Oglegil g SGL, ( 2lb el Cdad
R T SOV R Ee] KR e L (o PR L it K)

D i g At
T I W CTII T S I

WWAY 5l



uq,;wamua,,.“u,;l,_r.;p).u;l,bd.ug.u J._Jh‘,oli.:..!hﬁ

2° 29290 o Sy b QLT sl and>
ol JFS el y Sk, o8y Lo

Aoais U

S Bl ).Jm O WY edumy (cla _x.““l‘.s G .‘Jl}.- 3 Diladad ngub )._..'n,- &y odla ";LAJ...'.{U."I )0 o sla DL, TSELY

| alaz

&S

Sk (re il gy 3,08 bl 4 ol Bl 5 A Sl Slige samy sle wnld L L K
Bl s sl slas 18 5! o e 460 gl SO i olp L) J S s e el

ael st aals Yl E b Y eln
o IS

{ i ;
=ib gl ol sleslaall £ IS8 Slabd obml> gl &b jlealanal: 6 182
S sy, gle G

.L_..:,: la> 2 el i

(€ CEDRA, Sharif University of Tech. \



-

S ins SIS genslagi] g Sl o2y gale b
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sl ,h s d8 sl SIS, e 005l [y pawlogif g L, b ode i SL, Sial alft, L
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Robot Mechanism
MA2000 MA3000
Configuration A revolute arm with 3 major and 3 Configuration A revolute arm with 3 major and 2
wrist axes. wris! axes plus pneumatic gripper.
Waist, shoulder, elbow moving dvzarsi fr:‘;';?:;”?gr”g ﬂ:rou.?g 22;0
Major axes through 270 deg. At maximum slew | Major axes 9 M ool
rate of 45 deq./sec deg./sec. Elbow's siew rate is 45
9. ¢ deg./sec.
Pitch, yaw, roll moving through 180 Pitch, yaw, roll moving through 270
Wrist axes deg. al maximum slew rate of 90 Wrist axes deg. at maximum slew rate of 90
deg./sec. deg./sec.
Pneumalically powered gripper G :
End effector Si8chad (o the roll axis End effector Pneumatically powered gripper.
End effactor 9 programmable speeds. Maximum End effector 9 programmable speeds. Maximum
speed speed is 400 mm/sec. speed speed is 700 mm/sec.
Nominally 500 mm with jaws supplied Nominally 750 mm with jaws supplied
Reach in experimental kit. Psach in experimental kit,
Load capacily ;xl:g dead lift at 480 mm from wais! Load capacity ix!;g dead lift at 750 mm from waist
Electric servo d.c. motors under Electric servo d.c. motors under
. closed loop, 3-term control with direct ; closed loop, 3-term control with direct
Drive system position feedback on each axis Drive system position feedback on each axis
measured to 12 bits resolution, measured o 12 bits resolution.
Each axis has a teach resolution of 1 : Each axis has a teach resolution of 1
Resshon part in 1000 over the angular span. Resolution part in 3000 over the anqular span.
Responsibility | Befter than + 2 mm Responsibility Better than +3mm
Joint position Plastic film potentiometers with Joint position Plastic film potentiometers with
transducer =0.25% linearity of transducer +0.25 % lineanty of
Arm pre-wired to accep! micro-switch Arm pre-wired to accepl micro-swilch
S9nsor Supply or oplical sensors at the gnpper. Sensor supply or optical sensors at the gripper.
Controller Interface
MA2000 MA3000
Interface to the host computers. A/D Interface to the host computers. A/D
I converters Microprocessor ; converters. Microprocessor
Functions implementing 3 ferm control. Motor Fantationy implementing 3 term control. Motor
il drive circuits. drive circuits.
f 4 outpuls, each a relay contact pair 4 outputs, each a relay contact pair
switching 1A al 24V d.c. 4 inputs, switching 1A at 24V d.c. 4 inpuls,
¥O ports each operating on connection to earth O ports each operaling on connection to earth
potential potential
Safet Emergency stop buttons, “Watch- Safet Emergency stop bultons, "Walch-
Y Dogs" timer. Motor braking relay. 4 Dogs" timer. Motor braking relay
__Teaching Methods
MA2000 MA3000
- Using the teach keypad, for point-to-point operation.
- Lead by nose, for continuous path or point-to-poin - Using the teach keypad, for point-to-point operation
operation - Off line by computer.
- Off line by computer.
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Computer MA2000
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oBlulajl 13 39290 Sl I,k Cundge 3 (SilSo JlS L 6,0 O
A PR Y Ok Y g A ;SLQJS-:' 2 MA2000 , MA3000 JLQJLU J.,L: \..'.-.‘....n.i}a ) ‘5)35 Shad Slal B
PITCH

RANCE=1-999[180%]
PARK POSITION=500

WAIST =
RANGE=1-998(270"] 5

PARK POSITION=500 >
ROLL
/7
m P RANGE=1-999[180"]
| PARK POSITION=500

ELBOW
RANGE=1-999[270"]
PARK POSITION=100

YAW
RANCE=1-999[180°]
\._ PARK POSITION=500

5
\“)
A Dsaa ULDER

RANGE=1-999[270"]
PARK POSITION=500

MA2000 o, o5 b contBpn 3 (65 (slih =AJSS
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AXIS 1) WAIST
RANGE=1-3000(270"]

PARK POSITION= {500 AXIS 3) ELBOW
RANGE =1-3000{270"]
| PARK POSITION=300

AXIS 2) SHOULDER
RANGE=1-3000({270"]
PARK POSITION=1200

o
)
~

<~ AXIS 4) PITCH
RANGE=1-3000{270"]
PARK POSITION=1500

AXIS 5) ROLL
RANCGE=1-3000[270"]
PARK POSITION=1500
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Gripper Computer I—COI"I"O"GT S‘Q!US'——l Increase TP 4o
O— Auto (o] o o O (o] o] O WST ROL
on / Fault Fault Limit Auto Stop Test
On Decrease

- K18 O

o] &)
Em.rﬂsnty Stop Reset Q Computer Km-ﬂ
S . L

ol & Glata gl 5 Sy Js -1 s

Sl Curdge 8 0y 5 Slasie O

20l JAS 4 I S o Sy SRS g ) el sl SaeealS s )8 e (LS Jglaze ol 51 S g S

1Dged (S el ) 0t 098 4 )0 (lyta |y 5 cla 0 il end eoly las VY S
kol claads -)
o gie wix glaals -Y
2lp0 glaols -7

prog. |7 load [8] save |9 Function | T
> gq
Pitch | Yaw Roll Gripowor| RO
out |4 walt |6 Jump | 8 | T
Edit _'
Path L
Pitch Yaw Roll Escape
rate |1 | mode |2 in_ |3 | I o
Lead ___Enter
Waist | Shoulder | Elbow Learn
list [0 ecopy | clear | — | T
Drive Hold
Waist | Shoulder | Elbow Slow/Rapid Step
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Jle Slyar 39,00 S gan paB Bl g Sl sl L aeliy
<Step> <7> <e> zia pud Llszil
<Step> <Step> 21,y sl gan pad Llsail
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S 28 Lolia &lply Saadga gllas> <8><1>
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Oleins s a3 Ll ol ]y gam 233 U pad SO 1 el p o) sanlia L) s opl gl eolazl  <List>

<List><5><e><7><pe>

Sies wbd 8 Sl |y (ims pad b gl oSy 3 aaliy gl 53,5 S Sl yains ol ) eslizad <Clear>
etae log 105 Sea VO U VY pad jload &b dalip 53,5 SU 6lp Jla olein
<Clear><1><2><eg><1><5><g>
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aiSn aiitia S O me Soie ]y ol pE S a0 Wiy Sl Sl Jeias ol eslitud <Wait>
Dilee pal s
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w3 ) sl il slien sae L &5 Sl peled 08 8 SISl s ol esliell L <Escape>
...‘lj,..:'.:...l
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N3 e b Sate iy i (gokas pad 0 AT B0

© CEDRA, Sharif University of Tech. 1



My s 8Ly ganalagil g Sy ol ale cadad Sl oyl

A lr 6Ky b Condnn 4 e gy I Sl (S 4 Sl et Gy S s by ol 4o ,a ol
gtes o3lizll <Crip> a3 5l 5 ilegs o S 0 S o, 3k slp gy IS Lad Coadge 4 S gl

sl e Jolie ol o5 > 1), Rapid 5 Slow a3 g0 5l elazl ISal Sgtee edlitul 25 > (0l s laullS Sl
Sl 5 b G 0 e Jeolie 25, 08l STy Sl b Slagil jylay Slow 4 F S R T T
29 05,23 Drive

sl iy ISl 5 (sl 4 51 (S DS Drive s 5l 2y ol

ol iy Gl ) (b by (090 0,055 (sl <Leamn>

ks wald )5 e ]y sz 0 il OISl g 00l palyi ], (LS pad 4 228, oI, <Escape>

€ cepra, sharit University of Tech. Y



gy Fae olELI el gil § S o2yl pals wdad Sl syl

Sy w0l p sy g ol OG99 and>
Sl o8 lejl )0 39240 gla L,

sliiulejl )3 35290 SLSly b, (sl (55979 (oim! S O
s eags p 1y il g Sl el el widsy Wby )28 (6, 0ad s Emergency Stop 4 Stop slaals
4 by ] Lot 48 sy (S s Sndy 40 8 S IS wsgama g il (Sl by 1 eolicd plfie
Sgai dalys i8g2a |) Sb) ey Emergency Stop L Stop slauls oo 28 asl azils 92y o5 L b,

: Emergency Stop oS ;! oolizwl £

G e el 433 5 15 095 (55 engazme jl z)l b SUjkr Ceady 0 by &5 S 0 oS ot ) eoliza
O3 e Sl 4 e Sl S Jas (] 99,800 pad Dby QA gie G Glajas g 0ad S, g e BBy
3ol ol (Kan 35t oy Dby Gy aSle; Sl ol g3 08 T (Saalis (55MLL 5 Dby Aab Soaige
bog 1) Sl lanl b Gl opl 1 (5,8 gl (glp &5 Wbl S5 > 4 £9,0 093 (615 sogaon )l 2l (gl ahais
e 003 ) slas 4 )8 (5, 9z ge sl il

: Stop w5 5l eolazual &

@ e Sl 423 )5 13 093 (oI5 eogumme Jl zl b SUjkat Sady 0 Db a8 > o 0SSl eolinl

Sges dale 25 > qa):..a.bhﬁ,:,Ju:,.d,.jTQL,,,Aum.x,JSoafJL_.,..;_‘..:..I.Uc.!).....ii,:

:g&;ﬂlduJ,ﬁuh‘uf‘éJUGwq;‘.‘alua.l.ila;ﬁﬂ

wa asle ey )28 S8y Limit Koy e Elz Bl 093 00l iy a5 (615 eogama 0 b, Jolae el
S cpl p a8 Aeals Limit £l 00 8 7 L5 395 (6,1 sagas 5l Ol ke win L S 4SS ey
Tl &5 ere 05 asia L Sl ol jo smace Ss Gl W (S g SenalS g 0e> culas oL L,
3Tes'( t_gLD-\:-]S EJ'-J; Lj_’J}.'...S Ly St s ),'.ﬂ_, Jﬂ..-,; (.J'I -..A'.’L'..al:-;-..ul «::; JI’i \SJLS el gde )I
Zpea |y abeie faze leo. Decrease L Increase slaals jloslez b s g lojar sk Reset

ad b, LMt gl b adls 70 o) slas & 2

Sl 5 wely sleedy, U

2,10 2929 Johata Bs) ez ol8iilasl 10 2390 Sk, sy 4y Sl
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Continuous Path -7
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Point to Point 53 ; asb p s, &
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23,5 5k o] slg et g o By, ol g S T

203 13 AUO gy, | o s -F

A5 il 1) 1) 9 FgecalS AS amio Ly S 0y, 1, Sgmals -0

A eslicul MA2000 <e> )y 51 MA2000 b, ol

23S ooliz.l MA3000 <e> =5 5IMA3000 b, ol

ead jl2d ) Flals al jalb aaliy sy &S 5l o -#

S Ol GealS LS amis 311, Caps lock -

et Jdazie 9005 uli Y 00,8 4 alb jg2lss (g4, Clear data area?(Y/N) Jlsw -A

D9 oo el S gy, Computer Fault £l > al> e ol -

ol 2900 oo 8l jise o5, Emergency Stop Pressed o )le ol Emergency Stop o> s s $1-1-

232 byal> Emergency Stop gl U ass lis ) )25 Reset uls o>

AUtoLls Sl ol )0 308 e el je2se sy, Controller Not in Auto o jle asl Stop il ;o 8 $1-1)

Pydoe pll jisise 535 25 el g 9% oo el dlod sl ey iy g ead (29, AULO G e L) ) S
PRESS <EDIT> FOR TUTOR TEXT

To PARK the ROBOT press <STEP>
To MOVE the ROBOT press <DRIVE>

23,5 Jas sloyl el U atl €0l gy (gl by b s U S abogne 0 anled an g =Y
Syt oo ol e ise oo, Keypad daug L) 2ieel cge oY Sligies dn 4 Al ge ol 11T
et yalls 5 Oyeay jetise ) o lal, 2 U oaas Las | <Edit> oS-\ F
2 ol 5 O)ga gam pliy U e JLad ], <Step>als -0
To PARK the ROBOT press <STEP>
To MOVE the ROBOT press <Drive>
390 50l 5 e StEPO Coades g 205 JEe 345 S L Condge 4 oby b aas (Loi | <Step> oS ojlys-1F
MOVING TO PARK POSITION
STEP- 0) Tl 0 [+ R o (N
500 400 100 500 500 500 O
.J‘h;:.n )Alh J’L:.E‘n.n K9 ) f'.l:.; el Lﬁl 2 l-ﬁ,-:! t_’)..:a QL‘!J J“J}"‘l d-"..a i — JL.:j 1) <Edit> .n.:.lS' -\Y
EDIT with tutor
STEP 0) A 0 s QA gl
500 400 100 500 500 500 O
Press :
<STEP> <STEP> to select next step.
Dgtoe all jeiise 59) 2 plin D> (ul )0 s JLis |, <Step> LIE L g - 1A
EDIT with tutor
STEP. 1) 050000 0 OB
¢ - Al s A {1 Il R
Press :
<DRIVE> to copy the present position
into this new step
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RATE MODE IN OUT WAIT JUMP

waist shoulder elbow pitch yaw roll  gripper
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A i ) g S
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Rate = 1 Waist

Rate =2 Shoulder

Rate=3 Elbow

Rate =4 Pitch

Rate = § Roll (Yaw on MA2000)
Rate =6 Roll on MA2000

a5l Juaka o sty Wa 5l aolicl b ,o8 §2tn o 9 OUL Sl aslicl b JLS5H oyl v I SaS @y olss s -A

el jasis JBVA L
<|n> <x> <e>
<Qut> <x> <e>
<Wait> <x> <e>

BBCBASIC L & out ity auliy i oS digas

10000 DEFPROGuser(R,M)

10001 REM========

10010 IF M <> 7 THEN ENDPROG

10020 IF R <> 2or 3 THEN ENDPROG

10030 IF R = 2 THEN PROGIoad ELSE PROGunload
10040 ENDPROG

10100 DEFPROGIoad

10110 REM========

10120 LOCAL a

10130 CLS

10140 PRINT “READY TO PICKUP WORKPIECE"
10150 PRINT “CLEAR AREA"

10160 FOR a = 1T020

10170 SOUND 1,-15,100,20

10180 SOUND 1,0,100,10

10190 NEXT

10200 CLS

10210 ENDPROG

10300 DEFRPOGunload

10310 REM========

10320 LOCALa

10330 CLS

10340 PRINT “READY TO PUT DOWN WORKPIECE"
10350 PRINT “CLEAR AREA"

10360 FOR a = 17020

10370 SOUND 1,-15,100,20

10380 SOUND 1,-15,144,10

10380 NEXT

10400 CLS

10410 ENDPROG
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III.  Haptic Information S aledb) 2.1

a. Tactile (Cutaneous) Information
= Spatial Tactile Information
» Temporal Tactile Information
b. Kinesthetic (Proprioceptive) Information
c. Haptic Information (= Tactile + Kinesthetic Information)
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Perception, Cegnition, and
Neurophysiology
R Human
Device Design, Haptics
Sensors, and
Communication
Modeling,
Machine Computer Hendeéﬁg
L Hapliss | and Suablity
Multimedia
Haptics
Caollaborative Haptic Audic
Visual Environment (C-HAVE)




2. PHANTOM® Omni™ Haptic Device ol pgiilh S sl Gladidia 2

Force feedback workspace
Footprint (Physical area
device base occupies on desk)
Weight (device only)

Range of motion

~6.4Wx48Hx28Din.
>160W x 120 H x 70 D mm.

65/8Wx8Din.
~168 W x 203 D mm.

3 Ibs. 15 oz.
Hand movement pivoting at wrist



phh

Nominal position resolution

Backdrive friction

Maximum exertable force
at nominal (orthogonal arms)position

Continuous exertable force (24 hrs.)
Stiffness

Inertia (apparent mass at tip)

Force feedback

Position sensing [Stylus gimbal]

Interface
Supported platforms
OpenHaptics™ toolkit compatibility

Applications

> 450 dpi.
~ 0.055 mm.

<1 0z (0.26 N)
0.75 Ibf. (3.3 N)

> 0.2 Iof. (0.88 N)

Xaxis > 7.3 1bs. /in. (1.26 N/ mm.)
Y axis > 13.4 lbs. /in. (2.31 N/ mm.)
Z axis >5.9Ibs. /in. (1.02 N/ mm.)

~0.101 Ibm. (45 g)
X, Y, Z

X, Y, Z (digital encoders)
[Pitch, roll, yaw (+ 5% linearity potentiometers)

IEEE-1394 FireWire® port
Intel-based PCs
Yes

Selected Types of Haptic Research,
FreeForm® Modeling™ system, ClayTools™ system

S a1 W g Aali 51 ) g S e Y 0k paddia (il 493

Found in Desktop->CEDRA->Haptic. Run the program and see force effects on your hands.
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Curves - Use to create and edit 3D curves that can be
used to add detail to models.

Draw  Fit  Project
Curve  Curve Sketch

Copy from
Reference Group

Hide/Show

Jomn  Slice  Muror
Clay Curve

Planes- Use to create and edit planes.

cmml_mplm

Sketch - Use to sketch on flat 2D drawing planes.

Move, Rotate, Freehand
Scale Curve

Select Sketch

Import to View Flat
Plane to Plane

ClayTools 134 as .5

Construct Clay - Use to quickly and
easily rough-out models.

Wire Cut

Basic

Add Clay
Sculpt Clay - Use to modify, refine, and add
design details to models.

Scraper  Corn Dog

Attract

Detail Clay - Use to modify, refine and
add design details to a model.

Groove
Emboss with
Image
Emboss with
Wrapped Image

592.6



