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A 3-D MEASUREMENT SYSTEM USING OBJECr-ORIENTED FORTH

Kenneth B, Buuerflela

ARSTTUCT

Discusstxl is a system for storing 3-D measurcmenrs of poinrs that relates k ca)rdinate system of the
measurement device In the global mordinatc system. The program dcscribod hem uses object-aixucd FORTH to
store the measured pants as sons of the measuring dcviw lmlion. Convtion of local coordinates to absolute
ccmdinatcs is performed by passing messages to the point objects. Maiificaicms to We objcc[+ncntcd IWRTH
SyStC-mareako dcsaikd.

The system de.scribd hem uscs 3-D spatil information obtained from a measuring deviw such as a tmnsi[
to determine a point in a global cmrdimNe system. The global system might IM LIW US Gcdogical Survey
coordinates or a s~ific carux of a room, Most mmwring devices give information relative to their cu.rmm Iocatiou.
To find the global position for a local measurcrnenL a Galilean trartsform:tion, consisting of a rotation and translation,
must be @orrncd. Any system for hxating points in space must determine the Ioc.mien of rhc measuring dcvi:e.
To find the Iocdtion of the measuring dcvicc, mcasurcmcnts must be obtained for at least [WO reference poirms.
Alterrrativc[y, onc measurement of a re(crcncc point plus a compass bearing could b used. All mmwrrcmcn~ arc
storv.1 as objczts. The Icm.ion of the measuring dcvicc is also stored as an objut, Mcasurcmcms from a particular
device location arc smcd as descendants of tic measurement location.

The objcctak.rrted FORTH system used hem is basically the system described by Rick Hoselton.’ This
shell provides lists of depndent objcas and uses standard postfix syntax. I Iwvc modifhxl it to allow nesting of
rncssagcs and to make the system more robust, For nesbng mess+gcs, I store the value of ‘OBJECT before clmngcs,
and 1 restore the value afwr the method has been completed (see Am in the listing). Hoselton’s system wns subject
to eompletc system failure with just simple operator mistakcsm For i.mstancc, invoking a mcdmd widwwt first
~Kying a valid object would have the system search a non-existent iinkcd lisL Usually, the system would never
rccovcr, To prevent this t~ of error, 1 added an object tag field to the stnrcturc of an objwt. A(7NON checks the
tag field to be sure that a valid object is present before scarchirrg lhc Iinkul kL A similar tag was added to tic
rnethd data structure and is used wbm creating new mcrhrxls 10 check whcdw a unique method name already cxi.sts.
‘lhis solves I!.osehon’s problem of mctlmds th.m could not han the same name as previously defined FORTH words,
These thrw rnodifmrtions grcally euhamx llw usability of lhc objcctaientd shell by eliminating many system crashes
during dcvcloprrrcm and by allowing one mchd to call a previously defined met.hod while still rerncmbcring its own
Objecl.

‘I%c daLS strucwcs for storing points and uansi[ Iocaticms arc shown in the listings, These arc similar in
that each cwm.ins x, y, and z &w cdl.% Poinw inherit this suucuuc from rhe parent objc.ct. In addition, pints huvc
an extra data CCII containing a lin:~. to previous uses of the sumc poiru rurmc, Typically this list contains all
measurements O( a known rcfcrencc, and il is used when locating lhc POsilhi of tic lJTUMiL The actual measurements
O( a point arc stored in the x, y, and z CCIIS. A mcttwd is hwokcd m dctcrminc tic absdm coordinates of the point
by transfmning kc Iocrd coordinates usiilg the P!wolum cwrdinntes of the fattm object, rhc station. StatiorLY have
two additional fickki that arc rml rquird hy ~)inl ol)jccLs, These fields are ihc rotution angle nrd a flag indicating
tit the location is valid. MCX+IMCITML$ are mndc rdativc to an arbitraq aximulh, and the wtt,ud azimuth mw. t b
dcmmnir x! as part {,f Immting a slation. Methods urc fmwidcd to frml the ub.solute position of a pint md 10 Iwrtc a
slolion given two or more rcfcnxwcs,

onc advarrlugcU(lhcobject-oriclltcd purudigm i!i lhut ncw objccL$urn k kfrncd lhnt wrc only the object
numbers for specific lX)it’IL$, ml Ihixc ohjuts will inhcril their spN.ird htculiorrx from Ihcir fruhcrs objWL$, I:or
c~amplc, a trinnglc CU) be defined as lmvinR ~hrcc ccll~, An insrnncc of II r.riunglc would bc rlcfined M 1)1 1~ 1)3
IRIAN(;l.I! 1“1, where 1’1, 1?, and 1’3 arc till pr)int ohjrcts, Triangle 1’1 urn & queried f(M ils Iuculiun using a
mcdml tluu first finds Ihc vctlcx (!’1 ) WI then inwkcs wwlhcr tncthod K) ~wint tnc tibsoluw position O( t.hc vertex.
A,ll lhrw vcrticcs cnn IX printed bccuuw I Iwvc m(dil’icd [In’ shell ~) rilh)w for ncs[cd Iltclhods. ‘Ilrc ori~iwrl shell

Au(hor KI.ImKIh II Iluucd’icld Pugc J. or Ij--.—.——-.-:— — .——.—..



was able 10 pML the location of the fhw vertex, but it was unable to find Ihe second vmlex kwause it lost the c+jcz[
(T]) when invoking the nested method.

The objectaiamel FORTH shell has proved to be useful for storing transit inbrrnation; tie abili[y [o
calculate the abmlute coordinates by passing a message to the point makes the system very easy to use. However,
there are improvements that I would like to make in the fuhm. I found developing the 3-D measurement system to
be ve~ difficult until I mdified it to include the object and message tag fields. Now program development is much
-i&. In the future, I would like to w a simplified means of inheriting an object sln.teture. The defining message
for my STATION object adds two more fields thm the POINT defining the OBJECT: mwage, yet he whole
stnteture has to be replicated. I like the ‘feel’ of the object-oriental programming environment arrd he way that it
enters into the FORTH language. It provides a clean way to aswxiate relarcd data while kqing the FORTH pxtfii
syntax.
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‘ \ OBJECT .SEQ From Forth Dimensions, Volume 10, number 2 by Rick Hoselton
\ and modified by Ken Butterfield to
\ 1) allou nesting of messages by stacking ‘OBJECT
\ 2) add OBJECT tag and message tag fields to make system more robust.

comment :

Some object-oriented words slightly modified by Tom Zimmer
for use in F-PC.

OFFSET #BYTES METHOD format
o 2 next older brother METHOD pointer
2 2 MESSAGE numbe~
4 2 5AA5 stored as method marker
6 n method’s code

OFFSET #BYTES OBJECT format
o 2 father OBJECT address
2 2 youngest son OBJECT address + 4
4 2 next older brother OBJECT address + 4
6 2 youngest METHOD address
8 2 SA55A stored as object marker
10 n optional local data

cmment;

only forth also definitions

anew objectstuff

code (action) ( obj msg --- )
pop ax
POP bx
add bx, # 6
LXsy!n

mov bx, O [bx]
cmp ax, 2 [bx]

0= unti:
odd bx, # 6
mov ax, bx
)mp ax end-code

V.11 1,11)1,* ‘ 111:111

V.11‘II)lt.‘(111~1~1”

AIII111)1 Kl~lllll$lll Il. lllllt[’1”lll~ 111 l’:l}:1’‘11)1}{



: act

: me

: >object

: >super

: link,

: object>

: object?

( pfa msg --- )
2dup ‘msg @ !
~obje~t @ >r ( save old object )
‘object ! action
r> ‘object ! ( restore old object ) ;

( --- ?? )

‘object @ ;

( rel-addr --- addr )
me+;

( rel-addr --- addr )
me@+;

( addr --- )
here ov.!r@ , swap ! ;

( --- )
‘object link,
o,
2 >super link,
6 >Super @ ,
42330 , ;

( obj ... obj/f)
dup8+@
42330 - not if

drop O
then ;

create master
master ‘object !
ob~ect>
2 >object 6 erase

: (method)

: ?create

: (mctllod:)

( --- msg )
create here does> act ;

( --- ~sg ;

7in @ defineli
if >body dup 4 + @

23205 -
I? IY(! fal:]e
thell
ii nl~)
(?1:1(? (irup >111 ! (meLhod)
t.hrn ;

( --- )
‘;(!l(~,ll (.

5 ‘())) j(?f:t. IiIlk,, 2“!20’I,
,,IUMP
.NK!;TIIKI{E - llltl{K ;’- ! \ Illlk1111{),JIIMI1 ttlit ,1(1111 01 111.:11

XIIERR I’AI{A(; I{ AI’11 I

1)(11’ Xl)l’:; lv; !



XSEG @ - ,
XDP OFF
!Csp ] ;

(method:) anchcr .“ I don’t understand” ;

~ anchor >body 2+ ‘msg !

(method:) method: ( --- )
(method:) ;

master method: object: ( --- )
create object> ;

: .method ( link --- )
cr dup 6 u.r dup @ 6 u.r
Z+ @ dup 6 u.r 2 spaces body> >name .id ;

master method: methods ( --- )
base @ hex 6 >object
begin @ ?dup
while dup method
repeat base ;

: . me ( n --- )
cr spaces me body> >name .id :

master method: me. (nobj ... )
.me ;

master method: (sons) ( n --- )
dup .me
4+
2 >object.
begin @ dup
while 2dup 4 - (sons)
repeat 2drop
;

master method: sons ( --- )
0 me (sons) ;

master method: one ( --- )
4 .me ;



.

.

\ TIUNSIT DATA STRUCTURES 06/28/89 10:34:12.76
\ POINT is the master class.
\ TRANSIT is a son of pcint.
\ Stations are sons oi transit and inherit POINT structure + more.
\ Each point measured from a station is a son of that station
\ and inherits point structure
\ plus an UNCLE which is a link to any pre-Jious point using
\ the same name.

DECIMAL
MASTER OBJECT: POINT

\ methods to fetch point variables to floating point stack
POINT METHOD: Z 10 >OBJECT F@ ; ( OBJ ... IF: ... FN)
POINT METHOD: Y 18 >OBJECT F@ ; (OBJ ... IF: . . . FN)
POINT METHOD: X 26 >OBJECT F@ ; (OBJ ... IF: . . . FN)

POINT METHOD: POSITION. ( OBJ ... ) \ print position of a specified object
MEX311f.RMEY311 f.RMEZ311f.R;

POINT METHOD:
10 >OBJECT

;

POINT METHOD:

POINT METHOD:

POSITION! ( OBJ ... IF: X Y Z ... ) \ assign position
F! 18 >OBJECT F! Zfj >OBJECT F!

POSITIOll@ ( OBJ ... IF: ... X Y Z )

OBJECT: (OBJ ... IF: XYZ ... )
\ define point using value on FP stack for initialization

CREATE OBJECT>
f, \ 10 >OBJECT IS Z VALLIE
f, \ 18 >OBJECT IS Y VALUE
f, \ 26 >OBJECT IS X VALUE

;

fo.o fO.O fO.O POINT
( TRANSIT looks like
[ and can be used to

OBJECT: TiWNSIT
a station )
store reference

fo.o f, -1 ,

poi[lts. )

TWSIT METHOD: STATION: ( OBJ ... )
CREATE OBJECT>
FO.O F, \ 10 >OBJECT IS Z VALUE
FO.O F, \ 18 >OBJECT IS Y VALUE
FO.O F, \ 26 >OBJECT IS X VALUE
F~.O F, \ 34 ?OBJECT IS ALPNA

t \ 42 >OBJECT IS FLAG
;

TRANSIT METNOD: STATION! ( l’:AIJ’HA X Y Z . . . ) \ AS~lGN A STATION VALUE
ME POSITION! 34 >OBJIK’r F TRUE 4;?X)BJIWT !

;

TRAN:;I’rMETHOI): A1,PtlA( OIIJ ... Ii’:... FN )
:j4 >()~J~c’r ~@ ;

TRAN:; I’~ METIIOI): IJI,A(; ( 011.1 . . . N ) \ l{*t I:} I ! 1 ,1,1 l,) :;t,~[,k

42 Jol!,Jkx:’r@ ;



.

TRANSIT MET}.3D: RP. ( OBJ ... ) \ print relative position
ME X311 f.RMEY311f. R ME Z311f. R;

TWSIT METHOD: POINT: ( OBJ ... IF: X Y Z ... ) \ define a transit point
>in @ defined
if >body object? else drop O then >r
>in !
CREATE OBJECT>
f, \ 10 >OBJECT IS Z VALUE
f, \ 18 >OBJECT IS Y VALUE
f, \ 26 >OBJECT IS X VALUE
r> , \ 34 >object is poin’:er to previous use of this name (uncle)

;

TRANSIT METHOD: GET_STATION ME @ ; ( OBJ ... OBJ ) \ fetch related station object

TwSIT METHOD: UNCLE ( OBJ ... OBJ )
34 >OBJECT @

;

: DOT(F:ABXY. .. FDOT ) \ Calculate dot product of ( a b ) * (x y)
FROT F* FROT FROT F* F+

TRANSIT METHOD: AP ( OBJ ... IF: ...X Y Z )
\ calculate absolute position of point

GET_STATION FLAG IF \ h?s station been located?
ME GET STATION ALPHA
FDUP -
FSIN FSWAP FCOS
FOVER FOVER
ME X ME Y
DOT
ME GET_STATION X F+
FROT FROT
FNEGATE ME Y ME X DOT
ME GET--STATION ‘fF+
ME Z ME GET_STATION Z

ELSE

(

(
(
(
(
\
(
(
(

f+

r: alpha) \ find rotation and translation

SIN, COS ) \ rotation in X

SIN COS SIN COS )
SIN COS SIN COS X Y )
SIN COS X’ )
TRANSLATION IN X
APX SIN COS ) \ rotation in Y
APX Y’ )
APX APY) \ Translation in Y
( APX APY APZ ) \ Z is translated, no rotation

ME GET STATION .ONE .“ NOT LOCnTED”
ABORT –

THEN
;

TRANSIT METHOD: me. ( N OBJ ... ) \ print absolute pc>sition with indentation N
.ME ME AP
FROT 3 11 f.1{fSWAP 3 11 f.R 3 11 f.R

;

‘rHAN$;l’J’m~,l)~c]ti:pO:;l’~lON.( oI{J ... ) \ P. i.nl~lll:iolulu Ix]sit.i[)ll
4 ME ME. ;

‘~l{AN:; l’l’ MJt’1’1101): .Al,l, ( OILJ . . . \ PRINT AIJIi Il,lmv:i,lkt!:i ( UI1,.IV:;)
m .ONK ME
IIIU;IN

“!4 I (d “![)(]1)
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WHILE
dup Position.

REPEAT
;

TNS~T METHOD:

\ TNiNSIT DATA

.TREE
me

on: ~ ---,

2 >object
begin @ dup
while dup 4 - all
repeat drop
;

06/28/89 13:29:51.86

TWSIT STATION: ST1

10.OeO 15.OeO 20.OeO ST1 POINT: P1
10.OeO 30.OeO 5.OeO ST1 POINT: P2
10.OeO 15.OeO 20.OeO ST1 POINT: P3

TFUdJSIT STATION: ST2

10.OeO 20.OeO 50.OeO ST2 PCINT: P4
15.eO 25e0 10eO ST2 POINT: P1
25e0 4@e0 -5e0 ST2 POINT: P2

OeO 10e(l10eO loco”ST1 STATION!

\ Station two has not been located in this example.
\ Station one is just offset from the global origin and has no rotation.

AIII}I,,P L’.,,,,,.,ll. II 11,,1 1 . ...1 1 ..1.1 ,, ., ...


