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Summary: For solving the problem of low efficiency 

and low localization accuracy about EKF-SLAM algorithm 

in large scale and complicated environment, an improved 

method by adding an adaptive observation range to EKF-

SLAM algorithm was presented. By setting the constraints, 

the observed environment scale and the number of observed 

landmarks for mobile robot were constrained. Deleting the 

landmarks which has observed but beyond the constrained 

scale by judge the relationship between the observation 

range and maximum distance, dynamically adjusting the 

observation range by comparing the number of observed 

landmarks and number of landmarks. Simulation results 

demonstrate that the proposed method could reduce the 

computational and improve efficiency and localization ac-

curacy. 
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Introduction. The original stochastic solution to the 

SLAM(Simultaneous localization and mapping) problem by 

Smith et al. [1] is now almost twenty years old, and the con-

cept has reached a state of maturity sufficient to permit 

practical implementations in challenging environments. 

SLAM problem can be described as a mobile robot in a 

completely unknown environment, beginning movement 

from an unknown location, during the movement to build an 

environment map through environmental observations car-

ried by the sensor itself acquired, while taking advantage of 

built environment map to update robot's own location in the 

environment. In recent years, SLAM problem has been 

more and more attention in the field of robotics, which is 

considered to be the key to achieving a completely autono-

mous movement[2,3,4]. A variety of improved SLAM algo-

rithm has been proposed: RO-SLAM(range-only)[ 5 ], 

FAST-SLAM[ 6 ], UKF-SLAM(Unscented Kalman Filter 

based SLAM algorithm)[7], the most widely used EKF-

SLAM(Extended Kalman Filter based SLAM algo-

rithm)[8][9]. However, a significant disadvantage of the 
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standard EKF-SLAM algorithm is computationally inten-

sive when the time for large and complex environment, low 

operating efficiency, and the error will increase with in-

creased observed landmarks, easy to reduce the positioning 

accuracy and lead to map's inconsistencies[10].  

In this paper we present an improved method by add-

ing constraints of a adaptive observation range to EKF-

SLAM algorithm. The excess landmarks, which beyond the 

constrained scale by judge the relationship between the ob-

servation and maximum distance, will be deleted. In order 

to ensure the number of landmarks, not too little or too 

much, the observation range will be dynamically adjusted 

by comparing the number of observed landmarks and Min-

imum number of landmarks. Simulation results show this 

method can effectively improve the positioning accuracy 

and operational efficiency of the algorithm. 

Motion model of mobile robot. In this article we 

take two wheel differential drive mobile robot as research 

subjects. And it’s motion model is shown in Figure 1, where  

www YXO - world coordinate system;  bbb yxo - object coordi-

nate system. In the state of mobile robot in world coordinate 

system is represented by the position and orientation vector  
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 Tkkkk yxX ,, , where   Tkk yx , - coordinates of mobile 

robot in k moment;  k - the angle between the forward di-

rection of mobile robot and the positive direction of x-axis 

of the world coordinate system.  

 

Figure 1. Model of mobile robot 

The linear velocity kv  and rotational angular velocity 

kw  of mobile robot in k  moment:  
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where kRv , , kLv , -linear velocity of right and left wheel; L - 

Axis spacing between two wheels. Assuming the speed of 

the mobile robot is uniformly changed from k-1 moment to 

k moment, then the kinematic model of the mobile robot: 
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where t  -the sampling period. 

State observation model. In this paper we set there 

are totally N landmarks and the coordinates  Ty
i

x
i mm , ( 

Nii ,,,,2,1  ) do not change. The observation model of 

mobile robot: 
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where i
kr -the distance between the mobile robot and land-

mark i; i
kr -the angle between the forward direction of mo-

bile robot and connection line of mobile robot and landmark 

i. 

Standard EKF-SLAM algorithm. The basic idea of 

EKF-based SLAM algorithm is to form a combined vector 

using the position and orientation vector of mobile robot 

and position vector of landmark. By continuous movement 

of the robot and the sensor observation, add the new ob-

served position vector of landmark vector to the combined 
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vector, and the estimated position of the robot is updated. 

The set of position vector of all observed landmarks in k 

momen  Sjk mmmmM ,,,,, 21  , 

  ),,( NSmmm
Ty

j
x
jj  . So the combined vector in k mo-

ment will be  Tkkkcmb MXX ,_  . Movement and observa-

tion equations for the mobile robot: 

 

 





 

kkk

kkkk

XhZ
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ku - control signal; kk  , - gaussian white noise with 0 

mean value and their covariance are kQ  and kR . 

EKF-SLAM algorithm includes the following pro-

cesses: Assuming value of the estimated system state vector 

at k-1 moment is 1|1_
ˆ

 kkcmbX , the covariance matrix: 











mmmv

vmvv

kk
PP

PP
P 1|1  

where vvP - the covariance of robot’s position and orienta-

tion vector; vmP , mvP - the cross-covariance matrix between 

mobile robot and landmarks; the covariance matrix of 

landmark's position vector. Then we can obtain the estimat-

ed system state vector and the covariance matrix at k mo-
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ment: 
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where kF -Jacobian matrix of function  kk uXf ,1  to kX  at 

point 1|1_
ˆ

 kkcmbX : 
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Observation process: Robot obtain observations of land-

marks kz  at k moment using the sensor, then measurement 

residual and covariance matrix are: 
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where kH -Jacobian matrix of function  kXh  to kX  at 

point 1|_
ˆ

kkcmbX : 
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Update process: Use predictive value and the observed val-

ue to update the system state vector and covariance matrix:  
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where kK - Optimal Kalman gain. 

State vector expansion process: The landmarks observed by 

sensor at k moment include landmarks, which already exist 

in map, and also include new landmarks. Existed landmarks 

will be used to update the predicted value of state vector, 

the new landmarks are added to the system state vector after 

initialization processing. Assuming at moment k the i-th 

observed landmark is a new landmark, and it's measurement 

value  Ti
k

i
k

i
k rZ  , then it’s coordinates in the world co-

ordinates system will be: 
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The new expanded state vector is obtained 

 Tikcmbkcmbnew mXX ___  .  Covariance matrix of the new 

state vector: 
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where xg  , zg - Jacobian matrix of function  i
kk zXg ,ˆ  to 

kX  at point i
kz : 
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EKF-SLAM algorithm with adaptive observation 

range. From the above analysis we can see that the dimen-

sion of the system state vector is n 23 , where n is the 

number of observed landmarks. In large and complex envi-

ronment, with the increment of the number of observed 

landmarks , the dimension of the system state vector will 

also increase. Computation of covariance matrix and the 

Jacobian matrix will be dramatically increased, also lineari-

ty error of Jacobian matrix increases, which will reduce the 

operating efficiency and positioning accuracy. To avoid this 

problem, we propose a EKF-SLAM algorithm with adaptive 

observation range(ARANGE-EKF-SLAM). Principle of the 

algorithm is to use a circular local map to estimate the posi-

tion and attitude of mobile robot in the world coordinate 

system, while updating the global map, as shown in the fol-
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lowing figure. 

 

Figure 2. Observation range 

In this figure S- circular local map; S1- observation 

range; S2- constraint area; black points-landmarks.  

First, we need to detect whether there are new land-

marks in the area S1 by constraint condi-

tions:     
22 y

j
y
i

x
j

x
i mmmm ,where  Ty

i
x
ii mmm  -

existed landmark in map;  Ty
j

x
jj mmm  - landmark in ob-

servation range;  - sufficiently small scalar. 

If it is a new landmark, then added it to the system 

state vector matrix.  At the same time statistic the number 

landmarks NUM in the area S, if maxNUMNUM  , then 

reduce radius of  circle S, otherwise, if minNUMNUM   

increase the radius  under the premise of maxmin RRR  . 

Simulation and analysis of results. Established by 
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MATLAB simulation environment map, in which include 

total of 75 landmarks, represented by asterisk indicates, as 

well as the planned route, represented by solid lines, as 

shown in the following figure. In the simulation deemed the 

mobile robot as a circle, and assumed the sensor located on 

the centroid position of this circle. The initial coordinates of 

the robot is  0,0 , the initial observation distance is 25m, 

observational viewing angle 0180 , speed is sm /3 , constraint 

conditions are  8,5NUM ,  45,5R , 1.0 . The simu-

lation results are shown in Figure 3. 
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Fig. 3 Simulation results of robot trajectories and landmark 

positions 

The black solid line is the trajectory of mobile robot 

estimated by improved EKF-SLAM algorithm with adaptive 

observation range proposed in this paper. In order to verify 
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the superiority of the proposed method, the simulation re-

sults are compared of EKF-SLAM algorithm with observa-

tion range of m10  and m50 , as shown in Figure 4.  
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(a) the size of the state vector 
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(b) x-direction position covariance 

Figure 4. Comparison of simulation results 

As can be seen when observation range is 10 m, the 

operation speed is faster(simulation time 39.325s), but the 

number of observed landmarks is less, difficult to accurate-

ly estimate the position of mobile robot, there is a large gap 
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between the estimated path and the reference path. When 

observation range is 50 m, the number of observed land-

marks is too much, although able to estimate the more accu-

rate path, but the resulting increase in computational com-

plexity(simulation time 53.168s). Improved algorithm can 

also estimate an accurate path, while reducing the compu-

ting time(simulation time 34.652s). And different from the 

traditional algorithm, the dimension of the state vector of 

inproved algorithm does not increase with increasing the 

number of iterations. 

Conclusions. For solving the problems of computa-

tional complexity, low positioning accuracy and operating 

efficiency of standard EKF-SLAM algorithm, we propose 

an improved EKF-SLAM algorithm with adaptive observa-

tion range. The observation range of mobile robot is con-

trolled in a circular area with a changeable radius and re-

move the landmarks beyond constraint conditions in the 

process of robot's movement. We need only to compute 

landmarks satisfy the constraints, the dimension of the sys-

tem state vector will not constantly increase with the incre-

ment of the number of observed landmark. In this case the 

calculation won't increase dramatically, while reducing the 
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linearity errors of jacobian matrices, improves operational 

efficiency and positioning accuracy of the algorithm.  Simu-

lation results show the proposed method can effectively im-

prove the positioning accuracy and operational efficiency of 

the algorithm. 
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