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Abstract 
Driving in fog condition is dangerous. Fog causes poor visibility on roads 
leading to road traffic accident (RTA). RTA in Albaha is common because of 
its rough terrain, in addition to the climate that is mainly rainy and foggy. 
The rain season in Albaha region begins in October to February characterized 
by rainfall and fog. Many studies have reported the adverse effects of the rain 
on RTA which results in an increased rate of crashes. On the other hand, Al-
baha region is not supported by a proper intelligent transportation system 
and infrastructure. Thus, a Driver Assistance System (DAS) that requires 
minimum infrastructure is needed. A DAS under fog called No_Collision has 
been developed by a researcher in Albaha University. This paper discusses an 
implementation of adaptive Kalman Filter by utilizing Fuzzy logic system 
with the aim to improve the accuracy of position and velocity prediction of 
the No_Collision system. The experiment results show a promising adaptive 
system that reduces the error percentage of the prediction up to 56.58%. 
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1. Introduction 

Driving under the present of thick fog is one of the most hazardous situations. 
The driver’s visibility distance decreases exponentially as fog density increases; 
however drivers tend to overestimate their visibility and drive with excessive 
speeds. A lack of adherence of some drivers to traffic instructions during fog also 
contributes to the high statistics. Statistics on traffic accident during fog in Saudi 
Arabia is quite high. A lack of adherence of some drivers to traffic instructions 
during fog contributes to the high statistics. Albaha is among the region in Saudi 
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Arabia that is affected and often enveloped in thick fog during the winter. Re-
searchers in Albaha have developed driver assistance system (DAS) under fog 
condition, named No_Collision [1]. Due to the minimum infrastructure of the 
traffic in Albaha, the system relies on GPS system of mobile phone and connects 
to a server using Internet and predicts the distance/position and velocity of other 
surrounding vehicles using Kalman Filter. Nevertheless, the system still faces 
accuracy problem in the prediction. This paper attempts to improve the accura-
cy for the position and velocity prediction by combining Kalman Filter method 
and Fuzzy logic technique. Many research works on DAS under fog have been 
carried out, including the use of traditional and intelligent techniques such as 
works in [2] [3] [4] [5]. Nevertheless, the works are based sensors, camera as 
well as other modern/intelligent traffic infrastructures. Acosta and Toloza [6] 
use a low cost GPS tool with differential relative positioning way with the aim to 
increase the accuracy of the positioning. They combine Fuzzy logic, Kalman Fil-
ter variations and information selection, variations of Kalman Filter, fuzzy logic 
and information selection. The experimental results show that the proposed 
procedure improves the accuracy of a standard market GPS (Global Positioning 
System) receiver from 10 - 15 meters to up to 0.2 - 1 meter. Many other works 
carry out similar researches with different approaches, from using traditional 
techniques such as Kalman Filter to modern/intelligent techniques such as Neural 
Network, fuzzy logic, smart image processing, etc. [7]-[16]. This paper extends 
the work in [1] and adopts the idea of the work in [6] to develop an intelligent 
engine that improves the accuracy of the position and velocity prediction and 
incorporate the engine into the existing under fog driving assistance system 
(No_Collision Apps.)  

2. Research Method 
2.1. Position and Speed Estimation 

This work follows the method used in [2] and employs a two-stage Bayesian 
filter to track the vehicle’s position and use smartphone inertial sensors com-
bined with standard Kalman filter to estimate movement heading. Algorithm 1 
represents the procedure. 

Algorithm 1  
Step 1: Calculating safe distance and speed from received GPS data (based on 

[2]) 
Input: State and weight of each smartphone; 
Output: Location estimation; 
Get initial position and uncertainty from individual position data or mean of 

anchors positions; 
Initialize smartphones’ position randomly (3σ area around initial position) 

and weights uniformly; 
For each time instance do; 
Get speed measurements; 
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Get position change from Kalman Filter; 
End For 
For each smartphone do; 
Sample speed error; 
Sample heading error; 
Calculate distance; 
Update position; 
End For 
Step 2: for Case straight road (see Figure 1) 
Get the geo fence of the anchor vehicle; 
Compute the intersection location; 
Compute the velocity; 
Display the vehicle in the Quadrant. 
This paper chooses the Kalman Filter for tracking and prediction because it 

has been recognized as the optimal solution for tracking and data prediction 
problems [17] [18]. Equation (1) to Equation (5) represent the Kalman Filter 
recursive algorithm for prediction. 

Kalman Gain: ( )T T
k k kK KP H HP H R′ ′= +            (1) 

Update Estimate: ( )kk k kkx x K z Hx′ ′= + −              (2) 

Update Covariance: ( )k k kP I K H P′= −              (3) 

Project into k + 1: 1 kk xx +′ = Φ                   (4) 

T
1k kP P Q+ = Φ Φ +                        (5) 

 

     
             (a)                                         (b) 

Figure 1. Illustration of the scenario: Geometry of anchors and V0 during the trip: (a) in 
one lane or (b) in two lanes. 
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where: 
K = Kalman Gain. 
Pk = the error covariance matrix at time k. 
H = the noiseless connection between the state vector and the measurement 

vector. 
Q = covariance between the two noise models. 
Φ = the state transition matrix of the process from the state at k to the state at 

k + 1. 

1kx +′  = state projection at time k + 1. 

2.2. No_Collision System Architecture 

Figure 2 depicts the flowchart of the No_Collision system [1]. 
The system starts with the smartphone in the anchor vehicle captures its GPS 

location data (latitude, longitude, and speed) and sends it to the server. The 
server then broadcast the location to each vehicle in the region. Then by using 
the geo-fence library, the mobile app computes any intersections with other ve-
hicles in its Quadrant thru the computation of relative distance between the in-
tersection vehicles to itself. If intersections happened, the server will notify the 
anchor vehicle all the vehicles’ location in its Quadrant. The author set the thre-
shold of the geo-fence as an area with the radius of less than 100 meters. The 
server defines the Quadrant. From the world map library in MongoDB, the au-
thor divides the area into Quadrant with certain criteria such as (a, b) < Qn < (c, 
d), where (a, b) and (c, d) are tuples of (latitude, longitude). Then, based on the 
latitude and longitude values, the author groups the vehicles into the Quadrants. 
The author also set the minimum distance among vehicles is 5 meters. The pro-
posed system uses client-server configuration as depicted in Figure 3 [1]. 

 

 
Figure 2. No_Collision application architecture [1]. 
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Figure 3. Client-server configuration of No_Collision Apps. 

 
Figure 4 depicts the screenshot of the initial GUI of the mobile app. When the 

intersection happened, the server sends notification to the anchor vehicle that 
other vehicle(s) at a certain latitudes and longitudes. It appears at the bottom of 
the screen. 

2.3. Fuzzy Logic for Improving the Accuracy  

This work uses fuzzy logic to prevent the Kalman filter divergence. Hence, the 
system adjusts the covariance matrix of the model measurement noise in real 
time fashion to shape it close to the real value, and ultimately escape the diver-
gence of the Kalman filter. Thus, this work modifies the noise covariance matrix 
of the model to  

R Rα ′=                            (6) 

where α is the adjustment factor obtained from the fuzzy logic. Rewrite the itera-
tive filtering algorithm in (1) as 

( )T T
k kkK KP H HP H Rα′ ′= ′+                  (7) 

In Equation (7), the Kalman filter develops an adaptive capability and im-
proves the accuracy of the last estimation. 

The main output parameter of the GPS receiver is Position dilution of preci-
sion (PDOP). The PDOP represents directly the accuracy of the positioning. 
Therefore, PDOP reflects the change of the covariance matrix of the measure-
ment noise R. Thus, this work defines the formula for PDOP to adjust the value 
of α as shown in Equation (8) [19]. 

2 2 2
2

1PDOP X Y Z
X

σ σ σ
σ

= + +                   (8) 

where σ is the pseudo-range error factor, σx, σy and σz are the positioning errors 
in the earth coordinate system on the three axes (x-y-z), correspondingly.  
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Figure 4. Initial GUI of No_Collision Apps. 

 
This work uses Sugeno fuzzy logic system with the rational that the system has 

already been applied in many fields, it is easy to be implemented and it is more 
efficient compared to other fuzzy systems. In addition it can generate complex 
non-linear function with only a few language rules [20]. Authors in [21] [22] 
give the overall expression of Sugeno fuzzy system as follows. 

( )

( )
1 2

0

1

1

2: if € and € and and €

then, 1,2, ,
n

i
n

N
i i ik kk

R x A x A x A

y C C x i M
=

′ ′ ′

= + ⋅ =∑



           (9) 

here nA′  is a fuzzy set, M is the rule section number, ( )0,1, ,ikC k N=   is the 
real number of the ith rule. The output PDOP value from the GPS receiver acts as 
the input of the fuzzy system. If the PDOP value is small (the GPS positioning 
error is relatively small), then a larger α is used to increase the confidence level. 
Whereas if the PDOP value is large (the positioning error of GPS is large), then 
set a small α to reduce the confidence level for the measurement values. Figure 5 
illustrates the membership function of the fuzzy system used in this work. The 
membership function represents the membership of the input PDOP value in 
the domain of the fuzzy sets and represented as ( )0 1i is s≤ ≤ . output rules of 
the Fuzzy Inference System (FIS) to adjust α are as follows, If PDOP is a, then α 
= fa(PDOP); where “PDOP” represents the output position error of the GPS re-
ceiver, a represent “less”, “equal” or “more”, fa(PDOP) is a linear function of 
PDOP, α is a factor to adjust the measurement noise. 

2.4. Experimental Set Up 

For server side this work uses Go language programming (Golang). Golang is a 
programming language initially developed at Google in year 2007 by Griesemer 
et al. [23]. Go programming language is a statically-typed language with syntax 
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similar to that of C. It gives many advanced built-in types such as variable length 
arrays and key-value maps. It also provides rich standard libraries. This work 
uses MongoDB as a database software. MongoDB is an open-source document 
database and leading NoSQL database and it is written in C++. The specifica-
tions of the hardware used in the experiment are as follows. CPU: VPS 2 core, 8 
GB RAM, and 128 GB SSD storage.  

For mobile app development, this work uses BuildFire.js. This language allows 
us to take advantage of the BuildFire SDK and JavaScrip with Expo version 30. 
The Expo is used for tunneling the JavaScript bundle into native Android. For 
the GUI development, this work uses 4 units of smartphone with the same brand 
and type (SAMSUNG A50) to have homogeneous accuracy. The smartphones 
are attached on different 4 cars as illustrated in Figure 6. This work chooses 
SAMSUNG A50 with the rational it has average specifications, thus it is expected 
to represent the average performance of Android based smartphones. 

Then the fuzzy inference system is deployed to improve the accuracy of the 
position and velocity. 

3. Results and Analysis 

The experiment took place in the area close to Albaha University campus. Four 
cars are driven with different route and the No_Collision App is run. At the 
same time, another mobile phone that running simple App developed using 
MathWorks is used to capture the true value of the position of the car every 5 
minutes. Table 1 shows sample of data taken from the first car during the expe-
riment. Then, manually, the errors are calculated. 

Table 2 shows the computation results of error percentage of the Kalman Fil-
ter (KF) and the adaptive Kalman Filter using FIS (KF-FIS). From Table 2, it is 
observed that the accuracy of the proposed adaptive Kalman filter provides ac-
curacy improvement of 55.47%, 51.81%, 50.972%, and 56.58% compared to 
standard Kalman filter. As expected, the error percentage the adaptive KF pro-
vides more accurate prediction for the position. This improvement due to the 
fact that fuzzy system helps the filter converges. 

 

 
Figure 5. The membership function of the fuzzy system. 
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4. Conclusions 

The use of Fuzzy system as expected helps the Kalman Filter to be an adaptive 
system and converges to more accurate predictions of the GPS-based position. 
This improvement increases the usefulness of the No_Collision application in 
assisting driver during fog in the region that is not fully supported by mod-
ern/intelligent transportation system.  

 

 
Figure 6. The use of No_Collision App. 
during the experiment. 

 
Table 1. Sample data. 

t = kT True value Measurements Estimation Error 

T = 5 Lat Long Lat Long Lat Long Lat Long 

0 0 0   23.36627 42.5478 3.91623 1.2550 

5 20.1857 41.2975 23.35521 41.569 23.36613 42.5429 3.18043 1.2454 

10 20.69954 41.2971 23.35844 41.5615 23.36892 42.5369 2.66938 1.2398 

15 20.69861 41.292 23.36087 41.5681 23.36974 42.5498 2.67113 1.2578 

20 20.93994 41.3416 23.36186 41.5623 23.36994 42.5453 2.43 1.2037 

25 20.93922 41.3499 23.36085 41.5691 23.37 42.5345 2.43078 1.1846 

30 20.94499 41.3466 23.35705 41.5573 23.36786 42.562 2.42287 1.2154 

35 22.93895 43.492 23.36109 41.554 23.37301 42.5464 0.43406 −0.9456 

40 22.94469 43.4896 23.36208 41.5603 23.37242 42.5435 0.42773 −0.9461 

45 23.35548 42.5557 23.35831 41.5695 23.36874 42.5595 0.01326 0.0038 

50 23.35066 42.5662 23.36512 41.5387 23.36574 42.5528 0.01508 −0.0134 

55 23.35925 42.5559 23.36382 41.5693 23.37406 42.5509 0.01481 −0.005 

60 20.6964 41.2975 23.36627 41.5478 23.3658 42.5525 2.6694 1.255 
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Table 2. Accuracy comparison KF vs. KF + FIS. 

t car 1 car 2 car 3 car 4 

 KF [1] KS-FIS KF [1] KS-FIS KF [1] KS-FIS KF [1] KS-FIS 

0 5 3.2 6 4.4 4.5 2.1 5.1 4.2 

5 5 2.6 5.5 3.8 4.5 2.1 5 3.2 

10 4.3 1.9 5 2 4.6 2.4 5.1 4.1 

15 3.9 3 4.9 2.1 4 1.9 4.4 3 

20 3.2 2.4 4.2 1.9 3.8 1.8 4.5 3 

25 2.5 0.9 4.2 1.8 3.8 2.1 4.3 1.9 

30 2.5 0.7 3.6 2.3 3.6 2 4.3 1.8 

35 2.6 0.5 3.5 2.4 3.5 1.9 4.3 1.8 

40 3 2.1 3.7 1.9 3.5 2 3 1 

45 2.9 1.8 3 1.3 3.8 1.9 3 1.1 

50 2.4 1.1 2.9 1 2.3 1.2 2.7 0.9 

55 2.4 1.1 2.9 1.1 2.2 1.2 2.6 0.8 

60 2.3 2 2.9 1.1 2.2 1 2.6 2 

Average: 3.2308 1.79231 4.0231 2.0846 3.5615 1.81538 3.91538 2.2154 

 
The author considers implementing other scenarios: U-turn situation, roun-

dabout situation, and junction situation. 
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