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VPE 1 STAGES
N 1
MAIN MENU
]
2
3
A 2
[ $4
TYPE CASE NUMBER +—— 3
!
PROVIDE DETAILS
READ RESULTS 5‘ 4
| [1-GOTOMAIN MENU
2 = SKIP MAIN MENU 5
3=EXIT s

FIG . 1 THE FLOW CHART OF THE PROGRAM

2
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ROBOTICS SOFTWARE

COPYRIGHT <G> 1992 BY

PROF AMAWD M SHARAN

FACULTY OF EMGIMEERIHG

MEMORIAL UWIUERSITY OF NEWFOUMDLANWD
ST.JOHNMS . MEWFOUMDLAMD,. CAWADA A1B 324X5

FOR DESCRIPTION OF UARIOUS TERMS USED IN THIS
SOFTWARE
¥YPE 1 ELSE TYPE ANY WUMBER

SELECT FROM THE MAIN MEMU st

ALL IMPUT AMGLES IW DEGREES

ASE MUMBER

1= MULTIPLICATION OF A MATRIX AMD A UECTOR

2= PRODUCTS OF THREE <4 X 4> EITHER ROTATIOM OR
D-H MATRICES

INUERSE OF A [T1 MATRIX <4 X4>

ADDITION OF TWO <M X W> MATRICES . M < &
TRAMSPOSE OF A <M x M> MATRIX . N < &
ADDITION OF TWO UECTORS

DOT PRODUCT OF TWO UECTORS

CROSS PRODUCT OF TWO UVECTORS

DYHMAMICS PROBLEM

= GIVENM THETA AWD FORMING ROTATION MATRIX
GIUEM A MATRIX AMD FIMDIMG THETA

= MULTIPLICATION OF TWO MATRICES

= FORMING A [H]1 MATRIX

=FORMING EULER AMGLE ROTATION MATRIA

=GIUEN EULER [R1 MATRIX & TO FIMD EULER AMGLES
B = STOP

S@Abak=In o nnn
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RoRoTics  SOFTWARE @

MODEL  CALCULATION

—==> (CASE NUMBER 1

N MULTIPLICATION OFE A MATRIX AND A VECTOR

INPUT  PARANMETERS
CTHETA |, A3 (INTEGER)Y | PV~ (0RIG/N) AND THE VECTOR

20. l 72 DU N 3.1, 2.
AX\S ,

1 { RoTATions ABouT X - Axisj,

r'\ o o 3 S o

0 (Cos36 ~Sin3e | | = 0 9bb

0 Sin3s Coszs | 28 3232

Lo o o 1 /! o

- CASE NUMBER Q-

2) PRoDuCTe OF " THREEL (4x4) EITHER ROTATION OR D-H
. MATRWCES L U o
USE __A FOR _ORDINARY 4x4 MATRICES
e 2 R D-H MATRIceS

TYPE? _
1
THETA VECTOR .
Ra. 26 Lo ‘{QQSPQC"NVELV FoR EACH RoTATION
MATR(CES )

Axls veetor” - |
203 1 RESPECTIVELY THE AXIS gf ROTATION
R £ACH MATRICES ]

,;rAm,

‘ - -

- e o e —— e e v = o s = e e ———
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@

DhaiTioN VECTOR Of Ax'S 2 187

T L
Posimond VecToR oc Axis 3 18 )
g. P | .
PociTioN WECTOR OF Axis 1 g ?”?
. 2« 2.
Cos3c 0 Sin%0 2 rCD‘%QS‘ ’S‘MQS o 3 { o o |
o |\ o | Cin 25 (ps5 0 0 |0 ®o -Sawe 2
e O (&2 i 0 0 J f 0 gmu,a (csho R
o o d +tJdlLo o o | o o 0 |
038y 00412 0-blg2 b 160§
> Dyn?2 0-b3y -0-G82 X238
043 0-38 0527  Robbd
0 -0 ) v o oo
—v Tyec
2

LIRST D-H MATRIX
ALPHA , Q, d, THETADH
0. R |- 4o0-
CeCond D-H  MATRIX
95, 1. Q. 3.
THIRDO D-H MATRIA
be - Q- 4. (0.

T, = |0-3$8  —0-by20 0 00 2.000
0-5%6% 0 bb3) -0'¥bo -0°SUC
0-321b 0-3830 0 §6$9 0 8bL9

0" 000 0.0 0.0 lo
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T2 - 10 990 -0 $33% O oceo | 0oc 0
05199 0 3422 —04223 -0 Uiy
0:d44S  0- 34y 09062 ) &i1qy
L 00 0-90 02 o

72. = 09842 —p137% 00000 =X 000
0 - 08b6% 0 4820 -0%bld -3 yby9
0 18Dy 03662 0 Cooo | 29%
0 0 00 0.0 O
T( fTQ_-FTS
> |odyag  —0-2bby 0 9238 2-61LQ
05583 —0-7%2% -0-2Wb/) -1-567
o 3903 0-blI92 -~p- 035D 3-b38R
. 90 0 0 00 (-0

> CASE £3

4

[NVERSE 0oF A RoTaTIoN MATRIX
I NON- STANDAR D mMaTelXx BUT  ORTHO NoRMALL
2. STANDARD MATRIX ( O R THo NDRMAL )

7 NON-CTANDARD MATRK -

ENTER  THE MATRIX Pow BY pow”

0-933  0.0b? 0354 _y.3
0:06% 0933 _p.a54 1.3
0354 o35y 0@k ook
000 -0 0.0 .o
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THE  INVERSE

CF THE MATRIX IS

© 91313 C Ob? -0-354 0 9942

9 067 0833 0354 -9 gow,
U35y -03sy 03k 0 353
©0 g0 0.0 O

9 QTANDARD MATRIX

THETA "
25 -

THE Axle OF ROTATION
3

PociTion VECTOR ™
2 0« |-

THE INVERSE OF MATRIX 14

09912 -0 1323 0 000 —-XR-9336
01233 c:4491Q 0 -0 3%%Dp
O . O -0 I

\' o . O -- 0. ‘, J

— (A€ &
ADDITION or Two (mm) MATRICES NS
ENTER Row B RoW
RoW(M) |, COLUMN(N)

2N 3
THIEE FIRST MP-'TE\X?
b o
3. 2- 4
L- %. |
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[a}

THE SECOND MATQ v !

2. . O-

DS 2. Y -

o- gL -
RESULTANT MATRIX

b 3- 4.

b - S,

Qb b

~—F (AgE S

TRANSPOSE 0F A NXN MATRIX
THE ORDER ofF MATR(x My N
ENTER (oW 1Y RoW

Rowi M), LoLumm (N)

2 3

| Row

.22

|.0. O -

S. b .
TRANIPOSE OF £ MATRIx -

he 1.5,
3. 0.6
R 01,

— CASE G-
FDODITION Of TWO VECTORS
VECTOR No 1 7
. 3. 4.
VECTOR No 27
| b4, F-
RESULTANT VecToR 18
L. 3. 0.
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—_— <'_E_:QE J-

™OT Pfrobuct OF TN veCTore ”
veeror o 17
2. 3 4.
VecTor no 2
i 4+ -
DoT PropucT
42-00

—> (ME S
CROSS PRobucT OF TnO VECTOR &

VECToR No 2]

2. 2. 4 -
VECToR No 2 7
| 4. F

K
4 S ((2-1b) Y (4 -1u) Y (&-3 )
7

:
2
‘ LS 4 JBlo) 4 i)

H e,

CRpIS PRoDT OF VECTORS -
G, —10. 5.

— CASE lo-
GIVEN THETA AND fORMING RoTaTioN MATRIx
TAETA
0 -
Axld OF ROTATION"
1
eNTER THE PodTioN VE(TOR

. 1. 2-
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TUE ROTATIoN MATRIX 127

-

—

0 (o830 -Sal I
o Gnzo legder 3
. O 0 o i
= |io 00 0 0 2.0
© 0 0:8b -0'5 )
0.0 05 o &6 30
o 2 D0 0 O .o

—p CARRE I
RcPoRrE PRoecebing [DENTIEY THe MATRIX

= RotATion AReut A-Axie”]
20 MoTATION  AppuT  Y-Axis
1. RoTationd AROUT Z-Ax1¢’
ENTER THE AXIS OF RoraTio N

\
ENTER MATRI% (3,2)

°S

ENTER MATRXR(2,2)

0 2bb

THETA 1S 29-9¢gbo
—B> CMRED:

MULTIPLICATION OF ThwOo MATRIES”

CENTER NO O0Ff Rowl 0 1 MATRIX
ALY

ENTER No Of Columny/ Rows of
3

ENTER N9 0f  oLumad OF T MATRIX

3

I MATR X
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al

ENTER HRST MATRIX Row RY BOW -
3 5. 2
I~ 2. 3

2. i, J

ENTEE CECOnND MATRix  Row Ry BoW

hoe .o 2.
9 2. 2
S AN
PPopuCT 187
Qb coo 5 000 D00
(2. oco livoe O & co
(600 J 00 Q.00

—3> CAZE g DynvArmies
RPECLRSIVE NEWTON -EULER ALLGORITHM

(&, ToinT  TRANSLATIONAL OR ROTATIONAL?
Type 1 Fol  TrANSLATIONA L
Tvpe 2 FpR RpTATioNAL

P
The JownT 1§ RoTATIONA L
S

TYPE ROTATIENAL MATRIN (27 nNeT1Tg TRANSPRE
ENTER THe MATRIx (3x3) Row RYRow:

FHRST oW "

0-2,b —-09 g0

0.5 0%tk 00

09 00 lo
enteR omecal 1- 17 vector”
o] o 0.

ENTER. QDOTDOT (SCALAR)
2.0
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ENTER  QLOT (SLAtAR)
2.0
ANGULARR  VELoc 1Y aueca(1]) 18
0.0 00 XD
Srep2

ENTER  ALPHALT-17] vecTor ?
O 0. o .

ANGULAR AL L ERATION  ALPHA (1] 1
00 00 20 O

Ster 3¢
ENTER  Al1-17vector
o- 498 O.
EnTER  P(1-1] vector
o 0. O.

THE  A(1] VeEcTOR?
h9cs #4954y 0.0

<TEP 4

enter 91(17] VECTeRr

. .- 0. _
THE Acf1] VECteR 13
0- 406 It 448 ©00
STEP §°

ENTER. MRS M
2.0
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THE  foRLe VeLTor 18”7

| &1 23 A 00
Crep b
ENTER. T MatRix (2% 2) Dow RY Row
et Row "
o 0. O
- 0. O-
0. O . o

Tug ToKQUE VECTOR /S
0 . o . 0 .

ENTER

i= CONTINVE

2= ovEiL

2

THE FoRWARD ITERATION /& OVER
RACKAWARD [TERATION  STARTL HERE

S1ep 3

enrer (27 matRix o T To 141
EenTER L Row ”

V- FIF ~0-FF OV

0-%0% 0-303F 0 O

p O 00 \-0
ENTER VecToR fo[1117) )
0 J 0.0 0-0

CNTER yeetor £ OF Lk T

~10$-93 818 90
f vector cofF Livic T
—i0¢ 4y €8 0o
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ep g
ENTER NUT) VeeTor !
0. o O.

CNTER n(1+1) VECToR
. 0 O

ENTER  S(1) vecTor
S o0 o. 0
ENTER  P(I) VECTD L
V0 oo 90
(1) vector 18"
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CAsE (P

—_—
B

13= FORMING A [K] MATRIX
15=FORMING EULER ANGLE ROTATION MATRIX

16=GIVEN EULER [R] MATRIX & TO FIND EULER ANGLES
100 = STOP

10 —» CASE NUMBER-

GIVEN THETA AND TO FIND ROTATION MATRIX

ENTER THETA ?

30

ENTER THE AXIS OF ROTATION ?

3

ENTER THE POSITION VECTCR ?

1 2 1

THE ROTATION MATRIX IS
8.659200E-01 -5.001825E-01 0.000000E+0Q0 1.000000
5.001825E-01 8.659200E-01 0.000000E+00 2.000000
0.000000E+00 0.000000E+0QOQ 1.000000 1.000000
0.000000E+00 0.000000E+00 0.000000E+00 1.000000

1= TO GO TO MAIN MENU
2= TO SKIP MAIN MENU
3= TO EXIT FROM THE PROGRAM



1= TO GO TO MAIN MENU

2= TO SKIP MAIN MENU

3= TO EXIT FROM THE PROGRAM
2

{EYPE CASE NUMBER=

1
BEFORE PROCEEDING IDENTIFY THE MATRIX

1l: ROTATION ABOUT X-AXIS

2: ROTATION ABOUT Y-AXIS

3: ROTATION ABOUT Z-AXIS
ENTER THE AXIS OF ROTATION ?
3

ENTER MATRIX(2,1)
5.001825E-01

ENTER MATRIX(1,1)
8.659200E-01

THETA IS : 30.000000

1= TO GO TO MAIN MENU
2= TO SKIP MAIN MENU
3= TO EXIT FROM THE PROGRAM
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Ew e THE NuMaed. o Rows ge T MATRIX

4

- Mk Ter
E"“"-”L‘ —HE NUMDENL ob Co(_UMr\!_S/ RO wWs orF U
(IR

4— T MATEIX
-~ cesluMAS of -~
- Nompens oF
ER7ER- THE
2~

EN 7 THE P 1RST MmATA\ X Row BY Xouw

| A4- 32
—~ ¢ s |
| A 2/
CpTel. THE scconDd  MATAAX Rows £ Ro W
ENTE
2 F
y (¢
7 9
3 |
PLo)OCT ’s
s | s/
1S RS
S| 72
3 4 553
J
;w C: S¥P MA;”MW,:ﬂc PRoGRA ™
Flo
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chASE

-_——
71.000000 65.000000
78.000000 27.000000

1= TO GO TO MAIN MENU
2= TO SKIP MAIN MENU
3= TO EXIT FROM THE PROGRAM
2
TYPE CASE NUMBER=
13
ENTER ROTATION ANGLE ?
40
ENTER K VECTOR ?
.6 .7 .1
ENTER POSITION VECTOR ?
121
THE [K] MATRIX IS :
8.501529E-01 3.403693E-02
1.626375E-01 8.805905E-01
-4.360538E-01 4.021913E-01
0.000000E+00 0.000000E+00

1= TO GO TO MAIN MENU
2= TO SKIP MAIN MENU
3= TO EXIT FROM THE PROGRAM

4.641502E-01
-3.694122E-01
7.682052E-01
0.000000E+00

‘3 Page 18 o

1.000000
2.000000
1.000000
1.000000
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2
(LTYPE CASE NUMBER=
15

1: X-Y-2 ?

ENTER EULER ANGLES ?
GAMMA - ABOUT X-AXIS
BETA - ABOUT Y-AXIS
ALPHA ABOUT Z-AXIS
GAMMA ?

30

BETA ?

40

ALPHA ?

70

ROTATION MATRIX IS

2.615869E-01 -7.039927E-01 6.602776E-01
7.198052E-01 5.980387E-01 3.524628E-01
-6.430029E-01 3.830717E-01 6.631768E-01

1= TO GO TO MAIN MENU
2= TO SKIP MAIN MENU
3= TO EXIT FROM THE PROGRAM
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-6.430029E-01 3.830717E-01 6.631768E-01

1= TO GO TO MAIN MENU
2= TO SKIP MAIN MENU
3= TO EXIT FROM THE PROGRAM
2
gTYPE CASE NUMBER=
16

ENTER THE EULER ROTATION MATRIX (3X3) ?
2.615869E-01 ~-7.039927E-01 6.602776E-01
7.198052E-01 5.980387E-01 3.524628E-01
-6.430029E-01 3.830717E-01 6.631768E-01
EULER ANGLES ARE :
GAMMA - ABOUT X-AXIS
BETA - ABOUT Y-AXIS
ALPHA - ABOUT Z-AXIS

nu

GAMMA = 30.000000
BETA = 40.000010
ALPHA = 69.999990

1= TO GO TO MAIN MENU
2= TO SKIP MAIN MENU
3= TO EXIT FROM THE PROGRAM
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THEORY OF MACHINES ( TM.EXE ) SOFTWARE
COURSE 7944
MAY 5§, 2009
ANAND M. SHARAN

PROFESSOR
FACULTY OF ENGINEERING
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Secv 770~ OF [Ajéxgziﬁ?

NUMBEA. oF EQUATIONS
>

AH/A\q_)Al’L,AQ.L) A1 po 2
\ \ 2 4 4 14
DATA crTellED pon. € QUATIONS

SolL V7 ron oF Cﬁj?x,g: gﬂ?

-,

vi = |00
X 2 = 3.0° 2
¥, +~ X = T 1
=
2 x| AT &
) AS
_ wﬂ('f’fé
can BE

A 151%: §13>

S ~
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