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Abstract. 3D panoramic driving system provides real-time monitoring of a
vehicle’s surrounding. It allows drivers to drive more safely without vision blind
area. This system captures images of the surroundings by the cameras mounted
on the vehicle, maps and stitches the collected images as textures to a 3D model.
In this process, the key tasks are to construct a 3D surface model and to design
an efficient and accurate texture mapping algorithm. This paper presents a
ship-shaped 3D surface model with less distortion and better visual effects.
Based on the ship-shaped model, a texture mapping algorithm is proposed,
which can obtain the mapping relation between the corrected image and the 3D
surface model indirectly by setting up a “virtual imaging plane”. The texture
mapping algorithm is accurate and runs fast. Finally, this paper uses an
improved weighted average image fusion algorithm to eliminate the splicing
traces. Experiments show that the proposed algorithm based on ship-shaped
model has better 3D panoramic effect.
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1 Introduction

Classical 2D panoramic driver assistance system provides a bird’s-eye view. This
system uses six fisheye cameras to synthesize a seamless bird’s-eye view image of a
vehicle’s surrounding [1]. An improved bird’s-eye view vision system using four
fish-eye cameras is proposed in [2]. But this bird’s-eye view vision system has some
problems, such as the distortions of non-ground-level objects [1] and limited view
scope. 3D panoramic imaging technology can make up the above deficiencies of 2D
panoramic system. Many papers have proposed this 3D panoramic imaging technol-
ogy, which models the surrounding of a vehicle, and maps the corrected images
collected by the cameras as textures to the 3D model to generate 3D panoramic image
[3–5]. They all propose different models and texture mapping algorithms, but none of
them is perfect. For example, there are unnecessary distortion in the bowl model [3]
proposed by Fujitsu and the texture mapping algorithm proposed in [5] is only suitable
for the model similar to sphere.

© Springer International Publishing AG 2017
Y. Zhao et al. (Eds.): ICIG 2017, Part III, LNCS 10668, pp. 445–457, 2017.
https://doi.org/10.1007/978-3-319-71598-8_40



Through the study of panorama modeling, image texture mapping and image fusion
algorithm, this paper presents a vehicle-mounted multi-camera 3D panoramic imaging
algorithm based on a ship-shaped model. In this algorithm, we establishes a more
reasonable 3D surface model, proposes a new algorithm to obtain the texture mapping
relation between the corrected images and 3D surface model, and adopts an simple and
effective fusion algorithm to eliminate the splicing traces. The algorithm proposed in
this paper has following advantages. Firstly, the ship-shaped model has less distortion
and better visual effect. Secondly, the texture mapping algorithm runs fast. Thirdly,
image stitching area is seamless.

2 Process Overview

In general, in order to capture images around a vehicle, four wide-angle cameras facing
four different directions should be installed on the vehicle. Because of the distortion of
the wide-angle cameras, calibration is needed to obtain intrinsic parameters and
extrinsic parameters [6]. With the intrinsic and extrinsic parameters, the images cap-
tured by the wide-angle cameras can be corrected as undistorted images, which are
called as corrected images in this paper. Because the wide-angle cameras have no
sensors to record the depth of field, it is necessary to establish a virtual 3D surface
model to simulate the three-dimensional driving environment. After the images cap-
tured by the four cameras is corrected, they are projected onto the 3D surface model
according to the texture mapping relationship, and the 3D panoramic image is gen-
erated through image fusion. Therefore, the process of 3D panoramic imaging tech-
nology is roughly shown in Fig. 1.

This paper will focus on 3D surface modeling, texture mapping algorithm, as well
as image fusion. Hence, we assume that image acquisition and calibration are already
ready.

Fig. 1. The process of 3D panoramic imaging technology
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3 3D Surface Modeling

3D surface modeling is to build a 3D surface to which the corrected images as texture is
mapped to generate 3D panoramic image. Fujitsu first proposed a bowl model [3],
while four different models are compared in [4]. A mesh three-dimensional model is
presented in [5]. Through the research of the city road environment, this paper presents
a ship-shaped model with low distortion and good visual effect.

3.1 Ship-Shaped Surface Model

According to the actual driving environment, this paper presents a 3D surface model
like a ship, as shown in Fig. 2. The bottom of the model is elliptical and it extends
upward at a specified inclination.

The general equation of the model is given as follows. Let (x, y, z) be a point on the
surface model, then the equation for the bottom of the ship model is given in (1).

x2

a2
þ y2

b2
� 1 and z ¼ 0 ð1Þ

Where a and b are the values of the semi-major axis and semi-minor axis of the ellipse,
whose values are generally based on the length and width of the vehicle, the aspect
ratio of the control panel in the driving system, and the actual road conditions.

The equation of the slope of the ship model is given in (2).

x2

r zð Þþ 1ð Þ2a2 þ y2

r zð Þþ 1ð Þ2b2 ¼ 1 ð2Þ

The equation r zð Þ defines the slope of the model, which should be set elaborately to
achieve the best visual effects. For example, suppose f að Þ ¼ 4a2 is the slope equation,
which is the curve function of the section of 3D model on the xoz surface, as shown in
Fig. 3.

The advantages of the model are as follows. There is a curvature between the
bottom plane and the slope, so that the transition between the bottom and the slope is
smooth. With elliptical structure increasing the projected area of the images captured
by the left and right cameras on the model, it reduces the distortion and is more in line

Fig. 2. Ship-shaped surface model
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with the human vision experience, especially when displaying the 3D object on left or
right side of the car, it looks more real.

4 The Texture Mapping Algorithm

Texture mapping maps the source image as texture onto a surface in 3D object space
[7]. The main goal of the texture mapping is to determine the correspondence relation
between the spatial coordinates of three-dimensional model and two-dimensional
texture plane coordinates. A texture mapping algorithm based on the principle of
equal-area is proposed in [5] ,which is applicable to the model similar with sphere. We
present a texture mapping algorithm to obtain the mapping relation between the cor-
rected images and the 3D surface model by setting up a virtual imaging plane. The
algorithm is applicable to any shape of 3D surface model, including the ship model.
Firstly, the pixel mapping relationship between the 3D surface model and the virtual
imaging plane is set up. Then, the pixel mapping relationship between the virtual
imaging plane and the corrected image is derived. Finally, the texture mapping rela-
tionship of the 3D surface model and the corrected images is obtained by combining
the above two steps.

4.1 The Mapping Relation Between the 3D Model and the Virtual
Imaging Plane

As shown in Fig. 4, a virtual imaging plane is set between the camera and the 3D
model. For any point P x; y; zð Þ on the 3D model, the corresponding point P0 x0; y0; z0ð Þ
can be derived from the perspective projection model [8].

Perspective projection is the process where the three-dimensional objects within the
field of view of the camera are projected to the camera imaging plane. In general, the
shape of the perspective projection model is a pyramid with the camera as the vertex,
and the pyramid is cut by two planes. The plane near the camera is called near plane,
and the far is called far plane. Only the objects between the two planes is visible to the
camera. In the so-called perspective projection, the three-dimensional objects between
the two planes are projected to the near plane. This projection relationship can be
expressed by a four-dimensional matrix, called a perspective projection matrix.
A commonly used perspective projection matrix is shown in (3).

Fig. 3. The sectional view of ship-shaped model
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T¼

1
tan h

2ð Þ�g 0 0 0

0 1
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2ð Þ 0 0

0 0 � f þ n
f�n � 2fn

f�n
0 0 �1 0

2
66664

3
77775 ð3Þ

Where h is the maximum angle of the camera’s field of view, η is the aspect ratio of the
projection plane (i.e., near plane), f is the distance between the far plane and the
camera, and n is the distance between the near plane and the camera.

Taking an arbitrary camera on the car as example, a virtual imaging plane is set
between the camera and the 3D model. The process of projecting the pixels from the
3D model to the virtual imaging plane can be regarded as a perspective projection. For
any point on the 3D model, the corresponding point on the virtual imaging plane can be
obtained by the perspective projection matrix.

Taking the front camera as example, establish three-dimensional coordinate system
with the camera as the origin, as shown in Fig. 4. Assuming that the maximum angle of
the camera’s field of view is h0, the distance between the virtual imaging plane and the
camera is n0, the aspect ratio of the virtual imaging plane is l0, the distance between
the far plane and the camera is f0, point P x; y; zð Þ is on the 3D model, and the corre-
sponding point P0 x0; y0; z0ð Þ is on the virtual imaging plane, then the correspondence
between P and P0 is given in (4).

x0
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64
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Similarly, other three cameras also has the corresponding relationship as given in
(4). Therefore, Eq. (4) can be extended as Eq. (5).

Fig. 4. Perspective model of 3D model
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where i = 0, 1, 2, 3, is respectively denotes the front camera, rear camera, left camera
and right camera. x0i; y

0
i; z

0
i

� �
and xi; yi; zið Þ are the positions in the coordinate system

with the camera corresponding to i as coordinate origin.
Equation (5) corresponds to four different coordinate systems. In order to unify the

coordinate system, as shown in Fig. 5, we convert the points in the coordinate system
denoted by Ocenter into those in the corresponding camera coordinate system.

The process of converting the points in the coordinate system Ocenter to the cor-
responding point in the corresponding camera coordinate system is to make the points
rotate boi along the z axis, then rotate boi along the x axis, and finally move along the

translation vector denoted by Fi
!¼ Xi; Yi; Zið Þ. aoi is the angle between the camera and

the horizontal plane, boi is the angle between the camera and x axis, Xi; Yi; Zið Þ is the
coordinate in the coordinate system Ocenter , aoi and Xi; Yi; Zið Þ are related to the position
and orientation of the camera on the car, the values of boi are 0

o, 180o, 270o, and 90o.
The values of i is 0, 1, 2, 3 and they respectively correspond to the front camera, rear
camera, left camera and right camera.

According to computer graphics knowledge [8], the above rotation relations can be
expressed by the rotation matrices Rz boi

� �
and RX aoi

� �
, and the translation relation can

be expressed by the translation matrix T Xi;Yi;Zið Þ. Rz boi
� �

is

cos boi sin boi 0 0
� sinboi cos boi 0 0

0 0 1 0
0 0 0 1

2
664

3
775,

RX aoi
� �

is

1 0 0 0
0 cos aoi sin aoi 0
0 � sin aoi cos aoi 0
0 0 0 1

2
664

3
775, and T Xi;Yi;Zið Þ is

1 0 0 Xi

0 1 0 Yi
0 0 1 Zi
0 0 0 1

2
664

3
775. Combining

Eq. (5) with the above rotation and translation matrices, the mapping relation between

Fig. 5. Coordinate system Ocenter
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the pixel points on the 3D surface model and the pixel points on the virtual imaging
plane is given in (6).
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4.2 The Mapping Relation Between the Corrected Image and the Virtual
Imaging Plane

The corrected image and the image on the virtual imaging plane can be viewed as
images of the camera in two different planes as shown in Fig. 6, which is also known as
perspective transformation [9].

In general, the pixel mapping relation of the perspective transformation can be
expressed by the following formula (7)

x ¼ a11uþ a12vþ a13
a31uþ a32vþ 1

y ¼ a21uþ a22vþ a23
a31uþ a32vþ 1

(
ð7Þ

where u; vð Þ is the pixel coordinate in the original imaging plane and x; yð Þ is the pixel
coordinate in the new imaging plane.

It can be seen from the Eq. (7) that the pixel mapping relationship of the per-
spective transformations contains eight unknown parameters. Therefore, four points on
the original imaging plane and their corresponding points on the new imaging plane are
required to calculate the unknown parameters.

As shown in Fig. 7, we make the position of the calibration boards fixed. Therefore,
the position on the 3D model of the 16 feature points, which are on the calibration
boards, can be determined when designing the 3D model. Assuming that the

Fig. 6. Perspective transformation
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coordinates of the feature point P1 on the 3D model are x1; y1; z1ð Þ, the coordinates of
P1 on the virtual imaging plane of the front camera are x01; y

0
1

� �
by Eq. (6). The pixel

coordinates of P1 in the corrected image of the front camera can be obtained by feature
point detection [10], which is x001 ; y

00
1

� �
. The same procedure can be easily adapted to

obtain the coordinates of these feature points which are P2, P7 and P8 both on the
virtual imaging plane and in the corrected image. Using these four points (P1, P2, P7

and P8), the pixel mapping relationship between the front corrected image and its
virtual imaging plane can be obtained. The same procedure applies to the other three
cameras.

4.3 Texture Mapping Between the Corrected Images and the 3D Model

Through the above two steps, the texture mapping relation between the 3D model and
the corrected images can be obtained. When generating 3D panoramic image in real
time, the delay will be large if calculating each pixel value on the 3D model through
the mapping relation. In order to reduce delay, as shown in Fig. 8, the coordinates of
the pixels on the 3D model and it in the corrected image can be stored in the memory
in one-to-one corresponding order when the system initialized. When the 3D
panoramic image is generated in real time, the corresponding texture coordinates of 3D
model can be read from the memory where the texture coordinates are stored, and then
the texture on the corrected images is mapped to the 3D surface model to generate a
3D panoramic image.

Fig. 7. Calibration board layout
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5 Image Fusion

If the panoramic image generated by texture mapping has no fusion processing, there
will be a “ghosting” phenomenon in the overlapping areas, as shown in Fig. 9.
Therefore, it is necessary to fuse the overlapping areas of the panoramic image.

In this paper, we improve the weighted average method [11] so that the weight of
the texture of the corrected images is proportional to the distance from the texture
coordinate to the mapping boundary of the corrected image. This method is simple and
has good fusion effect.

In the example of the overlap between the front and the right, as shown in Fig. 10,
the overlapping area has two boundary lines L and M, L is the mapping boundary of
the front corrected image, M is the mapping boundary of the right corrected image.
Whalf is half of the car width, and Lhalf is half of the car length. Here, the distance from
the texture coordinate to the mapping boundary can be expressed by its angle relative to

Fig. 8. The process of texture mapping

Fig. 9. The panoramic image before image fusion

A Vehicle-Mounted Multi-camera 3D Panoramic Imaging Algorithm 453



the mapping boundary. Therefore, according to the fusion algorithm, the texture of the
point A (x, y, z) is CA, which can be obtained by Eq. (8).

CA ¼ wfront /ð Þ � Cfront þwright 1� /ð Þ � Cright ð8Þ

Where Cfront and Cright represent the texture of the corrected images, wfront and wright are
fusion weight, wfront /ð Þ ¼ a � hr

ho
, wright 1� /ð Þ ¼ 1�Wfront /ð Þ, and

a ¼ arctan yj j �whalf

xj j � lhalf

� �
.

6 Experimental Results and Discussion

Using the fusion algorithm described in Sect. 5, the panoramic image obtained by the
processing flow described in Sect. 2 is shown in Fig. 11.

6.1 Effect of Image Fusion

Figure 12(a) is part of the fusion area that did not use the fusion algorithm, and Fig. 12
(b) is part of the area that uses the fusion algorithm. It can be seen from the figure that
the fusion algorithm adopted in this paper basically eliminates the seam of the stitching
position.

Fig. 10. Image fusion diagram

Fig. 11. Panoramic image
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6.2 Comparison of the Effect of Different Models

At present, the earliest proposed 3D surface model is the bowl-shaped model proposed
by Fujitsu, which is shown in [12]. Compared with the bowl-shaped model, the
ship-shaped model proposed in this paper has the advantages of less distortion and
better visual effect because of considering the driving environment and the visual
experience.

At first, the ship-shaped structure of the 3D model proposed in this paper can
eliminate unnecessary distortion. Paying attention to the lane line of the highway in
Fig. 13, the lane line becomes a broken line in Fig. 13(a), while it is almost a straight
line in Fig. 13(b).

In addition, the ship-shaped model can simulate the driving environment better and
has better visual effects. As shown in Fig. 14, the car on the road is projected to the
bottom plane of the bowl model, making people feel that the other vehicle and the
vehicle model are not on the same pavement. Considering the road environment, the
objects on both sides of the road are projected onto the 3D surface of the ship-shaped
model. Therefore, the ship model can better display 3D objects on both sides of the
road, which reduces the driver’s misjudgment.

a)                                     b) a)                                     b) 

Fig. 12. Comparison of the effect before and after using fusion algorithm

a)                                              b)

Fig. 13. Comparison of the distortion between bowl-shaped model and ship-shaped model:
(a) the image of the bowl-shaped model and (b) the image of the ship-shaped model.
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6.3 Performance of Texture Mapping

The above panoramic imaging algorithm is implemented by using the Linux operating
system based on kernel version 3.10 and the hardware platform of the i.mx6Q series
cortex-A9 architecture 4-core processor. On the experimental platform, the frame rate
of the panoramic imaging algorithm is tested in both fixed viewpoint and moving
viewpoint respectively, and both frame rates meet the minimum requirements, as is
shown in Fig. 15. The experimental results show that the texture mapping algorithm
proposed in this paper has high performance and can meet the requirements of real-time
display of vehicle display equipment.

7 Conclusion

This paper presents a 3D panoramic imaging algorithm. The contributions mainly
includes three aspects: 3D surface modeling, texture mapping algorithm and image
fusion. In the aspect of 3D modeling, this paper proposes a ship-shaped model that has

Fig. 15. Results of texture mapping performance test

a)                                               b)

Fig. 14. Comparison of the visual effect between bowl-shaped model and ship-shaped model:
(a) the image of the bowl-shaped model and (b) the image of the ship-shaped model.
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low distortion and better visual effect. In the aspect of texture mapping algorithm, this
paper presents a method to calculate the texture mapping relation by setting up a virtual
image plane between the camera and the 3D model. Because the mapping relation are
stored in memory after initial run, the algorithm runs fast and meets the requirements of
real-time imaging. In the aspect of image fusion, this paper adopts a special weighted
average image fusion algorithm, which effectively eliminates the splicing traces of the
fusion region. The experimental results prove the feasibility and effectiveness of the
proposed algorithm.
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