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Abstract

Continuous tracking and detecting position systems are significant services that can using in many
applications such as detecting accident cars on Freeways. This paper introduces Artificial intelligent (Al)
method to quick discover the accident and determine the position of car on Freeways that will reduce the rate
of fatalities. Most tracking and detecting position systems are based on Global Navigation Satellite System
(GNSS). But the GNSS signal in certain areas such as buildings and tunnel is unavailable which make a big
problem for these systems. To solve this problem, most traditional methods are based on integrated GNSS
with other navigation sensors such as accelerometers, gyroscopes, odometers and so on. But these integrated
methods still high cost and need to long time processing. Today, most modern Vehicles are equipping with
several On-board Car Motion Sensors (OVMS) such as Acceleration Sensors (AS), Wheel Velocity Sensor
(WVS), Gravity Sensor (GS), Yaw Rate Sensor (YRS) and additional to GNSS that can improve the safety
and also use to determine and detect the position of accident vehicle. This paper develops an approach Al-
accident detection system based on integrating GNSS with On-board Vehicle Motion Sensors (OVMS) using
Extended Kalman Filter (EKF) algorithm. During GPS outages, the three Acceleration Sensors (3-ASs) are
processing to determine velocities and then position of vehicle on three x, y and z axes. While the YRS and
GS sensors are using to determine velocities angles (¢, ,1), on three x, y and z axes, respectively. In same
time the three WVS sensors are using to correct velocities errors of three acceleration sensors (3-ASs) until
GNSS signal is return again. The proposed Al-accident detection system is tested in different scenarios during
GPS outage signal. The results of proposed method can actually detect accident and determine the position
of vehicle with high efficiency.

Keywords: GNSS, On-board car motion sensors (OVMS), Al-method algorithm, EK filter.

1. Introduction places due the GNSS signal needs to Line of Sight (LOS)

signal propagation. So we cannot count on them as the all-

The rate of fatalities, in recent years, due vehicle accident environment positioning technologies [2].

has been one of the main concerns for most governments
Therefore , to solve problems of outage GNSS signal and

and Public Health Agency (PHA). According for the report
of PHA, there are more than 2 million fatalities and 11.451
million serious injuries in every year. In addition, every
year, the Car accidents will impose expenses to
governments more than one hundred billion dollars for
medical treatments, rehabilitation assistance, and property
damages [1]. Although most Vehicle tracking and
navigation services depending on Global Navigation
Satellite System (GNSS), the GNSS requires perfect
operating conditions for providing a valid solution.
However, these conditions cannot be available in harsh
environments such channels, urban canyons and indoor

provide a continuous navigation solution in harsh
environments, the GNSS data is fusing with other
navigation systems such as inertial navigation system
(INS), odometer, Doppler velocity log (DVL) and so on
[3, 4].

Today, most modern Vechiles have been equipped with
On-board Vehicle Motion Sensors (OVMS) such as
Acceleration Sensors (AS), Wheel Velocity Sensor
(WVS), Gravity Sensor (GS), and Yaw Rate Sensor (YRS)
that can improve safety in modern Vechiles and provide
alternative navigation solution without need to use high-
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cost traditional integration methods [5]. This paper
introduces proposed navigation and accident detection
system based on integrated GNNS with On-board OVMS
using Extended Kalman Filter (EKF) algorithm to provide
continuous navigation solution during GNNS outages. The
On-board OVMS sensors using in our proposed navigation
and accident detection system are:

- Three Acceleration Sensors (3-ASs), that defined by
ay, ay and a,, to determine the velocities, that defined
by vy, vy and v,, on X, y, Z axes, respectively.

- Three WVS sensors to correct velocities errors of 3-
ASs during GNSS outages.

- Three YRS and GS sensors to determine velocity
angles(¢, 6, Y) on X, y, z axes, respectively.

The EKF algorithm has been employed to the integration
of GNNS and On-board OVMS sensors which can
determine the optimal estimation of the system state vector
with minimum mean and square errors. During GNSS
outages, the position of Vehicle is determined with OVMS
sensors until GNSS signal is return again [6, 7]. The paper
is organized as following: Section 2 presents work
background. Section 3 gives the methodology of proposed
Al- navigation and accident election system process.
Section 4 presents the experimental results in various
scenarios. Section 5 presents the conclusions.

2. Background

It presents details on background and ideas used in this
work. More specifically, two main algorithms will be
considered in this study:

- Integrating GNNS with On-board OVMS, to provide a
continuous navigation solution during GNNS outages

- Implementing Al- accident detection system based on
dynamic of the moving vehicle algorithms.

2.1. GNNS Navigation Equations

The GNNS System consists from three Segments: space
Segment, Control Segment and User Segment) as shown
in fig.1[8].
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Fig. 1: Segments of GNNS System

The space segment contains from 24 satellites that altitude
about 12,550 from Earth surface. These satellites arranging
in six orbital planes. This arrangement allows the GNNS
User Segment to receive signals from at least four GNNS
satellites in same time on Earth surface. The control and
monitoring system consist from several stations on earth
surface whose positions are accurately known [9].The
determined position (Pgyys) Of Vechiles using GNNS
System, in geodetic frame(e, 4, i), is given as following
equation (1) [10]:

pevs=|]

Where ¢, A, and f represent the Latitude, Longitude, and
altitude in geodetic frame.

GNNS

2.2 On-board OVMS Navigation System

The block diagram of the On-board OVMS navigation
system is shown in fig.2. The three on-board Acceleration
Sensors (3-ASs) are using to calculate the velocities and
positions in the body frame.

Since the accuracy of 3-ASs decreases with time due the
acceleration drift, the data measuring from three WVSs are
using to correct velocities errors of 3-ASs during GNNS
outages. In same time the YRS and GS sensors are using
to determine direction cosine matrix (C™) that using to
convert velocity from body frame (v?) to geodetic
frame(w9) [11]. The 3-ASs are used to determine the
derivation of velocities (U, V, W) which are given as
following equation (2):

U = ay +r1V—qW + gsin©

v = ay —rU + pW — gcosBsind (2)

W =a,+qU — pV — gcosBcosd

Where a,, a, ,and a, are acceleration values on X, y, and
z axes, respectively, and g is the gravity of earth [11]. By
integration, the equation (2) gives the velocities in body
frame (v?) using the initial velocities as given in following
equation (3):

V3As—ll —f[ l dt (3)
3-AS 3-AS

Where vP;_,5 is determined velocities of three
accelerations (3_AS) in body frame.

Since navigation frame in our research is geodetic frame
(V9), accelerations (3_AS) in body frame [12]. Since
navigation frame in our research is geodetic frame (V9),
the transformed velocities from body frame to geodetic
frame is given as following equation (4):
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Fig. 2: OVMS Navigation System
9 Where v,, v, and v, are velocities in the body frame, while
n — 3 . s
Visas = (4 v, and v,g are left and right measurements velocities of
bl3-as WVS, respectively.
. — 0 0 . A . . .
[ R, Since navigation frame in our research is geodetic frame
[i} = 1 0 [v"¢]3 a5 (4) (v™), the transformed velocities from body frame to
fids_as Rocosg geodetic frame of WVR sensor is given as following
0 0 O

Where v";_,s IS determined velocities of three
accelerations (3_AS) in navigation frame, geodetic frame.
While ¢, 4, i are velocities in the geodetic frame, R is the
radius of the earth. The v"4,_,¢ is determined velocities
(v, Ve, vq) OF three accelerations (3_AS) in North-East-
Down frame. It is given as following equation (5):

Vn
ned — n,,b
Vi3 a5 = [Vel C™"73 a5 (5)
Vdlz as

cn

sinBsindcosy — sinPcosdp sinPsinOsing + cosPcosdp sindcosO
sinBcosdcosy + sinPsing  sindsinOcosp — cosyPsin®  cosdpcosO

(6)

[ cosBcosy cosOsiny —sin®

Where C"is direction cosine matrix that given in equation
(6). By integration, the equation (5) gives the position of
vehicle in navigation using the initial position. In same
time, the calculated velocities by WVS sensor that using to
correct errors of estimated velocities by 3-AS sensors
during GNNS outages in the body frame (v?,ys) is defined
as following equation (7):

(VrL + VrR)/2

v
v 0 l (7
0 WVR

X
b _ _
Viwvs = |Vy =
Vzlwys

equation (8):

1
@ R_e 0 0
Vwys = A =10 1 0 " lwys (8)
fidwys R,cos@
0 0 O

VX
ned — |v cnyb (9)
Vi wys = | Yy UV wvs
Vzlwys

Where vy, is determined velocities of three WVS
sensor in North—East-Down (NED) frame, and v™yys is
determined velocities of three WVS sensor in navigation
frame (geodetic frame) as given in equation (9). By
integration, the equation (8) gives the position of vehicle in
navigation using the initial position.

The pitch angle (0) that computed using the Earth’s gravity
and longitudinal GS is given as following equation (10)
[13]:

0= sin_1< (10)

fx - ax)
g
Where f, is the longitudinal GS measurement, a, is the
WVS derived forward vehicle acceleration, g is the gravity
at th present location. The roll angle (¢p) that computed
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using the lateral GS, YRS, Earth’s gravity model and the
value for forward velocity is defined as following equation
(12) [13]:

f, — v
[ | y X
¢ = sin <—gcos(9 ) 1D
Where f, is the lateral GS measurement, v, is the forward
velocity , Y is the YRS measurement. The yaw angle (y)
that computed using the YRS is defined as following
equation (12) [13]:

Py = v —1) + YAt (12)

Where f,{(¢) and y(t — 1) art h yaw angle at time t and t-
1, respectively, ¢ is the YRS measurement, At is the
sampling time interval.

3. Proposed GNSS/ OVMS -EKF Integration

The proposed GNSS/on-board OVMS sensors integrated
vehicle using EKF integrated algorithm is shown in figure
3. The dynamic model of GNSS/ on-board OVMS sensors
using EKF integrated algorithm is given as following
equation (13) [14]:

6x = Méx + Su (13)
Where M is the dynamic matrix, &x is the state vector error,

S is the shaping matrix, u is the white noise vector. The state
vector (8x) error is written as following equation (14):

5x = [8¢ 52 8h 8¢ 51 8h] (14)

Where §¢ is latitude error, 61 is longitude error, &h is
altitude error, 8¢ is velocity error on x axis, 84 is velocity
error on y axis, and 8f is velocity error on z axis [15]. The
dynamic matrix (F) is written as following equation (15):

Mll M12 03X3 03X4-
03X3 03X3 M23 M24
M= 15
03X3 03X3 03X3 M34 ( )
03X3 04-X3 04X3 04X4
Where 0,pm IS N X m zero matrix and

My, My, Mys , M,, and M3, are written as following

equations (16,17,18,19 and 20):

—v,

R.?
—v,

0 0

My, = |vetang
R.cosg R,%cosg
0 0 O
1

— 0 0
R.

M12 = 0 1
R.cosp
0 0 -1

(16)

ol @7

0 —wv,sinBcosy —v,cosOsiny
[ 0 —v,sinBsiny  v,.cosOcosy l (18)
0 —wvec0s6 -1

My, =
(19)

0 0 0O
Mz, =10 0 0 0] (20)
01 0 0
The shaping matrix S is written as following equations
(21,22,23,24 and 25):
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Fig. 3: Proposed GNSS/on-board OVMS -EKF Integration
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where
cosOcosy cosBsiny T
= —sin®| (22
1 [ R, R.cose st 22)
Sz =1[1 0 0]"(23)
S33=1[0 0 1]" (24)
S3a=1[0 0 1]" (25)

The white noise vector (u)
equation(26) [16]:

is written as following

T
u= [VV,, Wq’:(;s WGGs WIPYRS] (26)

wuvus

Where W, is the white noise of WVS derived vehicle
velocity, Wy .. is the white noise of GS derived roll, Wy ..
is the white noise of GS derived pitch, and Wy, .. is the

white noise of YRS sensor [17]. The measurements of EKF
model is expressed as following equation (27):

E = Déx + V,, (27)

Where E is the measurement residual vector, D is the design
matrix, and V,,, is the measurement noise vector.

The measurement residual vector of GNNS (E;yys) is the
difference the position and velocity determined by on-board
OVMS and the data acquired from GNNS. It is give as
following equation(28) [17]:

(4 (4
A A
h h
Eguns = @ e (28)
A 1
hidgnns hdovus

Where the subscripts OVMSand GNNS denote the
measurement values of on- boar OVMS vehicle sensors and
measurement values of GNNS, respectively [17]. The
design matrix for GNNS(D;yns ) IS given as following
equation(29):

I3X3 03X3 O3X3 O3X4- (29)

D =
GNNS 0 0
3X3 I3X3 3X3

03X4

where I 54 is identity matrix.

4. Accident Detection (AD) Algorithm

Accident detection (AD) algorithm ,in this paper, is using
to decide if car accident is happened or not. The car accident
is an accident that the average speed is 3.5 m/s and change
in vehicle speed doesn’t pass 6.5 m/s.

A fatal accident that may terminate to serious injury and
fatality, occur when a change in vehicle speed passes 7 - 12
m/s in 1 second in any direction. In fact, the passenger
airbags an on-board sensors are triggered as soon as (50 ms)
the vehicle strongly collides an obstacle at V= 20-40 Km.

The flowchart of proposed low-speed accident detection
algorithm presents in fig. 4.

As this paper considers the car accident by only acceleration
is not sufficient parameter to detect the accident. So,
another parameter called Curvature-Of-Vehicle(COV) will
aid acceleration sensor to improve the efficiency method to
detect the low-speed detection. The COV parameter is
based on rotation speed (B) of a vehicle is defined as
following equation (30):

B = A/R (30)

Where, A is the angular velocity of the vehicle and R is
radius of the curve. So the curvature of the vehicle can be
calculated by division of gyroscope value of z axis to speed
of the vehicle to obtain the rotational speed.

The concept of COV parameter based on rotation speed ()
of a vehicle is shown in fig. 5.

yenicie Body N

Fig. 5: Concept of COV Parameter

So in accident detection, the COV parameter can be
calculated by division of yaw (i) value of z axis to obtain
the rotational speed of the vehicle.

Therefore, the accident detection algorithm needs to two
parameters, acceleration and COV, to detect the low-speed
accident.

In first step considers the values of acceleration in three
axes is more than 85.00 m/s2 or not, and in the second step
considers also if COV parameter is more than 20 1/m or not.
The threshold values are made on different tests and they
performed using Matlab in various maneuvers.

After detection of accident, the Proposed GNSS/on-board
OVMS-EKF navigational system automatically will send
the position coordinates (¢, A, h) of the accident vehicle, via
SMS message or call phone, to nearest hospital to order
help.
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Proposed GNSS/on-board OVMS
Navigation System

(Figure 3)
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Fig.4: Flowchart of Proposed Accident Detection

5. Experimental Analysis and Results

The proposed Al-accident detection system based on
GNSS/on-board OVMS -EKF navigation system was tested
and implemented with an experimental setup on reference
trajectory about 2.2 km in Mukalla city —Yemen as shown
in fig. 6.

The tests were performed via taken real measurements from
GNNS and On-board Vehicle Motion Sensors (OVMS) on
test trajectory and processing these measurement data with
Arduino microcontroller and Matlab. The test vehicle, that
equipped with on board OVMS sensors, is shown in figure
7.

GNNS

Unit |
Processing

Sensor .3_ AS

Sensores

Sensor

a: Sensors Locations on Vehicle Body

YRS

Fig. 6: Reference Trajectory
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Fig7: Hardware Circuit of Al-accident detection system

The GNSS data were logged by the Novatel DL-
V3GENERIC receiver. The GNSS was set to the point
positioning used by automotive navigation system.
According to the GNSS receiver specification, the
accuracy of position and wvelocity are 0.489 m and
0.013m/s, respectively. The specifications of the OVMS
on-board sensors are described in Table 1.

In this section, the efficiency of Proposed GNSS/OVMS
-EKF Integration is tested for about 30 minutes on
reference trajectory that covered with various driving
circumstance encountered, urban roads with straight
portions, turns, tunnel and slopes, and the speed of
vehicle is about 60 km/h.

Table 1. Specification of OVMS Car Sensors

Integration compared to GPS alone according to
reference trajectory is shown in fig. 9.

The position error with respect to the reference trajectory
is summarized in table 2.

Table 2. Estimated position error with Proposed
Navigation and with GNNS Alone

OQ O

GSM

Max Value 1.924 1.825

GNNS Alone RMSE 1.184 1.067
Proposed Max Value 0.821 0.429
Navigation RMSE 0.267 0.189

0 pe Outp Range Reso 0
WVS 0-—150 0.148 m/s
YRS -90 — +90 0.0121 Deg/s
GS -.90 —+90 0.067 m/s?
3_AS -120.2 —-120.2 0.0124 m/s?

5.1 Efficiency Test of Proposed Navigation

The raw measurements from GNNS and On-board
OVMS Sensors after calibration are shown in fig. 8. And
the estimated trajectory of proposed GNSS/OVMS -EKF

From table 2 above, the position error using the proposed
GNSS/OVMS -EKF algorithm is actually decreased
compared to GNSS alone. The RMSE errors along
latitude () and longitude (A) using the proposed
GNSS/OVMS -EKF algorithm is reduced from 1.184 m,
1.067 to about 0.267, 0.189, respectively, compared to
GNSS alone. This means, the position error is reduced to
about 8% compared to GNSS alone. Via the result of this
test, the proposed GNSS/OVMS -EKF algorithm can
provide a accurate and stable system to determined
position of accident vehicle during poor and GNSS
outages.
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Fig. 8: Raw Measurements from GNNS and OVMS
Sensors

5.2 Efficiency Test of Accident Detection System

In this scenario, The distance of reference trajectory is
about 4.8 km as shown in figure 10. The reference
trajectory is composed of narrow urban canyons, tunnels,
and viaducts that make the GNSS signal unavailable.

According to accident detection system, if the value of
acceleration is more than 85 m/s2 and the value of COV
parameter is more than 20°, the accident is detected.
After the accident is detected, the position of the accident
vehicle will send automatically via Arduino
microcontroller and GSM module to nearest hospital to
order help.

w Refarence trajectory
= Estimatedtrajactory by GNNS Alone

w Estimated trajectory by Proposed GNSS/OVMS Navigation

W0 b Aren
134

14344

14543

Latitude

1541

14548

15
BIE  BIR pupm 0I5 s6 o0e gpy G0

Longitude

Fig. 9: Compared Results between Proposed
GNSS/OVMS & GNNS Alone

sharp Curve road

| that maybe causes

Fig.10: Reference Trajectory

The speed vehicle in this scenario is about 100 m/s, as we
need to detect car accident. The test takes about 15
minutes of driving considering about four times
simulated accident on sharp curves paths on the reference
trajectory. The accident detection algorithms based on
both big acceleration and curvature of the moving vehicle
is shown in fig.11.
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6. Conclusion

mJ/s2

- ] : : The Proposed Al-accident detection system can provide
iy Acceleratlon lAcudent Deteton an Artificial Intelligent (Al) solution to determine the
position and detect any accident of vehicle on Freeways,
during available GNNS signal or not, in fast time with
low cost and high efficiency.

The Proposed system is tested based on the practical
functions of vehicle dynamics, presented by a set of raw
! measurements from  On-board Vehicle Motion
0 00 20 30 40 50 60 70 0 ) (OVMS)sensors, such as Acceleration Sensors (AS),
Wheel Velocity Sensor (WVS), Gravity Sensor (GS),
Yaw Rate Sensor (YRS) and additional to GNNS .

acceleration
=

In first test, the proposed navigation system can provide

1 = (0V accurate continuous navigation solution during GNNS
S ‘ outages and reduce 0.267, 0.189 on latitude (¢) and
ﬁ longitude ( A) respectively.

>| E 0 While in second test, the proposed accident detection
‘5 o Ouh» system can detect any accident maybe occur on road with
| ; high efficiency during GNNS outages.
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