Photogrammetric Map Checking

G. P. KATIBAH, Supervising Photogrammetrist, Califorma Division of Highways

Checking of photogrammetric mapping by field methods can be
costly and time consuming. Unless such checking is thorough
there is no assurance that portions not actually covered by field
checks will comply with specifications. Recognizingthese disad-
vantages, the California Division of Highways has developed a
system of photogrammetric analysis preliminary tofield checking.

Photogrammetric analysis consists of reviewing the compilation
data in the form of map manuscripts, contact prints with control
information identified thereon, diapositives, and field survey notes,
as submitted by the mapping contractor. The resultsof theanalysis
are used as a basis for recommending field checks.

This paper discusses the development of the checking system,
and its performance in routine practice. Photogrammetric analy-
sis is an integral part of over-all checking procedures, and the
results of numerous fielu checks are included. Also included is a
discussion of the direct and indirect benefits toward improvement
of mapping specifications.

@ TOPOGRAPHIC MAPS make it possible for the highway engineer to study, analyze,
plan, and design without extensive trips to the field. Viewed in this way, we recognize
that the map brings the field into the office, thereby providing the engineer with a basis
for increasing his productivity. This presumes that the map is reliable and that the
engineer-user has confidence in it.

Many highway engineers have had difficulty accepting topographic maps as being suf-
ficiently accurate for their needs. This has been especially true with their slow accept-
ance of topographic maps made by photogrammetric methods. In many instances the
lack of confidence in the photogrammetric map originated with misunderstanding about
how it was made. On the other hand, critical analysis was needed to establish accuracy
standards sufficient for the requirements for highway planning and design.

The California Division ot Highways has been using photogrammetric mapping for
highway design since 1950. From the very start, photogrammetric products were ob-
tained from private sources by competitive bidding procedures. With the advent of the
Federal Highway Act of 1956, increased demand for planning and design data required
extensive photogrammetric output by private firms. During the past four years about
1, 850 mi of design-type mapping have been accomplished, with 578 mi obtained in the
peak fiscal year of 1956-57. The current demand is for approximately 300 mi per year.

The subject of this paper should be placed in proper perspective by reviewing the
procedure by which this organization obtains its mapping. It is the opinion of the author
that the Division of Highway's system of checking photogrammetric maps is especially
applicable when contracting for a large volume of work.

The procedure for obtaining photogrammetric mapping by the Division of Highways
is composed of several well-defined steps:

1. Prequalification of bidders. All prospective bidders must be experienced in per-
forming similar work, list clients for whom past work was satisfactorily completed,
and submit complete information concerning technical organization, equipment and plant
facilities, and financial resources. They must also have a registered civil engineer or
licensed land surveyor in their employ who is responsible for all technical performance
under the terms of the contract.
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2. General specifications. The over-all policies, both legal and technical, under
which the Division of Highways operates, are incorporated in a set of specifications
entitled, "Photogrammetry, General Specifications." These specifications serve as a
basic guide to contract performance, and are effectively up-dated by the special pro-
visions for particular contracts.

3. The mapping project. An area where up-to-date map data is needed is reviewed
for the type of map required and the extent of desired coverage. In addition the pro-
posed project is analyzed for methods and procedures aimed at producing the map data
within specified accuracy tolerances.

4, Special provisions. The special provisions modify and amplify the general speci-
fications. Included as part of these provisions are plan sheets showing location of proj-
ect, mapping limits, ground cover conditions, existing horizontal and vertical control,
and specified flight lines. The results of all the planning are incorporated in the text
and on the plan sheets.

5. Bidding and award. A bid list is drawn up, composed of those qualified bidders
who have demonstrated that they can handle the type of job in question, especially con-
sidering capacity of the firm in relation to the size of the job. Sealed proposals are
received, and award is ordinarily made on the basis of the lowest bid.

6. Production. Upon award of the contract all production as specified in the special
provisions is the direct responsibility of the contractor. Any variations from the
special provisions are mutually agreed on by the contractor and the State and covered
by contract change order.

7. Checking. The checking of all materials and data required under the contract
commences on delivery or shortly thereafter. Checking is the main subject of this
paper, and will therefore be discussed in greater detail.

8. Acceptance. For practical purposes the acceptance of a map merely means that
the contract is completed and the contractor is authorized to receive final payment for
his efforts under the terms of the contract. It sometimes happens that acceptance is
complicated by circumstances that had developed during production phases. It is es-
pecially important that a thorough review be made at this time to ascertain the reasons
for the difficulties, whether they were extenuating and beyond the control of either the
State or the contractor, or whether the difficulties could have been prevented by either
party. In other words, this is the last opportunity to review and analyze for the purpose
of improving future contract procedures and specifications.

These eight steps comprise a complete system for obtaining photogrammetric mapping,
and negligence in the performance of any one of them may contribute to an unsatisfactory
product.

The Division of Highways has developed a system of map checking that 1s particularly
satisfactory as a part of the over-all method of map procurement. This system is di-
vided into two steps: (a) photogrammetric review or analysis, and (b) field checks de-
pendent largely on the results of photogrammetric analysis.

A corollary to the map checking program is the influence it has had on the accepta-
bility of the maps by the engineer-user. The application of this program has prevented
poor jobs from reaching their destinations, so to speak, and over a period of time
confidence in the photogrammetric methods has been attained.

SPECIFICATIONS AND PROCEDURES

Accuracy specifications for large-scale mapping are an outgrowth of National Map
Accuracy Standards. The so-called Standards are not entirely satisfactory, buttheydo
serve as a foundation for incorporating the requirements for highway design maps.
Investigations have demonstrated that mapping specifications, wherein earthwork quan-
tities are to be considered, must recognize the fundamental importance of statistical
accuracy (1, 2, 3).

Current California accuracy specifications (4) for a typical project with mapping at
1 in. = 50 ft with 2-ft contours and/or spot elevations can be summarized as follows:

In areas not obscured by brush or field crops:
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90 percent of the contours shall be within 1.0 ft.

90 percent of the spot elevafions shall be within 0.5 ft.
The arithmetic mean shall not exceed:

+ 0. 40 ft for 20 points tested,

+ 0. 30 ft for 40 points tested,

+ 0. 20 ft for 60 or more points tested.

These limiting tolerances for the arithmetic mean are based on a standard deviation
of 0.6 ft and 99 percent probability. Exact values computed on this statistical basis
have been rounded out to the next higher 0.1 ft. In establishing such tolerances two
factors should be recognized:

W N =

1. The desirability of testing small segments of the mapping to minimize varying
systematic errors. This is necessary if anticipated balances of earthwork quantities
between individual cuts and fills are to be maintained.

2. The effects of irregular ground surface and even minor amounts of ground cover
on photogrammetric readings at the map scales now being used.

About 98 percent of California contracts are with firms that use the Kelsh-type plotter
as the basic photogrammetric instrument. Methods and procedures, as required in the
special provisions of the contract, are directed toward this typeof instrumentation to-
gether with the associated phases of photography and supplemental control.

Before 1956, a minimum of detailed specifications was included in the special pro-
visions of each contract. With the start of photogrammetric analysis, it was im-
mediately apparent that greater emphasis had to be given to the principles of
photogrammetric engineering if satisfactory mapping was to be obtained. The current
detailed specifications provide a fairly complete outline of procedures that the mapping
contractor must observe, and constitute a sound (though conservative, in some respects)
approach to the making of large-scale maps by photogrammetry. Although certain items
are considered standard, each project is individually planned before the writing of the
specifications.

The major technical considerations follow in logical order:

Aerial Photography

The proper planning of aerial photography centers around the photogrammetric in-
strument to be used. Hence, for the Kelsh-type plotter careful flight planning is es-
sential because of projection limitations. Special attention is given to the range of
relief to be accommodated on any one flight line 1n relation to mapping width. Reason-
able tolerances in flight altitude and position are allowed in planning so that complete
stereo-coverage within the limitations of the projection equipment 1s assured. Adequate
aerial photography is absolutely necessary, for this 1s the initial phase upon which all
subsequent phases depend.

Aenal photography must be taken with precision cameras that have satisfactory cali-
bration certificates. Usually 6-in. focal length cameras are required, although on oc-
casion 8%-1n. focal lengths have been permitted and even encouraged in areas of
moderately heavy vegetative growth.

Until very recently experience with cronar-base aerial film has been lacking. How-
ever, from our limited experience to date we are encouraged by the prospects this
modern film promises to offer. Some of the mystifying vagaries in relative orientation
have disappeared, and model definition seems to be 1mproved. Consideration is being
given to the mandatory use of the film on future projects.

Diapositives are required to be made on glass that at least 0.130-in. thick, and with
the emulsion surface down. The metrical data pertaining to diapositives has been re-
ported previously (5). '

Supplemental Control

The basic concept of supplemental photo-control for large scale, small contour in-
terval mapping 15 that each neat model area must be fuliy controlled and that its abso-
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lute orientation should not depend on the orientation of adjoining models. In other
words, the bridging of control is not permitted.

The arrangement and placement of wing points for vertical control in model corners
is the responsibility of the contractor. However, in order to convey the single-model
concept, wording similar to the following is included in the special provisions: ""Estab-
lish and use for supplemental vertical control points, placed advantageously near the
four corners of each model used in compilation within a radius of 5 in. from the center
of the two photographs forming the neat model. No point should be located more than
3.5 in. from the X-axis of either photograph. The four points should be located to form
a rectangular pattern for the corner control of any neat model."

In addition to the four-corner vertical control points, a fifth vertical control point is
required near the center of the neat model. This specification is frequently modified if
a specified or existing horizontal control line runs along the middle of the mapping strip
and ground elevations are available at the monuments.

The pre-marking of all or a portion of the vertical control before photography is
sometimes specified, especially inflat terrain devoid of definitely photo-identifiable
features. This is applicable to farm lands, deserts, and grassy terrain. The common
practice is to locate pre-marks on the ground along the margins of the mapping strip
at uniform intervals of 200 to 300 ft. Elevations need be established on only those points
that fall near model corners, but may be established on all the points if the contractor
so elects.

In line with the single-model concept, at least two well-spaced horizontal control
points should be located in each model. For many years, three horizontal points have
been required, the extra point serving as a check.

Primary horizontal control is usually done by State forces, with monuments set at
intervals of 1, 000 to 2, 000 ft through the center of the mapping strip. The current trend
is to require supplemental horizontal control to be traversed between the primary monu-
ments. In order to take advantage of the necessary taping, the supplemental points are
located at tape-lengths of 200 to 300 ft.

Pre-marking of horizontal control has become standard practice. Further, with
elevations established on the pre-marks, vertical control throughout the center of the
mapping strip is readily available. This procedure is fairly routine and especially
adaptable to flat terrain conditions.

Compilation

Before the availability of mylar polyester films, considerable difficulty was encoun-
tered with manuscript materials. The mylar films, of which several commercial va-
rieties are obtainable, have wirtually eliminated "paper stretch'” as a source of error
in photogrammetric compilation. The use of this type of material is a specification
requirement.

The results of prior planning and production (photography and control) directly affect
compilation. If the planning has been satisfactory, and production of photography and
control progress accordingly, compilation difficulties are greatly minimized. The most
important remaining source of error is the amount of vegetative growth existing at the
time of photography. In areas of heavy cover, specifications provide for relaxed ac-
curacy tolerances, .as previously noted, and must be indicated by dashing the contours.
Field completion surveys are necessary under very heavy growth conditions.

Spot elevations are required to supplement contours in locations where interpolation
of elevations would be troublesome. Typical features are tops, saddles, depressions,
benches, and places where the ground is so flat that contour spacing exceeds 2 in. at
map scale,

Ordinarily all planimetric detail visible in the model must be shown. There are
certain exceptions, such as very small buildings. However, important planimetric
features not visible in the models are sometimes required, indicating the necessity of
field completion surveys.
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Delivery Schedules

Delivery schedules specify that all materials pertinent to compilation be included 1n
required shipments of completed maps. From the date the compilation materials are
received, the State has 90 days in which to complete the checking of the maps.

The foregoing outline of specifications may be modified according to individual job
requirements, but in the main constitute the essential considerations for the making of
large-scale photogrammetric maps to the specified accuracy tolerances. In addition,
careful planning of the basic production operations affords a better understanding of the
map checking problem.

MAP CHECKING PROGRAM

The fundamental rule serving to govern map checking procedures is that the method
used to check the map should be capable of a higher order of accuracy than the method
used to make the map. An academic interpretation of this rule often leads to confusion
and may not produce the desired results. With the variations in survey procedures now
available, any number of acceptable alternatives are at the disposal of the engineer,
depending upon scale and contour interval of the map, accuracy specifications, ground
cover conditions, and nature of the terrain.

As an example, the use of stadia may or may not be applicable for the checking of
photogrammetric maps. Stadia 1s considered suitable for checking small-scale, large
contour interval mapping, such as 1 in. = 200 ft with 10-ft contours. Errors inherent
in the method are not critical at that scale and contour interval. However, the appli-
cation of stadia to the checking of the usual design scale map at 1 in. = 50 ft with 2-ft
contours is more restricted, and must be used with considerable judgment. On the other
hand, the use of transit traverse for checking of large-scale maps of rugged, timbered
terrain may not be justified, especially considering reduced accuracy tolerances in such
situations.

Forlarge-scale mapping, field checks require relatively high survey technique in
order to discriminate photogrammetric errors. As reported in the article, "Terrain
Data for Earthwork Quantities™ (2), the taking of cross-section data by routine field
procedure proved to be less accurate than by photogrammetric procedure. In this test
a precise field survey was made for the purpose of comparison, permitting the segre-
gation of errors in both the routine field survey and the various photogrammetric surveys.
It is interesting to note, however, that had the precise survey not been made, the differ-
ences between the photogrammetric survey and the routine field survey would have been
undoubtedly attributed to errors in the photogrammetric work. The common assumption
that field survey is naturally superior to photogrammetric survey 1s not necessarily
valid and frequently leads to erroneous conclusions.

The cost of field survey can be prohibitive, especially if a thorough check of the
mapping is desired. The practice of running one field profile on each map sheet with-
out regard to the number of stereomodels comprising the sheet is hardly a thorough
check. If the stereomodel is to be considered an independent compilation umt, theo-
retically it should be checked accordingly. A map sheet may comprise one model or
several models. It is not suggested, however, that such field checking is warranted,
unless detailed method and accuracy specifications are unknown,

The Division of Highways recognized the map checking problem associated with the
volume of mapping required for the planning and design studies. In 1956, a Kelsh
plotter was purchased for the sole purpose of checking contract work, It became nec-
essary, therefore, to require the mapping contractors to deliver their compilation
materials, consisting essentially of manuscripts, control-photographs showing ident:-
fications and values, and diapositives, along with completed map sheets. These materials
are necessary for the resetting of stereomodels in order to investigate the probable
areas of weakness. Accordingly, field survey Phrties are advised to check these areas
for compliance with accuracy specifications.

Although confidence was expressed 1n this initial endeavor, the procedure wasan
reality on trial. For one thing, one hesitates to call it ""checking"” because the findings
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had to be substantiated by field survey. Also, frequently there was doubt because the
data furnished by various contractors was sometimes so indefimte that findings were
unavoidably inconclusive. It was apparent that method specifications had to be improved
1n order to assure reasonably that accuracy tolerances could be attained. Consequently,
the over-all approach has developed more logically as a photogrammetric analysis be-
cause the entire photogrammetric procedure for large-scale mapping 18 investigated.
Two positive outcomes are now recognized:

1. The improvement of specifications to assure withgreater certainty the possibility
of meeting required accuracy tolerances for design-type maps.

2. The reduction of checking costs by 1solating the probable weak areas of the
mapping, which permits the more expensive field checking to be concentrated in the
recommended areas.

During the 23%-month period from January 1959 through the middle of December 1960,
2, 349 models were investigated, using 3 Kelsh-type plotters. This is equivalent to
about 400 m1 of design mapping, or approximately 2/3 of the total mileage acquired
during this period, involving 20 contractors and 69 contracts. Approximately 26 per-
cent, or 600 models, were recommended for further field checking. This amounts to
a reduction of 74 percent in field checking on the basis of checks in every model. It
1S emphasized at this point that many models recommended for field checking were of
borderline accuracy and very few were actually rejected. Detailed records were kept
on the results of 62 of the 69 contracts. A more detailed breakdown of results follows,
showing a distribution according to findings on the 62 contracts.

Table 1 shows the record for individual contracts by stereomodels. In this type of
work 1t 1s generally impossible to differentiate precisely between the models that are
substandard and those that are borderline. Thus, those recommended for field checks
are subdivided according to the extent of check the photogrammetrist believes necessary.

An explanation of row headings will demonstrate the sigmficance of the recommen-
dations for field checks. Between those models determined satisfactory (or ""OK") and
those requiring field checking, lies an indefinite zone that comprises models that are
"probably OK." Within this latter category further subdivision i1s made to separate
control from compilation problems. Control problems are of two types, vertical and
horizontal, but occasionally both types occur. Compilation problems, on the other
hand, may stem from several different sources:

1. Omissions, either plammetric or topographic (such as buildings or poles), or
top contours, depression contours, sigmficant spot elevations, and other map-worthy
features required in the specifications.

2. Generalized topography, especially 1n rugged terrain, resulting from hasty
compilation.

3. Systematic differences in elevation between the contract map and the reset model,
indicating the possibility of systematic errors.

4. Ground cover, especially those small areas not so indicated on the contract map,
that probably do not conform to standard accuracy requirements.

5. Weak areas, usually isolated and small, wherein vertical disagreements between
the contract map and the reset model are apparent.

6. Minor differences between the contract map and the reset model comprising
several of the previously mentioned sources.

7. Erratic compilation wherein nothing too definite can be isolated and the causes
are unknown, other than simply careless workmanship.

Miscellaneous comments are usually confined to those models that are poorly illu-
minated, and therefore difficult to read, and to models that indicate vague photographic
problems suggested by residual parallax.

Models classified 1n this indefinite zone of "probably OK' are noteworthy to the ex-
tent that the problems associated with them are not considered significant enough to
cause rejection if subjected to field checking. In other words, they undoubtedly con-
form to the 90 percent concept expressed in the accuracy requirements. If, in the
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judgment of the photogrammetrist, any
or a combination of the various classifi-
cations are significant to warrant field
investigation of particular models, then
the type of field check 1s suggested that
should reveal whether the model meets
specifications.

A spot check, meaning a scattering of
field elevations in the model area to de-
termine the trend of errors, is suggested
when vertical control problems or general
brush conditions are serious enough to
make standard accuracy problematical.
This is a sort of borderline condition,
difficult to pinpoint definitely.

A limated field check is usually con-
fined to specific areasthatare either large
enough to cause the model to fail to meet
the 90 percent concept or significant enough
regardless of size to give rise to prob-
lems in the design phase. An an illustra-
tion, errors in particular vertical control
points may not have been resolved during
compilation to the satisfaction of the
State's photogrammetrist, perhaps mak-
ing a definite portion of the model suspect
for vertical accuracy. However, if the
errors had been resolved to his satisfac-
tion, the model would have been classi-
fied as probably OK, noting the difficult-
ies with vertical control.

Should brush-covered draws or other
drainage features indicate serious ver-
tical errors, a limited field check of the
specific area would be suggested. Such
areas are typical of the problems that
later arise during design and cause doubt
as to the reliability of the entire mapping.
Because of this, it is fairly common
practice to require before compilation
field profiles of particular drainage fea-
tures to control the plotting of contours
on the manuscript.

A complete model check is recom-
mended for those models that are so
erratic that compliance with accuracy
standards is extremely doubtful. It some-
times happens in these situations that the
contractor had at the time of compilation
information that enabled him to meet
specifications, whereas without this in-
formation the State's photogrammetrist
was obliged to recommend complete field
checking.

Table 2 is a summary of the photo-
grammetric analysis record of individual
contracts listed in Table 1. In this form,
it is a record of individual contractors.
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TABLE 2

PHOTOGRAMMETRIC ANALYSIS RECORD:
SUMMARY OF STEREOMODELS, INDIVIDUAL CONTRACTORS

CONTRACTOR A | B (o} D E|F G H I J K L | M N P Q R S
0K - (No comments)| 29(132| 27 8 5| 89| 73| 33| 53{ 61{ 93| 30/188 10| 28] 49| 4
PROBABLY OK
Control
vertical 2 16 1 4 1} 10 1 1 3 2 1l 22 1 3 2
horizontal 2 3 3 3
both 1 4
Compilation
omissions 3] 5] 2 41 10| 1 1| 2f 3 2
generalized 13 2 1] 1] 1 6 1] 2
systematic 3] 6| 1 1 2] 3| 1] 18| 1] 12 1
ground cover 1 1 1 1 1 3 5| 22 5 1 3
weak areas 9 6 2 2 2 2| 10 2 1| 12| 12 1| 24 2 1 2 1
minor diff. 5| 4 2 1] 1f 3| 2|14 1
erratic 8| 3 2{ 15 8 2
Miscellaneous 41 1 31 8] 1] 2f 1 1 2
FOR F1ELD CHECKING
spot check 9 3 3| 121 2 8 21 1 1 3
limited check 18| 1 1 3 11] 16| 19 61 3| 26| 2|53 5 7
complete check 2] 14 1| 1] 1| 6| 27| 2| 2| 5| 16 35 3 5
TOTAL STEREOMODELS | 61 |222 | 37 5| 20| 12137192 63| 71| 89/199| us |417 13 60| 72| 20
Number of Jobs 2| 8| 3 1 1 1 5| 8 21 2| 3 6 21 11 1 3 1 1

14
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Table 3 is derived from Table 2, the

vestigated. In this particular case, the
photogrammetric work was compiled with
a universal instrument. The five models
were reset in a similar instrument belong-
ing to another agency. Timedidnot per-
mit a more thorough analysis, therefore
the record is not indicative of the con-
tractor's potential performance.

For contractor 1, Table 3 shows 36
percent of the models recommended for
further field checking. This was caused
largely by the fact that contract I-2,
Table 1, shows 20 models out of 28 sug-
gested for further field checking. This
contract required standard accuracy
mapping throughout, specifying field
completion surveys in the areas of heavy
ground cover, During photogrammetric
analysis 1t was not certain how muchfield
completion was actually accomplished,
and the recommendation for field checks
merely indicated that the areas in question
could not have been compiled photogram-
metrically to the required accuracy. The
field completion surveys had been made
as required and no models were rejected
as a result.

Of the 62 mapping contracts investi-
gated, 2 (O-1 and S-1) were found to be
very poor because of failure to follow
specifications. Both of these contracts
were willingly corrected by the respect-
ive contractors.

Table 4 summarizes the photogram-
metric analysis record for the 62 projects. It is noted here that only 128 models, or
7.4 percent, of the 1, 739 that had been reset were recommended for complete field
checking, compared with 174, or 10.0 percent, for limited field checking, Without
the advance information furnished by photogrammetric analysis, extensive and unpro-
ductive field effort would be unavoidably expended.

Field checking data based on the information provided by photogrammetric analysis
show a definite correlation of results. Whenever enough field data are available, it is
the practice of some District offices to make a statistical analysis as illustrated by
Figure 1. The derivation of the cumulative frequency curve is explained in the article,
""Photogrammetric Map Accuracy" (1).
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TABLE 4

PHOTOGRAMMETRIC ANALYSIS RECORD:
SUMMARY, 62 PROJECTS, 19 CONTRACTORS

Summary by

Category Item
Models (%) Models (%)
OK - (No comments) 915 52.6 915 52.6
Probably OK:
Control: 91 5.2
vertical 70 4.0
horizontal 16 .9
both 5 .3
Compilation: 334 19.2
omissions 35 2.0
generalized 27 1.6
systematic 52 3.0
ground cover 50 2.9
weak areas 91 5.2
minor diff. 33 1.9
erratic 46 2.6
Miscellaneous 33 1.9 33 1.9
For field checking: 336 21.1
spot check 64 3.7
limited check 174 10.0
complete check 128 7.4
Total 1,739 100.0 1, 739 100.0
CONTRACT _______ 6=2 e
ROAD _ V- ALA—5—8.F w
LENGTH______ 127 MI i =
SCALE __'.ﬂ_ ] E
CONT INT— 2 v
TERRAIN__Mostly Flat, Some Steep &
+e COVER 90% Sparse, 10% Heavy 255
- ¥ PTS./MODEL — 3 ==t
W4+ NstT 6° Kelsh _
- FLIGHT N !300' is2ES
Z o : h
« ESEE CONTOURS
_2 =
= TEST PROFILE . Rondom
2 NO TEST PTS._____ 806
B8ASIS Fiald Surveys
WITHIN v2 ci—__ 9677%
ARITH MEAN _____ —0037°
STO DEV 0438
STD ERROR MEAN________ 00ie’
[} . 0 30 50 10 90 95 99

CUMULATIVE FREQUENCY (N PERCENT
Figure 1.

For contract G-2, 27 models had been reset (Table 1), or about 36 percent of the
total number of models covering the project. This was considered to be sufficient to
anticipate a satisfactory job. Subsequent field checks based on random profiles dem-
onstrated that excellent mapping was performed. Figure 1 very adequately
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summarizes the results, Because of heavy brush in certain draws, 4 models had
been recommended for limited field checking. i

CONCLUSIONS

The photogrammetric map checking system used by the California Division of High-
ways was developed to investigate the accuracy oflarge-scale design mapping obtained
under contract. The volume demand for this type of mapping was caused by the acceler-
ated highway program stimulated by the Federal Highway Act of 1956.

Two direct benefits of the program have been demonstrated:

1. Reduction in field checking time and effort.
2. Continuous analysis and consequent improvements of mapping specifications.

Adequate mapping specifications are absolutely necessary to guarantee satisfactory
results. Of 62 contracts investigated, 2 were found to be substandard. In both cases,
the contractors had failed to follow specifications.

The over-all records of the map checking program prove that whenever good speci-
fications are diligently followed standard accuracy mapping will be assured.
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