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50 SANH VA LUA CHON PHUONG PHAP TOI UU CHO BAI TOGN
DONG HOC NGUQC CUA ROBOT

A COMPARATION AND SELECTION OF OPTIMAL ALGORITHM FOR ROBOTIC INVERSED
KINEMATIC PROBLEMS,

Pham Thanh Long
Khoa Co khi, Trugng Dai hoc Ky thuat Cong nghiép - Dai hoc Thai Nguyén

TOM TAT

Trong tai liéu [1] di trinh bay co s6 cua viée thay doi kiéu bii todn dong hoc robot thanh bai todn
18i wu, cde lgi ich ciia cdch lam nay trén quan diém didu khién thi gian thuc. Dang ham muc tiéu cia bai
todn ¢d tén goi la ham Rosenbrock - Banana, dioc Matlab canh bdo la dang ham hoi tu cham. Bai bdo
nay trinh bay nhitng ludn diém lam ¢d s6 lia chon mét thuat toan (6i wu cho ham Banana, dva trén so
sdnh cdc phudng phdp 13i un ¢d trién vong cria nhom bai toan quy hoach phi tuyén bi rang buéc.

ABSTRACT

Inarticals [1], it is shown that the basis of the transformation of robotic kinematic problems into
the optimazations and its benefits in the real - time control. The objective function of the above problems
is called Rosenbrock - Banana functions, which are warned by Malab that this Banana function is very
slow converged when using the optimization toolbox built-in Matlab. This paper presents theory for the
selection of better algorithm to solve the Banana lype of optimization by comparing the promised algo-
rithms for solving constrained nonlinear programming problems.

1. DAT VAN DE:

Trong diéu khién robot cong nghiép néu
thoi gian chudn bj dit liéu dai sé khé cé khi ning
diéu khién théi gian thuc va lam chd chuong
trinh. Budc ddu thanh cong trong viéc thay déi
kiéu bai ton (1) cho thdy nhiing lgi ich nhat
dinh, song viéc giai bi toan quy hoach phi tuyén
bj ring bugc theo mé hinh nay giti vai tro quyét
dinh théi gian chusn bj di liéu, C6 nhiéu cong
trinh da tién hanh dé lya chon gidi thuat phu hgp
cho nhitng bai toan cy thé. Pay la thao tic cin
thiét moi khi gidi mot bai todn méi vi dic diém
clia céc bai toan khéc nhau, két lun ciia bai todn
ndy c6 thé khéng phi hop véi bai todn kia.
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Cac phuang phip téi uu dugc biét dén
nhiéu nhat dé giai bai toan quy hoach phi tuyén bi
rang buéc phii ké dén phuong phép cdu phuong
tudn tt (SQP-Sequential Quadratic Programming),
phuong phép giam Gradient tdng quat (GRG -
Generalized Reduced Gradient). Thudt toan di
teuyén (GA- Genetic Algorithms) theo [2] day la
phuong phap duoc ki vong ting dung cho cdc bai
toan ky thuat quy mé 18n thay vi hai phuong phdp
ké trén. Dé dinh ra mot phuong phap phit hop
nhit \ing dung dugc cho bai todn (1], bai bdo nay
sé tién hanh khao sat va so sénh ba phuong phép
trén p dung cho 10 bai todn, két qud sau dé dugc
50 sanh vdi mot phuong dn méu dé x4c dinh tinh
tuong thich.
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Hinli: So do dong Robot Elhow.

4,=170(mm)a, = 220(nm);a, = 250(mm)
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Bang I: Ldi gidi mdu

Biem [Muc tiéu
El [0.000416] E6
E2 |1.02E-05| E7
E3 [0.001364 ES8
E4 |0.00662
ES |5.71E-06

Muc tiéu
280067.7|
1186414
10371.19
54359.98
30543.29

3.2. Két qua chay chuong trinh

Chay moéi chuong trinh néi trén 10 lan
lng vdi cac ma tran thé ti E1 dén E10. Két quéd
dudge diéu chinh cing dinh dang dé tién so sénh,
va ghi lai vao bang dusi day:
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Bdng 2: Két qud tiing phuonig phdp

Thuat toan
GRG GA

0.000416|3.60E-012
1.02E-05|1.65E-010
0.001364|2.34E-004
0.00667 (4.54E-011
5.71E-06 |8.20E-007
280067.7 |1.15E-006]
118641.4|4.81E-005
10371.194.52E-012
54359.98 [2.50E-005
30543.29|4.94E-008

Diem QP
El ]0.0000000
E2 |1.08E-012
E3 [1.17E-010
E4 [1.96E-011
ES [1.08E-012
E6 |3.16E-009
E7 |6.20E-016
E8 |1.08E-012
E9 |1.10E-009

E10 |6.20E-016

C6 thé nhan thiy mot s6 diém da thyc sy
ndm ngoai ving lam viéc caa robot (cac diém c6
gia tri muc tiéu lén E5 - E10) thi chi cé GRG méi
cho két qua dung. Hai phuong phip SQP va GA
luén tra ra muc tiéu bé trong khi gia tri nay c6 thé
rat 1gn, day la mét diém khéong phu hgp. Tai diém
ES muyc tiéu bang khong, liét ké nghiém dé lam ro
haon diéu nay:

Bang X So sanh nghiém tai diém ES

Nghiém| SQP Mau
@0 13 605243 60503
9 [0.0763.068703.06854

q  [-0.076-2.8943|-2.8903

GRG

& 0078, 354062 38479
9 | 0 |1.981841.9818]
G 0076, ga9387 98031

R6 rang khi muyc tiéu ciha SQP tra ra gin
tritng véi mau thi nghiém lai khac xa phuong én
méu va cdc nghiém c6 gid trj khac khong lai ¢
cing tri tuyét ddi, diéu do the hién rd han ché cia
thuit todn trong trudng hop cy thé niy.
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4, KET LUAN

Trong [2] khi tié€n hanh so sinh cic phiang phap i vu cho bai todn quy hoach phi tuyén bi
ring budc, da ki vong phuang phap GA c6 thé ting dung dugc cho cic bai toan ky thuat quy mé 16n.
Ciing trong cong trinh dé khi tién hanh so sinh trén cic dang ham muc tiéu da thite, phi tuyén va
tyén tinh, phuong phap GA c6 thé tim dugc 1 gidi t6i vu tring hoic ¢é sai lech nho so vdi mau trong
hdu hét cac ldn khdo sat. Trong khi phuong phap SQP vi GRG chi dat diigc diéu nay trong < 70% lin
khio sat, tham chi phuong an ma ching dua ra l¢ch khd xa phiong an mdu trong > 30% con lai.

Tuy nhién trong cac ham muyc tiéu ma | 2] khio sat khong cé ham dang Banana nhu trong [1].
Cic khio sat & day lai chi ra ring chi c6 GRG mai cho kél qua ding trong bai toan ham muyc cé dang
Banana. Cc thuat todn GAconstraint, SQP da bi biy bdi cdc cyic tidu dia phuong v khdng thé tim ra
16i gidi ding trong 10 ldn khio sit, thuic té cho thdy riéng véi dang ham banana ¢6 su thich ting rét cao
véi phuang phap GRG, ngoai cic khao sit trong bai bao nay. trong nhiéu nam chuén bj s liéu dong
hoc nguoc véi hang chuc ki€u robot khac nhau ma ching t6i da thit nghiém cing chiing to sy ph hop
tayét ddi gitta phuong phap GRG va ham Banana.

Cac thi nghiém vai trén dudi 40 ham 15i wu khac nhu Simulate Anneal (SA), hPSO, buscand,
ShorEllipsoid, ralg...cang da thalt bai vi chi xdc dinh dugc céc cuc tiéu dja phuong. Qua d co the thiy
ring thuat toan t3i uu phi hgp nhit véi dang ham Banana ciia bai toan dong hoc robot [1] 12 GRG, két
luan ndy hoan toan phu hgp véi nhan dinh vé xép hang cdc giai thuat cba [3]. <
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