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A MAPPING AND RESOURCE ANALYSIS SYSTEM (MARS) 

AT TilE NORTIIF.RN FOREST RESEARCII CENTRE'" 

by 

C.L. KIRBY AND W. CHOW 

ABSTRACT 

This paper describes the Mappin~ and Resources Analysis System (MARS) opcratr 
by the Northern Forest Research Centre (NoFRC) of the Canadian Forestry 
Service in Edmonton, Alberta. MARS includes the Systemhouse Limited RAMS 
system, with additi.onnl software to convert polygon map information to a grid 
cell data base and to interact to a gird cell data base and to interact with 
a mapping program called GIMHS, The project was funded through the federal 
ENFOR program to: 1) demonstrate how forest inventories bay be converted 
to biomass estimates; and 2) have these inventories displayed to facilitate 
forest management, MARS 1s capable of integrating map and satellite infor
mation for the updating of maps with regard to changes cuased by forest fire, 
clear cutting, insect and disease damage, and chemical or other disturbances. 

SOMMAIRE 

Cette communication decrit Ie Rysteme d'analyse des ressources et de la 
cartographie (MARS) mis en vigueur. psr Ie Centre de recherche sur Ia Foret 
boreale du service canadien des forcts ~ Edmonton (Alberta). MARS comprend 
'le syst~me RAMS du Systemhouse Limited avec un Iogiciel supplementaire qui 

'permet de convertir l'lnformatlon cartographique polygone en une baRe de 
donnees et de dlaloguer avec un programme cartographique appele GIMHS. Le 
projet fut ronde par Ie programme federal ENFOR (~nergie de Ia foret) afln 
de: 1) demontrer comment les inventaires forestiers peuvent etre conver
tis en previsions de la biomasse, et 2) visuallser ces inventaires pour 
faciliter Ia gestion forestiere. MARS est capable d'integrer les informa
tions cartographiques et spatlales pour permettre la mise a jour des cartes 
en tenant compte des changements causes par les incendies en forets, de Ia 
coupe des arbres. des degats causes par Ies insectes ou les maladies et 
toutes les perturbations chimiques et autres. 
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A ~~PPING AND RESOURCE ANALYSIS SY~T~M (MARS) 

AT THE NOl<THEl<N FOREST RESEARCH CENTl<E 

by 

C.L. Kirb/ and W. Chow 2 

~ INTRODUCTION 

This paper describes the Mapping and Resource Analysis System (HARS) 

operated by the Northern Forest Research Centre (NaFRe) in Ednmntull, 

A 11)., I til. It Jt:8cribt:s tlle hardware lIlId software employed by the system 

and presents some of the output c8pabiliti~o. MAns inciudcs the 

Systemhouse Limited RAMS system integrated with the NoFRe PDPII/60 

minicomputer system. with additional software for changing polygon data 

to a grid cell data baSI! for integrating mUltiple maps and satellite 

informatiun for a given area. In addition. polygon map data buses 

established for a mapping program called GIMMS (Waugh and Taylor, 1976) 

may be changed so that they are compatible with MARS or 60 that MARS map 

data file. lUay be made compatible with GIMMS files. 

I President, Associated Resource Managers Limited, Edmonton; 
dth Northern Forest Research Centre, Canadian Forestry 
':dlOonton. 

'. Regional Computer Operations Supervisor, 
'entre, Canadian Forestry Service, Edmonton. 

JoB 

Northern Forest 

formE!rly 
SerVice, 

Research 

L& MCKGROUND 

A federal goverment program (ENFOR) to evaluate the potential of ene 

from the forest has provided funds for obtaihing the MARS .y.tea 

NoFRC. The objectives for the NoFRC ENFOR project are aa follows: 

1. to provide a pilot study of a computeri&ed interacti 

information system for biomass inventories suitable for provincisl neE 

and compatible with national systems. 

2. to provide an in-house biomass data base that may be u. 

for economic studies using simulation modelling techniques. 

3. to demonstrate the uaefulness of Landsat in providing rap 

updating of conventional forest inventories. 

4. to integrate information from multiple maps for a givI 

area; ie., biomass, productivity, ownership boundaries. 

The first phase of the project provides much of the neces.ary hardwar 

and software to achieve these objectives. 

II major problem with many forest inventories is that because of co. 

they are able to provide only forest statistics that are quite ofte> 

ten, sometimes twenty or more, years old. The MARS system at NoFRI 

represents an attempt to integrate information from satellite. anI 

forest inventory mapa. It will permit the updating of map informatiol 

that has been altered because of changes brought about by fire, insect 

and disease damage, cutting, and chemical or other disturbances in thE 

forest. Research and development 

providing timely and e~onomical forest 

that assists 

inventor iea 

the province. in 

is a contribution 

towards improving the Canadian Forest Re.ources Data Program a. well a. 
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towards improving estimates of forest biomas~ which are also based on 

provincial forrst inventory statistics. 

A schematic diagram of the hardware for MARS is presented in Figure 1. 

A photograph of the work station is presented in Figure 2. The hardware 

comprises: 

HP 1000 Model 40 Series E with 256K bytes of standard memory 

- Fixed 10 mb,disk drive 

- Removable 10 mb disk drive 

- Faot Fortran processor 

- HP 2645 console 

- HP 2621A terminal at mapping station 

- 6211 Ramtek color display (480 x 640 resolution with 16 colors) 

- 4100 Ramtek color printer plotter 

- 16 bit parallel link between PDPII/60 and HP 1000 

- Altek 34-2-5L digitizing table with SHL microprocessor. 

Absolute accuracy of the table is plus or minus .076 mm 

nnt! th .. r ... olu! ion i •• 025 mm. 

The MARS system has the following software facilities that may be used 

to produce polygon maps with shading that is dependent upon polygon 

attributes. In addition, linear measurements of features and area 

nea.urements of each polygon are calculated and stored along with the 

attributes for tabular outputs. Programs for computer mapping include 

the fol lowing: 

)70 

Map registration 

Workstation settings 

Features 

System database 

Digitizing features 

Editing features 

Text 

Polygons 

Graphics operations 

Display facilities 

Polygon to grid 

Grid merge 

Grid display 

Grid count 

~ ~ Registration 

Facilities for initialiting map files, and registering maps to kn( 

geographic control are provided. 

Initialize files to receive data 

Open pr~viou.ly initiali&ed file. 

Register maps so that the system automatically calculates a 

tranformation from the digitizing table to UTM coordinates 

Define map origin 

Define control points 

Verifying residuals between known control points and 

digitized control points. 
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The operator mny control the quality of dota di~iti~ed on the table. 

Sample Interval 

The time interval between succr.Rive Bomplea of 

the table or display cursor is set at 25 times per second. 

Minimum Travel 

When the cursor button ia activsted, but held fixed in one 

location, redundant data will not be stored in the system. 

Points will not be stored unless a minimum distance is 

travelled by the curaor. Minimum trsvel may be set by the 

operator. 

Maximum Travel 

If the operator moves the cursor more than a maximum 

distance within a given time interval, then an error 

condition will be automatically signalled by the system. 

Maximum travel may be set by the operator. 

Range 

The operator will use the cursor to locate on the table and 

display features previously digitized, so that they may be 

displayed or operated on. Range is used to locate features 

within an operator specified tolerance of a digitized point. 
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l..1...l Futures 

The .ystem viii recognile the following feature types: 

Single point 

Multipoint 

Continuous 

Text 

Polygons 

Polygon attributes 

3.2.4 System Database 

e.g., survey monuments 

e.g., transmission lines 

e.g., curvalinear lines 

e.g., place namea 

e.g., geostatistical areas 

240 characters 

The sY.,tem database has been designed to store ,all feature typea, enabl 

the formation of polygons with associated attributes, and produce shsde 

polygon mapa. The database inCludes: 

An index th.t stores a descriptiyerecord of each feature-. 

A ~ata file that, stores the coordinate data for features. 

These files are interrelated t~rough a system of pointers, 80 that file

may be searched quickly and efficiently. 

The dat.ba.e is created automatieally by the system as the operato] 

vorks. 

~ Pigitizing Features 

A set of commands is provided for digitizing points and lines. 

Provision hal been made for the feature coding of all graphic entities. 

Facilitiel include: 
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Feature entry 

for entry of a fea~ure of the same code a6 that Automatic repeat 

previously digitized 

Attnch f""tllreR tOR"ther 
Mode change 80 that one feAt~re may contain curvilinear sections 

defined by continuous digititing and straight line sections defined 

by etsrt and end pointe 

A sel of commands is provided for editing features: 

Feature restart 

Remove point~ on a multipoint feature 

BACk-up on a feature 

Change a mid-section of a feature 

O(>lete features 

Join features 

Split features 

Facilities are included for entering, modifying, and drawing text. 

Enter text string 

Specify text angle 

Replace text--for error correction 

3.2.8 Polygons 

Polygons are formed a6 follows: 
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Digitizing each boundary in the polygon network 

Defining a polygon by pointing in aequence 

to all the boundariel of a given polygon 

Entering the polygon attributes, to a maximum of 240 alphanumeric 

characterl per polygon 

The area of the polygon and the length of the perimeter are calculate, 

by the system. 

~ Graphics Operations 

A set of operator commanda il provided for control of the graphic! 

display: 

Echo on the display while digiti~ing 

Wiadow to a .elected area 

Move the window 

Draw operator selected features by layer or groups of layers 

3.2.10 Display facilities 

This Thematic Happing Program contains powerful snd flexible display 

facilities for shading and plotting polygons and text. Facilities are 

provided for: 

Polygon coloring 

Operator selection of patterns 

Coloring a function of polygon attributes 

A numeric and alphabetic character set defined by 100 x 100 

dot matricea 

A symbol set defined by 100 x 100 dot matrices 

Hardware generated line .ymbolil. related to featurt type coding 
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Plottin~ the graphics displAY on the matrix printer plotter 

to creatf' a hardcopy, including chatacters, symbols, line types 

and shaded polygons 

[The following six software modules were developed at the specific 

requf'st of NoFRC. The software with the exception of the device drivers 

i. in Fortrsn.] 

3.2.11 Polygon to Grid 

The polygon to grid is a batch program that converts polygon structured 

data to 8 grid form. The user may specify the grid interval, so that 

compatibility to other data, includini Landsat, may be achieved. 

The grid merge is a batch program that may be used to concatenate 

c01!lpatible grid data sets. For example, a polygon derived grid may be 

merged with a Landsat clsssifif'd image. 

.L1..,ll Grid Display 

Grid display provides the facilities to produce thematic grid maps 

displayed on the Ramtek 6211 graphics display. The user may assign 

selected shading patterns according to the attribute value. 

Grid count provides the facility to count the number of cells for the 

vsrious clssses according to the attribute value. 
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L1.J.1 UP lQOO-PDPI1.LM! 11 .!IJ...l Parallel Link 

This link between the two computing systems makes it possible to do 

image processing on the PDPlI/60 and have the classification output on 

the UP 1000 system to obtain color display and hardcopy. In addition, a 

digitized map from the MARS system may be placed on magnetic tape using 

the tape drive of the PDPll/60 system. 

3.2.16 ~!Q MARS lli !!!S! to ~ Conversion Programs 

The digitized map formats of these two mapping systems are not 

compatible. GIHHS is a mapping system available at many universities 

and i. used by Statistics Canada and the Canadian Forest Resources Data 

Program. To be compatible with GIMKS, these conversion programs are 

required. It is desirable fot all computer mapping programs to have a 

common input format such al indicated by Goodenough et al., 1980. 

Digitized maps are a resource that should be shared. 

After two days of training telts of the system were carried out. 

material included the following: 

Test 

1. A test map which was supplied by the Alberta Forest Service 

and which was a recent Phase III inventory map at a scale of 1:15,000 

containing approximately 800 forest types; 

2. A classified portion of a DICS tape of the Fort Smith area 

of the Northwest Territories; 

3. A Imall telt map where the area of each polygon was 

accurately known. 
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i.J.. Alberta Phase ill Test ~ 

Approximately 40 hours were required to digitize this map for the MARS 

system. The procedures 

SyBtemhouse ant icipates 

developed by 

that there 

Systemhouse 

will be 

are comprehensive. 

improvements of the 

digitizing procedures in future versions of the software. Approximately 

80% of the cost of computer mapping is incurred in the digitizing 

process. 

The size and resolution of the Ramtek screen and printer plotter is 

sufficient for displaying only 8 portion of the map according to 

cla"sific8tion criteria which are defined by the operator. An example 

of the Ramtek output is given in Figure 3. 

Improvpd map output can be obtained using an HP 7580A plotter. An 

example of the output produced on a 'unit provided by Systemhouse for 

this teat is shown in Figure 4. The Alberta test map (10 x 10 km) was 

produced on one sheet at 8 scale of 1:20,000. If the map were produced 

at a scale of 1:15,000, it would have to be done in two sections. The 

production of the whole test map took approximately two hours. 

The grid overlay aspect was tested by producing a second map which 

divided the te8t map into four sections. The polygon to grid and grid 

merge routines took approximately one half hour for a portion of the 

te8t map. The grid output from the two maps was overlaid and was 

visually correct. 

A emAil mAp approximately 20 x 20 em with 33 polygons of known area with 

aome ialsnd polygon" W8S digitized by W. Chow lind C.l .. Kirby on th@ MARS 
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system. The areas determined by the MARS system were within one to two 

percent of those obtained by use of a planimeter, except for small areas 

auch a8 oil well .ites where larger error a were encountered. 

Differencea between the two methods qf area determination are 

attributable to scale and to the care taken in obtaining the 

mea8urements. 

\ 
~ Satellite Image Analysis and pisplay 

A portion of a satellite image ,on a DIes tape vas classified on the 

PDPII/60 at NoFRe using the Goldberg-Schlein (1978) unsupervised 

classifier. This classifier was made available through Dr. P.'Kourtz of 

Petawawa National Forestry Institute. It was instailled on the PDPII/60 

system by Hellrs. B. Todd and B. Rossen also of the Petawawa Nstional 

Forestry Institute (Todd and Rossen, 1981) (Ros8en, 1981). 

A 300 x 300 pixel area (15,000 x 15,000 m) vas selected from a DIes tape 

of the Fort Smith area in the Northwest Territories. The area selected 

vas classified into '17 themes on the PDPll/60. Some of the themes were 

combined into one class. The classification was atored and sorted to be 

compatible with the MARS mapping. system using a program written by W. 

Chow (November, 1981). The classified image was diaplayed on the MARS 

system. The display of the classification on the color screen and the 

Ramtek printer plotter was of high quality at a scale of 1:100,000 

approximately. Areas up to 1000 x 1000 pixels may be handled by the 

MARS system with the display at a correspondingly smaller 8cale. The 

classification of the DICS tapes for use on the MARS system may be done 

on any image analyais system aa long as it produces a tape which may be 

read by the PDPll/60 at the Northern rorelt Re.earch Centre. 

Tha ea.~ •• m~"l uf lh~ accuracy ot lhe eetellite image cla •• iticatlon ha. 

been a tedious and time' cODBuming task. With the polygon to grid and 
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,rid merge of MARS this task is now done much more efficiently. An 

example of the output showing the image classification with hardcopy 

from the Ramtek printer plotter is shown in Figure 5. 

~ APPLICATIONS 

fhe primary application of MARS is for the demonstration of computer 

mapping and data base management techniques for the estimation of 

biomaB8 in Alberta, Saskatchewan, Manitoba and the Northwest 

ferritories. Results from other ENFOR Rtudies (biomass prediction 

~quations, productivity) will be used to make biomass estimates and to 

assist in technology transfer--two major objectives of the ENFOR 

program. MARS places NoFRC in a position to do research and development 

in computer mapping snd the integration of mapping with satellite image 

analysis. 

Other applications and programs to which the MARS system will contribute 

are: 

1. Regional maps and statistics of 'insect and disease losses 

integrating the use of satellite information such as are being developed 

by R. Hal1
3 

in his Haster's program at The University of Alberta. He 

haB shown areaa of poplar defoliation in Alberta by using multidate 

satellite images; 

2. Thematic maps and resource analyses for watershed research 

and planning; 

). Forestry Officer, Remote Sensing Specialist
l 

Northern Forest Research 
Centre, Canadian Forestry Service, Edmonton, A berta. 
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3. Thematic maps and resource analyses of biophysical inventor 

programs. The overlay process will make it possible to integrat' 

information on habitat and soils for determining optimum Use of variou: 
areas: 

4. Thematic maps and resource analysis for impact 

and route location for such areas as the Mackenzie Corridor; 

5. Habitat maps for wildlife management. 

L..Q. CONCLUSION 

statement, 

The development in computer graphics i. likely to be rapid during the 

next ten years. There will be con8iderable improvement in input 

procedures: Raster scanning methods may replace conventional 
digitizing; 32 bit cbmputers will dd b f a ress mega ytes 0 core memory; and 

improved output devices wiH prov''ide higher resolution at more moderate 
cost. These hardware developments will require Some changes in 
softwsre. 

The MARS system has powerful a9alysis capability for analysis of 

mUltiple maps of information pertaining to a specific area. The polygon 

to grid cell conversion of any desl'red 8' d h ' lze, an t e grld overlay, 
display, and cell counting programs provided by Systemhouse make the 

system suitable for many resource analysis projects now and into the 
next ten years. 
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NhSS DISK 
STORhGE 

(20 MB) 

SHL 
MICRO 

HP-l000 
SERIES 

COHPUTER 

~~UTTON 
~U~'OR 

DIGITIZING TABLE 

'SYSTEM CONSOLE WITH 
MINI-CARTRIDGES 

RAt'.T i."K 621 1 

COLOR PRINT 
PLOTTER 
HARDCOPY UNIT 

RAHTEK 4100 

COLOR 
HONITOR 

Figure 1. A schematic diagram of the mapping and resourse 
analysis system (MARS) to be installed at the 
Northern ,iForest Research Centre. 
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Figure 2. A photograph of the MARS work8tation. 
from left to right: Ramtek 4100 color printer plotter 
HP 2621A terminal, Ramtek 6211 color monitor, and Altek 
34-2-BL digiti~ing table. 

Figur!' 3. A portion of the Alberta test map showing type boundaries 
ana polygon number with selected covertype attributes 
pmphasized by color filling the polygons. 
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Figure 5. A print of a digi~al satellite image unsupervised classification 
done on the PDPIl/60 at the Northern Forest Research Centre and 
displayed on the Ramtek 4100 of the MARS system. 
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