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Abstract- A novel global path planning and unstructured road detection approach is proposed in this paper for autonomous 
ground vehicle navigation. Global Path planning is done using a map generated from Google maps. Dijkstra’s algorithm is 
implemented to find shortest path between a source and destination. A vision based road detection and following algorithm 
is then used for local path planning along with other sensors. Both structured and unstructured road are taken into 
consideration for road detection. The developed system successfully separated footpaths, grass, bushes, trees from road 
surface when tested on images and videos. The proposed scheme has been successfully implemented and tested on the 
autonomous ground vehicle. The problem of shadow removal has not been taken into consideration while designing the 
system 
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I. INTRODUCTION 
 
A lot of interest has been generated in developing 
various technologies related to autonomous ground 
vehicle since it finds lot of applications in defense as 
well as in commercial market. The advantages of 
autonomous driving include lack of human error 
while driving, improved fuel efficiency, safety, 
reduced road traffic, road accidents and the most 
important is unmanned operation. A number of 
techniques have been developed for autonomous 
driving using a variety of sensors. In this work, we 
have proposed a simple global and local path 
planning system and a visual navigation system based 
on the unstructured road detection technique for roads 
which may or may not have road lane markings. The 
global path planning is done using the map generated 
from the Google maps. A map is used in order to deal 
with global perspective of autonomous vehicle. 
Designing of Image Processing based road detection 
algorithm for local path planning is another objective 
of this work. A road is usually classified as structured 
road or unstructured road. A structured road is 
generally a road with proper road and lane markings 
whereas unstructured road is a road where there are 
no lane markings or proper path available. Small 
town tar roads, pavements, village roads are examples 
of unstructured roads. Most of the researchers have 
done work for structured roads for lane tracking on 
highways and urban roads. All proposed systems 
have their own limitations in their capabilities. Idea 
behind this paper is to provide a road detection 
technique which can be used on any autonomous 
vehicle on any unmarked tracks or surfaces. Basic 
features like road color and road texture is taken into 
consideration for separating road from non-road. It is 
assumed here that road color and texture remain 
same. Shadows have not been taken into 
consideration, though changing light condition or 
intensity changes has been handled. 

A large amount research work has been done on road 
detection and following techniques over the past few 
years. For unmarked roads, edge detection technique 
is usually applied. Work described in [1] focuses on 
road edge or road boundary extraction. In [2] authors 
have discussed the vanishing point detection method 
for road detection. HSI images give better idea about 
the road surfaces as Hue, Saturation usually remains 
same for the structured road. In [3], HSI 
characteristics of road are used to separate road from 
non-road. Road geometry classification is proposed in 
[5]. The system uses adaptive shape models in which 
spatial pyramids are controlled by the inherent spatial 
structure of road images. To further reduce the 
influence of lighting variations, in [7] Jose M al  used 
Illumination invariant features. A general road shape 
prior to enforce the detected region to be road-shaped 
by encoding the prior into a graph-cut segmentation 
framework is proposed in [9] 
 
The proposed work simplifies road detection for real 
time implementation of the algorithm on autonomous 
ground vehicle. In initial phase, we apply Sobel 
operator which gives gradient and magnitude of 
pixels. Road and non-road regions are then separated 
using entropy filter and separator lines are plotted to 
separate road and non-road. Navigation angle is 
derived by using these separator lines. This paper is 
divided into five sections. In section 2, path planning 
is discussed. Road detection algorithm is mentioned 
in section 3. Results are discussed in section 4 and the 
paper is concluded in section 5. 
 
II. PATH PLANNING 
 
We have proposed a local and global path planner for 
our autonomous ground vehicle. For global path 
planning system, we have generated a map of the 
testing environment using Google maps. A facility is 
provided by Google to store map of region of your 
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interest from Google map. This map is later 
converted into text file. The text file consists of 
latitudes and longitudes of region. By making use of 
this text file, a map of the region is generated. A 
facility is provided in the software to select the 
current location as source and destination location 
using a simple mouse click. In order to find the 
shortest path between source and destination, 
Dijkstra’s algorithm is implemented. 

 
Figure 1: Map Generated Using Google maps 

The flow chart of the entire path planning process is shown in 
Figure 2 below. 

 
Figure 2: Path planning process 

A map as shown in Figure 1above was generated 
using Google maps and was taken for testing purpose. 
Result after applying Dijkstra’s algorithm is given 
Figure 3. 

 
Figure 3: Result of Dijkstra Implementation on Figure1 

In Figures 3, S is provided as source and D is the 
destination node. 1,2,3,4 are the in between nodes 
from Source to Destination. Vehicle traces path as S-
1, 1-2, 2-3, 3-4 and 4-D.  We used Haversine formula 
to calculate distance between two nodes.  
                  ∆lat = lat2− lat1  (1) 
                 ∆lon = lon2 − lon1 (2) 
          α =
sin ∆ +   cos(lat1) ∗

           cos(lat2) ∗  sin ∆  (3) 
         C = 2 ∗ tan (√α ,√1− α)  (4) 
                     Di = 6371 ∗ C   (5) 
    
lat2 = Latitude of second node 
lat1 = Latitude of irst node 
lon2 = Longitude of second node 
lon1 = Logitude of irst node 
Di is distance between two nodes. Distance calculated 
here is in kilometers. This distance is provided to 
vehicle controller in order to follow a particular node 
at particular distance.   
Along with distance, it is very necessary to provide 
the compass angle which will be used by the vehicle 
controller for steering purpose. Vehicle has to follow 
a particular distance between two nodes at particular 
compass angle. Compass angle ranges from 0° to 
359°.In order to calculate the compass angle between 
two nodes, aviation formula is used as  

Y = sin( lon2 − lon1) ∗ cos(lat2) (6) 
X = cos(lat1) ∗ sin(lat2) − sin(lat1) ∗ cos(lat2) ∗

cos (lon2 − lon1) (7) 
           Angle = tan (Y, X)(8) 

 
III. ROAD DETECTION 
 
After path planning, the next step is road detection. 
This section describes our proposed road detection 
algorithm for autonomous ground vehicle. In initial 
phase the region of interest is selected from the 
captured image then we apply Sobel operator to get 
gradient and magnitude of pixels. Image is then 
segmented and separator lines are plotted to separate 
road and non-road. Navigation angle is then 
calculated based upon the separator lines. The main 
process here is first to identify the road and non-road 
surfaces. We have made use of basic road feature like 
road color, road texture to locate the road region. 
Algorithm developed for road detection is as follows. 
 
Input:  Image I Acquired From Camera  
Output: Segmented Image with Road Non-Road 
region 
1. Capture Image From an Image Source 
2. Select ROI 
3. for each pixel I(x, y) calculate following 
  using Sobel Operator 
4. |e⃗| = (e   + e   )½ 
5. end for 



International Journal Of Electrical, Electronics And Data Communication, ISSN: 2320-2084  Volume-3, Issue-10, Oct.-2015 

A Path Planning And Road Detection Algorithm For Autonomous Ground Vehicle 
 

50 

6. Apply entropy ilter to output 
7. Convert to binary  image B 
8. Dilate image by morphological operation 
9. for B1(x, y) to B (x, y) horizontal  
component 
10. for B (x, y)vertical  

             component to B1(x, y) 
11.   if B(x, y) == 1 
12.    points = [x; y] 
13. end for 
14. end for 
15. Use Linear equation  
16. Plot sepearote lines 
17. end  
 
Initially, a region of interest (ROI) is selected. A 
region of interest is chosen such that there are no 
unwanted features like sky, trees and only required 
features can be acquired and all irrelevant data can be 
neglected. This also helps in reducing the processing 
time of the algorithm.Image is segmented after 
selecting desired region of interest. We used Sobel 
operator which is particularly used for edge detection 
purpose. Magnitude of the edge vector is calculated 
as 
               |e⃗| = (e   + e   )½  (9) 
Where e⃗ is an edge vector and 

e = f(x − 1, y− 1) + 2f(x − 1, y) + f(x − 1, y +
1) − (f(x + 1, y− 1) +  2f(x + 1, y) + f(x + 1, y +

1))    (10) 
e  = f(x− 1, y + 1) + 2f(x, y + 1) + f(x + 1, y +
1) − (f(x − 1, y− 1) +  2f(x, y− 1) + f(x + 1, y−

1))   (11) 
Where e  is horizontal component and e  is vertical 
component.An entropy filter is then applied on the 
image generated after applying (9) on the image. This 
process does the texture analysis of the image. 
Entropy is a statistical measure of randomness that 
can be used to characterize the texture of the input 
image. The next step is converting image into binary 
form. Binary conversion of image is done by using a 
single threshold. Value of the threshold depends upon 
the intensity of the image. Threshold is decided based 
upon experimental results. Binary image gives exact 
image resulting in separation of road and non-road 
region. The binary image conversion is followed by 
morphological operation. Morphological operation 
results in noise free Image. Image is dilated using a 
structural element. An element of 1 X 3 is chosen for 
image dilation purpose. 
 
After we got the binary image, further part is to show 
the separation between road and non-road using 
separator lines. A region growing technique is used to 
collect the non-road region points and to apply the 
separator line. Linear equation used to plot the lines. 
Equation is given as 

y = p ∗ x + q  (12) 
Where 

 
p = n ∗ (∑x ∗ y− ∑x ∗ ∑y)/n ∗ (∑x −     (∑x) ²) 

    (13) 
 

              q =  (∑y− p ∗ ∑x)/n  (14) 
 
n = size of the array for non − road element  
x = horizontal elements  
y = vertical elements. 
Two lines were plotted on each side of the road using 
(12), to show the separation of the road and non-road 
region. 
Once we got separator lines, next step is to give 
steering angle correction to vehicle. Our aim is to 
make the vehicle run from center of road.  By making 
use of separator lines, a central line was plotted. 
Longer separator line among the two was chosen, so 
that Y axis of central line will be same of that longer 
line. p1, p2 and q1, q2 from Equation (12) were 
separately calculated for both the lines. To calculate 
the X axis, following equations were used 
 

                x1 = (y− q1)/p1  (15) 
 

                x2 = (y− q2)/p2  (16) 
 

                 X = (x1 + x2)/2  (17) 
 
 If the value of x1orx2exceeds size of image, it set 
equal to largest X co-ordinate value of image.  In case 
value is less than 0, it is set to 1. 
Navigation angle is calculated after getting all values 
of X and is given as below 

              angle = arctan (y, x)  (18) 
If the angle is above 0° then there is left turn and if 
angle is below 0° or negative, then there is right turn. 
If the angle is exact 0° then the road is straight. If the 
region of interest is found to be only road and there is 
no non-road element, then system will give a constant 
0° angle to vehicle till non-road element is found. 
 
IV. RESULTS AND ANALYSIS 
 
The path planning algorithm was tested on the 
developed autonomous Ground Vehicle inside the 
campus. Figure 4 below shows the result of mobile 
GPS data plotted on map generated using Google 
map.  
 

 
Figure 4: Result of mobile GPS data plotted on the graph 
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The path planning algorithm is then implemented on 
actual vehicle. A source and destination were 
provided and a shortest path was generated. We have 
verified the results by comparing compass data 
generated using formula and actual compass angle we 
are getting from the compass. We have found that the 
result is almost accurate and the maximum error is 
less than 5°. Following table 1 shows result for the 
calculated and actually measured distances and angles 
for the road network shown in Figure 3 

 
Table 1: Result after applying formulae 

 

 
To test vision based road detection, initially, the 
implemented algorithm was tested on images taken 
around the campus. Image size was kept to 320 X 240 
in order to retain all the features in image. The 
resultant image after applying ROI is shown in Figure 
4b. 
 

 
Figure 5:    (a)    (b) 
(a)Structured Road before Selecting Region of 
Interest (b) Structured Road after Selecting Region of 
Interest 
Next step is to implement Sobel operator which is 
then followed by entropy filtering process.  Result of 
applying operator and then entropy filter is shown in 
Figure 6 below. 

 
Figure 6: Result after applying Sobel operator followed by 

entropy Filtering 
Image is converted to binary image by applying 
threshold. The resultant image before applying any 
morphological operation is shown in Figure 7. 

 
Figure 7: Binary Image obtained after thresholding 

On the binary image we have applied the dilation 
morphological operation for noise removal. Figure 8 
shows the result obtained after application of 
morphological operation. 

 
Figure 8: Binary image after morphological operation 

Separator lines were plotted to show the road region 
separate from non-road region. Final result after 
plotting the separator line is shown in Figure 9. 

 
Figure 9: Structured road Separator lines 

Our proposed algorithm was tested on various images 
of structured as well as unstructured road. It was 
found that the developed system has successfully 
separate road from non-road regions in both the 
cases. It is able to differentiate road from, footpath, 
trees, grass, bush, vehicles. The results of this 
algorithm on different types of roads is as shown 
Figure 10 below 

 

 
Figure 10: (a)      (b)     (c) 

(a)Original Images of structured Roads (b) 
Segmentation Results (c) Detected Road Boundaries 
Same algorithm was tested on unstructured road. The 
results are as shown in Figure 11. It can be seen that 
the algorithm is able to detect road boundaries for the 
unstructured road case also. 

 

 
Figure 11: (a)           (b)                           (c) 

(a)Original Images of Unstructured Roads (b) Segmentation 
Results (c) Detected road boundaries 

 

The curve as shown in Figure 12 with red line is 
derived from the separator lines for navigating the 
vehicle on the road. 

 
Figure 12: Central curve for Navigation 
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It was found that the program was giving the desired 
results and showing the turns and straight roads 
correctly. 
 
CONCLUSION 
 
The system was tested and found to be robust on the 
images and videos that have no change or slight 
change in the illumination level. The algorithm has 
been tested on a large data set including videos and 
images taken in the campus. It has successfully 
detected and separated non-road regions like 
footpath, grass, bushes and even vehicles when tested 
on these videos. The same algorithm gives 
satisfactory results even for the unstructured road 
detection. 
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