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Abstract: Intelligent automobile emerged when intelligence  became the main requirement of the times.. Aiming at 
the problem of accurate navigation of intelligent vehicle, an integrated navigation positioning method based on 
GNSS(Global Navigation Satellite System)/INS(Inertial Navigation System)  used to acquire information about vehicle’s 
location and vehicle’s function was introduced in this paper. This method can produce a map which is suitable for-
intelligent vehicle. In the real-time navigation, unmanned driving of intelligent vehicle can be realized through the UTM 
(Universal Transverse Mercator) algorithm with a priori map to obtain the real-time running track. 
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1. INTRODUCTION 

With the development of automotive electronics and in-
telligent control technology, intelligent vehicle has become a 
hot research topic in the field of intelligent control. Precision 
in driving intelligent vehicle can be achieved according to 
the predetermined route dependent on the precise navigation 
system in unmanned condition. The current navigation 
methods include satellite system navigation, guidance mag-
nets or guide cable navigation, inertial navigation system and 
GNSS/INS integrated navigation system [1]. However, navi-
gation based on satellite system has low accuracy when there 
is occlusion. The navigation based on guidance magnets or 
guide cable has poor scalability. The navigation’s accuracy 
based on inertial navigation system is not high. All of these 
cannot meet the accuracy requirement for driving intelligent 
vehicle.  

In 2011, Kun Liu, in the article of “Application of 
GNSS/INS Integrated Navigation on Flight Inspection Sys-
tem”, pointed out that the integrated navigation system is 
more accurate and reliable than the individual subsystems. In 
2014, in the article of “The Positioning Accuracy Analysis 
about Integrated GNSS/INS Navigation System”, Xiaoyan 
Wang verified that the precision of GNSS/INS can achieve 
centimeter level. Moreover, Weifeng Pan successfully applied 
the GNSS/INS navigation system  to the motor vehicle driver 
intelligent examination system in his  study. Therefore, the 
navigation method based on GNSS/INS integrated position 
navigation system is precise and stable when intelligent vehi-
cle implements intelligent driving.  
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This paper  mainly introduced navigation device and 
technology, and collected map and described real time navi-
gation. A brief introduction about the structure of intelligent 
vehicle is presented in section 2. Section 3 summarizes the 
GNSS/INS integrated navigation device and relevant tech-
nology. To realize the precise navigation, collecting a map 
for vehicle was required, which is introduced in section 4 
and section 5. The real-time navigation is described step by 
step in section 6. 

2. THE OVERALL STRUCTURE OF INTELLIGENT 
VEHICLE 

The overall architecture of intelligent vehicle iscomposed 
of the perception layer, information fusion layer, decision 
layer, control layer and vehicle interface (Fig. 1). The per-
ceptual layer  consists of the visual perception, the percep-
tion of radar and the attitude of the current vehicle position 
information. Through visual perception and the perception of 
radar fromthe vehicle’s eye, one can clearly understand the 
surrounding environment immediately. For instance, visual 
perception can determine  traffic lights and  the state of traf-
fic lights, while radar can detect how far the obstacles are. 
But visual perception and the perception of radar cannot de-
termine the terminal point and comprehensive information, 
therefore, they can only be used to make path planning in 
local small range. Navigation equipment can not only make 
the vehicle familiar about the current basic information such 
as latitude, longitude, speed, heading but also make a priori 
map as an actual map in the driver’s brain. In this way,  the 
vehicle itself determines  current information such as current 
location and road condition which are enough to guide deci-
sion-making layer and make correct judgment depend on 
car’s condition to send appropriate instruction  to the control 
layer. 
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3. GNSS/INS INTEGRATED NAVIGATION SYSTEM 

3.1. The Composition Of GNSS/INS Integrated Naviga-
tion System  

GNSS is a space-based radio navigation system which 
determines information of  user’s position by measuring sig-
nal delay among four satellites whose ephemeris has been 
known and receiver antenna [2]. INS which is based on the 
principle of Newtonian mechanics has some navigation pa-
rameters like carrier’s angle velocity that gyro and accel-
erometer measure relatively to the inertial space and the 
three-dimensional velocity, position and attitude information 
are obtained by integration [3-5]. 

GNSS/INS integrated navigation can be divided in-
to three levels, namely, loose coupling, tight coupling and 
deep coupling [6, 7]. In loose coupling mode, GNSS and 
INS work as systems independent of each other and provide 
independent navigation results that are processed by estima-
tor which is generally  a Kalman filter to obtain the desired 
navigation solution. 

In this project, tight coupling mode was used. In tight 
coupling mode, GNSS and INS are no longer used as naviga-
tion systems but as  simple sensors which determine   pseudo 
range, pseudo range rate, acceleration and angular velocity 
of rotation and so on. These measurements are processed by 
estimator like Kalman filter to obtain the optimal navigation 
solution. Typically, tight coupling system’s position result is 
more accurate than loose coupling system. Moreover, tight 
coupling system can still work while the system has less than 
4 satellites. 

The integrated navigation system is composed of base 
station which contains a receiving antenna,  C290 series of 
receiver and mobile radio station which contains SPAN-
CPT, host antenna, slave antenna mobile station and slave 
receiver. Base station and mobile radio station should be 
correctly connected, respectively, while the base station is 
set up in the place that has no obstacle and mobile radio sta-
tion is fixed in the object which needs to be positioned. 
 

Navigation equipment will work normally after providing 
+12V DC power supply to the equipment  and initialing two 
stations. 

3.2. The Advantage Of Integrated Navigation System  

SPAN-CPT is a GNSS/INS tight coupling integrated nav-
igation system which  consists of GNSS system, optical fiber 
gyroscope, quartz accelerometer, DSP(Digital Signal Pro-
cessing) processor and Kalman filter. SPAN-CPT’s available 
positioning modes  include single point, RTK and post pro-
cessing method. When using single point positioning meth-
od, precision of SPAN-CPT is 1.2 meters RMS. Real-time 
differential and post differential processing have  no obvious 
difference when GNSS’s observation  is better, and their 
precision levels follow   centimeter level. Post differential 
processing has an obvious advantage that its precision  is still 
at centimeter level after losing lock 10s when GNSS is the 
losing lock. 

Navigation  becomes unreliable or out of commission 
under the condition  that mobile radio station is blocked by 
trees and buildings thus making it hard for  mobile radio 
station to  search enough satellites. Positioning and naviga-
tion of inertial navigation system shift  with  time due to the 
cumulative error of IMU internal data without external refer-
ence conditions. A more powerful navigation system  is gen-
erated by combining  two navigation technologies. Absolute 
position and speed’s precision that GNSS measures can be 
used for compensating the measurement error of IMU. Re-
sult of stable relative position  that INS measures is obtained  
continuously when GNSS’s solution is poor or it cannot   be 
used. 

The RTK model also improves positioning precision of 
navigation. RTK (Real Time Kinematic), a real time dynam-
ic measurement technology, is based on the carrier phase 
observation. Moreover, it is a breakthrough in the develop-
ment of measurement technology which  is composed of a 
base station’s receiver, data link and mobile radio station’s  
 

 

 

Fig. (1). The overall structure of intelligent vehicle. 
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receiver. A receiver placed in the base station as a reference 
station sends measurement data and information to the mo-
bile radio station GPS receiver  which receives GPS satellite 
signal via radio transmission equipment. At the same time, 
through wireless receiving apparatus mobile radio station’s 
GPS receiver, the data is received that base station sends and   
real time three-dimension coordinate along with its precision 
is figured out. Mobile radio station’s GPS receiver can figure 
out plane coordinate X,Y and altitude H of each point of 
mobile radio station according to coordinate difference 
△X,△Y,△H between the base station and mobile radio sta-
tion and each point’s WGS-84 coordinate is obtained by ref-
erence coordinate. 

From the RTK differential positioning map (Fig. 2), it 
can be seen that there is deviation which is due to “National 
security plug-in” added in Chinese map when acquisition 
path is showed in Google earth. At the same time, it is clear 
that RTK differential positioning in the navigation has a high 
precision as shown in  the figure. 

4. MAP FOR VEHICLE  

Map is of great significance for driver because map can 
indicate the general direction and determine the specific  
 

route. Driver selects the driving road and determines the spe-
cific path based on prior map knowledge registered  in the 
driver’s brain due to  the daily life of driving. The decision 
of  intelligent vehicle should be made based on  the princi-
ples followed by  the driver.  The vehicle is made familiar 
about  the road by  its own prior map knowledge which is 
map for the vehicle. Map for the vehicle  is the same as 
common electronic map which indicates the available road. 
But there is a difference that the map for vehicle can assist 
decision-making layer to control vehicle’s speed. The road 
characteristics specifically refer to intrinsic attribute of the 
road such as  straight road or curved road. For  controlling 
the vehicle, the control function  is divided into horizontal 
control and vertical control [8]. Horizontal control deter-
mines  the direction control and the vertical control deter-
mines  the speed control. Map for vehicle’s route serves as  
the basis of the direction control and map for vehicle’s road 
characteristic value serves as an important reference of speed 
control. Therefore map for vehicle should be composed of 
two parts: route map and road characteristic value (Fig. 3). 

4.1. Route Map 

A series of latitude and longitude points are connected in-
to sections and a series of sections are spliced into a route  
 

 

Fig. (2). RTK differential positioning map. 

 

 

Fig. (3). Vehicle control chart. 
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map. Map for vehicle’s route map contains  many longitude 
and latitude points. The key  of vehicle angle control is 
extending the trend of those points. The acquisition route 
(Fig. 5) shows us a simple route map displayed in Google 
earth. 

4.2. Road Characteristic Value  

There is a big difference between the map for intelli-
gent driving and general map that the map for intelligent 
driving  includes road characteristic value displayed in 
Table 1. Preliminary, road characteristic value is divided 
based  on the degree of road curve and factors that influ-
ence vehicle’s speed on the road. Vehicle’s speed can be 
high when the bending degree of road is small and it  can 
be low when the bending degree of road is large. There-
fore,  labeling road characteristic value is beneficial  to 
control the speed. 

5. COLLECT MAP 

5.1. Serial Port Receiver 

The navigation device is connected through the USB line 
to the IPC(Industrial Process Connection). After configuring 
navigation device and opening the corresponding serial port, 
navigation device  constantly sends data to the IPC. Only 
two kinds of frames carrying GPS data can be received and 
other frame’s information would be filtered out by pro-
cessing through software. One is “bestposb” frame sent by a 
second time, which is used to monitor the reliability of the 
current GPS signals by examining  the number of search 
satellite and the RTK status flag. The other frame is “in-
spvasb” frame sent by a second 50 times, which is mainly 
used to examine the current vehicle’s position, speed, head-
ing Angle and related vehicle attitude information. Each 
frame contains  72 bytes. These 72 bytes are stored in an 
array of bytes. According to the user manual of the  
 

 

Fig. (4). The acquisition route map. 

 

 

Fig. (5). The result of map for vehicle. 
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navigation device, vehicle’s status can be parsed. After ob-
taining the longitude and latitude data, the data  is stored in 
the “Map” list. During the modeling of the map, the current 
road section  is provided with road properties according to 
the table of road characteristic value. In view of the current 
road attribute, decision-making layer can also be modified 
accordingly   to make the intelligent vehicle more intelligent. 

Because of fast  data transmission  from the navigation 
device and slow driving of the vehicle  while designing  the 
map, the two points in the “map” list becomes too close. 
This would result in the production of huge data. In fact, 
there is no need to acquire large  data .Therefore,  UTM pro-
jection should be used for filtering out the points that do not  
meet the condition. 

5.2. Utm Projection 

UTM Projection (Universal Transverse Mercator Projec-
tion) is a transverse cut conformal elliptic cylindrical projec-
tion. Elliptic cylindrical cutting earth to 80 degrees south 
latitude, 84 degrees north latitude as two high ring, has no 
deformation after the projection two is cut through the longi-
tude, and the central meridian length ratio is 0.9996 [9]. The 
Gauss Kruger projection is similar, with no deformation of 
the projection angle, the central meridian, linear, and as a 
symmetry axis projection, scale factor is the central meridian 
0.9996  which ensure that there are two undistorted standard 
meridian from the central meridian about 180km.  

UTM projection in zoning method is 84 degrees north 
latitude to 80 degrees south latitude and the  longitude is 
divided into 60 zones, each with 6 degrees from 180 degrees 
west longitude. The data of two standards from the central 
meridian of longitude is about 180KM, with the central me-
ridian, and the proportion coefficient is 0.9996. 

There is no other way to examine  latitude and longitude 
directly. UTM projection can transfer WGS coordinate sys-
tem into geodetic coordinate system. Geodetic coordinate 
system can be processed  by comprehending plane geometry. 

Equation 1 can be used to calculate the distance between two 
longitude and latitude points. 

  
d = (x1! x2)2

+ (y1! y2)2
  (1) 

If the set distance value is 0.5 meter, the distance d calcu-
lated by the equation is compared to 0.5. However, if the 
distance is more than 0.5, the latter point would be saved 
otherwise  the latter point would be deleted. 

5.3. Save Data 

The data collected are stored in the form of tuple. Each 
tuple is composed of longitude, latitude and road characteris-
tic value. All data can be stored in the text file or database. In 
the project, the data were stored in the text file. The text file 
is equivalent to a map for intelligent vehicle. The map for 
vehicle was completed by following  the steps discussed 
above. The diagram below shows the format of the map for 
vehicle. 

6. REAL TIME NAVIGATION ALGORITHM 

6.1. Flow Chart Of Navigation Algorithm  

Flow chart of navigation algorithm is just like  figure 
(Fig. 6). 

6.2. Search Point Conversion 

Search point conversion is based on the current location 
of vehicle. In the project, accurate positioning point of vehi-
cle was the front center of the vehicle. According to the cur-
rent point, points on the map satisfied the condition of dis-

Table 1. Road Characteristic Value. 

Road Characteristic Value Corresponding Description 

0 Start the vehicle 

1 Slow speed  

2 Middle speed 

3 High speed 

4 Sharp turn in the road 

5 Cross in the road 

6 bridge 

7 U turn 

8 Traffic light 

9 Speed limit road 

10 Stop the vehicle 

Start

End

Open Serial

Load Map

Receive 
data

Search	  point	  
conversion

UDP Send

Arrive the 
destination

Y

N

 
Fig. (6). Flow chart of real time navigation algorithm. 
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tance which was calculated  and  projected onto the vehicle 
body coordinate system. 

The first step involved the calculation of distance be-
tween two latitude and longitude points. 

The latitude and longitude of the current position can be 
converted into coordinate of the geodetic coordinate system 
by UTM projection. along with the points on the map. In the 
same Cartesian coordinate system, the distance d between 
two points could be calculated by using  the formula. 
The second step involved  calculation of the deviation angle 
β, the front center of the vehicle and a point of map  from a 
vector. There is an angle called α between the vector and the 
north. The angle α minus the heading angle Azimuth repre-
sents  the deviation angle β. 

The third step involved examination of  the projection to 
the body coordinate system. 

The point of map is transferred to the body coordinate 
system with the use of deviation angle and distance. The 
specific method is as follows.  The front is  the origin of co-
ordinates and the direction of the head is taken in  the posi-
tive direction of axis X, and the right direction of the front 
vertical is taken in  the positive direction of axis y. The point 
of the map can be transferred to the body coordinate system 
(Fig. 7) by the trigonometric transformation formula. At the 
same time, x and y meet two conditions. One is that, x is 
greater than -10 and less than 10. The other one is that y is 
greater than -30 and less than 30. 

The fourth step involved the offset to the grid coordinate 
system [10]. 

Grid coordinate system (Fig. 8) is a 300*100 rectangular 
grids. Each grid is the small square whose side length is  
 

 
Fig. (7). Body coordinate system. 

 

 

Fig. (8). Grid coordinate system. 
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20cm. The point on the left above of the rectangular grids is 
treated as the origin of the coordinate system (0,0). The co-
ordinate of the front center point is ruled as (150,50). The 
body coordinate system can be transferred to the grid coor-
dinate system by the following  equation (2) and equation 
(3). 

  Po intx = 150! x/ 0.2  (2) 

  
Po inty = 50+ y / 0.2  (3) 

All of the points which meet the search scope in the map 
are  processed like mentioned above. 

6.3. Udp Send  

Coordinate data after conversion  is sent to information 
fusion layer by using the udp protocol. The guide map (Fig. 
9) below shows that the data fusion layer receives data 
transmitted from the navigation group’s result. All the  
points can be seen as a discrete guiding wire to guide the 
vehicle to move  forward.  

CONCLUSION 

According to a large number of real vehicle field tests, 
without considering  traffic lights, and obstacles, the vehicle 
can also be guided to reach the specified destination from  
the specified starting point without manual intervention. 
When the state of RTK is not  ideal to be maintained  for a 
long time, the navigation accuracy cannot be guaranteed. 

The map navigation strategy based on the GNSS/INS in-
tegrated navigation system can guide the vehicle to drive 
accurately along the known path. There is no doubt that mul-
ti sensors’ information should be considered to make  
 

decision when driving unmanned vehicle. The current sur-
rounding environment of vehicle and the priori knowledge 
can make intelligent vehicle more intelligent while driving. 
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