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Abstract 

With the rapid development of artificial intelligence, maneuvering target tracking technology has become a major 
aspect of scientific and technological research with increased performance requirements. Maneuvering target tracking 
technology is widely used in military and civilian fields. This paper presents a new maneuvering target tracking 
framework, which adopts an improved interactive multiple model (IMM) with new weighting algorithm. Some target 
tracking simulations have been conducted based on MATLAB to verify the effectiveness of the proposed 
maneuvering target tracking approach. 
Keywords: Maneuvering target tracking, interactive multiple model, weighting algorithm.

Introduction 
In recent decades, with the rapid development of artificial 
intelligence, target tracking technology has become a 
major aspect of scientific and technological research. 
Maneuvering target tracking technology is widely used 
in military and civilian fields. For example, in air defense 
and air traffic control, reliable and accurate tracking of 
targets is always the main purpose of target tracking 
system design. However, with the rapid development of 
modern military weapons and the continuous 
advancement of aerospace technology, the 
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maneuverability of various maneuvering targets has 
become more complicated, the motion state is more 
difficult to estimate, and the target maneuvering methods 
are complex and diversified, making it more and more 
difficult to track maneuvering targets. The original 
maneuvering target tracking technology can no longer 
meet the needs of modern maneuvering target tracking 
requirements. 
The two key parts of maneuvering target tracking are the 
maneuvering target tracking model and the adaptive 
filtering algorithm. Considering that the motion model of 

373



Meiyu Zhu, Guanyu Chen, Weicun Zhang 

© The 2021 International Conference on Artificial Life and Robotics (ICAROB2021), January 21 to 24, 2021 
 

the target will also change when the target is maneuvered, 
any single model will produce larger errors.  Also, the 
tracking process is often accompanied by external 
interference, system parameter jumps and other problems, 
these problems will cause the tracking performances to 
deteriorate. Kalman filtering or multiple model adaptive 
estimation (MMAE) or [1-6] method is a good idea to 
solve such kind of problem. This article will focus on 
weighted multiple model adaptive filtering with 
applications in maneuvering target tracking. 
This article first introduces several commonly used 
maneuvering target tracking models, and analyzes their 
advantages, disadvantages, and scope of application 
through simulation, and proposes directions for 
improvement. Then introduce and study the filtering 
algorithm of target tracking, mainly including Kalman 
filtering algorithm, extended Kalman filtering algorithm, 
unscented Kalman filtering algorithm, and analysis and 
summary through simulation. Then this paper proposes a 
new weighting algorithm based on the traditional MMAE 
algorithm, and proves its convergence. The simulation 
proves that the new weighting algorithm has the 
characteristics of fast convergence speed and small 
calculation amount. Finally, the new weighting algorithm 
is combined with the interactive multi-model filtering 
algorithm to track the maneuvering target. The 
experimental results show that the new algorithm can 
track the target well, and compared with the traditional 
algorithm, the tracking speed is faster and the error is 
smaller. 

1. Interactive multiple model estimation  

Suppose target motion can be described by 𝑟𝑟 model，
model set 𝛭𝛭 = {𝑀𝑀1,𝑀𝑀2,⋯ ,𝑀𝑀𝑟𝑟} 
𝑀𝑀𝑀𝑀: 
𝑋𝑋(𝑘𝑘 + 1) = 𝐹𝐹𝑗𝑗(𝑘𝑘)𝑋𝑋(𝑘𝑘) + 𝐺𝐺𝑗𝑗(𝑘𝑘)𝑤𝑤𝑗𝑗(𝑘𝑘)  (1) 

𝑍𝑍(𝑘𝑘) = 𝐹𝐹𝑗𝑗(𝑘𝑘)𝑋𝑋(𝑘𝑘) + 𝑣𝑣𝑗𝑗(𝑘𝑘)  (2) 

𝑤𝑤𝑗𝑗(𝑘𝑘) and 𝑣𝑣𝑗𝑗(𝑘𝑘) are independent Gaussian noises.  The 
covariance matrixes of  𝑤𝑤𝑗𝑗(𝑘𝑘  and 𝑣𝑣𝑗𝑗(𝑘𝑘) are 𝑅𝑅𝑗𝑗  and 𝑄𝑄𝑗𝑗 , 
respectively. 𝑢𝑢𝑗𝑗(𝑘𝑘 − 1)  represents the probability of 
model 𝑀𝑀𝑀𝑀 , the model transition probabilities can be 
described by 

𝑃𝑃 = �
𝑝𝑝11 ⋯ 𝑝𝑝1𝑟𝑟
⋮ ⋱ ⋮
𝑝𝑝𝑟𝑟1 ⋯ 𝑝𝑝𝑟𝑟𝑟𝑟

�  (3) 

IMM filtering has the following 4 steps: 
Step 1: Interaction 

𝑢𝑢𝑖𝑖|𝑗𝑗(𝑘𝑘 − 1|𝑘𝑘 − 1) =
𝑝𝑝𝑖𝑖𝑖𝑖𝑢𝑢𝑖𝑖(𝑘𝑘−1)

𝑐𝑐𝑗𝑗
  (4) 

𝑐𝑐𝑗𝑗 = ∑ 𝑝𝑝𝑖𝑖𝑖𝑖𝑢𝑢𝑖𝑖𝑟𝑟
𝑖𝑖=1 (𝑘𝑘 − 1)  (5) 

𝑋𝑋�0𝑗𝑗(𝑘𝑘 − 1|𝑘𝑘 − 1) = ∑ 𝑋𝑋�𝑖𝑖(𝑘𝑘 − 1|𝑘𝑘 − 1)𝑢𝑢𝑖𝑖|𝑗𝑗(𝑘𝑘 −𝑟𝑟
𝑖𝑖=1

1|𝑘𝑘 − 1)  (6) 

 𝑃𝑃0𝑗𝑗(𝑘𝑘 − 1|𝑘𝑘 − 1) = ∑ {𝑃𝑃𝑖𝑖(𝑘𝑘 − 1|𝑘𝑘 − 1) + [𝑋𝑋�𝑖𝑖(𝑘𝑘 −𝑟𝑟
𝑖𝑖=1

1|𝑘𝑘 − 1) − 𝑋𝑋�0𝑖𝑖(𝑘𝑘 − 1|𝑘𝑘 − 1)] 
[𝑋𝑋�𝑖𝑖(𝑘𝑘 − 1|𝑘𝑘 − 1) − 𝑋𝑋�0𝑖𝑖(𝑘𝑘 − 1|𝑘𝑘 − 1)]𝑇𝑇]}𝑢𝑢𝑖𝑖|𝑗𝑗(𝑘𝑘 −
1|𝑘𝑘 − 1)  (7) 
 
Step 2: Filtering 

 

𝑋𝑋�𝑗𝑗(𝑘𝑘|𝑘𝑘 − 1) = 𝐹𝐹𝑗𝑗(𝑘𝑘 − 1)𝑋𝑋�0𝑗𝑗(𝑘𝑘 − 1|𝑘𝑘 − 1)  (8) 

𝑃𝑃𝑗𝑗(𝑘𝑘|𝑘𝑘 − 1) = 𝐹𝐹𝑗𝑗(𝑘𝑘 − 1)𝑃𝑃0𝑗𝑗(𝑘𝑘 − 1|𝑘𝑘 − 1)𝐹𝐹𝑗𝑗𝑇𝑇(𝑘𝑘 − 1) +

𝛤𝛤𝑗𝑗(𝑘𝑘 − 1)𝑄𝑄𝑗𝑗(𝑘𝑘 − 1)𝛤𝛤𝑗𝑗𝑇𝑇(𝑘𝑘 − 1)                  (9) 

𝜀𝜀𝑗𝑗 = 𝑍𝑍(𝑘𝑘) − 𝐻𝐻𝑗𝑗𝑋𝑋�𝑗𝑗(𝑘𝑘 − 1|𝑘𝑘 − 1)                (10) 

 
𝑆𝑆𝑗𝑗(𝑘𝑘) = 𝐻𝐻𝑗𝑗(𝑘𝑘)𝑃𝑃𝑗𝑗(𝑘𝑘|𝑘𝑘 − 1)𝐻𝐻𝑗𝑗𝑇𝑇(𝑘𝑘) + 𝑅𝑅𝑗𝑗(𝑘𝑘)                (11) 

𝐾𝐾𝑗𝑗(𝑘𝑘) = 𝑃𝑃𝑗𝑗(𝑘𝑘|𝑘𝑘 − 1)𝐻𝐻𝑗𝑗(𝑘𝑘)𝑆𝑆𝑗𝑗−1(𝑘𝑘)                (12) 

𝑋𝑋�𝑗𝑗(𝑘𝑘|𝑘𝑘) = 𝑋𝑋�𝑗𝑗(𝑘𝑘|𝑘𝑘 − 1) + 𝐾𝐾𝑗𝑗(𝑘𝑘)𝜀𝜀𝑗𝑗(𝑘𝑘)                (13) 

𝑃𝑃𝑗𝑗(𝑘𝑘|𝑘𝑘) = [𝐼𝐼 − 𝐾𝐾𝑗𝑗(𝑘𝑘)𝐻𝐻𝑗𝑗(𝑘𝑘)]𝑃𝑃𝑗𝑗(𝑘𝑘|𝑘𝑘 − 1)  (14) 

 
Step 3: Model probability updates 
 

𝑙𝑙𝑗𝑗(0) = 1
𝑚𝑚

;𝑢𝑢𝑗𝑗(0) = 𝑙𝑙𝑗𝑗(0)  (15) 

𝑙𝑙𝑗𝑗′(𝑘𝑘) = 1 + 1
𝑟𝑟
∑ �𝜀𝜀𝑗𝑗(𝑞𝑞)�𝑟𝑟
𝑞𝑞=1

2
  (16) 

𝑙𝑙𝑚𝑚𝑚𝑚𝑚𝑚′ = min
𝑖𝑖

{𝑙𝑙𝑗𝑗′ (𝑘𝑘)}  (17) 

𝑙𝑙𝑗𝑗(𝑘𝑘) = 𝑙𝑙𝑚𝑚𝑚𝑚𝑚𝑚
′

𝑙𝑙𝑗𝑗
′ (𝑘𝑘)

𝑙𝑙𝑗𝑗(𝑘𝑘 − 1)                              (18) 

𝑢𝑢𝑗𝑗(𝑘𝑘) = 1
𝑐𝑐
𝑙𝑙𝑗𝑗(𝑘𝑘)𝑐𝑐𝑗𝑗  (19) 

𝑐𝑐 = ∑ 𝑙𝑙𝑗𝑗𝑟𝑟
𝑗𝑗=1 (𝑘𝑘)𝑐𝑐𝑗𝑗  (20) 
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Step 4: Combination 
 

𝑋𝑋�(𝑘𝑘|𝑘𝑘) = ∑ 𝑋𝑋�𝑗𝑗(𝑘𝑘|𝑘𝑘)𝑢𝑢𝑗𝑗(𝑘𝑘)𝑟𝑟
𝑗𝑗=1                (21) 

𝑃𝑃(𝑘𝑘|𝑘𝑘) = ∑ {𝑃𝑃𝑗𝑗(𝑘𝑘|𝑘𝑘) + [𝑋𝑋�𝑗𝑗(𝑘𝑘|𝑘𝑘) −𝑟𝑟
𝑗𝑗=1

𝑋𝑋�(𝑘𝑘|𝑘𝑘)] [𝑋𝑋�𝑗𝑗(𝑘𝑘|𝑘𝑘) − 𝑋𝑋�(𝑘𝑘|𝑘𝑘)]𝑇𝑇]}𝑢𝑢𝑗𝑗(𝑘𝑘)               (22) 

 

2.  Simulation results 

To verify the effectiveness of the proposed maneuvering 
target tracking based on improved IMM algorithm, many 
simulations have been conducted with MATLAB 
platform. Simulation results are satisfactory, details are 
omitted here due to space limit, just to illustrate some 
pictures of simulation results. Figure 1 shows plane 
tracking performance comparisons among Current 
Statistical (CS) model, IMM algorithm, and improved 
IMM algorithm; Figure 2 and Figure 3 show tracking 
performance comparisons in X-direction and Y-
direction; Figure 4 shows the weights values of IMM 
algorithm; Figure 5 shows the weights values of 
improved IMM algorithm. 
 

Figure 1 The filtering results of three algoritms 
 

Figure 2 Positions: X direction 
 

Figure 3 Positions: Y direction 
 

Figure 4 Weight values of traditional IMM algorithm 
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Figure 5 Weight values of improved IMM algorithm 
 
 

3. Conclusion and future work 

This paper presented an improved IMM maneuvering 
target tracking approach. Simulation results verified the 
effectiveness of the proposed method including new 
weighting algorithm. In the future research work, we will 
focus on model set selection with prescribed performance 
requirements. 
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