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ABSTRACT

Photogrammetry from images captured by terrestrial cameras and manned aircraft has been used for many years to model objects,
create scale diagrams and measure distances for use in traffic accident investigation and reconstruction. Due to increasing capability
and availability, Unmanned Aircraft Systems (UAS), including small UAS (SUAS), are becoming a valuable, cost effective tool for
collecting aerial images for photogrammetric analysis. The metric accuracy of scale accident scene diagrams created from SUAS
imagery has yet to be compared to conventional measurement methods, such as total station and laser measurement systems, which are
widely used by public safety officials and private consultants.

For this study, two different SUAS were used to collect aerial imagery for photogrammetric processing using PhotoModeler software.
A high-resolution consumer grade camera as well as a lower-resolution integrated camera was used as payload to determine the effect
of camera resolution on the photogrammetric accuracy of two mock accident scenes. Using a Nikon total station as measurement
control, SUAS photogrammetry from both cameras was compared using established targets. As a subjective comparison, the roadway
layout was measured without targets and the resultant diagrams were superimposed over the total station control. Results are analyzed
and presented in tables and diagrams. The results show the photogrammetric measurement of an accident scene from SUAS aerial
imagery provides measurements with errors well below generally accepted ranges for accident reconstruction.

CITATION: Jurkofsky, D., "Accuracy of SUAS Photogrammetry for Use in Accident Scene Diagramming," SAE Int. J. Trans. Safety
3(2):2015, doi:10.4271/2015-01-1426.

INTRODUCTION measurement of roadway evidence such as skid marks, gouges and
scratches. It can also be used to determine the placement of vehicles
and other items of physical evidence. While some public safety
agencies use terrestrial photogrammetry to document accident scenes,
it seems the technology is more often used for this purpose during
subsequent review by private reconstruction experts. Recently,

Traffic accidents are at once tragic, chaotic, frustrating and hazardous
locations that present public safety officials with some tremendous
challenges: how to safely coordinate rescue efforts, control traffic,
forensically document the site and clear the area as quickly as
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Analytical A, Pepe et al. calculated photogrammetric measurements
with an error of less than 12 cm [2]. Tumbas et al. achieved
measurement error of about 7.6 cm using a 3-dimensional
methodology [3]. A study sponsored by the North Carolina
Department of Justice Academy, comparing terrestrial
photogrammetric measurement to total station measurement of an
accident scene, reported an average error near 1.1 cm over a test
range approximately 22 meters wide and 38 meters long [7].

While photogrammetric measurement from terrestrial imagery is well
documented and its use for accident reconstruction supported by the
literature, less research exists regarding photogrammetric
measurement of accident scenes from aerial imagery. This is likely
due, in part, to limitations in capturing imagery from manned aircraft,
including: expense, geographical limitations and resolution.

The current study of two mock accident scenes will compare
photogrammetric measurements from SUAS aerial imagery to those
from a total station system. Fixed targets were used to compare the
two methods quantitatively while roadway lines and vehicle rest
locations were diagrammed and compared qualitatively.

Figure 1. Circular plastic target with a dimple drilled in the center.

METHOD

Two mock collision scenes were created on a relatively flat asphalt
surface with an area approximately 40 meters square. Roadway lines
were made with colored tape to create a T-intersection consisting of a
main two lane road intersecting with a secondary two lane road. The
main road lanes were divided by double yellow lines and had bicycle
lanes in each direction. The secondary road lanes were divided by
double yellow lines and had no bicycle lanes. A stop sign with a
marked stop bar was located on the secondary road where it
intersected the main road. Other fixed objects within the scene
included two simulated light poles and a fire hydrant.

Circular white plastic targets were used to mark fixed objects and
specific physical evidence in each accident scene for a quantitative
comparison. The targets were 12 cm in diameter with a small dimple
drilled in the center (Figure 1). The targets were fixed to the roadway
using double-sided tape so they could not be easily moved. Targets

were placed at all four corners of the test area for ground control and
subsequent orientation of the photogrammetric measurements (Figure Figure 2. Ground control points were located at the corners of the scene.

2). The simulated light poles were placed at the corners of the These total station coordinates were later used to define the coordinate system

accident scenes along the main road and were used as two of the in PhotoModeler software.

round control points. . . .
& P The roadway lines and final rest location for vehicles were measured

. . . without specific circular targets for a qualitative comparison. In many
An assortment of items, each marked with a comparison target and . . . L .
. . . . . . cases, investigators may be presented with aerial images that contain
used to simulate physical evidence, were included in each accident
. . . . no targets or may choose not to apply targets to the roadway layout.
scene. The items were chosen to replicate evidence commonly seen in . . . .
. . . . Since no targets were specified, the points by which these features
both accident and crime scenes. Items included a pen, shoes, clothing, . . .
. . . were characterized were chosen independently in each method.

handgun, cellphone, keys and coins. An upside down bucket with a

circular target on top was added to determine the accuracy of the
vertical or z-axis measurement. The purpose of the objects was to add
realism to the scene, determine the resolution of individual items from
the aerial imagery and add context to the circular targets (Figure 3).
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Figure 3. Image of a circular plastic target next to a handgun taken by a
24-megapixel camera at 20 meters flying height.

The first mock accident included a Nissan Pathfinder and a Chevrolet
Silverado. The accident scenario had the Pathfinder traveling on the
primary road and the Silverado traveling on the secondary road. The
Silverado stopped at the stop sign, but then completed a left turn in
front of the Pathfinder coming from the left of the Silverado. The left
front corner of the Pathfinder contacted the left rear corner of the
Silverado causing both vehicles to rotate to rest. Skid marks from both
vehicles were simulated on the roadway with colored chalk. There
were 39 targets placed throughout the scene to mark ground control,
physical evidence, the fixed objects and skid marks (Figure 4).

Figure 4. Two vehicle mock accident scene.

The second mock accident was between a Chevrolet Malibu and a
bicycle. In the scenario, the Malibu was traveling on the secondary
road and disregarded the stop sign at the main road. The bicycle was
coming from the right of the sedan and traveling in the bicycle lane
closest to the secondary road. The front of the Malibu contacted the
left side of the bicycle and threw the bicycle in the direction of the
sedan. The Malibu was skidded through the T-intersection to rest so

Full document details: SAE 2015-01-1426

actual skid marks were present. There were 31 targets placed
throughout the scene to mark ground control, physical evidence, the
fixed objects and skid marks (Figure 5).

Figure 5. Car versus bicycle mock accident scene.

Total Station Measurement

Each mock accident scene was measured with a Nikon NPL-332 pulse
laser total station in reflector mode. The instrument measurement
setting was precise mode and nine distance measurements were
averaged for each point. The total station was about 6 years old, but
was recently serviced and calibrated. A mini prism with a 30 mm
offset was used as a target on a stabilized prism pole.

Reference measurements were taken with the stabilized prism at the
start and end of each measurement session using a steel tape extended
about 12 m from directly below the instrument. All of the reference
measurements were within +3 mm of the steel tape measurement,
which was within the manufacturer's reported accuracy for the
system. Additionally, the reference measurements were well within
the measurement uncertainty described by Bartlett et al [16].

For quantitative comparison, measurements were taken with the
prism pole tip placed in the center dimple of each circular target. For
qualitative comparison, measurements were taken at the ends of each
white roadway line and approximately every 10 m between. Double
yellow lines were measured similarly except the prism pole was
placed in the middle of the yellow lines. Although the same roadway
was used for both mock accidents, the lane lines and fixed objects
were measured independently for each scene on different days. The
position of each vehicle at rest was measured at the center of each
wheel and as close as practicable to the vehicle.

Photogrammetric Measurement

Aerial images were collected using two different SUAS. Both UAS
airframes were vertical take-off and landing (VTOL) with multiple
rotors. Given the multitude of intearated anmume:m
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low-resolution integrated camera and a high-resolution consumer
grade camera. The Aeryon Scout, manufactured by Aeryon Labs,
Inc., was powered by 4 rotors (Figure 6). It had an integrated,
stabilized camera with a 4-megapixel resolution and 11.9 mm focal
length. The DJI S800, manufactured by DJI, was powered by 6 rotors
(Figure 7). It was equipped with a Zenmuse brushless gimbal and a
Sony NEX-7 24-megapixel camera with a 24mm Zeiss lens.

Figure 6. Aeryon Scout with 4-megapixel integrated, stabilized camera.
Manufactured by Aeryon Labs, Inc.

Figure 7. DJI S800 with Zenmuse brushless gimbal and Sony NEX-7
24-megapixel camera with 24 mm Zeiss lens. Manufactured by DJI.

Each flight was planned using the SUAS manufacturer's proprietary
mission planning software. The SUAS was flown in a grid pattern
over the accident scene while the camera captured highly overlapping
nadir images. Image overlap was set at 65% front and back and 55%
side to side. The aerial imagery captured by the high-resolution
camera for the two vehicle accident scene was collected from a
nominal altitude of 30 meters above ground level (AGL). All of the
other image sets were collected at a nominal altitude of 20 meters
AGL. The average temperature was 27°C with wind speed generally
less than 20 km/hr. Flights times were between 8 and 12 minutes. The
photogrammetric design criteria for each mock accident scene is
summarized in Table 1 and Table 2.

Full document details: SAE 2015-01-1426

Table 1. Two vehicle accident photogrammetric design criteria.

Aeryon Scout DJI S800
Flying Height (m) 20 30
Focal Length (mm) 11.9 24.0
Sensor Size (mm) 9.00 x6.75 23.5x15.6
Image Footprint (m) 15.1x11.3 29.4x19.5
Number of Images 154 66
Approximate Scale 1:1680 1:1250

Table 2. Car versus bicycle accident photogrammetric design criteria.

Aeryon Scout DJI S800
Flying Height (m) 20 20
Focal Length (mm) 11.9 24.0
Sensor Size (mm) 9.00 x6.75 23.5x15.6
Image Footprint (m) 15.1 x11.3 19.6 x13.0
Number of Images 91 80
Approximate Scale 1:1680 1:833

PhotoModeler Scanner software, which has been shown accurate for
accident reconstruction purposes, was chosen for photogrammetric
PhotoModeler's procedures using coded targets to calculate and
correct for lens distortion. Images were processed in PhotoModeler as
a SmartMatch project. PhotoModeler referenced SmartMatch points
in at least 3 different images and SmartMatch points with a residual
greater than 1 pixel were removed from the project. Circular targets,
roadway lines and vehicles were manually marked in every image
they appeared. Each target was marked in at least 3 images.

For quantitative comparison, the photogrammetric project was
oriented and scaled using total station measurements of the ground
control corner targets. The ground control points were assigned x, y
and z coordinates in PhotoModeler relative to an origin directly under
the total station.

In a comparison table, the remaining total station target
measurements were compared to the corresponding photogrammetric
points. These total station points were not assigned to the
photogrammetric points allowing the coordinate measurements for
each target to be compared. The 3-dimensional distance between the
points measured by total station and photogrammetrically was
calculated using the equation:

3D distance = /(x1 — x3)% + (y1 — ¥2)? + (21 — 22)?
(EQ.1)

Where x, y,, z, = total station point coordinate
X,, ¥,, Z, = photogrammetric point coordinate

These distances represent the error between the total station point
locations and the photogrammetrically calculated points. The circular
target errors for each accident scene were averaged to determine the
average difference between the coordinate total station measurements
and coordinate photogrammetric measurements.

For qualitative comparison, plastic circular rparkers were placed li
the scene before each SUAS flight (Figure sﬁQGMEi lﬁn S
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Similar to circular stickers being applied to a vehicle to measure
crush damage, the circular markers were used as a reference along
curves and long lines so the same point could be easily located in
each image. The markers on each line, along with the line ends, were
used to photogrammetrically measure the lane lines. Unlike the total
station measurement, each individual yellow line was measured
instead of estimating the middle.

Figure 8. Circular markers used to reference along a curve.

To measure the vehicle rest locations, markers were placed next to
the vehicle wheels and centered at the hub (Figure 9). This was done
for each flight mission except for the aerial imagery from the Aeryon
Scout of the two vehicle accident.

‘

‘

Figure 9. Circular markers used to mark vehicle rest location.

A total of four scale diagrams were created, one for each camera and
from each accident scene, using the oriented photogrammetric
measurement point data. The photogrammetric scale diagrams were
layered over scale diagrams using the total station measurement point
data from each accident scene. Each accident scene diagram with
combined measurement data was used for subjective comparison.

RESULTS

The difference in the coordinate total station measurement and
coordinate photogrammetric measurement for each circular target
was calculated and reported as a distance error. In Appendix A,
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Tables Al and A2 show the coordinate data for the two vehicle
accident and Tables A3 and A4 show the coordinate data for the car
versus bicycle accident. All of the coordinate data was measured in
feet and converted to centimeters.

The target distance errors were averaged for each accident scene.
Table 3 shows the average error, standard deviation and confidence
interval for the two vehicle accident with Table 4 showing the vertical
error and standard deviation. Table 5 and Table 6 show the same

statistics for the car versus bicycle accident.

Table 3. Two vehicle accident distance error statistics.

Aeryon Scout DJI S800
Average Error (cm) 1.20 1.22
Standard Deviation (cm) 0.44 0.25
95% CI (cm) [1.05,1.34] [1.14,1.30]
Minimum Error (cm) 0.33 0.67
Maximum Error (cm) 2.01 1.85
Count 35 35

Table 4. Two vehicle accident vertical distance error statistics.

Aeryon Scout DJI S800
Average Vertical Error (cm) -0.98 0.92
Standard Deviation (cm) 0.53 0.34
Minimum Error (cm) 0.00 0.24
Maximum Error (cm) 1.98 1.79

Table 5. Car versus bicycle accident distance error statistics.

Aeryon Scout DJI S800
Average Error (cm) 0.66 0.82
Standard Deviation (cm) 0.31 0.27
95% CI (cm) [0.54,0.78] [0.72,0.93]
Minimum Error (cm) 0.12 0.27
Maximum Error (cm) 1.40 1.21
Count 27 27

Table 6. Car versus bicycle accident vertical distance error statistics.

Aeryon Scout DJI S800
Average Vertical Error (cm) -0.49 0.60
Standard Deviation (cm) 0.28 0.34
Minimum Error (cm) 0.03 0.03
Maximum Error (cm) 0.94 1.18

The scale diagrams with photogrammetric measurement data layered
over the total station measurement data are located in Appendix B for
visual comparison. Figures B1 and B2 are diagrams from the two
vehicle accident. Figures B3 and B4 are diagrams from the car versus
bicycle accident.

DISCUSSION

Quantitative examination of the PhotoModeler measurement data
from the high-resolution and low-resolution aerial imagery showed
strong agreement with the total station measurement data. All of the
photogrammetric measurement sets had a maximum distance error of
less than 2 cm with an average distance error between 0.66 and 1.22
cm. These measurements are appropriate for use in accident

investigation and reconstruction and are less%ﬁﬂ ﬁ‘i@hlts

published [2,3.4,5,7].
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The distance error along the vertical axis was the greatest overall with
an average error between 0.49 and 0.98 cm. The vertical distance
error for the target on the bucket (labeled Blk Bucket in Tables A1l
and A2 and Hydrant in Tables A3 and A4) was between 0.03 and 1.28
cm with an average of 0.73 cm. Given the target on the bucket was
about 37 cm above the roadway surface, it seems reasonable to
conclude that photogrammetric measurements can be used on
roadways with grade and superelevation. The distance error along the
vertical axis, including ways to minimize it, could be explored further
in a future study.

The two vehicle accident had imagery captured at 20 meters AGL by
the low-resolution camera and 30 meters AGL by the high-resolution
camera. The car versus bicycle collision had imagery captured at 20
meters AGL by both cameras. The average error for the low-
resolution camera compared to the high-resolution camera showed no
significant difference to either accident scene. This was likely due to
the circular targets that were used for the aerial imagery. Even though
the resolution of the circular targets changed, it was still possible to
recognize the circle in each image and place a point in the middle for
photogrammetric calculation. Surprisingly, the average distance error
from the low-resolution camera was slightly better than the high-
resolution camera for both accident scenes.

While the use of circular targets and markers is not required for
photogrammetric measurement, their use makes manual point
marking on individual images easier. If point marking relied entirely
on features within the scene, image resolution would likely affect the
accuracy of point placement in each image and thus affect the
accuracy of the photogrammetric measurement data. An example of
this was the wheel placement for the two vehicle accident that had
aerial imagery collected with the low-resolution camera and without
circular markers. The greatest distance between the photogrammetric
measurement and total station measurement can be seen at the right
rear tire of the Pathfinder as shown in Figure 10.
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Figure 10. Tire placement error between total station measurements and
photogrammetric measurements without circular markers.

Full document details: SAE 2015-01-1426

The diagrams shown in Figure B1, B2, B3 and B4 allow for
qualitative comparison of how well the photogrammetric
measurement data fit the total station measurement data for the
roadway layout and vehicle wheel placement. The roadway lines in
all four diagrams were virtually the same. In general, the
photogrammetric wheel placement aligned well with the total station
wheel placement for the aerial imagery utilizing circular markers.

The photogrammetric measurement of the Malibu right front wheel,
from the bicycle accident with the high-resolution camera, could not
be calculated (Figure 11). Two sequential aerial images were out of
focus, leaving only one image for marking. Since the wheel marker
was only visible in one image, PhotoModeler could not solve for the
point location as a point must appear in at least two images to solve
for its position. This is a limitation of photogrammetry and a good
reason to check all images while still at the scene.
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Figure 11. Note the missing photogrammetric measurement for the right front

tire.

Photogrammetry from SUAS aerial imagery is a viable alternative to
total station measurements with ground control established for scale.
Ground control can be established with total station, as shown in the
current study, or simply by having a known distance visible in the
images. Photogrammetry is useful as it preserves the accident scene
in imagery which can be accessed and reviewed at any time. This
enables reconstruction experts to independently verify measurements
or take additional measurements of the scene.

Photogrammetric software allows for the creation of orthophotos
where all of the individual images are stitched together to make a
single orthomosaic. Like an aerial image from a manned aircraft, this
can be used as a texture for a 3-dimensional model or for
demonstrative purposes. Orthophotos from both mock accident
scenes are shown in Appendix C. Orthophotos from the two vehicle
accident are shown in Figures C1 and C2. Orthophotos from the car
versus bicycle accident are shown in Figures C3 and C4.

SUAS aerial imagery does have limitations, primarily related to
environmental conditions. The ability for Swgﬁiﬁéﬁht S
wind, extreme cold, rain and snow is a'gely dependent on the
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