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Abstract

In this paper, kinematic modeling of the robot with a screw pair (H) has been studied. Irregular ter-
rain of the screw pair (H) mobile robot kinematics modeling method—Chebyshev shortening algo-
rithm has been put forward. Based on the analysis of kinematic analysis of spatial linkage mechan-
ism with a screw pair (H), the vector expression of the position and attitude equation of the mechan-
ism has been established. Taking the space HSSH mechanism as an example, the motion analysis has
been carried out. According to the established vector equation of HSSH establish motion analysis
model of closed loop, motion analysis equations and vector operation are adopted to eliminate in-
termediate variables by using the Chebyshev polynomials of sine and cosine transformation degree,
thus solving degree; Chebyshev approximation method can provide approximate solutions to screw
pair (H) of spatial mechanism kinematics problem by measuring means of error. This paper
presents the method and the process of Chebyshev shortening algorithm and analyzes the characte-
ristics of the Chebyshev shortening algorithm. The correctness of the proposed modeling method
has been verified through experimental studies and simulations.
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A R AR B (H) VLSS NIZs) AT R, 170 T AN T K fegl (H)#3hplas iz
FREITE—— VIS REREHEE . A RIEE (H) = METY K23 ot B, &7
NGB R TR R BRIER . AR MHSSHALE A, Xt HHETEE . SeAREHA KR AFRELR
BT ENHSSHYMR B iR, BBBHHHRE, XKARBESHER LT HEER, fHXT
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1. 518

ZEREA NI RERL, W Ry Py C. S. H O BIE SR, #zhal. JAE. BRimal. 2ie
#l. HAEIX RSSR. RRSS. RCCC. RSSP I RSCS :A/Li4 IR 74 22 [1]-[4]. W& Hes](H) H i £ F T 1% e
MU o 75— 2 RBEAF WL R R IR AR 2 0, FZRRET & H BINART. BH s .
BN IR o IR R MR BERIAFTE PR RUEHE f B AR R o A RBEAT WA IR 0 A 25 & S 7
THEFF LA S A TR, SXTEAR KRR BE b R 2 A W 81 2 R E AT A LA IR 4 R o AR SCR VI LGS K o
HOEIE )78 NeR] H R AEMIEZ . RLMKR, HUILERZIORE R TR 1 IEZ R,
JR R R ST A B ) — It K T RE TSR A A P I . THRR W SR D) LS 057 0] LA L2 ARG
00T B E A AR AT AR AR SR 7 — Al B . UIEL S R By v] DA — 2 RGUEATIE
ALLIE T AT 3SR A H LA IR KA R

2. PILLERSMAHE

PILL S % (Chebyshev) 2 T2 n JOERZ B, fE£2 WX HEX x=cosd , €=arccosx , JNIFR
T, = cos(n@) = cos(narccos x) A n FrUILL T R Z T, H x e[-1,1] , IHT RZ AW R HHER A
To(x)=1
Tl(x)=X
T (X) = 2T, (X) =T, (X) 1)
VIS K2 TAE =M R BOE R RN, X2 R 3 — 2RI E k2 AR vT DU T 2 T i
B, I HRMEZHE = AR B BRAEELT . B {x), %, X, | &KX, bl n ASEAME R,
f(x)eC™ [a,b], MXMEM xe[ab], FIEE e{Xo, X, X, |+ SEAFHIAE B H 48 BRI
R, (x)=f(x)-L, (x) WHi/2:
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R, = (nil)! £ (&, ) (X) @

(i i B F A 2 00 Lo (0 R BRI 1), MR RO, S TR M AT T %

TARYH N, A DR BGEIT A M, AR TR, (T4 R, &k

RIS fO) RN, b T A BT A, AT DR T F AR A RO KBRS . I E

%KL TR, S E X RI[-1,0] BB 3 00 RERU R I S ok 2 RGBT S

X ll[a,b] F S, TTLUEIE) . @REATES, 44 f00FAEN F@)T DURIFT 1 EC S S0 T 5
L2 7 5107

b+a b-a
XK=t ! ©
ZORORIE =Y @

3. ZEHAFHHI(HSSH)AIEEh 57 4

Pl 1 ) HSSH HUA4I[8]. Z¥ 18] HSSH MUK HH AN IR g Bl LA LA +E, JEH Wil B. C HiAS
BRI 73 500 5 P ZEAT iR . 48 D-H FFEAAAR /AT, EE ko Ky P25 A BBERI . D B e R Fh 2k
FHEA, FONIBIER 3 BRI s, It B PR MR & 2 IR A E i, eI E RN A
R p.

2% 18] HSSH ML IS5 FI B B0 hys how hys ss(GDAT aq 8. Horbr s, & HIZUiEff 0, Sk H)5E, X LR
B s1 = pb, (p FNERE 2m B UREE) s Hor s, /2 HIBTE M 01 KA, X BRI sq = poy (p ABER: 2n B (U
FR)IZ N SHONINIRTE A 0, Fi I8 M 0y LA KOS T ERIE] By C MR AR e 1) 6 SRR . 8
I ) oy b AT LR AR ML e N H 7 R 2K 0, = £(6,) -

7% (8] HSSH ML If1ig 8 22 T #E A

B ExEuEy = [ I ] ®)
KG)T, Exp B AR, X(G)HEN
EX2E" BBy EME™ = [ I ] ©)

Figure 1. Spatial four-bar mechanism (HSSH)
1. Z[E)UFFLEHI(HSSH)
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FH 0, =0, FiLAH E“ =], X(EO)TFH

E*E,E,EME™ =[1] (7
P =hji, + sk, +h,i, +1k, +h,i, —s,k, =0 8)
X(@)+
1 0 1 coséd,
i,=/0[, k=|0], i,=E*2|0|=|sing, |,
0 1 0 0
0 1
k,=E"2E,| 0|, i, =E"2E,E,[0]-
1 0

ERT)E S PILRIATES) ' (E™) " 1

EkHZ E23 E34 — (Eiag1 )’l ( Ekgl )*1 _ (Ei(—al) )( Ek(—Bl)) (10)
1 1 cosé,
i, =E“”E,E,|0|=E9E" M| 0|=|-cosq,sing,
0 0 sing, sin 6,
0 0 0
k, = E“”E,.E,, | 0|=EWE"H | 0|=|sing
1 1 cosa,

b, ke KO BRI A e Eps, FTLABGZOK LT . SQ0)#E AT A S
Iky = s,k, =i, — s,k —hyi, —h,i, (11)
XA MILFT7, 1533
(|k3)2 = (54k4 —hi —sk, —hyi, _h4i4)2
=s; +h? +52 +h; +5; —2s,h (K, -i;)
—25,5, (K, -k )—2s,h, (k, -i,)—2s,h, (K, -iy) (12)
+2hs, (i -k )+ 2hh, (i, i, )+ 2hh, (i; i)
+2s,h, (ky -1, )+ 2s,h, (K, -1, )+ 2,0, (i, -iy)
H(12)+
(Iky )" =12 (kg -i, ) =12
k, -k =k, i, =i, -k =k i,=0
0 ! cos b,

k,-i, =||sing sing, | |=sing, sing,
cosay 0

i,-i,=cosé,; i i, =cosg,
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0 cos 6,
k,-i,=[|0 —Cos¢, sing, | [=sing, sing,
1 sing, sin g,

cosd, ! cos 6,
i,-i, =||sinég, —C0S ¢, Sin 6,
0 sing, sin 6,
=C0s 6, cosd, —sind, cose, sin G,
FITA
1> =s +h?+s? +hZ +h? —2s,s cosa, —2s,h, sing, siné,
+2hh, cos @, + 2h,h, cos b, + 2s,h, sin, sin &, (13)
+2h,h, (cos 6, cos 6, —sin 6, cos o, sin 4, )
XS hy oy hys s1=plos S3(E1)s ag AT 60, IXEES B CRIEL HH sy =ph, BRIAIEA 6,
e . A3 AT LLRIfE A

Asing, +Bcosd, +C+ D@, +EO? =0 (14)
2
Hrpt A=coseysing, —(pb, )sine, /h, » B=h /h, —cosé,, EZZi?h ,
by
c_ hZ —12 +h? +(p6, )" +h? _ hcosd, De_ p’d,cose,  psind,sing ’
2h,h, h, hyh, h,

KHME®R G =nx, —n<0 <n, MIFHEE O E—"NEIANE, H B o] DO 75 Z0 0] DAE n %5 1
WHEAT EE
W f(x)=cos(nx), -1<x<1, W PIHERZ AT LURIT A :

f(X)=%boTo(x)+b1T1(x)+---+bnTn(x)+Rr§ (15)
=—j 11— £ ()T, (x)dx, k =0,1,- (16)

1 k A, Haﬂ/ﬂ—xzcos;zmﬁ@&z T T NAHRE MR R, 7S AR
X I R %, BT R RO by, =0 (k=1,2,) . f(x) = cosmx 4 EL 3 AT B Pk

COSTX =

M

N |-

by + D0, Ty (X), X <1

=
I
=N

Zkz—j 11— cos(mx) T, (x)dx, k =0,1,-

QIR E b ST EI NSRS 13460, WA by JT46, BURRIFTE REEbs EOa 2%,
bo = —0.608484, b, = —0.970868, b, = 0.302849, bs = —0.0290919, bs = 0.00139224, b, = ~0.0000401899,
by, =7.782767 x 10",
R, & SEIX A [-2,2] B BR AL £ (x) = cosmx AT LAFA U1 T 2 AR IE I -
f (x) = cosmx ~ 1—4.934801x’ +4.058695x* —1.335158x°
+0.2350298x° —0.0253589836x"° +0.00159391068x"

&
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f (x)=cosax HYILL T RZWAEILIWA 2 Fros.
MIE 2 PR LB K, f(x)=cosnx 55 f(x)=cosax VIS K210 00 [-1, 1] X [ AR 4740 A 72
g, MAEX A MU LA o XTI U S R e B0EIT, I8 AR AL -1, 12 T LUA B RIETH 54 R
IR, i b R B A 5 CAEIXAI[-1, 1] (R e L £ () = sinax F R 17 A0 22 TG EAT A
f (X) =sinnx ~ 3.14159264x —5.16771213 x* + 2.55015699x°
—0.599230763x" +0.082062648x° — 0.00725992322x"* (18)
+0.000390544292x"

f (x)=sinox 5UILEHRZHAEITWNE 3 Fros.

e 3 Frs YIS K2 IAUEIT R f (X)) =cosax A f (X) =sinax B, 7EX A [-1,1] 7] DU i 1)
BT RS 13 e

PREMHIBIIX = L2 1, cos1/2m = 0, 1 ) FL 5 e 22 1512045 H )48 —5.35558 x 107 * &N 0, sinl/2n = 1,
MY S R L HAS RN 1, WEIR%E . x = U3 I, cos1/3n =05, ML S KL WAE R KN 0.5,
WHIEZE, sinl/3n=0.866025, 1]LLE k2 HALFBIH{E Y 0.866025, %A R%E. x=-1K, cos(-n) =
-1, M E RZHAERIME -1, KHIRZE, sin(-n)=0, MYLERZHAERME R0 x 107,
B RZE . MARZES Al DAL, AT DA b S5 2R 22 150 okt 5 R B AU SR e 1) 5535

81 THI45 211 cosnx A sinnx HIY) LS K 2 T AN 2(14) o] LIS 3 x 19— Jom IR 572, 5 0, =
X, —n<0; <3RS 0, HI1H.

4. HHERSHES

N T SARNEAC R TR 2R R SCEXT R, FTLL HSSH I45H 2505 LLATS 1) RSSH 14544
SHFERIUE I, B IEASK IR F 2 @ oS T DL R: e |, SHEUE W T -

hi=3. h,=4. hy=5. sy(=1)=7.6 M a; =05, itH p=2. MANZEEH 6,=05.

R B A XHEFRIET LA HSSH #itHIg e/ 0, I HsZ A58 13 4677/, WAk 1. JFR
X 13 25 A 4 B At A L s — A RAR AT EL S FGEIE I 2 R, A —FN T IR B AR (13)
AT DR BN ME I 1R, Hoep 7. 8 AU NSRRI HIX A MR AEX M [-1,1]4 . #2&RAY)
b R 2 AT AR, AR I IESZ AR L B AR LA B DG R, X FEE R 7 2 iR A
(77T LR H R s e sh 07 #2, SR 13 ok, FR@ x| B 36 e T 0, 3 9 20 S 550t A2 Ve 1
filt, M L AT LE R, UIE 5k 2 O U (R AE X R0 B P2 LA v ), T DX TS A g A 4
BT, beansE 13 AR R EIER R, MSERREIHFAIA K.

ML ATLAE R 5. 6 PIALAW AT Re 2 P sk I Se8id, o 7 SR IX TR [-1, 1090, R EAE JFOR TN
XA b 2 (—ANFE#), BE—Afgink 2 o, W& 2 aTeUEH, %2 Pl 5. 6 FAmMbs Lk 1
W 7. 8 PRALAR, T4 2 R 7. 8 ALRF R AT LR I SL R . W SRAE TSR A X TR DN b 4 (2 P AN JE 1)
IR E 2 (— AW, KRERIE 3. 4 Pin. BIONTE 3 I 4 BRIERREUR, FrABasE. ]
PAFR N b n ANE AR, (EREE EHSRBIEA T e SR, AUt HORAE X (8] [-1, 176 N 2k 4T
il B

5. &g

ASCRAE SRR A FE AL HSSH U HEAT 70 B AR AR HOR iz sh 2 iy, @ MV S k2
W R AT BB AT 1R 525 AR T (0 SR A% T 45 P10 50 00 A1 SR A, AT A ADASR A 7 R e ) 1) 22 TR LA £
IBHYA . XX TR AR AR — MUR AR, DRI 51 KK H K.
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Figure 2. f(x) = cosnx and Chebyshev polynomial approximation figure in [-2,2]
2.f(x) = cosnx SYILLE R BN TE[-2,2]iEIRE

1.0

1.0

Figure 3. f(x) = sinnx and Chebyshev polynomial approximation figure in [-2,2]
[&] 3. f(x) = sinnx SHILLE R ZINNE[-2,2[iEIEE

Table 1. Position solution of spatial four-bar mechanism (HSSH) in the interval [-1,1] and the comparison of |
= 1. Z3[8) HSSH ZEX ][], 1ML B R | RILLEHE

laid7 Ou/n PIEE S JE LT | fE | s BRAE
1 —2.23272 — 0.48755i 11.9458 + 8.949i 22.009 + 2.0535i
2 —2.23272 + 0.48755i 11.9458 — 8.949i 22.009 — 2.0535i
3 —2.1694 — 1.72387i 119.891 + 420.056i 109.436 + 26.94i
4 —2.1694 + 1.72387i 119.891 — 420.056i 109.436 — 26.94i
5 —1.2958 — 0.156198i 8.00047 — 0.00063366i 8.00118 — 0.0007169i
6 —1.2958 + 0.156198i 8.00047 + 0.00063366i 8.00118 + 0.0007169i
7 0.4670 8.0 8.
8 0.8988 8.0 8.
9 2.36383 — 0.326961i 14.632 + 32.0304i 9.519 + 5.6563i
10 2.36383 + 0.326961i 14.632 — 32.0304i 9.519 — 5.6563i
11 2.45352 — 1.62358i 484.942 + 827.467i 32.84 + 88.9414i
12 2.45352 + 1.62358i 484.942 — 827.467i 32.84 — 88.9414i
13 2.9176 805.87 9.2666
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Table 2. Position solution of spatial four-bar mechanism (HSSH) in the interval [1,3] and the comparison of |
% 2. =88] HSSH 7EXBI[1, 3| M B AR R | BOLLEME

F5 Oym—2 IS JGEUT Y | B | F) S FR{E
1 —2.20723 — 0.48929i 8.03257 +9.289i 20.4369 + 2.374i
2 —2.20723 + 0.48929i 8.03257 —9.289i 20.4369 — 2.374i
3 —2.1679 — 1.723i 115.638 + 420.2i 108.997 + 27.05i
4 —2.1679 + 1.723i 115.638 — 420.2i 108.997 — 27.05i
5 —1.5309 7.9969 7.9720
6 -1.10 7.99999 7.99999
7 0.50104 8.0 8.
8 0.816849 8.0 8.
9 2.3728 — 0.387065i 29.9808 + 24.6736i 11. + 5.58105i
10 2.3728 + 0.387065i 29.980 — 24.6736i 11. — 5.58105i
11 2.4513 — 1.62352i 483.70 + 815.135i 33.05 + 88.4679i
12 2.4513 + 1.62352i 483.70 — 815.135i 33.05 — 88.4679i
13 2.9385 894.553 12.6541

Table 3. Position solution of spatial four-bar mechanism (HSSH) in the interval [3,5] and the comparison of |
5% 3. 258 HSSH 7EXE)[3 5]MI B & | BILLEE

5

01/75 -4

DI RIS | B

| (RSB E

© 00 N O g~ W N

e =
w N P o

—2.20089 — 0.48553i
—2.20089 + 0.48553i
—2.16738 — 1.72268i
—2.16738 + 1.72268i
—1.49719
—1.18316
0.641542 — 0.284941i
0.641542 + 0.284941i
2.39647 — 0.467088i
2.39647 + 0.467088i
2.44791 — 1.62442i
2.44791 + 1.62442i
2.96742

7.85631 + 8.76975i
7.85631 — 8.76975i
113.715 + 418.617i
113.715 — 418.617i
7.54093
6.99856
2.30551 + 1.56135i
2.30551 — 1.56135i
51.1451 + 6.96633i
51.1451 — 6.96633i
487.122 + 795.193i
487.122 — 795.193i
1032.15

20.0353 + 2.1969i
20.0353 — 2.1969i
108.753 + 26.9293i
108.753 — 26.9293i
7.98165
7.99989
8. +2.35011 x 107'i
8.—2.35011 x 10°77i
13.5262 + 5.36307i
13.5262 — 5.36307i
33.5876 + 87.81i
33.5876 — 87.81i
17.0023

Table 4. Position solution of spatial four-bar mechanism (HSSH) in the interval [-3,—1] and the comparison of |
% 4. =88] HSSH 7EX[8)[-3,-1]M B AR & | RILLAEME

5

© 0O N o OB~ W N

e =
w N P o

Oilm + 2
—2.27047 — 0.486029i
—2.27047 + 0.486029i
—2.17187 — 1.72393i
—2.17187 + 1.72393i
—1.28351 — 0.40428i
—1.28351 + 0.40428i
0.704136 — 0.156302i
0.704136 + 0.156302i

2.37274 - 0.319632i
2.37274 + 0.319632i
2.45438 — 1.62452i
2.45438 + 1.62452i
2.91156

IR RIS | B

14.4796 + 9.8426i
14.4796 — 9.8426i
126.296 + 418.271i
126.296 — 418.271i
1.26928 — 8.01819i
1.26928 + 8.01819i
6.18213 — 0.638802i
6.18213 + 0.638802i
13.824 + 34.1845i
13.824 — 34.1845i
490.71 + 831.978i
490.71 — 831.978i
781.677

| 152 briE
24.5696 + 1.51286i
24.5696 — 1.51286i
110.073 + 26.5975i
110.073 — 26.5975i
7.99487 + 0.00163136i
7.99487 — 0.00163136i
8.-3.36612 x 107i
8.+3.36612 x 107i
9.35662 + 5.90112i
9.35662 — 5.90112i
32.9637 + 89.2231i
32.9637 — 89.2231i
8.17829
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