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Abstract— The goal to achieve accurate and ubiquitous 

localization is the driving force for location based services in 
vehicular ad hoc networks (VANETs). In urban areas, global 
positioning system (GPS) and in-vehicle navigation sensors 
(e.g. odometers) suffer from prolonged outages and 
unsustainable error accumulation, respectively. The need for 
precise vehicle localization remains paramount, and 
cooperative vehicle localization based on ranging techniques 
are being  exploited to this end. This paper presents a novel 
cooperative localization scheme that  utilizes round trip time 
(RTT) for inter-vehicle distance calculation, integrated with 
inertial sensor measurements to update the position of not only 
the vehicle to be localized, but its neighbors as well. We 
adopted the extended Kalman filter (EKF),  to limit the effect 
of errors in both the sensors and the neighbors’ positions, in 
computing the new location. In comparison to the existing 
cooperative localization techniques, our proposed cooperative 
scheme does not depend on GPS updates for the neighbors’ 
positions  thus making it far more suitable in urban canyons 
and tunnels. In addition,  our scheme considers updating the 
neighbors’ positions using their current inertial sensor 
measurements resulting in; better position estimation. The 
scheme is implemented and tested using the network simulator 
3 (ns-3), vehicle traces are generated using SUMO and  error 
models are introduced to the sensors and initial positions for 
different velocities and densities. Results show that our scheme 
outperforms the inertial navigation systems (INS) technology 
typically used in environments where GPS fails. 

Keywords— Cooperative Localization, VANETs, GPS Free, 
Kalman Filter, Inertial Navigation Systems, RTT.   

I.  INTRODUCTION 
Location based services and applications in vehicular 

environments are experiencing rapid development including 
safety monitoring, traffic and resource management [1]. 
Moreover, they have been extended to cooperative forms 
such as collision warning and cruise control [2, 3] utilizing 
the dedicated short range communication (DSRC) [4] and 
governed by the physical and MAC protocols defined in 
wireless access in vehicular environments (WAVE) in IEEE 
802.11p. 

Such developments necessitate precise pervasive 
localization of vehicles. Global navigation satellite systems 
(GNSS) such as GPS provide location with high accuracy 
ranging from 1 to 5 m. However, this level is not guaranteed 
in urban canyons [5] where the satellite signals experience 
excessive multipath due to high-rise buildings. Moreover, 
this signal requires open sky access, which is unavailable in 
tunnels. These outages can be controlled by integrating the 
GNSS with other navigation systems such as WLAN [6], 
RFID [7], or inertial navigation systems (INS) [8]. However, 
in GPS-free environments, typically tunnels and urban 
canyons, the above conventional integrations are suboptimal 

because of the extra cost required for deploying reliable 
infrastructures such as RFID and WLANs or due to the INS 
error accumulation in case of protracted GPS outages. 
Accordingly, VANETs cooperative localization is thoroughly 
addressed to achieve the anticipated accuracy [5]. 

Vehicular cooperative localization exploits the DSRC 
capability and allows vehicles to update their positions using 
both:  positions of their surrounding neighboring vehicles 
and, the measured inter-vehicle distance using ranging 
techniques. Some neighboring vehicles can obtain position 
updates only during partial access to GPS or in the existence 
of nearby landmarks with known positions. In this case, these 
vehicles can broadcast their positions and act as mobile 
anchors to the other surrounding vehicles with unknown 
positions (denoted as vehicles to be localized). Afterwards, a 
ranging technique can be used such as received signal 
strength (RSS), time of arrival (ToA) or round trip time 
(RTT) to estimate the distance between the vehicles to be 
localized and their surrounding neighbors. 
 Both cooperative information (i.e. neighbor positions and 
distances) are subjected to different sources of errors, the 
localization technique for the neighbor position update and 
the ranging method.  Therefore, the main challenges for a 
reliable and accurate cooperative localization are: 1) 
choosing the localization scheme and the ranging technique 
suitable for the environment, 2) mitigating the associated 
errors in both location and range, and 3) selecting the data 
fusion method for integrating the above mentioned data. 

A. Related Work 
 Our main focus is on cooperative localization for urban 
canyons and tunnels. Thus, cooperative schemes that rely on 
GPS to update neighbors’ positions [9] or enhance the GPS 
signal with cooperative information [10] are inapplicable and 
requires large computations. On the other hand, cooperative 
GPS-free localization in [11, 12, and 13] are applicable to 
our considered scenario. In [11], signal strength is used to 
estimate the distance between vehicles. Then, extended 
Kaman filter uses the measured distance in addition to the 
kinematic motion model and road map to update the current 
vehicle’s position. Similarly, the authors in [13] have 
considered the noise and interference associated with the 
received signal strength for better distance estimation from 
the RSS. However, such RSS based ranging will suffer from 
limited performance due to its sensitivity to the used path 
loss model that relates the distance to the RSS [14]. This path 
loss model varies from one environment to another and 
requires burden calibration. In another study, time of arrival 
(ToA) was used in [12] to estimate the inter-vehicle distance 
and then fused with kinematic model through extended 
Kalman filter. 
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B. Aim, Contributions and Paper Organization 
 The aim of this paper is to introduce a VANET 
distributed cooperative localization scheme for use in urban 
canyons and tunnels where there is complete GPS blockage 
and localization based infrastructure is infeasible. 
Accordingly, only on-board vehicle sensors and inter-vehicle 
communication are used to update the vehicles’ positions 
throughout their trajectory.  
 Our proposed cooperative localization scheme uses the 
RTT ranging technique integrated with INS technology to 
update the neighbors’ positions during GPS outages. RTT 
does not require synchronization since the same vehicle will 
be calculating the difference between the time of 
transmission and reception. Moreover, RTT is proven to be 
robust to the channel for measuring inter-vehicle distances 
[15]. The final accurate position is then estimated by 
adopting linearized extended Kalman filter (EKF) which 
fuses the above data with the recent position of the vehicle to 
be localized (obtained from INS).  
 The paper is organized as follows: Section II provides an 
overview for the implemented distributed cooperative 
scheme. Section III introduces the detailed implementation of 
the system modules. Performance evaluation is then provided 
in Section IV. Finally, Section V concludes the paper and 
provides future work. 

II. SYSTEM OVERVIEW 

A. Preliminaries 
 We assume that all vehicles have initial positions 
obtained either from GPS or any other localization system as 
in [11]. Then, these vehicles travel in urban areas where GPS 
is unavailable due to excessive multipath from large 
buildings or complete blockage as in tunnels. 

Vehicles are equipped with DSRC transceivers, so each 
vehicle to be localized can communicate with its neighboring 
vehicles in the communication range via IEEE 802.11p.  The 
neighbors in range are the vehicles that receive messages 
from the vehicle to be localized with power greater than 
certain threshold (referred as receiver’s sensitivity). 

The vehicles are also equipped with inertial navigation 
sensors: speedometers/odometers that measure the horizontal 
speed and, the gyroscope that determines the heading of the 
vehicle. We define the following system entities:  

• Sender is the vehicle to be localized that sends 
messages to the surrounding vehicles acquiring 
information for localization. 

• Neighbor is the vehicle within the communication 
range of the sender vehicle that receives the messages 
and then replies back with its information. 

B. Scheme Overview 
 The proposed distributed cooperative localization scheme 
can be illustrated in the following main steps:  

• The sender vehicle updates its position using the RISS 
mechanization. 

• Sender vehicle then broadcasts location request 
messages (LRM) for collecting neighbors’ navigation 
information (both location and sensor measurements). 

• The received outdated neighbors’ positions are 
corrected at the sender by applying RISS 
mechanization using their reported sensor 
measurements. 

• The Euclidean distance  ݀௘௦௧ is computed which is a 
function of the updated neighbors’ and the sender’s 
positions. 

• Round trip time (RTT) is calculated at the sender and 
used to measure the actual distance ݀௠ between the 
sender vehicle and the neighbor responded to the 
broadcasted messages. 

• Extended Kalman filter uses the calculated distances ݀௘௦௧  and ݀௠ to estimate the error in ݔ and ݕ positions 
of the sender vehicle. 

• The estimated error is then used to update the sender’s 
position. 

These steps are summarized in the block diagram in Fig. 1. 

 
 Fig. 1 Overview Block Diagram of the Proposed Cooperative Scheme 

III. COOPERATIVE LOCALIZATION SCHEME  
The proposed cooperative localization scheme is 

illustrated in Fig. 2 and its details are described next.  

A. Localization Request Messages (LRM) 
Each sender vehicle to be localized requests neighbors’ 

navigation information (positions, heading and velocities) 
through broadcast messages. The broadcast message contains 
both the ID of the vehicle to be localized denoted as sender 
ID and time of transmission ்ܶ௑.  

All messages are broadcasted in the DSRC range every ߬ 
seconds. The neighboring vehicle in the communication 
range that receives the message with power greater than its 
sensitivity level ෠ܲ will add its navigation information (latest 
positions, current heading and speedometer readings) to the 
message and rebroadcasts the message. The latest position of 
the neighbor might be outdated by the time it is reported and 
thus it is accompanied with the above inertial sensor 
readings.  

Once the vehicle to be localized receives back the 
neighbor’s message, it checks whether the received message 
is a reply to its own broadcasted LRM or not. This is done by 
comparing its ID with the one appended in the reply message 
of the sender ID. If the IDs are identical, the message is 
decoded, otherwise it is ignored. The sender measures the 
time of reception of the LRM ோܶ௑. Thus the LRM message 
contains the following information:  

• Time of transmission of LRM ்ܶ௑ used to measure the 
inter-vehicle distance ݀௠ሺ௡ሻ using RTT. 
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• Neighbor’s position denoted by its coordinates ݔሺ௡ሻ and ݕሺ௡ሻ where n is the neighbor’s index. This 
position is the last updated available one at the 
neighbor which might be outdated from the current 
time of LRM reception. Accordingly neighbor’s 
velocity and heading are also broadcasted. 

• Neighbor’s velocities in both ݔ and ݕ directions 
respectively denoted as  ݒ௫ሺ௡ሻ and ݒ௬ሺ௡ሻ, obtained from 
the odometer. Similarly, the neighbor’s heading 
denoted as ܣሺ௡ሻ which is obtained from the gyroscope. 

The above neighbor’s information is used to update the 
received neighbor’s position using RISS mechanization to 
estimate the Euclidean distance ݀௘௦௧ሺ௡ሻ between the vehicle to 
be localized and neighbor ݊. Both distances ݀௠ሺ௡ሻ and ݀௘௦௧ሺ௡ሻ 
will be described and used afterwards to update the current 
sender vehicle’s position. 

B. 2D RISS Based Neighbors and Sender Position Update 
In our proposed cooperative scheme, it was assumed that 

all vehicles have no GPS location updates as they travel in 
urban areas. Therefore as mentioned earlier, the neighbor 
reports in the LRM its last updated position which may be 
outdated at the time of the localization of the sender. 

2D reduced inertial sensor system (2D-RISS) [8] is used 
instead to update the positions of both the vehicle to be 
localized and its neighbors. This is done at lower cost 
compared to full inertial navigation systems INS as the 
former consists of only two sensors: odometer (or 
speedometer) and gyroscope. The information from both 
sensors are used to compute the velocities in the east ாܸ and 
north directions ேܸ  and then, calculates the displacement in 
the corresponding directions east and north equivalent to ݔ 
and ݕ positions respectively. Below are the main equations 
used in the 2D RISS as in [16]. ܣሶ =  ௭ݓ

 

(1) 

൬ ாܸܸே൰ = ൬ ௢ܸௗ sinሺܣ௧ሻ௢ܸௗ cosሺܣ௧ሻ൰ 

 
(2) 

ሶݎ = ൬߶ሶߣሶ ൰ = ۇۉ
0 1ܴ ൅ ݄1ሺܴ ൅ ݄ሻ cos ߶ 0 ۊی ൬ ாܸܸே൰ (3) 

Where: 
 .௭ is the angular rate measured by the gyroscopeݓ •
• ௢ܸௗ is the vehicle’s horizontal speed measured by the 

odometer.  
• ாܸ  and ேܸ are the east and north velocities, respectively. 
• ߶ሶ  and ߣሶ are the rate of change in latitude and longitude, 

respectively. 
 .ሶ is the rate of change in azimuth (heading angle)ܣ •
• ܴ and ݄ are the radius of earth and altitude, respectively. 
 .௧ is the current azimuth (heading angle) of the vehicleܣ •

To ensure the robustness of our scheme, errors are 
introduced to both the INS sensors and the initial positions 

and modeled as normally distributed random variables. The 
error in odometer/speedometer readings follows Gaussian 
distribution with 0 mean and standard deviation equal to 10% 
from the speed of the vehicle as simulated in [7] and [17]. 
Thus, the increase in the odometer error is proportional to the 
distance traveled by the vehicle [18]. For the gyroscope, the 
error introduced is the angular random walk (ARW) that 
follows also Gaussian distribution with mean 0 and standard 
deviation chosen to be equal to 2°/√݄ݎ for a specific model 
according to [16]. After updating both the sender and the 
neighbors’ positions using RISS, two distances are computed 
as described in the next sub-section. 

 
 Fig. 2 Flow Chart of the Proposed Cooperative Scheme  

C. Distance Calculation ሺ݀௘௦௧ ܽ݊݀ ݀௠ሻ 
Based on the collected information, localization 

techniques such as multilateration can be applied to obtain an 
updated position for the vehicle to be localized. However, 
associated errors in these measurements will provide 
inaccurate position estimation when applying multilateration 
directly. Instead, linearized extended Kalman filter is used to 
obtain an accurate position update [8]. This linearized model 
relates the error in the current position to the error between 
both the two distances (i.e. the one measured using RTT and 
the one estimated using vehicles’ positions). 

The proposed cooperative scheme calculates two values 
of distances between the sender vehicle and each neighbor. 
The first distance denoted as ݀௘௦௧ሺ௡ሻ and calculated based on the 
vehicles’ latest positions as depicted in the equation below. It 
is the Euclidean distance between the RISS based updated 
position of neighbor n and the sender as computed from the 
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previous sub-section. Thus, this distance is subjected to 
errors that are associated with odometer, gyroscope and the 
vehicles’ positions. ݀௘௦௧ሺ௡ሻ = ඥሺݔሺ௡ሻ െ ሻଶݔ ൅ ሺݕሺ௡ሻ െ  ሻଶ (4)ݕ

Where: 
 ሺ௡ሻ is the RISS mechanization based updatedݕ ሺ௡ሻ andݔ •

position of neighbor ݊. 
 is the latest position of the sender vehicle (after ݕ and ݔ •

RISS mechanization). 

 The second distance denoted as ݀௠ሺ௡ሻ is calculated using 
the ranging technique RTT as shown below using the 
difference between transmission and reception ்ܶ௑ and ோܶ௑ 
of the LRM at the sender. No error was introduced to the 
RTT as the delay offset that is generated from the processing 
can be statistically modelled and compensated in the 
calculations [19, 20]. Thus multipath and fading effects can 
be mitigated as in [21]. Thus, ݀௠ሺ௡ሻ reflects the actual distance 
between the sender vehicle and the neighbor ݊. ܴܶܶሺ௡ሻ = ோܶ௑ሺ௡ሻ െ ்ܶ௑ 

 

(5) 

݀௠ሺ௡ሻ = ܿ ൈ ܴܶܶሺ௡ሻ2  
(6) 

Where: 
• ܴܶܶሺ௡ሻ is the time duration between transmitting the 

LRM by the vehicle to be localized and receiving the 
reply from neighbor ݊.  

• ܿ is the constant speed of light. 
 The error difference between the above two distances 
(݀௘௦௧ሺ௡ሻ and ݀௠ሺ௡ሻ) is used by Kalman filter described below to 
calculate the error to be added to the ݔ and ݕ position of the 
vehicle to be localized.  

D. Kalman Filter 
 As discussed earlier, the Euclidean distance has many 
sources of errors and noises associated with the 
measurements. In order to obtain accurate estimation of the 
current vehicle’s position in the presence of such errors, 
extended Kalman filter (EKF) is used. As such, KF is the 
best linear estimator when the error follows a Gaussian 
distribution [8] which is the case in sensor measurements and 
vehicles’ positions. Typically, KF models the system 
dynamics as well as the measurements using linearized 
models which is not the case in distance based position 
estimation. Thus, our usage of KF works with errors in both: 
distances and positions (rather than the actual position and 
distances) to reserve its linearity. The conventional KF is 
utilized in this paper and consists of two stages: Prediction 
and measurement phases [8]. The measurement vector ܼ௧ಿൈభ 
and the corresponding design matrix ܪ௧ಿൈమ are given in Eq. 7 
and Eq. 8. Then, the estimated errors vector is used to correct 
the latest position of the vehicle to be localized according to 
Eq. 9. ܼ௧ಿൈభ = ൭݀௠ଵ െ ݀௘௦௧ଵ݀ڭ௠ே െ ݀௘௦௧ே ൱ (7) 

௧ಿൈమܪ =
ۈۉ
ݔ൫ۇۈ െ ሺଵሻ൯݀௘௦௧ሺଵሻݔ ൫ݕ െ ڭሺଵሻ൯݀௘௦௧ሺଵሻݕ ݔ൫ڭ െ ሺேሻ൯݀௘௦௧ሺேሻݔ ൫ݕ െ ሺேሻ൯݀௘௦௧ሺேሻݕ ۋی

 ۊۋ

 

(8) 

ቀݔ௧ݕ௧ቁ = ൬ݔߜ௧ାݕߜ௧ା൰ ൅ ቀݔ௧ିଵݕ௧ିଵቁ (9) 

Where: 
• ܰ is the total number of neighboring vehicles. 
 .is the measurement time epoch ݐ •
• ሺ൅ሻ and ሺെሻ are the superscript signs that define the 

predicted and corrected values respectively. 

• ൬ݔߜ௧ݕߜ௧൰  is the error state vector consists of the errors in 

both ݔ and ݕ position. 

IV. PERFORMANCE EVALUATION 

A. Simulation Settings 
The vehicles’ traces are generated using SUMO traffic 

simulator [22].  The road is divided into two lanes where 
vehicles are allowed to follow realistic mobility models as 
they are moving into two opposite directions. The length of 
each lane is equal to 300 m and the width is 3m per lane. The 
inter-vehicle distance is set to be around 3m. The total 
number of vehicles is 50 and divided equally between lanes. 
During each simulation scenario, the vehicles move with 
constant speed suitable for urban canyon areas. The constant 
speed is changed in each scenario from 3 to 11 m/s.  
 The proposed cooperative scheme is simulated using the 
WAVE module in the network simulator 3 (ns-3)1. All the 
vehicles implement both UDP echo client and UDP echo 
server applications where the first application is used to 
request location messages from the neighbors while the latter 
responds to the messages requested by the vehicles according 
to our scheme flow chart in Fig. 2. Location update interval 
is set to 1 second (i.e. packet generation rate = 1 s) for 
efficient spectrum utilization and avoiding network 
congestion. KF parameters are extensively tuned to reflect 
the variance in the measured distances and the process noise. 
All other physical parameters are summarized in Table I. 

B. Simulation Results 
The evaluation metric used in the simulation is the 

average root mean square error (RMSE) between the true 
position from SUMO and the obtained position from the used 
localization scheme. RMSE is averaged over all vehicles and 
used to compare the cooperative proposed cooperative 
scheme with the 2D-RISS since the latter is the typically 
used localization technique in urban canyons and tunnels. All 
the simulated scenarios consider errors in inertial sensors 
and/or initial positions and thus all results are averaged over 
50 runs for statistical validation. Our introduced cooperative 
scheme will be written in short as CL-RISS-KF in this 
section.   

 
 

1 http://www.nsnam.org. 

Authorized licensed use limited to: Queen's University. Downloaded on December 13,2021 at 15:20:08 UTC from IEEE Xplore.  Restrictions apply. 



 

TABLE I 

SIMULATION PARAMETERS 
Parameter Value 

Propagation Loss Model Log distance 
Propagation Delay Model Constant speed 
Minimum Received Power  -105 dBm 

Odometer Error ~ܰሺ0,  ሺ0.1 ൈ  ሻଶሻ݀݁݁݌ݏ

Gyroscope Error ~ܰ൫0,  ൯ ݎ݄√/° 4
Initial Position Error ~ܰሺ0, 2.25 ሻ 

Kalman Filter Parameters 

௧ିଵܨ = ቀ1 00 1ቁ ܩ௧ିଵ = ቀ1 00 1ቁ ,   ௧ܹିଵ = ቀ00ቁ  

଴ܲା = ቀ0.01 00 0.01ቁ  ܳ௧ିଵ = ቀ0.3 00 0.001ቁ ,  ܴ௧ =  ே௫ேܫ 

1. Evaluation of Odometer and Gyroscope Errors 
In this evaluation, error is introduced to the odometer and 

the gyroscope according to the models in Table I. The 
proposed cooperative scheme is then compared with 2D-
RISS for different velocities as shown in Fig. 3. The non-
cooperative RISS suffers from rapid diversions from the true 
positions (RMSE increased dramatically) over time 
compared to the cooperative scheme. The enhancement in 
our proposed cooperative scheme is attributed to the frequent 
updates from the used ranging technique RTT and the RISS 
based enhanced neighbors’ positions. The performance 
degradation in higher velocities is due to the increased error 
variance in the odometer according to the used model [17].  

2. Evaluation of Initial Position Errors  
Our evaluation scenario is extended by introducing an 

error in the initial position that follows Gaussian distribution 
with variance equal 2.25 as shown in Table I. This variance 
is suitable for capping the GPS position error below 5 m. The 
KF parameters require tuning based on the newly added 
source of error in the initial position. In particular, the initial 
value of ܲ matrix in Table I was increased to reflect the 
uncertainty in the initial erroneous position. Practically, this 
value can be also obtained from the standalone positioning 
system used in obtaining the initial position of each vehicle. 
Similarly, the Q matrix entry that corresponds to the error in 
the ݕ position is increased to compensate the error in the 
initial position compared to the ideal initial position scenario 
discussed previously with no error in the ݕ position since the 
vehicle was moving only in straight line in the ݔ direction. 

Comparing the two schemes as shown in Fig. 4, the 
proposed cooperative scheme continues to outperform the 
2D-RISS over the trajectory. From Fig. 4, the RMSE of both 
schemes increases initially because of the error in the initial 
position. The cooperative scheme was then able to correct the 
position using the ranging technique and the enhanced 
neighbors’ positions. Thus, vehicles with low position error 
can improve the position of other vehicles with higher error 
using the measured distance. Conversely, such enhancement 
is not achievable in the RISS since each vehicle continues to 
deviate from the true position as a result of error 
accumulation. 

 

 
Fig. 3 Comparison between the Proposed Cooperative Scheme and 2D RISS 

with Sensor Errors 

 
Fig. 4 Comparison between the Proposed Cooperative Scheme and 2D RISS 

with Error in Initial Position and Sensor Measurements 

3. Evaluation at Different Neighbors Density 
In the above scenarios, the sensitivity of all the vehicles 

was fixed at -105 dBm. This small value resulted in large 
communication range that allows cooperation between all the 
considered vehicles. In order to evaluate the effect of the 
neighbors’ density on the performance of our localization 
scheme, the above sensitivity is increased to -95 and then to -
85 dBm. Thus, less number of neighbors will receive and 
respond to the LRM. Practically, these effects can be 
achieved by decreasing the transmitted power. Fig. 5 shows 
the effect of power that reflects the number of neighbors used 
in the localization on the RMSE for the three different 
velocities with the presence of error in both the initial 
positions and the inertial sensors. At the initial time instant 
(worst case for our cooperative scenario in the existence of 
initial error), the average RMSE is compared to the average 
number of neighbors for the different velocities as in (a), (c) 
and (e). While in (b), (d) and (f), the minimum number of 
neighbors is compared to the corresponding maximum value 
of RMSE. From Fig. 5, RMSE increases when the total 
number of neighbors used in localization decreases and/or 
the velocity of vehicles increases. 
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Fig. 5 Effect of Neighbors’ Densities on Localization Accuracy of the Proposed Cooperative Scheme. 

(a), (c) and (e): Average Values. (b), (d) and (f): Minimum Neighbors and Maximum RMSE. 
 

V. CONCLUSION 
In this paper, a new cooperative localization scheme for 

VANETs in GPS-less environments is introduced. The 
scheme uses RTT for measuring inter-vehicle distance, and 
relies on RISS for enhancing the position of the sender and 
the neighbors. These data are then fused using extended 
Kalman filter resulting in accurate position estimation in the 
presence of errors in inertial sensors and initial positions. 
Simulations show that the proposed scheme outperforms the 
RISS which is typically used in GPS-free environments. 
Such performance is guaranteed for different velocities, 
errors in sensor measurements and initial positions in 
addition to various vehicle densities. The above enhancement 
is attributed to the ability of the cooperative scheme to use 
the RTT measurements to prevent error accumulation of the 
inertial sensors over time. Out future work includes 1) error 
modelling for RISS in Kalman filter, and 2) evaluating the 
proposed scheme with practical measurements and against 
other relevant cooperative schemes.  
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