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Video Stud

NTSB Case Number:

HWY21MH009
A. ACCIDENT
Location: Greenville, Alabama
Date: June 19, 2021
Time: 3:22 PM
Vehicle No.9: 2020 Ford Explorer (SUV)
Vehicle No.5: 2020 Volvo Auto Hauler Truck-Tractor in combination with a 2020
Cottrell auto Transporter Trailer (Truck)
B. AUTHOR

Shane K. Lack
NTSB

C. ACCIDENT SUMMARY

For a summary of the accident, refer to the Crash Summary Report which is
available in the docket for this investigation.

D. DETAILS OF INVESTIGATION

The goals of this study were to estimate the speed of the truck, and to estimate
when the truck driver began to brake. Analysis is based on a video recorded by a CM31
Dash Camera installed on the Volvo truck and electronic data from the vehicles. This
video was part of a system which was designed to upload video footage and data to a
server if an event occurred. One video was available from an outside-view, forward-
facing camera. The video had 1920X352 resolution and a frame rate of 30 fps. The video
contained a time stamp (hour, minutes, and seconds) and speed information based on
the Electronic Control Unit (ECU) speed estimates (in mph). The ECU speed estimates
were updated at 5 second intervals.

Interstate 65 northbound approaching the accident location has two lanes that are
separated by a white broken lane line. The Volvo truck was traveling in the right lane. As
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seen in the forward-facing video the SUV was initially traveling in the left lane, and then
began to shift to the right lane. As it was changing lanes, the SUV struck a 2020 Acura
TLX which was stopped in the right lane due to a multivehicle collision which occurred
earlier. After colliding with the Acura TLX, the SUV was then struck in the rear by the
Volvo truck. The video footage began approximately 4.87 seconds prior to the truck’s
collision with the SUV. One of the key issues in this accident is the limited visibility ahead
of the truck due to the rain and spray from the vehicle tires on the wet road. In the study
the results of the video analysis and electronic data obtained from the vehicles are used
to estimate distances at which vehicles are visible in the video.

Estimates of the Truck's Speed Based on the Video

For the purposes of this report Distance-To-Collision (DTC) and Time-To-Collision
(TTC) refer to the truck’s DTC and TTC with the SUV unless otherwise noted. Figure 1
shows the estimated speed and distance of the truck to the collision with the SUV vs the
Time-To-Collision (TTC) based on the video analysis. The location and speed of the
truck were estimated by counting video frames as the truck passed identified locations
in the video (the end of the center white lines and pavement seams). Survey data from
Google Earth and the frame rate were then used to estimate speed and location.

Speed and Distance vs Time to Collision
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Figure 1. Estimated speed and DTC of the
truck based on the video analysis. Time-to-collision
(TTC) zero refers to the time of impact of the truck
with the SUV. Negative time is pre-impact.
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Comparison of Video Analysis with Telematics Data from the Truck

The truck was equipped with a Samsara cloud-based telematics system which
recorded data on vehicle speeds and service brake application status. The GPS speed,
Video Display Speed (VDS), Electronic Control Unit (ECU) speed, and brake status
information obtained from the fleet management telematics system are plotted along with
the results of the video analysis in Figures 2 and 3.

According to Samsara, the manufacturer of the telematics system, the three speed
estimates obtained from the truck’s telematics system (the GPS speed, video display
speed and ECU speed) were recorded asynchronously (meaning they were not recorded
at the same time). The information provided by Samsara indicates that the ECU speed
was updated about once every 5 seconds and the GPS data was updated every second.
According to Samsara the video display speed is based on the ECU speed, however, as
indicated by Figure 3 these data differed in the two seconds prior to collision.
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Speed and Distance vs Time to Collision
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Figure 2. Comparison of speed estimates from the video
analysis with GPS speed data from the truck’s telematics system.
Zero is the time of impact with the SUV. Negative time is pre-
The time stamps for the GPS data are shown in
parentheses below the time axis.
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Speed and Distance vs Time to Collision
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Figure 3. Comparison of the video analysis estimates of
the truck’s speed with the truck’s GPS, ECU, and video display
speeds. TTC zero references the time of impact between the
truck and the SUV. Negative TTC is pre-impact. The time stamps
for the truck’s telematics system’s data are shown in parentheses
below the time axis.
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SUV Data

Speed data downloaded from an Event Data Recorder (EDR) on the SUV were
integrated and used to estimate the SUV’s distance from the truck at various times and
locations. The EDR data was synchronized with the video analysis using the collision
timing. To account for the possibility of engagement of the antilock brake system on the
SUV, a factor of 10 percent tire slip was used to assess the range of estimates of the
truck’s following distance and following time behind the SUV.

Following Distance between Truck and SUV

)
1%
=]

SUV collides with
Acura TLX and

200
comes to stop
150 /
-,
,
‘$
100

50

Truck's Distance South of SUV (ft)

0
6 5 4 3 2 1 0

Truck's TTC with SUV (sec)

e Truck's Distance South of SUV Trucks Distance South of SUV (10 % Slip)

Following Time Between Truck and SUV

SUV collides with
5 Acura TLX and
comes to stop

- -
- - =

Truck vs. SUV Following Time (sec)

5 5 -4 3 2 -1 0
Truck's TTC with SUV (sec)

e FollOWing Time == == Following Time (10 % slip)

Figure 4. Estimates of the following distance and times for
the truck versus the SUV based on EDR data and the video
analysis. Time zero (TTC) is the collision between the truck and
the SUV. Negative time is the time prior to the collision between
the truck and the SUV.
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Video Sequence

This section contains still video images of the accident sequence from the video
along with information on speeds and distances.

SuUv

Speed = 77 mph

Distance = 175 to 202 ft 5 o
Service Brake “On” Acura TLX  [S
ABS “Off’ location

Frame =0

TTC=-4.87s
DTC =480 ft
Speed = 72 + 2.3 mph (video)

Figure 5. View from the truck’s forward-facing camera about 4.87 seconds
TTC. The SUV is visible in the left lane, but the view is obscured by water buildup
on the windshield, the rain, and road spray from the tires of the SUV. At this point
the truck is about 480 feet from the point where it collided with the SUV. The SUV
is in the left lane traveling about 77 mph and is between 175 and 202 feet from the
truck. The service brake indicator for the SUV is “on” but the ABS indicator is
“off”.
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Suv
Speed = 67 to 74 mph

Distance = 183 to 202 ft
Service Brake “On” Qz{::l;rtiao'rI;LX
ABS “On”

Frame 26

TTC=-40s

DTC = 390 feet

Speed = 71 + 2.3 mph (video)

Figure 6. View from the truck’s forward-facing camera about 4.0 seconds
prior to the collision with the SUV. This is the earliest point at which the truck
driver could have applied his brakes based on the ECU brake indicator data. The
estimated speed of the truck based on the video analysis is 71 £ 2.3 mph, and the
truck is approximately 390 feet from where it collided with the SUV. The estimated
speed of the SUV at this point is between 67 and 74 mph and it is decelerating at
an average rate of about 0.68 g. The estimated distance from the camera to the
SUV is between 183 and 202 feet. At this point the SUV is barely visible in the
camera due to water buildup on the windshield. The service brake indicator for the
SUV is “on” and the ABS indicator indicates the ABS is engaged.
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Suv Acura TLX
Speed = 62 to 68 mph location

Distance = 183 to 197 ft (Not visible)
Service Brake “On”

Frame 40

TTC=-3.53s

DTC = 338 feet

Speed = 70 + 2.5 mph (video)

Figure 7. View from the truck’s camera about 3.53 seconds prior to the
collision with the SUV. The distance between the truck and SUV is estimated to be
between 183 to 197 feet and the SUV is traveling at about 62 to 68 mph. This
image shows the view just prior to the wiper clearing water from the windshield.
As indicated, the SUV is barely visible due to water buildup on the windshield and
road-spray. As indicated by the next figure (Figure 8), which is 5 frames later, the
camera’s view of the SUV is significantly improved after the wiper sweeps water
from the windshield. The service brake indicator for the SUV is “on” and the ABS
indicator indicates the ABS is engaged.
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Suv

Speed = 62 to 68 mph
Distance = 183 to 197 ft
Service Brake “ON”
ABS “On”

Acura TLX
location
(Not visible)

Frame 45
TTC=-3.37s
DTC =321 ft

Speed = 70 + 2.5 mph (video)

X

Figure 8. Five frames after the previous image. The windshield wiper has
cleared the water from the windshield rendering the SUV more visible, however it
is still partially obscured by the water spray from the tires of the SUV and
surrounding moisture in the air. Compare this image to Figure 7 which is prior to
the windshield wiper clearing the water from the windshield. Note that the Acura
TLX is still not visible even after the wiper has cleared the water buildup from the
truck’s windshield.
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Suv

Speed = 54 to 59 mph

Distance = 179 to 186 ft The Acura TLX is

Service Brake “On” just beginning to
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Figure 9. View from the truck’s forward-facing camera about 3.0 seconds
prior to collision. This is when the movement of the SUV towards the right lane
first becomes apparent in the video and the Acura TLX first starts to become visible
in the video. The truck is about 280 feet south of where the truck collided with the
SUV. The estimated speed of the truck is 70.0 * 2.5 mph. The speed of the SUV at
this point is between 54 and 59 mph and it is decelerating at 0.68 g, a level of
deceleration that is consistent with hard braking and collision avoidance. (For the
purposes of this report a hard braking event is defined as a braking event with a
deceleration rate of greater than 0.3 g.) The truck is approximately 179 to 186 feet
from the SUV.

HWY21MH009
Video Study
Page 11 of 16



Suv
Speed = 44 to 49 mph
Distance = 164 to 170 ft

Service Brake “On”
ABS “On” . Acura TLX .

Frame 71

TTC=-25s

DTC = 230 feet

Speed = 67 + 2.3 mph (video)
Brake indicator “on”

Figure 10. View from truck’s forward-facing camera at 2.5 seconds prior to
collision. At this point the SUV has significantly intruded into the truck’s lane. The
truck is approximately 230 feet south of where it collided with the SUV. The speed
of the truck is 67 * 2.3 mph. Based on the ECU data, the truck’s brake indicator
has been “on” for between 0.5 and 1.5 seconds but only moderate slowing has
occurred (average braking is less than -0.12 g). The speed of the SUV at this point
is between 44 and 49 mph and it is decelerating at an average rate of approximately
0.68 g. The distance between the truck and the SUV is approximately 164 to 170
feet. The Acura TLX is more visible in the video at this point than at 3.0 TTC (see
Figure 9).
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Suv .
Speed = 27 to 30 mph _
Distance = 120 ft

Service Brake “On”
ABS “On”

Frame 104

TTC=-14s

DTC = 124 feet

Speed = 66 + 2.5 mph (video)
Brake indicator “on”

Figure 11. View from the truck’s forward-facing camera at 1.4 seconds prior
to collision with the SUV. This is just prior to the SUV’s collision with the Acura
TLX. The truck is traveling at an estimated speed of 66+ 2.5 mph and is about 124
feet from impact. The SUV is traveling at an estimated speed of between 27 and 30
mph. The average deceleration of the SUV over the final 3 seconds prior to the
collision with the Acura TLX is about 0.68 g.

The average deceleration for the truck from 1.5 TTC to impact with the SUV
is approximately 0.44 g, which is a level that is consistent with hard braking and
collision avoidance. This increased braking occurred about 1.5 seconds after the
SUV intruded into the truck’s lane and slowed significantly. The average
deceleration rate for the truck prior to 1.5 seconds TTC was estimated to be less
than 0.12 g.
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Frame 131
TTC=-05s
DTC = 45 feet

Speed = 56.7 + 2.5 mph (video)
Brake indicator “on”

Figure 12. The view from the truck’s forward-facing camera approximately
0.5 seconds prior to the collision of the truck with the SUV. The truck is traveling
at an estimated speed of 56.7* 2.5 mph and is about 45 feet from impact. The SUV
has already collided with the Acura TLX, and the speeds of the SUV and the Acura
TLX are both 0 mph. The average deceleration rate of the truck at this point is
about 0.44 g.
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E. SUMMARY, DISCUSSION AND CONCLUSIONS

The results of the analysis are described in the text of this report. This section
contains a short summary and discussion of key findings and conclusions.

Speed of the Truck

The video analysis indicates the truck was initially traveling 72 £ 2.3 mph about
4.87 seconds prior to the collision with the SUV, but it had slowed to about 70 + 2.3 mph
as the SUV entered the truck’s lane about 3.0 seconds prior to the collision. At about 0.5
seconds prior to the collision with the SUV, the estimated speed of the truck was 56 + 2.3
mph.

Visibility of the Acura TLX in the Truck’s Video

In the video the Acura TLX is first visible at about 3.0 seconds and 280 feet prior
to impact.

At 70 mph (the approximate speed of the truck when the Acura TLX first becomes
visible in the video), 280 feet would not have provided adequate distance to have stopped
the truck prior to striking the SUV. This estimate assumes a deceleration rate of 0.44 g,
which is the average deceleration of the truck over the last 1.5 seconds prior to the
collision with the SUV when the truck driver was applying hard braking to avoid a collision.
From 70 mph, a deceleration rate at 0.44 g would take 7.3 seconds and 371 feet to stop.

Truck Driver’s Braking

Based on the ECU data from the truck and the video analysis, the truck driver
began braking between about 3.0 to 4.0 seconds prior to the collision with the SUV, when
the SUV was rapidly slowing and beginning to enter the truck’s lane, and the Acura TLX
was not yet visible in the truck’s video. The results indicate the truck’s braking was initially
light, and the truck driver did not apply hard braking until 1.5 seconds prior to the truck’s
collision with the SUV.

Given the timing of the truck driver’s braking, the braking was more likely initiated
in response to the SUV rapidly slowing and shifting to the right lane rather than in
response to the stopped Acura TLX which was not yet visible in the video.

Factors Affecting Visibility

Factors which reduced the visibility of the SUV and Acura TLX in the video include
rain, road spray from the tires of the SUV, water buildup on the windshield of the truck
and water mist in the accident location on the bridge.

The SUV remained visible throughout the video but at times its visibility was
significantly reduced by a combination of road-spray from the tires of the SUV, water
buildup on the windshield of the truck, and moisture in the surrounding air due to rain. As
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indicated by images in this report, the camera’s view of the SUV was significantly
improved after the wiper swept water from the windshield of the truck.

The primary factor limiting the view of the Acura TLX in the video appeared to be
the water vapor and mist around the bridge in the area where the collisions occurred. It
could not be determined from the video if the mist obscuring the Acura TLX was localized
to the area of the collision.

It also could not be determined from the video how much the road spray from the
tires of the SUV contributed to the water buildup on the windshield of the truck versus the
effects of the rain.

Differences in Speed Estimates

As indicated by Figures 2 and 3 of the report there were significant differences in
the speeds reported in electronic data from the truck’s telematics system in the final 2
seconds prior to the collision. As is indicated by Figures 2 and 3, the speeds estimated
by video analysis agree most closely with the GPS speeds reported by the telematics
system with the exception of a possible time shift. It is possible that this time shift could
have occurred as a result of delays in data being uploaded via the telematics system.

Several inquiries were submitted to Samsara regarding differences in the speed
estimates in the electronic data and possible causes, however, at this point no replies
have been received.
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