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ANH HUONG CUA PHUONG PHAP TiNH PAO HAM PEN PQ CHINH XAC
KET QUA CUA BAI TOAN PONG HQC ROBOT GIAI BANG PHUONG PHAP
GRG TREN ROBOT CHUOI VA ROBOT SONG SONG

Lé Thi Thu Thﬁy*, Pham Thanh Long, Vii Thu Ha
Truong Dai hoc Ky thudt Cong nghiép - DH Thai Nguyén

TOM TAT
Bai bao nay ban vé anh huong ciia phuong phap tinh dao ham dén d6 chinh xac két qua nhan duoc
khi giai bai toan dong hoc robot dudi hinh thie t6i vu. Phuong phap giai ban dén trong bai bao 1a
phuong phap Giam Gradient tong quat, trong dé c6 d6i chirng do chinh xac két qua trong hai tinh
hudng 13 sir dung phuong phép tinh dao ham sir dung sai phan t6i va sai phan trung tam trong didu
kién giit nguyén céc tiy chon khac. Két qua tinh toan cho thiy véi kiéu ham muyc tiéu Banana va
ham rang budc bién ddi cham nhu bai toan nay, cach tinh dao ham theo sai phan trung tdm cho d¢
chinh x4c cao hon déng ké trén ca hai nhom robot chudi va song song.
Vi bai toan dong hoc robot giai bang phuong phép s thi két qua nay c6 y nghia rit quan trong
trong tinh toan chuén bi dir liéu. Két luan nay gitp ting d6 chinh xac két qua trong khi khong tiéu
t6n thém tai nguyén phan cing nhu Ram — chip may tinh. Bai bao nay chi ban dén phwong phap
GRG khi bai toan gbc da chuyén sang dang t6i uu, voi cac phuong phap sé khac co sir dung dao
ham thi két luan nay can kiém tra lai.
Tw khéa: Dong hoc robot, phwong phdap GRG, sai phan tdi, sai phdn trung tam, dao ham
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EFFECTS OF DERIVATIVE METHODS TO THE ACCURACY OF
RESULTS OF ROBOT KINEMATIC PROBLEMS USING GRG METHOD
ON SERIAL AND PARALLEL ROBOTS

Le Thi Thu Thuy*, Pham Thanh Long, Vu Thu Ha
University of Technology - TNU

ABSTRACT
This paper discusses the effect of derivative methods on the accuracy of results obtained when
solving robot kinematic problems in an optimal form. The Generalized Reduced Gradient method
is used. In particular, verifying the accuracy of results in two situations using the forward and
central differential method is presented. Calculation results show that with the type of Banana
objective function and the slow transformation constraint function such as this problem, the
derivative calculation according to the central difference is significantly higher on both series and
parallel robot groups.
With robot kinematics problems solved by numerical methods, the results are very important
significance in calculating data preparation. This conclusion helps increase the accuracy of results
while not consuming more hardware resources such as RAM - chip computer. This paper only
discusses the GRG method when the original problem has changed to the optimal form. With other
numerical methods that use derivatives, this conclusion needs to be checked again.
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1. Mé dau

Bai toan ddng hoc robot 1a can cir co ban dé
diéu khién chinh xac robot theo y dd cong
nghé, cac k¥ thuat teach — in chi dung cho cac
ung dung doi hoéi d§ chinh xac khéng cao nhu
han, phun son, van chuyén... trong khi k¥
thudt st dung camera chi thay thé cho viéc
x4c dinh diém dich chi khong thay thé cho
vi€c giai bai toan dong hoc.

V& co ban khong phai tat ca cac két cu robot
déu c6 10 giai bai toan dong hoc dudi dang
giéi tich nén viéc x4c dinh mdt phuong phap
s0 thich hop la giai phap mang tinh toan dién
nhat. Tuy nhién trong sb rat nhiéu phucmg
phap sb, cac phuong phap ndi bat c6 thé ké
dénla[1]:

- Phuong phap Tsai — Morgan,

- Phuong phap Raghavan & Roth;

- Phuong phap loai trir tham tach Sylvester;
- Phuong phap Newton — Raphson;

Véi phuong phap Tsai — Morgan chi thich
hop v6i cac hé nho, tirc 1a chi phu hop dé giai
cac bai toan cé it bac tg do. Phuong phap
Raghavan & Roth can sir dung cac dic diém
riéng biét cua cdu tric nhu cb tay két cau cau,
céc truc khép dong quy hodc song song, CAC
dic diém riéng nay duoc str dung dé lam suy
bién hé nham rat dugc nghiém. Phucmg phap
loai trir thAm tach Sylvester s& bién hé co n
phuong trinh véi n an s6 thanh mot hé
phuong trinh mot an bac n [1]. Pay 1a nhom
cac phuong phap tap trung vao viéc giai bai
toan gdc, tirc 1a giai mot hé phuong trinh siéu

Hinh 1a. So' do cong nghé

joint spaces

viét, phi tuyén do véi bai toan dong hoc robot
cac an s6 déu nam dudi cac ham siéu viét.
Chinh vi cac kho khin do tinh thiéu tong quat
cua cac bai toan noi trén ma viéc van dung
mdi phuong phap chi hiéu qua trén mot nhém
nhé céu trac xac dinh dan dén nhu ciu can co
mdt phuong phap co thé khic phuc diéu nay.
Nhom phuong phéap nay cé hai phuong phap:
- Phuong phap giai bai toan gbc nhu
phuong phap Newton — Raphson, tuc 1a tap
trung va vi€c giai cac hé phuong trinh phi
tuyén, siéu viét [2];

- Phuong phap giai bai toan tuong duong
dudi dang t6i uu [3,4] bang phuong phap GRG;
N6i riéng vé nhom phuong phap nay, trong
khi phuong phap Newton — Raphson rat kho
dé chon gia tri xap xi dau hop 1y [4] thi
phuong phap GRG khong Vap phai van dé
nay trong tat ca cac nhom céu trac robot duoc
thir nghiém bao gdm ca robot chudi va robot
song song. Nhu vdy co6 nghia la hudng
chuyén bai toan gdc thanh bai toan t6i uu dé
giai bang phuong phip GRG c6 wu thé ky
thuat hon, nhét 1a & géc d6 tng dung, phuong
phap GRG chiém it thoi gian chuan bi hon
[4]. Tuy nhién & goc do k¥ thudt, ban than
phuong phap GRG la phuong phap c6 s
dung dao ham [5] nén viéc xem xét anh
huong ciia cach tinh dao ham dén do chinh
xéac két qua nhan duoc trén cac nhém robot
chudi va song song 13 can thiét.

2. Bai toan dong hoc robot duwéi hinh thirc tdi uvu
Xét so 6 cong nghé nhu hinh 1:

base point

work space

tool point
Hinh 1b. So d6 vong véc to do

Hinh 1. So d6 cong nghé bai todn déng hoc
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Véi so d vong véc to a0 nhu trén hinh 1b,
phuong trinh dong hoc khi can bang hai
nhanh c6 dang nhu sau:

AA,..AT=XER (1)

Du¢i dang khai t{ién, phuong trinh (1) c6
dang ma tran cu thé la:

n X Sx a'x px a:I.l a12 a13 a14
rly Sy ay py — a21 a22 a‘23 a24 (2)
n, S, &, P,| [@a 83 8y 3y

Z z Z

0 0 0 1] jag a, a5 a,

Theo tinh chét cta hé toa do dé cac, cac thanh
phan doc 1ap cua nd trong ma tran cosin chi
huéng duge chon cho phép xac dinh mot hé
phuong trinh tuong duong tir (2) nhu 1a (3):

Sy =8y
a, =ay
ay =d,, @)
Py =8y
Py =28y
pz = a34

Phuong trinh (3) dugc goi 1a bai toan gbc, nd
la bai toan ma cac phuong phap nhu Tsai —
Morgan, Sylvester, Raghavan & Roth clng
rat nhidu phuong phap khac tip trung tim
cach giai. Trong nghién ctru ny, ching toi dé
xuét mé hinh sau dy:

L= (Sx _a12)2 +(a>< _313)2 +(ay _a23)2 (4)
+( Px _314)2 +(py _a24)2 +(pz _a34)2

bai toan dan xudt tir (3) c6 dang méi 1a (5):

dat

minL=Z(f(q1,q2--qe)—ai,~)ﬁ (5)
pay
L, <q <U,

Véi Ly va Uy la gidi han dudi va gidi han trén
cua toa do suy rong q; khi chon nghiém didu
khién. Bai toan (5) 1a d6i tuong khao sat bang
phuong phap GRG néi dén trong [5] va bai bao
nay dé cap dén tac dung ctia phuong phap tinh
dao ham khac nhau véi d6 chinh xac cta no.

Vi toan bd vé trai ctia phuong trinh (4) khong
am nén Min L = 0, gia tri nay ung vdi viéc
tim duoc nghiém cua phuong trinh goc (3).
Gia tri cu thé dat dugc cua ham L img Vol
cach tinh sai phan khac nhau trong dicu kién
gilt nguyén cac tuy chon khac khi giai (5) sé
no6i 1én mirc d6 phu hop cua ban than cach
tinh sai phan d6 véi dang ham L (ham nay c6
tén riéng 1a ham Banana) va cac rang budc
dang hop thé hién & (5).
3. Phwong phap tinh dao ham va anh
hwéng den do chinh xac
Xét bai toan 16i c6 rang budc tuyén tinh sau:
(LC) Min f(x)
sao cho Ax=b (6)
x>0
Céc gia thuyét:

e f lakha viva lién tuc;

e MOJi tap con cia m cot cua ma trgn A
cé'm X n 1a doc 1ap tuyén tinh;

e MJdi diém cuc tri ctia tap kha thi c6 it
nhit m phan tir duong (gia thuyét
khong suy bién).

Hoan toan ching minh dugc rang theo gia
thuyét khong suy bién, mdi x € F cé it nhat
m phan tir duong.
Néu x € F, goi mot tap gém mcot B cua A la
moét co sé néu x; > 0 thi cot i 1a mot cot cua
B. Chia x thanh bién co sé xgVva cdc bién
khéng co séxy sao cho cic bién co so
xp > 0 tuong Gng voi cac cdt cia B. Chua y
rang xy khong bét budc bang 0.
Dé don gian cac ky hiéu, gia thiét rang co thé
phan chia ma tran A thanh A = [B, N] va phén
chia x cho phu hop, véi xT = [xg,xy]7. Do
d6 ta c6 thé viét lai Ax = b thanh:
Bxg + Nxy =b @)

Do do

xg = B™'b— B 1Nxy (8)
Véix € F, chung ta s& chon B 1a cac cot tuong
(g voi cac thanh phan lom nhdt m ciia x.
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Céc bién co s& x5 bay gior c6 thé bi loai bo khoi
bai toan (6) dé co dugc bdi todn cuc tiéu:
min fy (xy)
Sao cho B~'b — B~ Nxy = 0,
XN = 0,
Trong do
fuley) = f(x) = f(B™'b — B "Ny, xy) -
Chu ¥ rang bat ky huéng kha thi s dbi voi bai
toan (LC) trong (6) déu phai thoa man As = 0.
Néu chiing ta viét sT = [s},sk] d6i véi mot
co s6 B cho trude, didu kién As = 0 c6 thé viét
lai thanh:
BSB + NSN =0
Giai phuong trinh nay dugc:
sg = —(B) 'Nsy. ©)
Chon huéng tim kiém
Nhac lai rang s 1a mot hudng giam cua f tai
x € F khi va chi khi Vf(x)Ts < 0, diéu nay
tuong duong voi:

Vef(x) sp +Vnf(x) sy <0.
V6iVgf(x) la gradient twong ung voi cac
bién co s, thay sp tir (9) co:

Vf(x)'s = (=Vsf ()" (B)"IN + Vyf(x)"sy.
Goi:
ri=(=Vef()"(B)'N + Vyf()")'
(10)
1a gradient giam cua f tai x d6i v6i B co so.
Nhu vay:
Vi)Ts =rTsy
Noi cach khac, gradient giam r dong vai tro
tuong tu trong bai toan giam nhu gradient
Vfda lam trong bai toan gbc (LC). Trén thuc
té, gradient giam nay phu thudc vao cach tinh
dao ham theo ba phuong an sau:

- Sai phan tién cua fix) la: f(x+1) - f(x) (11)
- Sai phén lui cua f(x) 1a: f(X) - f(x-1)  (12)
- Sai phéan trung tam cua f(x) la:

f(x+1) — f(x-1) (13)
4. Thuc nghiém véi mét so robot khac nhau
Trong muyc n,éy, trén cung mét robot ching t(j)i
s& su fiung tat ca cac tuy gh()n cua pai toan toi
uu giong nhau chi tl}ay do6i duy nhat cach tinh
dao ham gitra hai ki€u la tinh theo sai phan téi
(Forward Derivative) va tinh theo sai phan
trung tdm (Central Derivative) (hinh 2).

Max Time: IO00G | seconds
Iterations: 10000
Predision: 0.00000001
Tolerance: 0.00000001  |%
Conyergence: 0.000000001

[ Use Automatic Scaling
[ show Iteration Results

[ Assume Linear Model
|:| Assume Mon-Megative

Estimates Derivatives Search
@ Tangent ~) Forward @ MNewton
_) Quadratic @ Central _) Conjugate

Hinh 2. Cdc kiéu tinh sai phan khdc nhau trong
bai toan toi wvu

Hai vi du minh hoa &p dung trén robot chudi
va robot song song voi nhiing dac thu riéng
vé dong hoc nham thé hién tinh tong quat cta
phuong phap tinh.

4.1 Robot chuéi ba khiu phing

! = fe g

| — 13—

Hinh 3. Robot ba khdu phdng.
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Bang 1. Cdc tinh huong khao sat véi robot chuéi 3 khdu phang

Toa do khao sat

-~

Két qua va Muc tiéu khi tinh dao
ham theo sai phin t6i

Két qua va Muc tiéu khi tinh dao
ham theo sai phan trung tam

px py sy ql q2 q3

F ql g2 g3 F

169,110 152,779

143 174

O©CoOoO~NO UL WN -

0,442 0,348545 0,48210 0,288192 3,236E-05 0,345629 0,493245 0,273638 5,726E-23
172 150 0,4404 0,346023 0,440432 0,328335 1,184E-08 0,346029 0,440414 0,328353 4,145E-19
108,822 202,430 0,07520,762784 0,315676 0,40731 9,496E-05 0,773292 0,286074 0,436178 8,387E-23
175,101 148,426 0,4867 0,348227 0,434055 0,285289 2,014E-05 0,345669 0,443502
153 167 0,43250,392765 0,648832 0,094716 0,0001343 0,391422 0,662549 0,069528 7,563E-21
167 158 0,4752 0,392792 0,492597 0,191011 4,948E-07 0,392544 0,493774 0,1892869 1,229E-20
0,326 0,434008 0,625408 0,18876 8,007E-05 0,43179 0,6377764 0,1691607 1,466E-20
131,062 182,809 0,1454 0,543926 0,448796 0,429849 5,566E-06 0,545694 0,4433907 0,435807 1,56E-25
111,756 205,109 0,2830 0,773358 0,444268 0,068117 1,201E-05 0,773211 0,4462032 0,064457 4,519E-23

0,273315,173E-19

10 115 200 0,2353 0,694581 0,495896 0,147451 2,018E-05 0,693512 0,5020219 0,137776 2,668E-18

4.2 Robot song song Stewart Platform 6 DOF

Hinh 4. Robot song song Stewart Platform.

Bang 2. Cdc tinh huong khao sat véi robot song song Stewart Platform.

it pX oy nz Muc ti€u khi tinh dao  Muyc tiél! khiA tinh dao [lﬁm theo
ham theo sai phin tién sai phan trung tdm
1 -12,2189 -42,5601 37,7077 4,03E-06 6,29E-17
2 -17,612 -30,4753 28,3159 3,79E-06 8,6E-18
3 -21,4866 -15,9871 22,1692 3,63E-06 1,04E-17
4  -22918 0 20 3,76E-06 7,27E-18
5 -21,4866 15,9871 22,1692 3,44E-06 2,53E-18
6 -17,6012 30,4753 28,3159 2,92E-06 1,02E-16
7 -12,2198 42,5601 37,7077 2,81E-06 1,97E-17
8 -65051 51,8158 49,75 3,44E-06 3,08E-16
9 -1,866 57,8461 64,0681 2,98E-06 2,76E-17
10 0 60 80 3,31E-06 1,66E-17

Cac thuc nghiém trén cac nhom robot chudi
va song song khac nhau da chi ra rang giai
theo phuong phap sai phan trung tam cho do
chinh xac két qua cao hon so véi giai theo sai
phan tién.

5. Két luan

Vi bai toan ¢b cac rang budc tuyén tinh thay
ddi cham nhu bai toan dong hoc robot vai
ham muc tiéu ¢ dang Banana va dung thuat

toan GRG dé giai quyét thi sai phan trung tim
s& cho d6 chinh xac két qua cao hon. Can phai
lwu y diéu nay khi tinh toan bai toan dong hoc
clia robot cong nghiép (co thé ap dung cho
robot chudi, robot lai, robot song song, ké ca
robot hyt hay du din dong). Sai phén tién chi
dugc dung trong trudng hop cac rang budc
ctia ham muc tiéu bién d6i nhanh va khi thuat
toan bao khong thé cai tién két qua thu duoc.
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6. Loi cam on

Nhom tac gia xin tran trong cam on Truong
dai hoc K¥ thuat Cong Nghiép — PH Thai
Nguyén da tai tr¢g kinh phi cho nghién ciru
nay thong qua dé tai ma s6 T2019-B07.
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