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ABSTRACT: The Bureau of Reclamation (Reclamation) Engineering Geology and Geotechnical Engineering Groups use digital
photogrammetry to collect joint orientation information at steep, inaccessible rock sites. This data collection methodology is
particularly useful at steep dam abutments as an alternative to rope access and can provide necessary accuracy for detailed
analyses. Reclamation and Colorado Department of Transportation (CDOT) combined resources to evaluate resulting model
accuracies when model control is established using natural features and to enable CDOT in obtaining orientation data without
climbing, which would have required lane closures on a busy, critical highway. Two rock fall sites along U.S. Highway 6 west of
Golden, Colorado were evaluated using Sirovision 3D photogrammetry system. Reclamation uses a wide range of
photogrammetry systems but chose Sirovision for this research because of the data acquisition speed and the user-friendly nature
of the software. The results show that the photogrammetry spatial error was linearly related to the camera-to-face distance. The
highest spatial error, compared to survey data, was 0.87 foot using a 20mm lens with camera-to-face distance of 250 feet. The
least error was 0.03 foot when the camera-to-face distance decreased to 38 feet. Orientations measured using Sirovision were
similar to compass obtained data.

1. BACKGROUND
Through an informal agreement between
Reclamation’s Technical Services Center (TSC)
Engineering Geology Group and the Colorado
Department
of
Transportation
(CDOT),
geotechnical data of a CDOT site was collected
using photogrammetric and traditional methods.
Reclamation has investigated a wide range of
photogrammetry systems from organizations such
as CSIRO Exploration and Mining, EOS Systems
Incorporated, Vexcel Corporation, ShapeQuest
Incorporated, Z/I Imaging Corporation, and several
others and these evaluations will continue.
1.1. Software
This paper focuses on the use of Sirovision for
developing three dimensional (3D) models from
which geotechnical data can be mapped and
extracted. This system produces 3D images of rock
mass structure for geological and geotechnical
assessment.
Sirovision is comprised of two
modules. Siro3D produces 3D images from digital

image pairs and can export point and line data, point
clouds, meshes, contours, and sections. The second
module, Sirojoint, supports joint data extraction and
analysis of the Siro3D rock mass surface model. A
useful feature of Sirojoint is its capability to map
structure directly from a rotatable 3D image that is
simultaneously displayed as stereonet poles.
These two modules were developed by the
Structural Characterization Stream under the
direction of George Poropat, Principal Research
Scientist, from the Exploration and Mining Division
of CSIRO (Commonwealth Scientific and Industrial
Research Organization). CSIRO is Australia’s
national science agency and one of the largest in the
world.
1.2. Accuracy
The spatial and orientation accuracies obtained
using photogrammetric data collection methods
have been documented [1] [2] [3] by users for
specific projects and by photogrammetry software
vendors with respect to the potential of the software

given ideal conditions and dependent upon the
objectives. If millimeter accuracy is required, the
object is photographed with a high magnification
lens and the camera-to-object distance is reduced,
accordingly. A millimeter is not a typical unit of
measurement used by CDOT or Reclamation and is
expensive to obtain when the area of interest has
dimensions of hundreds of feet.
Some software systems provide accuracy
improvements by back-calculating camera positions
and using more than two photographs but the
additional accuracy these systems provide may not
be necessary for many projects.
It is important to remember when using any spatial
position data, there is error [4] and discerning good
data from bad must continue throughout the entire
project. There are various ways to track and
understand error depending on the software used.
Sirovision provides red colored point cloud data as
one way to quickly spot possible flawed data.
Checking model accuracy using surveyed features
within the model also provides error checking.
Potential accuracy can degrade quickly when
modeling a difficult object such as rock. Rock faces
pose considerable difficulties in obtaining potential
accuracy due to face relief, low image texture,
lighting and camera positions, vegetation,
obstructions, and inability to access the rock face
for survey target placement. The accuracies from
one project site can not necessarily be used to judge
what the accuracies will be for the next and may not
be a fair assessment of the software capabilities. As
with many tools, user experience is an important
variable that influences accuracy.
1.3. Objectives
CDOT’s objectives of this investigation were to
determine discontinuity orientations for rock
stability and rock bolting analysis and to obtain
topography and sections of key areas from the 3D
models. Reclamation’s objectives were to discuss
some unique issues of collecting survey and image
data from two extensive rock road cut sites and to
evaluate whether the use of surveyed natural
features instead of survey targets for control will
result in 3D models that provide accurate
orientation measurements for CDOT rockfall
stability analysis.
The sites selected by CDOT are two separate rock
fall sites along U.S. Highway 6 west of Golden,
Colorado. The research began November 2005.

The road cuts required over 25 image pairs to model
the two separate road cuts, which combined were
1550 feet in length (almost 1/3 mile). This research
was unique to Reclamation’s geologic work because
of the high number of models required, the
difficulty of collecting closer-than-typical images,
and the limited time to collect the field data,
process, and present results. Accuracy checks were
conducted on the 3D model data by comparing
photogrammetrically measured point locations and
joint orientations against the surveyed location of
the same points and compass measurements of the
orientations. Survey was collected by Geoffrey
Stephenson of Stephenson Land Surveying
Services, Lakewood, Colorado.
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3. METHODS
3.1. Location
CDOT selected two sites of highest priority. Site 1
is located on Colorado U.S. Highway 6 at mile
marker (MM) 270.2. Site 4 is at MM 0.0 on State
Highway 119, which intersects U.S. Highway 6.
Figure 1 shows the locations of the two sites and the
steep topography of these areas. A light snow
covered some rock ledges prior to photography site
1 but not enough to affect the final model. No snow
was present when photographing site 4.

The camera mount was designed by Reclamation to
keep the camera sensor over the tripod center
despite changes in elevation. Photographs were
taken using the field guidelines provided with the
Sirovision software.

Fig. 1. Location of sites 1 (top) and 4 (bottom).

At site 1, the photograph locations were restricted to
the shoulder across the highway from the rock face.
Due to the limited distance between the camera and
rock, 20 models were required to fully model the
entire length (936 feet). Additional image pairs
were also collected where the rock face rose higher
than could be captured in one set at road level.
These upper models were not processed as part of
this research but are available. Elevations ranged
from 5842 feet at the east end of the road cut to
5900 feet on the west end with the length of the
road cut about 936 feet. Distances between the
camera positions and rock face vary from 40 to 100
feet.
At site 4, cameras could be set further away from
the rock slope, between 170 and 330 feet. At this
site only 5 models (pairs of images) were needed to
capture the entire length of road cut (625 feet)
despite the greater difference in elevation ranging
from 6905 to 7035 feet. Camera distance from the
rock face influences accuracy when using the same
lens. Understanding these accuracy limitations is
important for planning a photogrammetry project.

To develop a 3D model, Sirovision software
requires at a minimum, the coordinates of the two
camera positions and one control position on the
face. More control may be used (and was used in
this research) to reposition the developed 3D model.
After setting up each camera position, the ground
location was staked with flagged rebar for survey
and the height of the camera above this position was
also recorded. Using a range finder to determine
the distance between the camera locations and the
rock face, the camera baseline (distance between the
left and right cameras) was calculated by dividing
this range by 6. The Sirovision Field Procedure
Handbook suggests that the baseline is 1/6th the
distance of the cameras to the closest point on the
face that will be part of the 3D image.
In the office, one photo from each model was
reviewed and at least four natural rock features were
identified as control to be surveyed. For each
model, the natural features were marked on the
photo of the entire model. This annotated photo
was printed for the surveyor to use as gross
reference in finding the features (Figure 2). The
surveyor was also provided a color print that
zoomed in on each control feature to assist with
locating the exact location of the feature. Figures 2
and 3 are examples of an annotated model photo
and zoomed-in print of the control feature surveyed.

3.2. Field Data Collection
At both sites, images were collected using the
following equipment (excluding survey equipment):
•
•
•
•
•

6 megapixal (mp) Nikon D100 digital camera
with a 20 mm Nikkor lens.
Survey tripod
Tribrach adapter
Tribrach
Camera mount

Fig. 2. Example of print provided to surveyor for locating
natural features selected as model control.

be reduced if the distance to the face is less than six
times the camera base line distance, and that
seemed reasonable for this project. The matching
results also improved with this reduction. The
processing continued through the creation of the 3D
TIFF image.
4. RESULTS

Fig. 3. Close-up print provided to surveyor of the details for
where survey shot should be obtained.

A notebook containing the photographs of the
desired natural rock features was provided to the
surveyor. Using only this book, the surveyor was
able to independently pinpoint the control quickly
and with little doubt that both the surveyor and the
photogrammetrist were seeing the same feature.
After surveying, the book was returned with the
requested features annotated with the survey
identification number. The importance of excellent
communication with the surveyor is critical for
successful modeling. The surveyor used using a
Sokkia SET530/R3 reflectorless long-range total
station, quoted with an accuracy of ±(2 + 2
ppmxD)mm.
3.3. Processing
At the time this work began, only “generic” camera
calibration parameters were available, as provided
by CSIRO. CSIRO calibrated a Nikon D100 with a
20mm lens and provided this calibration file in the
software. A feature has since been added to the
Siro3D software that allows the user to calibrate the
specific project camera and lens. It is expected that
the accuracy for this project would improve;
however, the measurement data obtained without
specific camera calibration still provided accuracy
that met CDOT specifications.
The 2D image pairs collected were converted from
the Nikon raw file (*.nef) to 8-bit RGB TIFF files
with white balance and exposure compensation
correction as needed using Nikon Editor software.
Using these image pairs, 3D models are created
entirely within Siro3D with the first step in
processing being camera calibration to reduce
image distortions. Default settings were used
except that the default matching template size of 15
pixels was changed to 7 pixels. The Siro3D help
document suggests that the matching template size

4.1. Joint Orientation Accuracy
Since rock stability and bolting analyses use joint
orientation data, the accuracy of the measurements
obtained from Sirojoint require an accuracy check
against traditional orientation measurements using a
manual compass. Two different personnel obtained
manual data to assume independence and evaluate
measurement variations using this tool. The data
from the two individuals are presented in tables 1
through 4 as Brunton A and Brunton B. Due to
traffic hazards and slippery conditions the joints
measured were those that could be sited accurately
or were within arms reach. Magnetic declination
correction was 12º East at these sites.
Orientations were measured using a Brunton
compass method and Sirovision’s Sirojoint
program. Figures 4, 5, 7, and 8 show where on the
rock face joints were measured. For site 1 (models
1 and 10), joints 1 through 5 were measured and at
site 4 (models 2 and 5), joints 6 to 9. These data are
shown in tables 1 to 4 using dip and dip direction
(ddn) and figures 6 (site 1) and 9 (site 4) as
stereonets.
The tolerance in both compass and
photogrammetric techniques due to natural rock
waviness is typically ±10º for these faces.
Site 1 Orientation Data
Several joint faces were measured using Sirovision
and a compass for checking purposes. At site 1, the
five joints measured with both systems are shown in
figures 4 and 5.
Tabular data of these
measurements are presented in tables 1 and 2 and as
a stereonet plot (figure 6).
Joint 1

Joint 2
Joint 3

Fig 4. Site 1, model 1 joints measured using Sirovision and
Brunton (displayed using Sirovision).

Site 4 Orientation Data
Joint 5

Joint 4

Similar to site 1, orientation data for four joints
(figures 7 and 8) were collected using Sirovision
and Brunton. The results are found in tables 3 and 4
and as stereonet (figure 9).

Fig 5. Site 1, model 10 joints measured using Sirovision and
Brunton (displayed using Sirovision).
Table 1. Orientation comparisons of data as dip and dip
direction (ddn) from Sirovision and two independent Brunton
measurements for three joints at sites 1, model 1 (figure 4).
Joint
ID
Joint 1
Joint 2
Joint 3

Brunton A
Dip
Dip
ddn
65
350
90
70
65
345

Brunton B
Dip
Dip
ddn
64.5
337
90
65
68
359

Sirovision
Dip
Dip
ddn
64
337
86
81
66
352

Table 2. Orientation comparisons of data as dip and dip
direction (ddn) from Sirovision and Brunton measurements for
two joints at sites 1, model 10. Brunton B not obtained (figure
5).
Joint
ID
Joint 4
Joint 5

Brunton A
Dip
Dip
ddn
62
115
82
340

Sirovision
Dip
Dip
ddn
65
115
83
333

Joint 6

Joint 8
Joint 7

Fig 7. Site 1, model 2 joints measured using Sirovision and
Brunton.

Joint set 9

Fig 8. Site 4, model 5 joints measured using Sirovision and
Brunton
Table 3. Orientation comparisons of data as dip and dip
direction (ddn) from Sirovision and two independent Brunton
measurements for three joints at sites 4, model 2.
Joint
ID
Joint 6
Joint 7
Joint 8

Brunton A
Dip
ddn
Dip
90
225
75
95
85
230

Brunton B
Dip
ddn
Dip
89
229
75
100
88
220

Sirovision
Dip
ddn
Dip
88
237
73
100
88
238

Table 4. Orientation comparisons of data as dip and dip
direction (ddn) from Sirovision and two independent Brunton
measurements for three joints at sites 4, model 5.
Brunton A
Joint
ID
Joint 9

Fig 6. Stereonet plot (lower hemispherical projection) of site 1
joints measured using Brunton A (blue triangle), Brunton B
(red square), and Sirovision (green diamond) using orientation
data from tables 1 and 2.

Dip
90

Dip ddn
62

Brunton B
Dip
Dip
ddn
89
250

Sirovision
Dip
Dip
ddn
85
58
85
54
85
245
86
240

Not all the surveyed features are included in the
spatial accuracy comparison for several reasons.
Some features were outside the overlapping task
area and some features were not easily found by the
surveyor or the modeler.
Table 5. Spatial accuracy difference summary for site 1,
models 1 through 16. See tables 7 to 9 for partial details.
Average combined difference =
Maximum difference =
Minimum difference =
Maximum camera to face distance =
Minimum camera to face distance =

Foot
0.111
0.213
0.030
81
38

Inch
1.3
2.6
0.4

Table 6. Spatial difference summary for site 4, models 2
through 5. See tables 10 to 13 for details.

Fig 9. Stereonet plot (lower hemispherical projection) of site 4
joints measured using Brunton A (blue triangle), Brunton B
(red square), and Sirovision (green diamond) using orientation
data from tables 3 and 4.

4.2. Spatial Accuracy
The selected natural feature positions determined
from each 3D model were compared to the surveyed
locations of these features. The distance between
the two measurements is referred to as the
difference or spatial difference. The survey data of
the natural features was used as the baseline to
evaluate Sirovision’s accuracy, but care was taken
to not assume survey as the most accurate in every
case since field survey accuracy problems are
possible.
A summary of accuracies between the surveyed and
Sirovision measured control features are provided in
tables 5 and 6. Due to the large number of models
for site 1, only two examples are provided in this
report. The natural feature accuracy comparison for
site 4, having only four models, is completely listed
in tables 10 through 13.
Because cameras are located closer to rock at site 1
than at site 4, the spatial accuracy is better at site 1.
The largest spatial difference for site 1 is 0.213 foot
(2.6 inches) while site 4 increases to 0.868 foot
(12.7 inches). The least spatial difference is 0.030
foot (0.4 inch) for site 1 and 0.436 feet (5.2 inches)
for site 4 (tables 5 and 6).

Average combined difference =
Maximum difference =
Minimum difference =
Maximum camera to face distance =
Minimum camera to face distance =

Foot
0.691
0.868
0.436
251
190

Inch
8.3
10.4
5.2

Site 1 Measurements and Comparisons
Two models are presented to demonstrate results for
site 1. At site 1, images pairs were collected for the
20+ models; however, only 16 models were
processed. Vegetation in four of the models
reduced the area that could be modeled to small
pockets and these models were not useful. Figures
10 and 11 are pictures of models 1 and 9 showing
the natural features used for control or accuracy
check. Table 7 shows the spatial position difference
between survey and Sirovision data of the natural or
painted features for model 1, which at the beginning
of processing, had the worst accuracy result of the
16 models developed. Point P1-1 was initially used
as control, but the large spatial differences,
especially point P1-1, indicates a possible survey or
pick error. This model was re-evaluated (table 8)
using face control that excluded feature P1-1, which
resulted in significant accuracy improvement for
this model.
This type of user scrutiny and
experience resulting in identifying and fixing initial
survey or modeling problems is critical to
maximizing the effectiveness of any modeling
programs.

control point being suspected of having an incorrect
survey location, a second model was processed with
a different control point, C1-24. The second model
did not demonstrate the accuracy problems when
the images were tied together. This is another good
example of why any data should be used guardedly,
verifying that the feature was correctly selected by
both the photogrammetrist and surveyor. It is
typically more difficult to obtain accurate locations
of natural features using survey or photogrammetric
techniques, then when using high contrast targets
for control or spatial comparisons.
Fig. 10. Site 1, Model 1 with locations of surveyed features.
Table 7. Site 1, model 1 comparison of survey and Sirovision
accuracies. Note the high spatial difference of P1-1.
Site 1, Model 1 using control C1-1, C1-2, C1-5,
P1-2, P1-4
Survey Control ID
Difference (ft)
C1-1
0.039
C1-2
0.347
C1-3
0.239
C1-4
0.236
C1-5
0.207
P1-1
0.951
P1-2
0.010
P1-4
0.087
Average Difference (ft) = 0.265

With survey feature P1-50 removed from the
average, the approximate difference between survey
and Sirovision is 0.030 feet (0.36 inch). Site 1,
model 9 had the best accuracy results (table 9 and
figure 12).
Table 9. Site 1, model 9 comparison of survey and Sirovision
accuracies. This model had the highest spatial accuracy of the
models prepared for site 1 when compared to the surveyed
positions of the natural features.
Survey Control ID
C1-24
C1-25
P1-49
P1-50
P1-51
Average Difference (ft) =

Difference (ft)
0.025
0.046
0.028
1.189
0.020
0.030

Table 8. Site 1, model 1 comparison of survey and Sirovision
accuracies but omitting survey point P1-1 as control.
Site 1, Model 1 using control C1-1, C1-3, C1-5,
P1-2, P1-4
Survey Control ID
C1-1
C1-2
C1-3
C1-4
C1-5
P1-1
P1-2
P1-4
Average Difference (ft) =

Difference (ft)
0.123
0.328
0.184
0.144
0.153
1.081
0.060
0.068
0.151

During Sirovision processing, the left and right
images would not tie together using point P1-50 as
control without decreasing the accuracy of the
control point position (the calculated position of
point P1-50 compared to the surveyed position
worsened as more tie points were used). With this

Fig. 11. Site 1, Model 9 with locations of surveyed features.

A question raised is, why are there large accuracy
differences from one model to the next? Suspecting
distance between the camera and the face being the
largest factor, a relationship of these two variables
is developed.
Figure 12 shows how spatial
differences tend to follow the changes in distance
between the camera and the face. The squared
correlation value of these variables (figure 13) is

0.85. This is only true if the same lens is used.
Switching to a larger lens improves accuracy but
limits photo coverage.

was not processed as this area had too many power
lines, traffic lights, and vegetation to produce a
model of useful information.

A second reason for changes in model accuracies is
that when camera-to-face distance is small, camera
location accuracy becomes more critical. Using a
tape measure to find camera height above the staked
camera position is the probable source of model
inaccuracies for this project. In contrast, when the
camera-to-face distance is great, face control
accuracy dominates the 3D model accuracy.

Note the large error for points P4-6 and P4-7 in
table 10. For these points, it is assumed that the
features were not correctly located by the surveyor,
who also believes this to be quite possible. Other
points, P4-11 in table 11 and P4-15 in table 12, also
appear to indicate that survey data or point picks
during photogrammetry processing may be in error
and are not used in calculating the average distance.
Both of these features were difficult to locate when
perspective changed.
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Fig. 12. Site 1 spatial differences of measured natural feature
locations compared to the distance between camera and rock
for each model.
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Fig. 13. Equation of accuracy dependent upon camera-to-face
distance and resulting squared correlation value for site 1,
Models 1 through 13.

Site 4 Measurements and Comparisons
Since the distance between camera locations and the
rock for site 4 are considerably greater than those
for site 1, the accuracy differences are also larger.
Tables 10 through 13 list the differences between
surveyed locations and Sirovision model feature
locations for site 4, models 2 through 5. Model 1

Table 10. Comparison of survey and Sirovision accuracy for
Site 4, Model 2.
Survey Control ID
C4-2
C4-3
C4-4
C4-5
P4-5
P4-6
P4-7
P4-9
Average Difference (ft)

Difference (ft)
0.615
0.359
0.263
0.884
1.377
109.288
106.108
1.709
0.868

Table 11. Comparison of survey and Sirovision accuracy for
Site 4, Model 3.
Survey Control ID
C4-5
C4-6
C4-7
C4-8
C4-9
C4-10
P4-10
P4-11
P4-12
P4-13
Average Difference (ft)

Difference (ft)
0.500
0.633
0.470
0.605
0.541
0.399
0.799
1.819
0.657
0.413
0.557

Table 12. Comparison of survey and Sirovision accuracy for
Site 4, Model 4.
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Fig. 15. Accuracy with distance and resulting squared
correlation value for site 4, Models 2 through 5.
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Figure 14 shows the relationship between accuracy
(spatial differences) and distances between the right
camera and the control used to develop each of the
four models at site 4.
The trend equation and
correlation of these two parameters are shown in
figure 15. The squared correlation value of these
variables is 0.88.
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Table 13. Comparison of survey and Sirovision accuracy for
Site 4, Model 5.
Survey Control ID
C4-14
C4-15
C4-16
C4-17
P4-17
P4-18
P4-19
P4-20
Average Difference (ft)

0.9

Spatial Difference (ft)

Survey Control ID
C4-11
C4-12
C4-13
C4-14
P4-13
P4-14
P4-15
P4-16
Average Difference (ft)

1.0

5
left axis

right axis

Fig. 14. Site 4 spatial differences of measured natural feature
locations compared to the distance between camera and rock
for each model for Models 2 through 5.

4.3. 3D Data
Data that can be exported from the Siro3D and
Sirojoint programs are numerous. Figure 16 shows
the 3D image with 2-foot interval contours draped
over the surface. These contours can be exported as
well as point clouds, section profiles, wireframes,
joint data, and specific spatial points. Figures 16
through 18 are screen captures of how the
geotechnical data can be viewed and developed in
Sirovision for subsequent export for use within
commercial visualization packages such as mining
and civil engineering planning software.
Figure 19 demonstrates contours developed from
site 4, models 2 through 5 that were exported into
Autodesk’s Land Desk Top. Some cleaning is
required where vegetation was generated into the
model or at some edges, but the cleaning time has
been reduced with these Sirovision export features.

Fig 16. Site 1, Model 9 elevation contours at two-foot
intervals draped onto 3D rock face

Fig 19. Elevation contours for Site 4, all four models exported
from Siro3D into Autodesk’s Land Desk Top.

5. DISCUSSIONS

Fig 17. Site 1, Model 9 section profiles draped over 3D wire
mesh of the model.

Fig 18. Best-fit planes of mapped joint traces on 3D image of
site 1, model 9.

5.1. Accuracy
Spatial and orientation accuracy were determined
by CDOT to be sufficiently accurate to be used for
their analysis. For many Reclamation projects,
these data would also be within the boundaries of
acceptable accuracy. The orientation of wavy rock
faces does not have a true value and obtaining a
representative measurement requires judgment,
whether using photogrammetry or a compass. The
faces measured for this paper show this natural
variation.
Some joint data from the three
measurements were tight in strike and dip (joints 4
and 7, figures 6 and 9) while most joints exhibited a
spread in strike (i.e. joints 2, 6, and 8 of figures 6
and 9). If the spread is not from the joint face
waviness, then error is involved. Causes of error
could be photogrammetric model inaccuracies,
defining an area of an accurate model that does not
belong entirely to the face of interest, or the
compass measurement was not representative of the

joint face. Further work is planned on very smooth
planes to isolate and evaluate these differences.
The spatial accuracies between the two sites varied
due to difference in the camera-to-rock distances.
For site 4, with the cameras about 200 to 300 feet
from the rock face, it was known using a 20mm lens
would not produce “great” data but would be
adequate. This lens was chosen to limit the number
of models to a cost-effective number. Using a
50mm lens would improve the accuracy 2.5 times,
resulting in an error range of 0.4 foot to 0.1 foot but
at the cost of producing at least 2.5 times more
models (10 models instead of 4). It was uncertain
whether the budget would be sufficient for this extra
time. (Should budget remain after the essential data
are collected, it is possible to return to the staked
survey positions and photograph the site again with
the 50mm lens. Extra surveying should not be
necessary.)
The causes for differences between surveyed natural
features and photogrammetrically measured features
are not definitively known. Survey measurements
were suspected of being incorrect (probably due to
shooting an incorrect feature) but proving this
would require resurveying the features. This may
be done at a later time if budget allows. It is also
possible that the 3D model is poor in the vicinity of
the surveyed natural feature, but this does not
necessarily imply that the entire model is incorrect.
The photogrammetrist should consider every
possible error source.
One of the objectives of this research was to
determine if using natural features for control,
instead of placing targets on the rock, would
provide acceptable orientation accuracies. Survey
data of a well defined survey target would yield
greater precision than measuring the location of the
“upper right corner of a red rock inside the gray
area”. To define the accuracy potential of a
photogrammetry system using only natural features
instead of targets for control may be inappropriate.
It is not likely that two individuals could isolate the
same location of a natural feature and this
introduced error would not be the fault of the
photogrammetric system. However, the orientation
and spatial accuracies were found to be valid for the
objectives.
The spatial and orientation accuracies of the
photogrammetric model should be evaluated against
either compass or survey data, depending on the

project requirements. As shown in this paper,
errors, whether survey or photogrammetry, can
occur but checking the final data with other primary
techniques increases the confidence in measurement
data obtained.
The correlations shown in tables 13 and 15 indicate
that the potential accuracy at sites 1 and 4 can be
roughly calculated given the average distance
between camera and rock face. Potential causes for
spatial or orientation accuracies are numerous but
some possibilities are:
•
•
•

•
•
•

Poor control point picks in the processing
steps
Poor matching of the image pairs due to high
relief changes or vegetation
The distance between the right camera and the
control used for each model is not the average
distance between the cameras and the rock
face.
Survey error of the control or check points
Calibrate camera and lens
Camera locations measured using survey
(some photogrammetric systems calculate the
camera locations based on multiple face
control)

5.2. Decreasing Field and Processing Time
The field time to collect images for 25 total models
and to prepare the images for the surveyor was
found to be 3.5 days (28 hours). Thus, the amount
of time spent for field data collection for each
model at these sites was approximately 1.1 hours.
The processing time for each model averaged about
½ hour. All combined, each model required 1.6
hours to gather field data, produce a 3D model,
check accuracies, and export elevation contours.
Contours development and export is instantaneous
and only minimal user manipulation in a CAD
program is required to produce a geologic contour
map.
This time estimate does not include the mapping of
joint orientations using Sirojoint but that process is
extremely fast once the 3D model is developed.
6. CONCLUSIONS
The orientation accuracies obtained at sites 1 and 4
when using natural features are sufficiently accurate
for CDOT’s analysis. Sirovision met or exceeded
these requirements. The largest spatial difference in

accuracy between Sirovision and survey data was
0.87 foot at site 4. Should CDOT decide that more
accuracy is needed, new photographs can be
collected with a 50mm lens by resetting the cameras
over the staked camera positions. Obtaining more
survey data should not be necessary.
The
data
collection
using
close-range
photogrammetry, and specifically using Sirovision
software, was faster and safer than using traditional
techniques, which for this site would have required
rope work and closing a lane of a busy, critical
highway thus increasing the safety risk.
When selecting the measurement method
(photogrammetry or specific photogrammetry
system, survey, or Brunton) for a project, several
considerations should be made. These include the
type, accuracy, and amount of the data required;
restrictions where cameras can be placed; extent of
area to be measured; budget; and foremost - safety.
And always, accuracy errors of data from all
methods should be understood and expected. Using
one technique to check the other, data validity is
confirmed or denied.
For this research, the
surveyed spatial positions of natural features were
assumed to be more accurate, but as seen through
the photogrammetry modeling process of tying the
images together, several points appeared to be in
error. More robust testing would be valuable to
further evaluate the cause of error.
6.1. Lessons Learned
With Reclamation being a fairly new user of
terrestrial photogrammetry, many lessons were
learned. The most important lessons are as follows:
1) Communicating the location of a desired natural
control feature to the surveyor can be difficult. For
past Reclamation projects, the photogrammetrist
worked along-side the surveyor trying to verbally
explain the location of the wanted control and then
looking through the surveyor’s scope to find that the
control feature was missed. The frustration of this
step cannot be over-exaggerated. For this CDOT
project, a new approach was taken to print, at
different scales, the locations of the desired control
features for the surveyor, allowing the surveyor to
work alone. This method was found to be a
tremendous improvement and the survey data, with
a few possible exceptions, are believed to be
accurate. A suggestion made by the surveyor is to
us a paint gun to mark “natural” features. These
features would be easier to find than truly natural

features reducing the likelihood of error. This
marking technique considered for previous
Reclamation project work, but has not yet been
tested.
2) The amount of survey data collected is limited
by budget or time restriction. The control obtained
should; however, include some at the expected
image corners in addition to the couple at the image
center. This project included extra survey work due
to research accuracy testing.
3) The light snow at site 1 was not an issue with
model accuracy but it did make it difficult for the
surveyor to find the marked control features the
next day after the snow melted. In the future, all
attempts will be made to complete the image
capturing and survey data collection either with
snow or without snow.
4) The best lighting for a rock face is either with an
overcast sky or with the sun below the horizon. A
sunlit face creates dark areas under brightly
illuminated overhangs, and shadows can change
between left and right image captures.
5) A likely error source at site 1 was that the
camera baseline was calculated for a single camerato-face distance. Since the cameras were so close to
the rock face that had a typical slope of 45 degrees,
the distance to the toe of the slope was considerably
closer than the distance to the top of the slope. The
camera baseline calculation should have been
adjusted for this difference. One pair of low images
should have been taken with a camera base line
appropriate for its average camera-to-face distance
and a second pair of higher images obtained with
the camera baseline increased to accommodate a
greater camera-to-face distance. It is suspected that
the measured features accuracy differences between
survey and Sirovision data would have decreased
using this method.
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