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Abstract 
This paper proposes an initial performance evaluation of Kalman filter based simultaneous localization and mapping 
(SLAM) and optimum path planning problem using max-min ant system (MMAS) for smart wheelchair navigation 
design problem. At first known effective SLAM techniques of unscented kalman filter (UKF) and compressed extended 
kalman filter (CEKF) is evaluated using medium scaled arena with landmarks for feasibility evaluation. Then MMAS 
is tested for waypoint allocation. The experiment results from simulations show that CEKF is more effective than UKF 
for tested arena. We tested the MMAS which is currently used in initial path planning and known to be effective than 
standard ant colony problem. The test results for path planning using MMAS is quite slow for the full arena, but if the 
total path is sectored and planned in such a manner that wheelchair receives next optimal waypoint set before it reaches 
next sector, dynamic waypoint allocation is possible. 
 
Keywords: Max-Min Ant System, Simultaneous Localization and Mapping, Compressed Extended Kalman 
Filter, Unscented Kalman Filter. 

1. Introduction 

In this research preliminary performance evaluation of Kalman filter based SLAM techniques and optimum 
path planning problem is addressed for electric wheelchair design problem for welfare industry. 

 
In mobile robotics the simultaneous localization and mapping problem (SLAM) has been gaining much 
popularity in research community recently due to increase of development and real world implementations. 
This problem was ones thought to be infeasible and split into the two original research areas of localization 
and mapping. But resent developments proved the convergence of the problem and brought the research 
problem back in track with many other attractive fields like Swarm intelligence. 



IJRIT International Journal of Research in Information Technology, Volume 2, Issue 1, January 2014, Pg:64-71 
 
 

Wasantha Samarathunga, IJRIT  65 
 

 
In [1] Josep Aulinas et al. explained the SLAM problem in its three basic prototypes of Kalman filters and 
relevant variations, particle filter (PF) based methods and expectation maximization (EM) based methods 
respectively. Particle filter based methods are originally localization oriented methods and the expectation 
maximization based methods are mapping oriented methods. The Kalman filter based methods are 
considered to be the classic solutions to SLAM problem. But due to rapid developments from different 
perspectives, the above classification literature may not be precise enough. Many state of art solutions 
today utilize extended kalman filter (EKF) and relevant alterations. A detailed tutorial on extended kalman 
filter is cited in [2] by Gabriel A. Terejanu. The original EKF has gone through many evolutions for 
performance improvement and more efficient methods are invented such as Unscented kalman filter (UKF) 
as in [3] and compressed extended kalman filter (CEKF) as in [4]. 
 
A typical kalman filter based SLAM problem is known to consist of the following steps, 

(1) Landmark extraction 
(2) Data association 
(3) State estimation using odometry 
(4) State update from re-observation of landmarks 
(5) Add new landmarks to state 
(6) Loop closing problem (returning to previous location) 

 
The ant colony system (ACS) and ant colony optimization (ACO) approaches are started to be developed 
with [5, 6] by Marco Doringo et al. These algorithms are Meta-Heuristic biologically inspired methods, 
famous for solving travelling salesman problem (TSP), i.e. are famous for optimum path planning in 
SLAM. 
 
Thomas Stützle and Holger Hoos introduced max-min ant system (MMAS) which performed better than 
existing ACS in [7]. The similarity between ACS and MMAS is that in both algorithms updates are based 
on best trails, where as the difference is such that MMAS uses bounds on the on the allowed values for the 
trail intensities and provides an additional mechanism to smooth trails.  

 
These Swarm intelligence methods are been applied to SLAM literature recently in intelligent robotics. In 
research [8] Nadia Adnan Shiltagh and Lana Dalawr Jalal illustrated a Swarm application on optimum path 
planning. In [9] B.A. Kupers contribute to the SLAM problem with ACO in loop closing step. Since 
MMAS in [7] is proven to outperform ACO results we experiment with MMAS for SLAM applications.  

 
In this research we address a performance evaluation problem of existing Kalman filter based SLAM 
problem for smart wheelchair navigation design problem. The first step of designing is to find a SLAM 
technique which is computationally cost effictive for our design. This is experimented with medium scaled 
arena with landmarks using simulations. We test UKF and CEKF in this paper. The waypoint allocation is 
considered as a pre-requisite in this paper and that will be done using MMAS, i.e. optimum path planning. 
 

2. Proposed Product 

The following fig. 1 illustrates the system diagram of the proposed smart wheelchair which is in 
preliminary design stage. 
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Fig. 1 Proposed smart wheelchair 
 

3. UKF and CEKF evaluations 

The following fig. 2 illustrates the experiment arena with 24 waypoints and 117 landmarks. Fig 3. 
illustrates the simulations for UKF and fig 4. illustrates simulations for CEKF. These figures are 
simulations for non optimized path. 
 
As an evaluation criteria time to reach the expected goal, success rate in a particular computing 
environment is used.  
 
The simulations results showed that CEKF is capable of running with low memory consumption and UKF 
shows only near 40% success under same computing environment. Also CEKF is about three times faster 
than UKF. 
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Fig. 2 Experiment arena 
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Fig 3. UKF SLAM simulations 
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Fig. 4 CEKF SLAM simulations 

4. Max-Min Ant System 

After determining the SLAM method for the proposed smart wheelchair the next problem is optimum path 
planning problem. We experiment the max-min ant system (MMAS) for global optimum path planning 
solution for the test arena. The following fig. 5 illustrates the global best path computed from MMAS and 
fig. 6 illustrates the relevant computation costs. 
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Fig. 5 Global best path 
Fig. 6 
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Computation cost of MMAS 

5. Conclusions 

The simulation results show that CEKF is better than UKF for lower computation cost.  
 

MMAS is a good option for optimum path planning, but careful tuning is necessary to reduce computation 
cost. If the total path is sectored and planned in such a manner that wheelchair receives next optimal 
waypoint set before it reaches the next sector, dynamic navigation is possible. But effective parallel 
processing is necessary. But this conflicts the existing loop closing literature. 
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