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During thesummer of 1981 thesurveying/mapping system described previously in theliterature wastested extensively
to determine its cost performance. It wasusedfor twoprojects. Onewasa commercial-sized mapping job, whereas for
theother, datasetsfrom an outside userwere processed andplotted. Detailed costdatawere collected forbothprojects.
For the mapping job the total cost per hectare wasfound to vary directly withthe pointdensity and inversely with the
field size. For the secondproject the total cost per job varieddirectly with the numberof points in the data set; the total
cost of processing incurred per pointwas inversely proportional to the size of the data set. For both projects the cost
of using the system was well within the acceptable range.

INTRODUCTION

Subsurface drain systems are installed
on about 50 000 ha of land per year in
Quebec. The cost in Canadian dollars is
approximately $850 /ha so that annual to
tal expenditure for drainage in Quebec is
about $42 million /yr. During the past 6
yr, attempts have been made to apply
computer technology to the surveying,
mapping and drain system design phases
to reduce the amount of manual toil, the
duration of the mapping and design phases
and the costs of map and drain plan prep
aration. This study was conducted to test
the performance of the surveying and
computerized map-processing system de
scribed in the references and to collect de

tailed cost data. Two projects were con
ducted, named MAC and NB. In the MAC
project a large institutional farm was com
pletely surveyed and spot elevation and
contour maps of each field were drawn.
In the NB project survey data were col
lected for already existing but previously
unmapped drainage systems by teams un
der the control of an external agency.
These data were then entered into the com

puter and processed into maps.
The surveying/mapping system has

been described previously by Kok et al.
(1978), Kok and Begin (1981), Kok et al.
(1981) and Murphy et al. (1979). In this
study, an examination was made of a num
ber of system attributes and the extent to
which the various system design objec
tives had been attained. Of necessity,
some subjective evaluation was involved
although overall system performance
could be judged objectively in terms of
operating cost. The objectives for the sys
tem have been throughout that it be effi
cient, cost effective, flexible, dependable,
easy to learn and use, simple in operation
and fast. Moreover, it was structured to

allow for user interaction and input so as
to take full advantage of the combination
of inorganic machine hardware dependa
bility and speed with the software sophis
tication of biological machines such as
humans.

In addition to the system as previously
described in the references, methodolo
gies were developed to deal with the link
ing of maps of individual land parcels and
with the archiving of data and maps.
These are described below. In the course
of the study a number of improvements
which could enhance system performance
considerably were also identified. These
will be incorporated in the next system
version.

METHODS

MAC Project
For this project all agricultural land be

longing to the Macdonald Campus Farm
of McGill University was surveyed and
mapped. The total area surveyed was 261
ha. This area was subdivided into 58 par
cels; a separate survey was done for each
parcel. The land parcels coincided with
the farm fields as they presently exist so
that maps were produced on a field-by-
field basis. The layout of the parcels was
described by Kok (1983).

To link the maps and to check system
performance, two devices were used. In
itially, before the detailed survey of the
land parcels, a temporary benchmark was
established in each field to provide an
'absolute' reference for the field eleva
tions. The processing program is struc
tured to take this into account and to adjust
field elevations accordingly. During the
actual land parcel surveys, on each border
between two land parcels at least two ref
erence points were established, usually by
driving pegs into the ground. During the
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survey of each of the adjoining fields these
reference points were then shot as data
having a special field code. Thus, on both
maps containing the common border the
same reference points appeared. If the sys
tem is functioning properly, when the
maps of the two neighboring fields (drawn
to the same scale) are laid next to each
other with their edges overlapping, the
reference points drawn on each should co
incide. They should also have identical
elevations. In this manner all the parcels
of the set were tied to the same reference
elevation and the maps could be physi
cally linked, if desired.

Some land parcels were surveyed with
a transit, others with a level. The type of
survey employed was determined by the
land class. Survey data were recorded us
ing a Norand NT5 PDET (Portable Data
Entry Terminal) as described by Kok
(1983). Survey crews of two and four per
sons were employed. A crew of four con
sisted of two rodmen, an instrument op
erator and a PDET operator; in a crew of
two, one person was rodman while the
other operated both the instrument and the
PDET. Survey crew size depended on the
availability of personnel on any givenday.
The survey method described by Kok et
al. (1978, 1981) was used.

A flowchart of the operations involved
in the surveyandprocessingof eachparcel
is shown in Fig. 1. Every time an activity
was finished, its completion was marked
on a chart. This enabled personnel to read
ily identify work which still needed to be
done and allowed management to keep
track of progress efficiently. A minimal
amount of management effort was needed
since personnel selected their daily activ
ities themselves. Detailed records were
kept of computer costs and of the dura
tions of all personnel activities.
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Figure 1. Flowchart of the surveying and processing operations for the MAC project.

NB Project
For the NB project we cooperated

closely with an organization which coor
dinates drainage installation. Since much
of this work is carried out in hilly terrain,
drainsystems arenotdesigned beforehand
but are simply installed wherejudged nec
essary. Immediately after installation the
drain positions are surveyed. Drain sys
tem layouts were previously drawn by
hand from these survey data; the objective
of this project was to process the data by
computer and thus automatically plot the
drain positions togetherwith field bound
aries and major topographic features. The
author's processing system was used to
plot the beginning and end points of the
drains and as many points along them as
the surveyors deemed necessary. Since
each field code results in a specific symbol
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being plotted on the map by the system,
the types of points could be differentiated
on the map by assigningappropriate field
codes during the survey. The results con
sisted of maps upon which the various
points were accurately located. The final
layouts were produced by joining these
points with lines. This was done by an NB
draftsman.

The handwritten data received by us
were entered onto the storage tape of a lo
cal microcomputer (Tektronix 4051). A
printout of them was then produced and
proofread. The stored data weretransmit
ted to the main frame computer (Amdahl
V7) upon which the mapping system re
sides. The data file was edited to correct
any typing errors found during the proof
reading and was then processedto produce
a map. All data, results and maps were

archived on magnetic tape. Activity prog
ress was recorded on a chart. Detailed rec
ords were kept of personnel time spent and
of computercosts. A flowchart of the NB
project activities is shown in Fig. 2.

OBSERVATIONS
The time and cost data collected in the

course of the MAC project were organized
into a set of primary variables. To ease
their processingand presentation, the var
iable names were composed of numbers
rather than letters. The definitions of these
variables are presented in Table I together
with their means, standard deviations and
coefficients of variation. From the pri
mary variables (1-14) a set of secondary
variables (15-20) was computed. The def
initions of these, together with their basic
statistics are also presented in Table I. It
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Figure 2. Flowchart of the processing operations for the NB project.

TABLE I. VARIABLE NUMBERS, DEFINITIONS AND STATISTICS FOR MAC DATA

Variable

number Variable definition

1 Field name

2 Date of field survey
3 Level or transit survey (L or T)
4 Survey crew size (2 or 4)
5 Area of field (ha)
6 Number of data points
7 Survey crew time (h)
8 Processing time (h)
9 Process computer costs ($)

10 STEP3 cost ($)
11 STEP4 cost ($)
12 Spot map production costs ($)
13 STEP5 cost ($)
14 Contour map production cost ($)
15 Total time; 7 + 8 (h)
16 Computer cost; sum 9 to 14 ($)
17 Total cost; 15 x $5.50 + 16 ($)
18 Time per unit area; 15/5 (h/ha)
19 Comp. cost per area; 16/5 ($/ha)
20 Total cost per area; 17/5 ($/ha)
21 Points per area; 6/5 (points/ha)

Variable

mean

Variable Variable

standard coefficient

deviation of variation

4.5 2.8 0.62

106 56 0.53

9.5 5.9 0.62

0.37 0.24 0.64

7.32 2.34 0.32
1.41 0.44 0.31

1.94 0.11 0.06

5.54 1.24 0.22

2.18 0.22 0.10

5.34 1.40 0.26

9.89 5.91 0.60

23.74 4.43 0.19
78.14 35.67 0.46

2.6 2.0 0.78
7.73 6.38 0.83

22.15 15.52 0.70
27 11 0.41

is to be noted that values of the secondary
variables were first calculated for each
field and that the statistics for these vari
ables were then obtained afterwards. As
a result, the mean value of the time per
unit area (18) reported in Table I, is for
example, considerably different from that
obtained when the mean total time (15) is
divided by the mean field area (5). In this
instance, the reportedmean is 2.6 whereas
the mean value calculated by the second
procedure would be 2.2.

The NB project data were treated in a
manner very similar to that described
above. The NB primary (1-13) and sec
ondary (14-16) variable definitions and
basic statistics are presented in Table II.
Whereas for the MAC project detailed
data were available for all 58 land parcels
so that forallcalculations the sample sizes
were the same, forthe NB project this was
not true. Although for the NB project a
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total of 92 fields was processed, complete
data were available for only 50 fields. This
was partially the result of minor improve
ments in the processing procedure being
instituted at various times. For this reason
the sample size for each variable is re
ported in Table II. Values for the second
ary variables were computed for a field
only if all required primary data were
available.

RESULTS AND DISCUSSION

MAC Project
In Table III the results of a number of

regression and correlation calculations as
well as the /-values associated with the

correlation coefficients are presented. All
correlation coefficients reported were sig
nificant at the 0.005 level. The number of

data points (variable 6), the survey crew
time (7) and the processing time (8) were
all significantly correlated with the field
size (5). From the regression slopes of
these three relationships the extent to
which each independent variable is influ
enced by the field size may be determined.
It is interesting to note that whereas the
first two variables were strongly influ
enced by field size, the processing time
changed but little in response to this var
iable although it was strongly correlated
with it (i.e., a high correlation coefficient
but a small value of the product of the in
dependent variable average and the
regression slope Al, compared to the
regression intercept A0). The same was
true for the relationship between the pro
cessing time (8) and the number of data
points (6). Similarly, computer cost (16)
was strongly correlated with both the field
size (5) and the number of data points (6)
but not strongly influenced by them. In
contrast, total time (15) was strongly cor
related with and strongly influenced by
both field size (5) and number of data
points (6). Use of the computer involved
a relatively high cost regardless of the size
of the data set, making this technology
less attractive for use on very small fields
than on larger ones. Generally, the total
time involvement per unit area (18), the
total computer cost per unit area (19) and
the total cost per unit area (20) were in
versely related to the field size (5) and the
number of data points in a field (6).

An average total cost (20) of $22.15 /
ha was incurred for the surveying, pro
cessing and production of high-quality
spot elevation and contour maps. The av
erage field size (5) was rather small (4.5
ha) and the point density (21) was high
(27 points/ha). Total cost (17) and total
cost per area (20) were calculated using a
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TABLE II. VARIABLE NUMBERS, DEFINITIONS AND STATISTICS FOR NB DATA

Variable

Variable coefficient

Variable Variable standard of Sample
number Variable definition mean deviation variation size

1 Field name

2 Date surveyed
3 Date processed
4 Number of data points 86 55 0.63 92

5 Data entry time (h) 0.50 0.34 0.67 89

6 Data check time (h) 0.46 0.34 0.74 77

7 Transmit time (h) 0.04 0.03 0.72 65

8 Transmit cost ($) 1.00 1.54 1.53 86

9 STEP2 time (h) 0.36 0.18 0.51 88

10 STEP2 cost ($) 4.00 2.12 0.53 90

11 STEP3 cost ($) 1.25 0.45 0.36 92

12 STEP4 cost ($) 1.93 0.10 0.05 89

13 Spot map cost ($) 6.28 1.52 0.24 88

14 Time total (5 + 6 + 7 + 9; h) 1.19 0.69 0.58 53

15 Comp. total (8+10+11 + 12+13;$) 14.41 4.22 0.29 80

16 Cost total (14 x $5.50+15;$) 19.42 6.62 0.34 50

TABLE III. REGRESSION AND CORRELATION COEFFICIENTS FOR MAC PROJECT DATA

Regression Regression
intercept slope

Independent Dependent value value Correlation /

variable^ variable (AO) (Al) coefficient valuet

5 6 28.4 16.9 0.96 26.5

5 7 1.8 1.69 0.95 22.1

5 8 0.37 0.00142 0.73 7.9

6 7 0.7 0.0830 0.95 21.9

6 8 0.31 0.00063 0.78 9.4

5 15 2.1 1.69 0.95 22.3

5 16 18.79 1.08 0.91 16.0

5 17 30.5 10.4 0.95 23.7

5 18 3.8 -0.257 0.56 5.1

5 19 14.35 -1.46 0.45 3.7

5 20 35.1 -2.87 0.54 4.8

6 15 1.0 0.0836 0.95 22.3

6 16 16.85 0.0651 0.94 20.8

6 17 22.6 0.525 0.96 27.0

6 18 3.6 -0.00991 0.62 5.9

6 19 14.22 -0.0622 0.52 4.6

6 20 34.2 -0.117 0.61 5.8

21 18 0.63 0.0742 0.83 10.9

21 19 -5.62 0.496 0.92 17.6

21 20 -2.17 0.904 0.90 15.3

tForthis sample size t095 = 1.67, t099 = 2.40, r09
$Variable numbers are defined in Table I.

pay rate of $5.50/h. With this rate, on the
average 70% of the total cost per area (20)
was due to labor. Of the labor cost 96%
was due to surveying. This suggests that
if the point density were decreased, the
total cost per area (20) could be signifi
cantly lowered, whereas if the hourly pay
rate were to be increased the total cost
would rise. As shown in Table III, total
cost per area (20) was strongly correlated
with the point density (21) and strongly
dependent on it as well. The maximum
point density was used in field MAC054
(80 points/ha), the minimum on field
LODS06 (14 points/ha); the total cost per
area (20) for MAC054 was $72.12/ha,
whereas for LODS06 it was only $11.67/

= 2.67.

ha. Generally, higher point densities were
associated with the smaller fields, making
these expensive to survey and map. By
lowering the point density (21) the total
cost per unit area can be significantly de
creased.

NB Project
For the NB project data entry and

checking were done manually. The data
checking procedure required two people,
one to read out loud from the original data
sheet, the other to read a printout of the
computer file. To compute the total cost
(16) a pay rate of $5.50/h was used. On
the average, 71% of the total time involve
ment (14) was directly due to manual data
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handling (5 + 6), 3% was due to data
transmission (7) and 26% to processing
(9). Part of the processing time was used
to correct errors which resulted from the

manual data-handling procedure. Thus,
out of the total cost of $19.42 a job (16),
$3.56 was due to manual data handling
(5 + 6), $1.45 to transmission and pro
cessing time (7 + 9) and $14.41 to com
puter costs (15). Since the sample sizes
were not the same for all variables, the
numbers quoted above do not necessarily
correspond exactly to those reported in
Table II; they were estimated from the de
tailed data.

In Table IV the results from some

regression and correlation calculations are
reported. Variables 5-16 were all strongly
and significantly correlated to the number
of points in a field (4), although not all
were strongly influenced by it. To judge
the degree of influence the number of data
points in a field (4) had on the dependent
variables, the following quotient was cal
culated for each of the latter:

(regression slope Al x average value of
the independent variable/regression inter
cept AO)
Some typical values obtained were for ex
ample:
For the data entry time (5) 7.7
FortheSTEP3cost(ll) 1.04
For the STEP4 cost (12) 0.087
The dependent variables were subdivided
into three classes, based on the value of
this quotient:
Strongly influenced: quotient greater than
2

Moderately influenced: quotient less than
2 but greater than 0.5
Slightly influenced: quotient less than 0.5

Data entry time (5), data check time (6),
transmit time (7), transmit cost (8) and to
tal time (14) were strongly influenced.
STEP2 time (9), STEP2 cost (10), STEP3

cost (11), computer total cost (15) and to
tal cost (16) were moderately influenced.
STEP4 cost (12) and spot map cost (13)
were only slightly influenced by the num
ber of points in a field (4).

Generally, the total cost per point de
creased as the field data set size increased.

For the largest data set for which complete
data were available (DJNH01 — 242
points), the cost was $0.18 /point; for the
smallest (RFOX03 — 14 points) this cost
was $0.71 /point. For a typical, average
field (GWAL02 — 77 points) it was $0.24
/point. The regression of total cost (16) on
number of points (4) was of the following
form (regression coefficients from Table
IV):

(Var. 16) = 10.13 + 0.1169 * (Var. 4). . . $

From this, the relationship between the
cost per point and the data set size was
obtained:

(Var. 16)/(Var. 4) 0.1169 + 10.13/(Var. 4).
$/point

This relationship indicates that, over the
range of data set sizes processed, the total
base cost per point was $0.12 and that the
cost per point varied inversely with the
data set size.

DISCUSSION — FIXED COSTS

The costs outlined above were all direct

expenditures which were readily identifi
able and measurable. Their magnitude
was an indication of the performance of
the surveying/mapping system. If, how
ever, the system is to operate in a com
mercial environment, a number of other
expenses must be taken into account.
These can be subdivided into several cat
egories:

(1) Overhead costs such as office rental
charges; maintenance; electricity and
heating; furniture; accounting and person-

TABLE IV. REGRESSION AND CORRELATION COEFFICIENTS FOR NB PROJECT DATA

Regression Regression
intercept slope

Independent Dependent value value Correlation t Sample
variable^ variable (AO) (Al) coefficient valuet size

4 5 0.058 0.0052 0.96 30.4 89
4 6 0.065 0.0045 0.92 20.7 77
4 7 0.011 0.0004 0.89 15.1 65
4 8 -0.09 0.0131 0.66 8.0 86
4 9 0.226 0.0015 0.86 16.0 88
4 10 2.19 0.0210 0.88 17.7 90
4 11 0.61 0.0074 0.96 31.8 92
4 12 1.78 0.0018 0.87 16.2 89
4 13 4.82 0.0173 0.90 18.8 88
4 14 0.223 0.0118 0.97 26.6 53
4 15 9.23 0.0634 0.93 22.1 80
4 16 10.13 0.1169 0.95 21.9 50

tThese t values indicate thatall correlation coefficients are significant at the0.01 level.
XVariable numbers are defined in Table II.
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nel departments; management; insurance
policies.

(2) Computing fixed charges such as
disc file storage; tape archiving; tape ac
quisition; computer time for administra
tion and program maintenance; aborted
jobs; computing equipment write-off;
computing equipment repairs.

(3) Extra personnel costs due to per
sonnel time not 100% utilized; sick leave;
holiday pay; benefits schemes; time to
correct errors; transportation time; time
lost due to accidents and inclement

weather.

(4) Other costs: vehicle expenses or
mileage payment to personnel; program
development or acquisition cost; tele
phone line cost for data transfer; map
mailing charges.

PLANNED SYSTEM

IMPROVEMENTS

After considerable operating experi
ence, it has become evident that a number
of minor adjustments are required in the
surveying, processing, map production
and management sections of the survey
ing/mapping system to improve its effec
tiveness further. The most important of
these are outlined below:

(1) In the surveying procedure, several
more field codes are needed. This will re

quire a more sophisticated PDET than has
been used until now.

(2) Although during data processing
the STEP2 program checks for data errors
with three different procedures, some mi
nor errors cannot be detected. These may,
however, be obvious to a human operator.
A routine needs to be added to the STEP2

program to allow the interactive removal
and position adjustment of data points se
lected by the operator on a graphic screen.

(3) It must be possible to plot the spot
elevation and contour maps on the same
sheet of paper i.e., over the top of each
other.

(4) In addition to the archiving activi
ties shown in Fig. 2, during future system
operation the original data tapes (if avail
able from a PDET) will be kept intact as
a precaution against total data loss which
might otherwise result from an archiving
system failure.

CONCLUSIONS

The surveying/mapping system was
successfully operated during a commer
cial-sized mapping job (the MAC Project)
and for the processing and plotting of 92
data sets of a large, potential user.

For the MAC Project, the total cost per
hectare varied directly with the point den
sity and inversely with the field size.
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