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UNG DUNG NOI SUY B-SPLINE TRONG THIET LAP QUY PAO CHUYEN PONG
CUA POI TUONG PONG

e Hoang Thai H8", Yu. N. Kosnikov!”

Tém tit
Bai bao trinh bay mgt phuwong phap moi va phan mém thiét lgp quy dao chuyén déng cia cac doi
twong dong trong khong gian bang cach dp dung phiong phdp noi suy B-spline trén tdp hop cac diém
quy chiéu cho truée. Sau dé, dé dam bdo dwong cong B- spline di qua cdc diém ds, tap hop cdc diém
quy chiéu cho truée dwoc thay thé bang mét tp hop cac diém quy chiéu méi. Cudi ciing két hop voi
thudt todn sai phdn hitu han trong tinh todn, toc dg biéu thi hinh hoc ciia qui dao sé tang lén va gidm

thiéu tai nguyén trong bg luu trit mdy tinh.
Tw khoa: giam sat, quy dao, doi twong dong,

1. Pit vain dé

Céc hé thong theo ddi, giam sat sy phan bd
ciia cac dbi twong dong trong khong gian 1a
nhimg phan ctia mot hé thdng 16n (metasystem)
nham thuc hién cdc muc dich khac nhau. Vi du
nhu: hé thong kiém soat giao thong va van
chuyén hang khong; hé théng ty dong hoa chi
huy céc phan doi trong quan ddi hay hé thong
bao vé.. Hé théng gidm sat trong cac
metasystem d6 co6 nhiém vu cung clp cac thong
tin vé& vi tri va cac théng s6 chuyén dong cua dbi
tuong nham kiém tra chung trong trang thai thoi
gian thyc (real time) (RT). Bang viéc thiét lap
quy dao chuyén dong cua ddi twong két hop véi
ban d6 dia hinh hodc ké hoach trudc d6 s& cung
cép cho chung ta khong chi vi tri cua db6i tuong
tai thoi diém bat ky ma con gitp ta danh gia,
phén tich chuyen dong do dé co nhiing lya chon
tdi wu nhat cho qua trinh xir 1y va thyc thi cac
nhiém vu cu thé [1], [2].

Trong truong hop vi tri cac dbi twong thay
d6i theo mot chu ky nhat dinh (vi du nhu cac d6i
tuong co cai dat thiét bi dinh vi GPS), thi dit li¢u
vé vi tri cua cac ddi tuong co thé rat 16n, vi vay
viéc giam sat s& gip nhidu khé khian. Cac
metasystem khong thé sir dung tat ca tai nguyén
cua minh cho qué trinh gidm sat. Va nhu vay,
trong khoang thoi gian lién tuc mdi doi tuong s€
cung cap mot tap hop cac diém quy chiéu (Vi tri
ma dbi tugng do da di qua), ma thir ty sap xep
ctia cac diém s& hinh thanh nén quy dao chuyen
dong cua ddi twong d6. Chinh vi vay dé thiét lap

) Nghién ctru sinh, Truong Dai hoc Téng hop Penza, Lién
bang Nga. )
™ Truong Pai hoc Tong hop Penza, Lién bang Nga.

100

B-spline, noi suy, phwong phap sai phdn hitu han.

quy dao chuyén dong cia mdi d6i twong chung ta
tién hanh giai bai toan ndi suy trong trang thai
RT trén tdp hop cac diém quy chiéu cho trudc
trong khong gian.

2. Mgt so phuong phap noi suy thiét lap
quy dao chuyen dong cua doi twgng trong
khong gian

Phuong phap ndi suy don gian nhét 1a lién
két cac diém quy chiéu v6i nhau theo thir tu béng
cac doan thang no duoc goi 1a ndi suy tuyén tinh
(hay: doan - tuyén tinh). Uu diém cta phuong
phap nay 1a thuat toan don gian va hiéu suat tinh
toan cao. Tuy nhién ddi v6i cac diém toa d6 phan
bd thwa, khong déu thi quy dao thu duoc s& co
dang duong gap khuc. Trong mot sé truong hop
diéu do co thé chép nhan duoc, song voi viée thé
hién quy dao két hop vé6i dia hinh gip khiic s&
cho ta mot hinh dung sai l¢ch vé trang thai
chuyén dong cua d6i twong va dan t6i két qua
clia qua trinh giam sat s& bi sai léch. Pong thoi
trong budc thiét 1ap quy dao chung ta can st
dung céc doan théng tuyén tinh cu thé dugc hd
tro boi hé dd hoa may tinh. Vi du trong thu vién
d6 hoa OpenGL dé vé doan thang ta sir dung ciu
lénh  glBegin —  glEnd  véi dang
GL_LINE_STRIP [6]. Diéu d6 nghia 1a dé ting
tinh hién thuc thi quy dao thu dugc phai 1a mot
dudng cong min.

Nhirng phuong phap néi suy da thire ¢6 dién
nhu Newton, Lagrange hay Chebyshev trong
truong hop nay khong thu dugc nhitng két qua
phtt hop véi yéu ciu trén vi ching qué phirc tap
trong viéc tinh toan véi sb lugng 16n cac diém
ndi suy va dudng cong thu duoc tén tai nhimg
dao dong Runge. Budng cong min va khong dao
dong c6 thé thu dwoc boi cac phuong phap nodi
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suy ting phan Spline, tuy nhién chung ciing ton
tai nhitng nhugc diém. R-spline thi qué phuc tap
trong tinh toan, B-spline va Beta-spline thi
dudng cong thu duge hau nhu khong di qua cac
diém quy chiéu cho trudc, con spline Bezier doi
hoi phai xac dinh thém cac diém phu trén cac
tiép tuyén véi duong cong tai cac diém noi suy
[3]. Trong cac tai li¢u tham khdo co6 chi ra ré‘mg
bang cach tim cac tap hop diém quy chiéu méi
chung ta c6 thé xay dung duong cong B-spline di
qua cac diém quy chiéu cho trudc [5]. Tuy nhién
trong cdc tai liéu d6 chua dwa ra phuong phap cu
thé dé tim tap hop diém quy chiéu méi.

Nhu viy ching ta hoan toan cé thé st dung
phuong phap nodi suy B-spline dé thu duoc
dudng cong quy dao cua dbi tugng ma dam bao
dugc d6 min va khong dao dong. Bai viét nay deé
xuét thuat toan tim tap hop diém quy chiéu mai
dé duong cong B-spline di qua cac diém quy
chiéu cho trudc.

3. Phuong phap ndi suy B-spline thiét 1ap
quy dao di qua cac dlem quy chiéu cho truéc

Chung ta biét rang duong cong B-spline
duoc thanh lap tir cic phan doan ma mdi phan
doan d6 duoc tao nén tir tip hop 4 diém quy
chiéu. Dé thiét 1ap phan doan ké tiép chung ta sir
dung 3 diém quy chiéu cii va 1 diém quy chiéu
moi. Phan doan thtr i cua duong cong B-spline
thanh 1ap trén 4 diém quy chiéu RP_,, RP,
RP, RP, cho trudéc véi vecter toa do

i+ i+2°
p;=lx, v, oz 0, (VoL j=(@-D),i,(i+1),(i+2))
duoc viét dudi dang ma tran nhu sau:
r=T.M.P", (1)
v6i r=|x y z|l1avecto toa d6 diém hién
tai cia phan doan;
T ¢t 1
tham s 7,7 = [0,1];

la vecto liy thua voi

P=lp_, p, D Pl 1a vecto toa do
cua cac diém quy chiéu;
M 1a ma tran co s¢ B-spline:

-1 3 -3 1
113 -6 0
M= .
6-3 0 0

1 4 1 0

Tham sb ¢ xéac dinh cac bude doc theo phan
doan. SO luong céc diém trung gian trén phan
doan phu thudc vao gia tri cho trudc ¢. Vi ¢
thay doi trong doan [0,1] thi phan doan cua
dudng cong dugce bit dau tir diém RP va két
thiic tai diém RP
diém d6. bé gidi bai toan ni suy chinh xac,
chung ta can thém vao cac diém quy chiéu méi
RP’, RP,, sao cho phan doan thu dugc di qua
cac diém RP, RP,,.
qua cac diém quy chiéu RP;, RP;,, bang cach
cho ¢ lan luot nhan cac gia tri 1a 0 va 1 & phuong
trinh (1) ta thu duwoc hé phuong trinh:

{ 1% 3 zHO 0 0 UMp, p Py pal
‘xi+1 yi+1

.1 » tuy vdy no khong di qua cac

Véi diéu kién phan doan di

ZaHL L L UMpy P Pl Pl
voi p: , pl:l 1a vecto toa dd cta cac diém
quy chiéu méi. o
H¢ phuong trinh thu dugc cé thé viét dudi
dang toa d¢ vdi dai luogng toa do maoi k" va dai
lugng toa do ban dau k (k*,k:x,y,z). Nhu
vay voi i =1 ta thu dugc hé hai phuong trinh hai
an voi nghiém duy nhat:
4k +k, = 6k, —k,
k| +4k, = 6k —k,
bé thu dugc hai phan doan cua duong cong
chung ta can su dung 5 diém quy chiéu. Trong
truong hop nay, dé tim cac di€m quy chiéu méi
ta st dung h¢ phuong trinh vi 3 an so:
4k +k, +0-k, =6k, —k,
k, +4k, +k;, = 6k,
0-k +k, +4-k, =6k, —k,
Trong truong hop téng quat v4i tap hop RP
gém N diém quy chiéu
RP={RPF,,RF,RP,,...,RP, ,,RP, .},
c6 thé thanh 1ap (N -3) phan doan. Pé tim
(N —2) diém quy chic¢u moi, hé phuong trinh c6
thé viét dudi dang ma tran nhu sau:
M1-P" =M?2, )
) véi: P* 12 ma tran toa do cac diém quy
chiéu moi:

P =l p, p; P l;
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M1 1a ma trdn hé so tu do cua toa d6 cac
diém quy chiéu méi:

1 4 1 0 0 0 0
0 1 4 1 0 0 0

T A
00 0 0 — 1 4 1

M?2 1a ma tran cac hé sb tu do (bao gf)m
toa do cac diém quy chi€u ban dau):

(6x,—x)) 6y,-») (6z,-z)
6x, 6y, 6z,
M 2(N—2)x3 =
6xy_, 6Yy_s 62y,
(6xy_, —x}H) 6yy,— y}\_l) (62, —z“H)

Nghiém cia phuong trinh (2) c6 thé thu

dugc ¢ dang ma tran nhu sau:
P =M1"-M2. 3)

Néu c6 thé tim duoc ma tran nghich dao
(M1)™', ma tran nghiém thu dugc (3) chinh 1a toa
d6 cac diém quy chiéu méi can tim. Chung ta ¢
thé dé& dang giai phuong trinh (2) bang nhiéu
phuong phap da biét, vi du phuong phap Gauss.

Tuy vay duong cong thu dugc tir cac phan
doan B-spline khong di qua cac diém quy chiéu
dau va cudi. Didu d6 1a khong thé chép nhan khi
biéu thi quy dao chuyen dong cua dbi _tuong. De
keo duong cong toi gan cac diém dau va cubi
chung ta can st dung phuong phéap boi sé diém
[3]. Ban chét cua n6 1a chang ta lap lai hai lan
cac diém quy chiéu dau va cudi. Pidu d6 co
nghia 1a dé thanh 13p quy dao cua ddi tuong di
qua N diém quy chiéu ta phai st dung tdp hop
RP gdém (N +4) diém quy chiéu:

RP = {RPO RP1,RP:,RPs,...,RPy:1, RPy.2, RPM} “4)

vo1 toa do cac diém RPO, RP, bang véi toa do
diém RP,, toa do cac diém RPn+2, RPn+3 bang
con toa do cac diém khac

vo1i toa do diém RP,,,,

tuong ung voi toa do cac diém ban dau trong tap
hop RP:

RP; =RP_, v6i 2<I<N+1.

Khi quan sat chuyén dong cua mot d6i
tuong ta thay rang tap hop cac di€ém quy chiéu

102

ciia quy dao khong nging ting 1én. Néu mdi lan
nhu vdy quy dao dugc tinh theo mot tap hop
diém quy chiéu thi thoi gian tinh toan cling tang
lén. Khi d6 viéc giam sat mot sd lugng 601
tuong du 16n trong trang thai RT s& d& bj rbi
loan. Dleu do nghia la trong qua trinh tinh toan
quy dao can phai dua vao mot s6 cac tap con
cac diém quy chleu Céc tap con nay s€ tu lam
méi chung mdi khi them vao mot diém moi.
Céac phan quy dao “cii” dugc luu lai trong bo
nhé may tinh va duo’c lap lai trong qué trinh
biéu thi thay vi phai tinh lai tir dau. Tuy vay
viéc lién tuc 1am méi tdp con cac diém quy
chiéu s& dan t6i nhitng sy thay d6i vé hinh dang
quy dao mic di nd van di qua tit ca cac diém
quy chiéu. Mtrc @6 cho phép cia su thay doi do
phu thudc vao ti 1& biéu thi cta quy dao dbi
tuwong. Ti 1& 46 dugc xac dinh boi s6 lugng diém
quy chiéu tham gia trong mdi lan tinh toan va
duoc xac dinh béng thuc nghiém.

4. Thuat toan thiét 1ap quy dao chuyén
dong ciia d6i twong trong khong gian

Khi tim diém hién tai cia dudng cong B-
spline doi hoi chiing ta phai tinh toan v&i ham s
bac ba tham sd ¢, bao gdm cac phép tinh liy
thira va nhan. Vé&i sé luong 16n cac phép tinh
nhu vy s& lam tiéu ton kha nhiéu thoi gian. Didu
nay co thé duoc giai quyét bang viéc ap dung
phuong phap sai phan hitu han [5]. D6 la mot
phuong phéap hi¢u qué duoc str dung cho da thirc
Ity thira bac n chi véi n phép tinh cong.

Qué trinh tinh ham iy thira £(¢) tham s ¢
duoc thuc hién 1an luot nhu sau

A?(m"'l) = AO + A:m 2 A?O = f(t) |t:0’

1 _ 2 1 _ Al
Az(m+1) Atm + Atm’ AtO - At |t:0’
(%)
n—1 n—1 n n=1 __ A n-l1
At(m+1) A +Atm’ Azo _Az |t:0’
A’ = const,
voi: A} la sai phan hiru han bac =

(s=0, 1, 2,...) theo tham sb 7, v6i A) = f(¢);
A}, 1a sai phan hitu han ban dau (v6i

t=0);
m 1a thr ty budce tinh.
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Dé ap dung phuong phap sai phén hiru han
thi phuong trinh B-spline (1) can dugc viét dudi
dang h¢ cac da thirc ¢6 dang:

k,=a,’+b,t’ +c,t+d,, (6)
v6i: i 14 s thir ty phan doan dudng cong,
i=0,1 2,.;

k 1a toa d6 diém hién tai cua phan doan,
k=x,y,z;

a,b,c,d 13 hé sb cong thirc cua phan doan.

So sanh cac dang (1) va (6) theo chiéu

nguoc lai, ta d& dang biéu dién cac hé s cong
thire theo toa do cac diém quy chiéu cho trude:

——(k “3k.,, +3k —k_),

i+2 i+1

bki = _(3ki+1 - 6ki + 3ki—l)’
6 1 (7)
Cu = g(3k1‘+1 _9ki—l))

(k

i+1

+4k +k._)).
Khi d6 cong thl’rc sai phan hiru han (5) doi
v&i1 phan doan spline thtr i c6 dang:
A;lkt(lerl) AZWL + A:lklm H k =X, y’ Z, (8)

con cac gid tri sai phan hiru han ban dau duogc
tinh nhu sau:

tktO =k, =d,;
A=a,0 +b.0 +c.0;
AtZkIO =6a,, 53 +2b, 52
A= 6a,a53

vé6i S, 1a gid tri cia mdi budc tinh (5, = const ).

)

Nhimg diém trung gian duoc tinh v6i mbi
budc o, trén dudng cong. Chung lién két véi
nhau bang nhitng doan thing, chinh vi vay xut
hién thuat ngir quy dao doan tuyén tinh. D6 min
cua né phy thudc vao sy lya chon &,. Sau khi tim
duogc cac gia tri sai phan hitu han ban dau, véi
phan doan ké tiép cuia duong cong mdi diém trung
gian s€ dugc tinh chi véi ba phép tinh cong.

Nhu vay, thudt toan m¢d rong vé viée xay
dung quy dao cong cuia ddi twong trén co sé ndi
suy phan doan B-spline két hop véi ap dung
phuong phap boi s6 diém va sai phan hiru han
bao gdm cac bude sau:

- Nhan toa d6 cac diém quy chiéu theo
thir tu; . ) 7

- Nhép dir liéu dau vao: so lugng diém N va
toa do ctia cac diém quy chiéu x,, y, z
(i=0, 1,..., N—1), thiét 1ap ma tran toa do cac
diém quy chiéu pht hop v6i tip hop RP;

- Tinh h¢ s0 ti I¢ theo ting truc toa o x, y
va z;

- Thiét 1ap cac ma tran hé s6twdo M1, M2;

-Tim cac diém quy chiéu moi: giai hé
phuong trinh (2) bang phuong phap Gauss;

- Ap dung phuong phap boi sO diém: thiét
lap ma tran moi bao gdm toa do cac diém m quy

chiéu cho B-spline tuong tmg voi tap hop RP;

- Tinh cac hé s6 cua cong thirc B-spline
theo phuong trinh (7);

- Tinh gia tri ham sb (6) tai cac diém trung
gian bang phuong phap sai phan hiru han
(phuong trinh (8),(9));

- V& quy dao chuyén dong theo cac diém
trung gian bang cic cong cu trong thu vién do
hoa may tinh.

5. Phin mém thiét lap quy dao chuyén
dong cia débi | twgng trong khong gian

Phan mém duoc viét bang ngoén ngir C™
trong moi trrong Borland C++ Builder 6 trén co
so ap dung thuat todn mo rong trén. Cira s6 chinh
ctia phan mém thé hién trén Hinh 1.

pstkrzzum B_enniiasin

=3
@ fama Tonw |5 e |

War 13 et dars

Kara  [FWELOGCIERF <]

Hinh 1. Cira s6 chinh cia phan mém thiét lap quy
dao chuyén dgng ciia ddi twong

Phia bén trai cua phin mém cho phép
chung ta nhap céc dir liéu dau vao va thiét lap
cac thong s6 hinh anh. Phia bén phai 1a ving
biéu thi quy dao chuyén dong trong khong gian.
Phan bé mit khong gian duoc st dung tu cac
ban d6, anh chup hodc hinh 3D. Phan quy dao
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dugc v& boi dudng cong voi dd day va mau sic
c6 thé thay ddi, trén d6 thé hién cac diém quy
chiéu cho trude.

Trong qué trinh thir nghiém trén cung mot
tap hop diém quy chiéu, khi khong sir dung thuat
toan mo rong trén thi quy dao ciia d6i tuong hau
nhu khong di qua cic diém quy chiéu va thoi
gian tinh toa d6 cac diém trung gian 1a kha dang
ké @i voi tap hop diém quy chiéu 16n. Véi viée
ap dung thuat todn mo rong trén quy dao thu

duoc di qua chinh xac cac diém quy chiéu cho
trude va thoi gian tinh toa do cac diém trung gian
duogc giam di rat nhidu.

Trén Hinh 2 thé hién quy dao cua ddi tuong
duogc thiét 1ap tir 50 diém quy chiéu cho trudc.
Khi khong &p dung thuat toan mé rong thoi gian
tinh toa do cac diém trung gian 1a 0,752 gidy va
khi ap dung thuat toan mé rong thi thoi gian do
1a 0,023 gidy.
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Hinh 2. Quy dao ciia d6i twong thiét 1ap tir tip hep 50 diém quy chiéu cho trwéc khi
khong ap dung thuit toin mé réng (a) va khi ap dung thuit toan mé rong (b)

Trén Hinh 3 thé hién quy dao cua dbi twong trong khong gian dugc thiét 1ap tir (5) va (8) diém

quy chiéu.
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Hinh 3. Quy dao ciia dbi twgng trong khong gian dugc thiét 1ap tir tip hop 5 diém
quy chieu (a) va 8 dieém quy chieu (b)
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Hinh anh phan tich ching t6 rang phan quy
dao chung trén cac hinh (a) va (b) co dang gan
nhu giong hét nhau. Piéu d6 chi ra rang khi ting
s6 luong diém quy chiéu thi dang cua quy dao
hau nhu khong thay doi.

6. Két luan

Pbi véi viec md ta mot quy dao cua dbi
tuong dong trong khong gian, viéc tinh toan toa
d6 cac diém trung gian s& mat rat nhiéu thoi
gian va gip khong it kho khan khi s6 lugng céc
diém lén t6i hang tri¢u. V6i thudt todn ndi suy
B-spline m¢ rong duoc dé xuét trén dam bao

duong quy dao di qua cac diém dic trung cho
chuyén dong cua d6i tugng. Va bang cach ap
dung phuong phap sai phén hitu han giup tang
hiéu suét tinh toan 1én tr 10 - 100 lan tuy theo
d6 dai cua quy dao va sb luong diém trung gian.
Qua trinh thir nghiém trén cho thay rang viéc
thay ddi s6 lugng cac diém quy chiéu khoéng
lam anh hudng t61 dang hinh hoc cua quy dao
chuyén dong. Thudt toan nay c6 thé dugc
nghién ctru phat trién va ap dung vao viéc mo
phong cac doi tuong trong khong gian 4o trong
thoi gian téi.
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APPLYING THE B-SPLINE INTERPOLATION IN DESIGNING THE MOVEMENT
TRAJECTORY OF A DYNAMIC OBJECT

Summary

This article presents a new method and a software for displaying the spatial trajectory of
dynamic objects by applying the B-spline interpolation method on a given set of reference points.
Then, for the exact passage of the B-spline curve through these points, that given set is replaced by a
new reference-point set. Lastly, with the finite-difference algorithm used in computation, it increases
the algorithm display speed and decreases computer resources stored.

Keywords: monitoring, trajectory, dynamic object, B-spline, interpolation, finite difference method.
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