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Introduction 

 Walking around the campus of the University of Virginia (UVA), it does not take long 

for one to notice the lack of accessible travel for students and staff with limited mobility. For 

some, commutes across campus can be over 2 miles long just to go from the parking lot to the 

classroom. For elderly professors and students with limited mobility, these routes can create 

severe barriers to education. UVA and other universities do employ transportation systems 

through the use of buses in order to provide some aid in this department, but it does not 

specifically target the needs of accessible travel from all points of campus. The use of campus 

vehicles could heavily decrease the burden placed upon faculty members and students who face 

these concerns. Specifically, a campus vehicle that can transport a large number of passengers 

and can bring them to the specific location desired. The UVA Autonomous Campus Vehicle 

(ACV) was designed for such purposes and works by using a platooning algorithm to allow 

additional carts to follow a human-driven lead cart. This report details the pre-existing 

technology along with the creation and implementation of the autonomous campus vehicle at the 

University of Virginia in the 2023-2024 academic year. 

 

Literature Review 

Campus Vehicles 

College campuses provide a unique environment for the application of platooning 

systems. Due to the high variety of transportation modes, including bikes, cars, buses, and foot 

traffic, college towns are distinctly affected by traffic congestion and other transportation-related 

incidents (Haines et al., 1974). These issues can result in the stagnation of university functions as 

there are often a limited number of alternate paths to popular destinations. In addition to the 

previously discussed benefits of platooning in broader society, platooning could help to alleviate 
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these transportation issues on college campuses. In one platooning system developed by 

researchers at Berkeley, the direct traffic congestion benefits were apparent. During testing of 

their system, there was a significant increase in intersection throughpu t using their platooning 

algorithm (Smith et al., 2020). With the bottlenecking caused by traffic signals, increased 

throughput through these obstacles will greatly relieve congestion on college campus roadways.  

 

Platooning 

In 2019 alone, there were 12.15 million vehicles involved in car accidents in the United 

States (Carlier, 2022). This, coupled with the emissions these vehicles release into the 

environment, shows how inefficient the current driving system is in the United  States. While 

technology is rapidly changing and car companies are switching to electric and autonomous 

vehicles, society has yet to deal with some of the problems that create unsafe environments on 

the roads. Platooning systems have been researched since the 1980s in order to decrease fuel 

emissions and increase safety on roadways, but they still need to gain popularity in the 

transportation industry (Bhoopalam, Agatz, Zuidwijk, 2018). These systems work by using 

advanced sensing and communication between vehicles that are following each other (Puplaka, 

2016). The safety among vehicles increases due to the awareness of where each vehicle is 

located around them, and the fuel emissions decrease because vehicles can drive closer to one 

another, decreasing their drag coefficient (ALEC, 2017). 

In the past 30 years, a lot of research has gone into different platooning systems as they 

can save money on fuel emissions and wages for drivers as well as provide a safer driving 

system on roadways. Most of these technologies utilize the same basic structure, using sensors to 

relay information between vehicle-to-vehicle communication (V2V) (Shaver and Droege, 2021). 
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The difference between the research done at companies and universities lies in the algorithms 

they develop that take in sensor data and control the distance between vehicles (Volpe Center, 

2017). Some of the groups that have ongoing research on this are Peloton Technology, Daimler, 

Isuzu and Hino, Volvo Trucks, and Partners for Advanced Transportation Technology (PATH) 

(Bhoopalam, Agatz, Zuidwijk, 2018). Each has their own algorithm of allowing the vehicles to 

platoon, and some groups have even been able to  implement their system on public roads in 

other countries.  

 Platooning provides several advantages, notably in enhancing safety through advanced 

sensing and communication that increases awareness of vehicle positions and velocities in real-

time. This significantly reduces the risk of accidents and contributes to a  safer overall driving 

environment. With controlled vehicle spacing, a platooning system also lowers fuel emissions, 

aligning with the industry's aim for more sustainable transportation practices (Staudacher, 2024). 

However, platooning systems also come with several limitations, including the requirement of a 

human driver which does not enable this system to be fully autonomous. These systems are also 

dangerous because it is not guaranteed that the cars around the system are operating on the same 

automated system; therefore one cannot control the reactions or impulses of human drivers 

around the platooning system (Arnold, 2021). Although a platooning system comes with many 

autonomous limitations, the requirement of a manual driver eases complexities allowing for 

more versatile system designs and functionalities.  

With these concepts in mind, the team this year has the overall goal of updating the 

existing golf cart platooning system at UVA to use a CACC platooning algorithm that uses 

feedback from LiDAR and Camera sensors. In order to achieve the main goal, the gro up has 

come up with three smaller objectives: establish a functioning platooning system, integrate 
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sensors into the platooning system, and apply additional system upgrades. When completed, the 

carts should be able to complete a loop around Engineer’s Way and the Observatory Mountain 

Engineering Research Facility (OMERF) using the completed system fit with the platooning 

algorithm and the sensors.   

 

Essential Knowledge  

For the past four years, the University of Virginia has been developing an Autonomous 

Campus Vehicle (ACV) system with the intention of using a platooning system to have three 

golf carts drive a route from Engineer’s Way to OMERF. However, this project originated at 

Virginia Tech under Professor Tomonari Furukawa as the Self -Driving Vehicle Team (SDVT). 

This team’s focus was to incorporate the Kairos Autonomi System on a single Club Car golf cart 

to achieve autonomy (Furukawa et al., 2018). Ultimately, the SDVT was not able to effectively 

use the Kairos Autonomi System and instead began work on a Robotic Operating System (ROS) 

instead. This was the extent of the work conducted by the SDVT as Professor Furukawa then 

transferred to UVA, bringing his autonomous vehicle endeavors with him. At UVA, the SDVT 

became the Campus Vehicle System (CVS): the first of these teams with the goal of developing a 

platooning system to provide transportation from Engineer’s way to OMERF (Furukawa et al., 

2021). Since its establishment at UVA, the CVS has undergone countless hardware changes and 

system redesigns, but the work conducted by the 2023 CVS team has laid a solid foundation for 

the 2024 ACV team to further develop the golf cart system. 

One of the major improvements conducted by the 2023 CVS team was an overhaul of the 

CVS’s Electronic Control Module (ECM). The ECMs were powered off of a single 12V supply, 

thus simplifying the previous wiring scheme (Furukawa et al., 2023). The 12V power source was 

then connected to a 4-way automotive fuse box, which provided power to the fan controller, a 
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12V-5V DC-DC converter to power the Raspberry Pi 4B, and the NETGEAR Nighthawk router. 

Next, all data was designed to be sent and received through a centralized control board which 

routes the data to the appropriate locations. Besides the speedometer input data, which first 

passed through a 5V-3.3V voltage divider, all other inputs and outputs were directly connected to 

the Raspberry Pi’s general-purpose input/output (GPIO) pins using a ribbon cable (Furukawa et 

al., 2023). The control board also featured three C93416 relays and a MCP4151 digital 

potentiometer. The first relay was used to control the power going to the Nexsteer Electronic 

Power Steering (EPS) module, the other two relays were used to switch between manual and 

autonomous operation, and the digital potentiometer was used to control acceleration when 

driving autonomously. Finally, the ECM also featured a Peak PCAN-USB to allow 

communication between the Raspberry Pi and the Nexsteer EPS module.  

There were also several hardware improvements performed by the 2023 CVS team. Each 

Club Car’s steering was controlled by a Nexsteer EPS, but the second golf cart did not come with 

a mounting bracket to attach the EPS to the cart, so the CVS team designed and manufactured a 

new EPS mount to properly secure the second EPS (Furukawa et al., 2023). However, due to 

some fit issues with this part, the team made some adjustments using an angle grinder and scrap 

metal pieces before installing the bracket on its cart. The 2023 CVS team also worked to install 

the braking system on the second cart. Following the braking system layout on the first cart, the 

team designed and manufactured another bracket to attach a Clearpath MC Servo motor to the 

bottom of the cart to control braking (Furukawa et al., 2023). This bracket was designed to 

withstand the forces exerted during braking by the motor and also featured removable pulley 

wheel shafts for eased maintenance.  
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Along with this hardware work, the 2023 CVS team created the first iteration of the 

project which successfully implemented platooning. In this system, there was one leader cart that 

was controlled by a human and one follower cart that copied the actuation and braking of the 

leading cart. This allowed for the platooning system to follow a straight path but did not allow 

for the turns and bends that are along the one-mile route to Engineer’s Way. The technology 

behind the platooning system used ROS to communicate between the two carts and had an 

algorithm that determined the distances between the carts using their velocity vectors.  

Neither of the carts used sensors in their algorithms because the previous team found the 

LiDAR sensors and cameras in place were ineffective with route mapping (Furukawa et al., 

2023). The computers used by the 2023 team did not contain an NVIDIA graphics card, so these 

computers were not compatible with camera sensors that were necessary to perform any tracking 

or object addition. Also, since the algorithm only copied the acceleration and velocity vectors of 

the lead cart, LiDAR sensors were also not implemented. These vehicles are shown below in 

Figure 1. 

 

Fig. 1: Golf Carts Platooning on Straight Path 

 Thus far, the SDVT and CVS teams have failed to completely develop a platooning 

system that can travel the distance needed to go from OMERF to Engineer’s Way and back. By 

following the work of the previous autonomous golf cart teams, the ACV team seeks to  further 
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this project’s progress toward establishing a reliable platooning system that can effectively 

provide transportation from OMERF to Engineer’s Way. 

 

Design Process 

The team followed the product design method laid out in “Product Design and 

Development,” by Karl T. Ulrich and Steven D. Eppinger. This led us to investigate the customer 

needs, target specifications, concept generation, and concept selection.  

In order to establish specific objectives for our project, the needs of our customers needed 

to be identified. For this project, our customers include MAE 4610 students, users of OMERF, 

Professor Brian Park, and Professor Tomonari Furukawa. First, a survey  was conducted on a 

controlled group of MAE 4610 students. This survey focused on questions pertaining to both the 

students’ interactions with UVA’s University Transit Service and their experiences with travel to 

OMERF. The questions from this survey are displayed below in Table I. 

 

 

 

Table I: Customer Needs Survey Questions 

UVA UTS Questions 

Question: Answer Format: 

How often do you use UVA transportation? Ranking: 1 (Rarely) - 5 (Often) 

Where do you typically travel using UVA transportation? Short Answer 

What factors encourage your use of UVA transportation? Short Answer 

What factors discourage your use of UVA transportation? Short Answer 
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What improvements would you like to see from UVA 
transportation? 

Short Answer 

OMERF Questions 

Question: Answer Format: 

What is your primary mode of transportation to reach OMERF from 
Grounds? 

Short Answer 

How difficult would you rate your average journey to and from 
OMERF? 

Ranking: 1 (Easy) - 5 (Difficult) 

How likely would you be to use a fully-developed platooned golf 
cart system to travel from Engineer’s Way to OMERF? 

Ranking: 1 (Not Likely) - 5 
(Likely) 

What reason(s) would encourage your use of a platooned golf cart 

system to travel from Engineer’s Way to OMERF? 

Short Answer 

What reason(s) would discourage your use of a platooned golf cart 
system to travel from Engineer’s Way to OMERF? 

Short Answer 

 

Upon reviewing the responses to the survey, it was determined that these customers 

prioritized safety, consistent scheduling, weather protection, efficient travel, and no 

overcrowding. After discussions with Prof. Park and Prof. Furukawa, our customer need s were 

consolidated and refined. Our first customer need is to establish a functioning platooning system 

from OMERF to Engineer's Way. This need encompasses a couple of tasks. First, the platooning 

system from the 2022-2023 ACV team needed to be repaired to working condition. Next, the 

computers and sensors on both carts needed to be upgraded in order to support the new 

platooning algorithm being developed. This new algorithm operates using probabilistic 

positioning to determine the optimal travel paths for the follower carts by calculating the 

instantaneous radius of curvature. Our second customer need is to incorporate adaptive cruise 

control into our system. This addition will improve our carts’ platooning abilities by basing the 

follower cart’s speed on that of the leader cart. Our third customer need is to assemble a 
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functioning third cart, which will increase the carrying capacity of our system. Our fourth 

customer need is to redesign the leader cart’s steering column bracket. The current bracket is 

ineffective at securing the steering column to the cart’s frame so a new bracket will improve the 

operation of the leader cart. Our fifth customer need is to obtain relative cart positioning. This 

addition to our system will allow identification of each follower cart once more are added. Our 

sixth customer need is to broadcast safety messages from the vehicles. Once our platooning 

system is operational, broadcasting safety messages will allow convenient monitoring of the 

carts from one hub. Finally, our seventh customer need is to develop an autonomous leader cart. 

Autonomous operation would dramatically increase the utility of our platooning system since it 

would relieve the need for manual operation of the leader cart.  

Next, target specifications were created to measure the interpreted customer needs 

quantitatively. A quality function deployment spreadsheet, as seen in Figure 2, was then used to 

evaluate the importance of each technical specification regarding each of th e previously 

established customer needs.  
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Fig. 2: Quality Function Deployment Spreadsheet 

First, it was determined how each target specification either maximized (↑), 

minimized (↓), or represented a target (○) for each improvement (Row 3). Rows 5-11 of 

Figure 2 evaluated each technical specification on a scale of 1 (complete correlation) to 5 

(minimum correlation) regarding how it correlated to each customer need. These correlation 

and importance values were then used to perform calculations to evaluate the technical 

importance of each target specification (Rows 13-15). Each specification was also evaluated 

based on technical difficulty on a scale of 1 (trivial) to 5 (very difficult) and given an ideal target 

value. Finally, the technical priority of each specification was determined by performing 

calculations using the importance and technical difficulty of each (Rows 21-22).  

Table II shows the priority and quantified unit, where applicable, for each target 

specification, with Increased Sensor Data being the top priority for the ACV.  
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Table II: Technical Specifications Ranked by Technical Priority 

Technical 

Priority 

Target Specifications Unit 

1 Increased Sensor Data % Visibility 

2 Observe & Transmit Vehicle Information  

3 Implement Actuation Systems & Data Transfer Systems  

4 Platooning System Response Time seconds 

5 Quality of Sensor $ 

6 Maximum Distance Between Cars ft 

 

 Taking both the customer needs and target specifications into consideration, the next 

steps were to determine the desired functionality of the system to be developed. This was done 

through functional decomposition, as shown below in Figure 3.  

 

Fig. 3: Diagram of Functional Decomposition 

 As seen above, the desired functionality of the ACV system is the motion of both carts in 

a functioning platooning system, achieved by using power and input software. This software will 

be run on onboard computers, and with the visual information collected from implemented 

sensors in conjunction with the actuating systems already present on the carts, the final goal can 
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be accomplished. From these determined subsystems, morphological analysis was completed to 

generate possible solutions. This analysis is summarized in Table III.  

Table III: Morphological Analysis 

These potential solutions were considered during the concept selection process, with a 

focus on the computer system and desired sensors, as the platooning algorithm that implements 

the instantaneous radius of curvature is given as a customer need and mesh routers were 

suggested to be the most efficient communication system for the proposed system.  

After generating concepts, two spreadsheets were used to compare and contrast each 

concept using selected criteria to determine the best choices going forward. The concepts 

evaluated were the possible options for sensors and computers for the ACVs. For the  sensors, we 

considered camera sensors, LiDAR sensors, Infrared (IR) sensors, and a QR Code reader. For the 

computers, we considered building our own computer, purchasing a brand new Intel NUC with 

Sub Functions Solutions 

Start Computers 
New Intel NUC with 

NVIDIA graphics card 

Old Intel NUC with new 

NVIDIA graphics card 

Build computer 

from scratch  

Orient sensors to track 

relative positions 
LiDAR Sensors Camera Sensors Infrared Sensors 

Platooning Algorithm 
Duplicate velocity/acc. 
vectors from leader car 

Instantaneous Radius of 
Curvature  

 

Communication 
between carts 

WiFi Router Mesh Routers Bluetooth 
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an NVIDIA graphics card, and implementing a new NVIDIA graphics card to the existing Intel 

NUC.  

First, a screening matrix, as shown in Figures 4 and 5, was used to help narrow down the 

choices for sensor and computer solutions. For each selection criterion, this matrix used a plus 

(+) for a positive solution, a minus (-) for a negative solution, or a zero (0) for a neutral solution. 

Then, the values were summed to give each an overall score. If the score was greater than or 

equal to zero, it was advised to continue.  

   

        Fig. 4: Screening Matrix for Sensors   Fig. 5: Screening Matrix for Computers 

Next, we utilized a scoring matrix, as shown in Figures 6 and 7, to determine which 

solution best satisfied our selection criteria. For this matrix, each selection criterion was given a 

weight based on the desired importance for our system. Each concept was then rated on a scale 

of 1 (best) to 5 (worst), and then the total score was calculated by summing every weight 

multiplied by the corresponding rating.   
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Fig. 6: Scoring Matrix for Sensors 

 

Fig. 7: Scoring Matrix for Computers 

Based on the results from the screening and scoring matrices shown in Figures 6 and 7, the team 

decided to move forward with prioritizing the implementation of the camera sensors for the 

visibility of the system and a modified computer system that includes a new NVIDIA graphics 

card. 

Final Design 

Our final design includes the actuating systems present on the golf carts, contributions 

from previous teams, and the following components determined from the concept selection 

process: camera sensors for the visibility of the system, mesh routers to allow ease of 

communication between vehicles, and a modified computer system that includes a new NVIDIA 
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graphics card. Figure 8 below shows what our new system diagram will look like with these new 

concepts implemented. 

 

Fig. 8: Final Design System Diagram 

 

The  ZED2 camera sensor is used to track ArUco markers and evaluate angle and 

position data to ensure the carts are functioning properly in the platooning system. A CACC 

platooning algorithm uses the data given by these sensors to control the actuation and  braking of 

the following car. It uses probabilistic positioning to determine the optimal travel paths for the 

follower carts by calculating the instantaneous radius of curvature. Mesh routers have been 

determined to be the most effective way of communication between the carts in the system, 

allowing for direct communication without interference from other sources. Finally, our chosen 

computer solution will be to use the previous NUC computer in the system with the modification 

of replacing the Raspberry Pis with Jetson TX2s, which are similar computing boards to the 

Raspberry Pis with the addition of an NVIDIA graphics card, making them compatible with the 

ZED2 camera sensors. Additionally, two microcontrollers were added to the system to handle 
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additional communications. First, a Serial Wombat board was added to handle braking, 

accelerating, operation of the emergency stop, the speedometer, and the enable autonomous 

switch. Second, a Waveshare CAN board was added to the system to handle the Nexteer Electric 

Power Steering system. 

 

Results 

 

The ZED2 camera tracking code has been written using OpenCV and Python and has also 

been translated into ROS. The wifi routers have established a connection between the two carts. 

The new electrical boxes were developed with the new hardware, and the CAN system was set 

up in order to receive data from the steering wheel from each cart and send that information to 

the next cart. All these systems are working and will be ready for future teams to implement onto 

the carts.  

 

ZED2 Camera 

The ZED2 camera sensor has been implemented using ArUco trackers for the follower 

cart to track the angle, depth, height, and pose of the leader cart. Code was written using Python 

with OpenCV to track the two ArUco markers that will be attached to the back of the leader cart 

and it runs with ROS to publish the necessary data in order to be used in the platooning  
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algorithm. The ArUco tracking code publishes the marker depth, angle, height, and tracking 

angle. The tracking angle is found using the following equation from Cox et al. 2019, shown in 

Figure 9.  

Fig. 9: Equation for turn angle of leader vehicle. Image from Cox et al. 2019.  

This data works with the platooning algorithm for the follower cart to successfully follow and 

keep track of the leader cart. Figure 10 below shows the ArUco tracker and data published 

through ROS. Appendix A provides the steps to run the data publishing and open the camera 

feed as seen in Figure 10.  

 

Fig. 10: ROS terminal on left publishing sensor data. The image on the right depicts the tracking of one 

ArUco marker.  
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WiFi Connections 

The wifi routers have been set up to create a new wifi network called “acvwifi” and static 

IP addresses have been set up on each of the Jetson TX2s. The Jetson TX2s are connected to 

each mesh router by ethernet cable. When the Jetson TX2s turn on, they are automatically set to 

the correct IP address and connected to one another via the wifi network. The Jetson TX2s can 

now communicate via ROS to send information to one another. This is now automatically run as 

soon as the Jetson TX2s are turned on and rebooted to streamline the process of connecting the 

computers on each of the carts. 

 

Electrical Boxes 

The electrical boxes have been cut to allow for the installation of the laser-cut acrylic 

pieces. Most of the hardware that can be implemented in the boxes has been installed including 

the fans and vents, shown in Figures 11 and 12. The PCB, which is necessary to complete the 

new installation of the electrical boxes, was redesigned to accommodate the addition of the 

Serial Wombat, as seen in Figure 13. In the final state of the system, a perf board replaced the 

PCB, to ensure each connection was the correct connection. In the future a correct PCB can 

replace the perf board in the box. 
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Fig. 11: Electronic box, inside with fans and cables installed 

 

Fig. 12: Electronic box, inside with TX2, perf board, and router connected 
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Fig. 13: PCB design, with pinouts for the Serial Wombat and the Jetson TX2 

 

CAN System 

 The CAN bus system consists of a Waveshare SN65HVD230 transceiver and a Jetson 

TX2 for transmission of each golf cart’s steering wheel data. To test code written in Python for 

receiving and transmitting data across the CAN system, a wired configuration is  used to test 

communication between two separate Jetson TX2s shown in Figure 14.  

 

Fig. 14: CAN bus configuration for communication between Jetson TX2s  
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 To transmit data between the CANs, the following code had to be run on each separate 

desktop to set up the bus system for communication: 

sudo modprobe can 

sudo modprobe can_raw 

sudo modprobe mttcan 

sudo ip link set can0 type can bitrate 500000 dbitrate 2000000 berr-reporting on fd on 

sudo ip link set up can0 

This code has been added into the bashrc file as a defined function to be called as 

‘SETUP_CAN’ rather than requiring the user to type in each line after startup.  

 

Validation 

Qualitative Analysis 

 The system is currently not fully functional. The functional parts of the system are the 

following: One computer, the ECU, and the CAN systems are able to communicate with one 

another in order to transmit data. The ZED2 cameras are able to accurately track the various QR 

codes attached to the leader car. The system however has yet to be tested with the platooning 

algorithm as hardware updates still need to be made. Testing will occur when the electrical boxes 

are fully completed and the rest of the system hardware is connected to these components. 

 

Quantitative Analysis 

To validate the ZED2 camera sensor data, multiple data points were collected using the 

sensor to track the location (x and z coordinates) and the angle of the ArUco marker, and then 

these values were compared with measured values to determine the variances and covariances. 
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To conduct this analysis, data was collected at six varying positions, with three data points each 

to account for uncertainty in sensor data fluctuations. Measured values were collected using a 

tape measure with an uncertainty of ⅛ inch. Table IV below shows the recorded and calculated 

data from this sensor analysis.  

Table IV: Recorded and Calculated Data from Sensor Analysis

 

Operations Manual 

Components: 

 

Fig. 15: Autonomous Campus Vehicles 
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Fig. 16: ECU (Body) 

 

Fig. 17: ECU (Lid) 
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Fig. 18: Perf Board (Front) 

 

Fig. 19: Perf Board (Back) 
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Fig. 20: ZED2 Camera Sensor 

Operations 

In order to use the golf carts with the installed platooning algorithm, the user must first 

turn on the functionality of the motor, which can be done by flipping a switch located in the 

battery well of the vehicle beneath the front seats, as seen in Figure  21. The switch should be 

flipped from TOW to RUN. Additionally, to allow power to run from the cart batteries to the 

electronic box and to other components within the cart, the red switch located beneath the back 

seats must be turned until the switch clicks and the notch in the switch shows green. This is 

shown in Figure 22. Power is now being provided to the electronic box, steering system, braking 

system, and the monitor. 

           

Fig. 21: Motor switch                       Fig. 22: Power switch 
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Then, the user must use the power switch (red light-up switch) on the electrical box to 

turn on the rest of the system including the monitor connected to the Jetson TX2s. This switch is 

shown in Figure 23. When the computer turns on, the user must sign in and the computers are 

automatically connected to one another through the mesh routers. The CAN system is also 

automatically initialized so the two computers can transmit information between the two of them. 

Finally, the ignition switch, as seen in Figure 24, must be in the ON position. If you want to run 

the autonomous platooning system, the enable switch, shown in Figure 25, must also be in the 

ON position. If it is turned OFF, the cart will function manually.  

                             

      Fig. 23: Electronic box switch                Fig. 24: Ignition switch                 Fig. 25: Enable switch 

 

 The leader cart should be in front of the follower cart so that the QR codes are visible 

using the camera sensors. Next, the user can use ROS to initialize the platooning algorithm on 

the carts. This can be done by following a file on the Desktop of both vehicles titled “Setup 

File”. Within this file, the connection between both vehicles will be confirmed and the files 

running the steering, braking, acceleration, emergency stop, and enable systems, along with the 

platooning algorithm program, will run. The follower cart must be put in “forward” gear using 
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the switch in front of the front seats. The leader cart can then be driven manually and the 

follower cart will follow behind it. 

 In case of an emergency, both vehicles are equipped with emergency stop buttons (yellow 

boxes with a red button), seen in Figure 26. Pressing this button will terminate the system from 

running by stopping the acceleration and applying the brakes. These buttons will then need to be 

twisted and released before running the system again. 

 

Fig. 26: Emergency Stop Button (E-Stop) 

Troubleshooting 

 To ensure electrical components are working as they should, Gil Johnson helped the team 

develop code to test different outputs for each system. Implementing  pcb_driver_node.py, the 

user can comment out which system is needed to be tested, and watch the o utput. To run the 

program use the following code on the cart: 

 cd CUSTOM 

 sudo python3 pcb_driver_node.py 

If error occurs use: 

 sudo modprobe spidev 
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Conclusions and Future Work 

 The Autonomous Campus Vehicle was not fully functioning at the end of the academic 

year; the Jetson TX2 used in the lead car was unretrievable after a short circuit in the debugging 

phase. The short circuit was caused by a floating pin in the PCB, causing it to be unusable. A 

perf board was made in place of the PCB with the correct connections, which is now 

implemented in the following car with the working Jetson TX2 and rest of the ECU. The ZED 2 

camera sensor worked successfully with ArUco tags and published depth and turn angle data 

which is necessary for the platooning algorithm. The CAN System is able to read in steering 

wheel sensor data through the CAN system by locating the hex byte corresponding to steering 

wheel orientation. The platooning algorithm is ready to be used on the carts once necessary 

hardware is replaced, debugged, and implemented on the lead cart.  

The team has also identified several areas for future ACV teams to work on. First, the 

necessary hardware should be added to the system in order to have the platooning algorithm 

function as planned. This entails purchasing a new TX2, wiring another perfboard or creating a 

PCB, connecting everything to the lead cart ECU, confirming all of the hardware works, and 

then sending orientation data to actuate the steering wheels with the CAN system. Once these 

updates occur, several other additions can be made to enhance the overall system. Future teams 

should construct and implement additional golf carts into the platooning system. This will 

expand the capacity of the system, which will thus increase the viability of its use as a 

transportation method from OMERF to Engineer’s Way. The team was also unable to implement 

the LiDAR sensor on the following car in time to use it in the current version of the system. The 

LiDAR sensor would have been able to identify objects that obstructed the vision line between 

the ZED 2 and the QR codes and account for it in the platooning algorithm. Future teams should 



29 

continue our work and establish a second way of validating the lead cart’s position with the 

LiDAR. Next, a safety message broadcasting unit should be added to the system. By having a 

central hub to display safety messages, the golf carts can always be mon itored to ensure their 

operability. Along with this comes the addition of a GPS system. Knowing the exact locations of 

the golf carts in real-time will aid in increasing the system’s overall safety. Finally, instead of 

having the follower carts platooned to a manually operated leader cart, the leader cart can be 

designed to operate autonomously. This will eliminate the need for a driver of the leader cart, 

increasing the utility of the ACV system.  
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Appendix A: Running ar_tracker_node.py with ZED2 Camera in ROS 

- Type ROS_LOCAL before commands if connected to ethernet 

- Open a new terminal for each set of commands 

- ROS will publish the following  data: [avg depth in meters (d), turn angle in degrees 

(alpha)]  

- See Figure 9 for turn angle equation 

- Change l in code depending on distance between tags (e.g. width of cart)  

 

Terminal 1: 

 

Terminal 2: 

 

Terminal 3: 

 

In rviz, click: 

● Click Add (bottom left) 

● In By Topic, select Image (/ar_tracker/image/Image) 

This opens up the camera feed on the computer.  

 

Terminal 4: 

 

cd golfcart_ws (opencv_ws) 

source devel/setup.bash 

roslaunch zed_wrapper 

zed2.launch 

cd golfcart_ws 

source devel/setup.bash 

rosrun ar_tracker 

ar_tracker_node.py 

rviz 

rostopic echo 

/ar_tracker/measurement 


