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Contract Issues for GPS/Photogrammetry:
A Management Perspective

Abstract

There has been a tremendous impact on the surveying and
mapping industry from science and technology over the last
30 years. The challenge facing the private sector is how to
integrate new technology successfully into the production
environment. In parallel, the goal of public organizations is
similar but has been extended to reflect the use of new tech-
nology in specifications for contract work. Individually, the
fields of GPs and photogrammetry each require a sound level
of understanding to be successfully employed. Collectively,
the level of understanding required to become operational in
“Photo/Geodesy” is even greater. The Surveys and Mapping
Section of Ontario Hydro has been actively investigating ad-
vances in both disciplines. Our goal is to establish produc-
tion specifications which can serve as the basis for contract
negotiations and contract monitoring. This paper reflects the
background and experiences that have gone into the creation
of a contract outline for GPS/photogrammetry at Ontario Hy-
dro.

Introduction

In the opening decade of this century, Ontario Hydro was
created by the province of Ontario, Canada, for two reasons:
first, to establish public power in order to allow the prov-
ince’s economy to grow, and second, to bring reliable and af-
fordable electricity to the people of the province. In the 86
years since, Hydro’s basic mission of reliable power at cost
has remained the same, but how that mission is accom-
plished has evolved in many ways in response to the chang-
ing social, governmental, economic, and technological
priorities.

Functionally, the traditional role of “Surveys and Map-
ping” has been to perform engineering surveys to acquire
data for the design and construction of major transmission
lines and to conduct legal surveys for the acquisition of
rights in land. The broadening of our mandate in the last few
years has provided an expanded role in the development and
integration of new technology to enhance the production en-
vironment, The reorganization of Surveys and Mapping as a
section under the Technical Services Department — Lines
Strategic Business Unit, has further emphasized our role in
coordinating technology transfer.

The “right-sizing” of public organizations in the prov-
ince over the last 10 years has created a shift from “make” to
“buy.” The Surveys and Mapping Section has undergone a
significant reduction in staff over this time period and now
contracts more than 50 percent of all work including 100
percent of all photogrammetric compilation. In the past five
years, Surveys and Mapping has let over 1200 contracts, the
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management of which has been an iterative process that has
changed significantly with time and experience. One thing is
clear; the key to a successful contract is a clear definition
and understanding of the products required and the roles of
the principles involved.

The anticipated work load for Ontario Hydro over the
next few years will involve the construction of new trans-
mission lines and the refurbishment of old ones. Each of
these ventures require a variety of spatial information prod-
ucts, A significant portion of future work will be conducted
in remote areas of northern and central Ontario. There are
numerous problems in conducting a mapping project in
these areas; for example, accessability, sensitivity to Aborigi-
nal lands, terrain, and weather conditions, all can add signif-
icantly to the project cost. The integration of GPs/
photogrammetry could significantly reduce the costs of the
mapping component for many of our projects, especially for
projects in remote sectors of the province. In order for On-
tario Hydro to fully capitalize on this technology, the neces-
sary infrastructure must be in place (technical and
administrative) to ensure a successful operation.

Addressing Technology

The goal of technical development within the Surveys and
Mapping Section at Ontario Hydro has been to monitor the
research being conducted in geodetic science, surveying, and
remote sensing, and assess the applicability to our informa-
tion requirements. It has been found that our participation in
professional organizations and technical committees in both
the United States and Canada has been extremely beneficial
in remaining current with developments in the industry and
for communicating with individuals and organizations with
similar goals. If a technology is found to be viable, the next
step involves integrating that technology into the production
environment. The transition from theory to practice is the
most difficult step to achieve.

Although not a mainstream practice in industry, GPs/
photogrammetry is progressing rapidly and its implementa-
tion is the priority of many mapping organizations world
wide. Unfortunately, like most developments in photogram-
metry, the time gap between “invention” and “practice” has
been significant. As discussed by Schenk (1990), the transi-
tion from analog to analytical photogrammetry has taken
over 30 years and is still not complete. A similar delay is an-
ticipated when predicting the impact that digital photogram-
metry will have on the industry. Notwithstanding the
developments in other areas of the science, in order to be-
come operational in GPS/photogrammetry, one must become
literate with each of the disciplines before applying the two
in tandem,

As stated, the majority of effort in photogrammetry dur-
ing the last decade has focused on the transition from analog
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to analytical and the development of “digital” mapping tech-
niques. Because Ontario Hydro contracts for the majority of
it's mapping work, our contract specifications have gone
through numerous refinements to reflect the changes in prac-
tice. The concept of “System Calibration” has been underly-
ing the evolution of our mapping specifications and quality
control procedures during the last few years. Essentially, we
are trying to ensure the spatial integrity of the coordinates
and the mapping products we generate.

The concept of “Measurement System Calibration” was
proposed by Churchill Eisenhart (1963) of the United States
Bureau of Standards and provides a rational approach to the
assessment of any measurement system in terms of accuracy.
The application of Eisenhart's concept to the photogramme-
tric measurement problem has been discussed by Merchant
(1972), Marchant et al. (1990), and Lapine (1990). Ontario
Hydro’s contract specifications for photogrammetric mapping
try to ensure the use of analytical techniques throughout the
production process, and independent “audit points” are re-
quired on all our mapping projects. Ontario Hydro will con-
tinue to improve these specifications where appropriate and
as technology dictates.

The Surveys and Mapping Section has been following
the development of the Global Positioning System (GPS) for
some time, and, like others in the industry, recognized the
tremendous impact GPS would have on our business. How-
ever, it is one thing to admire a technology and quite another
to commit to investing in it. The cost justification is not as
simple as required for the purchase of an EDM or Total Sta-
tion. Consequently, in the spring of 1989, the Surveys and
Mapping Section prepared a Business Plan to develop in-
house capabilities to perform GPS surveys. The culmination
of the three-year plan has provided Ontario Hydro with the
capability of conducting GPS surveys for production mapping
and control survey projects, and for auditing contractor’s re-
turns.

The first step in the preparation of our Business Plan
was to make an assessment of the future work load. All indi-
cations pointed to the fact that the percentage of contract
work would increase and that there would be no correspond-
ing increase in staff. In reviewing how we would accomplish
our work, it was clear that the use of GPS technologies would
go a long way in helping address our project work—both
through its use by external contractors and for our in-house
quality control procedures. The next step was to initiate the
budget process, and, in the fall of 1989, the Technical Devel-
opment Group in Surveys and Mapping recommended that
the three-year budget plan provide for the purchase of three
GPS receivers and the required training for two five-person
crews.

Upon receiving the necessary financial approval, Sur-
veys and Mapping took possession of two geodetic receivers
and one portable unit. In order to get our crews “up to
speed” with the equipment and technology, we solicited the
help of an external consulting team that had extensive expe-
rience in GPS surveys. The training phase consisted of both
classroom and field trials. The classroom work involved a re-
view of Geodesy and Adjustment Computations theory along
with a detailed review of the specifications for the planning,
execution, and reduction of GPS surveys. The field training
consisted of numerous micro surveys using both static and
kinematic techniques. The culmination of the field training
was a 2-week “survey camp” in which the GPS work carried
out by our field crews was bench-marked against a “GPS vali-
dation network.” The field camp was tremendously success-
ful. In hindsight, the key to the successful implementation of
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our plan has been the commitment of budget for training and
development.

In following the developments of GPS/photogrammetry,
we were encouraged by the results discussed by Lucas (1987)
and the ground breaking efforts of Lapine (1990). In the hope
of gaining experience in GPS/photogrammetry, Ontario Hydro
expanded the scope of a mapping project located northwest
of Thunder Bay, Ontario, to assess the use of airborne Gps,
lasers, and multispectral imagery to develop ground terrain.
The results are detailed in Tudhope (1991). Despite only
achieving 0.75 to 1.0-m positional accuracy of the image
platform, the two basic conclusions were that it was possible
to achieve the mapping accuracies required for project work
with a significant reduction in ground control, and that the
potential of positioning the platform of any airborne sensor
would significantly enhance the utility of the data set.

Continuing our development work, in October 1991, On-
tario Hydro, in a joint venture with the Canada Centre for
Remote Sensing, Innotech Aviation Ltd., National Oceanic
and Atmospheric Administration, Ohio Department of Trans-
portation, and Topo Photo Inc, set out to calibrate an RC-10
aerial camera and to assess the accuracy of the MEIS 1I stereo
line imaging scanner (Till et al., 1986). Aerial photography
and imagery were collected over the Ohio calibration range
at 1:10,000 scale (RC-10) and 0.5-m pixel resolution (MEIS) re-
spectively, under kinematic GPS control. Although the results
are still being compiled, the tests show that it is possible to
position the airborne platform to less than 10 cm, and that
“System Calibration” is a necessity no matter what the imag-
ing platform or medium of data capture.

Contract Issues

During the last few years, the Surveys and Mapping Section
moved away from awarding contracts solely to lowest tender
and adopted a proposal system where final contract award
would be based on merit. The cost component would then be
only one of the contributing factors to the proposal evalua-
tion. In adopting this approach, Surveys and Mapping has
found that the quality of the mapping products received has
greatly increased. However, a “Request for Proposal” (RFP)
project specification, which serves as the foundation of the
project contract, must be quite rigorous and complete.

Our experience with GPS/photogrammetry has lead to the
conclusion that, if we were to enter into a contract arrange-
ment for the procurement of such services, the guidelines
and specifications would have to address a significant num-
ber of issues. It has also been realized that there would have
to be as many “checks and balances” as possible built into
the process to ensure success. In developing a contract out-
line, the work completed by Lapine (1990) and the experi-
ence of the Ohio Calibration Project, served as a model.

In initiating a mapping project, the first two issues to ad-
dress are the definition of product required and the accura-
cies associated with these products. Next, it will be
necessary to assess whether the option for GPs/photogramme-
try is to be considered or whether “traditional” photogram-
metric approaches would be better suited. For example, some
transmission line projects require a framework of geodetic
control for legal and construction purposes at a density
greater than required for photo control. Assuming the use of
GPs/photogrammetry techniques are approved, the “framing”
of the project specification begins.

Pre-Qualification
Ontario Hydro has been approached by a number of firms in-
dicating that they are capable of performing aerial surveys by
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Taste 1. Issues FOR PRE-QUALIFICATION OF GPS/PHOTOGRAMMETRIC FIRMS

AIRCRAFT SYSTEM

* Operational Requirements/ Limitations

* On-board Nav System Performance

* Pressurized vs Non-Pressurized Cabin

GPS DATA COLLECTION SYSTEM

* GPS Receiver Make and Performance

* On-board Data Logging/ Event Record

* Make and Performance of Antenna
Location - Aircraft & Camera
Pre-Calibration of Phase Center
Pre-Amp Location - S/N Ratio
Spatial Offset to Exposure Station

* Initialization Process (Ambiguity Res)

IMAGE COLLECTION SYSTEM

* Aerial Camera and Accessories

* Calibration of Interior Orientation

* ID and Control of Timing Biases

* Image Motion Compensation

Camera Mount Controls

* Film Type and Scale

IMAGE PROCESS/MEASUREMENT

* Distortion - Processing and Printing

* Analytical Plotter Calibration

* Analysis Software/Independent Check

CALIBRATION RANGE

* Control Field Accuracy

* Target Design/Density/Optimum Scale

POST PROCESSING MODEL

* GPS Data Reduction Software(s)

* Integer Ambiguity Resolution

* Antenna at Exposure Interpolation

* Block Adjustment Software(s)
Direct Observations
Interior/Exterior Orientation
A-Priori Weighting Schemes
Use of Auxiliary Parameters

* Accuracy Assessment of Measurement System

*

GPs/photogrammetry. Our response has been that they must
submit the results of their System Calibration for our review
before being pre-qualified as operational. Issues for discus-
sion in a review of contractor's qualifications are summa-
rized in Table 1. Essentially, a detailed description of the
airborne photogrammetric measurement system, the post
processing model, the model for integration of the direct ob-
servations into the mapping equation, and a complete docu-
mentation of all field test results is required.

The importance of System Calibration in this context
cannot be stressed enough, as there are many potential
sources of systematic error. We believe that this is the key to
a successful operation. As discussed by Lapine (1990), “...
The kinematic positioning of the aircraft yields a position for
the airborne GPS antenna on a fixed time interval throughout
the photo mission. It is necessary to consider several system-
atic errors which would otherwise contaminate the transfor-
mation of the antenna position to the exposure station
position. The systematic errors include timing bias between
the GPS navigation information and camera exposure station
time tags, timing bias between shutter pulse and actual lens
opening, bias in the determination of the spatial offsets be-
tween the GPS antenna and camera reference frame, and bias
in the interpolation model used to compute the antenna po-
sition at the moment of exposure.”

Continuing, Lapine also states that, “... In addition to the
biases between GPs and the exposure station, aircraft in-
duced biases caused by the optical flat between the camera
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compartment and exterior of the fuselage, atmospheric re-
fraction, interior camera orientation, and film deformation
must be identified and modeled,” As the potential exists for
the propagation of all these errors into the final results, a
discussion of their elimination or control is essential,

In terms of the GPS data collection system, the contractor
should be required to outline the components of the system.
The type of aircraft must be identified along with the range,
performance, runway length requirements, and any perform-
ance limitations. The make, type, and location of GPs receiv-
ers must be identified along with the make, type, and
location of the antenna. It is important to pre-calibrate the
exact location of the phase center of the antenna. The
process by which the location of the phase center is trans-
ferred to the ground during the initialization process must
also be detailed.

A discussion of the image collection system should in-
clude the make, type, and calibration of the aerial camera,
the effect that image motion compensation has on the timing
events, camera accessories, the location and type of camera
mount(s), calibration of the timing bias in the camera with
respect to GPS time, and the process by which the spatial off-
sets from the camera to the phase center are determined.
Some of the timing offsets are now addressed by the camera
manufacturers; however, their control should still be ac-
knowledged.

The post-processing model discussion must include the
type of software(s) used to process the kinematic GPS survey
data and a discussion of the verification of the integer cycle
count. The model for determining the spatial location of the
exposure stations should also be documented. Once the ex-
posure station positions and associated accuracies have been
determined, these direct observations must be included into
the mapping equation. The type of bundle block adjustment
used must be discussed, including any use of auxiliary pa-
rameters to address systematic errors, including “Gps Drift”
(Ackermann, 1992).

An assessment of the performance of the airborne photo-
grammetric measurement system under GPS control requires
that the system be bench-marked against a standard of higher
accuracy. A discussion of this standard is required. If a tar-
geted calibration range was used, then the history of the
range and coordinate accuracies should be included. The re-
duction of the photogrammetric data involves stages of film
processing and image mensuration. The identification and
control of systematic errors in each of these stages is essen-
tial. The final comparison of the ground positions derived
from GPS/photogrammetry to the “true values” will establish
the accuracy threshold of the measurement system for opera-
tional work.

Project Specific Issues

There will always be issues which are specific to each indi-
vidual project but which must be addressed in the project
specifications. Some items for discussion are summarized in
Table 2. Prior to the RFP stage, there must be an assessment
as to the applicability of GPS/photogrammetry to the project
requirements and the geographic location of the site. If un-
certain, one can always entertain estimates for both the tradi-
tional approach and the GPS option in the RFP. If the GPS/
photogrammetry option is approved, it must be assured that
there is no deviation from the pre-qualified system during
project operations.

It is essential to build as many checks and balances as
possible into the approach. As described, Ontario Hydro re-
quire independent audit points on all mapping projects.
However, the decision must be made as to whether the con-
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TABLE 2. PROJECT ISSUES FOR CONTRACT SPECIFICATIONS

PROJECT SPECIFIC

Definition of Mapping Requirement and Accuracies
GPS Methodology Employed

Deviation from Pre-Qualified Measurement System
Proximity of Project Site to Airports

Availability and Suitability of Airport
Establishment of Airport Control and Baseline
Number and Location of Signalized Ground Control
Number and Location of “Audit Points”

Flight Mission Design (Scale)

GPS Window vs Photographic Window

Submission of all Data Sets

Accountability

* # * % 3 * % ¥ * * * *

tractor is permitted to conduct the mission with no ground
control at all. It is our opinion that this is not a prudent pro-
cedure and some signalized control is required in the verifi-
cation of the block adjustment and for establishing the
relation to the local survey datum. The number and location
of the control points can be negotiated.

As the majority of mapping done by Ontario Hydro is
along a transmission corridor, the photo flight mission
should be designed to provide for some redundancy. It has
been demonstrated that two parallel overlapping strips pro-
vide for additional geometric strength in the determination of
the camera orientation parameters. A decision has to be
made as to whether photography for the entire corridor be
collected this way or collected as single flight lines aug-
mented with cross strips at select intervals for added geomet-
ric strength. The option is also available for multiple GPS
antennas on the aircraft to solve for the orientation un-
knowns, a condition which may also ensure that continuous
lock on the satellites is maintained.

The mapping accuracies required of the project will dic-
tate whether sub-decimetre positioning of the airborne plat-
form is even required. Therefore, one might propose that real
time differential is more attractive than kinematic GPS, given
the operational restrictions of a project. In order to address
this issue, a threshold must be established, prior to the RFP,
relating the accuracy requirements of the mapping to the GPS
positioning technique permitted.

Although less of an issue as the satellite constellation in-
creases, there are times when the ideal photographic window
and the ideal GPS window do not coincide. In this case, do
you concentrate on getting the photography done to specifi-
cation and then acquire a second photo set under GPS control
to be used for point transfer, or do you sacrifice some of the
image quality to acquire a single photo set under GPS con-
trol? A decision must be made pre-mission as to the priority
of the acquiring imagery according to specification.

Research being conducted into resolution of the integer
ambiguity “on-the-fly” promises to make GPS/Photogramme-
try operationally much easier. However, even if such tech-
nology were employed today, initialization of the roving
platform would still be prudent, given that the determination
of the cycle count is crucial to the overall solution of posi-
tion. In addition, initialization may allow project operations
to continue in the windows of minimal satellite constellation
for 3D positioning. The methodology for initialization should
be discussed, including the maximum distance allowable for
the rover from the base station. Depending on the proximity
of the runway to the project site, a base station may have to
be established on-site during the mission.

During the data collection phase of the project, it is es-
sential that presence at site be maintained by the contracting
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agency. Experience has shown that there are many decisions
that must be made during operations, which usually can
only be made on site. When the mission has been completed,
the contracting agency should require that a copy of all origi-
nal data sets be forwarded for independent processing in the
ev?nt that any inconsistencies are discovered with the re-
sults.

Conclusions

The ultimate decision on how far to go in exercising control
over the contractual process is the responsibility of the or-
ganization letting the contract. As a public organization, On-
tario Hydro is looking for the best product available for the
dollars spent. It is not prudent to rely totally on the contrac-
tor to ensure project success. We must be pro-active in our
approach to ensure Total Quality Management (Jablonski,
1992). However, this requires that Ontario Hydro possesses
the technical expertise to address the technology in practice.
In the case of GPS/photogrammetry, it is essential to have
both a working knowledge of the process and of the particu-
lar job on which the technology may be used.

Pre-qualification of a contractor will go a long way to
ensuring a successful operation. However, it is also impor-
tant to have defined the project information requirements
and associated accuracies, before entertaining Request for
Proposals. There should be as many checks as possible built
into the contract—the role of “System Calibration” is essen-
tial in controlling the GPS/photogrammetric measurement
system. Until the nature of the measurement system is
understood in operation, there is no way for one to “dial in
the appropriate setting” given the project requirements and
accuracy specifications,

There are many who are waiting until GPS/photogramme-
try becomes as simplified an operation as aerial photography:
for some, this is good advice. However, our experience has
shown that GPS/photogrammetry can be accomplished in an
operational environment today. Given the competitiveness of
the mapping industry, many organizations will be able to
successfully meet the operational demands. Addressing the
contract issues discussed will significantly increase the
chances for project success. Without question, contract speci-
fications will be refined as new developments in GPS and
photogrammetry continue. However, Ontario Hydro is now
willing to utilize this technology in production applications
with confidence that our project information requirements
and schedules will be met.
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