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ABSTRACT

Iiplénentatlon of a Pick-and-Place Robot . - .
with Manipulator and Canmera ‘
{ .

-

Bernard Brochu . ot

(Y

+ This major report describes a_  particular

- ¢ * [

’ implementation of-a laow cost pick-and-place robot. Vision is

gused'éo' determine the position of the manipulator insteads of
the céyhon_ homogeneous transformations  which require use

of internal 'sensors. A discussion on a common robot

" programming " approach 1is made  starting  with- the

1ntndductiod . of hpnogedepus transformations which are then

Q
applied in a  typical assembly task. The report describes

in detail the physical and functional aspects of thg
manipulator and the canérq that were used in the

‘inpleientation., The fask, physical installation, - and

)

restrictions are deffnqd, and the ' control software

exhaustively'deécribed.
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. The goal of the project described here, is to cqublncnb
on tﬁe 1np1ehentatfon of a plck-and—place robot wusing a

micro-computer = and low-cost ‘nanlbplatorlcanera. A

. particularity of the inplenehtation is that {t does not

—

use honogenqous"%Fansfornatlons as the érlaary tools for

< .
describlng the position of the manlpulator. .

! \

The most connén representation for object positlons\

/ .
ip robotics " and graphics i{s the homogeneous transform (Paul,

:1981). An alternative approach to this world modeling method

" has been implenented. One of the opjects involved in a rpbot

. P
task, ' is the nanipulatdr itself and In- the” homggeneocus

transfornation descrlptlon of the world, |its pb;ltion'is.
known only if one haa an exact knowledge of the values of Its

"'}
Joint variables. This approach requires interpal sensors for

each degree "of freedom of the manipulator. \:5

-

t

Humans don’t cqptrol their moves in terms of thelr joint -

. . -
. -~

,cpbrdlnates but rather contlﬁnousiy adjust their arms with

what they see. The‘adjustnent is made as a function of the
Y
relatlve gngition of the object to be picked and the arm. In

this project,: the position "“of the manipulator |i{s obtained™

¥

fréu the - camera, not "from internal sensors in the

manipulator. This approach has the .advahtag; of uslng.ihe'

full 'power of vision with less calculatlgh on coordinate

frame transformations, bdt éequlreé ,noré co-pifihg time in
~

image procesging. Another advantage is that the camera may be

used to compensate for " inexact devices. Using ylsion, less

[} ’
-

by
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LR ’
« . > . - A 3 R . _‘3.
denands are . put on the manipulator,paecision (repeatabllity) - K
A}

ahlch«&s, w!th the pay load and theJ ,dimensions, rth in.

&
justlficatlon for high prlces of -nanipulators. The tas

lnplcnihted here could be repea?ed alnos% lndef!#ﬁtely i

S v
each degree of freedom could be seen by the canmera. )
. d @ . . . 3 )
. ; | I [ #
f A . . -
//“‘“u" As will %be . seen in chapter i, .the honoggne6u5f¢

:///r transformation, descrkptlén .requires an exact g 7 itative
knowled@é“ of the g®fometry (lengths and anglqgﬁ of all

l1inks of fghe nanipulrator. Our method only requir?s -

A

: qu&lltatlve descriptions von which the control software 1is
based .Theé quantltatﬂhe data ared obtained q< having the robot
ari’nove 4nlthe/canera ‘field and make automatic computations

on-the lnages obtalnedszhé arm will first learn to move o

4 /

"in lé:\::nvspéce, it will then'perforn tasks. °
C - > i - : /

*
1}

. I " ' R
Chaptﬁr I+ lntrodGZE% the homogeneous transfqormations
' L

‘i" which are then used,' as an example, to describe gﬁ;T—AT‘\J

hash 2N
~

nanlpufétdr. A typical Gask is then described In terms of

honogeneous transformation eq&htions. Flnally, use of sensors {\
. L4 -
and other aspects of robBot programming are dlscussed. «(%
4 . &5 ’ ] )

i

Chépter 2 gives a description of the manipulator used in
> ! - . . . '.‘ '

-
- & - ° : . -

. . ‘: ' N
Wi R . - R ’ '

’ ’ ' - ' ] - ' .t
»Chapter 3 deflnqs'the”project; its physical(installatlon-

the project. {
R Y L. -

! ’ »

» ' ) p; .
and its restrictigns. Lo ) _ ~.
~ " l re’ E ’«': :
. r - — ._} -
¢ J\ -
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' Chapter 4 desgribes in detail, the camera systéi°fo§ the

.

S . project. ) B : PR

Y

- - " A B 4 . . . a
oo . q N
.. Chapter 5 glves a description of the Iinternal ¢ .
.functionality of the ' control prograi. and of {ts external _

‘

. functionality as seenlby the user.. \ L sl
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L.l Introduction - <~y | o

——

'iThis - chapter  describes  the mqét " common method
employed in describing the positlion of a ro??t nanlpufator

Cor arm) and the world with which It Interracts (this ls

[=)

fworld'modellng). Tﬁe méthod uses homogeneous tf&nsforﬁétlons
which are ' tools, to’ descrl?e the relatlonshlps between:
‘6bjects. Homogen&oué~transforms‘ar? also used In othgr fields
such as computer 'vfsipd and dbﬁbufer graphics gnd will be

used:here to describe the manipulator (Paul, 1581).
. R ) - . / .o .

.

-
o

Each degree of° freedom of the manipulator will be
specified by an homogeneous ttanifotmqtloﬁ matrix relatlngvlt
to the previous one, . ‘

. “ -

Notatdion for vectors and transformations are flrst

"I'ntroduced. As' speclal casés{d tfapélationvoaéd rotatlon.
transformations .are ‘then’ defined- and -a Igeometrical
inté retation s’ glven for  the pyoduct " of sucb“
ﬁ§;;:i:?mat1;nb. We will see that this rep}esehtation nay ﬁ?

usea‘to ‘reprgsent Yigld objgcﬁs. The meaning of ang{nyerse::

transformation. will be iexplalned. Transformations will be"

used to describe the manipulator of the projbct“and B”typléél“_

task willhye}descrdbed in terms of transformationﬁeduiﬁtons.

‘uFinally, the. use of sensors . and other. aspects of robot

‘programming ,will be discussed.
T o ’ . IS T
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' . . - In the homogeneous ' coordinate notation, a pc'int

veétor v ¢ al + bJ '+ ck [s represented as a column matrix ;'

Y

- - L »
- x - - * ['
' IS LN s 4 - . » T
. ‘ N L .= [z, vy, z, wl .
z v
C‘ “
. - S 5

s
[y

wHere the ' superscript T  represents the. transpose of the

*

row matrix and where 1, 3, and K ar'e"unit vectors along

the x,}";‘ dnd.z .coordinate axe!s, respectively and where

a‘% x/ﬁ
. b : bétylv‘g ' . S
- . c-e z/W " . | | -‘_'»
’ ~In_ tﬁl_s nc;tati'on, a vector la, b, ¢, wl' can ' be
4 , mnultiplied by anf non-zero scalar n without lchanging“ the
s | vector it represents:"- . . l e
- " ) . nlx, ‘y',,z\, Wit = [nx, ny, nz, awlT represents vector
(unx/n,w)fi. + (ny/nW)3 + (nz/nWdke = ail + b3 ;-‘ck'.
L | . - The - ‘v';ctor at the ‘.orlgin, .At‘:he' null ‘vector, Is”
fe’presérr\tgd as (0, O, O, n];r whei‘e n° is any non-zero séale
factqr:. 'The vector to, 0, O, DIT‘ is undef!ned. ‘
. . : " o .

. ) } . .
Vectors of the form (a, b, c, OIT - represent vectors.
L " . at ‘iofinity and are used to 'represent directlons;’ ‘the-

4 [
s

y



addition of any other finite -Vector d‘oes. not change their

-vdalue_1in 'a:_xy \’:ga‘y.‘ To demonstrate this, lets take two vectors

.‘ . 'f N ) '
~.vlandv_2 A ' I,

. - M . ‘ ) '..‘l Aﬂ
v, = xli./wl + Yl.,i /w1 b+ zlk,h',l :

[

' 7 . AN
v, ',"21{{'2 I 2% A POR 2% P! 20 PN \ ‘ _ |
the vector sum YV, Vv, represented as a column matrix

13 . - . . . . ' _ ' e .
o h ' .
S ‘ : L )
o MR P MX I o ‘
Va¥y * WYy
.wézlf-!- wlzz ’ R
R e ‘ : | K . o
. 2¥1 ‘ -
C - , . o

A}

-
» . »
—

now 1f v, is a direction vector then w; = 0 .and tljx‘e sum

‘reduces to

» i
- . . ' B

po , 7
4 , . -
¥2¥y .
LPL A = VoV = v,
¥22, R .
s \ ) f .
, 0 -y , S
' 4
! 1

which demonstrates that v, has not been -modified by the.

o
5 a

addition of a fin{te vector.

' .¢ 1.3 Transformations
" A transformation H of the space, is a 4X4 matrix and
can represent tra'nslation," ,:rotatipn, stretching and

perspective _transformations. Only translation and rotation



/ ' Will be described here. .
oo e Given a point w,
. ) ) 'répresented by the matrix piodupt

/ " w = Hua

J

/"‘
As we will see,

" .this pransformationl

‘ ~,pésltion v. The other inQerpretation sees

reference coordinaté frame, and W\ as a vector described.

N in frame HI. The transformed vector w s the,sime,vectoﬁ but

~ coordinate frane.'

| | | .

a génefal translation transformation i3 represente

i

a Yo \

‘ /

. . ,
Tyarns(a,b,c) =

1

o ,"
AT
e ol
WA

there are two Interpretations for

[

.

its

One .interpretation

© O o©

o

Q .

transformation

sees

'1 , ‘

v

as

vector described in the reference cobfdlhate framet Appl}fhg

" the transformation H moves polnt W in - space to.a.new
H, as

desbripplon of a coordipate frame made with respect to the

its descriptloq_ls“now made with respect to the -reference
y '

4, as j/‘
// ‘

3

the

/

/,



It may be

always ‘equivalent to/ a

[

/ .

Bedow are/;he transformations COrrequndlng to rotatlons

-shown

s by'som,e angle O,

;e

"

that

any” combination

singlé.

o O O .

}rotaéicn

about the %, y,'or z axla ‘by an angle ‘9,

Rot(x/,’é),r= ‘_

Rot(y,® =

P
-
J
L
, 3
’ * '
A N L4
& '
-
“ S
’, 3

-

-

~

. 0
cos@
siqem

0.

-

o .

-sip&

‘cos®

o.,~.

1

tO O O

qf

about

rotations

.‘some vector
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cose -sin6. 0 o -
i!f:1:(z;é)e- sin® 080 d‘ o A
i . o o 1, "0 | ] -
N ) o 0:.1 AL L | ::'ﬁiﬁi |
' B 3 o &
“
lL.3.2 Coordinate Frames

As . already mentioned, a transfornatiod, can be

. Iinterpreted as a description 'of a coordinate frame with

respect to the reéference coordinate frame: the last column of
the matrix specifles thé‘ origin and the first three.
specify the orientations of the three axes. '

‘
L]

' A N
ﬂg an example consider- the following transforﬁétion

-

which represents a translation 'in the XY plane and a rotation

o +90°® about the z axis. The first column is a direction

" vector which lnpllditly,deaqplbes the nnit vector I.l of the

-

x axis of the frame in terms of the unitsﬁdqctors 1, J, k

of the reference coordinate frame -

1’ =01 + 13 + Ok
In the 'same manner

, . SN
J/ , RN
. .



res

37 2 =11 + 03 + 0k
iq’;a 01 + 03 + 1k

The ‘last’ colunmn tells us»tha% the origln is at

. 71 +53 + O0k. |
R .
: Igrthe:abqu exanple we
o !
)
10 9 7
o ] o ,,1“'.0 s
o o 1- o
o o o 0 N

LY

, r~|
h 0 -1
R - 1 0
- ;’ . 0»‘ o
e ) 0" 0

]

‘o o. ©

have.codpined a tpaﬂéla;longiﬁ

‘The final transformation 1Is “the ' matrix product TR

_isxnot commutative. The interpﬁe;a;;bn'of TR or I!ﬂf.nay be

-clarifled If we Introduce - the followlnq gengral rule: {f

‘we postmultiply . a transfornil" répre:enxlhg a' frame by a
s ‘ Ar 2

econﬁ.'transfpriatlon G_ describing a

‘translation, we,6 must ~ interpret .

thqt.

‘rota;lon and/or

rotation . Anqlgr

_4‘whlch. is ‘different? from !iﬂr since matrix nultlp&lcaclon




G

13

itranslation‘ wlth respect to the -fraue.~exes_gescrlbed'by

the ‘we - .the

transfornatlon F by G then the rotation and/or translation

If premultiply

flrst transfotnatlon.

must be interpreted with respect to the’ referenpe coordinate

[ frame. ° . " ) Q . . ‘ I

ll. ,— T ‘.& : . . K

,j . [ N ) ’ B ! , .

-, -If we interpret our - exanple as frame T befng
postmultlplled by transforaation IQ we .must conslder the

5,

rotation - wlth respect tb: frame . If the lnterpretation

1

we ' must interpret the translation with respect té the
. / .
.reference coordlnate frane. Both lnterpretations lead to the’,
sane result. Flgures i.l and 1. 2 illustrate the - two
lnterpretatlons of TR and rzﬂr respectively. ’
. 4 . - - \ .
! H
& L]
/ — % . .

1 N ° » *

' o ..,;' . . r'..'

frame -

ls %hat frame R ls premqltlﬁlied by transformatlon 1?,.then



“T'R. On .the left
“_premultiplled by translation 'I' glving th’e sane TR T,

l o
\ - , . (:r’ - :
. - ' -"o ..\ - Ny
* ll .
- , , . ) 14 s 2
. 'Y’ . 1"
» . ) .
P ' - . >
Y’ '
A . T‘ v ’ . 3
. . - o -
v N ", x’. ] - . .
.5 13 A'x, ° . ’R.- ~' 4‘ ¢
S -
N b . !
-~
' X R 22 - X SR

~
’ - - e

Translate’ R by ,(7,5,”0)
" “with respect to . °
- . reference coord.

Rotate T 90' wlth respect
Loy e to T ‘-—A’F?"

L ’u

> . ) N ¢
‘
s '_x" weo-
. . ]
-‘ - Ij ~
- \ .
v
v B
] . : TR S y
. RV FY g . .
‘ . / 5 ..Y - . . l ) s
~ . '; . . . -
- . ' v
-0 - »X " o
\ J p
- 7 '

product .

[

Ctho interpretatlons "0f .the - matrix
hand side, . frame T is postmultlplied by

rotation R giving. TR, On the right hand side; frame R is -
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Translaté B by €(7,5,00 with .7 + Rotate T 909 with
- - respect to IR . . . c respect to
L : - . reference coord.
‘e ) ' . a , —

C ' '4| . ,I \/
o ’ N . ) ¢ B _" . . LS ' ) . l " ,
‘. Ly - vl '.3\ N x}’, - L e .
A oo ) . Y .7 d -1 .
. . . o . , ‘ ] .,
! l ’ »

+ : . —» X . T
5 . o . ) o

/”\,\

. -+ PFig 1.2 The two Interpretations of the \gatrlx product
A IRT. On the left hand side, . frame R .1s po tmultipl ied by
translation T giving RT. On the right hand side, frame T

‘ is prenultlplied bfy rotation R giving the same IRT.

- ~

\‘“ . . ’..’ . . o ,ok"
'Transformations are useful for representing the po—sit_io’n

of\ rigid objects. If the object can “be described by a. set of

A

n polnts relative to a coordinate frame fixed in that object,

e
B

1

then the transfornatlon descrlblng that coordinate frame wlth
o respect to a refezjence © coordinate  ‘frame, may pe
\ postnultlplled by @ 4Xn matrix whose n columns represent the

“o.
a . .
i * . . ¢ N . v N " 2

. . . i /
' L !
; , v, . . .

. "
. . \ .’




-
e,

. . L A
- . . . hd
Y

. B

| | 16
. n points of the *t The resulting- 4Xn: matrix will then

,g,bvov’the position of the object with respect to the above

reference. frane .- ) @ . . | ®
X - ST s o
4 N . . R N L ] )
(\l a 5 I I E ll . (] M
A transformation “I" describes 'a coordinate frame: "with .

respect to the reference co'o_rdin'a‘te drame. The Inverse of the

3

matrix describing T  represents the inverse transformatlon .

'I".1 and ’describes the reference coordinate franme with .
I ad ’ ‘ !
respect to the transformed coordinate frame. -
- 5

’ Let"'s'cons ider the transformation of the last example

o

- [

. B . e ° 1 ' l v ! . ’};‘;
X o -t 0 7 ‘
) -
1~ 0o d 5 .
o 0 1 -0 "
S - e o0 o0 1 |
.d .‘; . \L . : :

. . . \. ,1' v . “ : a ' R ! ., -
" for which the inverse transformation_ is

&
1

- 1. . .
) c 1 0 5 |
-1 -0 L0 a7 : . R
."06,6 1 0.| '.ﬁ o ¢
) 0.0 071} - - -
B N L A SR P

P

This last ‘transformation répre‘sengs" . a qtransla‘,tlbn of
(,-5, 7, 0 and‘a rofa_t'fon of -9‘0" about the z{ axis of_ti\e

translated fianq. As illdstrg - in figure 1.3, .t\his, is

/ Y 4
; - | % ‘
e . v -



ki
>
* , \ ref.
X ~ N -t—-.\{ ". 7
: j \ - X !
/ . ,
o "’k '5
“ | '
\‘ -
., -~ <&£lg . 1.3 ‘Reference
transformed frame. ‘
! e~
-
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,4
157
I,
. N
Ny
.\ \
? \"L N
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» .h o
. . )
P
v ‘
1
v ’ \ -
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exactly the description

"o
.

vn

L J
-

of the referenceycoordinate . frane

with respect to the transfbrned'frame;)

.

coordinate

frame

»

\
- \\
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- \.
Lo ~
>
47 ‘
5
‘;_'1
LI 3
LN



-

Our . nanibulétgrr' has’ flve degrees of. . reedon

(excluding fhe~§rlpper5{ one'fqr_éachuilnk; ﬁlgure \l.égéhops .

1

,’the manipulator fn-aﬁ érhitraﬁy position. ’.@ . | B
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. ceordinate .frane _describing the bositioﬁ and orientation-

" between the flnger tips and is described by vector .

"oriegtation. The z gec;or lles in the directlon from wbich‘

_specifled bx,the VectEr cross-product r1 o X a. o

19

. oA s 3 . f o . I

We deflne ‘fthe ' homogeneous ‘transform! Tg as the

3 ' oo : . .

bf its ena'effector as shown in-flgure 1;5'f \ -

(& ]
-
B
..<.
O
-~

-t ’ , s . . R .

’;“,~»¥The"orlgln' of the describiné sfrahe is centrallyllbcaied

%

The three unft vectors t1~ <:, and au descrlbe the hand’s

4 4

-the. hand 'would -approach ‘an object and lIs known ‘as the

. . v
o - '
‘' 4 . !

apbroach vecton &&. The y vector Is in the direction .

specifylng the orlentatlen‘of he “hénd 3 froﬁ' fiﬂgertgp to
fingertlp and - is: Known as the orlentatlon vector, ©. The

normal vector rz, forms a rlght-handed set of .vectorsfand s

f : ¢ .
. » . 4 a .

.
sy . ‘o

S
%

.
~o
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F‘Fig 1.5 Coordlnate f:éme of the ehd~e£fector3

' . _’(‘) 4 B N . '
‘The manipulator can be considered to conslist of a serles

of links connected together by Jjolnts. Each llnk wlll be

4

ﬂ.descrlbed .bf3 a coordinate’ frame fixed in it, The relatlive-

Ll i

positlion and orlentatlon betweéen these\Eboralnate‘_framEb can’

be—described using homogeneous transformations. Such an

T

homogeneous transformation Is called  an A nmatrix. A,

°descrlbe3‘the coordinate }pane of link 1 with respect to sogé

\ reference coora}nate' frane. I\n ‘descr.ibes the coordinate
.~ frame o( link n with respect tq‘éoordlnate'fraue of link n-\.

he posiﬁjon' and ’orlentaifon: of "the

N , ‘Since 1;5 ’descrlﬁes t

N4

end effector with respect to coordinate frawe of llnk 4,

-

. We can write , T x

. N 2 \
A1 A : \

¢

Ty = A A, 4Ps |

, . . . )
Y . : / e ’ . '
¥ . ' ! ; .




'Jolqis’at each end of the link.

normal .to the axls. 4

H

For our 5.degrees of freedom manipulatpr, there will be’

5 1inks and 5 - joints. The base of the manipulator.is link.

connected to the base' by joint 1. There lé no joint at the

" end of the final link. The only significance of links is that

they maintain a fixed relatipnship between the manipulator’s

'
o

‘ , . )
Any link can be characterized by two dimensions: the

1

" common normal distance a_ (léngth of the 1ink), and the angle

cn~'(twlst of the 1link) between the azes in -a plane

perpendicular %o'aﬁ. -t
v . \ ‘ * t

".An axis wiil have two normals to lt,'one for paéh iink.

—
(

'The‘rglétlve position of two such connected links is given by

dn»

il

and-.én the angle between the normals measured in 'a plane

-

n and en are called the-distance and the

anéfe between the links, respectively. A revolute joint is

one for which On is the joint variable, and a prismatic‘joint

"1s one for w_hich'dn Is’ the va?iabfé.

" ’
« ..

There exists a standard general method = for asSiinng‘

a coordinate franme to each link of a manipulator. The method
hés been applied to our manjpulatogjand'the results are shown

in figure 1'.7. Figure 1.6 shows the manipulator lIn.an

arbltrary chosen --inftfial position and flgure 1.7 shows the

coordinate frame assignment - for that positlon.of the: arm.

’
t
% .

‘.\\ .7 - f -
< ' \ e

AN L : - .

3 21”

the distance betﬁeeh the normals along the jointjn‘axis,'

‘0 and 13 not consldered one of the.  flve links. Link 1 is,



‘-varlable.' The' lnltléi “posltlon of flgure 1.6 1s such that

= \ B Y . ‘
and X, measured along axis 3. -~ T —

22

-— . N

Joints 1, 2, 3, apd 4 are revolute Jjolnts and thelr

corresponding varliables -arewé1,'02, 6,, and 64 respectively.

. j%int,a is the only 'prismatlc' iolnt and has d3 as'jolnt:

LA

91 02-04-95 =0 and such that d3 3 On may. be seen as. the

measured in a plane normal teo

angle between ‘axes xn'and xn_l

4 . For exampig,]if a rotation |is made from the "Initial

n-1

position . about axis -2, then x1' and ¥, will no longer be
parallel and the move will .be descrlibed by @,. For prismatic

int 3,‘.the'varlab1e s dé which 1is tﬁe.distancg Betwqgﬂ Xq

-

1

»

e
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.Now that coordinate frames* have been assigned to all-

links, we can establish the relationships between sucCessA*g

frames n-l, n by‘the following rotatfons and translations

rotate about Zn_l’an angle en;

translate along 2 a distance dn‘~ S o

n-1?

translate along rotated xn_1 = xn a length a, ;s

rotate apout Xn, thhe twist ahgle x -

-
.

—~

"This may be expressed "as the product of four homogeneous
transformations relating the caordinate frame of 1ink n to

the coordinate frame of link n-1

”»

.
.
r . - . .n
T
A _ = S . -
n ) :

"Rot(z,0) Trans(0,0,d) Tran=a(,0,0) Rot(x,x

5 . ' . ’ . 9
cos® =~sin® cosax s}ne sina a'cqsé
l\n = sin® cos® cosx =-cos® sina a sin®
0 sina - cosa’ . d
0 0 o 1
: ! ; .
E) \ o v \

In order to obtaln the five A matrices for the manlpulator,

\

one must measure the constants a, a,'apd d for‘joints {1,

©

2, 4, and 5; and the constants a, o, and. @ for joint~3. Once
this iIs done, 1r5 may be expressed as.a single transformation _

s matrix witf'el, ez, 63’ 04, and 65 as variables. Givern as

loput, a set of values for the variables, 'I‘5 can easily

be evaluated for the posltlon and orlentatlon of ' the end

Y
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effectgr. But ye'.hormélly\.know' where we wgnt;to move th;"
manlpulator in ~terns of '1?5 and ‘we ,heed, to ogtain the
jolnt coordlnates in order..ﬂov nak@ the move. Obtalning S”
solution for the 1oint coordinates - is a difflcult problem

Jolnt coordinate ~sotutlons. are obtained bi“equh;ing
fransfo;m e;bressiqns. ;fbr each transform qguétloh we obtain

12 non-trivial equations and it is 'these equations'whlch'wll}'

. yleld the required sdlution.‘ The_sqlu€ion' is obtalned in‘a Rl

v b

equation.
- .

sequehﬁﬁ&l" manner, | Jsolating each . °~ varlable ' by’

premultiplication by a - number of ‘the " transforms in each

N .
. L N ., ot PR
] ' * -
Al

A typical task would ‘“consist In  plcking wup
rectangular plns, such ‘as 'described in flgure 1.8, .and o
1nsert1ng them 1nto'holes 1n a subassembly as shown In ?lgure \

1-9-, ' ’ " .‘ ,' ) \ -.
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.the obiept.

' where
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L ' cAM

Fig 1.9 The objects ‘involved in the task. ‘ ”
- . ' 7 R ¢".

'As mentloned earller, any .rigid object can be described
in terms of coordinate system bearing a fixed relatlonship to

If we have knowledge' of an abject_relative to

a'deflnlng coordinate system as shown in figure 1.8, then the
only lnfornation necessary to define the object in space, is

the logatton and’ ‘orientation of the object s coordinate'

frane. X

Thc posltlon of thé nanipulator will be described as the

product of three transfor:ations

-
»
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<Z represents ;he' position of ﬁhg. - base of the

~

q&ﬁtpulgtor wlfh respéct to the basé coofdlnate trame;

'r5 rbpresénts the 'end of' the nanipufato? with
respect to its basé. :r5 is‘ a computable function of éﬁg.
jo;nt coordinates; o _ | q

“Eﬁ repfeseg&s‘ a tool or end .effector at the end ?f
FhéOmanipulator, with respect té‘frgme ?fS":- \ﬁf\“<

¢

With such a description, » the callbration of ;29)

t _ .
~manipulator to the work station is pepresenﬁfd by & . If the

task is to be performed ‘ﬁlth Ia.’éhange’ of todl, only B2
nust be chéngéd.

L]

The task may be broken _into subtasks. The folroﬁfng )
. ' o~ B S
transforrations represent’ the positions . associated with

‘the subtasks and the ‘relatlonship, betweén‘ éhe .ébjects

lﬂvolved.

»

s P represénts' the position- ! of ‘the “pin In ‘base’

coordinates; =,
. / ' ' ' ‘ T
B _represents the position of the block with .the two
. . N N . . . . " -
holes, with respect to the base coordinates;

. }il,-i=i,2, represénts the posftion of the\i’th hbl;_in
the block with respect to the B coordinate frame;

.

GHP, GAP, GDP represeit thé~ﬁﬁfitl,n of the

,: gripper holding -the pin, approaching the pin and

departing with the pin.respectively, all with respectfféhtbg

pin coordinate system; C . -

K

PAH, PCH, PBI, PI represent the position
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T B - N ’ - ‘ ot \ '.
. ; Uf the pin ‘approaching a-hole, 1In contact with a hzggéjat o N
-begining of insértion into a ‘hole, and when” insertdg into

- a‘hole respectlvely, all with respeét to the . hole coordinate
: ‘frame; - o B B o ' . . P
I8 ‘ . - ' ) e ' r
CAM represents the camera coordinate system in
base coordinates; o , ' .
1 T ¢ ¢ ) . to ’

P C represents the position of the pin in the CAM

coordlnates

\ - . 14
' » One can cla531fy ’ the ‘above 16+ transforms '(Pii_ .
P - accounts fpr tyo) llntd tw& grbuqu The first g}oup’
- _‘ consists of transforms’ that do - not - va;y duripg 4a task
( , -execu;]on or from one ;xecufioh. to- the another. We can
. : )o " furiher sqbdivlhe thlé'\grou; | into those who,'can! be
/’ . a\)}nbol'lcal*ly‘ de'ffned: =, E: H‘i, PI, GHP, and those -

v . who Mare defined ustng teachlng-by-doing GAP GDP B,

¢

L PBI, PCH, PAH, CAM. The second group conslsts of

transforms whose values are determined at task execupion ~

Lo .

”tine.LThese‘task variablé transforms are: E’,,ﬂ?s, and PC.

. v - . R
A P ) . o 1 °
a . - . . . A

Transforms =&, E, and. GHP are determined at
o o ' . ’ ' . '
lnstallatlon time from physical neasurements. Transforms }il
and liz may be obtained ‘from englineering drawings describing

'the block as shown in flgure 1.10.
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Fig 1. 10 Coqrdinate frames describing the- holes.

PI is determined such thatv the X, ¥, affd z axes of the

" pin agree with those of the hole, and such that the origins

of the hole and the pin are sepéréted'py:a constant distance’

¢

along the common. z axis.

“

ﬂAfter z B, H, PI “and GHP have been

2:
defined t:h‘g'3 manipulator can be 'used in the teaching-by-doing

mode to define the remaining constant transforjms. C T -
s

The end effector is -placed on the pin at its pick up' é

bos‘ltion add~£he following transform 'equatioq is true

»

L . ZT;E - PGHP

Which deflnes P since Z, E and GHP aré~known constants

< &

and ‘since Ty may' be obtained frq- the values of the joint

?

variablies. oo _ . :
. //\\\P . = T5 - GHP-I -

< S\, | . .
° \/ ) -

C
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\':s, .
, . The camera control i3 then asked to return the position
o , “F*C of the pin relativé to the CAM coordinates. Since the
i " above partulc'ularc position P of the pin 'is Kknown, we can
.q, ‘ S . : C
‘ write ) .
R - ' g - ’ ) : . .
\ . AN P = CAM PC T
{ . t v o . ‘ ; .
which. def ines CAM‘, ,
- camM ="p Pc”! 7
R L .' ‘The gribpef: is. then,k moved back to the .approach
—\ ‘position and we have o
. k_\ , ) ' ) - .
‘ . Z T, E = P GAP 7
o, . . deflning GAP .
v ~ . P » - .
VA - GarP = Plz T, E .
" Ll A dek:arture peint relative _to Pq Is . now_ defined by
_ 1i€ting ~the - pin ln(__,the::/,;gripper to- the departure position
. ) ) . . 'ﬂ, " 4 . .
Ph . GDP - ' ‘
- ‘ . . . o ¢. N I3 i °
T, ) ) A ‘TS’E = P GDP GHP .
- . o : \ ’ P
R - f‘rom which m:e obtal'n L . ,/ .
R GDP = P!z T, E GHP™! g
: ™ R ) ¢ . ' . o
/ \ , ' ‘ A s ° , - O. .
T The manfpulator is then used to insert the pin into hole
4 3 ’ . . . . * .. o
1 an_d'q;ve have .o
IR . Z T;E . = BH/ PI GHP
‘ , S ) N >
- .+ solving for B SN “ N
, . ) , .
. - ' . 3 - Y
of : B = Z T, E (H, PI GHP) | .
. ﬁ» - The gripper is then moved back_ and ) - .

¢

N



~define.a general. form for “‘position equatlions

]
v

!
N - = s

ZTgE = B H PBI GHP
«from which C . T oL : ' v
vE/BI = <13’1—11)"l A "«1‘"5 E GHP ! R
' . . ,‘(' 7;;--‘
The pin on first cOntact wlth the hole P.CH and an’

approach point PAH are de f ined by .
-1

),

PCH = (BH) = 'r5 = GHP

-

PAH. - (B Hp ' Z' T, B GHP . ,
which complete the description of ﬁ 13 constaht\ transﬁormsl
° B | L
Before going inf:o _the description. ‘of  the 'prjc;gralm we
‘ - A\ T ’

T, Toor... = COORD POS

where COORD represents’ ‘a general expresslon for a workgng

'-coor_gii,nate system and wherje TOOL. repre_sents a generak

.e'xpi‘ession for 'the tool. -

roLe RN

The /}irst, movewréqwr‘?s‘ that . r‘

Z T, E = P GAP
which implies that

‘{
v
.

/ ‘/ '\d —

-

h | T, E + Z' P GAP '( B
"and that COORD and TOOL. must be defined as _
' coonp 1= z'l P - Co-
- TOOL = E - . L
s OOL.-:= B \ o
In this context the first )g\v\e;/t/s defined as .
' , . d 4 .
. it MOVE GAP
~ R . '\ . » - .
which must be interpreted as: ‘substitute GAP for POS In
A \L\, ‘ » ‘ . . .,
\ o ? -



. / .
T TOOL. = COORD POS,

" equation . . -

solve for 1P5, and input 1? toxphe manipulator control .

-The second move requires that ‘

" Z Ty E = P GHP
_which givés - .
B . TyE = Z ! P GHP

For“;hls second méVe the values of (3()()12[) and fP()(314
need not be changed and the move s deflned as
MoV GHP — -

- .

.

The third nove comes after the pin has been grasped and
fgqujrés tha g_ o o
| = '1"5 E = P GDP GHP.
which implies that | . :

T, EGHP L.zl p eDP

',In‘ this jche ﬁgaln (:C)C)IQI) ‘need not ,bé'rdﬁgnged éut.
‘TOOL. does . - _ - A

\ TOOL. :- E GHP = . |
Thefttird nove is defined as . .

-

o . ‘ I

2 MOV GDP 7 N

¢ - ) N - . . -

. N ’ ¢ . . ) ’
The fourth te seventh noves:require that - - :

.": ¢ -
.. BTG E = BHiPAHGHP

~Z‘T5 E’ B H PCHG r

i
B Hi PBI‘ GHP

< Ty E

Z.T, E BH, PI GHP



N A
-

: rgspectlQel;. These imply that
T, E gHP™! = Z!' BH, Pans
. TTSEGHP‘ = z'mH PcH

l !

T, 2 GHP ! = . 2"' B H, PBI_

T, E GHP ' = Z ' B H, PI

which deflne a new c:c:c:rzr>.

- o COORD := Z'B H, - ,
. The fourVnoveS hecane oW . - ff -
| MOV PAH o
| MoV PCH ’ to %i
‘ MOV PBI R
MOV P I . S e

s

At this point.the pin-is inserted. it is then releaéed.

@

[:]

!
.requires thaf'

ZT,E = BH, PI G@p{
which f;pli;s that ' ir S
, 'rEéz":BH PI GAP
;and that TOOL. and (2C)C)I!I) nust be reasslgned
. TOOL := E 0
' COORD. := Z ' BH, PI
The last move Is then deflned as - . -

MOV GAP

In the last’ move, the‘grlpper departs from-the pin.

34

It
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. ) . . - \' "a‘-
The program to insert the pins can nopxbeiﬁescrlbed.'

— ——

TOOL := E;

- for I i= | ‘to 2 do X
. begin . T )
" read(camera, PC), . . read in position, of pin
o ‘ ’ . relatlive to CAM -
' : P := CAM PC; position of pin In base goord
, ) eCOORD t= P; . coordinate wrt pin.
‘ HOVE'GAP. ‘ : ‘. approach... o .
MOVE GHP . ot . “...over pin-
. , GRASP; ' _1 ’ .. .
< ' * TOOL :="E GHP °; \ Tool now end of pin
‘ © MOVE GDP; _, departure position
COORD := 2 " B Hi; - . ~ .eoord wrt to hole
" MOVE PAH; . . .* approach hole
- MOVE ‘PCH; : o contact with hole -
; MOVE PBI; . ’ Just before Insertion
MOVE. PI; o : insert pin L.
) ’ RELEASE; - -1 O . T
| - COORD := Z ". B H, PI; coord wrt pin .
' e TOOL := E; . - o -
.« MOVE GAP; n depart from inserted pin
-end; ' . ‘ c
» . o . R " >
d.5,2 Sensors for the Task

The above task makes wuse -of four iypes of sensors

(Lozano-Pérez, 1983):  +

[y

L)

Direct position sensors are inégrngy* sensors in the
manipulator joints and are used to deterni;é the \positibn of
thg manipulator. Thése_sensgrs implicitly.gjve the values of
- the joln? varlables from wﬂzch the A “matrices. and then
the posléion of the end effector (1?5) can be éomputéd.

-

. Vlsion sensors -éuch as the cauefa are used to determlne
‘ a
--the posltion of parts. In our project the camera is also used

(lnstead of Internal sensors) to deternlne the position of



®,

36

the manipulator.

Sensors in the fingers, are used to control the magnitude

5

of . the gripping force apnd to detect the  presence or
, .

absence of objgpts between, the fingers. In the above

application, %hls'typa'of sensor is usgd implicitly in the

GRASP procedure.

Wrist force sensors .are necessary because uncertainty in part

'posltlons,_positloning errors'in the nanlpulatof, errors in

grasping position and part tolerances make it impossible

ta‘?ellably pdsitlon parts relative to each other accurately

‘ enough for tight tolerance assembly. The forces generated as

the 3assembly progresses are used to sugqest Incremental
motions tﬁat will achieve. the desired final state. This tyﬁe‘"
of motion’ s known ‘as "factive conpiiant motion® in
contrast with “passive compliant. motion® achigvable with
mechanical ‘devices sbecially designed for | thls type of
operafioq.- The active compliance . approach 1is not as fast
or ;s robust as the dedicated mechanical conmpliance devices
but {s more easfl? adaptable to changing applicétions. In the

previous task, any compliance is specified 1in the coordinate

o fra of the right hand most transform of the TOOL., while

efffcts of compl iance are accounted for by modifying one

"

oX the transforms of the COORD " expression. - .
) ‘ . ,

In general, there are four principal uses of sensing in

robot programming . (Lozano-Pérez, 1983;- Albus, 1981;

11}
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Nitzan, 1983): initiating and terminating motlons;
choosing ?ﬂgng alternative acfiods; obtaiﬁing the lidentigy
and posltloﬁ‘ of objects. and features of objects; and

conpl}lng to external constralnts.

An example of the flirst use of sensors would‘Ee 3 réﬁgt

— . #T

walting for an external blnary signal, before proceeding with
execution of a program or fo synchronize with other machines.
An other use would be to locate an Imprecisely known surface
by moving toward It and termlnating the approach motlon when
a microswitch is trippe@ or Qhen the value of a force sens;r
exceeds a threshold. This process is known as "guarded move"
or "stop on force". Guarded moves can be wused to identify
points on the edges of an imprecisely located object Buch as
a pallet. The contact polints can then be used to determine
the pallet’s poslition relative to‘the manipulétor‘and supply

offsets for subsequent pickup motions.

N

Eit

Examples of the second wuse of . sensors are deciding.

whether or not to discard an object after an Inspection test

or to decide If a grasp or lnsert actlon had the aesired

effect. = Such error checkling tests require nultiple

sensors: visual, force, positlion.

The last wuse of sensors fnvolves active compliance.

Active compliance is necessary in situations requifing
. . / ’ N

continuous motion—in response to continuous sensor input’

or when the force-controlled motions require that the target

.
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positlén of the nahlpulator from 1instant to instant be
determined from the direct{on and the magnitude of the forces
acting on the manipulator hand.

1.6 Other aspects of yobot proaramming

In the previous task{ we have assumed that a robot
‘motion {s specified by. its final position, in many cases,
this is not gufflcfent; a p§th for the robot must also be
speclfied. Patﬂs a comhonly speclifled by Iindlcating a
sequence’ of Intermediate positions, Kknown as “vla polnts”,
that the robot should traverse between the inltlal and flnal
positions. The shape of the path betyeen via points is chosen
from among some basic repertolre of path “sbapes
implemented bg the robot control system. Three types of paths
are implemented in current systems: uncoordinated Joint
motions, straiéht lines In the Jjoint <coordinate space, and

straight lines in Cartesian space.

Anothér aspect to be consldeqed, 13 the general approach
'ioh-robot progranming. The :possible approaches may be
classified In fhree .categories: téachlng. by showing,
robot-level programming, and tqsk-leQeI programnming.

In the teachidg by showing .(or guidihg) approach, the
;rob6t' is manuaily moved to each deslired position and theh
internal Jolnt coordinates are récérded. In this case, a
‘program ls a sequence of vectors of Jjolnt coordlnates and

activatlon signals (e.g. closing the gripper). This approach
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_requires no éeneral-purpose computer but’is limited since
a.-program cannot specify desired action of the -.robot in .

i‘éesponse to sensory _inpdt. There are  na loops,

condit;onals or computations in the program.’

Robot-level programming enables the data fr§m external

' sensors (e.g. wlision, force) to be used in modifying the

robot’s motions. A dlisadvantage of thls approach is that
it requlreg the programmer to be exper§ in éombutei
piogfamming and .In lthe design of. sensor-based ﬁotion’
strategiles.

In the task=level programming v-approach, goals éré
specified for the pSSItlons of objects rather than the motion
of' the robot needed to achleve those goals. The task
aescrlptlon Is robot Independent, the user does not
specify positions or baths ﬁhat depend on the robot geometry
or Klnematlcs. Suc¢h systems° a;e also. referred to as “world
model ing®" systems because they require complete.geoﬁetflc
models of ' the qnviron@ent and of the .robot as' input.
Unlike the first approaches, this type of system has not

reached the commerclal stage. ] , '
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The manlpulator (see flg, 1.4) has fbur "axes of

b ' rotation: 1, 2, 4, and 5, controlLed reqpectlvely by

- A
‘ﬂ;otprs 1, 2, 6, and 3. Axlis 3 Is the only axls of translation

‘and .ls‘ controlled by ' motor 4. Motor 5 s used in closing”

or opetring the gripper. ‘ ' -

‘2.1 Arm Control | N
The control to the arm I accomplished via 'a&\Zb pin
+ ' . . 7

- !

N rconnector‘(plns Al..A20) ‘of which 6n1y 15 are used:
- Pins A1,A2,A3, A4 control coils 1,2,3,4 respectively of ~

. motor | if pln A20 is active (= 1)
motor 4 if pin A19 is“active (='1)

Pins AS,A6, ﬂ% A8 control colls 1,2,3,4 respectively of
\ motor 2 if pln A20 is active (= 1)
y - ' motor 5 If pin Al9 Is actlve (= 1)
N ) L . 3 o~
Pins AS,AIO,AIM;A{%/control coils 1,2,3,4 respectively of
4 {. motor 3 1f pin A20.1s active (= 1)
~—* motor 6 if pin-Al9 is active (= 1)

Pin Ai8 is the loglcal ground

Pin Al9 enaBlés‘notors‘4, 5, 6 when in logié sta{é 1

jPln,A?O enables motors 1,'2,‘3 when in logic state-l
\}\\\ . \

The control ?rom the computer ls provided by a standard .

IBM PE parallel port lnterfacejcard with DB-?S'connector. The
interface has been modlfied ""to provide the +5V power. The
computer aﬁd the arm. are mated by a driver/buffer card as

shown In figure 2.1.

v
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D6 8 15 no /' B ! .A19
1 2 | >l
D7 1 9 17 no 3 A20
. - |12
Loy ‘. ,
: v 25 Al8

|
[
¥ I -
; ' ! chp 74Ls240, 244
oo , ! pins 1,10,19
y - 26 pins connector
from IBM PC

' 74%3240 - )
74L8244 =
Fig 2.1 Driver/Biffer interface.
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i
20 pins connector
to robot arm
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“ﬁlgure z.g shows how the couputer' gigngls Dd-Dl in
.combinatlon ﬁifh D7 or 'D6 . are used to drive the HéAD"
;notor 1) or the EXTEQD.(a6£0£‘4) respe@fiv&dy. Similarly
Dz-Dé in conbinatiog with D7 or b6 drlﬁe the SHOULDER (mopdr_

B Y

2) or' the GRIPPER ‘(motor 5) ‘respectively; and D4-D5 In

e AL

'conbxnauion vith 407 or~os drive the WRIST ROTATE (’ptor 3) .or
thé WRIST RIVOT (motor s). 3 , A ¢

"

If we suppose that D7=1 and D6=0 (head enizifd/éktend

.. _disabled ) and that DO=0 and Di=1, then Al Is
. R . \ ,, .. ;< . "
state 1. and the transistor whose base is at Al conducts so

the logic

. that coll 1 1is acxlvg.~81mllar1y“in fhis'casg, coils 2 and 3

. are inactive and coll 4 is active. <

- ; , . . .
.. + . . A3 . <
.
. . - f o ot . . L
~ - . : , o
.8 . 3 . . i
. . M -
- . N
’ 4 n . .
P - . ‘
.
>
N -
1
f
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Flg 2.2 Stepper Motor Control
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. A". - . ! % ' T\
r - “~ : ’ o,
) There exists man types. of _stepper motors:
‘ \ /‘ . ‘ y .yp i /0 .
. "-}Fernanent-uagnet Stepping ' Motor; Bifilar Stepping Motor; "\

Varfable-Reluctance Stepping Motor and Pulge Step Motor. What

Y

follows does not pretend to describe any ;of: them In

partlcular,h it is only a simple model that explains the

d <@

¢ ~

functidnalkty.of our 'stepper motors from the point of view of

‘the programmer. '
“ A

The stepper motor operates by having a, set of permanent
magnets attached to the rotgor-of the motor. A-'set of ﬁol}s

¢ can be energized on the stator of the motor. Thus, the {north

b ]

and south poles of the permanent magnet on thé rotors dl

o Y — -

/

-rotate fo .a position -where the nérth and.south poles of

s

the stator and rotor line up, since unllke poles attract.

N\

&

. . .
Looking at figure 2.2, one sees that in our model, a

motor Is made of four colls on the stator 4and two.

_pernznent magnets on the rotor. Two opposite colls are §a1red
. A ' = -
so that only one"is active at any one time. Let’s assume that

‘;}' i‘%on any coil of - any motor, whenever ‘it |is active,,iﬁ
- ' . \ : .
‘always offers a NORTH polarity to the rotor. Furtheiporé

" supppse that coil 1 is'paired with coil 2 and that coil 3 is

. 4 ) - o . -~ « \

N 7 paired.with coll 4. “ :
- \ . ' . / B

-

“

<

\

L : Table ~ 2.1 shows how the DO-DI computer outputs must
be drivefi In ordef to make a clockwise (top to- bottom In

T table) or a counter clockwise (bottom to top) rotation of

.
Moo ~
, un R
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motor 1 (A20=1) ,or motor 4 -CAl9=1). - This - Is alao
appk*eéble to -lines D2~D3 to drive motors 2 $r 5 and to D4-D5 -

to drive motors 3 or'6. ' One sees that faor an},ofa the four-

. i / ,
posgiblex, combination of "~ DO-D! there exists only - one
equilibrium state of the rotor. - ) - L.
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TABLE 2.1 Control Signals for- Rotor Moves. g
' . s Coll Polarity [ '* TRotor
{Computer Signals to N=North Equilibriunm
\\SJgnals : Arm I=Inactive State
Do DL | Al A2 A3 A4l 1 2 3 4
‘ N
0 o 1 0 1 0 N I N I N[S NI
N
P e o
“' oy
o 1 A 0 0 1 N I I'N I N
. N / I
1o oo t o 1| 4 N I N .
- - ‘ X
r !
"IN
1 0 6 1 .1 o I NN 1 | N[S N1
. e .
, ‘ls
‘ N
) N
{ . S
0 o t v 0 1 o N I N I N[E > " NI -
& ' N -
T
- — _
r ' -
A R ‘
; |
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L) . - -

J/h\\' The period qﬁ-tlme during which a blt fbattern nust be‘

.

<

held debends upon the addressed motor. There is no maximunm

hold time value. The values are set from fﬁhe Keyboard,

~and then by commanding arm . moves (still from the 1 x
, SN I
keyboard), one can detegnrne which value seems approprlate '
~£of a glven motor. The values selected rangghfrom 2 to 7

. , . . '
msec.

'Y

. In our model, the rotor makes one quarter_ of a- turn for '

. each pulse, but obvlously each motor Is geared to obtain

.

smaller " moves. For example motor | requires about 20

pulses to make a | degree rotatfon of the head, and motor oo
\ ‘ .- \
4 requires about 370 pulses to . make a } centimeter move

: ) .
«on the extend line. ' o -

)

Table 2.2 summarjzes the wéy'the control to the arm must

be done. - - C ' ‘ - {

Y

o)
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TABLE 2.2 Arm“Control summary. . ) ) . ,
1 ' ! » ’ ‘ [
. ' . 7 ‘ ) *
MOTOR # RDESCRIPTION +DIR =DIR
~ 0: ALL MOTORS DISABLED ' .
. 1: HEAD ROTATE SEEN FROM TOP... CW -+ . CCW'
’ . 2: ARM TOWARD.........%vev..... FLOOR CEILING
\ SR 3: WRIST ROTATE FACING IT..... cW t cCcW
4: EXTEND. . ..o viiienrennenaenes ouT "IN -
5: GRIPPER.....:¢0cvveveese..ss CLOSE OPEN .

6: WRIST PIVOT TOWARD.......... - FLOOR " CEILING

[

S QUTPUT BYTE: -BITS ' ' .
—~ N 7: ENABLES MOTORS 1, 2, AND 3 IF |
' S 6: ENABLES MOTORS 4, 5, AND 6 IF |

5 AND 4: CONTROL MOTOR 3 IF BIT 7 31
R : - : . CONTROL MOTOR & IF BIT 6 = :
. _ ‘ e 3 AND 2: CONTROL MOTOR 2 IF BIT 7 = A
‘ CONTROL MOTOR S5 IF BIT 6 =-1
1 AND O: CONTROL-MOTOR 1 IF BIT 7 = 1
4 IF BIT 6 = 1

CONTROL MOTOR

1 -
-

TO OBTAIN + MOVES (FORWARD) THE FOLLONING SEQUENCE
MUST BE SENT 'TO THE 2 BITS CONTROLLING THE ADDRESSED MOTOR

c : DECIMAL . BINARY
. - o o MS BIT LS BIT )
o] 0 0 . .
' . 2 1 0
* ) , 3 1 1 . °
1 1 o} T s

Y

ASSUMING THAT THE 2 BITS ARE 'IN STATE 1 <Q1), THE ABOVE
SEQUENCE WOULD COMMAND 4 STEPS FORWARD: ‘ .
"1 =>0=>2+->3->1

A PATTERN IS HELD MOTHOLD( 1] msec ON MOTOR {.

TO OBTAIN A - MOVE (BACKWARD), IN ANY STATE THE INVERSE
' SEQUENCE MUST BE ASSERTED. FOR EXAMPLE
e 3=>2=>0=>1=>3=>2
—_ WOULD COMMAND 5 STEPS BACKWARD ASSUHING THAT THE STATE IS 3

r ‘ a _

A

., . .
'ﬁvi . h
o
Rt N . P . /
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The task .may be described as follows: the‘systen will
ualt'for the.cross to appear in the .camera field; |f it is
qonsiderpd reachable, the manipulator will move toward it,
plck it, move it pﬂtslde the camera field, and drop It;
otherwise it will annqunbe' at. the cggﬁ@le that 1t Is not

[P I

reachable.

3.2 Phvsical ipstallation.and restrictions -

The cross to be 'pilcked Is made of wood and Its
dimensions are 4"X4", its height is 1° and is thickness 1/8".
_The cross lé all black with a white spot on each of its

extrenities so that the camera can detect it.
7 »

.

The canera is - installed at 89" ﬁZZSCn) above a

/

o~

12°X34" _ho?izontal' black plkne~ which |is | aj little bit

larger than the field covered by the camera. - P

“

Two 4 inche .fingeré, each - #§th a white spot on its
- . extrb;lty havé ,been added to‘ the .orlginall gripper. This

has been done because of the‘réstrictiong on the moves of the

‘. arm; F is way\thq flngef tipg' can be seen. by the camera.

A -

Figure " 3x1 shows the original gt}pper with the two added

YRl L
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Flg 3.1 Origlinal gripper wWith two-added flingers. o

52

1
u’,,uf]
b il fl
NI
i i

Wi /}"?f[fif/ﬁﬁ

The‘computation$ for the moyés of the arm will assﬁme
that'§11 displaceﬁénts are méde“horlzontgllyiabove the black
plane. Axes oflrdtation'for motors 1.and 3 are vertical ‘while
éxis of trahslation for motor‘ 4 ls horizontal, -glvldg

horizontal moves only, in the three cases. ,Theré will be

. no moves by motor 6 since axis of rotation of motof 3 must

' 3

aiwaxs be vertical. As will be explalined In chapter 5, motor
2 will be used to ralse or lower the arm at well defined
heights, from the horizontal position. Figure 3.2 shows a top

view of the arﬁ as It will be used. - -

¥ “ ' . N 3
.

Y

Lo
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_Fig 3.2 Top view. of the ara.

53

-y
~

Figures 3‘3 and , 3.4 show the 1nsta11ation with the cross

~on the black plane and the nanlpulator just about to pick it,

A black cardboard has been placed on the arm in order to mask
lts reflectlng parts. This will permlt the plcture to'be made\
up of the desired white dots only. As will be seen in chapber

:5, the cardboard could be removed after the system hao'

been callbrated and initialized. At . that time it will be

LY
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possible for the program to locallize the cross or the ‘finger
tips, even 1f the picture contains unde-slre@' informatlons,
° cag
. EAE
- . // # . l
il ‘,
o
. ‘ )
)' = . ) ) : L X4
\. ) ) L] -~ ‘N .
g Fig 3.4 Perspective view of installation. ~ . . e .
: R = . B LY .
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C e . ] ., | . . ;
. . . . 1 . .' . 0 -
| . The system s controlled by an‘ IEM PC compatible
nicro-computer (Eggebrecht, 1983) with 256K bytes of RAM;
o .. a 8oss8 ullcropro.ées’.-sors n'o" 8087 math co=processor; and two
‘ /. A ! . .
" 360K bytes floppy disk drives. The development software
', . llg . includes the DOS '2.1 (IBM, 1983), the SBB"Pascal_ compller
A (ver 3.0) (SBB, 1984), and .the IBM Macro Assembler Cver 1.0)
(IBM, 1982a). L o
) ) .
< .\\ ’
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This chapter 1ntroducea the ca‘;ra systen used in the

project (Ctarcia, 1983a, " 19835; chronirtrlnc., 1983). We

'flrst start with a justification for using optic RAMs as the '
~7 ﬂ - -~ N
lnage serisors. ln the camera. ’

- - '
@ ¢

-~ ~ v

Most of the coiputer"image-lnput devices cbtrently

’

available use a conventional biack*ﬁhd-whlte ﬁtelevisl;n

éane;; as . the . image sensor. The c;nera'a~vide§ o&tput

o - , ngs% be‘conve£tedpto digital logic 1evéls for the éonbuter: a
(7‘ diffiéult"‘task because ﬁhe ‘output Eprodﬁced Lsing a

) Vidﬁéon-tybé'plckup tﬁbe is a:high freqﬁenqy aﬂZIOQ signal

divideds  into 30." complete frames of plcture information
PO - transmitted and scaﬁned each second. Franme grabbing ls'the'
process by which one of the franes is sangf@d digitlzed and

' . stored during a 1/30-sepo1d frane-scan interval,

BN

-, ( . 0 ! .
H{gh-speed frame grabbers generally cost more thad&
" . . R B3 \,
$10,000, while the sloqer units (those who assume that the

camera .and the object 1in its view will remain still, long
: enough, for the plcfure to be processed by slower, cheaper
-circuitry) cost somewhat iess, depending ﬁpop spe?d and

% ‘. : | resolution. | |
A .The problen. with the Vidicon-type camera is that it
/ is an analo§ device which must be adapted fq work in qdQigital
applicatlons; Using photodlode (fr charged Ccoupled device

|
(CCD) arraya as luage sensor one gets a computer video ¥amera

~
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that 'Is . inherently digital and dispenses . with the

analog to-dlgltal cqnverslon: But} a 256X256 .CCD array.
costs from $800 .to $2000, depending upon. the ndmbqr.of
bad pixels you get. Phgtoaiodes are avallable in 128X! or
256X1 arra}s, but‘aprays more than one elenént wide afe hard
. to find. To create a 256X128 or 128X128 1p1cture one would

need to devise an Bptlcal, mechaniéal, or electronic way

tp move the array  across the 1image plane, or move the
. ‘ o | N

image across the array, stoppling perlodlcallx for the values

of the plcture elements to be~registered and ‘stored.

'It was * found thé; dynanlc RAMs are light-sensitive.

’ Asﬁén alternative to Vidicpp camera, CCDs, or photodlodes;
Why'dot use %hém as Ilmage sensors? The ideal would be to
have a 64K-blit dynam}c “RAM chlip confligured ;s a 256X256

array,{ but- the probiem, however, ls t@at these chips were

designed only aS’ﬁehory devices and not opiiéal arrays. None

-

of the 64K blt dynamlb RAMSj)on the market are conflgured .’

as an\orthogonal array, lald out{ 256 elenments loﬂg by 256

wide. In fact, most have 4 or 8 sectlons of 16K or 8K
by .
bits, and many include redundant sectlions ' that can be

wired In to rebli%é bad sections on the chlp; The blt,x//
. v 4 N *

1 ¢ -
addresses don’t proceed linearly through the chip either; one

‘\\\ ' d "
bit may be in the upper-left corner and the next bit in
. . . L)
‘the lower-right corner. ot (\;
’ ’ »
A dynamic-RAM manufacturer _has ~ recognlized . the

o . X . Y ‘
light=-sensing .potentfal of Its 64K-bit device. Micron
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., * . . . ‘
Technology-of Idaho, produces a dyramic RAM chip that has its

lenory'célls 1aid out in only two sections, both of which aré
256X128 cells. The 1832 Opélc RAM comes in a package with

T a see-through? quartz lid: Its bit-for-bit uniformity is

not as good as CCDs but p?r blxel costs 1000 times less. This-

is the chip used in our camera.

. The camera system used in the project ié/the Micro D-Cam
(IBM .PC >Version) manufactured by Micromint lgc. of
'Cedarﬁurst, NY."Thls low cost ($295 US) iit inclédgs a
Printed Circuit Board that connects into one of the
mnitro-computer 'I1/0 expansion sPots; a camera made of.the‘;s32

A ~ Optic RAM mounted Inside a lighﬁﬁtight box w:th.a VEmn
'C-nouét lens focﬁé@in; light onto its cell arrays;' a %our
foot ribbon cablé that leads' straight from the Optlclhﬂn

3 _ _ to the Interface card in %Pe micro-computer.

\ ‘ f/f, | * " The 1832 conté?ns 655:6 light-sensitive memory 35113
. N ) laid out in two pla?ar, rectangular arrays of 32768 elements,‘
. - each a matrix of 128 rows and 256 columns. The two arrays are
\ A.', seperated by an qptfcally nonsensitive "dedti" zone of 150

, . microns (approxiiatéry 18 elements wide). The horizontai

center to‘center distance between two adjacent pixels is 21.5

llcrop£€ the vertical distance is 135* microns. :E?§ure 4.1

P \
. .

shows the IS32 chip’s phystcal data. ' A \
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\.4 1832} Princlole of operation g

_The data stored.in a cell of a dynamic RAM is destroyed

-

(the cell discharge) |{f not refreshed periodically. This

diséharge process is anplified by ~ light: whén an
individual - elément 1is® struck by photons of 1light, the

capacitor in the cell, which is Initially precharged to a

“fixed voltage, begins to° discharge toward .zero volts. The

capacitor dlschargqs at a frate «pfoportional‘to the 1light

intensity throughout the duration of the exposure.
Refreshing. consists of sensing the charge of a cell and

bringing it back to the nominal voltage for the logic

state it représentsi,?hlé‘can happen’ when the computer reads

a bit value from the cell, but more frequently it happens.

}hen éircultry external to the memory chip periodically
¢ ' ’ i
activates.the ceil’s address justafor that purpose. The 1832

Optic RAM 1like many memory chips, can refrésh its cells a
- . :

wvhole row at a time.

s
. If one assumes that all the cells\in the array are
filled with the Qositive voltagés that represent logic ls, if
refreshing 1is prevented during a . certain period of time

¢ : .
(exposure tlns), then the cells exposed to a light intensity

- sufficient.to .discharge them past the threshold point will be

. ; J . .
considered as white pixels (logic 0) and the other ones ‘as

]
black -‘pixels (logic ). fhfter _the -appropriate exposure

4

ldterqal h§s el@Sbed,'the states, of the memory cells are

freezeq by .restarting the refresh procedure. The picture

v \
- 5

61
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the Hiéro D-Cam will be described later on.
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or RAM data can then b# transferred to the conputgf memory
' ¥

for processing. The algorithm for the Iimage-sensing cycle d&/

~ S,

The Optic RAM resembles Film. Like a black-and-white

- N '
filn‘enu}slon in7a conventional photagraphic camera, the [S32

"

contains many 1light-sensitive elements lying in.a single

plane. The image is’ fpgaesed,(optlcglly) on the plane, the
apertg?e (measured in f-stops) and the length’of exposure can

be ajusted. In the Optic RAM, the film 1is "advanced®, by

A}

'refreshing the voltage on all the memdfy elements. The

different _gray levels obtained with ‘a photographic fllm
nay be obtalged with the optic RAM . by making multiple

scans of the same optical image, ‘averaging the results
. 1

‘obtained from either changing the sensitivity of the

cells, using a different threshold‘+voltage for each scan, or

varying the scan rate (exposure time).

L]

LY

The non!n;1 threshold potent]al,"z.l leés.<V), can
be adjusted through pin 1‘(A;Alo; Threshold) on the 1832 froi
1.5 to 3V, but Micron Technology suggests that gray-;cale
capaﬁllitx be achieved by g%rying the scan rate ré?ﬁ?r

) v O
than by adjusting the threshold ‘“voltage. ‘In the present

_projectganpné of the above giay-scile capabilities. are

exploited. The input {image |Is theréfore.stored, processed.
& .

and displayed as a matrix of binary pixels.
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‘“‘§{egrees vertically.
(“) =~ 0

©
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[

The Micro D-Cam utilizes a standard 16mnm mount -lens
with "variable focus and aperture adjustment, the aperture‘
controls the ' amount of 1light reaching the Jﬁtic RAM. -The
focus control focuses the image onto the ;urface of the [832.
A mechanical shutter is not needed since this funétion is

performed electronically by the Micro D-Can.

-,

s

Placing the lens at a distance of 226cm (89 inches which

s

Is the disstance chcsen) and ufillztng oﬁly one of the two
o .

1532 arrays, the rectangle covered has an .horizontal
length of 37.7 cm and a’ vertical length of 7.7cm. This

rebfesents only 9.5 degreg? horizontally and ‘only 2

\

These small viewing éngles are due to the tiny dimension
of the gglln, that is, the length of the diagonal of the cell
2

array, 5.6lmm. *  °

. . )
One knows that the viewing angle of a “tens increases

with thé ratio of the dlagonal of the film over the focal

~

. lendth (Bovis, 1973). Since one cannot increase the diagonal

of the “film", the only solution lé to decrease the focal
length. This is what has been done. |

4

The lens has -been changed to a standard 6.5mam C-mount

e
b

lens with aperture &ijustment and no focus adjustment. Under

the same conditions, as used with the 16mm lens (i.e.

"‘Q}
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:dispance 226 cm and gusing on1y° one array of thé'lsaz), the
rectangle covered has now 126cm horizontally ’and 25.6¢cm
verf!cafly, giving _viewlng ahgles of 51' degrees and 6.5
degrees respectively. The fact that the 6.5am ler had no
adjustable focus (focus at infinity) was not ;'problen;
"thg lens was unscrewed untii ;hefplane 226‘cn'a;art came l;td
focus. | ) ' - -
‘4.6 The Printed Circult Board .

The. camera’ systenm connects to the niero-con!yﬁer'via a
‘ prinfed circuit board fhat‘fits in oﬁe of the 6? pin 1/0

expansion slots (IBM, 1982b). 2.

The interface to the uicro-con%uternis accomplished by a
~ 6850 Asynch?oqous Communication Intefface Adapter (ACIA) chlp

,whic?’performs the _serlal-to-pa’ral,lel and parallel-to~serial

data conversion, mating the Micro D-Caw ‘to the host computer., -

The ACIA is decoded at addresses 0318H and 0319H.
Five lines run between the rest of the Micro D-Canm
. and the ACIA, carrying the transmit, receive, ground,

external clock signéls, and +5V power. . -

Figure 4.2 shows the . interface circuit from the Micro

D-Can to an IBM Personal Computer (Micromint inc.., 1983).

3

-

\
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i
~ Before golng Into’ the detalls about ‘the software to
operate the Mlcro D-Cam, two facts must be wmentlioned about

the physical distribution of cells in-the 1532 Optlic RAM.

Conslidering -only one of the two arrays (128X256 pixels)

hof the 1532, one nmight suggegt that the covered hori{zontal
\ffgid lq' twice as large as the vertlical one. Thls is not the
. case since horizontal plixel density 1{s about. 2.5 times
" less than the vertiqal one, gl;fng an horlzontal to vertical

ratio of approximately 5. Remember from a previous section

that the plicture (6.5mm lens at 226 cm) was a IZSC@ X 25.6cm

rectangle giving a 4.92 ratio. Because of this differeﬁce in

horizontal and pixel denslties, a non-modified plcture would

appear squeezed horizontally. This problem will -be addressed

>

later on.

»

—

The second fact to be consldered -1ls the way the cells

.are dlst}lbuted. The 1Image sensing elements In the [S32

are arranged in a “honeycomb™ design so that;they dont,

line up.}n the vertical directlon. Here again a non-modifled
picture would appear with some of the  pixels slightly

misplaced.

3

N

The following describes the Micro D-Cam interface. It Is

."nadelof 4 [/0 registers:

Write only 0318H: ACIA coqfrol; ‘ "

Read only 0318H: ACIA status;

v
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ﬁrlte only*OSlSH: 6anera donﬁrol} |
ﬁfnRead only O0319H: Plxels from camera.
Note that bits O..7 from/to ACIA are fltpped to 7..0 on card.
This ls’ to accommodate the way the IBM PQ stores the graphic

' data in its video RAM. This {s shown in figure 4.2.

’ ACIA control feglster (meaning when set to 1):

blts 0,1,4,5: not used; . -
bit 2: data received at 0319H before previouq,byte
read;
bit.3: data received at 0319H was improperly
' framed; . : -
. bit 6: a command may be sent to.the camera;
bit 7: data has been received in register 03138H.

.ACIA status éeglster: .

bjt O: reset to O (interrupts disabled);
. _ bits 1,2: reset to 0,0 disabling transmitting
* ‘ interrupts from‘ACIA to host computer;
Q' bits 3,4,5: control the word format. It is set
: ' to binary 101 giving | start bii
- 8 data bits, ‘1 stop bit, no parlty;
. : : bits 6,7: if 1,1 then ACIA master reset ,
' : if 0,0 then baud rate is input frequency
. ) ‘ divided by 1.

Camera control register:

bit 0,1: always 1; .
bit 2: -ALTBIT/+NOALTBIT; . (1.selected)

bit 3: -WIDEPIX/+NOWIDEPIX; (1 selected),
bit 4: ~7BITS/+8BITS; . . (1 selected)
bit 5: ~ONEARRAY/+2ARRAY; ' . (0 selected)
bit 6: ~REFRESH/+SO0AK;
bit 7: -szm}/ +WOSEND;
’J 0
X o . ] ) : ' L ,
o ' . When bit ‘2 is ‘clear (0>, .the Micro D-Cam will

. -~ . s -
transmit only the pixels from the even-numbered rows and

columns in the image arﬁgy. Because of the Piacenent of

the plxels in the Image sensor, this mode will usually
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produce an 1még?‘fTTETEEFFY‘?FEETUfTbn'than the NOALTBIT mode
at the expense of utilizing fewer pixels In the array.
| I

When blit 3 1s clear (0), the Micro D-Cam will -
‘dquble.trahsmit‘ each pixel in the array. Each image sensing
elements .is qcétangular in-;hape. 'By "double tgansmlttthg',
the proper width to <?height ratio s maintained wh;n

dlsplayihg an image.

When bit 4 is clear (0), the Micro D-Canm transmits data

so that It is compatible with APPLE’s high resolutlion format.

When bit 5 1Is clear (0), the Micro D=-Cam will only
transmit one of thé two 128&256 plxels arrays (rows.

128..255).

When bit 6 is clear (0), the Micro D-Cam willl refresh

the IS32 Optic RAM meaning no exposure to llight.

When bit 7 15 clear (0), the Micro D-Cam will send
the plcture (data from 1IS8S32) to the ACIA data reglster

(0319H), which can be read by the proéram 8 plxels at a tilne.

4.8 Picture Format
B ‘4‘% .
Because the NGALTBIT, NOWIDEPIX, 8BITS and 2ARRAY
features are selected, one must apply. an ENHANCE algorliha to

the raw 128X256 plxels obtalned fronm the capera for the

reasons mentioned 1In sectlon 4.7. The algorithm (written
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in 8088 assenbly language and called from the Pascal progran)
transforms the middle {60 columns of the L25X256 picture into
a 128X640 plciure. There afe ‘two reasons for discar?ing

columns 0..47 and 208..255 of the source . frame. First,

because of screen limitation (éoo lines 'X640 columns) but

- also because—640 horlzontal pixels cover a fleld of about 79

cm ( at distance 226 cm using the 6.5mm lens), -which is

sufficient ' for the application since the robot arm itself
. ' : ‘ ' -
covers less than that,

The order (facing the picture to be_  taken) of pixel
reading. Is In the natural order from left to right and

tﬁéh from top to bottonm. " This is fllustrated in figure 4.3.
) : ;

/ .
{ , R

\~
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Fig 4.3 The 1832, the lens, and the object. (a): 'top view, .
(b): side view. o o ) oo K
. The first bit to be input 1s the bit at row. 128 colusn O
IR ' (recall that the other érray, rows 0 to 127, . is not used) the
last one |is bit at row 255 .column- 255. The £irst bit
e ‘correspond to the topmost, lefpuost corner-of a scene as ieén'
‘ by someone behind the canmera. This bit arrives inbit O
, - ‘ \
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o (of ACIA register) of the first Input byte of the picture.

' ' " But the IBM PC way to display a‘byté on the screen is from
bit 7 to bit 0 going -fro; leﬁﬁ to 'rgghf on ‘the scfeen.
That is why the data "bits from_the ACIA to the. combuter
bus have been fllipped so that bits 7..0 sent by ¢the ACIA are

1

received by the computer as bits 0..7,

. 4.2 Frame grabbing rate °
N . The time 'fo obtaln a frame for processing or dlspl?y is
the sum of the exposure time, .the tradsnlt time and the time

to enhance the plcture. The exposure time is of the order‘;f

.a second}undéé good lighting and the t{fe “to enhance‘is
éohsldered negligible. The transmission time depends upon the

number of bits to be ' transmitted and upon the selected

baud rate. One has 128X256 bits =\gp96 bytes but each
tranémlttéd byte has one start . and oq? stop bit giving a

total of 40960 bits. The transmisslion rate 'Is. 153600
. bits/second glving a total t?an%mlsslon time of 0.27 se?fﬁd.

Sone subprograus/haye‘beed implenénted in 8088 as;embryl

t languége and .are accessible wfron the Pascal main program. -
"FRGRAB is glven the address of a 128X32 bytes variable,
_the ‘deqirgd exposure time and the physical address of the
éanera port, 1t reads a frane_frpn the camera and -returns it

: *
In the "array variable. ENHANCE2 1s glven as input, the

address of a 128X32 bytes variable and as output, the address
of a 128X80 bytes variable where it returns the modified

-
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N
1

rgkdy"

128X640 pixels frame for display and/or processing. .-

MOVESCR is given the address of a 128X80 bytes variable-

and it‘dlsblays it on the computer screen.

- step2:

_step3:
1

stepb6:

‘stép7°

‘state (logic 1). This is not

Her2 is the algorlthn describing FRGRAB ,1‘ o~
, - ' . . ~

stepl: initialize ACIA for a master reset (0318H := COH)
.and then for parity, stop bit,. data blts, start bit

and baud rate (0318H := 28H); : .

specify the picture format, NOSEND, REFRESH, ONEARRAY
8BITS, NOWIDEPIX (O319H:= SFH), :

command exposure to lgght
(0319H := DFH);

that 1s 'NOSEND and SOAK

”

step4: delay the specified exposure tim@t(EXPTIHE);

step5: command SEND and REFRESH (O0319H := 1FH); -

read and store 128X32=4096 bytes from port 0319H,
each time testing bit 7 of the ACIA status register
(receiver full) at port 0318H. There is a time out
counter implemented here: If 15 consecutive tests of
rthe “"receiver full" 'bit fail, then this indicates

_ the end of transmlsslon. ©

v

~,

specify NOSEND and REFRESH (0319H := 9FH), ready for

next exposure;

step8: return to caller. If a key has been typed during

the process, its value ls returned. The number of
bytes read is also retyrned for purpose of
veriflcation.

(

Note'that the above procedure works only if we assune

that at the beginning, all cells Lare in thelrwhlgh voléage
§ s - .

‘the case for the first call

after bower up, but, it is afterward because the Micro D- Can

circnitry ensures‘ that a logic 1 1{is written back into the

1832 cell after thls cell has been read,
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- Flgdre 4.4 |s 3 prih out of a plcture takqn by the.
Lo . o : o4 ‘
®  camera. It shows the 4.dots < i'resp,ondlng"té® the cross and
- ¢ '

‘ the two daots of the flnger ptps.égounq one Jf its brénéb. As

.

-~

U.ﬂF’, ' we can ;eef,evep-after fhefénhance.h%gorlthm has beenlgpplred
o S ﬁgo' the - raw .picture, thé Image Bt111 appears ' squeezed
:':;* hbrrzonzally.’ , g R ) o | .
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Filg 4.4 Picture
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The control 'software is divided into two parts: a'Pascal
nain programﬂ<hich implements the user }nt;rface gnd most of
the robot arﬂ)bamera system- control loglc;' a s?t of Pascal
accessible 8088 assembly subroutines which take care of
the 1low . level Iinterface ;o qhe camera systen 1/0, the
robot arm, the screen pugbut, and the‘keyboérd {nput.

&

J
2.2 Assembler Subroutipes

As described in the (caﬁera section, subroutine FBGRAB
reads a 128X256 pixels frame froﬁ the camena.anélstores,}t in
a 128X32 bymgs varidble. Subroutine ENHANCE2 mnodlfies this
raw picture into a 128X640 picture. )

;in ;raphic mode, the 1IBM PC video contrgller dipblays.
640 columnéu by 200 rows images. Subrouf?%e ﬁQVESCR is
reéponslble f?r displaying the picgure obtalned“ﬁan ENHANCE2
by writing it in the top part of the vlideo RAM‘(address
BBOOOH?. The picture therefore occugies the top 16 lines
(1 line = 8 rows), leaving 9 lines for the user communication
a}ea. This area {s.qieareq by a call to subroutlnq}CLRCOHM”

. Calls can be made to the DOS or to the ROM BIOS. by

x&subroutinespCALLDOS'and'CAQLBIOS respectively. Ast an exanmple,

¢ CALLBIOS may be used tg pdsltion‘ Fhe‘ cursor at the top
le ft- corner of tﬁé communicatlion area.

. L

.

¢ .

' Subroutlne BLINK  Is given the colusn (0..639) and the

o« ¥
\' . —
L—-‘ . | - -
. .
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row €0..127) coordinates of a pgxel,’ it will make it blink

until a key is pressed at the keyboard.

Subroutine GMODE ‘'sets the display mode (graphic,

alphanuherlc etc...) and returns the previous setting.

Subroutihe ARMOUT outputs a byte to the parallel port

(0378H) controlllng the robot arm. It 1s also glven the time

" the pattern must be held and returns 3.key value-if any

J
Was typeg during the process?

-

Subroutine DETDOTS is given the address of a 128X80

bytes picture and returns an array of dot coordinates. A dot

coordinate is a palr <(col,row) with col: 0..639 and row:

0..127. The last dot in the array is followed by the (-{,-1)

. \
dot. N

v, i . &
%

}b this project, each picture is considered as a set of

! )

" dots. The cross to J?e picked as four white spots on it and

gach‘flnger of the manipulator has one.

r A
' »

A dot nmay be considered as a cluster of white pixels

oA

(S

A dot fs detected as follows: the 'frame s §€apned:fro$
lift.to.righg and from top to bottom unti? a white“p{xel
lsidetecfed.a Std}tlmg at that pixel, rectghgqlar path; are
then tested untll a path of black pizels 1s found. This is

- .

.z\'

£

surrounded by four segments (a rectangle) of black pixels. —_

+
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shown in figure 5.1.

Path # .35 4 3 2 o/j/ ist wvhite pixel detected
" ¢ % 9 .

by SR

AN A e

| )V e -} : |

4 | | . ) |

] } Tow on o - - - — ) ) )

I -

' | —- =1 : C’J
L—“—.L—— | ~

Filg 5.1 A cluster of plzels,

'Path number five of flgure 5.1 satisfles thd&e
conditions. Note that {f part of a path extends out;ldé
the picture (dot near, boundary) that part of the path is

-

[ )
considered by the algorithm as being made of black plxels

only. The last non-Black path startlnggfrom path O s defined -

as the current outlying path (path 4 In figure 5.1). The
<

leftmost vertical segment of the outlylng péth Is defined by '

the column coordinate LMOST, the rightmost ‘segment by RMOST.
The topmost horlzontal segment Is defingd by  the row

coodinate TMOST and the bottommost segment by BMOST.

The rectangle defined by the above four coordinates
is then refined: vertical segments between the horizontal
f

segrents TMOST and BMOST are then tested starting from the

inner path an%_golng left until the last non El}ck segment ls

.found. The column number corresponding to thls non-black

segment 1s then dssigned to LMOST. ,Tbe sane process ls

applied .ﬁdr vertical - segments between TMOST and BH08T~
) ) v
'starting at the ‘Innermost path and golng ~rlght;‘ A new ﬁ%

\ -
‘- . ‘ .
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- value is then-possibly assigned to RHO$T. Horizontal segments’
. A
are then tested petween the two vertical segments LMOST
’ and RMOST, starting from the top and going down. The last
non~black segment defines the new value for BMOST.
@ -
* The whole .ﬁrocess is repeated until. the new values of

RMOST, 'LMOST, BMOST and TMOST equal the old ones. That is,

)
when no changes have occured In the last processing.

Applying this algorithm to the dot of figure 5.1 one

would obtain the final outlylng path shown in figure 5.2.

-_— r ' -‘,.I
‘ ‘ o o1 . :
' : ! *‘s-o--o E E : :
4 ' ¥
" by L -4 ; (’T‘\\ . .
/ . | 1 h—mmoamadd
g) by Yo, / ‘ &
. - S i | P sy
. i - -
S R
; l: o? - Ry - -
Flg 5.2 Dot determined:from pixel clusters
N\ » v a
> The column coordlnate of the dot "is returned as the

n - . .
middle column between LMOST and RMOST, and the. row coordinate
has the middle row between TMOST(;nd BMOST. Thése.coordihates

N N aré‘then savéq and)the pixels in the rectangle are made black

”
-

so that the search for the next dot will not £ind the same
. v

k ’ R Tt s

dot agalin.

—_— ) i \ .o / \ ) -
. , )
~

Upén éhtér}ng ‘the Pagcalﬁ program the computer (s if a

, . . ‘ B
- mode where plctures are contlnuougly‘ktaken and dlisplayed
. . 4 Y b

E - *

o
; s . .
g @
3 ¢ ¢
-
. L ' PR, N
1 7 e , ’ .
1 o1 Co g et ..
is.ff-\:m Labnr S o -’ D v
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on the screen. Thls'process may be terminated by typing a key

at the key board. The user may save the current plcture on

disk by typing ’S’ or . may load/print a SICture from dlsk - ..
(°’L’) or may change the ;ampra expsosure time (’T’) or may
exit the display mode and enter the nalﬁ procedur; C(ARMMOVE)

of the program (’A’). | \\

- - - PO

In the above procedure, one can’ actlvate the arm by

typing keys 1,2,...,6 for + dlrection moves or the sanme
- v l"

. shifted keys for - direction moves. Key numbers correspond to

" motor numbers as described before. The motor |s stopped b§

-

typing the ’S’ key which has also the effect of taklng a

plcture and displayling It on the screen.

Arm control s  made’ throughout «calls to précedure

MOVEARM. This procedure accepts a motor ndnber and a
. . -
number of steps (+or-) as arguments. It uses and updates

‘global variables to remember .the state (MSTATE[il: 0..3)

¢of each motor (to determine which bit pattern to ép ly next);

- - % . i
the number of pulses each .motor has . received (MPULSE(1])

8lnce last initialization (procedure INITMOT); and the pulse
'hold time (MOTHOLD(11)> %or each wmotor. If a key 1s typed
during the iactlvation prpcéss; it returns 1ts ASCII value to -

“the.caller. The agtﬁall control to the arm interface ls

e

done by a call to assembler subroutine ARMOUT. - -~

R

“ By using .the 'H* command to set the éulse hold time for’

. , o
each motor and by .experimenting arm moves (keys 1,2,...,6)

3

Lah
Lt
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one can establish optimal hold time values.

The rest of the commands of procedure 'ARMMOVE will be

' described in what follows, wheh pertinent to the discussion.

\

Before procedure ARMMOVE can acconbllsh the task of

identifying the cross and picking it, (conmand ’X’)u

icertaln parénefers must be {nitialized and stored on disk.

This must be done_ only when the relative positlcns of the
base of tﬁi arm and the camera have chan&ed that is vhen
lnstalllng the systen. Somgfﬁf the parameters are conputed by
the program, moving the arm and-using the data obtained from
the camera, others are entered manually .from the keyboard

(1ike the pulse hold time above).
Y

.3.1 Calibrating the Camera ‘

Havi;g installed the camera at a\kertaiq helght (226 cm
here) above the black’ plane, one nmust make the mapping
between the pixels representaﬁfon and the real ‘world
representation (plane coordinates). We must obtain the
distance (in ‘Ehe real world) covered by two adjacent pixéls.
Since the horfzontal and vertical pixel densities are not the
sane .we want two correction factors CORX and CORY, which give
the nunber of cm covered by two adjacent pixels hor{zontally
and vertically respectively. .

o e
'If we place two white dots (figure 5.3) on the. black

‘plane, .at known distance D abart, and we then fake a'plcture

-

£
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and obtain the ROW-and COL coordinates for each dot we may

then write: ’

D% = (CORK*(COL,-COL,>1% + [CORYx(ROW,-ROW, )1
»
0 ' 639 «—— COL or X coord. )
o]
D a == _ (coL,,ROW)
\ _ T e e e
s \\
ROW or Y coord. 5COL2.RO“£)

. &

Flg 5.3 Plcture with two dots at Known dlsténce D apart,.

- But there {s an infinity of solutions for the

unknow RX and CORY. The way to .proceed Is to have

three dots with knewn distances D,, between dots 1 and 2 \anrd

0013 between'dots 1t and 3, as shown in figure 5.4.

1
Dy2
. ‘ 013 ) < 2
"Flg 5.4 Picture with 3 dots. _ 71 P
, 3§$ may then write
pZ, = [CORK*(COL,-COL,>1% + LCORY*(ROW,,-ROW 12

[ . v N . . ’ . .
: D?, = [CORX*(COL4-COL,>1% + [CORY(ROW,-ROW D12 ..

\ . \/ . . -
These two eguations may be rewrltten_ as two straight llne
equations in-the form - <

[ 4



" -values' of the global variables CORX and CORY.

v , 83
CORY = my CORX + b,

CORY = m, CORX + b, -
where
.2
m, = -[(COL,=COL)/CROW,=ROW )]
. i ) 2
m, = -[(COL,-COL )/(ROW,~ROW,)]
- _ 5 _ 2 -
? b, = (D ,/ CROW,~ROW )]
_ _ 2
) b, = [Dlaxcaows.aowl>y
With ROW, <> ROW, and ROW, ¢> ROW, and (COL, (»,ﬁOLz

or COL (> COLy). | _
Solving this slmultaneously for CORX and CORY, one obtains

CORX = SQRT[(bZ-bl)/(m )]

17 M2
*conx2)+n11

P -

gk

"CORY = SGRT{ (m

. . . - & .
In practice, this s oone using the .’C’ ‘command of,
procedure ARMMOVE. The CALIB procedure is called, and 1t asks
the user to.place a template on the black plane, the picture’

is éhen continuously dlsplayed on the screen ‘(calis to

. e . .
FRdRAB ENHANCEZ2 . and MOVESCR)*and when the user is satisfied

wlth it, only then, are the three dots visible on the screen.‘

He then types the \return key which freezes the frame. The

-procedure then makes a call to subroutiﬁe DETDOTS to obtain:

tho ROW/COL coordlnates of the three dots. Since 1t Knows the

distance between dots 1 and 2. (71.0 cm) and the distance

betwéen dops 1 and 3 (37.0°cm) It can compute and display the

Fron-now on every. dot coordinate '‘COL./ROW obtained by

: subroutlne DETDOTS nay be expressed in real world coordinates

h {

. b



. shown in figure 5.5.

'by‘hultlpllylng them by CORK and -CORY respectively. This lis

84

- Y -
COL —==_, ’ ’ |
L . . .
0 . [ 639 S
. . o C - = = e - I . ;x
P ! T - '
. ’,’ / \\ B .
P h ' R
ROW) (X,¥) :
~ (coL, / X=CORX+COL ,
127 : Y==CORY*ROW -
h \
\ , . ROW Lo
!, \ o Pixel coord. Real world coord.
i - b . .
R . Fig 5.5 Mapplng of coordlnate systems.

.
)

' the camera at 226cm-above the black plané S T

'Experiméntally we obtalned the following valhes, plécing, R

~ \ . Rl

CORX = 0.12 cm/plxel -° - . " .
' CORY = 0.20 cﬁ/pxxei ‘ | |
.gLving éﬁ horizontal coverage of CO_R}'{>'<63‘3"~‘= 76,7cm.'and a
1 vertlcal yoverage of CORY*127 = 25.4cm. - | O

: i*3‘z_Q:n&:n.ei.BnLaIinn.ni.ihs.ﬂEAD
The center of rotation of the HEAD of the .manipulator

L

ust be localised In the XY coordlnates system defined above. -

Note Ehat with our phy%lcal set-up this polht is outsldé the

vi wlng~fléld of the cameru. ' “ ; - 'IfR

[y
A

W T
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AN

each of whlch'corresponq}pg to a ‘dlfferent éositloqpmgi the

white tips of the fingers by moving on notor 1 only,;one
\ ‘

would obtain three dots lying on a‘clrcle whose center is .the

desired value as shown in figure 5,6. .

{~,

PR E TN

- 7 7 Xe,¥2 Teel
- e ) -
- X3,¥3 X1,Y¥1
- . ¢<4—=__ center of rotation

of motor 1|

». Plg-5.6 Three\dlfferent positlions.
. . \ .
One knows that three dots In a plane are sufficlent
to deflne a clircle. The three=polnt form equation'ls glven'by

the following determinant equation (Selby, 1975):

R | s x oy !
}, R L T .10 £ S TR TR
T I S A M)
o - | N .  - x§+y§ Xg | Y3 1
b
o The general foru.ég the clrcle .equation is: ¥
. x? r yz +2dx + 2ey + f = o .

}

——

. , R
. .
. . .
P e R e
i =T A . . . . ” . d
A A RNY s - t . o, R N

where the center Is at (-d,-e) and where the radius r =



SQRT(d%+e%-£). To obtaln the center and the radlus, we.

-

must transform the three-point form equation into the general °
form equation. The déterninaqt equation can be rewrlttenJ o

as_(Laplace development): o

|M[§§ (x2+y%) cof | (M) + x cof, M) + y cof43(M) +cof14( .
‘'The cofactor °°f11(M) is defined {?n.Fbe determinant of a

matrix obtained by striking the {’th ;ow and'ghg‘j'th column

of m and choosiné poslt{ve (gegatlvé) éign'lf”}++i-l§ even ' .
Codd>. S o P

"By some algeabric manlpulations, the above equation can be o -

.

rewritten in the general form, giving - -

d = cof,,(M) / [2c6f, ()T
= ®
e = cof (M) / F2°°f11(M)3. | S
. £ = cof (M) / cof, (). LT S

i ‘ e

3

N : - :
These values are then used in computing the center-and the

4

radlus of the clrcle.

N

i@
¥,

'In practice this 1is accomplished"by using the ’E’
command .of procedure ARMHOVE ‘But befd&e using this gohmand,

one must reglster the three dots using the ’.’ command.,To'do |

so, one must first lssue the. ’I’/cgnnand to call procédure

INITHOT which Initlalizes to\zero the giobal variable
which counts the number -of opulges = each nétor as-received
“(MPULSE(1)) and which places al\ motors in state 0 (out of .
b..S), upéating the ~ corres ondlng( *obal varl&ble

(HSTATE[i]). The ’1° conhand also Lnitiallzes the countér for

o

use with the ’}’ conuand The ’.‘ cﬁnnand locallzes a dot in
[d . '



R -

the current dlsplayed plc:§pg by calling DETDOTS. It, then

\ S; ) translates the obtained CQL/RO& coordlnates into the- current
" | v X/Y coordlnates: . ; ' 4 o ’
N . X i= CORX % COL; ' ¥ := =CORY ¥ ROW;

another . t;;psfornatlyn 1's then apptied ' (brbcedure°

TRANSLQT? which transforms the camera X/Y cqordlnateb into  «

the working base coordinate

. : ?
. Xu= X - XO0;' (& =Y - Y0; .
‘This has‘ no effects now since X0=Y0=0 but we will later
see that the origin *of the working cqo}dinate system

¢ . '
(X0,Y0) <> (0,0) will be the center of rotation of the

;head (notor_li.

These coordinateg are then stored into an array of dots.

‘ The address in the aréay where to store: the dot gs,gflen
by the dot counter inltlaliced1Tn the fI’ command. The dot
counter s Ehen updatedfszlnally this command makes the

center plxel of the th"blink,‘ to show that the dot was

properly localized. To exg;. the command the user must type
the return key.
4
The user therefore first move the arm so that the’ tlp of
the fingers fall Into. the canera fleld. 4} 1s |Ls .done by uslng s

the ’l’ kexmaﬁd then the ’S’ key to stop a all notors and take,

and dlaplay the plcture. The 3L connand s thcn issued to

P o

lnitlpllie the dot counter and pulse counters to jgpo‘\zhs‘_
mfﬁré;' do;' xS ‘registered by the ’.’ pdunand,othen the ara
1s moved on motor | only using the ’1’ command ~and then

od

L3
1 ~
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étoppcd‘,hy using the 'S’ command. The second and third

. N . i N . ,
dots are also registered - in this : manner.’ The circlgﬂ

N

parameters “can now be cbnﬁuted by typing the ’E’ cowqand

wvhich calls proceduré ciRCLE. -This procedure acc s‘the
g LT e . 7

coordinates of 3 dots as input and returns as output the

center of the clircle and kt$ radius (irrelevant here). The

’é?fg covered between dots

’

N{
'E’ caqde will also comppute th

! and 3 (figure 5.7).
™~ N b

«-——— Kknown center of rotation

LY
— r

Determining he angle covered.

-~

¢

.

aw of cosihes -
2

From the

2" aal : .
.813° = 81° +.83° - 2 81 83 cosa

which is solved for'a since S1, S3, and 813 are knoqn. .,

[

‘This angle | formation is used in conputingt the Number of
* « ‘7
Impulse per-\Degree on ,Motor 1 (NIDM1) since’ the .nimber of

pulses appliell to move from dot 1 to dot 3 is known (variable

~ ~MPULSE(11]). \fnenber that the ’I’ command inititlalize the

global variables “pulse counter®™ to zero for each motor

— and that £he ‘1’ to ’6’ commands move motors by calling

MOVEARM which updates the variables.

Lo

The value founq for NIDMI ls\ 20.4 pulsés/degree. The

“'values for XO,Y0 depends on the relative positioning of“the
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H ~ . , / "‘ Y ¢ ) . . . . .
. -arm and the camera, in one %nstallation it was found to be XO
’ ~ ' ! P . h Lo ' . v, .
= 38.03cw* and Y0 = =-47.63cm. - ] ST

- -~ . .

From now on, the new work ing coordlnate systen will have
~origin <xq{?o -at the center of . rotatlon for notor {. The

" x axis w111 be parallel to thegplxel rews and the y axls

., to the pixel columns. Thih ls lllustrated in flgure 5.8.
‘ » . ’ © . 4 ‘ 3 . , -
e . 0 ’ K 6§39 ¥ cOL
. ov ; 0 TR '
\ ‘. \ N . } ° 1 . N -
[ ' ' . °
: - i SEPRE . - pixel coord COL/ROW
. . - . & as determined by DEJ‘DOTS
127 , L . -
~ B Y ' ;
‘ . X := corx x COL ° . R )
ROW . Y :a' <CORY * ROW. “ ¢ . .
- Y T ‘ /. N - v
3 ‘h - o // , .
i .
; - = X ' :
1 ” s N
IO § Canera coord.’ ’
: i ) | . . .
proceduro TRANSLAT 7 ’ .~
- , K := X = X0 N -
Y Y := Y = YO e,
c Y
F 3 ' L: 4
Qe oo o> 2 e el v

-
-

»

[
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5.3,3 Obtaining RAD3
b ’ 7 - .
When motor 3 is activated, the finger tips describe a

circle whose radius 'is RAD3,® is the Lvalue we want to

determine here. We also wany the N r of \Impulse per Degree

— . on Motor .3 (NIDM3). To

c ’ ' ’ » [ ™
command to initialize the .counters, and thén we register 3

, We as udual use the "I’

3 different dots ,using ‘the ~&.’ . coymand. Between each- .

o

registration the finger tips are moved using the ’3’ command.’

Once thlsé is done, the ’E’ connan@ is issued. It'is the sanme

~‘i&:'g,hnand‘as‘the one we .hsed previously to—bcoupute Xo, Yo,

¢

T
- -

and NIDMI. It will use the three registéred, dots to

L3 b

compute the radius RAD3 of the circle, and the
variable NIDM3. ‘

¢

t

The values obtained are 10.03cm £6ér RAD3 and 3.31

pulses/degree for NIDM3. S '
8.3.4 Deternining the SHQULDER lenqth

.Another physical data that must be obtained 'is. the

e al
ahouldef. length of the arn.i.Thls length i; intrinsic fb
‘ the \nan}pulhtor and does . not depend on the relative
stlilonlng of the arm and the camera. It_f; éefined as

, | the square' of 'xhc normal . distance bet&een' the axis of‘
rotation of the head (the just defined origin) andhfhe
stralght'llne'deflned by the EXTEND (motor 4) noveient. This

o

.+ 1s shown in figure 5.9.

o e .
N PN ' ¢ o
in.)ﬁdu, c . IR : § \
.
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. .
Fig 5.9 Definition:of parameter SHOULDER. .
0 .
. 'If using .the arm control éon‘nands and ca'mera‘, ve
i e register two .dots along the EXTEND 13ne, ‘then we may

!

. obtain the ‘straight 1line (1,5 equation and.compute the

'desired dls&ancg along 1, (figure 5.10). ' .4

. . ’ 7
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W % . Plg 5.10 Determining the valu¢ of SHOULDER. ., - .
. . )
BN : " ~ , .
} i . . ‘ .
. ' The equation for 1 is y = m_. X + b_, where
. E e . e e
‘ ' g ) Rk )
/ o e = (¥a7¥ 2 /07Xy |
.- ® = - ¢ i . +
: -\ be = ¥y Me¥y oo
To determine the equation for 1s we know that ﬂe is
perpendicular. to 1. and. that the origin belongs to 1. The
"slope of 1_ is. therefore m_ = -1/m, and by = 0, giving the
?Q equation for‘lg | : . .
s \ y = (=1/m,) x
T I Y

We can ihen calculate the point of.jniersectlon (xI,yI)

between 1} and 13 and compute " its dlstance to,the,origfn.

'
»
.t
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|

obtajning ° the “desired value. This point TS\\\zzi"//“

simultaneous solution to’equafions for 1e and 1s i o F

-

L Y 2 1
x; = €=mg bg) / (1 '+ mD) . : / _

Yy = =xp / m,

- o

and SHOULDER is. given by

SHOULDER = xf +~y§ » )

In practice, one closes the gripper and igns the

\

‘fingers with the ;EXTEND line wusing commands 75’ and ’3’

respectively. fhe *I’ command .ls lssued and he position’

.0f the finger tips 'lIs registeéed (’.’ command), The flnger

tips are then moved along the EXTEND line/ ¢’4’ command)
and the second dét is‘ registered. The agctual command to
comphte‘tﬁe'SHOULDEﬁ global variable 1is ’A%. Tkhis command-
will compute SHOULDER from .thé two rdgistered dots and
wiil also-compute thé Number of, impulse 'per Centimeter on
H%for 4 (NICM4) since it can calculate the dlstance
between the two dots and since iﬁ kno? ; from global va?lable
PU (41, the number of pulses éh t wWere required to move
f;oﬁ dot | to'dot 2. d '

The va}ue found for 'NIDM4 Was 371.1 pulses/cm and the

value for SHOULDER wps 192.0 ¢ 2,

With our restrictleﬂ/df the arm almost always moving In

a plane, igs position may be uniquely determined by three

numbers: .the X 'and Y coordinates CRW of the center oﬁ

»

—
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rotation of the wrist (motor 3) and WRISTANG which is deflined
;s tée . angle between "khe segnent joining - the origih
(XO,?OS to poinf qu and the segment Jjoining CRW to the
qlosed finger ;ﬁpa (fiéuie 5.11). When the - fingers are
opened, the middle point betwveen the two white dots on the

finger . tips is tbo-be considered in computing the wrist angle.

'Note that this way of determining the position of th® arm

does not consider its height as controlled by motor 2 and the

4

finger (grlpper) opening as controlled by motor 5.

0% § WRISTANG ¢ 360°
Y

Trro

.
. e e ——— e e
. B
-

-
LT
e

-

Filg'5.11 Deteraining the current position. e . - —

<

\'
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The initial position ‘0f the arm is the posltlod\fréu’
[ ] .

¢

‘which all dlsplgcgments are camputga. It is specified by the
initial CRW glven b} (§START,Y3TART}; by ths initlal wrist
angls WASTART and L?Y the coordiﬂstes of the .finger tlps
(XOTIP,YOTIP) which may be deduced from the other three.’
These flve‘values are set once- after installation and are:
stored on -disk “along wvith the other parameters (CORX,
CORY, X0, YO, etc...).
To obtain these - vilues one must first position the
eﬂd of tﬁe manibuiator in the fleld of the canmera and then
type the 'O’ command whicg wlll call procedure FINDPOS to
obtain XSTART, YSTART, XOTIR,- and YOTIP, and'pall functlon
WRISTANG to obtain WASTART from the above four values. The
command will also-do some Initlalisation by calling p}ocgdurg
fNIMOT._Thé functlonal;ty oﬁ "FINDPOS and WRISTANG will be

described after what follows. T .

-

5.3.6 Setting the limits for moves - -

\

After.héving determined the initlal position, the number
of pulses each motor has received (MPULSE(il) 18" 0. The
.ark tan then be moved along each degree of freedom and the

waximum (+ direction) and the nlninun (- ﬂirectlon) nunber of
R
pulses can be establlshed for each motor,

o

4

In practice, limits are establ ished only for motors 1, 3,

“and 4..The reason for this s that notqr 6 lslnot used and

\/ B e ' %
M ~e . . L4 ‘
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that motors 2-and 5 are used but -always with the sane
constant number of pulses. The moves on motors 2, 5, and 6 do,

not depend on the - position of the object to be picﬁggu -

F

As we will later see thésé linits are defined so that it~

will be possible to determine the reachabllity -of the object.

To set these min/max values (in global- variébles

-

MINPULI1) and MAXPUL(11) for motors i=1,3,4, one moves on. .

)

motor | y to the nmax or min of Its course. The ’M’ commgdd

is then typed. It asks if 1t s to set a min. or a max and to
, @ ’ . * by

dﬁlch motor it applies. It then assigns the'carrequndlng

'MPULSEC 1] value to the MINPULI1T or MAXPUL(}! varlable.
! :

¢ ) M ’ ’ . N
. N . . . { " - ¢

AsS mentioned earlier, procedure FINDPOS returns the,

current position of the center of rotation of the wrlSt'(Cwa

’

and_ the coordlnates of the “finger tips (gripper ci7sed).

\dg ' To do so, It first commands a move of the wrist-(motor }3) of

' —approximately 160¢ in the minus direction by callihg
”fA?Vﬁrbbedure MOVEARM . It then ﬂtak{s. a picture by calling’

procedure GETSHOW which combines ' calls to assenmbler

o
*

subrout lnes FRGRAB, ENHANCE2, énd'MOVESCR. Subroutine DETDOTS

is then called to obtéln a - spt of dots which are
~ .
translated to the base coordinate frame. Each pair of dots

whose separating distgnce is 1less than the threshold value
L DBLDO‘f‘ (0.635cm) |is replacedﬁ'ﬁy.a” single dot located at

thp center of the 1llne Jjolning the o parent dots. This-
I ’ - .

L4 : -~
. v s
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' F - - -
Is done because sometimes (depépding on 1lght conditions)
a single dot is returned as two adqacsnt dots. -

-—

Normally the aboﬁe.qrocess should return only one dot:

.the white ggg;‘/on the f!ngar—tipsi Bﬁk provislcﬂs have been
'nadeiso that 1f " the picture.: conia4is undeQIred information,
the procedure . will'Bé :ahle to determine which is relevant.
?h;s is dEH; us{ng " procedure GESSPO0S ihlch Is glven the
hunber of pulses noéors ‘1;3, and 4 have/é?ceived'and'whlch
fetdrns ihe posltidﬂ where the finger ¢tips should be.
Therefore, 11 more than one dot lg/{eturned by DETDOTS,

hthe one selected will be the nearesﬁifrén the one returneé by.

GESSPOS.

. Note that this dot discrimination feature can not work before

the inittial poéltion 0’ command) hés been deternined since
the pulpé . counters are not yet- defined at'fhat time. Since
‘the ’0” command nakes. a call .to FINDPOS, one nmust make

. . . N ] . - .
sure that  at that time the . plcture contains no invallid

0

information. .,
)

Until noi, .FINDPOS has registered a Eingle dpt “at

approximately 160°® in ‘the ‘ninus direction from the
position of the tip when entering ‘the procedure. The Sane.u
. o ° :

_process .is repeated to register the secon’nd the third dot,

each time moving the -finger tips approximately "80° In the

‘positive direction. This is illistrated ln'flgure 5.12,
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Fig 5.12 Finger tips moves:

. ' "The three registered ‘dots 1lie .on -a' circle: whose :

center is the

\

__desired .CRW. By calling procedure CIRCLE we |
obtaln the coordinates of the center The coordinates of the
flnger tips are slnply Ehe coordinates of the third dot.‘

N ,‘ FINDPOS can then return to the caller, leaving the arm in the

. " sanme posl;}nﬁ it had upon enterrlng the procedure.'

L . ’
' N . <
. PO . e’

v WRISTANG . |s. glven the x and y paordinates of two

.

.o - ! R R ‘ ’ " . .
}e‘m}‘l) ﬁf\ﬂ:&" ":rqf *»J ".'.:5\:-_; S e ot . .., O AV TN N N . - N
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o

dots. mx DY -and -D2X, ‘D2Y. It .retufas' the

s ®

between segnents oo Dt and Di~D2 where DO is the origln X0, YO

vhich must have ‘been set. Thé

angle is taken clockwlse

from DO-DI1. to P02 o 0% ¢= WRISTANG ¢ 360°. Flgure 5. 13

cd

shows the dots.and the desired angle, -

¢ T
.

. " WRISTANG

&
”. =< ’l N . - -
) ‘\~~~ [
\ q )
/
I' a
/
'I
! b ‘
'\Flg'F;IS‘Thq wrist Angle.’ . .
WRISTANG dis norually called with DI’ belng the center of
ﬁrotatlon. of  the . Wrhst QRW, and D2 belng the tlps of the
fingers. . ‘ ‘
o 1 -f\'
A N

-angie (degree)

A,
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T Proced E33P03 C : (r~. T T =
‘1': C, This proced@re(/deduces the positdon of the finger
\“ = ) ‘:i. . o J\ \ -
N ' - tips” f the number of -Apulses motors 1 3 and 4 have
-~ - ; ps rom ‘un e@_ 0 °] r .
r:;jfved. These 'values are stored in° _global var\able
57 ULSELI) and must/be valld GESSPOS “also uses most of €
Lo . preilbﬁaly defined parameters in 1its geoﬁetrlc/trigonﬁmetrié
£
L%

. compuft’?xons. ' X0/~ Yo, NIDM1, RAD3, NIDM3, 'SHOULDER, NICM4,
XSTART, YSTART, and WASTART ., (It'}econsjtruc:s the path from

4
the lnlblal pos tlon where 511 pulse counters wer% 0, to’the

il L4 a -

current position. Thls, s not a simple path in polar
coordinates s! G¢ for example the move on the EXTEND line

(mgtor 1) ;5 nwt.radial‘and’}herefore affects both the wrist
. ) )

angle and the Wgosition of the CRW. - - .

he : - »

/
v

~

. - As. we ave seen, this prodbdure is used in FINDPOS to

> ‘ L .
- determine the most plausible position ! the finger tips
o’ 4 ' . ‘?3 ’
" ‘given a plcture containing more than one dot. '
4 - : : -, Co "

N . LY ‘r""r;
- ' S
o . . / « L
- ’ k]

—~ N

Q et N Y h { 08 S P
Procedure WAITCROSS 'is responsable for detectiny the
cross to jbe picked, returning the coordinates of its four
. ' - " e~
extremities, the coorqﬁﬁates of the four” possible aéﬁesg'
-'Qoints defined later), and the four corresponding wrist

[ " i : .
. . i LS

"~ angles. ' . -
' 4 . o

Lo ___/"\

‘IX , The' procedure &gntlﬁuously takes plictures by calls to

. ’ . . ‘ - i '
. CGETSH-Q, and for every picture, dots are extrécted_(DETDOTS)
\ ) [} ’ .

'

J ~
and rransformed to “the base coordlnates’;The set of dots

- -~
g

-
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4

-

-

. . L . L. 1o

LA

Is then processed: eaéh palr of . dots whose seoaratlng

g

4

distance Is 1ess than the threshold value DBLDOT is replaced/i RN

by a stngle dot at nmid distance between the two orLVXhal

dots. 'A* dot belongs ' to the cross if it has at least one
A

O

A
neiggbor dot at a distance of FAR ¢ TOLFAR and at'least
two ne ighbor dots at a distance NEAR b 4 TOLNEAR (figure 5 14).
This does not garantee that the dot belongs to the .cross, |t

is dnly a- necessary condItioh but the" procedure tries to

find four such dots mutd&ily satlsfying ‘the condltlon If the

.~ plcture contalns more than one cross, the flrsf detected wlll
n-

B

be returned. f.: ) o P

v /

s+ The global variabie“FAR‘ defines the ‘dimensions of‘the'

e

.cross. NEAR can be- compyted from FAR: NEAR SQRt(Z)*FARﬁ but

it 1s stored as ja separate ”variable. TORFAR and ‘TOLNEAR

.dre the tolerances accepted in gestlng for matches. The above

- four .variables are maqhally set using command 'L’ whlch

-

‘prombts for thelr values. These parame ters are'stored on dlsk

u‘

along w&th the others previously defined. The values selected

are; FAR = 9.524cm; NEAR = 6.667Ch; and TOLFAR = ToLNEAn

&

= 0.952¢em. - ' T . .

)

After havlng determined the four dots-_belonging to. the

A

~

cross,_the procedure conputes the four access polnts. Figure .

S.gﬁ shows the cross and 1ts four access polnts.

*

-

-

-
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. Fig 5.14 Accgss points and ba_pameters for cross search.
. ; — . . . . « 4 W |
. . - In flgure 5.14, D = RAD3 =- GRIP3, The meaning of this will. be
S explained later on, A
- ’ ' i \ . ‘.' ’ . .
' ' I3 o, - " ) ‘ ‘:a ¢ , . . . .
‘ The wrist .angle corresponding ‘to.each \aﬁ:’eis,point is
. . . then conpufe@b‘yfcall‘s tb‘ 'WRISTANG * with .the .access point.
-as the first parameﬁe}/énd'w.lth the opposite ex;i‘emity. of the .
cross as the second parameter: This Is Fllustrated ini"’fig&t“e
f ‘ 50‘1:50 ' . ' ‘0: . -’ ) ) ‘
- X ’ H - [ 5
,”‘ - ; . N - ' ° > a &
a{‘ . . , : * t \
. 7 / | ‘ . . ' '
: ' | , ; “ ’ t Te . '
N - ! : : v Cor : . :
% - ‘« e "; [y
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X0, Y0 )
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-'Flg 5.15 The cross and one of its 4 access pointST‘\\\
1 . ‘ -

Note that an agceas;'point Auay "fall outside the fileld, of

- .'the camera, but this is not a problem as we will later geqL"

S ! . %

" When the cross is abaut to be ‘plcked, the dr;wiuqti
ocpupf a precise ?osition relative to it. The two f\gggﬁa ',
ant, ge opened, - the aperture belng“:&eftned Ef th; -
bgpa.eter  CLOSES, - and the line ‘Jol?lfzg t‘he,, finger tips

nust be'?erpen91cu1ar to a bgaﬁcyuqf the cross in. orq;r Eba?,z

‘
!

e c <

+

I
|
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B tﬁe two flngers be almost‘parallel to that branch. Thls way, '
the CRW of the arm lies on the line defined by that.

"braﬁch. This Is llluétrafeé ln‘flgure 5.16. e

[3 . 4

AéEapa point o
colncides with CRW

Flg. 5.16 Required finger poéltloning.

‘.t . '_"RAQB of figure 5.16 has been deflned before and can_be .
| considerad'h;re as the length of the fingers. GRIP3 is the
distance In cm the fingers must cover on the cross,;thét
¢ 1s. the contact length.'s Each of the four. éccqss points
teéd?ﬁ?d 69 WAITCRQOSS lles onlthelllng dgflned by one of the

s

Erapch of the cross at a dlstange RAD3=GRIP3 -from the

B AN ® e
38 s A
bl Sttt Lo,
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extremity éf that bréﬁqﬁ,

The opening of th; fingers is defl&ed in terms of the
number of pulses that nu;; be ipﬁlled to motor' 5 to move from
‘the closed pogitlon (where éhe two white .dots on the
flnger_tips'bofnclde) to the bﬁened posltlon.f?hls .number of
pﬁlses is held in';variéble CLOSES and like GRIP3 is one of
the p#ranéters of the syétem*that-mueﬁ be stored on disk flle
at system initialization. The values for GRIP3 and‘CLOSES are
defined using the ’G’ command. The values chosen were | inch.
(2.54cm) for GRIP3 and 250‘pulses for CLOSES. Applying 250

pulses to motor 5 in the minus direction when the gripper Is.

closed; will result in a flnge} oﬁenlng of ‘about 8cn.

- Recall that the position of the arm is uniquely.
determined by the position of its"cﬁw‘and the value of the
wrist angle. Therefore, éccasslng the - créss is simply a
matter of matchlnbrthe-CRw of the arm with one of the access
points returned by WAITCRdSS and adjusting the wrlst<ang1e so

that the above finger éllgnnent'constraints are satisfled.

C a
%

5,3,12 Moves from one .position to another

. The position of the ar;ﬁis given by the x,y coordinates
of 'its - CRw,‘and the wrist angleaat‘ that position. What we
wanf, is a proceéure that.ylll return the number of pulseé
required on motors 1, 3, and 4 to move from a current
posltion‘po a destination position. Figure ‘5;17 shows the

7

'lnltlal ‘and final positions and figufe 5.18 lllustrates

?
~ - ¢
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Fig 5.18 Computing angles A and B.

PR

W ; . . .
T 'In order to move the CRW from XI1,Yl to xz Y2 ~one must

.flrst move it a distandg\?ov4 along the extend llne to get to

&

X3,¥3.0 . , e
. , ) - S o o

. - 81 1= sarT(X12+¥1%) oo

7 ' : | 2,52

V. : 32 := SGRT(X2%+y2%)

./ ' f

' Since Sl, 32, and SHOULDER are known, and since the sho@lddr

" 1ine is perpendicular to the extend line, one can write

MOV4 :=- SQRT(822-8 OULDER) = SGRT(SI 2_3HOULDER) .

-

The . q;pber of pulses requlre on motor 4 ls therefore
. . [
PUL4 t= NICH4*MOV4 ' '

Since the move on the extend is not radlal, a certain ahglé'a

.
. :
b Con ‘
. o
.
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&

‘the law of cosines - ‘ A

‘wrlst angle WAl to WA3 as lllustrated ln figure 5, 19

; . 108

ha§ been traveiéd; toward or away, from the destln@tién;'Fbon

LY

' Mov4? = 312 + 322*~ 2*81*82*cos(A) S

from which we can obtaln angle- A In the same manner -we

evaluate angle B, the angle between S! and S2 ; f

\/‘

8122 = 512 4+ 922 - 24S1x52xcos(BY
Angle A is then added to. or subtracted from aggle B to get
the angle that must be travelled to get the CRW at X2,Y2. We

then obtain the nunber of pulses requlred on’ motor BE

C .
. 3 \,

- PUL1 := NIDMI % <Bt A) .-

R

The last thing left, is to detérmine PUL3, the number of

'pulées requlred on motor 3 %o adjust the ‘wrist angle at

the deslred destinatlon positlon. Here again, - since the move

on the extend line is not radial it has modlfled “the lnitlal
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N Filg 5.19 Computing the wrist angle at destination,
, . Y S ) . !
: . ! . ’ ‘e }
.From-flgukgqﬁ.léiynq can wrlte , T

Al + WAL =.A3 + WA3 |
WAl is known!agd Al and A3 can be coﬁbuqad

Al ‘4 ARCTAN(SQRT(SHOULDER/(31%~SHOULDER))]
: X3 := ARCTAN[SQRT(SHOULDER/($2%-SHOULDER)] - -
Once WA3 is known it 1is added to or subtracted from the

desired destination ﬁrlstangle WA2.  The nuhéer og'pulseb
required, on 'motor 3 is ‘then given by
| g PUIA := NIDM3 x (WAZ + WA3)

o

‘Tﬁg abave-élgorlthn is "implemghted in procedure GIVEPUL
L T B . -
S e .
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cross it will not hit it. - ) P
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-wh;chfis given X1, Y1, WA1l, X2, Y2, and WA2 as input and

which® returns PUL1, PUL3, and PUL4 as output. The actual
noves are done by &alls to procedure MOVEARM
‘ MOVEARM(1, PUL1); o
| MOVEARM(3, PUL3); “
MOVEARM( 4 PaLf)?

As mentioned before, motor 6_(th§ wrist pivot)l is not
! ' >

used, motors i, 3, and 4 .are ‘used to conmand ‘the arm
pbsitioning, "and motor 5 /Eontrols‘ the gripper opening.

What about motor 2 which con;éndS'uthe up/down moves? It 1is

!

used to position the arm at. three well deflned‘heigﬁts:

the pormal height where the white spots on finger tips are at
. . ,

" the same level as the ones on the .cross, and° where the

fingers are parallel to the black plahe; thé Qigklng_néighjd

which is below the normal height so that the cross could

be.'grasped; and the <travel height which - Is above the

normal height 8o that when the ‘arm travels toﬁard the

)

—— =

[ The “arm 1s adjusted to the normal helght from the
keybkard at system installatlon The éxteda line »Qust be
par¥1101 to the black plane, the axis for wrist rotation nust
be perpendlcular to the .plane lnplying that . the fingers

aré parallel to it as illustrated in figure 5.20.
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1

T

The travel height ls ‘séeclfied 'by a cbnséantiﬂuuber

of pulses to be "applied to notor ‘2 fron the nmrnal height.

’Thls negative value ls,;tored In paraneter UPM2." The pxcklng

'height is specifled as the constant number of pulses that
must be applied from the travel hatght. Thls posltlve ‘number
is’ held ‘in parameter PICKMZ. Parameter NORMHZ holds the
jnupber bf pulgé; to m&aﬁ' from the p{cktng height to the
nornal helght Figure Szgg;lllussrates thls. o o | "
k¢ ’ _wnxé-r pf’oﬁ'rz V'S CN '
. . ) '
- _.j" "_ “E?(TEND Line
TRAVEL --igem-mmjeme - ‘ ' ,
.uauz v PICKNZ ) co . |
CROSS PMINGERS

. NORMAL — - 1-.-. i : - . .
PICKING .- -‘-'93-"531- m Co BLACK PLANE - )

- N
~

_ng 5.20 The.ﬁhree possible peigﬁts.¢‘ o ‘,.-. o

The 'ébové values ‘a}e. deiefmined by exbéfiﬁénting and are

’as§igned to the parameters at any, time using /the'O' connand.

_ The values.dselected were: . UPM2 = ‘150.‘RIC¥M2,= +190 and )

NORMM2 = -40; sy Y

) ' \"'«,'. “\—V
5.3.14 The Tagk - J -

‘ The task of ldentlfying and pleklng the cross can now be

dgscribed In terns' of what has.been.defln€§7~Tbe process

js inltiated using the’X’ c@nnand. At this point, the gripper
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=

e .
counters are then initialized (INITMOT).

respectively, to move from fhe- initial’ pdsiti#n XSTART,
. ; o %

112

b

must be closed and the arm must ﬁ? at the normal height. 

-

Upon .entering the command, the. arm is moved to the.

lnltlai,posltlon.by applying the1§éne rRumber of puisés motors

1, 3, and 4 have received, but in the opposite direction. The
ara is gthen.'réposltiongd to determine the new initfal

position (whlch- shoﬁld nqQt dﬂ&ferh greatly from the

previous one): XSTART, YSTART, XOTIP, YOTIP, #ASTART. This is

done by calls to proéedur;s3 FINDPOS and .WRISTANC. The

- -

.+ v
¢ .
»
0 / o .
B N . .

The arm is then raised to the travel height .applying

LUPH2 pulses to motor 2. It |is -then n8ved outside the

camera fleld by a predetermined congtént number of :pulses on

motor 1. This positive number Is held in parameter STANDBY -

. and’ as with the parameter DROPCROSS (defined below), it can

be determined by experimenting and can be assigned to the

parameters using the ’Y’ command. At this stage, - the gripper
is dpenéd by applying ~CLOSES pulses to motor 5. ’

. ,‘:— * s . .- =
The program now waits for the cross: a call is made

. to WAITCROS8 which will return the four possible acces

) pélnts and the four cdrrespondlng wrist angles.

.- . ‘ —
]

Each access point ‘is then tested until a reachable

one is found: procedure GIVEPUL is used to compute the number

of pulses NOPUL1, NOPUL3, NOPUL4, required on motors 1, 3, 4

[}

. ' . v
. . v/ v
.
. .
L ,
b
S e
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YSTART, WASTART to the access positfon. glven by the access

point and its hcorncspondiné wrist ’angle. An access point

G -

>

is considered reachable if

(NOPUL‘ >= MINPULI[1])> AND (NOPUL, <= MAXPUL{1])

i
where i=1,3,4 and where MINPUL and MAXPUL are the limits from

the initial position as set by the ’M’ comnmand.

- The order of'testing is dictated by the 'ngta&ge of the

access'point to the origin; The nearest is tested fﬂfst. One
could also use the distance to the injitial posltlok as the

. . X \
criterion. Another approaéh would be to evaluate NOPUL1,

ota
\‘ .

- ’ \

\

C \\
NOPUL3, and NOPUL4 for each access point and test first, the
one yhatn nihlnizes,the total number of pulses or thexk
time required.

[N

If none of the access point (is-reachable, the progran

LY

announces it and asks the‘gser if,he'wants to répoaltion-the

_cross or exit the command. In the case the command is exited,

the gripper Is closed pnd the arm is lowered at the normal

heighf: T N

-

If a reaJ\zble access qpognt‘ 1siﬁfound,, the arms |is

moved toward it. Sthqe *NOPULIJ was  computed from the

[4

initial position and since the arm |is now at an offset
STANDBY,f%on‘ that poSitfoh, the number -of ﬁulses,recqucd by
motor 1 is NOPUL1-STANDBY. Hot&rs é(and 4 receive NOPUL3 and

NOPULA4 respgctively. The aFrn i% then loqefgd ‘pt the

.picking height, the gripper closed, and the arm repositioned

at the travel height. The arm will then travel aléng the




M

f‘f _<;“ }f" op?bslte path\ to the Iinitial pgsltlon by applying the

L negatdve )nunber of pulges: -NOPUL1, -Nopuga; %nd -~NOPUL4.
{~Fron the lnit}al poeltloe, the arm {s again moved but on "
. .motor | only by the constant number of pulsés given by
parameter QR%?CROSS. At this' stage the cross 1is outside
the .caiera« ffeld aBd it is‘ &roppe@ 91\9pening and then
closln; the gripper. The arm is fhen moved to the standby

position by applying STANDBY DROPCROSS pulses to motor 1.

*+  Plnally if 1is lowered to the nornal helght (PICKM2 +
) NORMM2 .pulses to motor 2) and the conmand is exited.
' LN
»" . ‘,-' )
. 8.3.15 Using the proaram , )
— ‘ . When the maln procedure ARMMOVE is entered from the main

"~ program (connand 'A’), it askqnif the baraneters -are to be

. ‘ ) °
loaded from a file. If thls is not the case (new

§binsta11atlon) then’ they must all be determined as described
]

-before;‘otherwlse; ~the only thlng to do is to posipion the

%

arm at fhe lni;lal position. This 1% done by the '’'x’ coem?nd
» o which dezernlngs the current positioh (FINDPOS) and whach
3 ‘1<§ ) moves (GIVEPUL  and. HOVEARH) the arm to the inltlal

Iz . posltion specified by the file paraneters XSTART, YSTART, and

- HASTART. The progran is now ready for the ’X’ command.
N ' r

When‘the procedure is exited (’Z’ command) it _gﬁks 1f the

\ : parameters are to be- saved on file. . ‘ '
. T o -~ ‘
) - @ e ' ,
‘ Table %.1 lists all the parameters, the commands to set

-

\Qﬁ ,  L téen,'and their meanings. N .

J N 1]




" TABLE 5.1 Llist of Task . parameters.

'FAR, TOLFAR

v n g .
. . . s
' N I ~ . . R

v i k] 1

. X - \
. ! . . ; \
- > ' . . N ~
. N .

N

2, . .
N L .

" _' ) ’, '-(..

D . . . . ]

CORX, CORY ' 'c? c§:rection factors ,/ RN
X0, YO, NIDMi -« , ' ‘B’ ter of rotation and number
- ) of pulses/degree for motor |
* RAD3, NIDM3 e radius of rotatlon and ‘number
‘ . o . of pulses/degree for motor 3
SHOULDER, NICM4 . .. '\’ . square of distance between
- - X0,Y0 and the extend line;
e Co - number of pulses/cm motor 4
.MOTHOLDIII " 'H’  step motors hold times -
XSTART YSEART WASTART 'Q’ coordinates .of Initlal
XOTIP YOTIP posltlon
MINPUL[il MAXPUL(1] = " ’'M’ llmIns of moves from the
o , initlal posltlon L

UPM2, prcxuz, NORMMZ *  ’U’  the 3 possible helghts

- v expressed in number of
) S T pulses on motor 2 —”3
CLOSE5, GRIP3 ) *G” - - ‘gripper openning (patses on
T . g motor 5) and contatt lenght'

on ¢ross (cm) .

NEAR, TOLNE - cross search

) . “
STANDBY DROPCROSS 'Y number of pulses (motor 1)
_ to move. from inittal pos.,
‘to the standby and dropcross
positions -respectively.’

¢ ’

‘( -
T\‘ 'Tﬁe'prograu'has been extensively tested, 'andmeVéri élx

“

the cross ls consldered reachable, the nanlpulatdr I able co

plck it and move lt ‘outside the canera field The actual:’

approach position alwé}sw'falls “within an‘aecbptable range

around. the expectqd Wposl;}on, so .that the grogs can be

i .. : L lenghts and tolerances for ,
R ) .

.. . . .
. ‘ - .
. ‘ f R . .
[ . < d o
. . ~ . ' »
0 , e . . -
' M [




- not been”the case but in the long run it could happen.

116

11fted. -The pfocess' could be repeated almost Indeflinltely

‘ einge the syetem determlnes the -initlal ‘positlog at the

beginning of every'cross grabbing cycle. HoWever, moves that
are. not seen by the camera- (up/down moVes) cogld lead -to

unexpeeted dlsplacements from the conputed posltion. Thié has

«
1)

’ f

Flgures 5.21 to 5. 26 show ‘the diﬁferent sﬁeps of the’

~

. task execution.’ Flgure 5. 21 shows the arm In the standby

3

'state where the25ystem' waits _for the ."cross. te appqar in

. A 0,
-

the camera fleld.. The' arm ls ‘at the normal height and theu'

A .
a

- gripper ls° open. Flgure 5.22 15: a pleture of theuarm

approaching the bross; It has already ro;ated;lts head (motpf
1) and extended 1ts hand Cmotor "4). It. is ;just about to

rotate ‘its - wrist (motor 3. Figure 5. 23 shows that g\e arm‘

,hal been»loqered to the.picking q;ight, anq that»the.grlpper

B

1s Jjust. about to be closed.. In figure 5.24 we see the

nanfpulator leavigg with the cross.. The gripper- has been

‘clésed, the arm raised to the,travel,height, and the  wrist .is

now rotating. %igure‘S.ZS“ehows the arm mobing (head rotatei

e see ‘the arm dropplng the cross outside the .camera

fleld. The next moves are: closing the gripper, lowyering the

arm at the norn;f helght, and moving to the standby position.

3
-

o

O

‘to the bosiqlqn where it will drop the cross. In figure 5.26%
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25 Arm near destination.

Filg 5

i

Py

Flg 5.26 Arm dropping the cross,
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The system could be Improved by -having the cgneba to
nonitor the final approaéh, that is wﬁgn the gripper is just

gbouf 6 be closed on ‘the cross. The white spots on the

finger tips could be locallzed relative to-the cross and the

‘arm incrementally moved until its positlion complies with the .

desired onée. After the 'grlpper has been closed, the systen

could also test {f this action had the desired effect.

-~ TN

- S

4

A second camera could also be .adaed to track vertical
moves. In the present implementation, a pufbe counter {s the
only‘tool for describing the height, a second camera would be

used to make correctlons when necessary.
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Our approach |Iis ;uch that the degrees of freedom of tbe
';rn“ ;re 'defiﬁed Fqntirely, in terms of the vision input
piéane@ers. 'the arm 'learng' the relationship§ betweenf

its movements and positions which are defined ?9 terms of

pilxels in the vision input systenm. The baraneters of its'
‘nqikon equations are computed 'in these_terns, and the sy#tem‘
1s , therefore able to dé?ine' Ltg ‘movements directly in
terns of pulses-to.the manipulator’s motors.

We have demonstrated that, given a robot system equipped
with a: céuera, It is possible to use that”’ camera to localize
the robot manipulator’s end eff;ctor as well as fhe
objects involved in the robot’s task. In, the standard
approach, the objects and the ménipulator are treated

\ .

separately: the camera localizes the objects; feedbacks from

internal sensors .are used to obtain positions of each

ajolnt. of the nanibulator, and thén, using homogeneous

transfornatl9ns, the pégition of fts end effector; the flnal
éppraach (grasping) ,5elng nonit&red by- f;nce sehsors on
the end éffe;tor. |

The goal of tbg project was ‘not to Agive lnceﬁtlﬁes
for -robot senslng; lthls ’ha; beeﬁq done “already ' (Albus,
1981; ﬁltzan, 1283) but rather to show tﬁat existing robot
canéfa systems could be used more éffipiently. The foLLowﬂﬂg

task {llustrates a situation where the standard appiéach'may'

not work.
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Let’s consider- the task® of picking a delicate object

—_—

(elg.-a”sphepé éﬁgtainfng nltro*glicepine)) currently -in a -

. « non=-stable equilibrium state (see . figure ~6,1). The

standard approach requires contact with. the object (force

sensors) ‘in .ordep' po'*flne_ tune the end effector’s final

graspinb 'posfttbn.‘ In. thi!A'case, this would 1lead to a .

_"disaster® since any non-zero force would move the object far
. . . . i ) ] . '
from 1ts current position. In our approach (“believe what the

c;ngra gee;f)” ‘thp camépa is used to monitor 'the end

effector’s.position and its final approach, requiring no .

blind contact with the object.

)

. ‘
-, R El N

S IR L e Y

' a

]

L . o s S S
Fig 6.1 .Ca)% on-stable ‘equilibrium state. (b): Stable
equilibrium state. . . . Lo o

b
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7,

PROGRAN CANPAS;

(5 AUTHOR:. BERNARD BROCHU $)
- CONST

L

(33464 64K OF DATAS) °

MAXDOT = 100; (3 MAX MOMBER OF DOTS INA FRANE FRON CANERA 3)
BBLDOT = 0,635; (% DIST IN <a UNDER WHICH 2 DOTS ARE CONSIDERED AS
A SINGLE DOT 3] R

o x - L
) %nuv =mwu..mnun OF REAL;

PMTER = RECORD
\ KEYIN: INTEGER; " (3. RETURNED ABCIT KEY IN LS
BYTE (ML) 3)

CTRLOUT: INTEGER; (8 IN LS BYTE (AL) 8)
munue; INTEGER; (% PULSE HOLD TINE (MSEC) 3)

) END; -
mmps- 0..6¢ (% NOTOR NUMBER: 0=ALL MOTORS OFF . 3) »
STATYPE= 0..3; (% THE 4 MOTOR BTATES sy e :

_ BWE = 0..235; .
MIEC =  RECORD . ' .
KEYs INTEGER; (3 RETURNED ASCII KEY IN LS BYTE (ML)
° OR EXPOSURE JIME UPON ENTRY TO FRERAR 3)
BYTECNT: INTEGER; (3 NUNBER OF BYTES READ BY FRGRAD.3)
PORTADD: INTEGER; (% CAMERA PORT ADDRESS 8)
SUMB: INTEGER; (% SUM OF ALL B"ES READ“:)
~ END; -
DOTREC = RECORD RON,COL: INTEGER END; (t nar COURDIMTES 3)
"%DOIS = ARRAY( 1. MAXDOT] OF DOTREC; (3 RETURNED BY DETDOTS 3)

SCREENREC = RECORD © - e
FIRST_BYTE, SCREEN_START, SCR_ROWCT, SCR_COLCT mssea;
£ND;

FILESTRING = STRING 14}

NIZ8X32 = ARRAYC1..128] OF ARRAVL1..32) DF BYTE; o
(3 128 RWS 1 236 COL: RECEWED BY FRGRAB FRON CAMERA 8)

, ”130100 = ARRAY[1..130) OF ARRAYH..BO] oF IYTE; ~
, (3 128 RONS 1.640 COLs PRAOUCED” BY ENHANCE2 AND TO BE MSPLMED K]

+ WOVESCR.

. WOTE: 2 RINS. KAVE BEEN ADOED (130 NSTEAD OF 120) BECALSE
J '« ENNAMCE2 (VERFLONS IN THE 2 EXTRA ROMS )
xm:) Ce .




k2 . <
.
. - : L o 128
Lo Cames - BB Pascal 1137 AN August 9, 1985 Page 2. :
v e f Line File Stn)jml
48 4§ 1~ - REGISTERS = RECORD
v ) - 3 19 4, l ‘ ) M.,ML“- ﬂ', CL,C”,DL, WS' 'yTE;
% % 11 L " BP,S1,011 INTEGER;
st St INTW: INTEGER; (3 BICS INT NWBER 00. .1F 2)
e R %2 01 1 END; ,
- 9 53 1.
7 . M % 1 1 U nmmmmnummxxmwummmxmmxmxmmmx $)
53 3 i | VAR ' Y
5% S5 1 | P1,RADDEG: REAL; ' ,
N A PARMMs PARAMETER; ' .
8.5 1 1 NSTATE: ARRAYCNOYTYPE] OF STATYPE; - L
9 %9 t 1 RPULSE: ARRAYCNOTTYPE] OF INTEGER; : o
T, - 8 0. 1 1 . . Coo
ST S )
) - ~-\;,52f”sz“_ 171 (8 FILE PARNF VARIABLES 1) '
’ VB3 63 1 1\ CORK, CORY,10,Y0,NIONL,RAD3, NIDNS, SHOULDER NICK4: REAL;
SRR * B 7 B S (8 SHOULDER. 15 SQUARE OF DIST BETWEEN LINE OF ELONGATION
Lo 65 65 1 1 OF NOTOR 4 AND ORIGIN (1.E. CENTER OF ROTATION NOTGR 1 %)
. - 8 66 -1 1 - MOTHOLD: ARRACNOTTYPE) O INTEGER; (8 HOTHOLDIOI =ML OF 1.6 )
3 67 .61 1. 1 ISTART, YSTART, MASTART, XOTIP, YOTP: REAL;
o : 68 68 .1 1 um,ncm,mz,cwszs: INTESER;
! Ay 69 69 I+ 1 6RIP3: REAL;
- n 70 1 1 NINPUL, MAIPULE ARRAYC1. .61 OF INTEGER; .
’ N on o1 FAR, TOLFAR, NEAR, TOLNEAR: REAL; )
o ' 72°72 1 1 STANDBY,DROPCROSS: INTESER; . .
s . Y -« T nnmnotot . ‘ ; .
. oW oo, coLT ) o .
Lo %-75. o1 TEW: REM; 00 : P °
. . ’ : 76 l R | “ ~ ' . . ﬁ
| amon o COORD: DOTREC; - \w - .~ . , :
~ ® @ 1 1 DOTs DOTS; Y L »
v N 19 1 o e TEXT)
0 80 1 1 -
. B o8 1T . .
2 8 I 1 PICFILE 1 FILE OF BYTE; .
83 8 1 FILENANE: FILESTRING; .
M oM 1 PICS: BYTE} Lo : )
85, 85 1. 1 T
% 8. .l 1 FRE 1 120832 o )
o e & 1 FR2 + N130180; . @
e 8 88 1 ! ‘ C
"8 89 1 1 VIBWODE : INTESER; : :
% % 1 1 PARANL: NISE) PARMIZ: SCREEN nsc; Cs cm, : .
9N 99 1 I,Js INTEGER) ~ '
.. 2 2 1 1 ROW,COLs INTEGER; . ~
" 9 98 1 1 EXPTINE: INTEGER; oo T o
u oM o1

mu L) : . ‘ . o

F
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%
%
9
9
99
100
101
102
103
104
105
106
107
108
)

i
A12
1
114

BTt

116
17
118
19
120
121

- 12

123

A

A
126

9%
%
9
9

99

100

101
102

103
104
105
106
107

108

109
110
58]
112
13
114
13
116
17
118

-ln -
120°
121

12
123
124
125
126
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SBB Pascal 1337 AN, Mugust’ 9, 195 . . Page 3
(8 SEESTEERILSIRLIELEEIORE ASSENBLER SUBRDUTINER mm’uxtmu’mmim‘u 1
PROCEDRE FRERABVAR 1i NISC VAR Yo MIZBL32); EXTERMAL; . .. .
(8 6T RICTIRE FON CAAERA WD STORE INTO VARINLE 8) e

- PROCEDURE WOVESCRVAR 1i SCREEN_REC; VAR Vs NI301B0); EXTERMAL; -
(8 MOVE PICTURE FRON VMRIABLE TO SCREEN (VIDED-RMD ) |
PROCEDURE GNODE(VAR X INTESER); ENTERNAL; .~ = -+
($ SET VIDEQ NIOE AND RETURN PREVIOUS MODE ) .
n); EXTERIM.; o

PROCEMURE EIHMCEZ(VAR Xl H128132; m i Hl 0x8
(3 MODIFY PICTURE X INTO PICTURE LR Y

PROCEDURE CALLBIOS(VAR X: REGISTERS); EXTERNAL; 1 '
(¢ CALL TO ROM BASIC 1/0 SYSTEM t) .. !

. PROCEDURE CALLDOSCVAR X: REGISTERS); EXTERM:'
(% CALL TO OPERATING SYSTEH $)

PROCEDURE CLRCOMM;" EXI’ERNAL,
(s TD CLEAR le 16 TO 24 OF DISPLAY.SCREEN: CMHUIICMWN AREA 3)

PRDCEDURE BLIIK(VAR X:DOTREC); EXTERWAL; & -~
(3 Wil MKE THE GIVENDOT BLINK, WILL STOP WHEN A KEY IS PRESSED $

PROCEDURE DETDUTS(\MR 1:DOTS; VAR.Y: N130X80)) E!TERNM.}
(3 RETURK. ARRAY OF 00T COORDINATES CONTAINED IN PICTURE %)

PROCEDURE- ARNOOT(VAR X: PARMMETER); EXTERMAL '
(+ VILL WRITE BYTE 10 10 PORT O376H MD RETURN KEY .TVPED IF MNY 3) -
ey -

.
. -
/. .
S’ . [
]
’ ' A ]
- ‘ -~ .
Q W ) \ N
’ )
i
[}
. ’ ?
— 14

» MR
M. L.



e .. o S L 130
coopas - . BB Pascal 1337 AN, Mugust 9, 1985 Page 4.
. ’ . Line File Stat Level -
2121 1 1 (s zmm:xmmmxmxxxm:xx;xmxxxmn:mzmxxmmmwmxm %)
. : 1206 128 1 1 FUNCTION COS(ANGLEs REAL): REAL;
. ‘ 129 129 1- 1 (8 COS FUNCTION BECAUSE OF BUG IN STANDARD ONE 3),
., 130 130 11 VAR A,COSINE: REAL; . ‘
R 131 131 14 2 BEGIN \ * ' ' \
. ! 132 132 1 2 At ABS(ANGLE); (3 COS(A) = COS(-A) ) - .
ot - 133 133 2 2 WHILE A D= 28P1 DD A sx A - 2P; , . :
i o ! C 13413 4 2 COSINE := SORT( . 1 - SQR(SINN) ) ) ‘
- . 135 135 5 2 IFWYPYD AND (A < 38P1/2) THEN COS 5= ~COSINE :
RN 13 13 7 2 ELSE C0S &= COSINE; - : ' ,
\ ©. 137 131 ‘8 2 END; o
Ve -7 T - 1300138 9
. , 439 139 9 1 (8 mxzxmxmzxxmmmxxt:mmmmmmmmmxmxmxxmm: 5
140 140 9 1 PROCEDURE CADRE; - .
41 {0 9 1 VMRTI,J: INTEGER; o f , v
- .M2 142 .9 2 e '
y 143 143 9 2 FOR Ii='1 70 80 DO
144 14103 BEGIN : '
: 145 145 11 4 FR201,10 1= 255; ~ o N
. CO146 146 12 4 FR2(128,11 ¢x 255; ' . , '
M7 47 13 4 " END} -
: 148 148 14 2 FORI:=1T0O 12800
— , ~ 149 149 15 3 BEGIN
' S 15 150 16 4 IF FR2(1,1} ¢ 128 THEN FR2CI, LY 1= FR2LI11 + m; ' -
151 151 18 ¢ I nonunn?mu 801)) THEN mu 807 += FR2L1, 801 + ‘
. 152 182 20 4 END;
. _ 153 153 21 27 END
: e 1S 1M, 2 e ;
155 158 2 1 <8 mxxxmxxxxmmxxxwumxmmxxmzxxmumxmmxumxxxxxxx $)
156 1% 22 | _ PROCEDURE GETSHOW; ,
) 157 457 22 1 {8 TAE PICTURE, ENHANCE AND DISPLAY noo- )
‘ o v 159 158 2 1 BEGIN
, 199 159 2 kz PARML.KEY 1= EXPTINE; -
. ‘o - 160 160 23 N2 PARANL,PORTADD := 792; (2 792 = 0318H = CANERA PORT &) ' - . .
o 161 461 24= 2 FRGRAB(PARANI,FRI); , \ - ‘ AN
162 162 25 2 ENKANCE2(FRY;FR2); ' ) S
163 163 26 2 ARG o . '
L 164 164 27 2 MOVESCR(PARANZ,FR2); * ; . . )
. .- 165 165 28 2 END; ' "
" 166 166 29 L (ssLe p)
wio T - L ' Q ‘ s " : )
’ * R ’N
SR » - > / ‘
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. 167
'168

' 169
170

i
n

17

174

175

176

177

178

179

180

181

182

163,

184
185

o 186
» 187

. 188
189

190

191

192

a9 193
194

’

195

196
197
198

199

200

© 201

02

203

» 204
- ns
206

27

208

209
*210

i

212

23

214

23

216

167
168
169
170
m
11
173
174
ATS
176
m
178
1”9
180
184
182
183
184
183
186
187
188
189
190
191
192

-193

194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209

210

211
212
213
214
25
216

38585838V LEYUUYYUUEYUUEBRILIGE
; .

o e B el
uum:vooo

F
WA
«

S
(%]

s
]

225833558
.
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= Line File Stat Level

. ’ : 181

SBB Pascal 1337 AN, ~August 9, 195 Page

o .

(s tmmmmxmumumtmmuttuxmumuumxxmmmtxm: 5
PROCEDURE HOME;
(3 POSITION CURSOR AT TOP/LEFT OF umu:glg; AREA ) I

" VAR [,J1 INTEGER;,

REGSET: REGISTERS;

BEGIN .

CLRCOMN; i

REGSET.AH := 2; (% FUNCTION [S POSITION CURSOR 3)

REGSET.BH := 0; (% PAGE #, ALNAYS O IN GRAPHIC NODE $) -
REGSET.DH := 17; (S RN 0..2¢ %) -

REGSET.DL = 0; ($COL 0..79 %)

RESSET.INTNO := 16; (3 INT 10§ 1 VIDED ACCESS $) - %.

CALLBIOS(REBSET);

END;

(t tttut!”““ttt“tt”t““tt"tttttttutﬂtttttt“tttt"“ttttttt&tﬂtn 3}
PROCEDURE PRINTSCR; : ,
(3 PRINT CURRENT DISPLAYED PICTURE 3) ' s

AR
REGSET: REGISTERS;

BERIN -

REGSET. INTND = 5, (8 INT 5 IS-PRINT SCREEN %)

CALLBIOS(REBSET);

END; " : .

(4 xxxxmxxxxmmmmmm:mzxxxxxxxmmxxmxzxxmxxmxxxmm 1

PROCEDURE TRANSLAT(VAR 1,Ys REAL);

(3 X0,Y0 IS 0,0 I,E. Lermosr TOPMOST PIXEL (COL 00N 0) DURING CALIBRATION,
OR IS CENTER OF ROTATION (NOTORI) AFTER CALISRATION ) .

VAR TEMP: REAL;

BEGIN - X ‘

TENP := X-X0; X := TEWP; .

TENP :=2 Y-Y0; Y 1= TEMP;

END; '

N , : IR

(3 TESESERABLRsEsasasssnseasasssssssssasssessassssssssasstsassessstststsss o)

PROCEDURE BLINK2(X,Y: REAL);

(3 10,Y0 I8 0,0 I, E. LEFTMEST, TOPMOST PIXEL (COL O,RON 0) DURING CALIBRATION,

OR Is CEITER 0F ROTATION (MTOR!) AFTER CAL"RA"M Y
($ CORY,CORY MAY BE 1.0,1.0 IF MOT YET SET 3) >

GIN

TERP:= 1410y .

COORD.COL i= ROUND(TENP/CORI); '

TENP t= ~(Y+Y0); ™~
COORD.ROM ;= WD(TEII’IMY);

BLINK(COORD) §

END;

(3sL+ 3)

e
w
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Y 2 X . »
xumgm. Stat Lovel -
a1 471 % 1 (: ummummmmxzwm:mmuummmimxmxmmumn 1)
200 218 51 1 PROCEDURE GIVEPUL(XI,Y1,MANGI,)2,Y2,WANG2: REML; X -
29 19 | ' AR NOPUL1, NOPUL3, NOPUL4z INTEGER);
. 20 220 511 (% GIVEN POSITION OF CENTER OF ROTATION OF MOTOR 3 (X1,Y1) AND THE WRIST -
2 21 8% | ANGLE AT THIS POSITION (VANGI), RETURM THE PULSES REQUIRED N nnmns
y W wm st 1,3,4 T0 NOVE 10 X2,Y2 MITH A SRIST ANGLE WANG2.
22 %t DOTS 1 AND 2 MUST BE RELATIVE T0 X0,Y0 (THE CENTER urmﬁmn OF .
24 24 81 |1 MOTOR 1), THE RETURNED VALUES NAY BE POSITIVE OR vmnve INDICATING
225 225 31 1, THE DIRECTION OF mvss 1) ,
2 226 51 1 W
21 221 St 2 §1,52,512,ANGLE, ANGLEA, ANGLED, COSINE, SINE: nm,
“ 2 28 8 2 NOV4, NADEST: REAL; P
229 229 St 2 BEGIN
230 230 St 2 (8 CONPUTE NOPUL4 TO NOVE FRON RADIUS 51 TO RADIUS S2 3)
. 2721 231 S 2 81 g= SOAT( SQR(X()'+ SQER(YI) ); ,
232 232 52 2 S2 1= SORT( SQR(X2) + SQR(Y2) ); .~ ) .
0 233233 53 2 MOV4 s= SORT(S23S2-SHOULDER) - SORT(S1S1- smmnsm- . :
N 234 234 56 2 NOPUL4 := ROUND(NICM4SNOVA);
25 235 55 2 (% AMGLEA IS THE ANGLE COVERED BY MOVING MOTOR 4. WE MUST CONSIDER THIS
236,236 55 2. BECAUSE MOVING MOTOR 4 DOES NOT ONLY CHANGE THE RADIUS TO X0,Y0
237 237 -85 2 BUT ALSO THE ANGLE (MOVEMENT IS NOT EIACTLY RADIAL) B
238 238 55 2 COSINE s= (NWOVANOV4 - S1351 - 52852) / (-2851252);
229 239 % . 2 SINE 1= SORT(1 - COSINESCOSING);
240 240 57 2 AMSLEA )= ABS( RADDEG 3 ARCTAN(SINE/COSINE) T .
" : 41 241 3 2 IF MOV4 )= 0 THEN ANGLEA 1= ~MGLEN; . .
L C 242 242 60 2 (% ANGLEB IS THE ANGLE COVERED BY MOVING MDTOR 1 3) K . .
N 243 243 60 2 S12 1= SERT( SOR(X1-X2) .+ SGR(Y1-Y2) );
‘ 44 244 6 2 COSINE := (5128512 - 51381 - 52352) / t-zzsnsz)-
. 45 245 62- 2 SINE 1= SURT(1 - COSINESCOSING); . .-
M6 246 63 2 ANGLED.1= RADDEG $ ARCTAN(SINE/COSINE);
. U7 247 64 2 IF ANGLED ( O THEN ANGLEB*1x ANGLER + 180;
48 248 66 "2 IF X1 > 0 THEN
49240 61 2 IF.Y2 > (YI/X1) $ X2 THEN
2% 250 68 2 ANGLEB := - ANBLEB;
251 251 69 2 IF X1 ¢ O THEN
B mm 2 IFY2 ¢ (Y1X1) 312 THEN
832 NN 2 * ANGLEB 3= - ANGLEB;
24 254 72 2 IFX =0 THEN
ot I T I IF X2 ¢ 0" THEN
2% 2% 2 " ANGLEB := - ANGLEB; : .
R 237 25 75 T2 WNGLE 1= ANGLED - ANGLEA; (3 ADJUST WITH ANGLE COVERED BY MOTOR 4 %)
. 258 258 76 2 NOPULI s= ROUND(NIDMISANGLE);
- ' : 259 289 77 2 - (3 WADEST: MOVING FROW I1,¥1 TO X2,Y2 WILL MUDIFY THE WRIST ANSLE. 1) 3
- 260 260 77 2 WADEST := RADDES 8 ARCTAN( SORT( smueal(snn(sn-smmmm
- TR TR I = RADDEG & ARCTAN( SORT( SHOULDER/(SGR(S2)~SHOULDER))) -
A %2 262 w2 + WANGY; 0
) 63 263 78 2 NOPILI := ROUND( (WADEST-BANG2) : K1H3 );
. 24 264 79 2 ENDj (88l 8) .
f"); )_J;.
: Yo >
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265
26
267
%8
269
70
M0
2
PAK]
24
an
276
n

278

20
280
- 281

- 282

283
24
285
286
287
268
289
290
21

. 292

-

23
2%
245
2%
297
2%
29

01

%2

- 303
304
303
306
07
308

. 309

310
k) §
n
3

au

33

%5 §o
% 80
%7 B0
%8 80
%9 .80
270 80
Mm 8
m 8o
7380
74 80
75 B0
276 80
m
278 80.
79 80’
260 80
281 Hao
282+ 80
83 80
284 80
285 . 80
286 80
87 80
288 80
289 80
290 80
291, 80
292 80
293 80 °
24 80,
295 80
2% 80
297 81
29 62
299 8
300 . 84
301 .85
302 -
03 8
04 87
305

306¢” B9
307\ 89
308
09 90
e 9
A R
A2 9
N 9
M6 95
s 9%
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(% SRSERLITELRLILLILELLLLILLILILEILLLLLLLLLLETLELILLLILLILLLLALLLLLLLLLLILLLL 8)
PROCEDURE GESSPOS(PUL!,PULY,PUL4s INTEGER; VAR X,Y: REAL);
(% THIS DETERNINE THE CURRENT POSITION OF THE TIP GIVEN THAT

PULL,PUL3,PUL4 HAVE. BEEN APPLIED FRON XSTART,YSTART

WASTART ) .

VAR : . N S
ALPHA3: REAL; (8 NEW WRISTAMGLE AFTER APPLYING PUL3 3) .
P,Q: REM; (% COORDINATES OF TIP (AFTER APPLYING PUL3)

IN COORDINATE SYETEM OF ARW ) -~ -
DO: REML; (% DISTANCE FRON XSTART,YSTART T0 ORIGIN %)

TETAG: REAL; . (3 ANGLE BETWEEN LINE JOINING XSTART,YSTART TO
PRIGIN AND X AXIS, %) -

X3,Y3: REAL; (% COORDINATE OF TIP AFTER APPLYING PUL3 ONLY $)

(3 ANGLE BETWEEN SEGMENT DO AND LINE OF ELONGATION
. ALONG MOTOR 4 3)

(t COEFFICIENTS OF LINE // TO ELONGATION ALONG
NOTOR 4, AND WHICH HAS X3,Y3 AS A POINT, %)

Dés REAL; (x DLSPLMIEHEIT ALONG NOTOR 4 %)

HYPOIX4,HYPOIY4, HYPO2X4,HYPO2Y4: REAL;

K4,Y4: REAL; (% CORDINATE OF TIP AFTER APPLYING PUL3 AND pUL4 )

A,D,C: REAL; (& COEFFICIENTS OF QUADRATIC EQUATION TO SOLVE X4 3)

ANBLE4: REAL; (% ANGLE OF SEGMENT TIP TO DRIGIN WITH RESPECT

- X ALIS AFTER PUL3, PUL4 3)

BETA: REAL;

M4, B4: REAL;

F INANGLE' REAL, (& FINAL ANGLE OF TIP RELATIVE 10 POSITIVE PART
©OOFX MIS 1)

-

¢

T

<. TEST: CHAR;

BEGIN Co
ALPHA3 := WASTART - PUL3/NIDN3;
P 1= RADZ 3 COS( (180-ALPHA3)/RADDEG );

¢= RAD3 3 SINC (180-ALPHA3) /RADDEE )
(00 := SRTC SQRCISTART) + SQR(YSTART) H
IF XSTART=0" THEN '

TETAO :=
ELSE

TETAD := ARCTAN(YSTART/ISTART); . - - o .
X3 := DOSCOS(TETAQ) ¢ PSCOS(TETAO) - GSSINCTETAO); - - o
Y3 := DOSSINCTETAQ) + PISINCTETAO) + QICOS(TETAO); , ° ' ) '

. . I
BETA s= ARCTAN( SORT(SHOULDER) / SORT( SOR(DO)-SHOULDER'™Y )
M 5= SINCTETAMBETA) /COS(TETAOHBETA)) -
B4 = Y2 - M3; o
B4 2= PUL4 / NICH4; .
A 3= SOR(R4)+]; .
D 1% 28( N34 - M4SY2 - 13); ' oL :
.nﬂmmfmmmvmuwmm-mmn .
au+x> .

90/RADDES
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Line File Stat Level -

s
a7
38
N9
30
k4|
n
3
34
328
326
krd)
328

. B}
° - 330
33!
332
Ny
34
K]

- 33
07

. 338
19
40
M
M2

- W
L
KH
36
),
)

v 349
. W
k-1
k-]
k¥
3%

At 6

36
a7
38
319
320

kil

kr7]
n
k)
ko]
326

37

3
3
330
X))
332
kkx)
334
K]
336
k)
338
KKy
kL)
3
42
kL X}
34
b
1
K[}
348
39

k)
352

3
3%

%
91
98
%
100
100
100
10t

102 -

103
104
103
106

106

107
108
109
110
110
il
112
13
114
13
113
116

11

118

19,

119
119
120

121

121
122
122
123
124
123
12
126

RN NN NN NN WGWWN NNWWWNNONIIW WRNNWRWLWMN N NN MR N NN

HYPOLX4 = (=D + SORT(DSD-43ASC)) / (28A); - S o
HYPO2X4 1= (-D - SQRT(DSD-43ALC)) / (23M); " .
HYPOLY4 := M4SHYPD1X4 + B4; R o -
HYPO2Y4 1= MSHYPO2I4 + Bé; : T \/\/
IF (SGR(HYPOIX4) + BOR(HYPOLY4)) > (SOR(HYPO2X4) + SQR(HYPD2Y4)) THEN
IF PULY-)> O THEN
BEGIN
14 1= HYPOLX4;
" Y4 2= HYPOIY4;
END
ELSE .
BEGIN ‘ )
X4 1= HYPO2X4; _ ;
14 1= HYPO2Y4; '
END ' -
ELSE 59
IF PUL4 < 0 THEN . :
- BEGIN
Xé 1= HYPOLX4; ’
Y4 3= HYPOLY4; ‘ - - ’
END - , ) Lo »
ELSE . . .
BEGIN ' R : o
14 := HYPO2X4; . - _ 3 I
¥4 1= HYPO2Y4; . L : )
END; . N\

. N .

IF X4=0' THEN
ANBLE4:= 90/RADDEG
ELSE . .
ANGLE4z= ARCTAN(Y4/14); R

FINANGLE := (-PUL{/NIDNI)/RADDEG + ANGLE4;
I 1= SORT(Y4314 + Y43Y4) 3 COS(FIMANGLE); ‘
Y 2= SORT(X48R4 + Y42Y4) & SINCFINANGLE); &

($8L+ 8) : . .
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357

a8,

359
360
361
Y4
363
364
363
366
67
368
369
3
an
in
n
374
KIH]
376
n
378
N
380
381
382
383
384
383
386
-7
* 388
389
3%0

- M
. 392
393
34
395
3%
97
398
399
400
40t

402

403

-]
338
359
360
361
362
363
364
363
366
367
368
369
310
n

an

n
314
K1H]
316
an
K]
3N
380
Ja1
382
383
384

38y

386
387

388,
399

390
K ]|
392
3N
394

399
39%-

397
398

399

400
401
402
403

126
126
126
126

126

126
126
126
126
126

126

126
126
126
127
128
130
13t
131
132

A

135
135
136

137

139
140
142
143
143
145
146
147

48

148

149

150

151

153
14
136
157

157 ! r

159
160
161
162

. - ) - ;
Nwmuawwwwywwwnwwwwwwwwwwwwl\vnnnunnnnMnn—-—-u-—-t——-h-—-

135

\

PR

(3 SELEIXTLTITILILIILLLLLTLLLLILELLLLALLLLLLLLILILLLLLLSLLLLLLLLLILILLLLLLLL £)

FUNCTION WRISTANG(D1X,D1Y,D2X,D2Y: REAL): REML;

(3 THIS RETURNS ANGLE (DEGREE) BETWEEN SEGMENTS DO-DI AND D1-D2, DO-
BEING THE ORIGIN (I.E. X0,Y0 CENTER OF ROTATION OF ARM WHICH MUST HAVE
BEEN SET).  THE ANGLE IS TAKEN CLOCKWISE FROM DO-D1 TO D1-D2,

HYPO: ANGLE™OF DQ-DI WITH RESPECT TG I AXIS IS BETWEEN 0 AND 180

EXCLUSIVELY.

0 <= NRISTANG ¢ 360 $)

VAR . .
N1, M2: REALINE SLOPES OF.SEGMENTS DO-DI, D1-D2 %)

ARC, INVARC, ANG: REAL; (3 TEMPORARIES t)

BEGIN
IF DLX=0 (% CASE M1sINF £) THEN
IF D2X=0. THEN ‘
IF D2Y ) DIY THEN WRISTANG : = 180 AR
ELSE WRISTANG := 0 v o
ELSE " ’
IF D2Y=D1Y (8 CASE N2:0 3) THEN -
IF D2X)0 THEN WRISTANG := 270
ELSE WRISTANG 3= 50
ELSE
BEGIN
N2 1= (D2Y-D1Y)/(D2X-DIX); . . )
ARC 13 RADDES 3 ARCTAN(N2); INVARC := RADDEG 3 ARCTAN(-1/K2)}
IF N2)0 THEN

IF 02150 THEN MNG := 270-ARC , S

" ELSE ANG t= 90-ARC "
ELSE ‘ '
IF D20)0 THEN ANG := 360-INVARC =~
ELSE ANG: 1= 180-INVARC;'
WRISTANG := ANG;
END
ELSE
IF D2X=DLX (3 CASE W2<INF 3) THEN
BEGIN
N1 3= DIY/DIX;
ARC 32 RADDEG $ ARCTAN(NI); INVARC := RADDEG & ARCTM( unn-
= IF N1)O THEN
IF 021  NESDZE THEN ANG = S0WMRC
ELSE MG 1= 210¢MKC, ~
ELSE
IF 02Y > NLSD2K THEN ANG 1= 180 INVARC
ELSE ANG 1= INVART;
URISTANG := ANG;
" END
(4Lt 3)

Bt
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. 404
. . s
: : "

¢ -

408

49

. 410
' 4
i2

413

a4

~ 45
. 46
Ty

48

49

420

421

2

423

)

425

42

2

L. 4
< )
)
4

@

404
43
406
407
408
409
410
41

42

413
414
413

416

417

418
419

2
21
422
e
2
425
426
47
428

@y

430
431

42

162

2
2
3
3
3
3
3
3
4
4
4
4
4
4
4
4
4
¢
4
4
4
)
4
)
4
4
3
2
i

GBD Pascal 1538 A.M. August 9, 1985 ,. ':,',Pm 0.

i
v

-

ELSE
- BERIN

ML s= DIY/DIR; K2 = (D2Y- mv)/(nzx-m),
IF Mi=N2 THEN
IF SOR(D2X)+5QR(D2Y) > SARCDIX)+SAR(DIY) THEW msms 1= xao
" ELSE WRISTANG 13 0- .
ELSE .
BEGIN
IF M1SH2 = -1 THEN ANG 1= 90
ELSE ANG := RADOEG 8 ARCTANC (NI-K2) 7 (1+18N2) );
IF M1)0 THEN
IF D2Y )= NI302X THEN . ,
IF ANG)O THEN (% ANG := ANG £) ) T
ELSE ANG 1= 180+ANG ’
ELSE
IF MNG)0 THEN ANG := 180+ANG oo
. ELSE ANG := 360+ANG - ‘
ELSE - - S
IF D2Y )= WI3D2X THEN  ~
IF ANG)0 THEN ANG 3= (80+ANG
ELSE ANG 3= 360+ANG ‘ ' ,
ELSE ' Lo
IF ANG)O THEN (3 ANG := ANG 3)
ELSE ANG 1= 180+MNG;
WRISTANG 1= ANG;
END; -
END;
(% FUNCTION WRISTANG 8) °

8L+ $) | .
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(3 SESSSERERTEREARLLaRTLEansIasaassatisstatatassstssssssatassasestssssssasss.s)

433 433 192 1
43¢ 43¢ 192 1 PROCEDURE GETMID(DAX,D3Y, 04X, 04Ys REAL; VAR D21,02Y: REAL)}
435 435 192 1 (% RETURN NIDDLE POINT OF SEGMENT DEFINED BY 3 MD ‘9
436 436 192 1 BEGIN .
- 437 437 192 2 DX s=D3X ¢+ (mx-nax)/z, D2Y 1= D3Y + (D4Y-D3V)/2;
430 439 (19 2. END; '
439°439 195 1 \ -
T440 0 195 L -
41 M1 195 1 . i
42 42 195 I ,
43 43 195 . T
444 444 195 1 (3 SREBESEERESILILLTITLILILLTILIRLILILILLLLLLILLLLLLIILILILILLLLLIILLLLLL 3)
445 445 195 1 PROCEDURE CIRCLE(X1,Y1,X2,Y2,13,Y3: REAL; VAR CX0,CY0,RADIUS: REML);
445 446 195 1 (% RETURN CENTER AND mxus OF CIRCLE DEFINED, BY Pmm 1,2 AND 3 n
447 447 195 L UMR ADE,F: REAL;
448 448 195 2 BEGIN ,
49 449 195 2 A= MIRY2-YD) ¢ mm-m + m(vt-m,
450 450 19 2 . _
451 451 196 2 D=Vl ( (xztxzwmz)-(xstxaovsxva)) + > . :
452 452 197 2 Y2 £.0 (XIBAALYIIYD-CXLLLYI8YLY ) & .
453 453 197 2 Y3 & ( (XISXI4Y13V1)-(X28X24Y28Y2) )3
454 454 197 2 . o .
455 455 197 -2 *E:= X1 % ( CXIRAeYIRVI)-(X28X2N2MYD) )+ .
456 4% 1989 2 X2 & C (XISXI+Y13Y1)-(X38X3+Y38YD) ) + I
457 457 198, 2 13 8 ( (X28X24Y23Y2)-(XISXI+YISYD) )y -
458 458 198 2 - -
459 459 198 2 Fai=Mg - -
460 460 199 2 ( Y3R(X28X24Y28Y2)-Y28(X38134Y38Y3) ) +
461 461 199 2 23 .
62 462 19 2 € Y12(X38X3+Y33Y3) -YIR(XISX1+YISYL) ) ¢ '
463 463 199. 2 131 Co ' . T '
464 464 19 2  Y2R(XISXI#YIRYD)-YIROI28M26Y28Y2) )3 : :
465 465 199 2 . . 4 -
466 466 199 2 ' D := D/(28A); TE = E/25A);  F = FIN
467 467 202 2 CR0 3= -Dj CYO 3= -E; .
468 468 204 2 RADIUS := SORT(DSD + ESE - F); L < .
469 469 205 2 END; )
470 470206 1 ‘
47t 41 206 1 . o
472 472 26 1
. 413 413 06 1 , i .
A4 414 6 "1 8 P800 008 088 r3edrbotosteasiterditstoatsatirteatassstistssstiittiidisiiiiyl
475 475 206 1 FUNCTION DESTANCE(X1,Y1,X2,Y2: REAL): REML; '
476 476 206 1 BEGIN < - .
. 477 477 206 2 DISTAMCE := ABS(SORT( SOR(XI-X2) + SOR(Y1-Y2) )); :
478 418 207 2 B )
479 479 208 1

($5L+ 3) T ‘ .
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Line F#o Stat Level o

: . 480 480 208 / t (s mxmxmmwxxmxmumxmmxxmmmxmxxxxmm:xxxxxxm 1)
o~ 481 W91 200/ | PROCEDIRE GETEXT(X1,Y1,12,¥2,0FFSET: REAL; VAR X,Y: REAL);
482 482 208/ 1 ° (8 GET POINT AT DISTAMCE OFFSET FROM POINT | AND WHICH BELONG TO LINE -
483 483 208/ I THROUGH SEGMENT OEFINED BY POINTS 1 AND 2. THIS IS USED 4 TINES IN~
B4 484 2 ! PROCEDURE WAITCROSS TO DETERNINE THE 4 ACCESS POINTS. .- 5
T WS 48y 208 - 1 . -
486 485 208 1 VAR, ~ -
487 487 208 .2 HYPOIX, HYPOIY, HYPO2S, umzv H,B,A,D,Ct REAL; , ' o
% 488 200/ 2 pEGIN - ’ \
489 489 208/ 2 IF YisY2 THEN
490 49 209 2 IF DISTANCE(X2,Y2, X1-DFFSET, Y1) ) nxsmceuz Y2, $140FFSET, W
©49 ) 21/6' 2 THEN BEGIN R:=Xi-OFFSET; YisY); END -
4 492 M 2- ELSE BEGIN x--umrrser; Yi=Y1; END ; '
493 493 218 2 ELSE
494 494 218 2 If n-xz THEN-. "
493 495 29 2 IF DISTANCE(X2,Y2,X1, Y1-0FFSET) 5 DISTANCE(12,Y2,11, v1+un‘§m
49 49% 20 2 THEN BEGIN Xs=X1; Y;=Y1-OFFSET; END _
497 47 24 2 _ ELSE BEGIN X1aX1; YisYI+OFFSET; END \
498 498 280 2 .ELSE ' \ ;
499 49 28 | 2 . BEGIN -
%00 500 229 / 3 N s (Y2-Y1)/(12-X1); (% SLOPE 1-2 %) .
: C. %1 oSt 20/ 3 LRI 1 {1 , .
. 502 %02 231/ 3 A 1= SIROW) + 13 b :
© - %3503 232/ 3 Dis 2% (MIB -1t -N3VD)} |
504 504 2 3 C 3= SQR(Y1) - 28¥13B + SQR(B) + SER(X1) -smorrsen- .
505 505 24 3 “HYPOIX 2= ( -D + SORT( SOR(D) - 43ASC ) ) / (23M);
06 506 235 3 HYPO2X := ( -D - SORT( SQR(D) - 43A8C ) ) / (283A); R
57 S07 236 - 3 HYPOLY s= NEHYPOLX + By
508 508 237 3 HYPO2Y 5= NSHYPO2R + B;,
L %09 509 228 .3 \ X
L . S10 %10 239 3 ‘
c TSI OS2 3 IF DISTANCE(L2, Y2, HYPOLX,HYPD1Y) > DISTANCE(X2, Y2,HYPO2L, HYPO2Y)
$12 512 239 3 THEN BEGIN X:=HYPOLX; Y:=HYPOLY; END
$13 S13° 43 3 ELSE BEGIN X:=HYPO2X; Y:=HYPO2Y; ENDJ .
514 Sté 47 3 ' . .
515 5 2477 3 END;
516 516 48 2 END;
S17 517 249 1 (ssLe d)
‘ A % N
, ) 4
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520
521
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524
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" 526
827

928
329
330
331
332
333
534
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336
337
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340
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518.
519
520
521
522
533
524
525
526
527
528
2
530
53t
532
533
54
535
536
537
538
539
540
54

42 42

44
343

346,
- W

348
9
530
L)
352
N3
3
355
336
b7
3358
559

560.
- 361

362
363
364

363

366

543
4

$S=264

546
547
548
549
550
531
552
553
53¢
533
536
557
538
539
560
%61
562
563
564
55
366

C P .
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.
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u

249

249,

49

249 .

249
49
249
9

49

249
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L.
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o4
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35
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236

57
2358
259
260
261
262
263
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266
266
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70
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72
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278
79
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283
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Line File Stmt Level

139

o

(2 mamumummummuunumzmmmmmtxmtmmxx t)
PROCEDURE CALIB; ;

(3 NAKE THIS AT LEVEL OF CROSS (I.E. AMEWPLM) t)

(3 THIS PROC SETS THE GLOBAL VARTABLES: CORX,CORY §) -

VAR
: LI, LLY, LZX L2Y¥: INTEGER;
L: ARRAY[1..5,1..5) OF REAL;
Mi,Bt, N2,B2: REAL;

I,Js INTEGER;
C: CHAR;

BEGIN

HOME; WRITE(’ENTERING CALIBRER: TYPE CR"WHEN SATISFIED UITH PICY);
PARANL.KEY 1= 0;

WHILE PARAMI.KEY = O DO GETSHOW;

o

PARANL.KEY 2= 03 .
HOME; . ' oo

DETDOTS(DOT, FR2)'
la=t; |
WHILE -DOTCI).ROM () -1 DO
~  BEGIN ) '
BLINK(DOTCID);
I ETE RN
END; .

'
2 . ]
. -

LE1,2) 3= 70.0;  LI4,3) 3= 3.0

LIX := ABS(C DOTE21.COL-DOTELL.COL );
L1Y = ABS( DOTT2).RON-DOT(1).RON );
L2X s= ABS( DOTC1].COL-DOTC3).COL )g
L2Y := ABS( DOTC11.ROY-DOTCIL.RON )

A o= -SORCLIILLYY;

M2 1= -SOR(L2/L2Y); :
- B ex SORCLLY,21/LIYY; -

B2 4= SQR(LLL,31/L2V);

-

CORT 1= (B2-BI)/(MI-ND); R
CORY 3= SORT( (NISCORD). + B1 ); :
CORY = ‘SURT(CORI);

WRYTELN(’ CORRECTION FACTOR ALONG X= !,CORX:12:110, ' ca/pix’);
RRITELN('CORRECTION FACTOR ALONG Ys ' CORY:12:10, ' calpix');
WRITE(*LEAVING CALIBRER, TYPE CR '); READLN(C); HOME; :
END;

(33L+ 3)

. .
. .
- .
. .
. e *
.
. ] N
- S ’
L
Y .
- . . , > - .
[
N \ N “
.

§

WRITELN(I-1:2," DOTS'); T ‘ "
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367
%8
36
370
o

. m

373
374
n
376
a
378
14 )
360

T

562

-k

S84
s
586
%7
58
)
5%
9
592

M
393

397
398
9

. 600
T 60t

602

- 603

604
603
606

- 607

608
609
610
611
612
613

614,

%

570
511
7
513
54
573
576
57
578
579
580
58
582
543
584
583

&
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610
61t
612
613
614

Line File Stat Level
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" 6LOBAL MOTHOLD,

- -

‘ . 140

‘(s ammmuwmmmmmumxxmmx n
PROCEDURE NOVEARM(NOTOR: MOTTYPE; STEPCNT: INTEGER);
(8 THIS WILL MOVE THE SPECIFIED MOTOR FOR THE SPECIFIED NUMBER OF sms

(4/-), 1T USES/UPDATES THE GLOBAL VARTADLES MSTATE AND MPULSE, AND USES

IT RETURKS PARAM.KEYIN=0 IF N0 KEY MERE PRESSED

DURING THE ACTIVATION OR IT RETURNS-PARAM.KEYIN= KEY IN LSB,

-

(38L¢ 3)

MTOR §  DESCRIPTION " 4D - DR
0: ALL MOTORS DISABLED
I3 HEAD, ROTATE SEEN FROM TOP... ~CW v
yd] m mmn......-u.......- FLDUR SEILING
3: WRIST ROTATE FACING IT..,... CW CCK
“ E‘mn;liltl.lllllllnolllll UUT I“
SI wl"ullilllllllllollllIll< CLOSE 0?9‘
5' WRIST PIVOT TONARD...ves...e FLOOR " SEILING N

a

QUTPUT- BYTE: . BITS

7s IF 1 ENABLES MOTORS { T0 3

62 IF 1 ENABLES NOTORS 4 T0 6

5 AND 43 CONTROL MOTOR 3 IF BIT 7
CONTROL MOTOR 6 IF BIT 6

3 MND 21 CONTROL MOTOR 2 IF BIT 7 =
CONTROL MOTOR 5 IF BIT 6 = 1

1 AND 01 CONTROL MOTOR 1 IF BIT 7 = 1
CONTROL NOTOR 4 xrﬁrsu

{
i
{

TO OBTAIN + MOVES( FORMARD) THE r@aoums SEQUENCE
NUST BE SENT T0 THE 2 BITS COITRULL[NG THE ADDRESSED MOTOR

DECINAL - BINARY
NS BIT LS BIT

— N O
--.-oo‘

O e e O

o

osﬂ,—\“ ,

- "NOTESs ASSUNING THE 2°BITS ARE IN STATE 1 (01) THE

AJOVE SEQUENCE WOULD COMMAND 4 STEPS FORWARD: - -
1-)0-22-)3-21

A PATTERN IS HELD' MOTHOLD RSEC,

_ TO DBTAIN A - (BACKWARD) MOVE, IN ANY STATE, ¢
.THE INVERSE SEQUENCE MUST BE ASSERTED. FOR EX '
© 3-)2-)0-1-33-)2 WOULD COMMAND § STEPS BACKWARD,

. ASSUNING THE STATE IS 3 BEFORE THE ASSERTION OF THE

SEREME. B ,

Lol

o
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613

- bl&

617

618

619

620
621
622
623
624

625
626

627

- 628
| 629
. 630

631
632
633
634
635

636,

637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655

656

657
638
639
660
661

613
616
617
618
619
620
621
622

623

624
623
626
627
628
629
630
631
632
633
634
633
636
637
638

639

640
641
642

643 .

644
6435
b46
647
648
649
630
631
632
633

634 -

633
636
637
638
639
660

- 661 661
.. 662 662

663

.d ‘

663

283
283
283
m

283

284
285
286

297

268
289
21
292
m
9
24
295
29
m
299
300
301

02 -
303~

303
304
704
305
306
307

308 ..

309
10
at
a
32
32
33
3
u
35
a6
n
318
320
a
m
an
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. VAR - N
CURRENTs STATYPE; . -
_QUTBYTE: BYTE;  1,KEY: INTEGER; '
BEGIN -
KEY 1= 03,
IF NOTOR = O THEN
BESIN .
" PARAM. CTRLOUT 2= 0;
RNQUTCOARAN); '
IF PARAN.KEYIN <> 0 THEN KEY 2, PARAN. KEYIN;
END L

o

ELSE

BEGIN
« © CURRENT :> MSTATE(MOTOR); : .
. IF STEPCNT)O THEN . “
BEGIN .
s NPULSECMOTOR) 1= MPULSELNOTORI + I;
CASE CURRENT OF ‘
0: NSTATEIMOTOR] 1= 2;
21 RSTATEINOTOR) 3= 3; ©
31 MSTATECMOTOR] := 1;
13 NSTATECNOTOR] := 0; ’
END; - .
EN :
" ELSE
BESIN .
" WPULSELMOTOR) 1= nmsstnnmm - 1
CASE CURRENT OF - ¢
1t MSTATEINOTOR] := 3; ‘.
3: NSTATELMOTOR) := 2 .
~ 2: MSTATEINOTOR] := 0;
0: MSYATE(MOTQR) = 1;

) \ -
) agn;
°‘./ \ END; ) n

IQMTUR (= 3 THEN ® ©
OUTBYTE s= 128 + HSTATEH] + HSYME(Z]“ + HSTATEIBDIB

e, €LSE °

1
2
2
2
2
2
2
3
3
3
3
3
2
2
3
4
4
]
5
]
5
3
3
3
]
-
4 -
4
3
5
9
3
3
3
5
3
4
4
4
4
4
4
4
4
4
4
2
2
1

, QUTBYTE 3= 64 + nsmsm » NSTATELSI84 + nsmsrsms;
PARM.CTRLOUT 1 QUTMYTE; -
PARMLHOLDTINE 3= MOTHOLDCHOTORY; -

'ARWT(PARM); )
«IF PARAH.KEYIN <) O THEN KEY ;= PARM.KEYIN; B
END; .

PARAH.KEYIN 1= KEY; ¢ T

Dy . S .

(38L+° %)

I\."/(,

PARAN. HOLDTINE 1= MOTHOLDCO); - BN

FOR s= 1T MBSCSTEPOND DO o ° /
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Line File Stat Level ° T .
, 4 664 33 1 (8 mmmt%ummummmxmmmmnmmmmnmxm %)
o : 663 665 323 i PROCEDURE INI R .
< ' ) bbb 666 323 1  BEGIN
A 667 667 323 -2 FOR I s 1106 DO MSTATECID 3= 0; (% ALL MOTORS IN STATE 0 8)
668 668 325 2 FOR I-s= 1 70 6 DO NPULSECI] := 0; (3 ALL NOTORS HAD O PULSES $)
. 669 669 327 2 - ‘ . .
670 670 327 " 2 PARAN.CTRLOUT := 128; (% ENABLE NOTORS 1,2’ AND 3 AND PUT IN STATE 0 $)
, 671 671 328 2 PARAN.HOLDTINE = NOTHOLD{O];
L0 612 6712 329 2 CARMOUT(PARMN); (& ACTUAL URITING TO 1/0 PORT $)
) 673 673 330 2 PARAM.CTRLOUT := G64;" (% ENABLE MOTORS 4,5 AND 6 AND TN ETATE 0 B
‘674 674 331 2 PARAM.HOLDTINE := NOTHOLDLOI;_ ,
675 675 332 2 MRMOUT(PARMM);  “(8 ACTUAL WRITING TO 1/0 PORT %)
676 676 333 ' 2  PARAN.CTRLOUT := 0; p '
677 677°°33¢ 2 PARAN.HOLDTINE s= NOTHOLDLO); - o
- 678 678 335 2 ARMOUTGCPARAN); . (3"DIGABLE ALL MOTORS $) ~ - ‘ .
© 6f9 679 33 2 END; o5 . ‘
0 680 680 337 | N : .
‘ gar' e81 3 1 . '
662 682 37t ‘ C o
683 683 337 17 (¢ m:xxxmmmxxmxxmxmxmmzxtmummmumxmmxzxxxxx f)
— o 684 684 337 1 FUNCTION DIST(X{,Y1,X2,Y2,LENGTH,TOL: REAL): BOOUEAN;
: o . 685 GBS 337+ 1 (% DETERMINE IF PDINTS 1, 2 ARE AT nxsmce LENSTH +/- FOL. 8)
s 686 685. 337 1 VAR L: REAL; ..
o - 687 687 337+ 2 " BEGIN \
o . 608 688 337 2 L 3= SERTC SGRC(XI-X2) + SQR(YI-Y2) <); *
S 669 689 338 2  IF ABS(L-LENGTH) (= TOL THEN DIST = TRUE \
. 690 690 340 2  ELSE DIST := FALSE;
) §91 691 31 2 END
/o . 692 692 42 1 (ssL+ D) -
/ ;' A . ° g ' . ’ _ .
¢ “ '
» N\ , .
: R /
o @
o, 4 e o
S~ . - Y
. * «
| . .
! \ -
i |
»
™~ [
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. Line File Stut Level - L - ” : .
693 693 342 P 1 (3 SHURRIRTIIRRINSRISIISIISILIRISISILISISAIIINAITIRISEESESMINIIILIALLALILIS 3)

694 634 342 1 PROCEDURE FllDPOS(VAR C10 CYO,XOT[P,YOHP! REAL);
695 695 ,342 VAR

—
’

© 6% 6% 342 2 NODOT, DOTCNT, T,z INTEGER; \
697 697 M2 2 1,Y,U, ¥ REALARRAY; )
698 698 42 2 EXIST: ARRAYC1..MAXDOT) OF BOOLEAN; ]
699 699 342, 2 GESSH, GESSY, NINDIST, CRDIST: REAL;
700 700 342 2 NINIDX: INTEGER; :
700 701 342 2 ONENOVE: INTEBER; - ’
702 702,342 © 2 . \» .
703- 703 342 - 2 BEGIN
(704 704 342 © 2 ONENDVE := 320; (3 8 OF PULSES TO NOVE APPROL. 80" nesuees 8)
705 705 343 2 " HONE;. RITEC DETERMINING CURRENT PUSITION');
"706 706 345.° 2 (3 GRIPPER CLOSED, NORMAL HEIGHT %)
707 707 45 2 NOVEARN (3, ~280NENGVE) ; .
w708 708 M6 2. NODOT 3= 0 -
709 709 3471 2 WHILE NODOT'(» 3 D0 - . :
U710 710 348 3 - BEGIN .
MMM 4 - DOTCNT := NAXINT; )
712 712 °350 4 . WHILE DOTCNT > 12 D0
N3 M3 381 - S BEGIN 7. - \
714 714 352 6 GETSHON; ' ‘
- 75 715 383 6 DETDOTS(DOT,FR2); DOTCNT 1= 1; - - o
‘ 716 716 35§ 6 WHILE qnmurcun.auu -1
M1 Ny o3/ 7 . BEGIN
T8 M8 357 8 ", TEWP s= DOTIDOTCNT), an 8 CORX; ummcnn 1= TENP;
. TI9TI9 . 8§ . AENP :x <DQT(DOTCNTI.RON & CORY; Y(DOTCNT) 3= TEMP;
720 720 361 " 8 ' TRANSLAT (ULDOTCNT, VIDOTCNTD)
. 720 721 362 8 o @ DOTCNT ;= DOTONT + (;
12 122 %3 8-, | END} “ :
723 723 364 6 N X " DOTCNT ;= DOTONT - t; ;
CTM T4 B 6 N\ ;.. . - ‘
725 725 366, 4 - X -
1% 76 6Y 4 FOR 1 1= 1 TO-DOTCNT D0 EXISTCI] s= TRUE; ) .
721 127 %8 4, FOR 1 := 1 TC DOTCNT-{ 0O '
728 7128 39 S FOR J 5= I+1 70 DOTCNY 0O ‘
729 19 W0, 6 IF EXISTCI] AND EXISTLJ) THEN
. 730 730 3N .6 IF DISTAMCE(ULI], VLTI LI, VI nnumr THEN
BB 6 s “BEBIN .
R 12 I 7 / ERISTLJ] 1= FALSE;" I
R a7 SETMIDULL], VLT) um,vm uer vm);
: 24 134 315 7 . END;
‘. 735 73 376, 4 1120
. 7% 73 31T 4 FOR I 3= § TO DOTCNT DO
737 737 378 5 IF EXISTCID THEN
.73 738 319 5 " BEGIN
739 739 30 6 daElely
_ 740 740 381 6 T4 FERTIS R
T4 741 382 6 o VeI o= YUE ,
. 742 742 33, 6 .. : END§ . -
743-743 384 4 (LD ‘ . R S
k] .
v ' - ¢ ’ ‘l
[; ® N - . »
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Line File Stat Loul

744

s
746
ur

‘148
4%
1%
73t
152
733
754
733
736
157
738
759
760
761

- 162

763
764

. 763

166

-161

768

4

3
146
1LY
148
49
™
78
m
133
T
135
1%
™
738
78
760
761
162
763
764
763

"766

767
768

s233gpnEsessREEe’

403
403
407
408
408
410
411
412
413

b4

(oLt 8)

4

\--»—f v END;

END; (3 FINDPOS $)
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' s . />

DOTCNT 1= J; (3 J MUSTBE 1 §)
IF DOTCAT > 1 THEN
(% NRE THAN 1 DOT; DETERWINE NOST PLAUSIBLE #)
BESIN .
BESSPOS(NPULSEL1], MPULSEL3], NPULSEL4] sessx,scssn, .
AINDIST 1= MAXINT; MINIDX 1% 0; |
FOR I3=1 TO DOTCNT 00 .
© . IERIN - ‘ .
” CURIST 1 DISTANCE(GESSI, GESSY,ULLIVIIN. ~
IF CURDIST < NINDIST THEN
\ "BEGIN NINDIST := CURDIST; MINIDY :="T; END;

util := U[HINIDX]; V1] :a VENINIDXD;

BW‘ (
NODOP 3= NODOF +.4;

1(NODOT) := UC1); YINODOT] := V[l]' ® } -

IF NODOT <> 3 THEN MOVEARM(3,ONEMOVE);
END; (% WHILE NODOT... 1)

YOTIP 3= 13y YOTIP 1= ¥133; \’
- CIRCLE(X{1],Y(1], 1[2] Y(21,1031,Y(31,CX0, CYO TEHP)[ _
HOME; S
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, Line File Stat Level

769
m
m
m
m
7]
s
7%
m
778
m
7680
78
782

783

784

785

786¢

. - 787

. 780
789
790
71

. 79
79
94
795
7%
19
7%

19
800
801
802
803
804
805
906
807

769
770

m
I

m
1]
s
7%
m
78
m
780
781
782
783
784
785

786 .

187
788
789
1%
791
M2

793

TH
795
1%

191

798
799
800
801
802

803
804 ‘.“6 ’
805

806
807

42

429

4

3
413
43
"
413
43
414
4s
416
W
418
419
420

422
23
424
425
427
428

430
431
432
433
34
435
436

9
“l
2
443
4
4“s'

“7

N
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. Y

L mtxmmmxummmmxzmm,mmt:xmmmumxxmxmmx )
PROCEDURE LOADPARN;

(8 INGTALL PARMETERS FRON FILE®) - = = :
VAR I INTEGER; » — o o«
BEGIN . - -

HONE;

RITECLIADING BiCAPAS. DAT 1); :

RESET('B:CANPAZ. DAT' , PARNF); L

READLN(PARNF ) CORY); : ’

READLN(PARNF , CORY); :

READLN(PARNF ,X0) ' : T
READLN(PARNF, Y0); \ CL.
READLN(PARNF , NIDN1); : ‘ ‘
READLN(PARNF , RAD3);

READLN(PARNF, K1DN3);

READLN(PARNF , SHOULDER); . '

READLN(PARNF ,NICM); S \

- FOR 1120706 00 mom(mnr,mmmm); 4

_READLN(PARNF , XSTART) ; .

READLN(PARNF, YSTART); ' .

READLN(PARNF , NASTART); : AR

READLN(PARNF, 0TIP); - SR

READLNCPARNF, YOTIP);
READLNGFASHF , UPN2) 4 o .
READLN(PARNF ,PICKN2); : <
 READLN(PARNF , NGRAN2) - o L
READLN(PARNF , CLOSES); S , SRR
READLN(PARNF, GRIP3); T

FOR It 1'70 6 DO READLN(PARNF,NINPLLLID); < »

FOR Is= 1 106 DO READLN(PARNF NATPULLL1); Coo e

READLN(PARNF | FAR) AR

READLN(PARNF , TOLFAR){

- READLN(PARNF , NEAR) ; . .o ,
READLN(PARNF, TOLNEAR); e
READLN(PARNF , STANDBY); ' - T
mnmmmr,mopcaoss)- : : ~
HOME; - . D
END; . . - ' .
(15L+ 1) E , i

_‘\

T
50 -
&a‘;—; R
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Line File Stat lml

808
909

B10

|
812
813
814
913
- 816
817
a18

a1y

820
821
822
g3
824

82y -

826
827
828
829
830
8l
832
¢ 83
84
838
" 836
87
838
839
840
Ml
842
843

TR

]

608
809
810
811
812
813
B4
B1s
816
817

018 .
819

820
g2t
822
823
B24
825
826
827
828
829
830
83t
832
833
834

836
837
838
839
840
841
842
843
844

843

449

M9 .

449
49

“9

“3
450
1

-

LR
434

453 -

456
457
458
459
450
462
43
464
45
466
47
49
469
4
an
n
4
13
an
478
4
480

401 - .

482

483

494

"NNNNNNNNNNNNNNNNNMNNNN‘NNNNNNNNNNN—-—-'-o-

»

Page 20

‘146

(s mxtmxmxm;mmmxmmmnmmxmx:ttxmwmtmxxmu 1)

PROCEDURE STORPARN; )

(3 LOAD PARMMETERS FRON FILES $)
VAR I3 INTEGER;

BEGIN .
WRITEC?SAVING B:CAMPAS. OAT ’);
RENRITE("Bs CANPAS. DAT' , PARNF);

 WRITELNIPARNF ,CORY) §

WRITELN(PARMF, CORY) ;
WITELN(PARIF 10);

* WRITELN(PARNF, Y0); P

WRITELN(PARNF , K1DM1 );

WRITELN(PARNF , RAD3) §

WRITELN(PARNF , NION3) ;

WRITELN(PARNF, SHOULDER) ;

WRITELN(PARNF NICH4); - :

FOR 1 :» 0 70 6 DO WRITELN(PARNF, nmumm)c
WRITELN(PARMF , KSTART); ,
umr.w(m&r,vsmn;
WRITELNCPARNF , UASTART);

NRITELN(PARNF, XOTIP);

-MRITELN(PARNF, YOTIP);

WRITELN(PARNF, GPR2) ;
WRLTELN(PARNE ,PICKN2);
WRITELN(PARNF, NORNN2); -
WRITELN(PARNF , CLOSES);

. WRITELN(PARNF , 6RIP3) ;

FOR [3= | TO 6 DO WRITELNCPARNF,NINPULLID);
FOR It= | TO 6 D0 WRITELN(PARNF, HAXPUL[II)'
WRITELN(PARNF ,FAR); :

- WRITELN(PARNF,TOLFAR);

WRITELN (PARNF , NEAR)

WRITELN(PARNF, TOLNEAR); °
WRITELN (PARNF ,STANDBY);
KRITELN(PARNF , DROPCROSS) ;

RESET("CON: ', PARNF) }

END;

(3L 1) ‘ v
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. Line File Stat Level A '
(3 STIREIILLLILTLILLLILSLLLLRLLLIISIILLLLILLTLLLLLILLLSLLLLLSLLLLLLLLLLLLLLE §)

T UB46 046 48¢ 1

" G47.847 484 I PROCEDURE WAITCROSS(VAZ CROSSI,CROSSY,EX,EY, WRISTA: REALARRAY)}

B4B 848 484 1 (3 WAIT FOR CROSS TO APPEAR IN CANERA FIELD AND RETURN 4 DOTS ON CROSS +
89 849484 1 4 ACCESS POINTS + 4 CORRESPONDING WRISF ANGLES- /& e ‘
650 850 484 1 VAR - . ~

g5l 851 484 2 ,d,Ks INTEGER;

852 852 44 2 X,Y,U;V: REALARRAY o

853 853 484 2 POSSE,EXIST: ARRAYC1..MAXDOTI OF BOOLEAN;

. 854 854 484 FARY, NEARI, POSSCNT, DOTCNT:  INTEGER;

855 855488 2 BEGIN ,

g% 856 484 2 - \ : '

-857 857 484 2 POSSCNT = 0; S A\§

g% 858 485 2 WHILE POSSCNT ¢ 4 DO Lo ‘

. 859 859 46 3 ' - BESIN ;
. 860 860 487 4 < DOTONT 3=0;.  © ;

. 861 861 498 ¢ WAILE (DOTCNTC4) OR (DOTCNT)12) DO

862 862 489 S . BEGIN ‘

863 963 490 _ 6 GETSHON; ‘ _—

BG4 864 491 6 DETDOTS(DOT,FR2); DOTCNT := 1;

85 865 493 6. WHILE DOTCOOTCATI.RON <) -1 00

866 86 494 7 BEGIN -

867 857 495 8 TENP :4 DOTCDOTCNY).COL  CORX; X[DOTCAT] 3= TEWP;
868 B8 497 8 TENP 1= -DOJIBOTCNTI.RON & CORY; YLDOTCNT) 1= TENP;
89 869 499 8. TRANSLAT (XDOTCNT], YCDOTCNTD);

8§70 870 500 . 8 DOTCNT <= DOTCAT + 13

© g oen. st 8 NG

g2 872 502 6 ° DOTCNT 3= DOTCNT = 1;

73 873 503 6 END; -

874 B74 504 4 FOR 1 3= 1 TO BOTCNT DO EXISTCI] 3= mus,

§15 875 506 4 FOR [ 3= 1 T0 DOTCNT-{ 00 :

876 876 507.. S % " FOR J = I+1 T0 DOTCNT 00

§77. 877 508 6 : IF EXISTCI) AND EXISTLJ) THEN

g7 878 509 6 IF DISTAMCEGLI1,Y(11,XCJ1,YE4) ¢ DBLDOT THEN'
879 879 510 . 6 BESIN

880 880 11 7 EXISTLIT = FALSE;

-ga1 g8y 512 1 SETILBCXCLY, YU, 30, YU, XU, YEL D,
882 882 513 7 BN .
883 883 S14 4 R y o
84 B84 515 4 FOR 1 3= 1 TO DOTCNT 0O

83 885516 S IF EXISTCI] THEN , ‘

g8 B85 57 - 5 az:g , , .

97 887 518 6 147+ 4 R ¢

808 808 519 6 X0J1 5= XOIY; S -

99 889 520° 6 YCI1 3= YC1Y;

80 8% 52 .6 . END; )

01 89 S22 4 BOTCNT &3 Jj ~—

B892 892 523 4 . +

893 893 523 4 (sML+ B)
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Line File Stat Level !
, B9 894 3 4 FOR It= 1 T0 DOTCNT DO
* 995 895 3 S BEGIN .
B% B% 525 6 POSSICI) := TRUE; ,
897 897 326 6 FARL 12 0; NEARL := 0; rd g
88 898 328 6 FOR J 12 1 Y0 DOTCAT DO i \ L
899 899 9 7 < BESIN -
90 900 330 B IF DIST(X[I3,YLI1,XEJ),YL31,FAR, TOLFAR) THEN
%1 901 %31 & FARY 12 FARL + |
92°9%02 532 8 “ELSE
903 903 332 -8 IF DIST(XCII, YCL1,XCIT,YEIT, NER, mucem
94 904 533 8 THEN NEARI := NEAR! ¢ f
0 905 3¢ 8 " END; :
. , 906 906 %35 6 ; IF (FAR1=0) OR (NEAR1 < 2) THEN
: 907 907 %36 6 POSSICI &= FALSE;
908 908 337 6 END; . -
T 909 909 538 ¢4 POSSCNT 2= 0;
910 910 539 4 FOR J = 1 TO DOTCNT DO .
91 -91t 40 S IF POSSICJ) THEN POSSCNT := msscur *h
912 912 42 4 END; (8 WHILE POSSCNT < ... )
93 913 M3 2 1=ty
94 94 M4 2 CFOR T 5= 1 T0 DOTCNT 00 -
95 915 M5 3 _ IF POSSITI) THEN
96 916 M6 3 BEGIN
W A7 W4 SRR {43 T oo
918 918 M8 4 YOI3 = ¥LOII; o 5
99 919 M9 ¢ Tl gy
D920 920 5% 4 (END; .
o921 9 51 2 FOR [ §= 2 TO POSSCNT 0O ! .
92 927 %2, 3 IF DISTXC11,YC13,X01,¥L1), R,TOLFAR) THEN
o ) 923 923 553 3 BEGIN o
; 9% 924 5 4 UELD 5= XOL3; VELD 5= YO
Cn% 925 %6 4 UE2) 3= 3013; Ve21 := ¥l
. 926 926 558 4 Ki=1;
o 921 927 $59 4 ‘ END;
;. 928 928 %50 2 FOR 1 1= 2 T0 POSSCNT 10
929 929 %t 3 FOR J r= I+1 TO POSSCNT DO .
930 930 %62 ./ 4 IF DIST(XLIJ,YL1),X0J1,Y(13,FAR, TOLFAR) AND
93t ' N (1O1) AND (IOK) AND (JOO1) AND (JOK) THEN'
, 932 . 4 BEGIN o
m 5 ueal = XCI; veal s= yein
. <! 5 UC4) = X033; VI4D 1= YOU;
95 s . - END}
936 4 i 2’ »
9 9 C(ssLe ) '

.
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Line-File Stat Level

938
939
940
s

2
%3
944
93
946
w7
948
9
950

951
952

N3
954

953

938
939
%40
941
942
M3
944
%5
%4
W7
948
949
950
%51
952
953
954

935

369
370
an
n
a4
373
576
576
a7
378

578

in
380
380
581
382
583

s8¢,
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/
» - FOR Ti= { 70 4 D0

s e

CROSSACID 1= UCLY; CROSSY(1) 1= VUJ;
IF 0DD(I) THEN
BEGIN
7 GETEIT(UCII,V(T],UCI¢13,VEI+1],RAD3-GRIPS,
: EXI1),EVIII);
WRISTACL] 5= WRISTANG(EXCI,EYCI),UCT+1) WV,
END
ELSE ¢
. . BEGIN .
‘& .o GHHT(UIH yil, uci-1,ve1-1), RAM 6RIP3,
, © EXCILEYCID);
WISTACL] 3= WRISTANG(EIL1], EYCIT, UCT-1,VLI-1D);
- . E"D' .

END;
(t3L+ 3)

)

149
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Line File Stat Level v

- . 9% 9% 34 R T T R R R e T

1
957 957 %8¢ 1 PROCEDURE ARMMOVE; L.
958 958 384 | (3 NAIN PROCEDRE PERNITTING SETTINGS OF PROGRAM PARANETERS AND IN WRICH
959 939 %8¢ 1 THE PICK AND PLACE“(CRESS) TASK IS ACOMPLISHED %)
%0 9%0 58¢ 1
%! 91 38¢ 1 VAR C : .
%2 %2 564 2. CENTERY, CENTERY: REAL; (8 CENTER OF ROTATION $)
%3 963 S84 2 RADIUS: REAL; '
9%4 %4 584 2 * ONEOR3: CHAR; .
e - %5 95 %8¢ 2 §1,52, 83, SINE, COSINE, TANG, ANGLE: REAL;
9%6 96 8¢ 2 NINPD: REAL; ‘
%7 97 %8¢ 2 STEPCNT, NOPUL 1, NOPUL3, NOPUL 4: msssn,
98 968 584 2 I,k xmsm; ,
%9 99 S84 2 1,Y,U, Vs REALARRAY; - -
970 970 %84 2 .xx,u: ARRAYL1, .NAXDOT] OF INTEGER;
Tt 9T S8 2 XNOW, YNOW, XTIPNOW, YTIPNOW, HANON: REAL; -
972 9712 4 2 HUSTSHOM: BODLEAN; ' . : - ~
973 913 B¢ 2 DOTCNT: INTEGER; : v
74 94 54 2 MOTORNO: MOTTYPE; L
915 975 %8¢ . 2 CHARIN: CHAR;
976 9% B¢ 2 Lo
977 911 S84 2 NINIDX: INTEGER;
o . .978 978 S84 2, WANGLES: REALARRAY;
. 979 9719 %8¢ 2 _ !
: 980 980 584 2 'NINDIST,DIST: REAL;
%1 981 58¢ 2 FOUND, NOCROSS: BOOLEAN;
- 992 982 584 2 '
983 983 S84 2 XBAR, YBAR, SLOPE SUNKY, SUNXZ, mx INTY: REAL; .
P %4 98¢ S8¢ 2 BEGIN o L .
965-98% 584 2 HONE; WRITELNC'ENTERING ARN MODE'); L
96 986 386 2  WRITEC’GET PARNS FROM FILE? Y/N? '); mnuuc), _
987 987 588 2 IFC='Y' THEN LOADPARN :
98 988 §90 2 ELSE | )
989 989 5% 2 BEGIN 3 , -
990 9% 51 3 X0 &= 0.0; Y0 := 0,0; ‘ T o ‘
-991 991 5§93 3 HONE; : Lo
, 992 992 5% 3 END;
. : 933 993 595 2
. ' ‘994 9 595 . 2 :
995 995 595 2 (sl+ ).
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Line File Stat Level

9% 9%

97 9

998 998
9% 99
1000 1000
1001 1001
1002 1002
1002 1003

1004 1004

1005 1005

1006 1006

1007 1007
11008 1008
- 1009 1009

1010 1010
1011 1014
1012 1012
1013 1013

1014 1014

10151015
1016 1016
1047 1017
1018 1018

395
4%
397

‘598

399
600
601

602

603

604

605
606
606
607
608

608 -

609
612

643
614

14
615
617

1019 1019-.618

1020 1020
1021 1021
1022 1022
1023 1023
1024 1024
1025 1025
" 1026 1026
1027 1027
1028 1028
"1029 1029
1030 1030

. 1031 1034

1032 1032
1033 1033
1034 1034
1035 1035
1036 1036
1037 1037
1028 1028
. 1039 1039
1040 1040
1041 1041
1042 1042

619
620
621

622 .

624
627
628
628
629
63t
633
636
637
637
638
640

b4

642
643

- 643

644
649
649
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‘ . - - .
.

SBB Pascal 1:39 AM. August 9, 1985 Page 25

- NOTORNO 1= 0;

" WUSTSHON 1= TRUE;
CHARIN 1= 1 1;

WILE CHARIN <> '7' DO

BEGIN .
NVEARH(HOTORW,STEPCIT); .
IF ( (MOTORND=0) AND MUSTSHON ) THEH
BEGIN I
GETSHOM; . ‘
NUSTSHOR 1= FALSE;
. END;
CHARIN s= CHR(PARAM.KEYIN MOD 236);
- CASE CHARIN UF
: ':'l
BEGIN
HOME; NRITE('NIDN3? "); READLN(NIDIB);
HONE;; .
END . .
Pre (3;019”.“ THE NUMBER OF PULSES EACH MOTOR HAS RECEIVED 3)
BEGIN -

HOMNE; WRITELN(’PULSES ON EACH NOTOR: );
FOR 1:=1 706 D0
RITEC. 1 02,0 1)
WRITELN; .
FORT3=170600
.. WRITE(MPULSECIN:10); *
WRITELN; WRITELN;

. © WRITEC'TYPE-CR *); READLNCC); HONE;
. BN
! S . ) , : )
23 { TN ' g

" HONE; URITELN('RESETTING ORIGIN TO 0,0 ');
X0 :20.0; Y0 t< 0.0 '
HRITEC'TYPE CR '); READLN(C); HOME; -

END;
1Y': (8 SET PARAMETERS STANDBY AND DROPCROSS %)

BEGIN
HONE; HRITE('STMDBY DRAPCROSS? ');
ﬁW(STMIY,DROPCRDSS),
HOME;
END;

A l[’- ,
BEGIN - °
HOME; MRITE(’SHOULDER? '); READLI(SHBULDER), HUHE;
LEND; -

gsLe e

151

dvow
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Line File Stat Level

1043 1043
1044 1044
10435 1043
1046 1046
1047 1047
1048 1048

© 1049 1049

1050 1030

T 1081 1081

1052 1052

1033 1083

1054 1054

1035 1099

\ " 1055 10%
1037 1037

‘ 1058 1038
1039 1039

1060 1060

1061 1061

. 1062 1062

1063 1063

1064 1064

1065 1065

1066 1066

- 1067 1067
Y 1068 1068

1089 1069 .

1070 1070

1071 1071.

< 1072 1072

- S 1073 1073

1074 1074
1075 1073
- 1076 1076
1077 1om

1076 1078 -

1079 1079
1080 1080
1081 1081
1082 1082

. 1083 1083

1084 1094
1083 1089

1086 1086

1087 1087
. 1069 1088
v 1069 108

My
649
/m '

631
632
633
633
6
636
639
639
660
662
663
664
663
666
667
667
668
669

670

&7t
672
673
674

673 .

676
&

678 ..

679
679

101
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272 (8 TEST PROCED]M BESSPDS xl y
BEGIN '
GEBSPOS(NSE[H,NSEH],liPllLSEm,Xt‘!],Y[l]);
BLINK2(XC1), Y1)
END;
te¥s (3 TEST PROCEDURES UAITCROSS AND GETEXT t)
BEGIN
HIME} RITE(’UMTIIG FOR CRUSS'); o
WAITCROSS(U,V, X, Y, WANGLES) ; HOME; >
FORIT :={TO4D0 '
BEGIN )
HOME; WRITE(*EXTERMAL DOT ',I:3);
- WRITE(! NRISTA= ' WANGLES[11:8:3); - -
BLINK2(XUI], YCID);
END; )
HONE; - !
END;

. "7y (8 SET CANERA EIPUSURE TXHE Y

‘BEGIN . ”
MIE; '
HRITEUI('CURREMT EXP TINE IN HSE(:",EXPTIHE);
WRITEC'ENTER EXP TINE IN MSEC=');
READUNCEXPTINE) .
HONE; }

END; T
'Cr; CALIB; (2 DETERNINE. CORX AID CORY 3)
'S': (¢ STOP MOTOR AND GET PICTURE %)

BEGIN

NOTORND 1= 0;

NUSTSHON. 1= TRUE;

END;

" YK*y (2 STEP MOTOR'HOLD TINE 3) -

BEGIN .
HINE; FOR [3=0 TO 6 00 IRETE(MTHOLMII 3) WRITELN;
WRITE('NOTOR § 0..6? '); READLN(I); .
WRITEC'HOLD TINE (NSEC)? *); READLN(MTH(I.?[&;
WRITELN;
FOR lilo T0 6 D0 WRITE(MOTHOLDCID:3); READLN(C),

. m'
END;

s (8 INIT COIINTERS, USED ONLY DURING CALIBRATION $)

BEBIN
HOME; INITNOT; IIR!TE('IIITNOT, TYPE CR ') READLN(C);
DOTCNT 3= {; .
HWE;
] ' .

k)
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canpas , SBB Pascal l=39 AN, ‘August 9, 1985 Page 27, ]
Line File Stat Level ' T
1090 1090 702 4 "YI2,3, 140,757, 16 (8 NOVE A unm IN-POSITIVE mscnon O
1091 109t 702 4 BESIN
1092 1092 703 5 HOTORNO := ORD(CHARIN) - 48;

1093 1093 704 5 STEPONT 3= 1}
1094 1094 705 5 END;
10951095 706 4 JURTUSTUSTUR} LN '": (2 WOVE A NOTOR IN NEGATIVE DIRECTION $)
1096 10% 706 4 ' sIN
- 1097 1097 707 5 STERCNT 1= -1}
21093 1098 708, § IF CHARIN = '!' THEN NOTORNO 1= |; i
1099 1099 710 5 IF CHARTN = '@t THEN NOTORNO := 2 .
1100 1100 712§ IF CHARIN = '8' THEN NOTORNO t= 3; /
1101 1101 714 S IF CHARIN = '$' THEN MOTORND 3= 4
1102 1402 716 IF CHARIN 7§ '%' THEN NOTORNO := 5
1103 1103 718§ AF CHARIN = 7*7 THEN NOTORMG := §;
< 1104 1104 720§ END; .
1105 1305 721 4 'R's (8 INIT DOT COUNTER 1)
1106 €106 721 4 BEGIN .
tof. 1107 722 5 HONE; WRITE('DOTCNT™Y= 1} TVPE CR ") READLN(C);°
1108 {108 725 § mtév;r TR TR
1109 1109 726 5
1o 110 727§ . BND; - ,
i 128 4 1,12 (8 REGISTER A SINGLE 00T &) ° '
M2 12 128 4 BEGIN ' ‘ :
1313 729§ HOME; ' .. :
14 1144 730 S DETOATS(DOT, FRY)
115 1115 73t 5 COORD.ROW 1= DOTC11.RON; COORD.COL 1= pOT011; an;
116 1116 733§ 1 1= COORD.COL; J := CDORD.ROV;
117 1117 735 5 TENP s> I3CORY;
1118 1118 736 ~ 5 ° XCDOTCNT] := TEMP;
119 1119 737 5 TENP = -J8CORY;
11201120 738 . 5 YCDOTCNT) := TEMP; S ‘
H21 1121 739 S TRANSLAT L XLDOTCNT], YIDOTCNTI); -5
122 122 740§ WRITEC'DOT !,DOTCNT:2,! BLIMKING *); o
11231123 741 5 WRITE(' (", X(DOTCNTI:8:3,",", YLDOTCNT]: BN
1124 1124 742 5 m.mxztxmomn YDOTCNT 1§ .
1125 1125 743 5 o DOTCNT := DOTCNT+1;
1126 1126 744 5 -  GETSHON;
127 U217 45 5 HOME;
e M\ 4% s END; - i
29 1129 747 4 (ssL+ B)
Y
PO .
(i:f(:‘)
')




. R Do 1 . ’ 154
\:salpls © . S Pastal  1:39 AN Mugust 9, 1983 . Page 28
’ Line File Stat Level . .
120 1130 41 4 'E': (% DETERMINE xo,vomnmm OR RAD3 AND NIDN3 3)
ua na w4 BEGIN
1132 1132 748 5 . HOME; WRITELN('CONPUTING CIRCLE ERUATION ');
1331133 1% 5. crm(xm,uu,xtzl,mr;xta:;vtsl.?canrsnx,cmenv,amus);
N 1134 783 . ' .
1435 1135 751~ § +#  WRITE(' CENTER AT v,caummu, " CENTERY:8:4, ") '
1136 113 752 3 WRITELN("“RADIUS® ' RADIUS:8:4);
N7 137 WS S :
1138 1138 73 3§ 81 s= SORT( SGR(X[11-X€31) + SQR(YC11-Y(31) );
139 1139 1 5. « 82 y= SORT( SQR(XCL1-CENTERK) *+ SQR(Y({1-CENTERY) );
140 1140 755 5 " 83 1= SORT( SOR(X3]-CENTERX) '+ SQR(Y[3]-CENTERY) );
BT TU A COSINE 1= (51351 - 52882 - S3183)/ (-2152883);
e 1142 WS <18 COS OF ANGLE BETHMEEN 52 AND 53 )
S 143 1143 %7 8. SINE 1= SORT(1 -COSINESCOSINE); T
. T 144 1144 788 5 TANG 3= SINE/COSINE; )
S (\4 MAT L4 799 0§ ANGLE 1= RADDEG 3 ARCTANCTANG); (% DEGREE'S) . a
1145 1146 760 S IF ANGLE ¢ O THEN ANGLE := ANGLE + 180; ‘
© IMT L4 d82 S WRITELNC'ANGLE COVERED=', ANGLE:8:4,' DEGREES "); = *
T 148 1148 763 5 ] T . .
1149 1149 763 5 MRITE('PARNS FOR NOTOR 1 OR 37 ’); READLN(ONEOR3);.
15 nso 75 ™5 IF ONEOR = '1' THEN
, JERTLI T - SR BEGIN .
1152 1152 767 6 10 1= CENTERN;
T 11931133 768 6 YO 3= CENTERY; )
1S4 1154769 6 'NIDML s+ ABS(NPULSEL1] / ANGLE); / )
. ' ususs M 6 ©END ' a
SR . 1% 1% m 5 - ELSE
o T usTusT ™M s BEGIN:
' 158 1158 1712 & RAD3 := RADIUS; .
1139 1159 713 6 NIDK3 := ABSUNPULSEL3) / aN{E); :
1160 1160 774 .6 © BNy - C
BEIRIGER A
Lo SREIRN {17 (7000 1 T I HONE; :
' . 1631163 776 5 © o ENDy ’ :
L1164 1164 777 "4 (st D) o ‘ o
° / M
Wogoe
’ ‘ .
. . .
g/) . ‘. *
(’ «
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- 119 119

'1208 1208

1210 1210

canpas

1165 1165 777
1166 1166 777
1167 1167 778
1168 1168 780"
1169 1169 781
1170 1170 782
17 un 782

472 1172 182

1173 1173 763
1174 1174 784
75 175 784
1176 1176 784
1177 1177 785
1178 1178 786

1179 1179 786 .

1180 {180 787
1181 1181 788
1182 1182 789
1183 1183 789
1184 1484 790
1185 1185 791
1186 1186 ' 792

1187 1187 793 .

1188 1188 793
1189 1169 796
1190 1190 797‘

1191 1191 797f '

1192 1192 798 .
1193 1193 799 ¢
1194 1194 800
1195 1195 801
802
1197 1197 803
1198 1198 804
1199 1199 805

1200 1200 807
1201 1201 808

1202 1202 809

(1203 1203 810

1204 1204 810
1205 1205
1206 1206
1207 1207

12

814
814
817,
818’
819

1209 1209

1211 1211
1242 1212

1213 1213° 820

813 |

3

@ Line.Fil; Stat Level

-«

- .
AuuinmuumaA‘mmumu'uuuumm.bAuuuumm-umummuu‘mmmamuuum\m‘a
s N . . . .

Pascal

e

1340 AN, August 9, 1985 Page 29 .

T1\!3 (¢ COMPUTE SHOULDER $)

BEGIN

HONE; WRITELN('CONPUTING SHOULDER WITH 2 DOTS ');

" -SLOPE.a= (YC11-YL2D) / (X(1)-1€2)); -
YBAR 1= Y{1] - (SLOPESKC11); (% ORD A L'ORIGINE $)

7

(3 -1/SLOPE 1S SLOPE OF LINE PERPENDICULAR PASSING BY

ORIGIN 3) .
WRITEC"YBAR, SLOPE='); ‘]
. NRITELN(YBAR: 8135, SLOPE:8:5)

(4 POINT OF “INTERCEPTION 1) :
INTE = (-SLOPERYBAR) / (1 + SLOPEASLOPE);
INTY 1= ~INTX / SLOPE; ;

WRITEC' INTE, INTY=!, INTX:B:S, INTY:805); -
. SHOULDER 1= SQRCINTX) +SERCINTY); '
WRITELN('  SHOULDER= !,SHOULDER: B:4);

'St :{gnr( SOROX[11-X(21) + SER(YELI-VE2D) )y
NICHA T ABS(MPULSEC4] / §1);
WRITE(’DIST. COVERED=',31:814," ca
WRITELNC'NO OF INPUL/ca =! NICW1B:4);

’)'

. WRITE('TYPE CR') READLN(C) ; HOME;
END}

'0's (3 SET IMITIAL POS: JSTART, vsmr,ugrm,xoiw,vom )

o BEGIN

FINDPOS (ISTART, YSTART, X0TIP, YOTIP);

MASTART 1= WRISTANG(ISTART, YSTART, X0TIP vorm;

INITNOT;

WRITELN('CENTER OF

BLINK2(XSTART, YSTART/)

WITELNC'TIP BLINKIRG');

BLINK2(XOTIP, YOTIP); .

WRITEC'NRISTANGLE= ',usmmsz.

HONE;

GETSHOM; :
- )

?MTION(HNOR k) BLINKINB "
B

g

"37: (& DETERNINE- CURRENT CUR POS AND MOVE TO INITIAL POS §) .

BEBIN

FINOPOS(INGHl YNOW, XTIPNON, YTIPNOW); .
WANDW 1= IRISTAWGXNOW, YNOW, KTIPNGH, YT IPHON)
GIVEPULCXNON, YNOV, WANOY, XSTART,YSTART , UASTART,

. NOPUL 1, NOPUL3, NOPUL4);

KWEMH(! JMOPRLL) 5 MVEIRH(3 yNOPL3) § MVEMH“,
INTHOT; :

HONE; o

END;

‘=

s

PUL4)

TYPE CR ") READLN(C);

7

)

’
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canpas

"~ Line File Stat Level

1214 1214
1213 1213

| 1216 124

1217 124

1218 121

129 1219

< J220 1220

121 1221
1222 1222
1223 1223

1224 1224

. 1228 1228

b

1223 1225
1226 1226
1227 1227.

1229 1229

(1230 1230

1231 123t
1232 1232
1233 1233
1234 1234
1233 1233
1236 1236
1237 1237
1238 1238

820

820 ¢ .

21

822 .

823
824
825
826
827
828
829
831
833
835
837
238
839
840

840 -

841
842
843
844

843 -

846

Ve

4
4
3
b
3
6
H
b3
5
6
]
3
3
3
3
b}
3
L]
4
3
]
3
3
3
4

8§89 Pascal.

TH's (8 SET LIMITS (FROA IIITIAI. POS) FOR MOVES t).

1140 AN, ‘August 9,1985

] -

BESIN
NOXE; .
WRITEC'NINPULEL. 6= 1);

CFRIs= 1 70600, .

RITERDPULLT1:5);
WRITELN; , _
RITECAAPULEL §1=  '); .
FOR 1= 170600

WRITE(MAXPULLI1:S);

WRITELN; WRITELN;

Page 30

‘4

. .

WITECTLS IT FOR NIN (M) OR NAX (X)7 ?); READLN(C);

WRITE(?FOR WHICH MOTOR? 1..6 '); ‘READLN(D);
IF C = "N* THEN NINPULCID s= NPULSECT)

ELSE MAXPULLT] :x MPULSELIY;

Hoe;

'L" {4 LW!’HS FOR CROSS SEARCH $)

(1814 1)

BEGIN

mm- .
WRITE('FAR TOLFAR NEAR TOLNEAR? 4ca) ');
READLN(FAR, TOLFAR, NEAR, rouem; :
HmE, . N

END; 3

o

- e
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Ccampis - SBB Pascal  1:40°AM. Mugust 9, 1985  Pagedt

Line File Stat Level
1239 1239 846"
" 1240 1240 846
. 1241 1241  B47
1242 1242 848 . -
1243 1243 849
1244 1244 850
1245 1245 851 .
1246 1246 852
1247 1247. 854

. 'Y': (% DISPLAY PARAMETER VALUES -3)
+ - BEGIN » . . .
HOME; . ’ T
UR"ELI('COR!",CURX:NS r. WRY",WRY!T:S)'

WRITELN('RADI=',RAD3:7:2,"  NIDN3s’ MION31612);
WRITELN(’SHOULDER=', SHOULDER:7:2,!  NICM4s',NICM4:812);
umeyms CR FOR mneﬁ.»; READLN(C); .

’

. -
\lwmmwuﬁﬁmmmmmmmmm:.nulmmmmm'u!wmm“wu.mmmmm%mmum:&h
3 . , “
.

N
-~

1248 1248 854 /\_um(, , ’
1249 1249 855 , WRITE (' MOTHOLDEO. .61=); .
1250 1250 856 * FOR [ 12 0 TO 6 DO WRITECNOTHOLOCID:4," '); WRITELN;

1251 1251 859
1252 1252 860
1253 1253 861
. 1254 1254 862
1255 1255 854

. WRITE("XSTART=", XSTART:7:2,"  YSTART=!,YSTART17:2);
WRITELNC'  MASTART=' ,usmm:z) ;
WRITELN('XOTIP=", §0TIP:7:2,"  YOTIP=? YOTIP:7:2)
uatfeume CR FOR dlg); READLN(C);

- 1236 1256 864 ll'lHE, . .
1237 1257 865 WRITE(UPN2=",UPN2:5," PICKN2=',PICKN2:5); "
. 1258 1258 * 866 WRITELNC' . NORMMZ=' NORNN2:9); ~
1259 1259 867 . WRITELN('CLOSES=",CLOSES: 3,  GRIP3=',GRIP376:4); -
1260 1260 868 WRITE('MINPULL). . 61="); ' T

1261 1261 869
1262 1262 872
1263 1263 873

FOR I:= 1 TO 6 DO WRITE(NINPUL(11:6," ')} WRITELN;
WRITECMAYPULLL. ,613); -
FOR I:= 1 T0 6 DO WRITE(MAXPULLI): 6,' B HRITELN'

. TRA 1264 676 WRITEC'TIPE CR FOR MORE '); READL(C);"
1265 1265 878 o e
1266 1266 878 HONE; ' .

WRITE('FAR=' ,FAR:6:3,! TULFAR=’,TUI!XQR:6|3);
WRITELN(™* NEAR=' NEAR:6:3,'  TOLMEAR=',TOLNEAR:6:3);
HRITELN('STMDBY=' ,STMI)BY: 6,' [QROPCROSS=',DROPCROSE:6) ;

1267 1267 879
1268 1268 880-
124 1269 881 -

1270 W70 882

L1271 1311 882 WRITE (" TYPE ca') anu(c» unns- *
1272 1372 885 2] T

1273 1273 886 e . -

1274 1374 886 mtn ’

1275 1275 887 HOME;-WRITELN('UP- / DOWN+ NOTOR 2');

1276 1R6 889 : ]

1277 120 890 o MIECO!Y DO ‘

1278 1276\ 891 /—- BESIN - e
1219 1219 - . WRITE('ENTER MO OF PULSES " READLNCD); ©

1200 280 MOVEARM(2,1); .

mn@m 833 HOME; WRITE('0K? Y/N''); READLN(C); HOME; :
1202 1262 899 7 ey .
1283 1283 900 5 - " WRITEC'UPN2, PIQKHZ, NORNN2? ');

1284 128¢ 901  §- READLN(UPN2, PICKNZ, NORNN2); .

1285 1285 902 5 HOME; .

1286 1286 %03 3 C BN

1207 4287 904 4 (38L+ B) .o

WRITELN('X0=",X027:2," Y0a',Y¥0:7:2,! ﬂbﬂll',lliﬂh&ﬂ);

oy

’

X




. Campas

588 Pascal

Line File Stat Level

1288 1288

1269 1269

1290 1290

1291 1291

, 1292 1292
S 12931293
1294 1294

" 1299 1295

, 1296 129

1297 1297

. 1298 1298

1299 1299

s © 1300 1300
1301 130
. 1302 1302

904
904
905
907
908
909
io
912
913

"
918

919
920

921

m

A

BN A LR~~~ ~I O RGN LR &
, R .

-

A

(3814 3)

1340 AN, August- 9, 1985 Page ‘32

.
[N

'6' s (8 SET PMZMETERS CLOSES AND GRIP3 1.

BEGIN @,
HOME; WRITELN('CLOSE+ / DPEN- HOTOR 5 '),
Cae Wy
WHILE C <) 'Y’ DO
BEGIN <L

.~ WRITECENTER KD OF PULSES '); READLN(I);
CTTT O MOVERNGS, D .
", HONE; WRITECTOK? Y/K ') READLNCC); HOWE;

' END;
WRITE(’CLOSES, GRIP3? ')f
READLN(CLOSES, 6RIP3);
HONE; ’
END;

N N

158
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capas SB0 Pascal 140 AN, Mgust 9, 1985 Page 33 o
Liné File Stat Level , ‘ ‘

1303 1303 ‘922 4 © N3 (S WAITFORCROSS MD PICK IT®)

1304 1304 922 - ¢ BEGIN .

1305 1305 923 S POVEARN(1, -MPULSEL12); : -

106 1306 924 5 MOVEARN(3, MPULSEC3)); N _
1307 1307 925§ NOVEARN(4, -NPULSEL4)); . o
1308 1308 9% S FINDPOSCISTART, YSTART, ROTIP, YOTIP); :

1309 1309 927 - § WASTART mtsrmetxsmr,vsrm,xom,vorm;

1310 1310 928 * S mmn

311 1311 929 § ,

a3z 99 5 - , .

13131313 929§ . 3
361314°99 5

1151315 929 5 'NOVEARN(2,UPN2);

1316 1316 930 5 NOVEARN( 1, STANDBY);

13171317 931 5 NOVEARM(S, -CLOSES) ;

1318 1318 932 S mvmu(o,o); i . n ) -
13191319 933 5 y ‘ ¥
12201320 933 5

1321 1321 933, S 1= TRUE; . ° Ty

1221322 93¢ 5 um.s WOCRESS 00 .

13231323 935 6 BEGIN ‘ o LT
1224 1324 936 7 HONE; WRITE('STANDSY, umxne FOR CROSS '); , ’

13251325 938 7 mrckossw,v,x,v,musn oo

1226 1326 939 7 HOXE; WRITE('CROSS DETECTED'); \

1327 13271 W+ 7 ' '

1328 1328 W1 7 FOUND 1= FALSE; 1 = 0; . T
1329139 43 - 7 WILE (NOT £QUND) AND (1 ¢ ) DO S .

1330 1330 M4 8 BEGIN ' -
1331 1331 #5 9 NINIDX 3= 0; MINDIST 1= MAXINT; .

1332 1332 W7 9 FRRJes1T04D0 - .

1333 1333 M8 10 "IN

1334 1334 M3 {r DIST %= DISTANCE(0,0, XLJ1,YLID);

1235 1335 950 11 IF DIST ( MINDIST THEN \

133 1336 951 11 ) BEGIN MINDIST.:= DIST; NINIDX = J; END;

1337 1337 955 U1 ENDy. <3 \ R

1338 1338 9% 9
139 1399 97 9
1340.1300 957§
111341988 §
13021342 9% 9
AU3133 98 9

- ‘ GIVEPUL (YSTART, YSTART, WAGTART, XCNINIDX], YCKINIDX],

MANGLESCHINIDX ), NOPUL 1, NOPULI, NOPULY);

IF- (WOPUL1)=NINPULL1T) AND (NOPUL1(=MAXPULL1]) AND

(ms>-mmu31) AND (NGPUL3C=MAPUL(3]) AND

: (NOPUL4)SNINPULL4D) MID (NOPULAC=NATPULL41) THEN .
(S8t §) ' ©o
A @

3 )
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canpas 58D Pascal 1340 A.M. August 9, 1985 Page 34
Line File Stat Level
’ 1344 1344 958 9 (3 TST START ) mu
15 1345 959 10 : ‘ HONE; BLINC2(UCNINIDN) mxumm
146 1345 %1 10 WRITE('ACCESS CROSS BY THIS SIDE? Y/N ');
(7 1347 %2 10 ‘ READLNCC); ~
1348 1348 %3 10 ' IF € = 'Y' THEN FOUND := TRUE
: , 1349 1349 %5 10 - €LSE
. . 135 1350 %35 10 , - . BEGIN .
" 1351 1331 %6 I ’ . TININIDXD s= MARINT; .,
; 1352 1352 %7 14 VIMINIDX] := MARINT; .
1353 1353 %8 11 . END
1354 1334 %9- 10 HOME; -
1355 1335 970 .10 o STSTEMe
: 13% 13% 911 9 (3 NON rssr FOUND t= TRUE 3)
ST 1357 1397 M 9 . - ELSE
' 135 1358 971 9 BEGIN -
1359 1339, 9712 10 ) ICHINIDX] := MAJINT;
* 1360 1360 973 10 . YININIDY) := NAXINT; .
g 131 1361 974 10 O T | S
\ 1362.975 9 Ii=l+ ‘ : -
13631363 976 9 . (ENB;
1366 1364 917 7 v - IF (NOT FOUND) THEN
' o, 13851365 978 7 . ) BEGIN
oo L@ 1366 1366 979 8 - HONE;
. 1367 1367 %80 8 - WRITELNC'UNREACHABLE! ");
1868 1368 %1 B WRITE('REPOSITION CROSS AND TYPE Y  "OR N T0 EXIT ');
1369 1369 962 8 READLN(C); :
1370 13% 993 8 " IF €= 'Y! THEN NOCROSS := TRUE
71 13711 %83 8 . ELSE
. “, 13721372 %5 B¢ a © BEGIN
173 1373 986 9 , s NOVEARN (5, CLOSES) ;
134 1314 987 9 ° - * HOVEARM(2,PICKM2+NORMN2); -
1975 1375 988 9 - MOCROSS. ;= FALSE; . _
' 1376 1376 989 * 9 . ENDy y- I
T 1377137 90 8 HONE; c .
" ' nBwwm e 8 END . < .
1379 1379392 7 ELSE - ‘
1300 1380 992 7 BEGIN
1301 1381 993 8 HONE; WRITE ('REACHABLE');
o 1382 1302 995 8 NOCROSS 3= FALSE;
= 131383 9% 8 - : |
i « 1304 1304 4% 8 HOVEARN(1, NOPUL{-STANDBY) ;
1305 1388 997 @ POVEARNCY, NORULE); X
L Tt 13861386 998 B, T - NOVEARNCI,NOPRD); . .
%7 00 s 8 d NVEARNC2 P LORR) R
. 1306 1300 1000 8 .
1209 13891000 8 (X TST & HONE; WRITE('TYPE RETURN T0 CONTIN ); READLNC)
1$0 13% 103 " 8 - HOXE;
1391 1391 1004 B . ~
8 (L d)

1392 1392 1004

*
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Line File Stat Level

1393 1393 1004
1384 1394 1005
“1395 1395 1005
1396 139 1006
1397 1397 1007
1398 13981008
1399 1399 1009
" 1400 14001010
1401 1401 1011
1402 1402 1012
1403 1403 1013
1404 1404 1014
14035 1405 1015
_ 1406 1406 1016.
1407 1407 1016
1408 1408 1017 -
1409 1409 1017
1410 1410 1017
1411 1411 1018
‘1412 1412 1018
1413 1413 1019
1414 1414 1019
1415 1415 1000
1416 1416 1022
1417 1417 1024
14181418 1024
1419 1419 1025
1420 1420 1026
1421 1420 1027
1422 1422 1028

1427 1423 1029 -

-‘Nh.;NNNNNNNNA-&A&%Ma\l&mm@mmﬂ,owcaﬂ

A

SBB Pascal 1:40 AN,

«

~

END;

. END (%

OTHERNISE
END; (% WILE %)
HONE
" PARAN. CTRLOUT {= O;
ARNOUT (PARAN)
HONE;

END; (3 OF ARMAOVE 3)
(aeL+ 3)

Mugust 9, 1985 ,Page 33

<

161

NOVEARM(S, CLOSES+15); ~ -

NOVEARN (2, NORMN2¢UPN2)
NOVEARN (1, -NOPUL1 $DROPCROSS) ;

. NOVEARN(3,-NOPUL3)
-~ OVEARNC4, -NGPULY)

NOVEARM(S, ~CLOSES);

© AOVEARN(S,CLOSESHS);

NOVEARM(1, STANDBY-DROPCROSS) ;
NOVEARM (2, PICKN2+NORNN2) ;
HOME{ ,
END; .

(3 WHILE NOCROSS %)

"y

e.
(% DD NOTHING 8) ;

END; (% CASE 3)

WRITE('LEAVING ARNMODE, UPDATE PARM FILE? Y/N? "); READLN(C) 5
IF C = *Y" THEN STORPARM;

-

PARAM.HOLDTINE := MOTHOLD[OY;.

1
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Line File Stat Level

1424 1424 1029
1425 1425 1029
1426 1426 1029
1427 1427 1029
1428 1428 1029
1429 1429 1031
1430 1430 1032
1431 1431 1033
1432 1432 1034
1433 1433 1038
1434 1434 1039
1435 1435 1040
1436 1436 1041
1437 1437 1041
1438 1439 1041
1439 1439 1042
1440 1440 1043
1441 1441 1044
1442 1442 1045
1443 1443 1045
1444 1444 1046
1445 1445 1047
1446 1446 1048
1447 1447 1049
1448 1448 1051

1449 1449 1032

1430 1430 1033
1451 1431 1054

€ L2 € L G GO N = = n m e e e — b P b e e e e et b e b e g

. ' ‘ |, ‘
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(3 2r202200000308005802020030000000000 000000008 008100212100020080100000080 30 TN

(s , - BEGIN MAIN

BEGIN * o

FOR 1:0 TO 6 DO MOTHOLDLI] 3= 10;

INITMOT; (& DISABLE ALL 6 NOTORS $)

PI := 4,0 3 ARCTAN(1.0);

RADDEG := 180/P1; ‘

CORX := 1,0; CORY := 1.0; X0 := 0.0; YO := 0.0;

YIDMODE 13 &;

NGDE (VIDNODE) ;
ZEIPTINE 1= 1100;

PARMNZ,FIRST BYTE 3= 0;
PARAN2,SCREEN_START 13 0;
PARAN2. SCR_RDNCT 1= 128;
PARAN2.SCR_COLCT 1= 80; .

.c 1= 'a!; L.
WHILE C <) 7' DO
BEGIN
PARANI . KEY ‘1= 0; .
WHILE PARMNL.KEY = 0 DO GETSHON;
C = CHR(PARAM1.KEY MOD 256); -
CASE C OF b
TA"s ARNNOVE; |
(B9t 1) ' .

(3 6401200 PINELS, BLACK AND WHITE £) » '

%)




caspas

Line File Stat Level

1432 14352 1034

1453 1433 1054 .
- 1454 1454 1055

1455 1455 1036
1436 1456 1057

1457 1457 1058 -

1458 143841060
1439 1439 1061

1460 1460 1062
T 1451 1461 1063 -

1462 1462 1064
1463 1463 1065
1464 1464 1066
145 1465 1067
1456 1466 1068
1467 1467 1069
1468 1468 1070
1469 1469 107t
1470 1470 1072
1471 1471 1073

12 1472 1074

1474 1474

1473 -1475 1077.

1476 1476 1078
1477 1477 1080

1478 1478 1081 -

1479 1479 1082
1480 1480 1083
1481 1481 1084
1482 1482 1085
1483 1483 1087
1484 1484 1088
1485 1485 1089
1486 1485 1089
1487 1487 1090
1488 1488 1091
1489 1489 1092

1490 1490 1093 -

1491 1491 1095
1492 1492 1096
1493 1493 1097
1494 1434 1098
1495 1495 1099

%149 1100
1497 1497 1101
1498 ‘1498 1102
1499 1499 1103
1500 1500 1105
1501 1501 1106

1502 1502 1107 -

3
3
4
L]
4
¢
4
4
4
3
&
7
7
7
4
4
4
4
4
4
5
b}
3
3
3
b]
5
5
]
]
4
4
4
3
3
4
4
4
4
¢
4
5
6
7
7
7
4
4
4
4
3

o~y
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IL's (8 LOAD A PICTURE FRON FILE, DISPLAY “AND OPTIONNALY PRINT IT &)
. BEGIN '
HONE; '
. WRITELN(' MO, OF BYTESs " PARAML, BYTECNT);
WRITELN('KEY PRESSED = !,0);
KRITELN(’LOAD WHAT FILE? '); READLN(F ILENANE);
HOME;
RESET (F ILENANE, PICFILE);
FOR 1 := 1710 128 DO
FOR J := | TO 80 00
BEGIN
READ(PICFILE, PICB);-
FR2L1,J] 1= PICB;
END;
CADRE; *
NOVESCR (PARANZ, FR2);
WRITE('FILE LOADED, WANT TO PRINT PICTURE? YNy
READLN(C); _ , '
IF C = tY" THEN
BEGIN
HOME;
WRITELN(' CONRECT PRINTER TO // PORT.}); .
MRITELN('THE GRAPHICS CONWAND MUST HAVE BEEN Exscursn.');
WRITELN;
WRETE(TYPE Y TO PROCEED, N TO CANCEL ')} READLN(C)} -
HME'
IF C = 'Y" THEN
" PRINTSCR;
END;
HONE; .
NRITE(’TYPE ANY KEY TO CONTINUE '); READ(C),
HONE;
END;
'S': (3 SAVE CURRENT PICTURE TO FILE )
BEGIN :
HONE;
WRITELN('D, DF BYTES= * PARANI nvrscut);
WRITELN('KEY PRESSED = ',c), '
WRITELN('SAVE WHAT FILE? ');
REMRI TE (F ILENAME, PICFILEY;
FOR I t= 1,70 128 DO
FOR J := | 70 80 00
BEGIN ‘
PICS 1= FR2LI,JY;.
WRITE(PICFILE, PICA);
END;
RESET( 'cnm',ncnuz);
WRITELN('FILE SAVED, TYPE MY KEY 10 conrxuuc ; Renn(c);
HOME; .
eND; . .
s ‘ "

-

READLN(FILENANE) ;

"163




" canpas

Line File Stut Level

1503 1503 1107
1504 1504 1107
1505 1505 1108

" 1506 1506 1109
1507 1307 1110

1308 1308 1111
1509 1509 1112
1310 1310 1113

1511 1511 1115

1512 1312 1116
1313 1313 1117
1314 1514 §118
1313 1313 1118
1316 1316 1119
1317 1317 1120
1518 1318 {121

- 1519 1519 1122

1520 1320 1123
1521 1521 1124

"1322 1522 1123

1523 1523 1126

1524 152 1127
1525 1525 1127

1326 1326 1127

1527 1521 1128

1329 1328 1129
1529 1329 1130
1330 1530 1131

1331 1331 1132 -

3
3

b

38 Pascaly 40 AN, hugust 9, 1985

4 45

lT':

BEGIN .

HONE;

URITELN("MO, OF BYTES= !,PARMAL. BYTECNT)°
WRITELN('KEY PRESSED = ,0); -
NRITE(’ CURSOR POS? RW-O..IN, Cll.=0..539 B H
READLN(RON,COL);

COORD.ROM := ROM; COORD.COL := COL;
BLINK(COORD); .

HONE;

END; -

BEGIN Co

" HoME;

WRITELNCNO, OF BYTES= ', PARAML.BYTECNT);
NRITELN('KEY PRESSED = ',C);

_WRITELNC*CURRENT EXP TINE IN HSE\C=',EXPTIHE);

WRITE(?ENTER EXPITINE IN NSEC=");
READLN(EXPTINE);

HOKE;

END

ELSE 3

BEGIN

HOME§ ‘

URITELN("NO. OF BYTES= ' PARAN1. BYTECNT),
WRITELN('KEY PRESSED = ',0); )

WURITELN(C' SUN OF ALL INPUT BYTES= ' PARMI SUNB);

WRITE(!PRESS ANY KEY TO CONTINUE' ')' READ(C);

Page 38

4
4
4
L
4
4
4
4
4
3
3
4
¢
4
¢
4
4
4
4
3
3
3
4
4
4
4
4
¢
4
3
3
l

1332 1532 1134 HONE;
1333 1333 1135 END;
1334 1334 1136 END; (3 CASED) .
1535 1535 1136 END; (3 WHILE 3) ,
1536 1536 1137 GNODE CVIDMODE);
1537 1537 1138 1 END.
. 0 conpilation error(s), B

1
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CONNENT |

SET OF ASSEMBLER SUBROUTINES CALLABLE FROM PASCAL PROGRAN CANPAS.
AUTHORS: BERNARD.BROCHU

bit7:

“, bités

bitss

" biths

bhitd:
bit2:
bitls
bito:

“The IBN Personal Computer NACRD Assesbler 08-09-85 '

PAGE

) PAGE

-send/+nosend

-r efresh/+soak
-onearray/ +2array
~Tbits/+Bbits
-videpis/+novidepix’
-altbit/tnoalthit

{
t

(don’t care)
(don't care)

ind The Micr@int Inc., cmrhuut, NY. *

. Part 03194 controls the picture fornat:

165

>

(- ntans active lov; + active high)

note: bit 7 here correspond to bit 7 ot tho IBM data bus but correspond to
bit 0 in the ACIA registers. Bit 0 here corrsepond to hit 7 of ACIA
registers. same rule for all other bits (6,3,4,3,2,1).

-
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The 184 Personal Computer M\\Assglhler 08-09-83 . PAGE ! 1-3

\

' A

$ m
Cm'f

\

picture should start.

, “ kiMT -

Rov sust be an even nusber betveen 0\ and 134, Coluan lust

-

PAGE y ‘

wxmmmmmmmw\xm:xmxmxxxxxxxxmxxxxxu

The byte position on_the'screen page at which the
This position is calculated as:
(ROWEB0) /2 + (COLUMN/B).

be' i&tvun 0 and 512 and divisible by B, \
- - =
KEY_VALUE -- g: the beginning of uch FRMEERAB this variable is set

to zero, If during the FRANEGRAB a key xg pressed, then the -

ASCIT value of the key is placed in the L

’ )

0000 : DATA  SEGNENT PUBLIC \
- 0000 M7 - NAPADR W 7 \; USED BY FRGRAB TO SAVE ADIR. OF DEST ARRAY
0002 0000 BITMP - MW 0 \ N {
0004 0000 WORKMAP W0 \\
0006 0000 BYTE_CNT ] 0 \
0008 0000 KEY _VALUE W0 \
000A 0000 SCREENSTART 04 0 \ .
000C 0080 SCR_ROUCT W 128
000E 0040 SCR_COLCT W 6 ‘
0030 - 0318 CONTROL i1 3184 * 3 ACIA xontrol
0012 0318 STATUS LW s i ACIA status -
- 0014 0319 DATAIN. 7] 3194 i received pixels fro{ canera
aﬁ‘xﬁm DATARUT 1] to control canera fora
18° 012¢ EXPOSE_TINE DM
C001A IF ; CONNAND 0B
0018 7777 ROMCIR - - DN
001y 777 coLe M
00IF 117 . SUNB o
0021 28 _ DIVISHR 08
0022 08 . DIVE . B -
0023 02 V2 0
0024 50 © O mLTRO 0B
028 1M CooLweT W
027 MM RMOST .
07 1N oSt W
v B ™OST' L
‘w0 MM Lagros . M
002F MM RMOSTOLD x
003t 7N - BNOSTOLD
0033 1M (1] )

003y " DATA- 'ENDS

of key_value, -
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“The 13N Personal Conputer MACRD Asseabler 08~09-85  PAGE T4 . .

PUBLIC CLRCOMY, CMLLDOS, CALLBIOS, GNODE, NIVESCR, ERGRAB, ENHANCE2
PUBLIC DETOOTS, ARNOUT, BLINK

© 0000 " CODE  SEGNENT BYTE PUBLIC 'PASCAL’
. ASSUNE CS3CODE, D53 0ATA
0000 . CACLOOS PROC NEAR .
0000 SF : POP DI ‘ P
. 0001 3% i POP SI , ,
A 0002 8804 MV ALISD : 4 -
00M 6B5C02 " MOV BY,L81+2) " o -
0007 BB 4C 04 KOV CX, (SI+4] N
000A 8B 54 06 - MOV DX, (S1+6) C :
0000 §7° . . - PUSH DI - . . ' : .
000E 56 PUSH ST » - , S
“000F S5 . . PUSH BP ‘
0010 06 PUSH ES ,
001§ 1€ . PUSH DS o
0012 021 AN UR ~ . .
0014 IF L POP DS ~ .
' . 0015 .07 POP ES
©0016 SO, POP BP
0017 %€ - POP §1 *
0018 -89 54 06 MOV {S1+61,D1 ‘ ‘ .
. 0018 89,4C 04 MOV (SI+43,CX . - : : .
001 89.5¢ 02 MOV S1+21,BX : ‘
.002 8904 MOV (S11,AR _ ‘ P, ‘

RET

: CALLDOS ENDP

-
<




W’mﬁ"‘mt LReR T e e wt
X + e V. ! .

F) .

., N ” ’

o
A

-

-

-

o PME
0024 CALLBIOS” PROC NEAR o
; -0 POP D1 3 RETURM ADIR,
- X POP §1 i ADIR, OF RECORD
0% ¥ PUSH DI ; INSTALL RETURN ADDR.
02 8 44 0E MOV AY,81+14)  ; INT NUWBER IN AL . 00..1F
0020 261 A2 0044 R MOV CS:INTNO, AL |
002 261°C6 05 0M3 R CO°  NOV CSISNINT,0CH ; GPCODE FUR INT n n()3
% ' . /
) 0035- BB O4 " MOV ML, IS1D :
001 B8 02 MOV B (8142)
. 003) BB 4C 04 MOV 'CX, (1443
0030 6B 54 oc\‘ MOV DX, (8146)
0040 5 3.t humHel
L 0041 55 B
Aoy | 002 1 - PUSHIS .
' : 043 7 W DB 7 s PCOOE FOR INT INSTRUCTION
0044 7 N DB ? ; HOLD INT MNBER < 3
0045 IF POP 9 a
0045 50 , POPEP
o0 ¥ - RSl :
TR 0ME 89 54 06 . MOV (51462,DX -
0048 B9 4C 04 MOV (81141,
004E 89 5C 02 MOV 15142, B .
L . MOV (813,AX
- 0033 €3 RET _
o LM © CALBIOS_ENDP ]
3 « T 3
v “y '
" r | ' ‘
. P
AT

The T Persomal Computer MR Assestler 08-0F35 PAGE  1-5.
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The IBM Personal Computer NACRD Assesbler 08-09-85 . PAGE 1-6
" : ' * P v ‘PAGE . ‘ . ‘ !
0054 P E PROC NEAR . T ) :
- 0054 SF /)}m POP DI . ' s e e
wss s 4 7 pesl - L eE e -
0056 € ’ , POPSI ' IR e
0057 §7° i ; T :
w08 5% - CoPUSHSL | )
0059 57 PUSH 01 - .
005A 55 " PUSH BP
0058 B4 OF "MV M, OFH
© 005D CD, 10 CINT I ,
+ 05 SO : POP B )
0060 SF , PUP DI :
0064 * SE POP 81
* ; ALHOLDS CURRENT VIDEW MODE Lo
0062 8B 00 MOV DI,AE  jSAVE CURRENT MODE (AL) - ‘
' 0064 ‘BB 04 . MOV AL,[SY] - jGET DESIRED WODE . .
0066 8B D8 MOV BI,AL  ;SAVE DESIRED NODE
0068 88 C2 . MOV AGDX AKX <~ CURRENT NODE -
006A D4 00 MOV AH,0 JMAKE SURE THAT ONLY AL HOLDS A wn.us
006C B89 04 ° MOV (S1),AX  ;RETURN CURR MODE VALUE
006 8B C3 . WOV AL,BX  jDESIRED MODE INTO AL .o
,, , - ’ - ’
070 .56 PUSH 51 . S
on s7 PUSH DI o
0072 53 PUSH BP e o
. 0073 B4 QO MV M0
0075 CD 10 | IN 1O . . ' S
077 50 L POP BP : , - Do
0078 S ) PR DI . ‘ o . .
0079 SE ., Poposi .
, e |
. " . ' 4
*0074 €3 - RET Co e o
0078 " GNODE  ENDP o e e e .
y , - ' /
)
) ’ - \
: . ,'g. | R
v . e ~
; A ] \ "



FORN SR
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: ' The 18N Personal Conputer MACRD Assembler 08-09-85 PASE . 1-7
. _ N . * . \ .
4 ‘ L \‘,
. . P * \ k'
. A PME )
" , 0078 . * CLRCOMY PROC NEAR - :
. 0078~ 35 © N s SR L,
. J oI 06 | > MmiEs g -
& Co : M- ve
) 0070 .B87BB00 . MOV AY,0B800H ; ES AT :

. ' © 70080 BE CO MV ES, A, GINING OF VIDEQ RAN S
. : 0082 B3 24 ¢+ . /'mv BL,36 ° « ; 72 RONS BUT-ME CLEAR EVEN AND ODD IN ONE LOBR-EJECUT:
. B 00ns BF 1400 MV DI,S5120  ; DISPLACENENT IN VIDEQ RAM OF LINE 16 (OUT OF 0. 24)

t o, ‘ m7 u oooo © . R mv AX,O ~, \ ! . 0 «
Y ae 00BA B9 0028° -, AGAIN: MOV CXj40  -AF 4 OF WORDS T0'CLEAR FOR ONE RON )
oot ., e Fe o /g Lo /.
" e . O0BE F3/ A - : STOSH ;UNTIL Cl=0 -
40050 BIEF 30 t.  suB DIR0 ; T0 START OF. EVEN RO :
: % - T 09 81 C7T200  ° ADD DI,2000H  ; TO START OF CORRESPONDING DD ROM
~ 0097 B9 0028 MOV CX,40 - . :
~ « - N0 R A8 . REP STOSW ;UNFIL CI=0 .
' -, 0090 BIEG2000°, *. SUB DI,2000H ; TO_START OF NEXT EVEN RON-
R 00N FECD * ~ T DNECB . ,
Sl 00A2 TS B6 * INL AGAIN R | -
.Q) =~ \, ’ o ‘- ' h * ' o 3
o » MM 07 POP ES : T
N 00A5 5D POP BP - S
\- . . ‘ N
‘ - v": > 4 : B ““ cg R RET '/\ ( . T <
" 00A7 ugcm ENDE L < .. . ',
;o o : ’ H\? ~o T L
\ " M . \‘..\‘ N " [ e -
- R -
5_) 'n ';' . - . ; . . \ :
' -~ . < w
: Y TJ R R ' . ﬂl’ :" i N . ‘ \ [
3 ‘ ' : P
) hdh) ¢ ’l . » ; | L] : J
< 3, - o - C . i , <
e R , ’ . T | !
» ;D . . ‘J ¢ , L
/ v

C I R N i ‘ .
’/. " , R 3 N \
J " . » P
‘o ! « " .h.
. Y .
i o [ . .
- 4 ’ N
A . <
a } .
v v g R . N » " .
¢ 3 ‘I/ , - -
) v-’ \ ': ., * \
oy e :
- - R . v ‘,\.
* » ™~ [ T
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N - '
) ' PAGE .
) i * -Move picture to graphics sgreen - - : LT
00A7 MOVESCR PROC  NEAR . ‘
00A7 SF PP DI } DI ¢~ RETURN ADDRESS T
00A8 SE pop 8t § SI (- ADDRESS OF M130X80
00A9 358 POP AX ; AX <~ ADDR OF MISC REC
00AA 57 : PUSH . DI ' 3 INSTALL RETURN ADDRESS
00AB 06 PUSH €S
00AC 8B FB HOV DI,AX
00AE 88 05 MoV AL, (DI) '
00B0 03 FO ADD  SLAX i S1 (- ADDR. OF ST BYTE IN MATRIX
. : ; I1.E. IST ROM TO BE DISPLAYED
0082 BB 43 02 - KOV AX,(DI*2) ‘ . -
00BS A3 000A R « - NOV SCREEN_START,AX . X = -.
' 00B8 8B 45 04 MOV AL DI 4] |
00BB A3 000C R MOV SCR_RONCT,AX S
. QOBE 4B 45 06 MOV AX, (0146 \
00C1 A3 000E R MOV SCR_COLCT,AX ~'
00C4 FC CLD ' ;nake sure direction flag is forvard
00C5 BB 3E 0OOAR . Hov DI, SCREEN_START ;point -destination register ,
00C9 B8-B800 . MOV AX,08800H 3 at desired offset on the
00CC 8E.CO KOV ES,AX ; graphics screen ‘
00CE 8B 16 00OCR -, MOV DX,SCRRONCT ;DX is set X5 the number of rove2
,0002 D1 EA . ) j because ve handle tvo rovs at”a tine
- 0004 8B 1E 000E R NV BX,SCR_COLCT  ;BX is set to the number of bytes/rov .
0008 8B CB_ nxtrow: MOV CX,BX + jCX is the nuaber of vords per rov -
000A D1 E9 ' SHR  CX,1 S )
00DC F3/ AS . REP  NOVSW imove the entire even rov
00DE 2B FB . T SUB D1, BX ;set up for odd rov vhich is 2000H avay -
00£0 81 C7 2000 “ADD . DI, 20004 T \ . LY
00E4 8B CB - v CX,BX ’ _ . °
00E6 D1 E9 SR CX,1 . .
00E8 F3/ AS 2t © REP . MOVSH jnove the eatire odd rov ' .
- 00EA Bf EF I1FBO SUB DI, IFBOH ;set up for next even rov . .
00EE 2BFD '\ <808 - . DI,BI , ‘ & e
QO0F0  4A DEC X jcontipue until ve've Memi bvery rov '
00F1 75 ES ('-'m’ NCTROY, . ¢ T o
‘00F3 07 \ A0 - EST J . .
. 00F4 C3- __ - < REL. ‘ C " ‘
00F5 - - ., CR ENDP ‘ v ' - T
¢ ) R X ) (‘ . [ v ‘ . - . -
e f. o .
;“ e , .
' '\ |
. ¥ ‘ v
. bl . Y.
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,.}; _ . .
T : . oNE
. ; o

00FS FRGRAB PROC NEAR
¢ 00FS 58 POP AX
00F6 5F POP 1
00F7 SE POP 1
00F8 50 PUSH AT
_00F9 06 PUSH ES
> 00FA 56 PUSH 51
\ o .
' 00FB" 89 3E 0000 R <J HOV-NAPADR, D1
~ O0FF 89 04 OV A, (S1)
. olor A3 0018 R MOV EXPOSE_TIHE, AX
0104 €7 06 0005 R 0000 MOV BYTE_CNT,0
i 010A C7 06 00LF R 0000 MOV SUMB,0
4 ¢
0110 . 88 44 04 ,, MOV AX, [SI+4]
0113 A3 0010 R ’ MOV CONTROL,AY
0116 A30012R MOV STATUS, AX
R 1) INe A
; 011A A3 0014 R MOV DATALN,AX
g 0110 A3 00i6 R HOV. DATAUT, AX
T . 0120 EBO2BR - CALL Akucuz
S . T 023 BA26 00IAR MOV AH,CONNAND
: 0127 €7 06 (008 R 0000 MOV KEY_VALUE,
o120 80 CC £0 - OR  AH,000H
- 0130 "EB 0213 R CALL  SENDCND
1 0133 £8 0224 R CALL  SOAK
~. 013 EBO1AI R CALL  KEYCHK
L Y o wF My B
" ., - / 0130 8A 26 DOIA R _ MOV " AH,CONNAND
L ¥ FA - oLl
0140 EB : © . CALL  SENDCND
e \ L0143 89 16 0012 R MV DX, STATUS
L A\, KR MV AL
! ' \ 0149 € C0 MV ES,M
v v - OM) FC .CLD
o T\ 04 b9 0G0 oyl MOV CI,15
S T S FECHKs - IN AL, DX
— oy, WEO - S
H 0152\ 73 10. I DN
S - i m- m
(o 0}% mo oAt

.. 1 DATAIN and get the character and then

172
PAGE

gets ilage from Micro Dcaa

¢ A (= RETURN ADMRESS  + e
i
; ADDR OF NISC RECORD |
; INSTALL RETURN ADDRESS

\

-

-

+/ADDR FOR EXPOSE TINE
pl

7 INIT ACIA

_jtpll Micro Dean to soak uio sehd
izéro keyvalue

for specified expose time

jcheck for key before disabling interrupts
jsave start address of buffer for compare
itell Nicro Dcan to send picture (w/o soak)
jdisable interrupts during grab

b4 .
jequate extra seguent and data segment

|l

" sset dirsction reg to forvard movement
jset up timeout register for char receipt

. 3if character not availabie after 15

i checks then ve assume the Micro Dcan is
; done sending
jvhen. character has cone ve point DX-to

A
01 < A00R. OF NI28180 PASSED BY CALLING PG
A

1
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The [BM Personal Cosputer MACRO Assesbler 08-09-85  PAGE -0 i
0156 B4 00 . My om0
0139 01 06 0OIF R ADD  SUMB,AI
015C_ 44 EC- DX ;. repoint DX at the status register
0150 M ST0SB . ;put the byte in the buffer
015E FF 06 0006 R IN  BYTECNT o
0162 EBE8 P NFBYT $go back and try and get another byte
0164 E2 E9 dnchk: LDOP  RECHK sthis is the tiasout decrementer
0166 88 C7 MV AX,DI }if ve have timed out then ve check and
0168 28 C3 SuB AX,BX i see i1 ve got as sany bytes as wve had ;
016A 3D OFFF cHp AX,4095 ¢ hoped to get
016D 7F 03 J6 NTD ;i not enough bytes received then ve
016F EB 0234 R - CALL  BEEP ; beep to shov our disgust
0172 B ator ST sreenable interrupts : ot .
0173 8A 26 001A R MOV AH,COMMAND jtell Nicro Dcan to refresh vw/b send - 7 K
0177 80 CC 80 OR  AH,BO0H
0174 EB 0213 R CALL,  SENDCMD.
0170 EB OiBE R CALL  KEYCLR sclear keyboard buffer -
0180 80 3€ 00IA R 3F CHP COMMAND, 3FH:
0185 75 0E . ~JNE NTA
© Q181 8B 3E 0000 R WOV DI, NAPADR T .
< v 0188 8B F7 : oV SI,01 ‘ '
0180 83 €6 20 ADD SI,32
0190 ' B9 0800 - NOV €X,2048
0193 F3/ AS > REP NOVSW
0195 §F. NTA:  POP DI , .
01% A1 0008 8. MOV AL KEY WMLUE . S
0199 89 05 MOV (DI1,AX
019 A1 0006 R NOV AX,BYTE_CNT =
019 &9 45 02 MOV CDI+21,AK
01A1 Al OOIF R . MOV AX,SUMB ¥ ‘
01A4 B9 45 06 NOV (DI+61,AX Q? R o }
y qe
01A7 07 PQP €S b
" 61a8 3 RET . ,
" s . R\ ) .
019 %0 o keychks PUSH AX ¢ .
01AA B4 01 nv M, 1 jif key is available from keyboard buffer then .
01AC CD 16 ,‘ INT 6H ; get the key and scancode, put in key_ valuc,
O0IAE 740C - i NOKEY ~ ; and set IF=0 .
0180 B¢ 00 . WV M0 jothervise
012" CD 16. Nt 16H ; just set Ifs
© 0184 'A3.0008 R M0 KEYVALUEAS -
0187 A1 0008 R MOV, . AX,KEY_VALUE
0tBA" 2B €0 . R, MM , S
BC. 58. nokeys "POP AX ' - v
. . ' : X .
. \ . ' ”
. -‘ ' ¢ .
A T ¢ :
\ _/ a - L
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0i%E EB 01A9 R keyclrs CALL  KEYCHK
oct TSFB WM KEoR
e 63 I
onee FRGRAD ENOP
4
. i
@ .

S

iclears the systes keyboard buffer because ve
can’t trust the IBM to get the keyboard
decoded properly vhen interrupts vere off so -

i
i
i

long.

W

-

A

A74

i

.,
.
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1 ’/‘:7—,
" Pm —
01c4 ARMOUT  PROC NEWR A
04 S : N Y ) DI (- RETURN ADLRESS N
oS SE POP SI § SI (- AMR, OF RECORD
©0MeE 57 . s 3 INSTALL RETURN ADDR.
| oer % . PUSH 81 | SAVE .
"« 01C8 68D 44 02 MOV AX,(812) - AL ¢~ BYTE TO OUTPUT, M - 0
018 BA 0378 ° - MOV DX, 03784 + /1 PORT TQ CONTROL ROBOT ARM
OICE EE - Wt ’ |
OCF €7 06 0008 R 0000, MOV KEY_VALUE, 0 ¢
- OIS BBACO4 " WOV CX,(SIe41 . j NUNBER OF NILLISECONDS - )
- 008 EBOLEBR  CALL DELAY A
e - 0B EBOIA9R CALL KEYCHK
O1DE €8 O1BE R _ CALL KEVCLR N
. OEL 5F . pp oI ¢ DI <= ADDR, OF°RECORDS N
OlE2 Al 0008 R MOV AX,KEY_VALUE - .
0I5 B9 05 MOV £D13,AX :
A 1 A REY - -
~ . 01€8 ARNOUT  ENDP ' ’
‘ | : TS LSS s eSS ES SIS SR LIIEASEILSIAEISSISISIISS8IIAISE .
0E8 DELAY  PROGNER - | »
0Es 5t PUSH CX ‘
019 E3 09 ‘ JCXT QUTDELAY - R
OB S - DEL1: ** PUSH CX P
. OIEC B9 0106 MV 01,262
. OIEF. E2 FE “ DEL2:  LDOP DEL2
. L POP CT
oo R B2 © LOOP DELL |
" 0IF4 59 © OUTOELAYI PP CX oo
0Fs (3 .. RET
L | . ;
. \ : y
. ‘-! . \ . * ,
. 14 ' q ,
\ \' "; .‘
] . ) ¢
L4 . - ] .
Yoo
. 4 ' v o» ‘
‘ ‘ t ¥ .
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PAGE
"¢ CLERR THE DESTINATION ARRAY FOR ENHANCE2
01F6 N CLEARN PROC NEAR ) '
OIF6 %7 - - PUSH DI
01F7 .FC . cLp ‘ ‘ '
01F8 B9 28A0 N0V CX,10400 ; (128+2)X80= # OF BYTES T0 CLEAR .(128X540 PIN)
: . .3 2 EXTRA RONS. BECAUSE ENHANCE 2 WRITES THERE.
01FB D1 E9 . SHR X4 ; /2 T0 OBTAIN § OF WORDS
A 01FD 6C D8 MOV  AX,DS ' ~ SN
. X OIFF 8 €0 WOV €3, A1 ‘ < .
. 0201 B3 0000 o NV AX,0 . ) <
0204 F3/ AB REP STOSH . : .
. 0206 5 POP DI
7 0207 €3 RET
o ‘ 0208 . - CLEARW ENDP
’ , . . ’ »
- o, 0208 ACIACLR PROC  MEAR , ‘
(L\ « o 0208 85 16 0010 R MOV.  DX,CONTROL ) - :
o 020C 80 €O TOMV AL OCOH " - ysend master reset to canera &
“0206 EE ‘ wr . oM o ,
T 020F B0 28 MY OAN,28H ;send camera protocol of
. 0211 g . ot DX, AL 3 1 start, B data, 1 stop bits
N : 0212 T RET y '
. N 028 ACIACLR ENDP ‘ ‘
. ) : . .
. - 0213 . SENDCMD PROC  NEAR
) 0213 8B 16 0012R . ~  MOV. DX,STATUS ‘ ~ )
20217 EC 1L I (¥ ) S jget status of canera
« 0218 A8 40 Loy TEST A0 jsee if comand can be sent.
. 021A 74 F7 : A1 SENDCND . jloop until ready
. K 021C 8 cCs . . MY MM - jset up comand -
A " .7 OUE 8B 16 0016 R MOV DX, DATADUT . A
‘ - 0222 EE ‘ Yot M,AL jsend canera command
0223 Q3 L3 e
. .02 SENDCND .ENDP
ta e i . " ‘ ' ‘
T 024 S PROC - MM e
' "y 0224 BROEOQOIBR » MOV CI,EXPOSE_TIME jsoaktime = nusber nsec delay
i : 02286 €3 09 ‘ CJOXT  MOSOAX s T
JEE ) 0228 3t° ' < Sls PUSH o, - .
Lo - 0228 19 0106 MV (X,262 - . ;set up loop for | asec e
- 022¢ yt - - S Loop Ss2 ‘ '
- % : o o L ' , . o
: B <) B ¥ X o B . Loop sty . - o
© 0}’ Q- NOSOAK: RET W o -
0234 SOAX  ENDR ' N "\
. } o ~
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0234 BEEP. PROC  NEAR~
0234 B4 02 - - NV M2 } DOS call to sound bell
0236 82 07 L T ) !
0238 €0 21 INT  21H
0 @ RET
0238 BEEP .  ENDP
’ { ] < * -
]
Toe i f - . .
. ‘
4
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‘ i o ENHAKCE ROUTINE for 640 x 128 picture
_ ; INPUT: ADDR-OF A 1281256 PIXELS FRAME (SOURCE); ADDR. OF A 12BX640 PIXELS
i ' i i FRANE (DEST).
- . - 023 ENHANCEZ PROC  NEAR
: SR R 7 © PP AX ; RETURN ABDRESS
- 02t & PP D] s ADDR OF DESTINATION ARRAY
0230 SE o PPSI - 3 ADDR OF SOURCE ARRAY
e N0 PUSH AX 7 INSTALL RETURN ADDR '
0¥ 5 PUSH 8P § ONLY BP,ES HAS TO BE SAVED FOR PASCAL PGN
040 57 PUSH DI . ; SAVE FOR LATER USE HERE IN ENHANCE2
046 83C606 ADD SI,6 1 T0 CENTER THINGS: COL 0..47 AND.208..255

't OF SOURCE ARE NOT PROCESSED. WE KEEP ONLY.
} THE CENTER 160 COL WHICH AFTER ENHANCEZ2

.y VILL RESULT IN 640 COL IN THE DEST PIC,
) TV R W _ :
- 045 EB OIFER - CALL  CLEAW  CLEAR DESTINATION AREA
. 0248 BB 0080 MV BLIA ; § 0F RONS - ~
0B DI EB BR BN 3 § OF RONS/2 BECAUSE PROCESS 2 RONS AT A TIME
- | 0240 B2 0A . MY L0 ; SOURCE WAS 16 WORDS/RON PROCESS ONLY 10
H

TD GET A-RESULT OF 640 PIXELS WIDE
) , . ;EVEN ROW PROCESSING .
024 8AF2 nrov2: MOV DH,DL

LI 0251 AD nbe2:  LODSH 3 AX <- SOURCE WORD
0232 86 C4 - ICHE AL, AH i LEFTMOST PIXELS ~> AH;. RIGHTMOST -) AL
0234 B9 0008 Nov c1,8 '+ PROCESS EACH SOURCE WORD 2 BITS AT A TINE
: - - ;=) 8 PROCESSINGS/VORD 2> 8 BYTES CREATED
‘ : : ;  FOR EACH WORD OF THE SOURCE.
‘ 0257 D1 EO mE2 S ALl
. : 0259 73 04 K NOCA ]
0258 80 40 30 03 14 BYTE PTR 80(DI1,3
l 925F DI EO noca: " SHL  AX,!
0261 7303 _ B} , _
", 0263 800D OC R BYTE PTR (DI1,0CH , )
0266 47 ncb:  INC DI et __—
- 0267 E2 EE . T MM .
. o 0269 FE CE [ 0
LT ' - 0% TS E4 mooNe2
o . ~ 1000 RON PROCESSING
S Y SNV DD " ' :
. . 026F 83 C6 OC o . A0 " SI2 . ;skip‘#start of next rov ¢
s 021 A nb02:  LODSN e ~
’ 02713 86 C4 ICHE AL, M
0rs 9 0008 . A - 5 R
0276 DL EO | Comd3: S AN ’
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0274 73 03 ING NDCC
027C 80 00 CO “OR BYTE PIR [Dl],OCOH
027F D1 EO nocc:  SHL ALt
0281 73 04 " NG NICD
0283 80 4D 51 30 OR .,  BYTE PTR 81[DI1,30H ‘
0287 47 nocd: INC ol R
0288 E2 EE LooP  NXT3
028A FE CE DEC ]
028C 78 E4° "INL NB02
028€ 83 C6 OC ADD 51,12
0291 4B DEC B /
0292 T3 BB ° L1 NRM '
. ; NOW FILL THE HOLES IN THE DESTINATION ARﬁAY )
0294 SE POP ) S ; GET THE ADDR OF bESH&RRM (128X640)
0295 36 PUSH SI ’
0296 BB 0080 _ MOV BX,128 7as discussed in tg; tobology section, and
0293 DI EB . SHR BX,1 ; elsevhere, the 256 x 128 array needs to
0298 89 {E ¢ MOV RONCTR,BX  * ; be descranbled and. filled in.  This takes
029F BA 005~ nov 01,80 i care of the {illin vhen -expanding the
0242 D1 EA ) ) B . ; 256 x 128, to 1024 x 12B (clipped tp
02M 89 16 001D R MOV COLCIR,DX } 640 x'128 because of screen limitations, .
02A8 8B 04 nebyt: HOV AL, (511 jto do the fillin ve look at the by}l one
02a 8B DB - SO BX,AX 3 rov back and one rov forvard.” -Vhere there
02AC 8B 8C 00A0 Hov CX, 160LS1] "3 are "holes' they occur in groups of tvo.

. 0280 0B €t R - ALCY 1the rightmost hole of the tvo is the resull of
0282 25 1414 AND A, 14144 ; - OR"ing the bits one rov back and one rov
0285 23 D9 . MND Bx,CX . ahead

81 E3 2628 AND . BX, 28284 ,tfn leftnost hole of the tvo is the result of

- 0288 "0B C3 ] AX,BX .} MD'ing the bits one rov back and one rov
028D 09 44 50 - OR BOLSII, AX .7 dhead
02C0 83 Ce 02 ADD §1,2
0203 4 DEC . D~
024 75 E2 M ONBT 7
02C6 8B '16 001D R MOV D, COLCTR
02CA 6B 04 nobyt: MOV . AX,(SI) jvhen ve vork vlth the odd rovs ve do mctly./

.. 02¢C 8B D8 , Hov BI,AX . { as ve did on the even rovs, the only - .
02CE 8B6C 00A0 MOV CX,160(51) - 3 difference is vhere the holes fall.

o202 B CI A~ 0r AY,CX _ thy using a slightly different sask ve can
02D4 25 4141 AID . AX,4141H ; accomplish the task ..
07 809 AND ) s : . o
0209 81 E3 8282 AND B, 82824

020 0B C3 ' 0RO ALBX _ o -

02DF 09 44 50 &R . s, .- «

0262 83 C6 02 ADD 81,2 : ‘

02E5 4A " 60‘;’0 I | B

0266 75 E2 | NI NOBYT- : : .

02€8 8B 16 001D R . WV DX,COLCTR o - : -~

OZEC _FF. O oow R DEC  ROMCTR - ¢ ‘ '

.-

'8,
Ol
Ty
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020 75 86 N NERYT
- "‘J - £
0F2 % ! POP §1 |
03 06 . . . PUSHES
02F4 6C D8 . MOV AX,D8
026 BE CO ) MOV ES, AR |
‘ |
o ) : _ 3 WHITEM 1ST 2 RONS OF DESTINATION |
S~ o8 B8 FFFF ROV AT, OFFFFY |
. 02FD B9 0030 . MOV CHB0 ;40 VORDS / ROV, WE BLAMK 2 RONS
02FE B FE : nOv DI,SI :
|, 0300 FC cLD
0301 F3/ AB, . REP STOSW . .
C . S _§ WHITEN 1ST 4 COLUMNS . : o
. 0303 B9 0080 - "MV CX,128 . v .
: 0306 8B FE Lo MVDLST R :
. 0308 81 0D 000 NITCLRL: OR WORDPTR COLJ, 00FOH L »
030C 83C7S0 - ADD DI,80 N o
030F E2 F7 - LOOP NXTCLR! s
o ‘ C pWMITENLAST RN - AN . ;T
0 T 03 BEF %0 §UB 1,80 , ,
- : 0314 B9 0028 AU NV CRy40 ‘ . :
T . 0317 fC o ) _
R T 038 F3/ AD REP STOSW ‘ : S :
. ', j WHITEN LAST COLUN . - )
03I & \ DEC 01 . . -
0318 #F DEC DI .
031C §9 0080 M Cr,t
031F 81 0D 0100 NXTCLR2: OR uoao PTR [DI,0100H -
0323 83 EF 50 S4B DI,80 S
036 E2F7 L L00P NTCLR2
e ‘ e ' - . ‘ -
_; - 0328 07 .. PMPES . ' : '
0329 30 POP BP -
I R /I - RET . L '
oo 030 . ENHANCE2 ENDP T | .
.A:?‘. , - .
g v . ) \’ .
‘%‘ o, : \ )
1, - -
va:f; v‘ ‘ ) ‘ Y
g_;.;:’ ’ .
R

.
A
et Uridntin, 4



\ ST 0330

I 031"

0333

0335

- 0338

) T 03
" 033D

033¢

0340.
0343 .

0345
0349
0340

034

- 03t
- 0354
0355

03y

" 0358

© 0399
c .0t
0360
0363
0365
0366
0369
0368
036E
0871

© 0374

0376

573
B 18
g 0

B3 0000
B9 0050
% FE
Fe

B9 0080

B fE

81 25 FFOF
83 (7 50
E2F7

83 EF 50
by 0028
FC

F3/ AB
L3

iF

B9 0080

B1 25 FEFFY

83 EF 30

E2 F7

¥

EB 0378 R
80

89 4D 02
83C7 04
83 FB FF .
5F0

07

.4 .
7/

I

1-18

PAGE

3 RETURN ADDR.
i ADOR, OF ARRAY T BE SEARCH FOR A DOT

INSTALL RETURN ADRR.

{
{

. PUSH DL ; SAVE \
OV AY,DS R
. ROV €S, AX
. ¢ BLANK 1ST 2 RONS
HOV AX,0
MOV CX,80
Hov. 01,51
T
REP STOSW
3 BLANK 15T 4 COLUMNS
MV C1,128
WV DI,S1
NXTAND1: AND MORD PTR (DI1,O0FFOFH
ADD DI,BO - :
LOOP NXTANDI
§ BLANK LAST RON
SUs 01,80
nY x40

; 40 WORDS / ROV Y,

‘ m - . . N . 'l Y

REP STOSH
 BLANK LAST COLUNN

MV CX,128

NETANDZ: D WORD PTR [DL1,OFEFFH o

-8B DI,80
LOOP NXTAND2
“ poP Ol '
NXTDDT: CALL DETDOT
WOV (013,81
MV CB1+21,C1
_ABD DL, ¢
. CNP BX,~l-
Nl NITOOT
© POPES . Y
s RET :
DETDOTS ENDP

€}

; ADDR. OF RECORD FOR RETURN COORDINATES -
i

181
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AR T

A
N
o
3 ‘.'H
b
r.:; -
&

.
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0378
0378
031
037A
037

037c

037
0arF
0381

© 0364

03987
0389
0sec

038F
0393

0394
03%
039
0342
03M
03A6
03A9
03A8
030
0300

0382

098
"o

03

ose1

. 0303

07

L
3
06
3%
37

@B FE -
& OF

B9 1400

83 30 00
BOF

83 ¢7 02

49

mFS
BB FFFF

b FFFF

E9 0499 R
8 ¢7

203

D1 €8

F6 350021 B
& 00

B 00

39 0000
8a 3

8A 50 ot

Dl E3
70

41

EB F9
A C4
M0
b1 EO-
0 EO—

‘ME0

Y Y
o | NV D1, 81
¥ 0000 \/ . MY C1,0,

¢

PAGE

j DETBOT 18 GIVEM THE ABDR OF A PICTURE 640 COL X 128 ROMS, IT RETURNS THE
j COORDINATES OF THE FIRST NON-ZERQ PIXEL. COL: 0..639; RO: 0..127.

} SEARCH START AT.TOPMOST,LEFTMOST PIXEL (ROM 0, COL 0) AND GOES ROW NAJOR.
j IT RETURNS -1 FOR BOTH COORDINATES IF NOT FOUND.

DETDOT PROC NEAR
PUSH AX
PUSH DX
PUSH ES
PUSH SI
PuSH DI

MoV DI, 81
MOV BX,DE .
Nov CX, 403128

NXTCHP: CHP m PIR (01],0

JNE FOUNDD

ADD DI,2

" DEC CX

JNZ NXTCNP

m Bx'-t

MoV CX,-1

JW FINDOT
FOUNDD: MOV AL, DI

SUB AX,BX

. SRALI

DIV DIVISOR
N0V DT, AY
MOV DH, 0
MV 1,0

- MOV BH, (D1

MV B, (DI+1)
SHLNKT: SHL BX, 1.
J¢ T

‘INC CX
. Jup SHUNXT

BITOK: . MOV AL, A

MV AH,0

SHL AL Y

SHL ALY

SHL u,x

SHL AT, L

ADD AR,CX :

MOV (BX, DX,

-

Vs

1 RETURN -1 IF NOT FOUND

AX ¢- ADDR OF MON IERO WORD
FOUND = START = DISPLACEMENT

A <= WIRD ¥ (0.:128840:1) . o

ROV § 0..127
WILL HOLD BIT POSITION MS=#1 LSs#135
¢ LEFTMOST. 8 BITS OF PICTURE IN BH

i

i

i

j AL - ROV & 0..127; AH'<- WORD # 0, J&
P« :
i

i

"3 RIGHTNOST 8 BITS OF PICTURE I[N BL

; EXAMINE BIT

.1 OK NON TERO BIT FOUND N

;AL ¢ ' -
} MULTIPLY BY 16 70 OBTAIN & OF BITS

Ty BEFORE NOI-IERG WRD
AR - COLUMN (0..639) S

"1BE-C- RN #j AX HOLDS COL 0

§D1 <~ START OF FRAME '

e
2

.
, .
. -v . . . . ©
L . T T e e ' : d '
B . ?I
. . S ' . . ' . ‘.
B , . N e .
) T N : 0 .
3 - . . . . R R
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©03CA

03CB
03CE

0300

0302
0304
0306

030A
- 030¢

Qe

03E2
03t4
03€6

)

03eE

- 03F2

03F6
03FA

03FE .

0402
0406
040A

040€
0410
0411
0414

- 0416

0417

0418
041D
041E

042

0423

L7

a .
€8 049FR

‘15 FA-

8 0l
8800
28 !
89 16 0025 R

88 00
03 01
89 16 0027 R

88 03

~03 ML

89 16 0029 R
89 1E 0028 R

88 16 0025 R
89 16 0020 R
88 16 0027 R
89 16 002F R
88 16 0028 R
89 16 0033 R
88 16 0029 R
89 16 0031 R

88 00

“

£ 04CC R
75 FA.

0

89 16 0025 R
% 00

Q -

'EB 04CC R

T%FA
"
89,16 0027 R

8

NXTPATH: . INC CX

CALL TSTPATH
JNI NXTPATH

PAGE

1-20

?

fHERE CX HOLDS PATH nL E. 15T PATH: WICH I8 9 AROUND PIREL

;NUU DETERHINE THE DOT NWMR!ES: IMSI,DMSI LMOST, RAOST,
; HERE AX=COL#; BX=RON® OF 15T NON IER0 PIXEL ENCDITERED

HOV 0,0

’ nnv DX, AX

SUB DI,C1
MOV LNOST, DX

MOV DX,AX

. ADD DX,CX

MOV RMOST,DX.

MOV DX, BX°

.~ ADD 01,03

NOSTNF

<&

LOOLNZ:-
_CML T8TCoL2

MOV BMOST,DX

MOV TNOST,BX

; SAVE PATH 4,
¥

s INIT LNOST

JINIT RMOST

[y

JINIT BNOST

s INIT TIOST

~
$NOW COPUTE NEW LNOST, ... TNGST,

N0V DX,LMOST
NOV LMSNI.D,DX
MOV DX,RMOST
MOV RNOSTOQLD, DX
MOV DI,TNOST
NOV TMOSTOLD, DX
MOV DI,BMOST
MOV BMOSTOLD, DX

MV DLAX
DEC X

INZ LCOLNZ
e o,

WOV LNOST, DX,

MV ON,AY
- RCOLNZ: ’

mn-

‘CALL TSTCOL2

JINT RCOLNZ

DEC DX

?

o

1)

) v

IF + OLD THEN FINISHED

fon

-

183
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o428 BBO3 .-
27 42

0428 EB 04E8 R
42 TS FA

0430 44 ‘
0431 89 160029 R

ms?s 16 0027 R.

0439 39 16 002F R "

043 75 AF
043F 8B 16 fzzs R
0443 39 16 6020 R

07 TSAS N

By

v

0449 8B 16 0028 R -

044D 39 16 0033 R
o451 75 98
0453 BB 16 0029 R
0457 39 16 0031 R
M43 75 9f

-

4

0450 A1 0027 R
(60 2B 06 0025 R
D464 F6 36 0023 R -
0468 8B O 0025 R

046C B4 00
0466 03 CB

0470 A1 0029 R

- 0473 28C3 /
p4TS F6 36 023 R

0479 B4 00
0478 03 08

M 53
047 88 1E-002B R
0482 _4B
0483 43
s 0484 AL
0487 48
088 40
0489 EB

0430 73 F6

NI HOSTAF

7

<

I
MOV DX, BX - \ )

~ BLINNZ: DN DX \ N\ 7 )

CALL TSTLINE2

- " JINL BLINNI .
P DEC DY - A v .

mv BHOSI. px °

iNﬂH LOMPARE OLD AND NEW BNDST THDST ves
MGV DX, RMOST

owP Rnosmw.nx g

INL MOSTNF-  ; MOSTS NOT FOUND -
MOV DX, LNost C
NP Lu0STbLD, 01 , \

INL WOSTNF. 5 MOSTS NOT FOUND :
MOV DX, THOST g

CHP THOSTOLD,DX | N

INIMOSTRF  ;NOSTS NOT FOUND

MOV DX, BNOST
CP BNOSTOLD, DX . .
;- MOSTS NOT FOUND

jNOV DETERNINE CENTER OF DOT FROM THOST, BHUST WOST,RHUST.

N0V AX,RMOST
SUB AX,LMOST.
Dty DWZ . ¢

. MOV CX,LNOST -

MV AN, 0 .

ADD CX,AX  ; CX IS COL & OF CENTER OF 00T
. ,

WV AL BNST -

SUB AX, BX L .

-

DIV DIV2 -

KOV AH,0
ADD BX,AX ; BX IS ROM % OF CENTER OF DOT

/

~

{NW CLEAR DOT DELINITED BY TNOST,BNOST,LNOST,RNOST.
PUSH BX
MOV BX, THOST

¢

" BEC BX
NXTRCLR: INC BX

NGV AX,LMOST. -

'DEC MY '
NITBCLR: INC AX R .
CALL CLRBIT R -

CHP AL, RMOST

- "IN N!TELR

; BX AND CX WUST BE PRESERVED (RETURN VALUES).

—d -
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} L A . LS
‘ . *
/ 1€ 0029 R .CHP BX, BHOST S, . :
(0% TSE T\ NI NIROR o T
049 5B . / PO B1 ' -
~ | ) -, 1 BI=RETURN RON (0,121 B -1 IF NoT. FouND
2 . } CXsRETURN GOL”¥(0..639).0R ~t IF NOT FOUND
M9 5 © FINBOT: POP DI .. ~
049 SE . : POP SI .
049 07 : N MPES *
043¢ 3A . ,POP DX 5 , i
0490 ' 58 PGP AX e
049 C3 : RET - :
049F DETOOT  ENDP
o ! < L [N
i
. | .
, R g .
< / , 3 g L
2 - )
Y . {
- o ) . / . [y
3
v ] , :
- '. j ‘(\
Y N ‘ -3 u
¢ ( A
. | - _ . .
- ¢ ' N »
- ‘ '-‘ -
] . ’ N
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49F
043F 5t
04N FBT
> 04A1 EB O4BL R
. 04M TS5 09
04A6 F9

¢ O4AT EB O4BL R®

04AA 75 03 .
$IAC €8 0503 R -
04AF 59
. . B0 €3
. 4Bl

opt ..
o4 S0 -. .
MB2 53 »
048351
B4 73 06 ,
. 0486 03 C1 .
- O
: 0489 EB 04.90
04BC 28 CI N
_ O4BE 41
MBF EB OSIAR
040275 04
MC4 43
“es 49
Me6 75 F7
048 59
0409 . 5B
04CA 5B
, o4c8 €3
% o4cc

o4ce
.oooee s 4
oL 04D 53

PR
. 00 BBC2
/0402 6B 1€ 0028 R
D6 48 .
o 07 43
- 0408 EB 051 R
: 0408 75 06

. GOTSTB: CALL TSTBIT

Bt
et s Y
. .
t

% .
-l
PAGE ,
L A

4

STPATH PRGC NEAR
» PUSH C1,
T
CALL TSTCOL |
JNT PATHNZ
- ST .
CALL TSTCOL
INL PATHNL
CALL TSTLINE
PATHNZ: POP CY k

RET ,
TSTPATH ENDP \\- e
TSTCOL PROC nm o l
"PUSH MY ® S
PUSH B o
PUSH CX L
INC LFTCOL
ATD AY,CI

: INC CX .
JnP 60TSTB

LFTCOL:, SUB AX,CI SRR

INC X ’

INT BUTCOL
meer - .
~ DECCE ‘
- INL 60TSTB
QuTCoL: POP C1
‘ POP BX
. POP AX
RET

" ISTCOL ENDP

TSTCOL2 PROC NEAR'
PUSH AX A
PUSH BX
PUSH CX
. PUSH-0X

MOV AX,DX * jCOL YO 3E TESTED
MOV B, THOST ;START RON FOR TEST
" DEC B
NET2C0C: INC BX
" CALL TSTBIT
_ N cowne T

=23

a

&

r

-

,,jﬂlls WILL DETERMINE IF COL DY BETWEEN ROMS THOST AND-BHOST 18 ZERO. -
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*CHP B, BNOST
INT NXT200L
COLNZ: POP DX .
POR.CX
POP. BX
POP AX
RET
'TSTCOL2 ENDP
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' S ;nus WILL DETERNINE IF R0W DX BETWEEN COLS LNOST AYD RNOST 1S 1ERO.
048 TSTLINE2 PROC NEAR - . O )
04E8 50 ‘ PUSH AX — :
04E3 53 - ‘ PUSH B
O4EA SL. - " PUSK CX
O4EB 52 PUSH DX
" O4EC M 0025 R : MOV AX,LNOST ;START COL FOR TYEST
O4EF 8B DA ' WOV BX,0X RO T0 BE TESTED
04FL 48 - DEC Mt
04F2 40 uxmnux INC M,
04F3 " €8 OS1A R " CALL TSTRIT
04FE, 75 06 . INT RONNZ .
04F8 3B 06 0027 R - CHP AX,RMOST ;
04FC TSF4 INL NATZROY
O4FE SA « RONNZ:  POP DX
WHF 9 POP CX
0500 58 POP BI .
0501 58 POP AX ‘
0502 €3 . R &
0503 - | . TSTLINE2 ENDP  + - ‘ :
oL X S S
¥ - . \ .t
0503 - TSTLINE PROC NEAR .
0503 50 PUSH AX x
0504 53 . PUSH BX
0505° 51 PUSH.CX
0506 "28.C1 SUB AY,CX
0508 03 19 - ADD BX,CX
050 0i-E1 AN N 1 R
050C 41 _ IO
0500 E8, 051A-R TSTLBIT: CALL TSTBIT
0510 75 04 TRT OUTLINE
. 0512 40 INC AX ,
0513 4 DECCX .
0514 75 F7 NZ TSTLBIT
0516 59 . OUTLINE: POP CX .
057 B - : . POP BX '
0518 58 * POP AX._ t
0519 €3 M n: P
o5tA TSTLINE _ ENDP .
“a . ,

Tr it
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051A TSTRIT PROC NEAR
“O0S1A %0 . PUSH AX
0518 83 - pUsH BL. ¢
0sic 5t. PUSH CX .
051D 30 027F . . CWP AY,639
0320 77 % JA 1750187
052 BIFRTF W 81,127 )
. 0525 MY * JA IT80TST
0527 %0 - : PUSH AX
0528 BA (3 ‘ MOV AL,BL
0520 FE 26 0024 R ML NULTRO .
032€ 88 08 ) MOV B, AX '
0530 58 POP AY o
033 50 s -
0532 F6 36 0022 R 2 oIV DIVE
0536 B4 00 . HOV AH,0
0538 - 03 08 ADD BX,AX ‘
033 58 . POP AT !
0538 F6 36 0022 R " pIv DIVE
053F B1 BO MOV CL,80H e
0541 80 FC 00 CHKODONE:. CNP AH,0 ,
0544 74 06 : .. JLeotst .
0546 DOEY | . SR cL,d s
0548 FE CC ' DEC A4.
.054A EBFS I CHKODONE
054C 84 09 . . 6OTST:  TEST (BXICHI,CL
054 7502 ° INLPOPNL -
0550 “28 C0 £ IT50TST: SUB AX,AX
0352 % - POPMLL: PP CX-
0553 %9 POP BX ]
0554 98 b )
0585 @@ , FET
0536 AJSTBIT  ENDP

1-26
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03% ©

0536
0557
0558
. 0859
0335¢

- 0S5
0561

-3
-

B=2RS
]
-

2 JYBIJL29L

0563
0564 8A (3
0566 FG 26 0024 R
056A 8B D8
056C %8

056D 50
0S6E F6 36 0022 R
0572 B4 00

0574 {3 08
0576 58

0577 F6 36 0022 R
0578 B1 B0
0570 80 FC 00
0380 74-06
0582 DO E9
0584 FE CC
0586 B FS
0588 F6 DI
0384 20 09
0S6C 59 -
0580 8B ¢
0S6E 58

0Ser M"
0590 '

CLRBIT  ENDP

&

CLRBIT PROC
PUSH A
PUSH B
PUSH €

CHP AX, 639

JA BUTCLR

N b1, 127

"IN OUTCLR

PUSH A1
MOV AL,BL
UL MULTEO
MOV BX,AX
POP AX

PUSH AX
DIV DIV8
Oy AH,0 ,
.. ADD B,AX
" POP M

DIV DIVE
MOV CL,80H
HSKCLR: CNP AH,0
J1 GOCLR
© SHR (L1
DEC M
INP MSKCLR
GUCLR:  NOT L
. AND TRXLDII,CL
OUTCLR:  POP CX
POP BX
POP Al
RET

-
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, 0390 - BLINK PROC NEAR :
0390 58 POP AX ; RETURN, ADDR, ~
0591 SE .POP §1 ; ADOR OF RECORD ‘
0592 %0 n PUSH Al ; ngrm-:ém ADDR., - .,
‘ 0593 06 PUSH ES ; SAVE
: 05 5y PUSHBP — -
'1 0595 88 1C WOV BX, (511 - ROV H 0..127 ~
o e 0397 8B 4C 02 " MOV CX, 81421 ; COL # 0..639
. 039A 81 F9 02)F - NP CX, 639
0S9E 77 08 JA NOG00D ~
03N 83 FRF ow BLI1 . :
0A3 77 03.  JA NOG00D I .
0SAS EB 07 90 . INP INRANGE e
05A8 B 0000 NOV BX,0 L,
05AB B9 0000 v C1,0 - ‘ :
./ . . !
0SAE  F7 3 0001 rssr\x,ooom
08B2 74 06 . J1 EVENROY - ;
0SB4 BE BAOO MOV S1,08800H+200H
957 EB 04 90 I SETBE
, 0SBA_ BE B800 . EVENRDN: MOV SI,0BB00H .
0S80 D1 €8 SETBX: - SHR BX,I  ;OIVIDE BY 2: BX IS RON # IN EVEN (R 000
. | ; RONS OF VIDED RAM. Bi=0,1,2,3...
0S8F 8A C3 NOV AL, BL " -
_05C1 Fb 26 0024 R MUL HULTEO ’ , .
~“ 05C5 8B I8 : NOV BX,AX ;8 OF BYTES ON RONS ABOVE
0SC7 8B C1 OV AX,CY, ,cou
05C9 F6 36 0022R . DIV DIVB
05CD B4 00 MOV AH,0 Ath F BYTES ON ROH, BEFORE BYTE CONTAINING nur
C 05CcF 03 08 ADD BI,AY  ;BI= BYTE # OF BYTE CONTAINING DOT
- 0301 -8B FB MOV DI,BX  ;DISPLACEMENT IN VIDED RAW
s & to .
.U 0% et HOV X, Ct .
- 0305 F6.36 0022 R. " DIV DIV 1 AH=REMATNDER=0, .7
. 0509 8180 MOV CL, 904 ‘ .
- 0308 * 80 FC 00 “DKNSK: CNP AH;0 - &
0SDE 74 06 . J1 GOBLINK . R
0SEQ DOEY | SHRCL,1 L
03€2 - FE CC MG M .
034 EB F3 ™ . - )
- ) © HERE-CL HOLDS MASK, ST=BASE ADDR IN VIDED m, m-msmcmr
03E6 8A D! GOBLINK: MOV OL,CL ’
, 03E8 €8 O1BE R CALL KEYCLR , ..
- osés 1€ PUSHOS . - ; .

i,

}“xf, ' ' .
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03EC 8€ DE MY 05,81 , . . :
0SEE BA 35 b MOV DH, [DI1 ~.;SAVE ORTGINAL VALUE / L oy
05F0 1F -~ pOP DS o - . ‘
05F1 1€ - NXTBLK: PUSH DS . } ,’/’\ o
(05F2 € DE . Wvosst o - R :
05F4 30 15 { IR (On,M - - : v
05F6 IF . #P 08 ‘ - : , :
.. O5F7 B9 00FA MV CX, 250 1 0.25 SEC : v )
" -0SFA ER,01€8 R : CMLL DELAY - oy s
. OS5FD EB OIAIR - CALL KEYCHK X
0600. 74 EF . JIMTBLK - : , ‘
0602 EB OTBE R CMLL KEYCLR .
0695 1E . PUSHDS® .
. 0606 BE DE MOV 05,51 o
0608 89 35, "NV (DID,0H  ;RESTORE ORTGINAL VALUE
060A IF . : POP DS |
. M ~ wrt,
0608 5D o OQUTBLINK: POPBP .. - o ‘
060C 07 PP ES ‘ L v
0600 €3 - _ RET
0BE = Him  ewop )
060 ’ CODE  ENDS - T
X END - .
Open procedures; : - 4 _ 4
1T A ~ A
. . v . - ,
}
{ . ~
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4 H FEE

§ C <;/

. ' ) o . t ot £
' Begeents aRhgroupst . ‘ ‘
& o Nane Size _ align combine class
Dt WO0E . b we e N J0RE BYIE PUMIC TPASCAL!
* T DAL e e e e STS0035 , PAR PUBLIC -
Syabolss \ ) : 0
\ o .
, Nane e Type  Valie Attr
‘ ACMCLR. 0 8 6 92 ¢ 8 0 6 ¢ -' PROC 0208 Cﬂnﬁ Leﬂgth =0003
. MBAIN. o o o ue e u v s oo JLNEAR OOBA CODE = ° .
’ s ive e s an sl PROC 01C4‘ ’ COUE GIObIl Le =024
'EEP'.-.--...--..-."PRUC 9 E LOngth’ 07
!lIMP......,......LIlORp,oooz DATA
TOBMTOKe v uew e eu s e L NEARSO3BS  CODE /
BN o v enwevsees JPROC—OSH  CODE  Global Length =007E
ulml.lll.lililllllL“EAR O‘ZA cuoE
-lmn-.-o...--.-..l.ump 0029 DATA .
BMOSTOLR .« .« v v v o o . LLNORD 0031  DATA - P
.'"E_cm'...-....-...l.'mnwm M“ . '
CMLBIOS . v . v o v v v s o o JNPROC 0024  CODE ~Global Length =0030
CALLDOS. o v « o s ¢ o s o 5« JHNPROC 0000 CODE  Global Length 20024
CHKODOME . . . . « . o o » . L NEAR 0341  CODE
CLEARM » 4 v o s oo eu o o« JNPROC OIF6  CODE  Length =0012
, CLRBIT o v oo v o s v o o o NPROC 0556 CODE  Length =003A )
CLRCOMM, .. ...+ s+« - MNPROC 0078 CODE  Global Length =002C
COLCTR & oo oo o v o s oo L WORD Q01D  DATA ‘
COLNI. « v o o o v s v oo oL NEAR O4E3 . CODE
CWMD..\...........LBYTE 00I1A  DATA ° g .
COITRN...K..........LHORH 0010  .DATA '
T "DATAIN « .. o i e e e . e o LLWORD 0014  DATA -
A Ce BATMUT. v v v ww e o oL UORD 0016 DATA [
: b DELL's « v oo oo voseso LNEARR OIER CODE \
Dﬂ.?..........-.,.-.tmﬂ OIEF wu - ’
’ DELAYe « o0 i o ¢ oo s o oo JNPROC OIEB " CODE  Length =0000 .. \\\
/ o CDETDAT v v e oo . oo JNPROC 0378 CODE  Length =0127
‘ DETOOTS.'s o « + « o s o o o JNPROC 0328 . CODE ~ Global Length =004D
& ‘ ltvg,.q. voele e v en o wa LIVIE 0023 WATA
? L D",S,n‘..-...-..-..l.'m 002_2‘”“ P
DIVISOR. o o« v v v v a o o o L DYTE 0021  DATA
/. m-totnuvc--|-.‘ol.‘m 0‘6‘ CUDE :
. EMIANCEZ . . o . o o0 e o o JNPROC 0238 CODE  Global Length =00F0 -
EVENROW, . . . . ..+« o o .. L NEAR O3BA - CODE
» . ’ Em_"*c I T I I S R I 'L mn 0018 ’ATA
) FINDOT & o v ¢ o e oo o o oo oL NEAR 0499  CODE
5; . -t an-i..--.---uochR 0398 CUDG ] ,‘
z:_;:; . m.lllIQICOOOIO"Pm m'CWE 510“1‘ L‘ngthw
P ' | '
500
2

PR B v PR : . .
BE et et Lo s i . . :
LS Sl A R . o ) ) — .

. ' LIRS LN -~

-,
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GMODE. . . v .4 s o 0w JNPROC 0054  CODE _ Global Length =0027 - .
BLINK. « « o v ¢ o v v o oo oL NEAR - OSEG  TOPE< ‘
[ u-_Rnnn-acro o‘:rﬂctl-m * 0568 CUDE N . ' .
GOTST..-. l-llllodnoal mR 0540 CUDE N . > . -
, stm-- l.l;!!l‘lQlL!m 04“ anE . - N ’ ", . s
- 7 INRANGBE. + « v v v v b svu 0 s .L MEAR O3AE com ° o '
!Nm... lll.lllql‘lltlL 'YTE 0044 CDDE
CUITSOTST. o i v o ww o . oL NEAR 0550 CORE \
mc"xin‘l [ Ou:o LI | OL"EAR 0M9 CUDE N
KEYCLR o« o o o v v o « oro o o oL NEAR- O1BE  CODE | ) ,

- KEY VALUE. o 4 o v v« v oo o oL HORD 0008  DATA ‘ /) ./’
LOOLNZ™e o v ofe s oo v oo JLNENR 0410 CODE | .
U"Tcm.-. n-i-no'-ntonnL M“ 0450 QDDE.’ /

® LMST... n-"_lvnouounul MD st DAT“ /
LHOSTOLD .« "4 v v o w v w o L WORD 0020  DATA ‘ /
. MAPADR . . . v .. wqw e .o oL UORD 0000 ° DATA ./'
. MOSTNF o o o ¢ o e eve oo« oL NEAR “O3EE . CODE ) ,
MOVESCR. o o oo v v v nw s JNPROC O00A7  CODE  Global Length =004E /
MSKCLR + o o s v o v o v oo o JLNEAR 057D CODE o
, MLTBO . 4 v v v v v e oo JLBYTE 0024 ~DATA L
NBOZ o v o s vwue Zowe L NEAR 0272  CODE ;
’NBE2..,-....‘.‘...-,‘.I.NEAR " 0251 CUDE > . K
NEBYT. « ¢ v v v oo oo v s o oL NEAR 0248  CODE : T/
l‘FBYT!a- L R A A I I | oL .EAR OHC quE /’D .
mBYTn 8 8 4 0 8 ¥ 0 e s aL NEAR 02CA CUDE ' we o/ ) b
“NOCA o« v oo v v e s e v v a s oL NEAR 025F  CODET , - °
NOCB'w ..o vvow'svioo L NER 026  CODE R : ‘ &
. chnll.llil;lll:l oLIHR 027F Conﬁn Y ’ ) . ’ '
MICD o v o v v o s oo a-aw oL NEAR 0287  CODE ‘
NOGODD « « « v v o oo v v oo oL NEAR 0SA8  CODE
MOKEY. o s oo oo un o oL NEAR OIBC  CODE )
NOSOAK "0 o v v oo v ws s JLNER 0233  CODE [
MROMZ. o o 2 oo w oo oo os oL NENR OMF CODE o -
WWAe o v v o v oo o JL-NEAR 0195 CODE X
MO . oovvv e n /o LR 0172 COE - - . .
NXT2 o oo v o e v oo oo s oL NEAR, 0257  cOBE <L ) .
NXT2C0L, . o v v o s o i s LLNEMR O4D7  CODE '
NTROM. g v oo oo oo oo oL NEAR O4F2 CODE ’ ‘
CLONITT ... ea .. oL MR 0278, cODE h .
NXTANDE. o v oo o oo v o oo oL NEAR 0345 CODE ' ) ) o
N"mz.. --c‘noouounnL !AR 0358 s WDE . ’ K ‘
COMITBCLR, L L a e a e L NER 468 CONE JA"‘“ S e
NETBLK o ¢ v o v o ' v o oL NER OSFL  CODE AN .
erm‘-........-.onlm 0308 . ! _‘ *
NITCLR2, o o v v o sume o o o oL NER O3IF - PR
“rwpl-...-’..--...l.lem 0384 - .
NITDOT o & o o v o v o v v o s oL NEAR 0386 ) s
N"Pﬁm.".‘.-.....-..%..mk 03CA' * ‘(’
NXTROLR. & s e oo v o o v o o oL'NEAR 0483 - Y '
Q’ -~ - ’ y * ‘Q
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"OUTLINE.
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.
NXTROM . .

outcaL .
OUTDELAY

PATINL . .
POPALL .
ml LI
ncml"‘ Ll

RMOSTOLD .
ROMCTR . .
lRW'ZIII
81 ...,
82!"..

. SCREEN_START

SCR_COLCT. .
SCR_RONCT. .
mmn- LI ]

LI 2

N

-2

oY, o

* a ® & & » a ® ® o = & =

-
®« o o ® "a o & 8w ®& @ = e =

K

.

mnx.-'. e 8 0 82
meT -— o\i"'l‘-o-\o

sw LI
§TATUS . .
SIHB AN
SWINT, . .
THOST. .°.
THOSTOLD .
TSTBIT .
T8TCoL . &
TSTUIT. [
TSTLINE, .
TSTLINE2 .
TSTPATH. .
WORKMAP, .

® ® & & ® & s 8 e &8 8 w,mn e

® & & ® & s e = e © 4 & @

° Narning Severe

Errors Errors
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. oone
0508

.L NEAR 060B  CODE-
L NEAR  058C  CODE
L NEAR 04C5  CODE
L MEAR OLF4  CODE
L NEAR 0516 CODE
L NEAR- O4AF  COPE
.L NEAR 0552  CODE
JL NEAR 041D CODE
,L NEAR O14F  CODE
L HORD 0027  DATA
L WORD  002F  DATA
L UORD 0018  DATA
L NEAR Q4FE  CODE
L NER 0224 CODE
.L NEA 022  CDDE-
L WORD 000A  DATA
L WORD 000E  DATA
L HORD 000C  DATA
N PROC- 0213 CODE
L NER 058D  cODE
.L NEAR 03AE  CODE
N PROC 0224  CODE -
L NORD 0012- DATA
L HORD 00IF  DATA
.L BYTE 0043  CODE
L WORD 002B  DATA
L HORD 0033  DATA
N PROC  OSIA - CODE
N PROC ~ 04B1 - CODE
N PROC  04CC / "CODE
.L NEAR 050D CODE
N PROC 0503  COOE
MNPROC O4EB  CODE
N PRIC  O4%F  CODE
L UORD 0004  DATA

CODE
CODE

Length =0011

Leagth =0010.

Length =003C
Length =001B
Leéngth =001C

Length =0017
Length =001

Length =0012",
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