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Abstract - This paper addresses a goal based navigation system relies on a map-building approach and employs a depth 
camera as the primary sensor. A Kinect camera, using an appearance based approach, is employed to search and detect the goal 
while building a map of the environment. As well as, a simple but efficient searching behavior is developed so as to reduce 
overall searching time for the goals placed in unknown and particularly cluttered environments. The system is integrated into a 
physical robot and a series of experiments were achieved to verify the overall performance of the system.  
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I. INTRODUCTION 
 
Vision based mobile robot navigation approaches 
gather lots of attention from researchers and have 
advantages over other sensor based navigation 
strategies. There are many comprehensive studies 
revealing this fact, some recent studies regarding this 
problem can be seen at [1-3]. Vision based mobile 
robot navigation problem can be classified into three 
groups according to their need of a map. The first 
approach, map-based navigation, requires either 2-D 
or 3-D of the map of the environment in order to 
navigate robot in a collision free path [4,5], whereas, 
the mapless navigation systems do not have any map 
of the environment, instead landmarks or visual clues 
are employed to lead the robot in any unknown 
environment [6,7]. Final strategy, on the other hand, is 
the map-building based approach in which the robots 
simultaneously aim to navigate in an unknown 
environment while constructing the map of the 
environment [1,3].Map-Building approach has mainly 
focused on Simultaneous Localization and Mapping 
(SLAM) problem, which mainly includes three 
comprehensive sub-problems, namely navigation, 
mapping and localization.Stereo vision or Depth 
camera technologies can be used as primary sensor 
[8]. Having found an unknown object in a particularly 
cluttered environment is a challenging task. A 
randomize searching behavior may consume lots of 
time, as the location of the goal is unknown. 
Accordingly, shortening the search phase is another 
critical issue and facilitates the performance 
enhancement of the overall system. This study 
proposes a simple but efficient system for goal based 
navigation problem using the map-building based 
approach. The system utilizes a depth camera and the 
gmapping [9]   algorithm to handle the SLAM problem 
[10]. An appearance based algorithm is employed to 
detect the location of the goal. As well as, a simple but 
efficient behavior is developed to shorten the 
searching process of the goal. Overview of the paper is 
illustrated as follows. The development of the 

navigation system is illustrated in Section 2, whereas 
Section 3 discusses the results of the physical 
experiments. Finally, the paper is concluded in Section 
4. 
 
II. DEVELOPMENT OF THE SYSTEM 
 
This section discussed the design aspects of the 
proposed system.  The flowchart of the overall system 
is illustrated in Figure 1.  This section will cover the 
SLAM strategy of the proposed system and the goal 
based navigation approach. As well as the searching 
behavior is detailed in this section.Figure 1 shows the 
base working scheme of the proposed system. 
According to the which, the system first starts 
searching the goal via the Depth camera, if the goal is 
found  the robot starts moving towards the goal. 
Otherwise, a random point is generated. If this point is 
not a previously registered point, the robot moves 
towards this direction, or else a new point is generated 
randomly. During this goal based navigation, a map of 
the environment is generated that the robot employs 
the gmapping algorithm to construct the 2-D map of 
the environment while navigating in a safe manner. 
A. Gmapping for SLAM problem  
Gmapping is a one of the most popular SLAM 
technique relies on Rao-Blackwellized particle filter 
that develops grid maps from laser range data [11]. 
Implementation of the approach entails a mobile robot 
equipped with a laser range finder. Several 
implementations of Gmapping algorithm are available 
on different resources due to its popularity and 
performance results. For instance, ROS [12] provides 
a reliable Gmapping package, providing a laser-based 
SLAM (slam_Gmapping), which creates a 2-D 
occupancy grid map from laser range finder and pose 
data collected by a mobile robot.  Consequently, the 
algorithm employs laser data and position data 
collected from the range finder and generates a 2-D 
map of the environment. An example map of the 
Ankara University Robotic Laboratory is generated, 
which is also illustrated in Figure 2.  
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B. Goal Based Navigation using Depth Camera 
Vision is the most popular sensor used for goal based 
navigation [13].  Different camera variations from 
single camera to stereo camera are configured to 
handle the problem. Recently, Depth camera based 
systems has recently become popular especially in 
mobile robot navigation based problems, and so 
gathered attention from researchers working in this 
field.  In this study, a generic solution using depth 
camera is proposed.  The algorithm estimates the 
position of the goal using an appearance based 
algorithm and also calculates the approximate distance 
to the goal. Within these parameters, the robot 
estimates the position of the goal so as to lead the robot 
and also calculates a safe distance range between the 
robot and the goal, which allows the robot to know 
how close it is to the goal.  The pseudo code of the 
algorithm is shown below  
 

 
Figure 1.   The flowchart of the overall system 

 

 
Figure 2.   Map of the Ankara University Robotics Laboratory 

(using Gmapping) 

Goal Estimation Algorithm 
Require: RGB scale image, central point distance 
(cpd) 
Ensure: Physical distance and orientationof the goal 
Procedure Goal Estimation Algorithm 
                  Initial assignment for the goal  
                  Convert Image from RGB to HSV    
                  Apply smoothing filters  
                  Apply morphological operator (open) 
Until the end of the iteration  
                       Read image pixel by pixel 
                       Search for contours in the image 
                       Select the pos and area of maximum 
contour  
                           If area > threshold  
                                 If cpd <= stopping criteria    
         found := true    
                                       completed(found);  
    else  
Calculate the central points of the goal 
Calculate central differences between the goal and the 
robot Estimate steering parameters to reduce the error   
 End_untill 

 
According to aforementioned pseudo code, the image 
is first converted from RGB to HSV color space. Then 
a series of smoothing and morphological operators are 
applied to the image as a pre-processing step. 
Afterwards, a color based contour searching algorithm 
is applied to calculate contours. The contour having 
the maximum is selected, which is essentially 
considered as the goal.  Then, the robot moves towards 
the direction of reducing the position differences 
between the goal and the robot’s center till central 
point distance (cpd) parameter is more than the 
stopping criteria.  
 
C. Searching Behavior using short_term memory  
Searching behaviour is one of the most critical 
processes for goal based navigation problems, 
especially, in terms of reducing overall running time 
of the system.  Consequently, a short-term memory 
based approach was designed and integrated into the 
navigation architecture of the system. According to the 
algorithm, the system randomly starts searching the 
goal by using its vision system. Position data of all 
visited places are registered into a search space data 
file. Afterwards robot makes its new random search by 
excluding previously registered locations from its 
random search space. This prevents repetitive search 
behaviour and shortens overall running time of the 
program. The pseudo code of the random searching 
behaviour is illustrated as follows: 

Random Search Algorithm 
Require: Short-term memory Map 
Ensure: Next possible search position  
Procedure Random-Search  
                  Initial assignment for the parameters   
                   While completed=true  
                      posx := rand()+locx    (1) 
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                      posy := rand()+locy    (2)   
                           If Map (posx,posy)  is available 
                                 Map(posx,posy) is registered  
  completed := true 
 else    
    End_while 
                  Steering the robot towards (posx, posy) 

where,rx, ry: location of robots in 2-D space 
lx, ly:  searching space limits  
posx, posy: final position for the robot 
 
III. IMPLEMENTATION OF THE SYSTEM 
 
This section details the implementation of the system 
and the evolution of the proposed system.  For 
physical experiments, a Turtlebot robot equipped 
with Kinect sensor is employed, shown in Figure 3. 
The system is implemented with the Robot 
Operating System (ROS) under Linux Ubuntu (14.04) 
operating system. The Python language is used 
for configuration and implementation of the system. 
Besides, Ankara University robotics laboratory was 
used for physical experiments with dimensions of 
6.10m x 5.15m. 
 

 
Figure 3.   The Turtlebot used for experiments 

 

 
Figure 4.   Scenario 1, start position 

 
The following evaluation parameters were employed 
to assess the consistency of robot navigation 
performance. 
Total navigation time (ts): This parameter shows the 
total length of travel in seconds.  

Total travel distance (dt): This parameter indicates 
the distance travelled by the robot from the start 
position to the end position.Five different scenarios 
are designed and tested so as to evaluate overall 
performance of the system. Two different 
configurations of the system were implemented. The 
first configuration does not include the Random search 
behavior, whereas the second one does include this 
behavior. Screen shots generated from Scenario 1 is 
illustrated in Figures 4-6. Figure 4 illustrates the start 
position of the robot, aiming to find the goal (green 
battery), whereas Figure 5 illustrates the final position 
of the robot after completing the task successfully. 
Figure 6, on the other hand, indicates the generated 
map for the environment during the execution of the 
robot. 

 
Figure 5.   Scenario 1, final position 

 

 
Figure  6.   Generated map for  Scenario 1 

 
Several experiments performed so as to evaluate the 
overall performance of the proposed system in 
particularly cluttered environment. Figures 7 and 8 
indicate the performance comparison between the 
method using short-term memory (Nmethod) and the 
conventional method (Cmethod) for three complex 
scenarios (from Scn-1 to Scn-3). Results point out that 
the system relying on short-term memory (Nmethod) 
achieves better results in terms of completing the task 
in a shorter travelled distance and shorter navigation 
time. 

 
Figure 7. Performance comparison between the (Nmethod) 
and the (Cmethod)  based on Navigation time (ts) parameter 
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Figure  8. Performance comparison between the  (Nmethod) 

and the (Cmethod)  based on  distance (m) parameter 
 
CONCLUSION 
 
This paper introduces a goal based navigation system 
relying on a map-building approach and uses a depth 
camera as the primary sensor. The system employs the 
g-mapping algorithm to construct the map of the 
unknown environment. An appearance based vision 
based algorithm, on the other hand, is adapted for the 
depth camera so as to lead the robot towards an 
unknown goal while avoiding obstacles.  To shorten 
the overall searching time, a short-term memory 
algorithm is developed that allows the robot to 
memorize previously visited locations and prevents 
repetitive search efforts.Within the proposed 
architecture, the robot can generate a map of the 
environment regardless of the complexity of the 
working environment. Besides, the robot can detect 
the goal and navigate towards the goal till reaching a 
safe distance by fusing the depth information and the 
result of appearance based algorithm. Several 
experiments were carried out by using a physical robot 
to validate the robustness and consistency of the 
system. Results reveal that the proposed system is 
reliable and efficient to navigate a low cost mobile 
robot towards a goal while avoiding obstacles and 
constructing the map of the environment.   
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