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Abstract 

This paper introduces a set of cellular vehicle-to-everything (C-V2X) datasets collected at the 

National Institute of Standards and Technology (NIST) Internet of Thing (IoT) Devices 

Interoperability Testbed. These datasets can be used to examine, analyze, and assess C-V2X 

compatibility and interoperability among commercial on-board units (OBUs) and road-side units 

(RSUs) based on IEEE 1609.2, 1609.3, and SAE J2735 standards. 

Keywords 

C-V2I; C-V2V; C-V2X; Communication; Compatibility; Connectivity; Dataset; GPS; 
Interoperability; OBU; LTE/5G PC5; RSU; Sidelink. 
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1. Introduction 

An Internet of Things (IoT) system is a network of devices containing sensing and actuation that 
are connected to exchange data and information [1]. IoT devices are physical devices that may 
have zero or more transducers (sensors or actuators) for interacting directly with the physical 
world and at least one network interface (e.g., Ethernet, Wi-Fi, Bluetooth) for interfacing with 
the digital world [2].  Interoperability for the IoT is the ability of different IoT devices from various 
vendors or manufacturers to exchange information and use the information that has been 
exchanged based on standardized communication protocols to achieve the functions or goals of 
the IoT devices and systems [3][4]. 

 

Figure 1.1. Scenario of approach and departure at signalized intersection. 

Intelligent Transportation Systems (ITS) aim to use modern computers and communications to 
make travel smarter, faster, safer, and more convenient [5]. ITS uses IoT devices with cutting-
edge technologies, including advanced sensing, wireless communication, and data analytics, to 
improve transportation efficiency and safety. Figure 1.1 shows a scenario of approach and 
departure at a signalized intersection [6], which consists of several IoT devices such as on-board 
units (OBUs) inside vehicles and road-side units (RSUs) installed along the road and at the 
intersection. ITS rely on these IoT devices to gather real-time data and provide critical 
information for traffic monitoring and control, which is essential for improving and achieving the 
efficiency and safety goals of ITS. 

C-V2V

C-V2I
C-V2I

On-Board Unit (OBU)

Road-Side Unit
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The interoperability challenges of these IoT devices in ITS include: 

• diverse vehicle-to-everything/cellular V2X (V2X/C-V2X) connectivity, e.g., 3rd Generation 
Partnership Project (3GPP) Long Term Evolution (LTE), Fourth Generation (4G), Fifth 
Generation (5G) New Radio (NR), Institute of Electrical and Electronics Engineers (IEEE) 
802.11p/Dedicated Short-Range Communications (DSRC), 

• multiple V2X standardized communication protocols (e.g., Society of Automobile Engineers 
(SAE) J2735 [7], IEEE 1609.2 [8] and 1609.3 [9] standards),  

• diverse vendors and manufacturers of devices such as OBUs and RSUs, 
• device heterogeneity, 
• diverse use cases and contexts, and 
• lack of quantitative measurement and assessment methodology of interoperability. 

Solutions to overcome these IoT devices interoperability challenges include developing robust 
and interoperable standards, as well as test, measurement, and assessment methodologies of 
IoT devices interoperability based on these standards. This paper introduces C-V2X 
interoperability testing datasets that have been collected at the National Institute of Standards 
and Technology (NIST) IoT Devices Interoperability Testbed. 
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2. C-V2X Interoperability Testing Dataset Descriptions 

 IoT Devices Interoperability Testbed Setup 

 

Figure 2.1. IoT devices interoperability testbed. 

Figure 2.1 shows the IoT devices interoperability testbed that consists of a Global Positioning 
System/Global Navigation Satellite System (GPS/GNSS) simulator (GSG-5) [10], a GPS splitter 
(GPS410 [11]), an Ethernet network switch, one RSU (Cohda MK6 RSU [12]), two OBUs (Cohda 
MK6 OBU [13]), an oscilloscope (Tektronix MDO4104B-6 Mixed Domain Oscilloscope [14]), a real-
time spectrum analyzer (Tektronix RSA306B [15]),  and a laptop with Cohda Mk6 software 
development kit (SDK) [16] software tool.  

 C-V2X Interoperability Testcases and Dataset Descriptions 

The three C-V2X interoperability testcases studied include cellular vehicle-to-vehicle (C-V2V, 
OBU-to-OBU), cellular vehicle-to-infrastructure (C-V2I, OBU-to-RSU), and C-V2X (both V2V and 
V2I). The dataset files are named based on the pattern in Table 1. 

Table 1. Dataset file naming method. 

Test 
Case 

Year Month Day Testing 
setup 

Transmit 
or receive 

Device 
under test 

Dataset 
No. 

Data file 
format 

C-V2V, C-V2I, 
C-V2X 

yyyy mm dd ts1 or ts2 tx or rx obu1, obu2, 
rsu 

0, 1, 2 PCAP or 
PDML 

C-V2V 2024 07 23 ts1 tx obu1 0 pcap 

 

GPS Signal (L1/1.57542 GHz)

LTE PC5 Signal (5.9 GHz)

Ethernet Signal (Mbps/Gbps)

GPS/GNSS
Simulator

OBU
(DUT)

(Vendor A, B, C )

RSU
(DUT)

(Vendor A, B, C)

OBU
(DUT)

(Vender A, B C)

C-V2V
(PC5 5.9 GHz)

C-V2I
(PC5 5.9 GHz)

C-V2I
(PC5 5.9 GHz)

Software 
Testing Ttool

(Laptop)

GPS/GNSS  Signal 
(L1/1.57542 GHz)

Ethernet
Network 

Switch

Oscilloscope
or

Spectrum 
Analyzer
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For example, the file C-V2V-2024-07-23-ts1-tx-obu1-0.pcap can be described as 

follows: 

• C-V2V testcase 

• Data collected on July 23, 2024 

• Testing setup 1 (ts1) 

• Transmitted packets (tx) 

• Data transmitted from OBU1 

• Dataset number 0 (first dataset) 

• Data file format is packet capture (PCAP) [17] 

2.2.1. C-V2V Interoperability Testcase and Datasets 

 

  

Figure 2.2. C-V2V interoperability testcase. 

Figure 2.2 shows a C-V2V interoperability testcase that includes one SGS-5 GPS/GNSS simulator 
and two OBUs (OBU1 and OBU2). The GSG-5 GPS simulator provides the GPS L1 signal to the two 
OBUs. Based on the GPS L1 signal provided by the GSG-5 simulator, OBU1 and OBU2 can 
communicate with each other via cellular network sidelink (LTE PC5) using the IEEE 1609.3 
Wireless Access in Vehicular Environments (WAVE) Short Message Protocol (WSMP) and SAE 
J2735 messages and leveraging the IEEE 1609.2 security services.  

Table 2. C-V2V datasets in PCAP format. 

Test 
case 

C-V2V PCAP Datasets 

0 1 2 

C-V2V C-V2V-2024-07-30-ts1-tx-obu1-0.pcap 
C-V2V-2024-07-30-ts1-rx-obu1-0.pcap 

C-V2V-2024-07-30-ts1-tx-obu1-1.pcap 
C-V2V-2024-07-30-ts1-rx-obu1-1.pcap 

C-V2V-2024-07-30-ts1-tx-obu1-2.pcap 
C-V2V-2024-07-30-ts1-rx-obu1-2.pcap 

C-V2V-2024-07-30-ts1-tx-obu2-0.pcap 
C-V2V-2024-07-30-ts1-rx-obu2-0.pcap 

C-V2V-2024-07-30-ts1-tx-obu2-1.pcap 
C-V2V-2024-07-30-ts1-rx-obu2-1.pcap 

C-V2V-2024-07-30-ts1-tx-obu2-2.pcap 
C-V2V-2024-07-30-ts1-rx-obu2-2.pcap 

C-V2V-2024-07-30-ts2-tx-obu1-0.pcap 
C-V2V-2024-07-30-ts2-rx-obu1-0.pcap 

C-V2V-2024-07-30-ts2-tx-obu1-1.pcap 
C-V2V-2024-07-30-ts2-rx-obu1-1.pcap 

C-V2V-2024-07-30-ts2-tx-obu1-2.pcap 
C-V2V-2024-07-30-ts2-rx-obu1-2.pcap 

C-V2V-2024-07-30-ts2-tx-obu2-0.pcap 
C-V2V-2024-07-30-ts2-rx-obu2-0.pcap 

C-V2V-2024-07-30-ts2-tx-obu2-1.pcap 
C-V2V-2024-07-30-ts2-rx-obu2-1.pcap 

C-V2V-2024-07-30-ts2-tx-obu2-2.pcap 
C-V2V-2024-07-30-ts2-rx-obu2-2.pcap 
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Both OBU1 and OBU2 transmit and receive SAE J2735 Basic Safety Message (BSM) messages 
to/from each other. Table 2 and Table 3 shows the resulting set of C-V2V testing datasets in the 
PCAP and packet details markup language (PDML) [18] formats, respectively. 

Table 3. C-V2V datasets in PDML format. 

Test 
case 

C-V2V PDML Datasets 

0 1 2 

C-V2V C-V2V-2024-07-30-ts1-tx-obu1-0.pdml 
C-V2V-2024-07-30-ts1-rx-obu1-0.pdml 

C-V2V-2024-07-30-ts1-tx-obu1-1.pdml 
C-V2V-2024-07-30-ts1-rx-obu1-1.pdml 

C-V2V-2024-07-30-ts1-tx-obu1-2.pdml 
C-V2V-2024-07-30-ts1-rx-obu1-2.pdml 

C-V2V-2024-07-30-ts1-tx-obu2-0.pdml 
C-V2V-2024-07-30-ts1-rx-obu2-0.pdml 

C-V2V-2024-07-30-ts1-tx-obu2-1.pdml 
C-V2V-2024-07-30-ts1-rx-obu2-1.pdml 

C-V2V-2024-07-30-ts1-tx-obu2-2.pdml 
C-V2V-2024-07-30-ts1-rx-obu2-2.pdml 

C-V2V-2024-07-30-ts2-tx-obu1-0.pdml 
C-V2V-2024-07-30-ts2-rx-obu1-0.pdml 

C-V2V-2024-07-30-ts2-tx-obu1-1.pdml 
C-V2V-2024-07-30-ts2-rx-obu1-1.pdml 

C-V2V-2024-07-30-ts2-tx-obu1-2.pdml 
C-V2V-2024-07-30-ts2-rx-obu1-2.pdml 

C-V2V-2024-07-30-ts2-tx-obu2-0.pdml 
C-V2V-2024-07-30-ts2-rx-obu2-0.pdml 

C-V2V-2024-07-30-ts2-tx-obu2-1.pdml 
C-V2V-2024-07-30-ts2-rx-obu2-1.pdml 

C-V2V-2024-07-30-ts2-tx-obu2-2.pdml 
C-V2V-2024-07-30-ts2-rx-obu2-2.pdml 

 

  

Figure 2.3. C-V2I interoperability testcase. 

2.2.2. C-V2I Interoperability Testcase and Datasets 

Figure 2.3 shows a C-V2I interoperability testcase that consists of one SGS-5 GPS/GNSS simulator, 
one OBU and one RSU. The GSG-5 GPS simulator provides the GPS L1 signal to the OBU and RSU. 
Based on the GPS L1 Signal provided by the GSG-5 simulator, OBU1 and RSU can communicate 
with each other via cellular network sidelink (LTE PC5) using IEEE 1609.3 WSMP and SAE J2735 
messages and leveraging the IEEE 1609.2 security services. 

• The OBU1 can transmit the SAE J2735 BSM message and receive Signal Phase and Timing 
(SPaT), Traveler Information Message (TIM), Road-Side Alert (RSA), and Map (MAP) 
messages from the RSU. 

• The RSU can receive the SAE BSM message from the OBU1 and transmit SpaT, TIM, RSA, 
and MAP messages. 
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Table 4. C-V2I datasets in PCAP format. 

Test 
case 

C-V2I PCAP Datasets  

0 1 2 

C-V2I C-V2I-2024-07-30-ts1-tx-obu1-0.pcap 
C-V2I-2024-07-30-ts1-rx-obu1-0.pcap 

C-V2I-2024-07-30-ts1-tx-obu1-1.pcap 
C-V2I-2024-07-30-ts1-rx-obu1-1.pcap 

C-V2I-2024-07-30-ts1-tx-obu1-2.pcap 
C-V2I-2024-07-30-ts1-rx-obu1-2.pcap 

C-V2I-2024-07-30-ts1-tx-rsu-0.pcap 
C-V2I-2024-07-30-ts1-rx-rsu-0.pcap 

C-V2I-2024-07-30-ts1-tx-rsu-1.pcap 
C-V2I-2024-07-30-ts1-rx-rsu-1.pcap 

C-V2I-2024-07-30-ts1-tx-rsu-2.pcap 
C-V2I-2024-07-30-ts1-rx-rsu-2.pcap 

C-V2I-2024-07-30-ts2-tx-obu1-0.pcap 
C-V2I-2024-07-30-ts2-rx-obu1-0.pcap 

C-V2I-2024-07-30-ts2-tx-obu1-1.pcap 
C-V2I-2024-07-30-ts2-rx-obu1-1.pcap 

C-V2I-2024-07-30-ts2-tx-obu1-2.pcap 
C-V2I-2024-07-30-ts2-rx-obu1-2.pcap 

C-V2I-2024-07-30-ts2-tx-rsu-0.pcap 
C-V2I-2024-07-30-ts2-rx-rsu-0.pcap 

C-V2I-2024-07-30-ts2-tx-rsu-1.pcap 
C-V2I-2024-07-30-ts2-rx-rsu-1.pcap 

C-V2I-2024-07-30-ts2-tx-rsu-2.pcap 
C-V2I-2024-07-30-ts2-rx-rsu-2.pcap 

 

Table 5. C-V2I datasets in PDML format. 

Test 
case 

C-V2I PDML Datasets 

0 1 2 

C-V2I C-V2I-2024-07-30-ts1-tx-obu1-0.pdml 
C-V2I-2024-07-30-ts1-rx-obu1-0.pdml 

C-V2I-2024-07-30-ts1-tx-obu1-1.pdml 
C-V2I-2024-07-30-ts1-rx-obu1-1.pdml 

C-V2I-2024-07-30-ts1-tx-obu1-2.pdml 
C-V2I-2024-07-30-ts1-rx-obu1-2.pdml 

C-V2I-2024-07-30-ts1-tx-rsu-0.pdml 
C-V2I-2024-07-30-ts1-rx-rsu-0.pdml 

C-V2I-2024-07-30-ts1-tx-rsu-1.pdml 
C-V2I-2024-07-30-ts1-rx-rsu-1.pdml 

C-V2I-2024-07-30-ts1-tx-rsu-2.pdml 
C-V2I-2024-07-30-ts1-rx-rsu-2.pdml 

C-V2I-2024-07-30-ts2-tx-obu1-0.pdml 
C-V2I-2024-07-30-ts2-rx-obu1-0.pdml 

C-V2I-2024-07-30-ts2-tx-obu1-1.pdml 
C-V2I-2024-07-30-ts2-rx-obu1-1.pdml 

C-V2I-2024-07-30-ts2-tx-obu1-2.pdml 
C-V2I-2024-07-30-ts2-rx-obu1-2.pdml 

C-V2I-2024-07-30-ts2-tx-rsu-0.pdml 
C-V2I-2024-07-30-ts2-rx-rsu-0.pdml 

C-V2I-2024-07-30-ts2-tx-rsu-1.pdml 
C-V2I-2024-07-30-ts2-rx-rsu-1.pdml 

C-V2I-2024-07-30-ts2-tx-rsu-2.pdml 
C-V2I-2024-07-30-ts2-rx-rsu-2.pdml 

 

Table 4 and Table 5 shows the resulting set of C-V2I testing datasets in the PCAP and PDML 
formats, respectively. 

 

Figure 2.4. C-V2X (V2V and V2I) test case. 



NIST TN 2315 
November 2024 

7 

2.2.3. C-V2X Interoperability Testcase and Datasets 

Figure 2.4 shows a C-V2X (V2V and V2I) interoperability testcase that consists of one SGS-5 
GPS/GNSS simulator, one RSU, and two OBUs. The GSG-5 GPS simulator provides the GPS L1 
signal to the two OBUs and RSU. Based on the GPS L1 Signal provided by the GSG-5 simulator, 
OBU1, OBU2, and RSU can communicate with each other via cellular network sidelink (LTE PC5) 
using IEEE 1609.3 WSM and SAE J2735 messages and leveraging the IEEE 1609.2 security services.  

• OBU1 and OBU2 can transmit SAE J2735 BSM messages and can receive SAE J2735 BSM, SPaT, 
RSA, TIM, and MAP messages.  

• The RSU transmits SAE J2735 SPaT, RSA, TIM, and MAP messages, while it can receive the SAE 
J2735 BSM messages from OBU1 and OBU2. 

 

Table 6. C-V2X datasets in PCAP format. 

Test 
case 

C-V2X PCAP Datasets 

0 1 2 

C-V2X C-V2X-2024-07-23-ts1-tx-obu1-0.pcap 
C-V2X-2024-07-23-ts1-rx-obu1-0.pcap 

C-V2X-2024-07-23-ts1-tx-obu1-1.pcap 
C-V2X-2024-07-23-ts1-rx-obu1-1.pcap 

C-V2X-2024-07-23-ts1-tx-obu1-2.pcap 
C-V2X-2024-07-23-ts1-rx-obu1-2.pcap 

C-V2X-2024-07-23-ts1-tx-obu2-0.pcap 
C-V2X-2024-07-23-ts1-rx-obu2-0.pcap 

C-V2X-2024-07-23-ts1-tx-obu2-1.pcap 
C-V2X-2024-07-23-ts1-rx-obu2-1.pcap 

C-V2X-2024-07-23-ts1-tx-obu2-2.pcap 
C-V2X-2024-07-23-ts1-rx-obu2-2.pcap 

C-V2X-2024-07-23-ts1-tx-rsu-0.pcap 
C-V2X-2024-07-23-ts1-rx-rsu-0.pcap 

C-V2X-2024-07-23-ts1-tx-rsu-1.pcap 
C-V2X-2024-07-23-ts1-rx-rsu-1.pcap 

C-V2X-2024-07-23-ts1-tx-rsu-2.pcap 
C-V2X-2024-07-23-ts1-rx-rsu-2.pcap 

C-V2X-2024-07-23-ts2-tx-obu1-0.pcap 
C-V2X-2024-07-23-ts2-rx-obu1-0.pcap 

C-V2X-2024-07-23-ts2-tx-obu1-1.pcap 
C-V2X-2024-07-23-ts2-rx-obu1-1.pcap 

C-V2X-2024-07-23-ts2-tx-obu1-2.pcap 
C-V2X-2024-07-23-ts2-rx-obu1-2.pcap 

C-V2X-2024-07-23-ts2-tx-obu2-0.pcap 
C-V2X-2024-07-23-ts2-rx-obu2-0.pcap 

C-V2X-2024-07-23-ts2-tx-obu2-1.pcap 
C-V2X-2024-07-23-ts2-rx-obu2-1.pcap 

C-V2X-2024-07-23-ts2-tx-obu2-2.pcap 
C-V2X-2024-07-23-ts2-rx-obu2-2.pcap 

C-V2X-2024-07-23-ts2-tx-rsu-0.pcap 
C-V2X-2024-07-23-ts2-rx-rsu-0.pcap 

C-V2X-2024-07-23-ts2-tx-rsu-1.pcap 
C-V2X-2024-07-23-ts2-rx-rsu-1.pcap 

C-V2X-2024-07-23-ts2-tx-rsu-2.pcap 
C-V2X-2024-07-23-ts2-rx-rsu-2.pcap 

 

 

 

Table 6 shows the resulting set of C-V2X testing datasets in the PCAP format. Table 7 shows the 
resulting set of C-V2X testing datasets in the PDML format. 
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Table 7. C-V2X datasets in PDML format. 

Test 
case 

C-V2X PDML Datasets 

0 1 2 

C-V2X C-V2X-2024-07-23-ts1-tx-obu1-0.pdml 
C-V2X-2024-07-23-ts1-rx-obu1-0.pdml 

C-V2X-2024-07-23-ts1-tx-obu1-1.pdml 
C-V2X-2024-07-23-ts1-rx-obu1-1.pdml 

C-V2X-2024-07-23-ts1-tx-obu1-2.pdml 
C-V2X-2024-07-23-ts1-rx-obu1-2.pdml 

C-V2X-2024-07-23-ts1-tx-obu2-0.pdml 
C-V2X-2024-07-23-ts1-rx-obu2-0.pdml 

C-V2X-2024-07-23-ts1-tx-obu2-1.pdml 
C-V2X-2024-07-23-ts1-rx-obu2-1.pdml 

C-V2X-2024-07-23-ts1-tx-obu2-2.pdml 
C-V2X-2024-07-23-ts1-rx-obu2-2.pdml 

C-V2X-2024-07-23-ts1-tx-rsu-0.pdml 
C-V2X-2024-07-23-ts1-rx-rsu-0.pdml 

C-V2X-2024-07-23-ts1-tx-rsu-1.pdml 
C-V2X-2024-07-23-ts1-rx-rsu-1.pdml 

C-V2X-2024-07-23-ts1-tx-rsu-2.pdml 
C-V2X-2024-07-23-ts1-rx-rsu-2.pdml 

C-V2X-2024-07-23-ts2-tx-obu1-0.pdml 
C-V2X-2024-07-23-ts2-rx-obu1-0.pdml 

C-V2X-2024-07-23-ts2-tx-obu1-1.pdml 
C-V2X-2024-07-23-ts2-rx-obu1-1.pdml 

C-V2X-2024-07-23-ts2-tx-obu1-2.pdml 
C-V2X-2024-07-23-ts2-rx-obu1-2.pdml 

C-V2X-2024-07-23-ts2-tx-obu2-0.pdml 
C-V2X-2024-07-23-ts2-rx-obu2-0.pdml 

C-V2X-2024-07-23-ts2-tx-obu2-1.pdml 
C-V2X-2024-07-23-ts2-rx-obu2-1.pdml 

C-V2X-2024-07-23-ts2-tx-obu2-2.pdml 
C-V2X-2024-07-23-ts2-rx-obu2-2.pdml 

C-V2X-2024-07-23-ts2-tx-rsu-0.pdml 
C-V2X-2024-07-23-ts2-rx-rsu-0.pdml 

C-V2X-2024-07-23-ts2-tx-rsu-1.pdml 
C-V2X-2024-07-23-ts2-rx-rsu-1.pdml 

C-V2X-2024-07-23-ts2-tx-rsu-2.pdml 
C-V2X-2024-07-23-ts2-rx-rsu-2.pdml 
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3. Testing Dataset Use 

  

Figure 3.1. Organized structure of three testcase datasets. 

 

Figure 3.2.  An example of IEEE 1609.3, 1609.2, and SAE J2735 message in a PCAP dataset. 

Our three testcases are made up of C-V2I, C-V2V and C-V2X testcases. Figure 3.1 shows the 
organized structure of these testcase datasets. Each testcase includes both PCAP and PDML 
dataset files in zipped format (*.zip files). The corresponding total of six testing dataset zip files 
can be downloaded from NIST MIDAS [19] and unzipped into six separated folders as shown in 
Figure 3.1.  The dataset files in the six folders are described in Table 2 through Table 7 in this 
document, as listed in Figure 3.1. 

(Table 5)

(Table 3)

(Table 7)

(Table 4)

(Table 2)

(Table 6)

unzip
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Figure 3.2 shows an example of IEEE 1609.3, 1609.2, and SAE J2735 messages in a PCAP dataset 
file for the standardized message analysis use. These PCAP datasets in Table 2, Table 4, and Table 
6 can be used to display and analyze IEEE 1609.2 and 1609.3, and SAE J2735 messages using 
Wireshark [20] or a similar tool. 

 

Figure 3.3. An example of IEEE 1609.3, 1609.2, and SAE J2735 messages in a PDML dataset. 

Figure 3.3 shows an example of IEEE 1609.3, 1609.2, and SAE J2735 messages in a PDML dataset 
file for the standardized message analysis use. These PDML datasets in Table 3, Table 5, and Table 
7 are derived from the PCAP datasets using a proprietary Wireshark dissector plugin provided by 
Cohda Wireless. These PDML datasets can be parsed and used to analyze and assess compatibility 
and interoperability of IEEE 1609.2, 1609.3 and SAE J2735 messages using the interoperability 
analyzer software tool [20] developed based on IEEE 1609.2, 1609.3, and SAE J2735 standards. 

 

IEEE 1609.3 Message

IEEE 1609.2 Message

SAE J2735 Message
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4. Summary 

This paper describes an IoT devices interoperability setup, three cellular vehicle-to-everything (C-
V2X) interoperability testcases, and the resulting C-V2X testcase datasets, including testing 
dataset structure, dataset file naming method, and dataset file formats. It also describes how 
these datasets can be downloaded and used, including how to examine, analyze, and assess C-
V2X compatibility and interoperability among commercial on-board units (OBUs) and road-side 
units (RSUs) based on IEEE 1609.2, 1609.3, and SAE J2735 standards. 
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