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Abstract: A method for maneuvering target tracking based on in-
ductive factor of posture information is proposed. A distinguished
characteristic of video frequency tracking is that it can capture
the target posture changes from its picture easily, and the posture
change means the motive model of the target will change. This
information is very important to predict the trace of maneuvering
target. Based on this idea, the quantified values of the target pos-
ture change are obtained using Hough algorithm, this key values
are defined as inductive factor of posture information, and then, the
multiple grey trace predict models are established and the degrees
of fuzzy subordinate values for every model are calculated with the
inductive factor, the maneuvering extent values are determined
by a new analysis method of stochastic differential equations for
each model used to modify the degree of fuzzy subordinate values,
these constitute the weighted values for every grey predict collec-
tion. Finally, the synthesis predicting weighted result is obtained.
The experimental results show that the new method is superior to
the conventional algorithm.
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1. Introduction

The maneuvering target tracking is a difficult problem
which is widely concerned until now [1–3]; the traditional
methods, for example the Kalman filter, usually establish
the motive model of the maneuvering target then to predict
its trace. It hypothesizes that the target moving could be
prescribed by a set of liner equations. This method has two
disadvantages, one is that the established set of equations
may not prescribe the target moving exactly, the other is
that when the target begin to maneuver, the moving equa-
tions become inefficient, so that the tracking error will be-
come larger and larger, and even the target could be lost.

Aiming at the first disadvantage, a UKF filter was de-
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veloped from the Monte Carlo method, which is a multiple
peak value algorithm and can predict nonlinear equation
trace, but still it cannot solve the second problem [4-6],
when target moves according to a certain model the corre-
sponding particles will have large weight, but if the target
maneuvering suddenly, these particles with large weight
will become inefficient, and will cause tracking lag which
may degrade the performance.

The video frequency tracking is superior in its graphic
information, since the target posture brings the special in-
formation of trace change [7]. But the present video fre-
quency tracking methods do not take full advantages of the
graphic characteristic, so it is difficult for them to over-
come the lag problem of tracking.

According to this idea a new algorithm for maneuvering
target tracking of video frequency based on inductive fac-
tor of posture information is proposed in this paper. Four
key problems should be solved:

(a) Obtain the measurements of the posture changes
from the graphic information which is called inductive
factors.

(b) Construct the multiple grey predicting models,
calculate corresponding degree of fuzzy subordination
values for each grey predict collection with inductive
factors.

(c) Derive the algorithm which determines the target
maneuvering extent values for every predicting collection
in order to insure the accuracy and efficiency.

(d) Adjust the degree of fuzzy subordination values us-
ing these maneuvering extent values to obtain the weighted
values of every predicting collection.

2. The analyses of the target posture and the
Hough transform

When the target begins to maneuver, the posture will
change obviously. The principle axis line will change
greatly in angle, or the original principle axis line will be
replaced by a new one, i.e. the other side of the target
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turns to the vidicon camera. The change of target posture
in maneuvering will be analyzed through an example of
helicopter.

The posture change of helicopter descending in high
speed is shown in Fig. 1.

Fig. 1 The posture change in the process of descending

The turning radius of the helicopter in sky is small, but the posture is steel changing continually, as Fig. 2 shows

Fig. 2 The posture change of helicopter in turning

The figures hereinbefore show that the posture of target
contains the information of maneuvering, if the data of the
posture are acquired and processed properly, it is possible
to modify the motive equation in advance, and reduce the
lag of trace predict [8].

It is important to select a proper method to describe the
posture of target since it is capable of simplifying the pro-
gram and increasing the real time quality of the algorithm.
Some key straight and curve of target graphics may deter-
mine the posture of target, what is mostly concerned for
us is the parameters of these lines, such as slope or an-
gle etc. In the space of graphic, these parameters cannot
be obtained directly, so Hough transform algorithm is uti-
lized. The basic ideal of Hough transform is to establish
the mapping from the graphic space to the parameter space
through Hough equation. A point in the graphic space
translated to the parameter space will correspond with a
curve or a curved surface, and the points with the same
parameter character will intersect at one point in param-
eter space. To locate the intersecting points through the
peak value extraction and then to complete the image de-
tection in the graphic space through reverse transforming
on the intersecting points. Hough transform can recognize
and detect any analytic curves, its excellent advantage is
the ability of translating the difficult global detecting prob-

lem in graphic space into a comparatively easy partial peak
value detecting problem in the parameter space. The prin-
ciple and formula of straight Hough transform are intro-
duced as follows.

In practice, the parameter equations proposed by Duda
and Hart are used widely

ρ = x cos θ + y sin θ, θ ∈ [0,π] (1)

It can also be represented as follows

p =
√
x2 + y2 sin(θ + ϕ)
tan ϕ = y/x

(2)

Hence the one to one correspondence between the point
in the graphic space and the curve in parameter space
is established. This is usually called standard Hough
transform.

Perform Hough transform for the targets of different
posture in Fig. 2. Extract the edge of the target firstly so
that the main posture of the target is stand out, the results
of the extracted edges are shown in Fig. 3. The results of
Hough transform for above pictures are shown in Fig. 4.

In the parameter space, the bright point in the picture
represents the parameter with special meaning; the posi-
tion of the cross cursor denoted in the picture is the ob-
tained extremum, i.e. the most important parameter. It can

Fig. 3 The extracted edges
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Fig. 4 The Hough transform results of Fig. 3

be seen that with the posture changing, the extremum
moves continually. Therefore the change of the parame-
ter in the transform space can be detected directly from the
coordinate change of the extremum i.e. from the distance.

Definition The coordinate of the extremum is defined
as the value of the target posture in the picture of the result
from Hough transform.

The quantified values of the target posture change are
also called the inductor factors of posture information.

3. Predictions for target trace of multiple grey
model

3.1 Predicting method of multiple grey model

When the target is maneuvering, the moving trace is dif-
ficult to describe only by one type motive equation [9].
In this situation, the grey predict method has a certain ad-
vantage, but not efficiently enough, therefore, the multiple
grey predict model is established to predict the target trace
in this paper.

The grey predicts method is a kind of approach which
can predict the system with uncertain factors. The grey
system is between the white system and the black sys-
tem. In the grey system, a part of the inner information is
known, but the other is unknown, the relationship among
the elements of the system is uncertain. The grey predic-
tion carries on the associate analysis through recognizing
the dissimilar extent of the developing trend among the fac-
tors of the system, and processes the original data to find
the role of system change, then produces a data sequence
with strong regularity, then establishes the corresponding
differential equation model, as to predict the condition of
the developing trend in the future. It constructs the grey
predicting model using a series of numerical values ob-
served in equal time interval which represent the feature of
the predicted object, and then it predicts feature value at
some time in the future or the time at which the character-

istic value approaches a certain number.
The principle of the single grey prediction is as follows.
Suppose the time sequence X(0) has n observed val-

ues, X(0) = {X(0)(1), X(0)(2), . . . , X(0)(n)}, and pro-
duces a new sequence through accumulating X(1) =
{X(1)(1), X(1)(2), . . . , X(1)(n)}, then the differential
equation corresponding with GM(1, 1) (first order grey
degree model) model is

dX(1)

dt
+ rX(1) = μ (3)

where r is called as developing grey number, μ called en-
dogenesis control grey number.

Suppose r̂ as the parameter vector to be estimated, r̂ =(
r

μ

)
, it can be solved by utilizing the least square

r̂ =
(
BTB

)−1
BTYn (4)

Solve this differential equation, and get the predicting
model

X̂(1)(k+1)=
[
X(0)(1)−μ

r

]
e−rk+

μ

r
, k=0, 1, 2, . . . , n

When predict the trace, the observed values are the posi-
tioning values of the target shaping center in the picture of
last several frames, take these values to predict the target
position in the next frame, then the new observed values
will be used to update the sample collection. The selected
number of the observed values is very important to the re-
sult of the prediction, if the selected number is fixed in the
single grey predicting model, when predicting the trace of
the maneuvering target, the prior observed data will pro-
duce lag to the prediction due to the very fast change of the
target which reduces the sensitivity of the prediction.

The multiple grey model predict method is to estab-
lished many single grey predicting models, every model
has different number of observed values, the grey pre-
dicting model with the lest numbers of observed values
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only uses the newest history data and has good sensitiv-
ity, the model with more numbers of observed values will
use more history data and has good stability, but when the
target begins maneuvering a large predicting lag will oc-
cur. The predicting result of the multiple model predict is
a weighting synthesis calculated value.

f = λ1f1 + λ2f2 + · · ·+ λnfn (5)

λ1 + λ2 + · · ·+ λn = 1 (6)

here f is the synthesis predict function, f1, f2, fn are the
results for the different single grey prediction, λ1, λ2, λn

are the corresponding weights.

3.2 The method of determining the extent of the target
maneuvering for grey predicting models

It is necessary to determine the extent of the target ma-
neuvering in every grey model when using multiple grey
models for prediction. So that the predict accuracy of used
model can be determined and the model may be modified
somehow.

It can be seen that the determination of the maneuvering
extent in every grey predicting collection is a key problem.
For different grey predicting collection, the conditions that
the target is considered maneuvering or not are not always
consistent. For examples, if a larger target maneuvering
occurs in a predicting collection containing more history
data, it is not the same for a collection containing less
history data, it may consider only a smaller maneuvering
since the later is more sensible for prediction. The deriva-
tion of the algorithm which determines the target maneu-
vering extent for every predicting collection is given in this
paper by utilizing the stochastic differential equation.

The simply direct method of determining the maneuver-
ing uses the quadratic deviation between the measurement
data and the predicting data. It suggests that the larger the
quadratic deviation is, the higher the possibility of the tar-
get is maneuvering. As prior section shows the basic pre-
dicting model of the grey predicting algorithm, the follow-
ing equation can be get via the translation of coordinate

N (1)(k + 1) = [N (0)(1)]e−rk (7)

The representation in differential equation is

dNt

dt
= rNt (8)

From (7) and (8), it can be seen that for different mod-
els, the original position influences, the meaning of the
quadratic deviation obviously, it could not represent the
maneuvering extent properly, so the reference which has
no relationship with the position should be abstracted to
determine every maneuvering motion.

Suppose the target is maneuvering at some time, and its
maneuvering motion changes the trace in a noise form

dNt

dt
= (r + “noise”)Nt (9)

here noise is maneuvering motion, it is independent from
the target position and can be considered as the reference
of maneuvering extent, to simplify the derivation, suppose
noise is as awt, a is the coefficient of white noise repre-
senting the extent of target maneuvering,wt is white noise.
According to the Ito interpretation, (9) is equivalent to (10)

dNt = rNtdt+ aNtdBt (10)

Hence ∫ t

0

NsdNs = rt+ aBt (11)

Use the Ito formula to evaluate the integral on the left hand
side for the function

g(t, x) = lnx;x > 0

obtain

d(lnNt) =
1
Nt

dNt +
1
2

(
− 1
N2

t

)
(dNt)2 =

dNt

Nt
− 1

2N2
t

a2N2
t dt =

dNt

Nt
− 1

2
a2dt

and
dNt

Nt
= d lnNt +

1
2
a2dt

so, the result can be given

Nt = N0 exp
((

r − 1
2
a2

)
t+ aBt

)
(12)

where Bt denotes Brown motion.
When the target latest position is obtained, every model

will be examined, suppose Bt = 1, the value a of every
model can be evaluated from (12). The value a can repre-
sent the extent of target maneuvering of every model.

4. The multiple grey predicting tracking
algorithm based on the inductive factor

of the posture information

The procedure is as follows:
Calculate the position of shape center of every newly

obtained frame picture as the update observing value.
Extract the edge of the target using Canddy algorithm,

so as to get the posture information.
Perform Hough transform on the target data and calcu-

late the position of the extremum as the posture quantified
value.
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Choice 6 as the number of observed values of standard
grey collection.

Compare the last posture value with the earliest former
posture value of the standard grey collection, obtain the
distance d between their corresponding extremums in the
parameter space which is called inductive factors.

Consider the posture changes in three levels: large, mid-
dle, small; calculate their degree of fuzzy subordinate val-
ues λ1, λ2, λ3, separately.

λi = (1/ ‖d− ci‖2)
/ 3∑

j=1

(1/‖d− cj‖2) (13)

c1, c2, c3 are center values of the three levels obtained ac-
cording to experience.

Choice the last two observed values, four values, and
whole six observed values to construct three grey predict-
ing collections.

Detect the target maneuvering extent to every model
and calculate the values of a1, a2, a3 for every predict-
ing collection using (12) separately. Process the degree
of fuzzy subordinate values λ1, λ2, λ3 using a1, a2, a3

as follows: λ1a1/(a1 + a2 + a3); λ2a2/(a1 + a2 + a3);
λ3a3/(a1 + a2 + a3) to get the weighted values.

Predict the position of the target in the next frame us-
ing the three grey collections simultaneously, the predict-
ing results of the three grey collections are f1, f2, f3. The
synthesis predicting result f is the weighting calculated
result

f=f1λ1a1/(a1 + a2 + a3)+f2λ2a2/(a1 + a2 + a3)+

f3λ3a3(a1 + a2 + a3)
(14)

To obtain the posture change value through Hough
transformation is only for the template of the target, for ex-
ample, the video picture of the helicopter is 256× 256, the
extracted templet of the target is only 16 × 16, since the
calculated quantity of the Hough transform is as O(N2),
so its influence to the executed time of the program can be
omitted.

5. The simulation test results and discussion

The research content: track the target in real time with
three different methods (Kalman filter, single grey predict-
ing model and the multiple grey predicting tracking algo-
rithm based on the inductive factor of the posture informa-
tion), and comparing the results.

The target type: motor vehicle, the target moving image
is from the graphic file with a graphic sample frame speed
of 25fps.

Target dimension: 6.86 m× 3.37 m× 2.20 m< length,
width, high < 8.49 m ×3.74× 3.04 m.

Target speed: 50 km/h(cross-country), 71 km/h (high-
road maxima speed).

Target distance: 2–3 km.
The maneuvering manner: the target move along the si-

nusoid trace is shown in Fig. 5, the target moving image is
from the graphic file recorded in advance.

Fig. 5 The maneuvering manner
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The tracking manner: the TV camera mounted in the
turntable aligns the target at beginning; the video signal is
introduced into computer through the digital graphic ac-
quiring card and is processed in real time.

Software platform: at VC circumstance, the main pro-
gram and main algorithm are written and running, some
general image processing algorithm is transferred from
Opencv function base.

The tracking using multiple grey predicting tracking al-
gorithm based on the inductive factor of the posture in-
formation has been completed, the test is carry on at the
time when the target is turning quickly, the test results are
shown in Fig. 6 which are the number 20, 35, 56, 78, 99,
112 frame pictures. It can be seen that the maneuvering
target at different positions is tracked precisely.

Fig. 6 The tracking results while the target turning

It also proves that this new algorithm can satisfy the real
time tracking requirement, as the prior analyses Hough
transform has less influence to the process time, and the
weighting calculating quantity of multiple grey predicting
is small, so that the multiple grey predicting tracking algo-
rithm based on the inductive factor of the posture informa-

tion is a high speed algorithm, low time consuming, and is
very suitable for real time application.

Comparing the tracking results of new algorithm with
the Kalmam filter and single grey predicting model algo-
rithms is shown as Table 1.

It can be seen that when the target is turning, because of

Table 1 The system tracking precisions

The tracking type
The maximum of

tracking error/mrad
The average tracking
error in all line/mrad

The average values of
the maximum errors

at every turning

Single grey predicting model 0.168 0.013 7 0.128
UKF Kalmam filter 0.145 0.013 1 0.15

Tracking based on inductive
factor of posture information

0.080 0.012 5 0.076

the multiple grey predicting tracking algorithm based on
the inductive factor of the posture information can change
the weighted values of every predicting collections in ad-
vance utilizing the posture variation, its maximum track-
ing error is far less than the other two tracking algorithms,
among the maximum points (the first column), its error re-
duced to 47% of the single grey predicting model and to
55% of Kalman filter. The effect is very notable.

At the turning points the direction of the target changes
largely, as well as the posture changes, so choice the
frames near the turning points to simulate. The third col-
umn of Table 1 which gives the average values of the max-
imum tracking error of every tracking algorithm in this sit-
uation. The comparing results prove the excellence of the

multiple grey predicting tracking algorithms based on the
inductive factor of the posture information in tracking the
maneuvering target.

6. Conclusion
Introducing the posture change information and the ma-
neuvering extent of the target into the tracking princi-
ple, constructing the multiple grey predicting model, the
presented method for maneuvering target video frequency
tracking based on the inductive factor of the posture in-
formation is reasonable and advanced. The simulation
tests prove that comparing with conventional methods the
new method improves the effect of tracking maneuver-
ing target obviously, and has good ability in real time
application.
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