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ABSTRACT

This thesis descrihes the design method for control
Robot Arm inform of point to - point control and continuous
path control that develope from position control. The design
uses PERSONAL COMPUTER to calculate speed,path and target
position,and interface with MOTOR DRIVE CIRCUIT that send the
control signal +to stepping wmotor in each joint. The stepping
motor in each Jjoint is rotated in approviate angle and make the
link movesso the end effector can approach bto the tardet
position. This thesis uses Geomatic Method to solve the angle
of each link. This method is easy to design for controlling but

can only apply to general planar Robhot Arm.
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FOREWARD

Thank you fo; purchasing our Training Mini-Robot Simulator ROBOT-1.
This Robot (ROBOT-!) was designed for speed and flexibility. It incorporates

a variety ~f innovations.
Its primary development objectives are for training and educational use and as

an industrial simulator.
To insure the most efficient use of this robot please first read this operation

manual thoroughly.
Instructions contained herein are subject to change without prior notice.

PRECAUTIONS

e This Robot (ROBOT-1) is not designed for actual industrial use, and at-
tempted use as such should be avoided.
® Generally, the robot should be positioned on alevel plane during operation.

Avoid using it in direct sunlight or near a heat source.
e Be careful not to clog the air vent holes in the base or lower robot body.

Avoid use of the robot where it may be affected by vibration' or electrical

interference.
e Attempting to move any axis by hand or forcibly stop the robot while it is

in motion, could result in deviation of the program indication or damage
th the rmarhanic
e Do not leave the robot while it is in operation, Also, to avoid overheating of
the motor, do not operate the robot continuously for more than an hour,
Aftcr fuming on olectrica! power, check that the cooling fan, located in the
base, is operating. If not, it could result in damage to the circuits.
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] Cable Connections

Power Switch

Power Cable

Power Box For AC 220V

Connection to Power Box

1. Connection to Personal Computer

i} Insure that the connection between the
robot and personal computer is secure so that
the cable does not come loose during opera-
tion. A loose cable will prevent clear input
of commands from the computer and result
in inefficient operation, etc.

2) Use care in laying out the cable. Avoid
pulling or twisting the cable.

3) Always use the cable provided by the

1

i computer manufaciuser

b. Connection to Power Box

First, confirm that the robot and power box
switches are OFF, and then proceed as follows:
(1) Connect the power cable between the
robot and power box.
(2) Insert the power box electrical cord into
a 220V AC electrical outlet,
(NOTE: The electrical capacity of the
power box is 220V AC. Do not attempt
to use any other voltage source.)

Input Voltage for Robot




a. Precautions for Electrical Power
Input

———

First, turn On the power box switch and then
the robot power switch. The grip will close
when the robot power switch is tumed ON.
At this time, the following self-diagnoses will
wtomatically take place. If there is an error,
the grip will remain open.

(Self-Diagnosis Functions)

a. ROM and SUM Check

b. RAM battery Back-up Check

¢. RAM READ & WRITE Check
¢+ If there is an error, reinsert the power plug

and commence operation after the grip closes.

. .

b. Test Mode 1 -

""”ith this mode, operation of each robot axis
an be checked and the home position estab-
xhed. ’ .

While depressing the test switch, turn ON the
sower switch. Hold the test switch in this
osition for ] to 6 seconds and then release it.
dode 1 will be activated. Subsequeatly, when-
wer the test switch is tumed ON or OFF,
2ch arm will move a little at 2 time.

* To cancel Test Mode 1, turn OFF the power

switch.

Movement Method
for Test Mods 1 7 8

9 10

”““lll!llllllllll

(i

=

Openation will continue as shown as Jong as the test switch s depressed.
When switch #s seleased and then turned ON again, operation will continue
from the subsequent sequence, .

e ! Coerstion Compornent Direciicn ¢! Vovement H

1 Ist Arm Upward
2 1st Arm Downward
3 T 2ndam Upward
4 2nd Arm Downwatd
5 Wrist Twist Upward
6 Wrist Twist Downwatd

- Wiist Swivel Clockwise (from 1ront}

- 8 Wrist Swivel Counter Clockwise (from front)

- ] Body Rotation Right {from front)

Body Rotation

10 1

] Left (from front)

After Sequence 1, operation is repeated from No. 1




Fo Establishing Home Position
Using Test Mode 1, establish
Home Position.

¢ Align the  MARK of the
robot.

]

000000000000

J 7
Meximum Possible Movement Range from Home Position
Max, Move. Range from Home Pos,
Motor No, Nomenclature Movement Angle AT Negatve
) ositiv -
M1 &2 ist Arm 0.1°/pulse 450 pulse 450 pulse
M3 &4 2nd Arm 0.1° /pulse 450 pulse 450 pulse
M58 6 Wrist Twist 0.1° /pulse 900 pulse 900 pulse
M5 &6 Wrist Swivel 0.1° foulse 3600 pulse 3600 pulse
L M Body Rotation 0.1°/pulse . 1500 pulse 1500 pulse
Operation angle is D.1° per step. Therefore, each angle (°) is 1/10 of the No. of steps.
]
1"1__; M1
M2 t—
{ — DC Motor
VM7 ) {Finger 0O/C)
4 L |
“E g8 P { [l jeoeesteeennetes il
- o

I

. —



¢. Test Mode 2

\fter establishing home position of the robot
sith test mode 1, turn OFF the power, Then,
Aile depressing the test switch, turn ON the
ower switch, and hold the test switch in this
sition for at Jeast 6 seconds. When the robot
:zins to move, release the test switch, and exe-
ste as shown in the table below.

. IstArm 2nd Arm Wrist Twist Wrist Swivel Rotstion Fi Poshi Movement Waiting Time
weration No. (No. of Steps) | (No, of Steps) | (No. of Sieps) | (No. of Steps) | (No. of Steps) ey Tosttion Speed Atier Movernent
I ~200 - 200 0 0 900 OPEN 1 1 (Second)
2 100 - 200 0 "o 0 OPEN 3
3 [} 0 0o 0 [ CLOSE — 5
4 200 © 200 0 3500 1800 CLOSE 1 1
5 ~200 - 200 0 0 (1} CLOSE 3 1
6 [} 0 0 0 0 OPEN — a
? 200 200 0 0 ] OPEN 3 1
"8 100 200 0 (] 00 CLOSE A, . 1
] - 200 ~ 200 0 [ - 900 OPEN 1 1
I 10 - 100 - 200 0 0 (] OPEN 3 1
i n 0 0 0 0 0 CLOSE - 5
X 12 200 200 0 ~ 3600 1890 CLOSE 1 1
P13 ~ 200 ~ 200 0 0 o CLOSE 3 1
, 14 0 [ - 0 0 0 OPEN -— 4
| —
; 15 200 200 0 0 0 OPEN 3- 1
— -
‘ -
%_16 100 200 0 0 900 CLOSE 2 2
17 300 400 —~ 800 0 0 CLOSE 3 ] 1
1] - 800 - 100 1600 0 0 CLOSE 3 1
e%
19 500 - 30 - 800 0 0 CLOSE a3 1
- After No. 19, mode Is repeated from No. 1 ) ¢

nprr:ﬁnn ie in conpance far earh grggd nf
Nos. ) —"19 above.

T 1f the test switch is depressed at any pause
between each operation number, the robot
will return to home position and stop, and
test mode No. 2 will be terminated. From
this point, commands from the computer
will be accepted.

% Turning OFF the power switch will also

Cahoes Jest Moae . 2,




ntelligence Command - -

.« Mt is Intelligence Command ?

_aplete contiol of robot operation would be
.«ond the processing capabilities of the com-
«r. To overcome this problem, the robot is
wided with a mechanism having, to some

.znt, an intelligence function so that the .
vqputer can relatively easily process robot
. vement.

- zently in interpreter language, most personal
-sputers refer to this as BASIC, and this is
--¢quipped in the robot. Therefore, even
.hout including an assembler or machine
. juage, resemblence to a high degree of
(ration process, etc. is possible.

« other words, Intelligence Command can be
s 110 act as an interpreter for the robot.

. Input of Commands

Structure Flow Junction 2

Junction 1\
,'J\ A

Command o

Pause Signal-- Joining Point 2

Joining Point 1

ITEM FORM
Command Alphabet Capitals
Decima! {10 10th place), Intege!

oo -

Parameter {for negative, use 8 *'—
Period (.”) [ ASC11 Code (2E) 16 )

Pause Signal

“w to Read the Structure Flow Above
HTVIVEN e.\.ilt'di;) iV v b WU dagas.
' At a junction, advancement can he made
along any course.

W oesesseg sey ser aeeisaen REETTTEN

can be made in either Jeft/ right or up/down
directions. At Junction No. 2, advance can
be made in fore/aft and downward direc-

L, *
"o LIS, Tl ACTC T S | PAPYSY
4 - . *

alonp with the flow. In this case, at both
Joining Points 1&2, flow can be in right
left directions.




3 Command and BASIC

A LPRINT (PRINT # n) is used for relaying
atelligence commands to the robot. Com-
nands to the robot are possible by the LPRINT
wmanged program shown at right.

10 LFRINT "H"

20 LFRINT "1100.200....%10"
30 LFPRINT *I-100....."

40 LFRINT “I..~200...83C"
SO LFRINT “N*®

&0 END

ilso, by use of DATA, the program above
an be changed as shown at right.

he command explanation contaips a usage
wimple which resembles the program below.
bis program .can easily be mornitored by TV
d a command sent to the robot.

VOTE: Examples are shown for the BASIC
apuage established by various computer
enufacturers)

100 DIM DS(10)

110 DATA "H"

120 DATA "1100.200....S10"
130 DATA "I-100....."

140 DATA "1..-200...S3C"
150 DATA "N*"

160 REM -—- DATA READ ---
170 FOR I=1 TO 5

180 READ D% (1)

190 NEXT 1 !

200 REM -—= COMMAND COUT —--
210 FOR I=1 TO S

220 LFRINT D$ (1)

230 NEXT 1

240 END

10 MECK wee g " eTO: "
<20 INFUT Qs

30 FRINT #1,A8

40 CLOZE #)

N Ot s

F-Basic [Fujitsu)

—————— — ——— - > e o d

J() A$=" ”"
20 INFUT At
O L ERINT Oe
40 GOTO 10

N-Basic {Nihon Denki)




Y
T BNy

;input Form for Each Command

7:ommand No. of Parameters Note ’
; C .o —
—450 S o, S 450
—450 £ 8, € 450
] : ~9005 s, 5 600 | Asured orlywithin
-3600 g 8, £ 3600
-1500 £ 8, S 1500
1 £ Speed Constam £ 6
H 0 =,
! 7 Same 2s Command E
K 7 Same as Command E
M 0 B\
N 0 el
o} 0 ) e
P 1 1 & Program No. £ 15
R 1~15 - 1 & Program No. £15
T . 1 1 £ Time Constant £ 99
Z ) —_—
NEW 1~15 1 £ Program No., £ 15

nations of each parameter, eic, are given on the

. meaa,

10




d. Explanation of Each Command

Objective: To cstabhsh HOME position
Structure:

Explanation:

This is 2 command to establish basic starting

point of robot movement. ;

(1) When this command is given, the robot will
return to home position.

(2) As long as this command is not desxgnaled,
home position will be that at the time elec-
trical power was applied.

(3) When “H” command is executed, internally
the amount of all movement from the start-:
ing point will be zero:

e 3. 'i‘t‘.ﬂa;

Objective: To restore HOME Position
Structure:

-~

i A . o

Explanation:

This is a command to cause the robot to move

1o the HOME position established by the HOME

command.

(1Y Fach avic matar covcec mavement 1o the
HOME position established by the “H”
command.

(M I HOME nncitinn hac nnt hean actahlichad
("H" Command not designated), it will
return to the position it was in when elec-
trical power was applied.

11



+3;»DJRECT MOVE Command =

Objective: To move only the number of steps directly instructed.

Structure:

8, ~ 8,: No, of movement pulies of each axis motor
n: Speed constant 1 ~ 3

Explanation:
This is a commind to cause each 2xis motor to

move individually the number of steps stipulated
by the parameter. i

However, finger positions will not change unless
Finger OPEN/CLOSE instruction is given.

Objective: To establish 2 teaching program No.

Structure:
D

1 g program No. €15

CAprabiglivel,
This is a command to establish 8 number which
will cause the robot to remember a chain of
movements.

(1) A number alscady retained in the program
Calthivi DU SHipruniuicu,

(2) This command should be stipulated before
commands *P", “E” and “K". '

(3) The program number stipulated by “p
command is used by the **R* command.

12



w.»:m Lomman

Objective: To retain memory of movement

Structure:
s
n > 07 -
c
&, ~ 8, : No. of movement pulses of sach axis motor
n: Speed constant 1~ 5
Explanation:

This is a command 1o cause the robot to re-

member certain movements.

(1) Please reier to I’ command for parameter
stipulation.

(2) Use the P command.

dbjective: To complete the program

Structure:

o5
ARk 3

ety A
T

-n
il

xplanation:

——

[

After teaching has been programmed, this com-
mand is used to cause termination during execu-
tion of  program.

13




Objective: To move to an established position
Structure: ) .

PR ARE ET Sa k)

®,~ 8, : No, of movement pulses of ssch
axis motor
n: Speed constant 1~ 6

Explanation:
This command is used to move the robot, little
by little, to a target position. The number of
movements is voluntary. If a MEMORY.: com-
mand is input while the robot is moving to the
target position, the position last completed will N
be retained in mesmnory.

g MEMORY. Coiraand

- . v
o ST TS

Objective: To cause memory of a chain of movements
Structure:

Explanation:
This is 2 command to cause the robot {o re-
member an optimum position during teaching
whilc the robot is mewi=r T -aemand s

tend le mmetenct ailth SIT

14
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Objective: To execute a teaching program
Structure:

Y

1 Sprogram No, £ 15

Explanation:

This is 2 command used to voluntarily dcsxgnate

a teaching program, and to execute, repeatedly,

that program.

(1) The program number can be designated 15
times.

(?) Numbers not taught will not be executed.

(3) There are two groups of numbers; 1to0 10
and 11 1o 15. After execution of 1 to 10,
the original point is restored. This is not
true for 11 throught 15.

(4) When a teaching program is being executed
during 2 RUN command, and »Z' command
is designated, movement will be terminated
2fter executation of one step in the program. ‘ ’ .

s A A R ‘z»"" RIS

Rk iR rara ket TIMER Command FEAGITRGENN

Objective: To stop movement for a specified time

Structure:
~{ T }————Fl speed constant,&; l———————"

1 % speed constant S 99

L'.ywunuuu..

This command is used to stop the robot for 2

specified time.

(1) Dunng a teaching program, if this command
is given after 'K'’ command, one step of

v LUHISnu v UG su it B eIulY.

This is also true for “E* command.

(2) Amount of movement retained by No. 8 is
+20° for No 1 Arm, 425° for No. Arm and
+418° for Wiist Twist, S;ccdisd.

e



————————_— - rmt g

Objective: To open and clo;c the hand.

Structure:

Explanation:
This is a command to open and close the robot

hand. OJC teaching is the same as for T{MER
command.

o4 2 R SR NEW. Command -

PR S

Objective: To cancel a teaching program.
Structure:

f'ffﬁgﬁm N

&

0.1

1 spvoyr.m No. S15

Explanation:
(1) Thiscommand is used to designate aprogram

number for cancelling a teaching program.
If there is no designaticn of a program
number, all programs will be cancelled,

)

16
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#irclude <cos.hd
#include <alisc.h
finclude {dir ko
éinclude <bios.h?
finclude <stdio. v
#include {ctypa.h)
$inciude <strind.hy
§include <conie.hd
$include {stdlib.h}
#includs {path.w
$include <stcarg.h)
$include {graphics.h’

#define TODEE 5
§dzfine TORAD 2
kdefine TRUE 1
sdefine FALSE @

fidefine L¥ 173
#define LI
$define L2
tdefine L3

fiaz fngle supported by Hech.
structures

Operation step = 8.1 Degres
:::::::::::::::T-:::::::::::::::tf

int max_an{3]={ 73, 9%, 9¢, J&6, 1483;
int min_an(8}=(-15, &,-98,-368,~130};

sessozszmoz=z

3 5

/‘:::::::::::: ettt b e R e I e e S R E t e e
FORKAT "I{shoulder].lelbok).{arist tuist].[wris® swivell.{bodyl.{Sspeed}{yripper]?
ANGLE # 1 2 3 &
,i:::::::::::::::::::::::L::::::::::::::::::::::::===:==:=::==:==

SLO3AL VARIAGLE
ficat  angle(73,0anglel7)={38,45,3,E,78,8,8};
fleat rangle(71={9.5235%94,0.7€5394,6,0,1,570788,8,8);

int px=8;

int py=292;

int pr=ily

int pet=;

int pws=3; /f last position in base frame %/

int kx=8;

int ky=292;

int kr=341;

int kws=B;

int kut=d; /3 destination ¥/



int xyy,2,ut,ws,err;

int token[238];

int gm,gd,gk,qy;

File iy

char tutl {27, command{38], fnane{15];

struct ffoik block;
stroct vienportiype vinfoj

int grrintfiint xloc, int yloc, char ifat, ... };

-

( /% draw in scale 1/2 8/
int ch;
gu=DETECT
initgraph(bgd,fgu,"");
forintf{stdpra, "Hva"};
rectanglei!, 1,482, 309); /% viewportl (2,2,399,299} &/
rectangleil, 1,639,347}
auttextxy{5,383," AOBOT ARM CONTROL PROGRAM");
Pine{5,315,220,315);
puttzatxy (9,228, ON BECMETRIC APPROACH®);
puttextxy{3,332," CONTROL DERARTHENT ERITL 1992%};
rectangle(483,125,035,348);
x=pyy=py;i=pzjut=put;
aconvert{};
update pril;
go
{
setviewport(405,127,534,339,3);
/% sain screen stert herz ¥/
/% nain viewport 8/
ch=d;
clearvienport(};
cuttextuyfl, &," HATN MENU");
Dﬂtte}(tﬂ’/(l ’1’@’“:.-.::::::::::::::::::::::“ j H
.outtentxy(l;fﬁ," 1. FCEITION CTRL." )3
puttextxy(1,32," 2,CONTINUGUS PATH CTRL.");
outtextyy (1,46," J.RUN COMHAND FILE");
puttextxy{l,5¢,* 4.EXD PROGRANM®);
puttextxy(1,78," SELEZCT "}
ch=getchil;
switch{ch)
{
case  @x31:  position()jbreak;
case  £x32:  conti();  break;
case  Bx33: rtoken{);
rexec(); break;
case 3234 fprintti{stdprn,®N\n"};break;
default @ preak;



1
i

whole{ch'=Bxda);
tlosegraph{};

position{]

{
char  Imp(1B};
setviruport{4@s,127,434,339,8);
clearvienport{};
osttexiny (L,1," PUSITION CONTROL (‘q uit?)*};
Cutt&xtxy(i,1@’":::::::::::::::::::::::::");
ruttestay(L,20,"fove to X ¢ "};g0ets(100,28,tnp); J
iflitap=="q") returniB); else s=atci{tap);
cuttentay (1,30, "Move co ¥t *)ig0ets(183,38,tap)y=rteiltep);
cuttextny{l,48,"Have to I ¢ *);q0sts(188,40,tnn);2=at0oi{tap);
autiesrny($,50, 'Wrast W ");o0ets{18B, 50, tay)iwt=ato. {tap);
auttextuy(l, 48, "Brist Swi @ *);cgets(1B8,48, tep)sus=ator (trp);

rangie{3]=T0RADTas;

outtertxy{1,70,"Bripper 8/1 “)juoets{16R,7@,tap} ranglelbl=atoi{tap);
bx=xikysyjkz=zjans=ue; kul=ut;
gea_tallx,y,2mt);
if{lerr) amust_drv();

ggets{i,7d,tup);
}
/t:::::::::1:::2:::::3:2:::=========================== SRIEIRRS ========‘/
centif)
{
char  tep(ld];
setvienport(486,127,634,339,8);
clearviewport(}y =
pubtext(" PATH CONTROL ['q'wit?)"};
Quttgxtgy(lsla,‘:::::::::::::::::::“);
outtextxy{1,28, Hove to X 3 *);ooets{188,28,tap);
if{itap=="q") returnl{d); zise y=atoiltmp); -
outtextxy(l,38,"¥ove to ¥ 1 “}joqets{162,36,tnp) y=atei(tap);
octtantuy (1,48, ove ta 1 ¢ ");g0ets{188,48,tep)z=atoi{tap};
puttextsy(1,58,"krist W : ®);poets{188,58,tap) ut=atai(tmp);
cuttentay(s,8B,"wrist Sui : ")iqoets{124,60,tap)jws=atoi{taply
rangle[31=T0RADIws;
kx=xiky=yikz=zikns=usjxnt=at; :
path_ctri(a;y,z,ut};
gets{tep); i
1
, t """""""" bddtaoddatod ittt b piprbf Rttt ettt At A ::::::::'/
rtalen{)
{

int i.count=3;
char conmand{ 183, flag,est=E;
char mal181;



/3

¥/

setvicwport{436,127,£34,335,8);
clearvizwport{};

far{i=g;i{(259;i++,tclenlil=2);

fvailable compand toke
B2t ] NERRAER
end = End progras

none = Hoxe pesitlon

posi = Pesition control %y 2 swivel wrist

cant = Continusus path contral x. y z swivel wrist
open = Open gripper

close= Close gripper

deiay = wait  {e3zc)

swivel = saivel wrist

tuist = twist wrist

R = > RSN« TUNE S NV O Y B S B S - ]

argetdir{};
fp=fopen{fnana,"r");
1f{ fp==NULL)
{
gutiestay(!,42," EARCR in open file!®)jcelay{i@8i);
return{-1);
}
flag=1;
whilei{fszanf{fp,"%s",conmard)!=-1) &% count{253 &k flag} /% end of file ¥/
{
if{strcmp{conaand, *end”}==0)
{
flag=0;ast=1;
tokenlcount i=i;
}
else
if{streap{cosaand, hone” }==0) tokenlcounti=l;
else
if(streaplconmand, "open” ==} token[counti=4;
Blse
if{stremplconmand, "close”)==8) token{count]=d;
else
if{strcmp{conpand,”pasi®)==8} token[count)=2;
else
if{stromp{conmand, "cont®}==8) token{countl=J;
else
if(stremplcoanand, *delay”}==8) token[count]}=6;
else
if{streapicomsand, swivel"}==8} token{count}=7;
élse
if{strcap{conrand,“twist*)==8} tokenlcount]=8;
else
if{isdigit{¥command} i $coamand=="-"})
I

toxen{count j=atoi(coanand);



eise

{ .
gprintf(1,48, "Unsecognize  %s ] \n",comnand);
flag=8;delay(1628);

}

countit;

iffest==8} gprintf(1,38,"4issing END coasand”);delay(1333);
fclose(fp};

rexec() t
{
int i=0j
while(tokern{i}'=B}
{
delay{1283};
switch{toren(.])

t
18

case 11 fgrintf{stdorn,*Nin");

x2pxsha=;  yEpyshy=292;
7=p2=k2=341; whepwt=kat=d;
ks=pus=kus=0; ¢
pangle(@}=angle{@)=38;
pangle{il=angle{1)=45;
pangle(2)=angle{2]=0;
canglefTi=anclef3)=8;
cangiefd]l=anglefd]=99;
oangle[3)=angle{$]=0;
vanglelsisanglela]=d;
rangle(2}=9.523596;ranglel11=8.783394;rangle[2]=8;
ranyi=l3)=8;ranglel4]=1.578788;rangle{ 5)=3;ranglef61=8;
update gri();

breat;

case 21t

k=token[i]; ifd;

y=token{il; it

z=toxen{i]; i+t

angle{3]=token{1]sTORAD; i4+;

wi=token[i);

peo_cal(x,y,z,ut};

if{terr) N

{

2

kx=ashy=yike=zikat=at jkns=ws;
amust_grv(l;

¥

break;

case RIFELH

s=token[il; 1+

y=tpreniil; i+

1=tokan{il;  1+%;

angle[3]=toreniJiTORADite;

wt=tokenlil;



ku=xikysyshz=z;hat=ut;kuesns;
path cirlix,y,z,ut};
breasy

tas2  4; tarintf{stdprn,®l.....5i0\n");

delay{30¢d);

braeh;

case 3¢ fpriatf(stdarn,"l.....81C\n"};

velay{SGEC};

break;

case  biith;
delay(token[i});
breat;

case  Tiitdg
pus=tchenfil; !
angipl31-=token{idy
sprintficommand, ... ¥%d. . Si\a",angle[3};
farintf{stdarn,"ls”,connantd];
breeh;

tase  Biivdy
anplef2]=tokenlil;
owt-stoken{il;
speintf(conmand,“1. . 2d...51\n", token[11}}
forintf{stdprn, "4s" congang};

breax;

1

d

1ty

¥

¥
/t"""“"‘-‘:::::"‘""""::::::::::::::::::::::::::::::::'.‘:::::::::::::::::
geo_cal{n,y,z,wt}

int ayy 2ty /3 {x,y,2) ,w=W_argle froe XY plane ¥/
{

float  zay /b arm's tip 4/

float  o,5,tap,ue;

float  psize,pbase;

float  nz,nsize,zatay;

tloat i

int i3

err=FALSE;

rangial4}=atan2iy, ¢}y /% base angle BODY &/
w=ut3T0RAD; N

/1 now! translaticy along L8 to shoulder joint 4/
nz=z-LG;

/t calculate for ara’s tip ¥/
t=sin{wn);
za=nztl3tcy

1f{za¥=-187) return{-i};
/% vector P Y/
tap=pow{x,2i+pon{y,2};



poase=sqri{top)-Licoziaw];

psire=now{za,2)+pow{pbase,?};
zetax=stan?{za,phase);

bmp=(pon(L2,2)-pon(Ll,2)-psize) /(~20L1¥sqrt(psize) )y
if{tapd=(flcat) {-1.B) & tep<={float}(i.d))
rFacos{impl;
else
{
iapessible);
return{-2);
}

ranglel@=azin{i)-vi-zatax; ¥ rorrect 4/

tap=(psize~-pow{ll,2i-pow(L2,2)) /{2, Q4L13LD);
if{tapr={float}({-1.3) kk tapi={floai)(l.8})

{
ranglelll=acos{tap);
rangiefll=acos{-1)-ranple(i];

}

else

{
putshar (Bx37);
impossiblef};
return(-1};

1
renglel?izasinli}+aa-{ranglefd4ranplelil);
acoavert();

/¥ checr range %/
for{i=8;i<5;i++)
if{(angleli] > (flosthaax_an{il} 1} tangiefi] < min_an[i]))
{
putchar (8587}
putchar(Bxi?);
inpessidief;
returni-1);

3

i
prenipy=yina=z}
pus=uspatant;
}
[§zszszssaznasssszaSaszssnzesisssciszacssconsansssssrRsossasssssEnscsal/
path_ctri{xx,yy,zz,nt}
int nxyyy,zz,mt;
{
float  dx,dy,d2,tx, ty bz, tus,tut, dat, das;
flost nstep,step=5;
float  stu,sty,sts,siut,stus;
float v_size;
irt i
dy=dy=dz=3; /§ different of point ¥/
Bt S At 3 St 1 3 2 S L P I L P P T e S8===== ====:==:==,/
update_gr{}
{

/% viespart 1 %/

/% vieaport! (2,2,359,299) 4/

setviewpert(2,2,399,299,8}; .

clearvieapart{}; :
gprintf(25,235,"Msk3d  Y:U3d 74834 W _Be¥3d  W_TiX3dY,py,py,pz,pus,put);

outtextxy (218,115, ¥ SOF

cuttextuy(298,38,"-¥");

cuttextxy(298,208,% Y*);

line(383,50,302,190);

cirele(300,128,28) jcircie303,128,42);

circle{32d,120,60); ;
line(235,126,345,120};



diff={argleli -cargleliNtig;
ydifid=l 17 diffi=-1

giffi=-1;
itee(diff, tep,18);
strecat{ccanand, tep!;

a #
)

strcat{command,"."};
clr_gtr(étmp,sizeaf(tmg)};
/% set to maniwum spead engle(Si=! §/
angleffl=l;
if{argie(8)<6 &8 angle[5128)
( t
itoalanglel3],tnn, 18},
streat{command,"5");
stroat(command, tmg)g

13
4

clr stridtnp,sizeof{tupll;
if{anglie(4i==8} itmp="C'; else ftmp="0";

streati{commanc,tag);

fprintf(stiprn,"{e'n®, connand);

shoa(l;

for(j=8;i¢7;3++)
aanglefjl=angl={ily

update gr();
}
/t::::::::::::::::T_:::::::::::::::::::::::::::::::::::::::::::::::::::‘/
iepcssiblef)
getviewsetzingsibvinta);
setviewport(486,127,634,339,8);
utchi7);
err=TRUE:;
gprintF{1, 83,*Pesition out of Range!'};
satviesperi{vinfo. left,vinfo. top,vinfo.right,vinfo.bottom,vinfo.cliply
!
/t:::::::::::::::::::;=::=::::::::::::::::::::::::::::::::::::::::::::t/
grets{x,y,huf} .
int x,y; .
char ibufy
{

int ch,index=0

dn

{
th=0;
tn=getchi);
cwitch {ch)

{

il

Case Uxe3y  iflindex==8] breas;



{
setrolor (BLACK);
gprintf{(x+{{incan-1)38)) vy, io ¥ibuf+{index-1}));
index--;
i{huf+inday)=0;
seteolar{WH{TE);

b3

§

cese  CuDdt  break

cace  Baid:  t{buf+index)={char) §;
breans

default: gerintf{{s+{indext8)),y, ", (charichly
tHbuftinden)={char) ch;
lncanery

wntle{ch!=g.2d)

-

int garistf{ int wloc, int yloc, char ifmt, ... )
{

va_list argptr;

char ste{1483;

int cnty

va_stast{ argptr, formet )

ent = veprintf{ str, tox, srgpur 33
outtextry( xloc, yloo, str )y

yloc += textheight( *E" } ¢ 2;
va_end{ argetr };

return{ ont J;

}
l' i’:::::::::::::::::::::::::::::::: ettt P oo dem e rieed =55 /

thr _stribuff,size)
char f5uff;

int size}
{

int i

far {i=0;i7sizeyrei, tinuff) vhuif=d;
A3
f x::::::::::::::::::::::::::::::::::::::::::.-::::::::::::::::.—.:::::::::t/
atonvert()
{

int i3

for{i=g;i{7;++i}

anglafilsrangle(i}sTUDEE;

! f:::::::::::::::::::::::::::::::::::::.::::::::::::::::::::::::::::::::X/
shom{}
H



case

Case

-t

3
i
H

8x48:  if{yyr8)

{
PH{({yy-L1¥4+ax )} {=count
{
7Y~}
frame(nu,yy,ne,yytl);
},
}
break;
Bx36: 17 {yy{lcounts/4))
{
P iyyrl Favan) (=count)
{
yytti '
frame{sn,yy, o, yy-1);
i
}
break;

dudby i {xecl
{
cf{ (yyias{xu=1) ] =count)

{
Ha)
frame{xy,yy,setd yyl;
i
h
Greak;
Indor  IF(s<3
{
LE({yyide{xx+L ) C=count)
{
ITAAH
frame(xs vy, xx-1,yy};
i
break;
Gute:  if{({yy¥atxy)rzoant) break;
else
stropy{fnase, (phr+{yytaexx) 13} ];
loon=8;
areak;

putimage(8,8,gbuff ,COPY_PUT);
setviesport(vinfo.left,vinfo.top,vinfo.right,vinfo.botton,vinfo.clip);

free(gbuff);
!
else puteh(7);
H
frame{x,y,ox,0y]

int x,y,0x,cy;

{

seteolor {BLACK);
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