil thivi gian thye (real time RT).

. \ o o Ho phai chiu rat nhiéu nhirng ap luc, diéu do
ngay nay thudng c6 d6 phic tap cao. Trong ~ * * e : .

s€ 1am giam hiéu qua cong viéc. Thong thuong

* Nghién ciru sinh, Khoa Tin hoc va H¢ ;héng COF ngu ?1 giao tlé? Vé_ﬂ Céc: AP han;\t& Cﬁa'hé

tinh todn trudng; Pai hoc Tong hop Quéc gia thong thong qua moét giao dién. Dé ting tinh

Penza, thanh pho Penza, Lién Bang Nga hién thyc cho d6i tugng trong giao dién d6 thi

** Gido su - Tién si khoa hoc, Trucng khoa Tin neudi ta neav cine mé réne viée ip dune cac

hoc va H¢ thong tinh toan truong Dai hoc Téng & . e g y g . g. Sp }mg
hop Quéc gia Penza, thianh pho Penza, Lién T8UYCD tac cia thgc té do (Virtual rea'hty VR).
Bang Nga Con nguoi s€ hiéu rd hon céc tinh hudng trong
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hé théng 40 néu céc phan tir cia né da timg
dugc gip trong thé gidi thyc. Khi d6 giao dién
moi trrdng ao (virtual environment interface
VEI) tré thanh mdt moi truong giao tiép hiéu
qua gifta con ngudi v6i cac phéan tir trong hé
théng ma nhimg phin tir nay dugc tao nén béi
cong nghé mo phong va dd hoa may tinh. Tuy
viy qué trinh thiét 14p VEI ta can xét dén tinh
dic trung cta timg bai toan cu thé ciing nhu
céc diic diém cua dbi tugng trong giao dién dé.

2. Phuong phép ndi suy R-PRIMITIVE

Pé mo phong cac dbi tugng trong khong
gian trén dya trén mot tdp hop céac diém quy
chiéu cho trudc ta thuong sir dung phuong
phap ndi suy. Tuy viy dé mé ta dugc chinh xac
dang hinh hoc ciia d6i tugng thi cac phuong
phép ndi suy cb dién nhur Newton, Lagrange
khong con phu hgp. Ngay ca cac phuong phap
ndi suy spline (B-spline, Spline Bezier) cling
¢6 nhimg han ché nhét dinh [1, 3].

So v6i spline thi R-primitive 12 mot
phuong phap don gidn hon. R-primitive dugc
viét duéi dang:

&= erbfnbfﬁ

- (1)
véi i - S thir ty ctia diém quy chiéu;
z,- chiéu cao cia diém quy chiéu thi i;
bf,, bf, - ham tron tai diém quy chiéu
thir ;
N - S6 lugng diém quy chiéu (chiing c6
anh hudng téi viéc xay dung cic phan bé mit.
Toa d6 z cua diém hién tai dugc tinh
bing tong hé s6 cao cia cac diém quy chiéu,
v6i hé s6 cao chinh 1 gié tri ciia ham tron.
Nhimg gia tri nay ti 1€ thuan véi khoang cach
giira cac diém hién tai va diém quy chiéu. Ham
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tron R-primitiva tai diém quy chiéu thit i dugc
viét nhu sau:

'(,_Ix—xf i [x—x, |< 4,
=il 4 ) T
0, lx_xi|2Ax
r _|y_y1‘| " _
bfﬁ*[l 4 J o y=nikd, g
0, |y_yi|2Ay

véi: x, y, - toa 4 diém quy chiéu thér i
trén mit phiang ddi so;

x, y - toa d6 diém hién tai trén mit phing
db sé;

mox, my - hé s6 161 16m ctia bé mit;

A4, A - Kich thuée ving anh huong cia
diém quy chiéu tht i doc theo nira truc toa
(viung 4m va vung duong).

D6 min tai giao cia cac ludi c6 thé ting
1én bang cach mé rong viing anh hudéng cia
céc diém quy chiéu. Trén hinh 1 biéu thi 20
diém quy chiéu trong khong gian dercat tir P,
(= 1,..,20).

r]la 11

R

Hinh 1- Hai ludi R-primitive tir tap hop 20
diém quy chiéu
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Ving anh hudng cua diém quy chiéu
dugc gia dinh 1a hai budc cua ludi toa d9, trén
hinh 1 cac budce cua ludi toa 36 d6 dugce ky
hiéu1a R, R . Hinh chiéu cia hai mit fwéi ké
tiép dugc thé hién bang phan gach chéo (PRI,
PR2). Vé&i hé s6 16i 16m bang 2. Khi d6 d@é tinh
@9 cao ctia diém hién tai dau tién (z,) va thu
hai (z,) cua ludi ta sir dung phuong trinh sau:

& (o lx=nl Y _lr=nl)
Z; ~{Zml:zi {1 2, ) (1 2R J 4)
2 2
N[l [ r=al
zﬂ_;gs:zi (1 2R, ] {I 2R ] (5)

Hinh 2 thé hién mé hinh R-primitive dua
trén co so phuong trinh (4), (5) xdy dung
trén méi truong 3D Grapher. N6 thé hién ré
dg min gitra giao ciia cdc phdn ludi.

!ik-nmmucﬁi?m poR +- 30 Graph

©aiin Mpaexa Bua [padukn  Awnmauus  Cnpassa

Do & <« @ VLE FOFXF T .
BRB® ROEA R . W[

B oy
.ﬂ’l’*’ 'y,
(7

[InA BMBOgA Cnpamat HammiTe F1

Hinh 2 - S két hop cia hai mdt ludi trong
mo hinh R-primitive

Tuy vay trong trudng hop diém hién tai
triing véi mot s6 diém quy chiéu & O=x,y=y)
thi hang tir trong ng s€ nhén gia tri z, cta

diém quy chiéu thir k. Nghia 12 mot s6 hang
tir nhan céc gié tri khac khong, con mét s6 thi
nhéan cac gia tri duoc tinh boi téng cdcz,. Tom
lai chiéu cao tinh dugc cia diém hién tai khong
triing v&i chiéu cao ciia diém quy chiéu. Diéu
d6 dan téi bé mit thu duge khong di qua céc
diém cho trude.

Phwong phap khic phuc:
Chung ta can phai thém vao céc hé sb ti
18 danh riéng cho mdi diém quy chiéu. Khi d6
mo hinh ludi R-primitive c6 dang:
N
z=Y mzbfbf,,

i=1
voi: bf, b]; - gi4 tri ham tron tai diém
quy chiéu thir i doc trén truc toa do;

N - 6 luong diém quy chiéu anh huéng
téi diém hién tai cia luéi.

bit 4, = mz, va dinh nghia 4, nhu 1a hé
s6 4nh hudng ciia diém quy chiéu thit 7, ta thu
dugc phuong trinh:

2= D ABLH, ©)

Phuong trinh nay duge xem tuwong tu nhu
phuong trinh ndi suy trén ham co s& xuyén tam
ma chiing ta s& xem & phan tiép theo.

3. N§i suy ham co s& xuyén tim va co
s& trire giao

Ta thudng sir dung phuong phap ndi suy
trén co s& RBF dé phyc hdi nhimg phan khuyét
ctia bé mit ddi tugng. Phuong trinh ndi suy
tong quat c6 dang:

N
F(x,y,2)= ) A$(r,) =0, (7)
==l

v6i: ¢(r) - gid tri RBF d6i voi diém quy
chiéu thir 7;

A-hé s6 anh hudng cia diém quy chiéu
thir 7.
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Trén co sd (7) tir didu kién mit ndi suy
di qua cac diém quy chiéu ta thanh lap duoc
mdt hé phuong trinh. Dé loai trir nghiém tam
thuong (nghiém 0) ta can thém vao (7) mot
da thirc bac thdp [4]. Nghiém cta hé chinh 14
hé s6 anh hudng A, clia cac diém quy chiéu.
Thay A, vao (7) ta thu dugc phurrong trinh mé
ta dang phén tich ctia bé mit. D& m6 hinh hoa
bé mit tir (7) ta cn tim c4c diém trung gian
chinh 14 céc dinh cia lu6i da gi4ce. Tiép theo
tai mdi dinh d6 ta can tim phép tuyén ti bé
mit dé sir dung trong mé phong 4nh sang téi
d6i tugng. Toa d6 céc dinh va cac vector phap
tuyén s& dugc dua vao qua trinh xir 1y @b hoa
clia may tinh dé mo phong bé mit ddi tugng.

Thuét toan nay khé phu hgp trong mé
phong va xir Iy cac d6i twong dong trong trang
thai RT. D6i v6i bé mit rong thi s6 lugng cac
hang tir trong (7) c6 thé dat dén vai trdm, con
véi cac dang da biét ciia RBF (thin-plate spline,
Gaussian, ...) thi kha phirc tap vi chung con
¢6 chira cd ham mii, ham logarit, ham can,
ham thap phan. Qua trinh tinh toan s& ton rat
nhiéu thoi gian va khong thé thuc hién trong
trang thai RT.

Phwong phap khiac phuc

Ching ta c6 thé sir dung ham trdn trén
co s¢ true giao (BFOB) thay cho RBF trong
mo ta toan hoc cia d6i tugng va quay lai dang
phuong trinh (6). BFOB c6 uu diém 14 gia tri
ctia ham phy thudc vao khoang cach giira diém
hién tai v&i cc diém quy chiéu ctia bé mat va
chung dugc tinh riéng theo toa d cua dbi s6.
Vi du trong khong gian decart chiing dugc tinh
theo toa d x va y nhu & phuong trinh (2), (3).
Néu cac diém quy chiéu 1a cac dinh cta lu6i
toa dg truc giao thi toa d§ cac diém trung gian
dugec tinh chi véi nhitng phép tinh cdng [5]. Vi
du BF &/. dugc tinh theo phwong trinh:

6

ABf, ) = ABS, + A RS, k=0,1,..., (8)

v6i: Abf,, - sai phan hitu han cia ham
bf, béc k tai bude tinh thi j, véi A’Bf, =bf,.

Ap dung BFOB va cong thirc sai phan
hiru han gitp ching ta dua duogc bé mit da
giac vao thang thai RT.

4. Ly thuyét dé xuat cho mé phéng
toan hoc cdc d6i twgng khong gian

Budc 1. Ap dung RBF dé m6 ta bé mit
d6i twong.

Budc ndy s& don gian hon néu ham noi
suy 13 duy nhat. Khi d6 chung ta c6 thé viét
n6 dudi dang trdng minh va tham s6. D& 1am
dugc diéu @6, tap hop cac diém quy chiéu cho
trude duge chuyén vao mot hé toa ¢d phuy thich
hop (Auxiliary coordinate system ACS) bing
céc phép tinh tién va quay hinh hoc [8]. Va
cong thirc ctuia ching c6 dang:

2(x,y) =2 A4(r), 9)
i=1

voi: r, - khodng cach descart giira hinh
chiéu ctia diém quy chiéu thir i téi diém hién tai
trén mit phing d6i s6; 7, =\/(x-x,)* +(y-,)?

M - s6 lugng diém quy chiéu.

Céc hé sb anh hudong 4 (i=1,...,M) duge
x4c dinh tir diéu kién bé mit phai di qua cic
diém quy chiéu d6 (giai hé phuong trinh thu
dugc tir 7).

Bude 2. Thay thé tip hop diém quy chiéu
bé’mg mét tép hgp diém méi.

Ap dung phwong trinh (9) véi cac d6i
s6 (x, y) ta s& tim ra c4c gia tri méi cua z. Toa
do x, y, z thu dugc nhén gia tri toa d6 cia cac
diém quy chiéu méi va s& thiét 1ap mé ta méi
clia bé mit trong ACS.
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Bude 3. Phan bd c6 trat tu cac diém quy
chiéu méi.

c4c diém quy chiéu s& duoc sdp xép c6 trat ty
trong khong gian.

Budc 4. Xay dyng m6 hinh toén hoc trén
co s¢ BFOB.

Theo phuong trinh (6), m6 hinh bé mijt
duoc thiét 18p trén co s¢ BFOB. Dang BFOB
va kich thudc ving dnh hudng ctia chiing dugc
14y trude d6 tir diéu kién sai s ndi suy. Vi du:
thuc nghiém chi ra raing BFBO cho két qua
t6t c6 dang:

1 2
X—X, B
bfﬁ=<l_[ 7 ], |x—x |< 4, (10)
0, |x=x 2 4,
§ 2
Y—Ji
1-| —= |, -y k4
b, = [Ay J RS an
0, Y=y & 4,

Ap dung nhimg BF nay gitip ta dé dang
tinh dugc phap tuyén t&i bé mit. That vay,
trong trudng hop bé mit viét dudi dang tuong
minh thi cac phéap tuyén n, n, n dugc tinh
bang bicu thirc sau:

oz 0z

n=—,n=—,n=-1
ox 7 oy
Khi d6 tir (6) két hop véi (10), (11) ta
thu dugc phuong trinh:

n = ;&Ebfﬁ. n, =Z_]:45fx.@

Trong d6 bao gdm BF (10), (11) va dang

BF khac: —  2(x —x 2y, —
=2 g 2019
A 4]

Nhur vy, m ta bé miit va cac phap tuyén
clia n6 ¢6 cau tric dong nhat.

Bude 5. Van dung sai phan hitu han vao
m6 hinh bé mit d6i twong.

DAu tién chiing ta tinh cac gi4 tri sai phan
hiru han ban d4u trong mé hinh bé mét va phap
tuyén ciia ching. Sau d6 trong trang thai RT
theo cong thirc (8) ta tinh dugc toa do diém
trung gian ciia bé mit va phap tuyén bé mit
tai cac diém d6. Piém thu duoc chinh 13 céc
dinh cua da giac trong md hinh da gic cia bé
mat d6i tuong.

Tap hop céc dinh va phép tuyén bé mit
clia c4c diém trung gian ciing nhu cac théng
s6 vi tri cia ACS trong hé toa d6 ban dau duoc
dwa vao vi xir I d6 hoa dé thyrc hién qué trinh
tinh todn va mé phong.

5. Két ludn

Viéc mé phong mot ddi twong dya trén
tép hop hitu han céc diém quy chiéu gitp tiét
kiém duoc thoi gian cling nhur tai nguyén khi
Iwru trit vao hoa may tinh. Sy phan b6 c6 trat tyr
céc diém quy chiéu s& 1am don gian hoa thuat
toan chuyén ddi t6i mé hinh da gi4c. Va bing
viéc 4p dung BFOB tao diéu kién dé dang cho
ap dung thuat toan sai phan hiru han khi tinh
toa d6 cac diém trung gian va phép tuyén cia
ching. Tém lai bang viéc ap dung 1y thuyét
duoc dé xuat trén s& cung cap cho chiing ta higu
suét tinh toan cao két hgp véi kha ning biéu thi
hinh anh t5t va tiét kiém dugc tai nguyén ciia
hé théng dd hoa maéy tinh trong qua trinh mé
phong céc d6i tugng trong khéng gian. Trong
thoi gian t6i 1y thuyét nay s& 1a co s& dé xay
dyng phin mém mé phong hinh hoc cac dbi
tugng trong khong gian c6 dang hinh hoc xac
dinh hodc khong xéc dinh.
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