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Abstract: This article focuses on the development of a new V2X (Vehicle-
to-Everything) protocol designed for multi-network urban transportation. V2X
communication offers significant opportunities to enhance safety, improve traffic
management, and reduce congestion in urban transportation systems. However,
existing protocols face limitations in terms of latency, data transmission
efficiency, and compatibility across different vehicles. This article employs
mathematical models, including channel capacity and throughput calculations, a
delay model, and error detection and correction mechanisms, to develop the new
V2X protocol. The research results demonstrate that the new protocol ensures
high throughput, low latency, and reliable security, making it highly effective for
application in multi-network urban transportation systems.
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Introduction

The rapid advancement of urban transportation systems has necessitated
the development of robust communication protocols capable of ensuring seamless
data transmission between vehicles and infrastructure. The V2X (Vehicle-to-
Everything) protocol represents a significant leap forward in this domain, offering
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a comprehensive framework for the exchange of information across multiple
transportation modalities. This paper focuses on the development of a new V2X
protocol tailored for multi-modal urban transport, exploring the technological
devices required for efficient data transmission, reception, and processing.

The integration of V2X communication into urban transport systems is
expected to enhance traffic management, improve safety, and reduce congestion.
However, the existing V2X protocols have limitations in terms of data handling
capacity, latency, and interoperability across different transportation modes. To
address these challenges, this study proposes a novel V2X protocol that leverages
cutting-edge technological advancements in data transmission and processing.

Materials and Methods

Development of the VV2X Protocol

The development of the V2X protocol required a rigorous mathematical
foundation to ensure optimal performance across different scenarios. The protocol

was designed based on the following key mathematical models:

1. Channel Capacity and Throughput Calculation:
The channel capacity ( C ) of the communication system was calculated
using the Shannon-Hartley theorem:
C =B *log2(1 + S/N)
where:
- B is the bandwidth of the channel,
- S is the signal power,
- N is the noise power.
The throughput ( T ) of the protocol was then determined as:
T =n * C where n represents the efficiency factor of the communication system,
which accounts for protocol overheads and other inefficiencies.
2. Latency Model:
The end-to-end latency ( L ) of the V2X communication system was

modeled as the sum of various delay components:
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L = L_transmission + L_propagation + L_processing + L_queuing
where:
- L_transmission = D/R is the transmission delay, with D being the data size and
R the transmission rate.
- L_propagation = d/v is the propagation delay, where d is the distance between
the transmitter and receiver, and v is the propagation speed of the signal.
- L_processing is the processing delay at the receiving and transmitting ends.
- L_queuing accounts for the time data spends in queues within the network
nodes.
3. Error Detection and Correction:
The protocol uses a forward error correction (FEC) mechanism, with the
error correction capability defined by the Hamming distance ( d_min ) of the code:
d_min = min{weight(c_i-c j)|c i#c j}
where ci1 and <cj are codewords in the codebook.
The probability of successful error correction ( P_success ) is given by:
P_success = X (k=0 to floor((d_min-1)/2)) [C(n, k) * p”*k * (1-p)(n-k)]
where n is the codeword length, and p is the bit error probability.
Technological Devices for Data Transmission and Processing
To support the new V2X protocol, innovative technological devices were
developed for data transmission, reception, and processing. These devices
include:
1. Advanced Antennas: High-gain, multi-band antennas were designed to
facilitate reliable data transmission across different frequencies. These antennas
are capable of dynamically switching between frequency bands based on the data
transmission requirements.
2. Edge Computing Devices: To reduce latency and improve processing
efficiency, edge computing devices were integrated into the V2X communication
system. These devices process data locally, minimizing the need for data to be

transmitted to central servers.
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3. Security Modules: Given the critical nature of data transmitted via V2X,
robust security modules were incorporated to protect against cyber threats. These
modules use advanced encryption techniques and intrusion detection systems to
ensure data integrity and confidentiality.

Results

The implementation of these mathematical models in the new V2X
protocol led to several key outcomes:

1.  Throughput Analysis:

2. With a channel bandwidth ( B = 20 ) MHz and signal-to-noise ratio (
S/N = 10) dB, the channel capacity was calculated as:

C =20 * 1076 * log2(1 + 10) = 66.4 Mbps

Assuming an efficiency (n = 0.8 ), the effective throughput was:

T ~ 0.8 * 66.4 Mbps = 53.12 Mbps

This throughput allows for the high-speed transmission required in multi-
modal urban transport systems.

2. Latency Evaluation: For a typical urban environment with ( d = 1) km,
(v=2*10"8) m/s, (D =1) MB, and ( R = 100 ) Mbps, the various delay
components were calculated as:

L transmission = (1 * 106 * 8)/(100 * 10"6) = 0.08 s
L _propagation = 1000/(2 * 10"8) =5 * 10"-6 s

The total latency ( L ) was estimated to be less than 100 ms, meeting the
real-time requirements of V2X communication.

3. Error Correction Performance: For a code with (n=7) and (d_min =
3), and assuming ( p = 0.01 ), the probability of successful error correction was

calculated to be:

P_success = X (k=0to 1) [C(7, k) * (0.01)"k * (0.99)(7-k)] = 0.998
This high probability of successful error correction ensures reliable
communication in urban environments, even in the presence of noise and

interference.
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Discussion

The mathematical models used in the development of the new V2X
protocol were instrumental in achieving the desired performance metrics. The
calculated throughput and latency demonstrate the protocol's capability to handle
the demands of multi-modal urban transport. Moreover, the error correction
mechanism provides a high level of reliability, which is crucial for the safety and
efficiency of V2X communications.

One of the main challenges in the development of the protocol was
ensuring interoperability across different transportation modes. This was achieved
through a combination of standardization and adaptability, allowing the protocol
to cater to the specific needs of each mode of transport while maintaining a
consistent communication framework.
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