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ABSTRACT 

This paper ~esc~ibes a low-cost CAD system designed Bnd implemented at 
Designex Buildings Limited, North Battl eford , Snskatchew;;n. The system w"s 
intended to a ssist the architect~~al planning department in the preparation 
and verification of detailed factory-process specifications, in the form of 
erawings and printed listings. The system successfully increased the prod ­
uction of these specifications by a factor of four, while reduCing the 
introduction of human - error to almost nil. 

1.0 INTRODUCTION 

The period from 1973 to 1977 saw tremendous 
g!'owth in the Canae ian Ho us ing Ine us try. This 
rapid growth taxed the abilities of many manu­
facturing companies attempting to meet the 
demand for new housing. Major firms with numer ­
ous plants spread across Western Canaea could 
forecast and easily surpass 2500 housing-unit 
sal es in a single year . Al though this annual 
figure averages to 6 . 84 manufactured units per 
day, the majority of these would be manufactured 
between the months of April and September rais­
ing the peak figure somewhat higher . Even during 
peRk periods it was necessary to supply sold 
units within a reasonable amount of time (it was 
not uncommon curing peak perioes to wait six 
weeks for complete b:ueprints and a similar 
eelay before taking delivery of the unit at the 
construction sit e) . It was this fertile economic 
climate which inspiree many innova tive concepts 
in manufactu!'ing in an attempt to increase prod­
uctivity, product quality, ane competitiveness. 

Our company wa s small by comparison with 
larger firms, having production figures of 
150 to 200 units per year curing this time 
perioe . We required increased production simply 
to meet local housing demands, notwithstaneing 
the corporate desire to ex pane into larger mar ­
kets elsewhere. Increasing proeuction was not 
simply a matter of adding additional work- crews 
and running the manufacturing plant on work 
shifts around the clock. Our plant had the ca­
pacity for 5 units per day but our design plan­
ning staff could only produce 2 complet e blue­
prints per day (on average), including the de­
t ai led plant drawings (the most time-consuming 
to produce). Seasonal changes in eemand mace 

adding aeditional drafting personnel unfeasible. 
As a solution , we intended to produce only 
houses which appearee in our brochure either 
unchanged or with sl i gh t modific",tions . This 
philoeophy woule ease t he eesign bot t leneck 
since t he same blueprint could be usee repeat ­
edly, but would alienate a large portion of the 
housing mar ket orientee t oward uni que styles; 
designs not found in the average housing bro­
chure. Rather, we chose to moeernize our design 
technology through computerization and devised a 
number of corporate objectives : 

* supply manufactured housing to that 
segment of the market not servicee by 
staneare eesigns at standare eesign costs 
and effici ency ; 

* increase proeuctivity to meet increased 
eemane without a correlative rise in 
eesign costs; 

* increase product quality by eliminating 
product foul ts due t o hltm2.n error 
(dimensioning, size - requirement look-ups, 
simple arithmetic calculations); 

* integrate the design- construction proces s 
of cost and material estimation, drafting . 
and man ufac turing. 

The following discussion presents t he work­
ing results of our efforts to meet these object­
ives. 
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2.0 OVERVIEW OF THE CAD SYSTEM 

The system was developed drawing on our own 
experience in house -manufacturing, the needs of 
our particular plant operations, and through 
study of existing CAD systems in the U.S. and 
Scotland. Virtually all systems studied, al­
though meritorious, were designed for large 
mini-computers or mainframe machines which 
placed the cost beyond our means. 

We eventually chose to use a Datapoint 
micro-computer and attempt to design and imple­
ment our own fLmctional system. The Datapoint 
1500 stand-alone system has a dedicated program­
mable CRT, 36K of RAM memory, and two 8" disk­
ette drives capable of a total capacity of 512K 
bytes storage. To this we added 0. medium-speed 
bi-directional line printer and a 36" Calcomp 
drum plotter. The tota l investment was appr ox­
imately $50,000, making this system signifi­
cantly less (a t the time) then even the least 
expensive graphics-oriented computer. 

A number of diskettes form the core of the 
system which is principally self-managing. Each 
diskette contains a number of programs perform­
ing related functions (data creation, mainten­
ance, report generation) and data files which 
control system operation (user ID, log files, 
contract information, etc . ). 

User identification and security are main­
tained in a transparent manner. When a user is 
added to the system, a password and security 
leve~ is as s igned. The password allows initial 
Access to the system while the security code 
restricts access to various parts of the system. 
(Should a user repeatedly fail to enter the cor­
rect password, the system will shut itself 
off.) A new user maybe given a low security 
level allowing data creation, but not modif­
ication or deletion. In this way a new user may 
obtain hands-on practice and not fear serious 
consequences due to errors. When he becomes more 
experienced, a higher security level can be 
assigned, allowing access to a greater range of 
sys terns functions. 

A series of data-libraries are maintained by 
the system either automatically (system libra­
ries) or through user interaction (construction 
libraries). A library is simply a random access 
(ISAM) file maintained on diskette. The system 
libraries a re user transparent, i.e. they 
can not be printed, edited, or otherwise t amp­
ered wi th, although the user may cause an update 
to occur through normal processing paths. All 
other libraries are under (restricted) user con­
trol. Through the proper program functions, the 
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user may create, modify, and delete lib~ary en­
tries. For example, the FRAMING-MATERIA L library 
contains the material name (2X4) and dimensions 
C38x89 or 1-1 12"x3-1 12") for all allowable fram ­
ing members. 

2.1. THE USER INTERFACE 

Since the micro-computer is a stand- alone 
system with a dedicated addressable CRT screen, 
we chose to implement the entire system as a 
menu-driven dialogue. Th e initial menu-screen is 
shown here: 

1. SUPERVISOR OF OPERATIONS 
2. APPLICATIONS OPERATOR 

One may envisage the menu-structure as an 
n-ary tree. The ROOT node represents the initial 
menu-screen (which appears when the system is 
started). Each node has a number of branches 
eqUAl to the number of selections available in 
the associated menu. Leaf nodes portray 
processing functions which may produce output or 
allow input creation (through display panels). 
All highlevel nodes are manipulated by a menu­
processor using a function library. To add 
additional functions to the system one may 
simply edit this library, add the control 
information and pointers, then add the function 
program to the proper system diskette. 

From a given menu-display, a user may make a 
numeric selection to progress further down the 
tree, or enter a sequence of '9's to return to 
the previous menu. Each branch of the tree de­
picts a partitioning of the system's functions; 
as one progresses down a particular branch-path, 
selections become more refined until a wanted 
function is ;:;v a ilable. In this way, a user ne ed 
not remember a complex command-language syntax, 
nor worry about keyword or positional parameter 
specifications. All required arguments are re­
quested via a message and input-space on the 
CRT . If 0. defaul t is supplied , it is displayed 
allowing the user to accept it (by pressing the 
(ENTER) key) or over-ride the value by enter­
ing a new value . 

iI'e attempted to make the user interface as 
robust as possible : all user input is monitorec 
and verified. Error detection (where practical) 
is immediate; the user is advised to retry be­
for performing subsequent data-entry steps. 
Where data-entry panels have multiple spaces, 
the user can retrace 0. portion or all of th e 
entries to perform corrections. Special entries 
in any space will cause a portion of the screen 
to be re-initialized ('e' in a lphanumeric SDa­
ces, '9' sequences in numeric spaces where -' 9 ' 
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would not be valid data). 

Physical diskette manipulation (initializ­
ation , s wapping be tween disk drives, etc.) is 
performed through a prompt-response-validate 
s equence . For example, should a diskette swap be 
required, a series of operation steps would be displ ayed . The system monitors each step as it 
is performed by the user. When the user enters 
his final response, a validation is performed. 
If any errors ar e detected, the sequence maybe 
repeat ed. A single control-function performs a ll 
necessary diskette manipul ation (of this form) so t hat messages and t he proper sequence become 
familia r to the user in a short time. 

By using the above approach, we were able 
to impos e housekeeping duties on the system 
rather than the user . The only significant duty 
the user must perform is a periodic back-up of 
all system diskettes (a weekly back-up would 
reflect all project addi tions and deletions ma de 
during the week). It is noteworthy that the 
diskette media (with the Datapoint drives) has 
proven to be a most reliable form of low-cost 
storage. 

3 . 0 THE SYSTEM DATA MODEL 

A house rr.aybe interpreted as an horizontal 
2- dimensional p:ane of co-ordinate points known 
a s REFERENCE POINTS ( REF ) and coupling entities called PANELS (P NL). A two-stor ey house (or 
multi - level) would be processed as a series of 
horizontal 2-dimensional planes, each repre­
senting a single level. In addition, variou s 
descriptive elements called COMPONENTS (CMP) 
maybe created and assigned a location (by using 
a REF poi:1t). 

The basic data element is the REFERENCE 
POINT wnich labels a given co- ordinate in the 
floor plane . The house floor maybe equated to a 
cartesian co- ordinate system using only t he <+x, +y> quadrant . A reference point requires 
three basic data elements for creation : a base 
reference point, a direction of travel, and a 
distance. The user may create a reference po int 
a t any location within a floor p:an area t o be 
used in later processing for locating other data 
elements . A base reference point is supplied 
initia lly, called 'PEG ', at position <0 , 0> . All 
other reference points maybe created by a 
<direction,distance> specification from PEG or 
from ano ther reference point already created. 
The system automatically genera tes REFnnn 
numbers a:1d protects against duplicate entries 
freeing the user to concentrate on <direction, 
distance> values only. 
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Directions are designated by the carto­
graphic directions Nort h , South , East and West 
(N,S,E,W) deri_ved from the practice of labeling 
archi tectural drawings (when labeling or ident­
ification was necessary, we turned to familiar 
arc hitectural practices to make the system 
easier to le arn) . 

The house must exist such that its West - most 
wall aligns with the X=O pla:1e, while its South­
most wall alig:1s with the Y=O plane . This will 
ensure that the drawings produced during output genera tion will position properly on the frame. 

Once a ll REFERENCE points are created, the 
system will begin a background process to con­
vert all relational dimensions (REF points :1ot 
created f rom PEG) into absolute dimensions. The 
data file will contai:1 both the relational ve c t ­
ors and absolute dimensions . If no conflicts are 
detected the system returns control to the user who may now proceed with PANEL creation. 

It is possible, by judicious specification, 
to move an entire block of REF points by adjust­
ing only one <d irection,distance> vector. For 
example: 

REFi56<5,10> REF157 <20,10> 
*-- - - - - -- - - ---- --- -->* 

<East,15> 

<North,3> 

<East,15 > 
*---- - -------------->* 
AREFi54<5,7> REF1 55<20 ,7> 

<North ,2> 

* REFi53<5,5> 

if the 
REFi54 
be: 

vector <North ,2 > between REF153 and 
is modified to <EAST,2> the result would 

REF156<7,8> REF157<22,8> 
*------------------->* 

<East, 15 > 

<North,3> 

<East,2>: <East, i 5> 
*--------->*-------------- - ---->* 
REF153<5,5> REFi54<7,5> REFi55< 22,5> 

A second data element, the PANEL, is used 
to create wall sections. A panel is a manu­
factured unit which comprises a complete wall., 
and contains window/door ope:1ings, and stud-
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groups for i~tersecting walls . Since many panels 
have eq ui valent characteristics, a global spec­
ification f unc tion allows t he user to specify 
param eters such as stud-spacing, framing size, 
.ond wall height, once for an entire series. 
Should a parameter change, the same function 
can be invoked a second time. The a c tual panel 
en tries .ore m.o de by specifying the terminating 
REFERENCE points. The p;mel is automatically 
assigned a direction originating with the first 
REF point and terminating with the second REF 
point. If the panel is an exterior wa ll, it will 
be automatically .ol igned so t hat the exterior 
edge and the plane JOlnlng the two end REF 
points a r e allineated. For interior panels, it 
is the panel center-line which is allineated 
with the REF plane. 

Each panel end may require Ad justment if 
add i tion.o1 pb.tels also terminate a t th e same REF 
point . To do this, a user may specify an OFFSET 
vector (direction, am oun t ) . The direction va lues 
" re the sam e as for REF creation ( N,S,E,W). The 
amou~t is a nominal designation which maybe: 
none (-), panel -width (W) or pane l half-width 
(C). In each case, t he panel dimension used to 
calcul a te t he OFFSET amo unt is the l a rgest 
framing size to terminate at that REF point 
at 90 degrees to the current panel. 

REF157 

-------------.---,~--------------------
Panelll 1 (2x6) Pane1ll3(2x4) 

-----------r------~ PaneI1l2 (2x4) 

In 
culat e 
it is 
offset 

this example, panel 111 i s used to ca 1-
the offset (South) of panel 112 . However, 
the size of panel 112 whi ch af fe cts the 

(EAST) of both panels 111 and 113. 

The final data element is the COMPONENT. 
This element is used to depict a construction­
unit a t som e location within a panel. For 
example, windows and doors are considered a s 
COMPONENTs: the opening plus all framing 
ma terial used to create the opening . (In the 
case of windows/ door s , t he actua l values are 
obtained fr om a library j the user simply calls 
the component by name and locates it at a g i ven 
REF point ) . Framing groups used to back walls 
intersec ting a given panel between its end­
points are special COMPONENTs called POC KETS. 
Pockets are different from window/door com­
ponents in that they are created by t he user 
during the panel creation (not retrieved from a 
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library) . The user builds a POCKET one stud at 
a time un til t he desired configuration is made, 
then locates it a t the correct REF poi~t. 

Each panel can contain any number of com ­
ponents so long a s each component does not con­
flict with other components in the same panel. A 
background process (initia ted automatically when 
the PANEL creation function is terminated) res ­
olves al l panels and components, similar to the 
REF resolution. Panel overlaps and incorrect 
component speci fications (ex : at a REF which is 
not within a panel boundary) are detected during 
this process. Should no errors be fou~d, 

the user is allowed to continue to the next 
phase which performs the ac tual output genera­
tion. 

A pr.octiced user with sound construct ion 
knowledge can easily prepare the data for an 
a verage bungalow (about 96.6 sq. meters, cont­
aining approximately 40 panels and 60 REF 
points) in about 1-1/2 hours. 

4.0 OUTPUT FUN CT IONS 

The CAD system produces various printed re­
ports and plotted drawings . Pr int ed reports may­
be generated f rom libraries (component, mater­
i al, project) to obtain current status and con­
tents for onpoing maintenance and update. The 
repor ts used by the manufacturing plant come in 
three forms of pr inted 1 istiug rmd threE' form s 
of plotted drawings. 

4.1. PRINTED REP ORTS 

A user may, .ot any time, generate a listing 
of t he current input values for a house project . 
This listing produces a formatted copy of the 
original data file, without dimensional reso­
lution . Should the diskette file become damaged 
or otherwise rendered useless, one can quickly 
re - crea t e the data file by re-entering t he va l­
ues in this repor t. However, it has proven most 
utile during t he actual data creation phase to 
verify wh a t wa s entered when disc r epancies a re 
detected by t he s ystem without obvious causes . 

Two printed reports are used i n the manufac­
turing process . The MATERIAL LIST can be used to 
C\~ and sort material before actual panel a ssem­
bly (Fig. 4.1. 1.). It presents a summation, in 
order of increasing length and frruning size, of 
a ll ma terial needed to manu fa c ture the wa ll sec­
tions for the house. Thi s list i nclud es wull 
plates (the horizonta l members at the top and 
bottom of the wall) , studs (regular , crip9le , 
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and king) and header members (structural and 
non-structl~al spanning construc tion). All com­
ponent ma t erial requirements Rre obtained from 
the compon ent library. Framing requtrements a re 
determined by the panel characteristics and the 
panel framing-size specification (the panel 
framing size also overrides the default 2x4 size 
for component construction ; a 2x6 wall will con­
tain 2x6 corr.ponen ts even though they were origi­
nally created a s 2x4) . 

The second printed report presents a panel­
by-panel decomposition (Fig. 4.1.2.). Each panel 
is listed on a separate page; overall panel 
characteristics (height, stud-spacing, length) 
form the page header . A number is assigned to 
every panel to assis t in erecting the house on 
site ( the floor-plan plot a lso lists panel num­
bers to indicate their location relative to each 
other). Following the header is a listing of 
all pieces required to build the panel, dimen­
sioned from the left end of the panel (the left/ 
right ends are determined from t he direction 
vector a ssigned to the panel: a panel proceeds 
from left ---- > right) . The panel order is the 
same a s the order in which they were created 
(i.e. a lthough the panel numbers increase num­
eri cal ly, t heir relative position in the house 
relys on the origina l creation order). 

The print processor is a fun ction which uses 
previously resolved da t a fil es , comp utes and 
organize s the reports. Various temporary files, 
used by t he processor, are removed when the 
reports are completed. In this wa y, the reports 
wil l c onsistently reflec t a l l cha nges made to 
a house regardless of t he previous 5t a t us of the 
house da ta. 

4. 2. PLOTTED DRAWINGS 

Beca use of our design a pproach and hardware 
configuration, the gr a phics fun ction is a pas­
sive background process. The Da t apoint 1500 is 
not powerful enough to drive an i nter ac tive gra­
phics terminal (raster scan ) a lthough it maybe 
power ful enough to drive a storage-tube display. 
The processor CRT has no graphics capability. 
Consequently, all gra phics output is produc ed 
on the Calcomp plotter. 

On e may generate drawings at any time during 
the data crea tion process. For example, af ter 
crea ting a number of REF points, on e may wish to 
inspect their rel a tiv e positions by comparing 
them to the source sketch or drawing. It maybe 
adv antageous to obtain the resolved dimensions 
to assis t in producing PANEL elements . The 
drawing in Fig. 4. 2 .1. is only one combination 
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of possible output option fJ available: 

• cross hatch of reference points; 

• label REF points; 

• dimension REF points; 

The user 
above options 
ment (if' all 

may select any combination of the 
depending on his drawing require­
are rejected, an outline of the 

with no labeling or dimensioning is 
This is a useful drawing for prepar­

and roof-truss layouts, site plans, 

structur e 
obta ined. 
ing joist 
etc.) . 

Fig. 4.2. 2 . shows a floor plan plot which 
locates a nd labels all panels. Each panel cont­
ains end-stud configurat ions, pocket groups, and 
a cross-hatch of the area occupied by a com­
ponent: 

IF IHI It 

The floor -plan drawing maybe plotted wit h the 
following options: 

• dimensions; 

• panel -number labels; 

• component l abels; 

The scale of the drawing is computed during 
t he output proce ss and a s such a llows for 
differently scaled drawings to be produced fro!!: 
the some hous e data file. Dimension conversion 
(from t he interna l file representation) is also 
performed a t this time a llowing the same da t a 
fi l e to genera te drawings with imperial (foot, 
inch) or metric (millimeter) dimensioni~g. For 
example, a house file maybe drawn a t 1: 48 scale 
with imperial dim ensions, and at 1:50 scale with 
metric dimensions. 

The graphics processor i tself is a two-stage 
function. The first stage performs the conver­
sions req uired by the user-selec ted options, and 
prepares a temporary file (whic h i s removed wl'ie;1 
plotting is comp l eted). The file con t ains 
ASCII da t a records; each record begins with an 
operation code followed by either charac ter str­
ing da t a (d i mension values, labels) or plott er 
p"l rameters (distance increments, pen movement 
controls). The s econd stage of t he functio n 
reads t he plot file and stmply interprets each 
r ecord, perforn!ing t he indica ted plotting func-

Graphics Interface '82 



tion. For example, a panel (simple rectangle) 
is designated by a particular numeric code fol­
lowed by the numeric parameters for length, 
width, and orientation (N,S,E,W). From each 
record, the entity to be plotted is deter­
mined, and the proper control sequences are 
generated directly to the plot-controller 
interface. This is accomplished through various 
octal codes produced by the programming language 
PRINT statement (the plot controller shares the 
printer port). 

By implementing a two-stage function, it is 
possible to i~terface other plotting hardware 
by adjusting the second stage decoding routine. 
However, the plotter hardware must be compatible 
with the Datapoint 1500 printer port, i.e. it 
must llse <0 buffered input 'md 'lccept datCi 'It 
9600 baud (with the ability to signal buffer 
full when the buffer is within 10-20 characters 
of its actual limit). The Calcomp controller has 
a bllffered input mechanism but does not signal 
when the buffer is almost full. For this reason 
we patched into the display panel LEDs which do 
indicate a buffer-full condition. However, this 
condition is raised only when the buffer is 
FULL. Therefore, each control sequence sent to 
the Calcomp controller is padded with octal 
OOOs to ensure that valid data is properly 
captured. In this way the characters lost dur­
ing the interval when the buffer is full and the 
1500 detects the condition, are a ll null (000) 
and do not affect the resultant plotter output. 

5.0 PROJECT DATABASE FILE STRUCTURE 

A project database is maintained as an ISAM 
file, one project per diskette. The system cat­
alogue s all project diskettes in the project 
library (kept on a system diskette) and can re­
trieve a project using a user-supplied 4 char­
acter ID code (drawing number, factory order­
number, etc.). 

ISAM file records a re accessed through a 
key composed of a data-descriptor (REF, PNL, 
CMP) and a system generated sequence number nnn. 
Although the key is created automatically as 
data is entered, the llser may use the key to 
access information about a particular element. 
For example, by entering 'PNL 5' the user can 
inspect the current attributes of the fifth 
panel created. 

The REFnnn record contains vector informat­
ion about its location and wha t panels begin 
or termina te there. The information includes 
pointer keys to related records. 
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The PNLnnn record contains 
the REF records for its origin 
points along with various panel 
fields (height, stud spacing, etc.). 

poi~ t ers to 
and terminal 
description 

The CMPnnnmm record contains various fields 
describing a particular component. Since a com­
ponent exists within a panel, the CMP key is 
composed of the panel number (nnn) and a 
component sequence number (mm). Thus a single 
panel may have a maximum of 99 components. 

The ISAM file is managed by the Datapoint 
DOS system releaving application programs from 
all but simple I/O routines. Periodically the 
CAD system will determine that the ISAM file 
has deteriorated (due to excessive updates) and 
will invoke a DOS utility to restructure the 
file. From the user's perspective, it means a 
5 minute WHit during which he may get a cup of 
coffee and be totally beyond r eproach from his 
supervisors. 

ISAM creation/restructuring and file sorting 
are processes serviced by DOS utilities. To 
invoke a DOS utility, the application program is 
suspended and a DOS call is issued. When the 
utility is finished, the application program 
resumes execution at the call point. Since each 
utility causes a suspension in terminal act­
ivity, the processes have been located such that 
the user is not interrupted during a task (such 
as data creation). The utility steps are usually 
invoked between system functions (ex. when REF 
point creation is finished and PNL creation is 
about to begin). 

6.0 SUMMARY 

The full development and implementation pro­
cess spanned two years (1976177 - 1978179). Dur­
ing that time the system underwent many revis­
ions and modifications, stabilizing into the 
present configuration. The original concepts 
of system architecture have proven to be sound 
ones. A menu-driven user interface simplified 
learning the system dialogue, detecting and 
correcting errors, and providing user assist­
ance . The user's guide can devote space to help 
develop a user concept of the system (without 
any knowledge of computers or pr ogramming ) and 
yet provide step-by-step guidance through var ­
ious functions. The present system haS been j.n 
full production for over two ye ars and ha s met 
our original expectations. 

One fault with the system is tha t the 1500 
processor is too small for an industrial envi­
ronment. The Da tapoi~t 1500 was o!'iginally off­
ered as a sophist ica ted stand-alone da t a -entry 
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system which could front-end a larger mini or 
mainframe computer. Hence certain processes of 
the CAD system (all background) require more 
time t han is desireable (all interactive proc­
esses such as error detection, data retrievals, 
etc., are quite fast). Obvious through hind­
site, a better approach would be to feed all 
prepared data into a larger micro or mini com­
puter which could service multiple work stat­
ions (possibly through a local area network) 
and produce printed reports and plotted draw­
ings concurrently. The cost of such a configur­
ation was prohibitive, especially since we 
originally conceived the project as an 
experiment. 
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The experiment proved success f ul and, alth­
ough installed in only the single site, contin­
ues to function well. Through careful redesign 
of certain CPU-bound processes, and the addition 
of new lower-cost graphics hardware, we maybe 
able to extend the abilities of the system to 
provide interactive graphics at all levels of 
the design phase, generate material takeoffs 
and pricing estimates for the entire structure, 
and generally make the system more comprehen­
sive. The ground-work has been done. 
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Fig . 4.2 . 1: Reference Point Plot. 
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Fig. 4.2.2: Floor Plan Plot. 
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