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Abstract. This paper proposes an adaptive Fuzzy rule based motion prediction
algorithm for predicting the next instance position of a moving object. The pre-
diction algorithm is tested for real-life bench-marked data sets and compared
with existing motion prediction techniques. Results of the study indicate
that the performance of the predictor is comparable to the existing prediction
methods.
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1 Introduction

Short term Object motion prediction in a dynamic Robot navigation environment
refers to, the prediction of next instance position of a moving object based on the
previous history of its motion. Research literature has addressed solutions to the short
term object motion predictions with different methods such as, Curve fitting or Re-
gression methods, Neural network based approaches, Hidden Markov stochastic mod-
els, Bayesian Occupancy Filters, Extended Kalman Filter and Stochastic prediction
model[1][2][4]6[7]. The design of a navigational model in an automated mobile Ro-
bot system is influenced by its specific applications, the environment in which it op-
erates and the sensory system. Many navigational model representations have been
proposed, tested and implemented|[3].

Based on the literature survey it is observed that i) The existing models lack flexi-
bility in handling the uncertainties of the real life situations. ii) Probabilistic models
sometimes fail to model the real-life uncertainties. iii) The existing prediction tech-
niques show poor response time due to their complex algorithmic structure. iv) Most
of the approaches validate the results with simulated data.

The present work provides a novel solution for short term motion prediction using
adaptive Fuzzy prediction technique. History of moving object motion positions are
captured in the form of Fuzzy rule base and the next instance object position is pre-
dicted using fuzzy inference process. Because of the multi valued nature of fuzzy
logic this approach enjoys high robustness in dealing with noisy and uncertain data.
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However, direct implementation of the rule base is not suitable for real-life navigation
systems due to the formation of huge number of rules. To overcome this drawback
rule-base is optimized by adaptive navigational environment.

2 Fuzzy Rule Based Object Motion Prediction

The navigational environment is modeled as Fuzzy World model [3] which can be
observed in most of the applications. The Fuzzy representation of the environment
is shown in Figure 1 with numerical notation for each region.

Fomy  Momenc | Fomy | Numeric
Rage Notstion | Angle | Notation
Woear 0 wift |0
Vrear 1 vidt 1
Mewr 2 Left |2
Mod 3 Frot |3
Fe 4 Rigt |4
Wa 5 Vright |5
Wfar 6 Yeright | 6

Fig. 1. Division of Navigation Space into Fuzzy subsets of Range and Direction

In the rule-base formation phase, rules are defined and added to the rulebase using
real-life data, expert knowledge base and a simulator. At time t1, the position (An-
gle and Range) of the moving object from the Robot is read. Using Fuzzification the
observed data is converted to Fuzzy value. At time t2 ( t2 > tl and t2 — t1 > §,
where § is threshold time difference greater than or equal to 1 sec), the sensor reads
the position of the same object. The read value is converted to Fuzzy value. The same
process is followed at time t3 (t3 > t2 and t3 — t2 = t2 — t1) to get the Fuzzy value
of the location of the same object under observation. A Fuzzy rule with the positions
of the moving object at time tl and t2 as the antecedent and the position of the ob-
ject at time t3 as the consequent is formed and added to the rule-base. Each rule in
the rule-base is represented as

IF (R1, 061) and (R2, 62) THEN (R3, 63)

where R1 and 61 represent the Range and the Angle respectively of the object at
time t1 , R2 and 02 represent the Range and the Angle respectively of the object at
time t2, and R3 and 03 represent the Range and the Angle respectively of the object
at time t3.
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Similar rules are added to the rule-base for different objects observed at various
positions in the navigation environment. In the implementation phase of the predic-
tor, the Robot observes the moving object at time tl and t2 and sends the data to the
Fuzzy predictor algorithm. With the application of Fuzzy inference process, predic-
tion of the next instance position of the moving object is carried out. The complete

process of short term motion prediction is represented in Figure 2.
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Fig. 2. Short term motion prediction

3 Rulebase Optimization Using Adaptive Navigational

Environment

To enhance the performance of the predictor algorithm, the basic navigation environ-
ment is altered such that at nearer distance only three, at moderate distance five

4. Division of space in Fuzzy subsets of Range and Direction

Fumry  Moneric | Fumy | Huomeric
Range  Notation | Angle | Notation
Vmear 0 wift |0
Vnear 1 vt 1
Hear 2 Left 2
Mo 3 Pt |3
Fuar 4 Righe |4
War 5 Vrigt |5
Wia 6 Whrigt | 6

b. Mumeric notation for Fuzzy range and Angle Values

Fig. 3. Adaptive division of navigation space into Fuzzy regions
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and at the far distance seven Fuzzy membership functions are defined for angular
subset by merging adjacent members in the angular subset(Fig. 3). By defining Adap-
tive navigational environment, the number of Fuzzy rules can be decreased as well as
the accuracy of the results can be further improved.

4 Experimental Results

The Fuzzy predictor algorithm is developed in C++ language. The algorithm is
tested on 1.66 GHz machine in VC++ environment. The tests are carried out for
real-life benchmarked datasets [5]. Figure 4 represents the movement of the ob-
jects from left to right direction and the corresponding short term motion prediction
path. Pi and Ai represent the predicted and the actual path traversed by the moving
object. Pi(G) and Ai(G) represent the predicted goal and the actual goal of the
object. Al is the actual path observed and A1(G) is the actual goal reached by the
object Al.

Short Term Motion Prediction
Test Case( 03 Objects)

Distance in Y Direction

Distance in X Direction

Fig. 4. Prediction graphs showing the few of the path prediction solutions for Short term
motion prediction

Table 1. Comparison of Short term predictors

Short Term Predictor Relative Error Response time
in seconds
Neural Network predictor 6-17% 560x 1073 sec
Bayesian Occupancy Filters 1-10% 100 x 1073 sec
Extended Kalman Filter 1-20% 0.1 sec
Proposed Fuzzy Predictor Algorithm | 1-10% 02 x 10—3 sec to
05 x 10'3 sec
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Table 1 compares a few of the well known prediction techniques which are re-
implemented and compared with the developed Fuzzy predictor in respect of response
time and relative error. From the table it can be observed that the performance of the
predictor is comparable with regard to relative error but better than the other predic-
tion methods as far as response time is concerned.

5 Conclusion

In a dynamic navigation system the Robot has to avoid stationary and moving objects
to reach the final destination. Short Term motion prediction for moving objects in
such an environment is a challenging problem. This paper proposes a simplified ap-
proach for predicting the future position of a moving object using fuzzy inference
rules derived from expert knowledge. Fuzzy based prediction is more flexible, can
have more real life parameters, comparable to the existing approaches and suited for
real life situations. The results of the study indicate that, the Fuzzy predictor algo-
rithm gives comparable accuracy with quick response time when compared to existing
techniques.

Acknowledgments. The authors are thankful to the benchmark dataset provided by
EC Funded CAVIAR project, CMU Graphics lab and Motion capture web group.
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