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Abstract— Recently, a number of communications schemes have 
been proposed for Vehicular Ad hoc Networks (VANETs). A 
promising approach, the Universal Geocast Scheme (UGS), 
provides for a diverse variety of VANET-specific characteristics 
such as time-varying topology, protocol variation based on road 
congestion, and support for non line-of-sight communication. In 
this paper, the UGS protocol is extended to consider inter-vehicle 
multi-hop connections in intersections with surrounding 
obstructions. Since UGS is a probabilistic, repetition-based 
scheme, it supports the capacity-delay tradeoffs crucial for 
periodic safety message exchange. The approach is shown to 
support both vehicle-to-vehicle and vehicle-to-infrastructure 
communication. This research accurately evaluates this scheme 
using network (NS-2) and mobility (SUMO) simulators, verifying 
two crucial elements of successful VANETs, received packet ratio 
and message delay. A contemporary wireless radio propagation 
model is used to augment accuracy. Our results show a 6% 
improvement in received packet ratio combined with a decrease 
in average packet delay versus a previous, well-known inter-
vehicle communication protocol.   
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I.  INTRODUCTION  
An important aspect of the U.S. Department of 

Transportation Intelligent Transportation System's effort to 
advance transportation science is its Connected Vehicle 
initiative. The Connected Vehicle program advocates the use of 
dedicated short range communications (DSRC) to establish 
vehicle-to-vehicle (V2V) and vehicle-to-infrastructure (V2I) 
components for safety and congestion avoidance. The FCC has 
proposed the allocation of 75 MHz in the 5.9 GHz band 
specifically for communications between vehicles (V2V) and 
roadside equipment (RSE). Multiple channels within this band 
will be used for entertainment, safety, and control information.  
Connected Vehicle safety applications allow vehicles to have 
360-degree awareness to inform a vehicle operator of hazards 
and non-visible situations. If the location, direction, and 
velocity of all vehicles in an immediate area are known, the 
safety system can inform a driver of potentially hazardous 
situations. The safety system can also help a driver in higher 
risk situations, such as highway lane changes, traffic merges 
when highway lanes decrease, intersections and many others. 

Current Connected Vehicle safety messages fit into two 
categories: periodic and event-driven. Unlike less frequent 
event-driven messages [1], periodic status updates provide a 
360-degree view to a driver. These periodic messages have 
varying size, broadcast range, and periods based on the type of 
safety information that is being transmitted in a given situation 

[2]. Previous research used 200 byte packets [3] sent in a 
broadcast range of 80 meters [3] with a useful lifetime of 200 
ms [4]. Generally, broadcasted inter-vehicle communications 
are targeted to a specific distance range, called the geocast 
range. The draft standard for the IEEE 802.11p DSRC protocol 
states that the fundamental access method for the medium 
access control (MAC) is carrier sense multiple access with 
collision avoidance (CSMA/CA) including the RTS/CTS and 
ACK handshake [5]. In the case of broadcast periodic safety 
messages, these handshakes represent a significant overhead, 
especially since RTS/CTS and ACK messages can be as large 
as the safety messages themselves. However, forgoing these 
messages gives rise to the hidden node problem. To combat 
this issue, multiple transmission repetitions for each message 
are used.  Previous approaches [3] retransmit packets in 
randomly selected slots within a frame sequence. Generally, 
retransmission-based approaches for traffic intersections utilize 
direct single-hop communications between vehicles to 
minimize complexity. This simplicity can come at the cost of 
congestion. Multi-hop solutions, which involve intermediate 
vehicles or roadside equipment, have most often been deployed 
for open-road scenarios which exhibit limited transmission 
obstructions [6]. Most urban multi-hop protocols use event-
driven safety messages or use some form of the RTS/CTS and 
ACK handshaking [7] and focus on routing protocols [8].  

Our new multi-hop inter-vehicle communications scheme 
implements periodic safety messages without the need for 
handshaking normally associated with routing protocols. The 
approach shows the effectiveness of multi-hop transmissions 
for periodic messages in dense urban intersections, which often 
are effected by line-of-sight obstructions.  Individual node 
transmissions are scheduled using probabilistic factors based 
on distance to target and remaining packet lifespan. Both 
vehicles and roadside equipment located in the center of an 
intersection are used to retransmit packets. Transmission power 
is varied to reach targets within a defined geocast radius. The 
amount of time used to retransmit packets is probabilistically 
lengthened as packet retransmission count increases. 

Our new Universal Geocast Scheme has been verified using 
several contemporary simulators. The core of our simulation 
environment is a significantly modified version of the NS-2 
simulator [9]. The motion of vehicles approaching and 
traversing the intersection is modeled using SUMO [10], a 
vehicle mobility simulator. The accuracy of our simulations is 
enhanced with the use of a recently published radio 
propagation model [11], which is integrated into NS-2. Our 
new approach is experimentally contrasted against an existing 
inter-vehicle communication scheme from the Partners for 
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Advanced Transit and Highways (PATH) group [3] using the 
enhanced NS-2 environment. A 6% improvement in reception 
ratio and a substantial decrease in average delay are achieved 
for our new approach versus the previously-published 
approach. 

II. BACKGROUND 
The Universal Geocast Scheme (UGS) [1] is an 802.11-

compatible repetition-based MAC protocol, which fairly grants 
retransmission opportunities to contending neighbors. It differs 
from 802.11 in that there is a variable backoff window for 
retransmissions. The 802.11 protocol provides a random period 
of backoff time within a fixed contention window. The 
theoretical basis of UGS has been discussed previously [1], 
although this research presents the first experimental validation 
of the work using detailed simulation. Some additional protocol 
enhancements are also provided to the scheme.  

In this paper, the UGS approach is contrasted with a leading 
previous inter-vehicle communication technique. The PATH 
team from the University of California, Berkeley [3] previously 
designed wireless local area networks to enable active vehicle 
safety systems.  The work employs a repetition-based protocol 
with transmission acknowledgment called Asynchronous Fixed 
Repetition with Carrier Sensing (AFR-CS). The protocol 
randomly selects k distinct time slots as potential transmission 
slots out of the n slots constituting the lifetime of a packet. 
Prior to transmitting a packet, this protocol senses the 
availability of the transmission channel. Upon finding the 
channel idle, the packet is transmitted.  If the channel is busy, 
the packet is dropped and transmission is deferred to the next 
selected time slot. The optimal number of retransmissions 
depends on the message rate, range, vehicular traffic density, 
and packet transmission time [3]. Unlike the PATH scheme, 
transmissions in our new protocol have more structure in how 
they are distributed over the lifetime of the packet.  The new 
scheme has no set number of retransmissions. Instead, the 
amount of time between transmissions is altered. Unlike 
PATH, messages may be transmitted via either single or multi-
hop broadcast depending on the current status of the vehicle. 

To effectively simulate wireless communications, it is 
desirable to model the attenuation of the radio waves in their 
transmission environment. In an experiment described in Sal, et 
al. [11], a roadside antenna was deployed in an urban area in 
Tokyo with eight-story buildings on both sides of the street.  A 
van equipped with a roof antenna received a 792.5 MHz signal 
transmitted by the roadside antenna while in transit. The 
receiving signal strength and packet reachability (the number of 
successfully received packets divided by the number of 
transmitted packets) were collected and analyzed. Using 
processed data and existing radio propagation models it was 
possible to develop an intersection-based attenuation model, 
which is used in this research to better approximate real-world 
transmission conditions. One important aspect of this new 
Kangaku propagation model is that it has line of sight (LOS) 
and non-line of sight (NLOS) equations for calculating the 
propagation loss of a signal.  The NLOS equations are based on 
the diffraction of the signal around the building, rather than the 
attenuation of the signals going through a building. 
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Figure 1. Intersection model for communication 

III. ENHANCED UNIVERSAL GEOCAST SCHEME 
For this paper, we consider UGS deployed under the 

scenario shown in Fig. 1. In addition to vehicles, the 
intersection contains a roadside equipment (RSE) unit located 
near the center of the intersection. Vehicles may be within line-
of-sight (LOS) or not (NLOS) depending upon their placement 
in the intersection. Two identical lengths of road with two lanes 
each cross in the middle where a traffic light is located. 
Buildings are assumed to be located on all four corners of the 
intersection. Vehicles wait at the intersection stoplight until 
they are given a green light and continue straight across until 
they reach the other end of the road. Vehicles that are not in the 
intersection can transmit their own packets. Vehicles within the 
intersection can both transmit their own packets and retransmit 
packets received from other vehicles. 

The highly dynamic topology of VANETs requires 
protocols that do not need a detailed description of the network 
topology in order to schedule packet transmissions. Our 
implemented protocol differentiates between the transmission 
behavior of vehicles in the intersection and outside the 
intersection (as determined by GPS). Since vehicles outside the 
intersection only transmit their own packets, their behavior will 
be described first. Following an initial transmission, a packet 
may be retransmitted at a random time between 0 and the 
backoff window. A distinctive feature of the UGS approach is a 
probabilistically-determined increase in the backoff time for 
each subsequent retransmission of the same packet. This 
random period of backoff time is normally determined from a 
contention window (CW) as }1,,0{ −cw . For this work, the 
backoff window is: 

 ⎣ ⎦ }12*,,0{ )*( −= +YXicwbk  (1) 

where i is the retransmission number of the packet, and X and Y 
are independent variables which present traffic density. In 
congested conditions, a packet which has already been 
transmitted will have to wait, on average, a longer time before 
retransmission. When many vehicles attempt transmissions, 
fewer transmissions are made per vehicle, limiting 
overcongestion. The fairness of this increasing backoff 
mechanism has been proved mathematically [4]. To correctly  



 
Figure 2. Algorithm for UGS MAC 

set the backoff window, the number of times the packet has 
been retransmitted has to be known.  The packet header can be 
easily updated to track its retransmission number. The 
retransmission number is incremented in the MAC before the 
packet is passed to the PHY layer. The receiving function of 
the MAC sets the retransmission to 0. A summary of the steps 
used for packet retransmission is shown in Fig. 2. 

Vehicles located within an intersection differ from ones 
outside the intersection in that they can forward packets from 
other vehicles as well as transmit their own. Each node 
retransmission uses a single or multiple hops based on the 
geometry of the intersection surroundings and the remaining 
useful lifetime of the packet. Since intersection-bound vehicles 
can transmit both their own packets and packets originating 
from other vehicles, dynamic decisions must be made to 
determine which packet is forwarded at which time. As shown 
in Fig. 3, packets generated by the vehicle that are targeted for 
retransmission are stored in the Own Queue (OQ), while 
packets from other vehicles are stored in the Forwarding Queue 
(FQ). Packets stored in FQ are ordered using two criteria. 
Packets that have been transmitted the fewest times are placed 
at the front of the queue. These packets are then ordered by 
their remaining useful lifespan. Packet headers contain a time 
stamp, which helps determine their remaining lifespan. The 
remaining packets in the queue are then ordered in a similar 
fashion (first as a group by transmission count and then by 
remaining lifespan within the group). 

The selection of a packet from either OQ or FQ is based on 
the remaining lifespan of the packet at the top of the FQ. This 
FQ packet is transmitted with a probably t, which is 
proportional to its lifespan. The packet at the top of the OQ is 
transmitted with probability 1-t. After a packet is selected, it is 
transmitted using set criteria. Retransmissions of packets 
originating from intersection-bound vehicles are transmitted 
using (1), in a similar fashion to vehicles located outside the 
intersection. However, retransmissions of packets which 
originate at other vehicles are confined to a fixed backoff 
window to maximize their chance of reception. 

 
Figure 3. Architecture of UGS MAC 

     This value was experimentally determined to be 1920 time 
slots. Packets with expired lifespans are automatically ejected 
from associated queues. Fig. 3 illustrates several of these 
features. Carrier sensing is represented by the channel state box 
while the insert or delete box represents decisions made during 
packet reception. 

Several optimizations are considered for intersection-bound 
vehicles. If a vehicle detects the transmission of packet in its 
FQ by another vehicle, the packet is removed. This detection 
indicates the close proximity of another vehicle already 
forwarding the message. Additionally, for multi-hop 
transmissions, if the transmission target for an intermediate hop 
is within a closer proximity than the original vehicle packet 
source, transmission power can be reduced accordingly. Power 
adjustment is aided by the inclusion of the physical location of 
the packet source in the packet header. This operation is 
represented by the power calculation box in Fig. 3. 

IV. SIMULATION SET-UP 
The core of our protocol evaluation was performed using a 

heavily-modified version of NS-2, a network simulator [9]. 
This open source discrete event simulator is targeted at 
networking research with a focus on network protocols. Our 
version of NS-2 is based on recent additions that support IEEE 
802.11 implementations of medium access control (MAC) and 
physical (PHY) layers [12]. 

An urban intersection scenario was constructed in NS-2 to 
test both UGS and PATH schemes. Vehicles are located within 
LOS or NLOS depending upon their placement in the 
intersection and the Kangaku radio propagation model is 
integrated into the simulator accordingly.  Fig. 4 shows how a 
packet sent at a power level to overcome NLOS attenuation at a 
range of 72.8 meters will produce a much longer LOS 
broadcast resulting in unwanted interference. Traffic flows 
were accurately modeled using the "Simulation of Urban 
MObility" (SUMO) tool, which accounts for vehicles traveling  



 
Figure 4. NLOS vs. LOS range of a transmission 

at various speeds. SUMO is an open source, highly portable, 
microscopic road traffic simulation package designed to handle 
large road networks [10].   

The intersection model shown in Fig. 1 was used for 
simulations. Road length and vehicle density were varied from 
simulation to simulation. Each vehicle produces an original 
message every 200 ms, which is subsequently retransmitted 
based on the backoff strategies described in Section III. The 
broadcast range of the messages is 80 meters at a frequency of 
5.18 GHz and the packets are 200 bytes in size with a useful 
lifetime of 200 ms. For single hop transmissions, the power is 
calculated for each transmission such that every vehicle within 
an 80-meter radius of the transmitting vehicle will receive the 
broadcast. Only vehicles within the 80-meter broadcast range 
of the sender count towards calculated results. For each 
individual simulation, the reception ratio, average number of 
transmissions per packet, and average delay per packet were 
recorded.  The reception ratio is the number of vehicles within 
the original 80-meter broadcast range that actually receive the 
transmission divided by the numbers of vehicles that were 
targeted. The average packet transmissions (APT) value is an 
average of the number of times each packet is actually 
broadcast.  The average delay per packet is the average amount 
of time it takes each packet to be received by vehicles within 
the 80m broadcast range.  The simulations were run for a total 
of 20.4 seconds each. Results were calculated for the middle 20 
seconds. Results obtained from vehicles in the 100m of each 
road furthest from the intersection were ignored to account for 
edge effects. The TraceExporter extension was used to translate 
the SUMO mobility traces into an NS-2 compatible format.   

Several protocol specific modifications were made to NS-2 
to support both the modified UGS protocol and the PATH 
protocol used for comparison. A parameter was added to allow 
for a variable number of PATH retransmission attempts. For 
UGS, the X and Y parameters noted in (1) were made user-
definable. A global variable was set up so that X and Y values 
could be input via a Tcl file on a per-simulation basis. This 
input variable is bound to the variable in the C++ file used in 
determining the size of the backoff interval.  Power calculation 
functions were also formulated in NS-2 to calculate the power 
so that packets would not be broadcast outside their original 
broadcast range.  Additionally, the Kangaku radio propagation 
model, described in Section II, was implemented.   

V. RESULTS  
Intersection scenarios utilizing 500, 800, 900, and 1,200 

meter roads on all four sides of an intersection were evaluated 
in four separate experiments. As shown in Fig. 5, as the length  
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Figure 5. Reception ratio increase of UGS vs. PATH for different road lengths 

of the roads increased, the reception ratio of UGS versus PATH 
improved. UGS has a decrease in performance by 1% for 500 
meter roads, but an increase of 4.6%, 6.2%, and 6.5% for 800, 
900, and 1200 meter roads, respectively. Results shown are for 
UGS without the use of RSE. The longer roads allow for 
improved interference modeling of single-hop transmissions. 
The added road length increases inter-vehicle transmission 
interference, especially when NLOS vehicles within the 80 
meter broadcast range are considered. 

An important factor in the performance of both PATH and 
UGS schemes is vehicle density. The PATH paper [3] 
indicated that the maximum flow density for highway 
simulations is an inter-vehicle spacing of roughly 30 meters.   
For the 900-meter road intersection scenario, the average 
number of vehicles evaluated during 20-second simulations is 
337, leading to an average inter-vehicle spacing of 23.7 meters. 
Taking this maximum density into account, simulations were 
repeated considering traffic densities of 75%, 50%, and 25% of 
the maximum. As Table I demonstrates, as vehicle density 
decreases, the advantage of the UGS scheme is reduced. The 
last two columns represent the performance increase of UGS 
with and without the use of an RSE located in the center of an 
intersection to forward packets. In the densest simulations, 
UGS has an increased performance over the PATH scheme by 
over 6%.   

As noted in Section III, the backoff window size is an 
important metric in packet retransmission. A sweep was 
performed to evaluate the best possible values for the X and Y 
values used in (1).  Fig. 6 indicates that an X value of roughly 9 
is ideal for increased reception ratio when used with a Y=8  

TABLE I. Intersection Reception Ratio 

Max PATH UGS UGS UGS % Improvement
 Flow      with Without With 

%     RSE  RSE  RSE 
100 0.839 0.891 0.892 6.2 6.3 
75 0.881 0.919 0.920 4.4 4.4 
50 0.948 0.963 0.960 1.5 1.2 
25 0.983 0.981 0.984 -0.2 0.2 
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Figure 6. Reception ration vs. X for UGS experiment with 900 m roads 
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Figure 7. Effect of intersection CW on reception ratio 

value. A similar experiment was performed to determine the 
appropriate value for Y. It is important that the Y variable not 
be too large to avoid overly lengthening the backoff window. If 
the backoff window is longer than the lifetime of the packet, 
the packet may not be resent. However, if X or Y is too small, 
excessive packet retransmissions may occur, causing 
congestion. Another important variable that impacts UGS is the 
set CW for intersection node forwarding, especially when an 
RSE is used. Fig. 7 indicates the reception ratio of UGS in a 
900-meter road length intersection scenario under varying 
intersection CW values.  

The second important measure of performance is delay.  
The average packet delay for PATH and UGS over the four 
different vehicle densities can be seen in Table II. The table 
demonstrates the decrease in delay of the UGS.    

TABLE II. Average packet delay of UGS vs. Path 

Max Flow  PATH UGS 
% in ms in ms 

100 76.28 13.01 
75 74.47 12.74 
50 63.42 8.33 
25 46.62 5.37 

 

     In the maximum flow simulations, UGS, on average, only 
took 20% of the time that the PATH scheme did in successfully 
transmitting packets to intended receivers.  The large difference 
in average delay of the two protocols can be attributed to the 
PATH protocol picking random times to transmit, regardless of 
the channel state.  UGS will transmit immediately upon finding 
the channel idle. Only as the number of transmissions increases 
does the backoff, and thus wait time, increase.   

VI. CONCLUSIONS 
This research describes a detailed evaluation of a new 

multi-hop inter-vehicle communication protocol, which has 
been optimized for obstructed intersections. This modified 
Universal Geocast Scheme performs 6% better with decreased 
delay than an accepted, previously-published approach [3] for 
periodic inter-vehicle messages which do not use RTS/CTS 
and ACK messages. The UGS repetition-based scheme allows 
for both LOS and NLOS packet transfer. Our results have been 
generated using a modified NS-2 simulator, a recently-
developed radio propagation model, and a traffic mobility 
simulator. 
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