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Abstract

not suitable for the images with complicated nautical background. The primary recognition methods in automatic navigation include k-nearest neighbor [1], neural network [2]
and principle component analysis [3]. Most of the recognition methods, as mentioned above, need training by large
numbers of samples. In addition, these methods haven’t
considered the influence of human visual mechanism to the
gradual recognition.
This paper focuses on two issues: the Real-time scene
segmentation and the gradual recognition. Considering
about the complication and segmentation effect, a novel
segmentation method applicable to images of the nautical
scene is first introduced in this paper. Then the visual resolution could be calculated by a proposed visual equation,
which will be used to control the 3D model simplification [4]. Since the observation condition changes, aspect
graphs at different resolution will be generated by the simplified model, which lays on a foundation of the gradual
recognition.
The paper is organized as follows: Section 2 describes
the entire system modeling process. Section 3 proposed a
novel segmentation method. Section 4 gives an applied visual equation. Section 5 introduces a new method of clustering. Section 6 introduces the matching strategy of 3D
recognition. Section 7 presents the experiments and results
of the presented method. Finally section 8 concludes the
paper.

This paper presents a segmentation and recognition
method of 3D objects in automatic navigation. In the first
part of this paper, a segmentation method based on nautical
scene is proposed, which is composed of image preprocess,
ROI detection, subarea process and object detection. In addition, an applied visual resolution calculation method is
presented to control the simplification of original 3D model.
Then a novel clustering method is introduced to merge the
aspect graphs ulteriorly after viewpoint space partition to
the simplified model. Finally, the segmented object will be
sent to compare with the aspect graphs of the 3D model,
using an improved method of Fourier descriptor. A set of
experiments based on ship models are designed and implemented, and the results demonstrate the effectiveness of the
method proposed in this paper.

1. Introduction
3D object recognition is now widely used in the areas of
automatic navigation. There are two primary factors should
be considered in an applied navigation system: one is the
Real-time scene segmentation, and the other one is the gradual recognition for the image sequence.
Some research works related to the 3D object segmentation and recognition in automatic navigation have been already presented. Current nautical scene segmentation methods include threshold-based segmentation to the detected
ROI [1] and contour detection by an edge-histogram approach [2]. These segmentation methods haven’t considered the influence of ocean wave and other coast background. Therefore they could be applied to the images
with simple background such as proportional surface, but

2. System modeling
The entire recognition system is mainly composed of two
parts, the 3D model library foundation and the object recognition. In the library foundation part, the original 3D model
will be simplified according to the result of the visual equation. Then the viewpoint space partition [5] will be applied
to each resolution of the simplified models. The multiresolution aspect graph representations of the 3D model
could be achieved after an additional clustering operation
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to the partition results. In the object recognition part, target
object will be segmented from the 2D real scene. Then it
will be sent to compare with the aspect graphs in the model
library.
In the following parts of this paper, the methods of image segmentation, visual equation, clustering and recognition will be mainly introduced.

Illustrated in Figure 1, the segmentation result of the
method proposed in this paper keeps more details of the image contour, which is benefit to the object recognition.

4. A visual equation
According to the resolution limit theory [10], the resolution of human eyes is limited. Therefore it’s significative
to find a 3D model representation method based on human
visual mechanism. Most of contemporary 3D model representation methods haven’t considered the observation condition because no applied imaging system model has been
established, and visual resolution under different conditions
is hard to calculate.

3. Segmentation
Image segmentation is a very pivotal step for the object
recognition. Current methods in image segmentation include threshold segmentation, edge detection and statistical
methods. As illustrated in Figure 2(a), there exist stochastic
noise, surface waves and ocean waves in the real scene image, which could aggravate the difficulty of segmentation.
Combining the features of the nautical scene, the segmentation method in this paper could be described as follow steps:
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ψ

1. Preprocess the image to remove noises and enhance
the image contrast, using morphological filter [6] and
histogram equalization [7].
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2. Segment the enhanced image by Otsu method [8], and
extract the minimum bounded rectangle of the object
area, which will be called ROI.
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Figure 2. The imaging system model.
A new imaging system model based on receptor theory [10] is illustrated in Figure 2. We assume that the distance between the object and the lens is much larger than the
object size, which is true in most situations. Therefore the
distances between the lens and all the points of the object
can be considered the same, and the similar for the approximation of the angle ψ in Figure 2.
Assuming that L is the distance between the object and
the lens, d is the distance between the lens and the imaging
plane, and ψ is the departure angle between the object and
→
−
the optic axis. Denote V as the velocity of object and T
−
→
as the exposal time. Let Nt denote the unit vector parallel
with the connection line between the object and the lens,
−−→
−→
N⊥ denote the unit vector parallel with BA and vertical
−
→
with Nt . Define l(ψ) as the scale of cone cells at the angle
ψ.
According to the receptor theory, human eyes could
only distinguish two object points when there exist nonstimulated cone cells between two stimulated cone cells.
Therefore the minimum distance of two distinguished imaging points could be expressed as follows:

3. Segment the ROI of step 2 by Otsu method once more.
4. Reprocess the segmented area of step 3 if it is larger
than a threshold. First detect the edge of the area, and
then extract the longest straight line by Hough transform [9], which could be the coastline in most situations. According to the coastline, the coast background
the object could be successfully separated.
5. Identify the objects by the features of area and length
breadth ratio, and remove the fake objects.
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Figure 1. Contrast of the segmentation results. (a) is the original image. (b) is the segmentation result of the method [1]. (c) is the
segmentation result of the method proposed
in this paper.

(1)

−→
If the object doesn’t move in the direction of N⊥ , the
visual resolution could be calculated as follows:
−−→
ΔS = AB = 2l(ψ)L cos2 ψ/d.
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(2)

In addition, considering about the exposal time, tracks
will be left in the imaging system by points of the high
speed object during the exposal time. With consideration
of this circumstances, the visual resolution should be modified as follows:
→ −→
−
−
→
ΔS(L, ψ, V ) = 2l(ψ)L cos2 ψ/d +  V · N⊥ T.

4, the clustering result of each step will be presented in a
clustering tree.
The original aspect graph space has the highest resolution, and discretional two aspect graphs could be distinguished. As the requirement of resolution changes, the corresponding threshold could be selected to control the degree of aspect graph merging. Illustrated in Figure 4, the
horizontal axes shows the number of the aspect graph, and
the vertical axes shows the distance between aspect graphs.
Draw a horizontal line which intersects the vertical axes at
a point with a value of the threshold. The times of the intersection between the horizontal line and the clustering tree
shows the number of aspect graphs after merging, for example, 4 aspect graphs have been left in Figure 4. Since
clustering is carried out from bottom to top, and no aspect
graphs have intersection, the clustering tree after truncation
could still be consider as a normal tree. The final result
of clustering includes all the aspect graphs above the cutting line, and one representable aspect graph of each aspect
graph set under the cutting line.

(3)

According to Eq. (3), the visual resolution under current
condition could be calculated, which will be used to control
the 3D model simplification. As the observation condition
changes, simplified models at different resolution could be
obtained. Therefore the object could be successfully expressed by a set of multi-resolution aspect graphs generated
by the simplified models.

5. Clustering
Considering about the aspect graphs with close viewpoints might have little difference, and could not be distinguished in the recognition method. To reduce the insignificant matching cost, similar aspect graphs could be
merged by an additional clustering process. A novel clustering method based on a tree structure is proposed in this paper, which describes the differences between aspect graphs
at multiple hierarchy. Fourier descriptor is used for the similarity measurement between single aspect graphs, which
will be introduced in detail in section 6.
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Figure 4. The clustering tree truncation.
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6. Matching and recognition
The similarity measurement between aspect graphs
is essential for both clustering and matching processes.
There are two primary features applied during the 3D object recognition process: one is the shape-based description [11], and the other one is topology description [12].
Considering about the high speed, easy storage, and low
features dimension, the shape-based description has been
more valuable during practical application. Fourier descriptor [13], one of the shape-based description, will be introduced in this paper for its fast calculation and the robustness
to noise and other boundary deformations.
In the Ordinary Fourier descriptor method [13], the
boundary points were directly used for the input spatial sequence. Therefore the Fourier coefficients will be related
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Generate a
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Figure 3. The clustering tree foundation.
Figure 3 illustrates the foundation process of a clustering tree. The viewpoints of similar aspect graphs will be
merged step by step until all the partitioned viewpoints have
been merged into one viewpoint space. As shown in Figure
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7. Experiments and results

with the shape scale, sampling direction and initial position of the image contour. To eliminate above infection,
an improved Fourier descriptor method is introduced into
this paper, which uses the center distance for the input spatial sequence, and normalizes the Fourier coefficients. The
recognition method based on Fourier descriptor could be
described as follows:

All the 3D models used in this paper are obtained from
the standard 3D model library published by Princeton University [14]. Five types of models from this library are
selected as test objects, including two types of ships, two
types of planes and one type of car. In our simulation system, the original 3D ship model will be conversed to the
2D image after a series processes of OpenGL texture mapping [15], gauss filtering and image enhancement. The experiments consist of two parts: aspect graph library foundation and 3D object recognition.

1. Establish a coordinate system for the 2D images. The
object centroid could be calculated as follows:
xc =

N −1
N −1
1 
1 
xk , yc =
yk .
N
N
k=0

(4)

k=0

7.1. Aspect graph library foundation

where N is the number of points of the object contour.
The parameters set by the simulation system are listed in
Table 1.

2. Calculate the center distance of all boundary points as
follows:
ut = [(xk − xc )2 + (yk − yc )2 ]1/2 , t = 0, 1, ..., N − 1.
(5)

Table 1. Parameters of the simulation system
CCD pixel
7 million pixels
L
5000m

3. Apply the Fourier transform to the center distance sequence calculated by step 2, and the Fourier coefficients could be expressed as follows:
an =

4. Normalize the Fourier coefficients as follows:
a1  a2 
aN −1 
,
, ...,
].
a0  a0 
a0 

(7)

5. Assume that a, b are the number of boundary points of
image i and image j. The distance between image i
and j could be calculated as follows:


(fik − fjk ).

(8)

k=1

6. Denote s as a 2D segmented object and M as a 3D
model. Assume that n is the number of aspect graphs
in the library of model M , and Mj is one of the aspect graphs of model M . The distance between the
segmented object s and the 3D model M could be calculated as follows:
D(s, M ) = min(d(s, Mj )), j = 1, 2, ..., n

Lens focus
5.8mm
T
0.01s

The simplified model controlled by the visual resolution is shown in Figure 5. Contrast to the original 3D
model which contains large numbers of vertexes and triangle patches, the simplified model is more coincident with
the human visual mechanism and easier for the calculation
during succedent processing.

min(a,b)

d(i, j) =

CCD height
4.29mm
→ −→
−
 V · N⊥ 
30m/s

According to Eq. (3), the visual resolution under current
condition could be calculated as follows:
→ −→
−
ΔS = 2l(x, y)L cos2 ψ/d +  V · N⊥ T

−3 ×4.29×10−3
× 5000 × cos2 10
2 × 5.76×10 7×10
6
=
5.8 × 10−3
+30 × 0.01
= 3.44m.

N −1
1 
ut e−j2πnt/N , n = 0, 1, ..., N − 1. (6)
N t=0

f =[

CCD width
5.76mm
ψ
10◦

(a) original model

(b) simplified model

Figure 5. The original model and the simplified model.

(9)
39 aspect graphs have been generated after the viewpoint
space partition to the simplified model. Select the threshold
t = 0.17, 17 aspect graphs will be gained after the clustering process.

7. Define T as the model sets and m as the number of
models. Current object will be recognised as model I,
if D(s, I) = min(D(s, Ti )), I ∈ T, i = 1, 2, ..., m.
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7.2. 3D object recognition

be used to control the 3D model simplification degree. A
novel clustering method based on a tree structure is used
to merge the similar aspect graphs generated by the simplified 3D model. Finally the segmented object will be sent to
compare with the aspect graphs in the library according to a
measurement of Fourier descriptor. The experiment results
demonstrate that the segmentation and recognition method
introduced in this paper could be applied in automatic navigation.

Figure 6 illustrates the segmentation results of the object
from farness to nearness in the simulation scene.
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Figure 6. The simulation scenes and segmentation results. (a) is a remote simulation
scene. (b) is a close simulation scene. (c),
(d) are the segmentation results of (a), (b).

After the aspect graph library foundation, the segmentation object will be sent to match with the aspect graphs of
different models. Take ship 1 for example, the minimum
distances based on Fourier descriptor between ship 1 and
five models are listed in Table 2. According to the minimum
distance, the object of ship 1 is successfully recognised as
the ship 1 model.
Table 2. The matching result
ship 1

plane 1
0.0038

plane 2
0.0158

ship 1
0.0012

ship 2
0.0014

car
0.0032

Further more, select 30 discretional images of ship1,
ship2 in the simulation scene and match them with the aspect graphs in the corresponding library of each model.
The holistic recognition results of ship1, ship2 are 26/30
and 22/30, which signify the effect of the segmentation and
recognition method proposed in this paper.

8. Conclusion
In this paper, existing segmentation and recognition
methods in automatic navigation have been summarized and
analyzed, and some new ideas have been proposed. An effective segmentation method based on nautical scene is first
introduced in this paper. Simultaneously, a visual equation
is employed to calculate the visual resolution, which would
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