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Introduction
The intersection sight distance (ISD) is that from which drivers are able to see vehicles entering
the intersection from the cross street and stop safely or avoid an impending collision if needed.

The drivers’ views may be blocked by buildings or other objects as shown in Figure 1.

Figure 1: Driver’s field of view.
Source: Kilani et al. (2021).

The minimum required ISD varies depending on a variety of factors, mainly the intersection’s
control type, whether uncontrolled, priority-controlled, stop-controlled, signal-controlled, or rail
crossing-controlled. Measuring the sight distances at existing or new intersections is performed
manually (Smith et al., 2002). However, state-of-the-art measurement methods are available such
as the light detection and ranging (LiDAR) method (Kilani, et al., 2021) or a geographic
information system-based (GIS-based) method (Quan et al., 2022). In this research, a cutting-
edge vehicle boardable prototype that measures ISDs will be developed and provided to the
Wyoming Department of Transportation (WYDOT).



Objective

The objective of this research is to develop a vehicle boardable prototype for WYDOT that
measures [SDs in real-time. With the prototype, WYDOT will be able to perform the following:
e Assess/reassess the sight distances of existing and new intersections irrespective of type.
e Reduce the costs of assessing ISDs since most of the process’s tasks are now automated.
e Reduce intersection related crashes, mainly those that are attributed to inadequate sight
distances.
e Protect itself from liability in cases of crashes, especially severe ones, that occurred as a
result of inadequate ISDs.
e Assist local jurisdictions in efficiently assessing sight distances of existing and new
intersections.
Preliminary Literature Review
Having adequate sight distances at intersections is of utmost importance (American Association
of State Highway and Transportation Officials, 2018). Adequate ISDs enable drivers to be aware
of vehicles or pedestrians that are possibly encroaching onto their trajectories in time such that
they either stop or engage in another crash shunning maneuver. The underlying hypotheses of
ISDs are those of stopping sight distances (SSDs). Yet, they are altered to reflect driving
behaviors at or near intersections. ISDs depend on multiple factors including the intersection
control type, design speed, approach grade, design vehicle, intersection geometry, movement to
be made from the minor approach (left turn, crossing, or right turn), and intersection skew angle.
Regardless of the aforementioned factors, ISDs cover designated triangles, known as sight
triangles, that should have no sight obstructions. The American Association of State Highway
and Transportation Officials’ (AASHTO’s) Green Book (2018) specifies two types of sight
triangles, namely approach sight triangles that belong to intersections with uncontrolled/priority-
controlled minor approaches and departure sight triangles that belong to intersections with stop-

controlled minor approaches. Typical approach sight triangles are presented in Figure 2.



Minor Road
Minor Road

1 1
i ' | Major Road Major Road
i i pE—
_________1__
........ a &
SENE 1 Clear Sight Triangl
Clear Sight Triangle S 2l ear=ight friang’e
ol e
Decision Point
Decision Point
Approaching Sight Triangle for Viewing Traffic Approaching Sight Triangle for Viewing Traffic
Approaching the Minor Road from the Left Approaching the Minor Road from the Right

Approach Sight Triangles (Uncontrolled or Yield-Controlled)

Figure 2: Approach sight triangles at intersections.
Source: AASHTO (2018).

As shown in Figure 2, a driver traveling along the minor road ought to have a clear view of the
intersection at a distance of a1 or a2 to be able to come to a complete stop provided that another
vehicle or pedestrian is proceeding through the major road. The ISD is a; for vehicles on the
minor road that are turning right and a> for those that are either turning left or navigating through
the intersection. The distance, a», is a1 in addition to the width of each additional lane that is
being crossed and the median width unless the median is sufficiently wide to store vehicles
traveling on the minor road. For intersections in which the minor road approaches are controlled

by stop signs, typical departure sight triangles are depicted in Figure 3.
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Figure 3: Departure sight triangles at intersections.
Source: AASHTO (2018).
The distances, a1 and a», of Figure 3 are analogous to those of Figure 2. The suggested values of
a1 and a> of Figure 3 are based on gap acceptance empirical data. Furthermore, at a distance of b
from the intersection, drivers on the major road ought to be able to see stopped vehicles on the

minor road’s approaches and control their speeds or stop if required.

Sight obstructions such as parked vehicles, buildings, street furniture, vegetation, guardrails, or
any other sight obstructions should be removed or brought to a lower position such that the
drivers have a clear view of the intersection. The intersecting roads’ horizontal profile, vertical
profile, height of the driver’s eye, and height of the sight obstruction need to be considered. The
accepted values of the height of the driver’s eye and that of the sight obstruction are both 3.5 ft
as per the AASHTO Green Book (2018).

The AASHTO Green Book (2018) offers guidelines for determining the ISD by intersection
control type as follows:
Case A — Intersections with no control
Case B — Intersections with stop control on the minor road
Case B1 — Left turn from the minor road
Case B2 — Right turn from the minor road

Case B3 — Crossing maneuver from the minor road



Case C — Intersections with yield control on the minor road
Case C1 — Crossing maneuver from the minor road
Case C2 — Left or right turn from the minor road
Case D — Intersections with traffic signal control
Case E — Intersections with all-way stop control
Case F — Left turns from the major road
Case G — Roundabouts
Special guidelines are also prescribed by the AASHTO Green Book (2018) concerning sight
distances for cases involving stopping on a rural road, trucks, medians, grades, skewed

intersections, and railroad crossings.

There exist multiple methods of measuring the ISD in the field. One is the primitive manual
method which involves dispatching inspectors with marked rods to stake out the sight triangles
(Smith et al., 2002). Nowadays, there are advanced methods of measuring the ISD such as one
that involves the use of LIDAR data (Kilani et al., 2021) and one that involves the use of GIS
applications such as Google Earth (Quan et al., 2022). In this research, a state-of-the-art vehicle
boardable ISD measurement apparatus will be developed and provided to WYDOT.
Research Tasks
This research entails the following tasks:

1. Literature review

2. Prototype instrumentation development and software setup

3. Field testing of the prototype

4. Preparing the final report and implementation plan

1. Literature Review
A detailed literature review will be carried out on the local and federal ISD criteria, particularly
the AASHTO Green Book’s guidelines (2018). The review will also cover ISD measuring
methods including both the early and most recent ones that are documented in the transportation

engineering literature.



2. Prototype Instrumentation Development and Software Setup
This research effort aims to develop a cutting-edge two-vehicle boardable prototype that
measures the ISD of intersections in real-time. The proposed ISD prototype of the two-vehicle
system will have the following functionalities implemented:
e Vehicle-to-vehicle (V2V) communication based on long-range (LoRa) communication
protocol
¢ (lobal Positioning System (GPS) synchronized data collection for constructing the
approach sight triangles
e Autonomous real-time detection of the vehicle on the major road (V_major)
e (Graphical user interface-based (GUI-based) software program with a real-time visual
display of the detected V_major vehicle and capability of storing images/measured data

in the vehicle on the minor road (V_minor).

The proposed ISD prototype of the two-vehicle system comprises an integrated GPS-based V2V
LoRa communication system in both vehicles. In addition to the V2V communication system,
the V_minor vehicle will have a high-resolution multiple-lens synchronized camera system and a
laptop interfaced with the sensors providing a real-time graphical display to the driver. The high-
resolution camera system in the V_minor vehicle will be mounted at 3.5 ft from the pavement
surface, the typical height of the driver’s eye, and synchronized multiple lenses to have a
maximum view of 180°. Depending on whether the left-approaching or right-approaching sight
triangle is being investigated, the maximum view of the camera system will be restricted to 90°
mimicking a driver’s eye view. The following content describes the system in more detail.
a) GPS-based Approach Sight Triangles Construction System
The software in both vehicles will read their raw GPS data and compute their respective
driving speeds. The time-stamped, computed driving speeds, and corresponding raw GPS
data are exchanged between the V_major and V_minor vehicles over the LoRa
communication device. The computed driving speeds exchanged are used to provide
feedback to the drivers to ensure speed synchronization of both vehicles. The raw GPS
data of both vehicles are stored in the V_minor vehicle and are used to construct the
approach sight triangles in real-time.

b) Autonomous Real-Time Detection of the Major Road Vehicle System



The high-resolution camera system in the V_minor vehicle will be synchronized with the
GPS sensor. We propose developing a vehicle detection vision system (VDVS) to track
the V_major vehicle continuously in real-time using a deep learning algorithm, namely
the convolutional neural network (CNN) algorithm. The CNN algorithm is ideally suited
to extract essential features in an image by exploiting local spatial correlation. The
algorithm operates by performing a convolution of image sequences and detecting
features learned through training. A CNN typically consists of multiple layers of neurons
with the first layer detecting edges, which are vehicle edges in this context, and the
subsequent layers learning to detect complex shapes. A training dataset consisting of
V_major vehicle images will be used to train the CNN to detect the presence or absence
of a V_major vehicle in an image. Currently, a dataset of a vehicle approaching
intersections does not exist. We propose manually creating an image dataset of vehicles
approaching intersections in rural and urban settings. The dataset will consist of images
with a vehicle and no vehicle on the major road of an intersection.

The input images of the V_major vehicle captured by the camera system in the V_minor
vehicle will be tagged with the V_major vehicle's GPS coordinates and fed into the
trained CNN to detect the presence or absence of the V_major vehicle in an image in
real-time.

Intersection Sight Distance Computation

Depending on the maneuver being made by the vehicle on the minor road approach
(whether turning right, crossing, or turning left), traffic control type, and other ISD
criteria such as approach grades, the sight distance will be computed using the listed ISD
in the AASHTO Green Book (2018) that corresponds to the intersection design speed and
the output of the VDVS. The decision sight distance for the case in which a stop is
required on a rural road, a scenario that is typical in Wyoming, will be incorporated in the
list of sight distances as well. This distance is computed as the stopping sight distance
(SSD) assuming a perception-reaction time of 3 s and a vehicle deceleration rate of 11.2
ft/s> (AASHTO Green Book, 2018; Wyoming Department of Transportation, 2014). Note
that the AASHTO Green Book’s (2018) ISDs of Case B1, which concerns vehicles on the
minor road approach making left turns from a stopped state, are consistent with those of

the local rural intersection safety manual (Golembiewski and Chandler, 2011). If the



d)

VDVS detects the presence of the V_major vehicle in an image, using the tagged GPS
coordinates, the distance b, shown in Figures 2 and 3, is computed and stored in a list.
The computation will resume and its result will be stored for subsequent images until the
VDVS detects the absence of the V_major vehicle.

Sight Triangle Display

In the V_minor vehicle, the sight triangles will be displayed in real-time with the
corresponding ISD and GPS coordinates of both the V_major and V_minor vehicles. The
software will also be designed to save the constructed sight triangles along with their
images for offline analysis.

Simulator Development for Studying the Effect of Obstructions on ISD

The obstructions at intersections that reduce the ISD are crops, hedges, trees, parked
vehicles, utility poles, or buildings. During the activity of measuring the ISD using the
prototype device, for example, there may be no parked vehicles causing sight obstruction
which would lead to a wrong ISD computation. To address this and other sources of sight
obstruction, we propose developing a simulator using the industry standard open-source
simulator CARLA for autonomous driving research (Dosovitskiy et al., 2017). CARLA
provides open digital assets (urban layouts, buildings, vehicles), obstacles (plants, human
beings, animals, etc.), and flexible sensor suites. The simulator will be developed with the
capability of importing the videos and the corresponding GPS coordinates collected when
measuring the ISD. The simulator will be designed with the capability of placing
different types of virtual objects representing obstructions at the intersections along with
virtual sensors such as a camera, LiDAR, radar, etc., on a virtual vehicle at the GPS
coordinates collected when measuring the ISD. The simulator will be capable of
simulating the measuring of the ISD and allowing the WYDOT operators to analyze the
effect of sight obstructions at the intersection on the ISD. In Figures 4 and 5, a simulation

of an intersection and the view from the V_minor vehicle camera are shown.



Figure 4: Intersection simulation. Figure 5: View of the camera in the vehicle.

In Figures 6 and 7, a simulation of a sight obstruction at an intersection and the view

from the V_minor vehicle camera are shown.

Figure 6: Sight obstruction simulation. Figure 7: View of the camera in the vehicle.

Figure 8 presents a simulation of vehicles on both the major and minor road approaches
while Figure 9 shows the same scenario from the viewpoint of the camera in the vehicle

on the minor road approach.

Figure 8: Vehicles on both approaches. Figure 9: Minor road vehicle’s viewpoint.
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Figure 10 is similar to Figure 8 except that a sight obstruction exists, whereas Figure 11 presents

the scenario of Figure 10 from the viewpoint of the vehicle on the minor road approach.

Figure 10: Vehicles on both approaches Figure 11: V_minor’s viewpoint.

with obstacle.

3. Field Testing of the Prototype
Producing the prototype is not less important than testing it. This will involve conducting field
measurements for each case listed in the preliminary literature review section (Cases A through
G, a skewed intersection, a railroad crossing, and a stop on a rural road). For each case, two
locations will be identified for carrying out the testing. The test ISD results will be compared
with those that are documented in the as-built intersection design specifications or logs that are
maintained by the jurisdictional agencies that manage the selected intersections. For intersections
that have undergone design changes, such as the construction of sight blocking buildings nearby,
the previously documented ISDs are no longer valid. Hence, the ISDs will have to be measured

via the manual method and their results ought to be compared with the test ISDs.

4. Preparing the Final Report and Implementation Plan
The literature review, prototype development, and its testing will be documented in a final report
to be submitted to WYDOT. A user manual of the prototype will also be drafted and provided to
WYDOT. Furthermore, studies that are relevant to this research will be conducted and their
results will be featured in scientific peer reviewed journals such as the American Society of Civil

Engineers (ASCE) Journal of Transportation Engineering, Part A: Systems.
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Summary

Ultimately, an extensive literature review about the ISD and its measuring methods will be
performed. Afterward, the cutting-edge ISD measurement prototype will be developed and tested
for its application in the wide spectrum of cases. The literature review, prototype development,
and testing will all be documented in a final report to be provided to WYDOT. A manual of the
prototype will be submitted too. On the side, ISD studies will be conducted, and their results will

be published in peer reviewed scientific research articles.

Timeline

This research effort is anticipated to be realized in three years. Conditional on the premise that
the project is set to start on July 2024, the two-vehicle ISD prototype will be developed and
tested by July 2026. Dry runs of the prototype will be made with WYDOT personnel to receive
their feedback. The prototype will be modified to address the feedback, the final report of this
research will be drafted, and the user manual will be prepared. The three items, namely the
prototype, final report, and user manual will be delivered to WYDOT to receive additional
feedback. With that, tweaks to the three items will be made prior to delivering the items to

WYDOT. This culminates in the completion of the project by July 2027.

Budget

Table 1 shows the details of the budget for this project. The WYDOT share is only $186,047.
Matching for the WYDOT funding will be secured in the amount of $90,569 from the newly
established CTIPS University Transportation Program in FHWA Region 8. The WYDOT funding
will be used to satisty the federal requirement of the 1 to 1 minimum match for the CTIPS

funding, pursuant to 23 U.S.C. 504(b) and 505

12



Table 1: Budget Breakdown.

CATEGORY CTIPS (FHWA) | WYDOT share EXp;g‘tl:;"ry
Center Director Salary $0 $0
2 faculty
Faculty Salaries $9,000 $32,500 members
Administrative Staff Salaries $0 $3,000
Other Staff Salaries $7,600 $15,000 post doc
Student Salaries $10,000 $34,000
Staff Benefits $7,729 $21,540
Total Salaries and Benefits $34,329 $106,040
Student Tuition $14,953 $2,000
Technology Transfer[1] $6,000 $5,000
Permanent Equipment[2] $0 $0
Electrical
Expendable Property, parts for
Supplies, and Services[3] $9,000 $36,000 device
Testing/
traveling to
Domestic Travel $3,000 $6,000 conference
Foreign Travel[4] $0 $0
Other Direct Costs [5] $0 $0
Total Direct Costs $67,282 $155,040
F&A (CTIPS 44.5%)
(WYDOT 20%) $23,287 $31,008
TOTAL COSTS $90,569 $186,047




Proposal’s Relevance to the Wyoming Department of Transportation’s Mission

Project Area

Several WYDOT programs suggest the sponsoring of transportation engineering research
proposals to the department’s Research Advisory Committee (RAC). This research proposal is to

be sent to the RAC via the department’s traffic engineering program.

Strategic Intent

WYDOT established multiple strategies that are classified into six intent areas and one of them is
road safety. This project falls under the road safety intent since its purpose is to improve
intersection safety. By accurately and efficiently assessing sight distances at intersections,
intersection safety mitigation measures may be made promptly. This reduces the chances of
angle crashes and pedestrian crashes, which may be severe. This project is also aimed at
protecting WYDOT from liability issues since the project’s prototype will be used to preclude

intersections with inadequate ISDs.

Project’s Outcome

The outcome of this project is a two-vehicle protype that efficiently measures the ISD in the
field. It will be utilized by WYDOT, other agencies, and local jurisdictions in Wyoming to assess
and reassess sight distances at intersections. This prototype is critical for the daily operations of

WYDOT'’s traffic program.
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