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Abstract. Producing 3D urban models is required by most organizations. In this regard, the use of stereo panoramas is an
image based solution which has attracted the developers and users of city maps. This is due to the fact that stereo panoramas
offer complete viewing of the surroundings simply. There exist a number of techniques which are used to develop stereo
panoramas and each structure has its own advantages and disadvantages. In this paper, a new stereo panorama system is
presented which uses stereo cameras named ―Stereo Panorama Modeler‖ that is patented. In addition to stereo viewing, other
benefits of such a system are overcoming the effects of moving objects in images, increasing the automation of matching and
stitching, and equal resolution on the whole stereo panorama. The paper describes the comparison between the proposed
system and other stereo panorama systems. Moreover, the structure of the system, its components and applying stereo cameras
in developing the stereo panorama system is studied. Finally, experiment carried out to evaluate the capability of the system in
3D city modeling. Evaluation results show that the system can produce suitable stereo panoramic models of the environment.
Keywords: Stereo Camera, Stereo Panorama, 3D Modeling,

identification of objects (Gledhill et al., 2007). Figure
1 shows a stereo panorama. In order to develop a
stereo panorama two views are required one for the
left eye and the other for the right. Generally, stereo
panorama generation is possible applying frame-based
cameras, linear array sensors, fish-eye lenses,
combination of cameras and parabolic mirrors, and
modular cameras in the stereo panorama system.
Depending on how these sensors are formed and
combined, various methods for stereo panorama
generation are obtained. Peleg and Ben-Ezra (1999)
proposed the idea of using a single camera to produce
a stereo panorama. In his technique, the camera is
rotated to take a number of images with large overlaps
to cover the surrounding environment (Figure 2). A
pair of thin strips is then extracted from the rear left
and right parts of each image. The left parts are then
stitched together to form the left panorama while the
right strips form the right panorama. The stereo
panorama is finally formed by combining the resulting
left and right panoramas. In spite of being able to
present a stereoscopic view of the complete 360
environment, this technique is time consuming and
also requires taking many images in a sequential mode
in which static objects can only be modeled. In
addition, instability of the rotating unit can reduce the
quality of the results. A common technique used to
develop stereo panoramas is the use of two normal

1. INTRODUCTION
Today the development of models from city
environments is of great interest. Such models can be
used in different applications and disciplines including
control and robotics (Cobzas and Zhang, 2001), map
completion (Micusik and Kosecka, 2009) and
visualization (Shimamura et al., 2000), generation of
intelligent decision support systems and navigation
(Lin et al., 2008). There exist a number of problems
such as moving the vehicle or moving the objects and
occlusions which affect the development of such
models (Gledhill et al., 2007).
3D modeling
techniques are either geometric or image-based
(Moravec, 1990). In geometric based techniques such
as tachometry and laser scanning, geometric
information including distance or coordinates are
directly measured, while in image-based techniques
an area is modeled through images. Recently, image
based techniques are most accepted due to their
various benefits such as offering comparably low cost
solutions and allowing the visualization of objects
(Huang and Hung, 1997). As source for image based
techniques, a stereo panorama is a 3D panorama
which covers 360 degrees and can be used to obtain
3D models of the objects.
They are rich of visual information, thus can be
produced at relatively low costs and allow a simple
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cameras which could be positioned either beside or
one above the other (Gledhill et al., 2003). Examples
of such systems are established by Qu et al. (2010),
Lin et al. (2008), Varshosaz & Amini (2007), Jiang et
al. (2006) and Huang and Hung (1997). In such
systems, two single panoramas are produced-using the
left and right cameras and combined to form the final
stereo panorama. Figure 3 shows the systems
developed by Jiang and Varshosaz. Compared to
systems like that of Peleg and Ben-Ezra (1999), such
systems use fewer images to from the panoramas.
However, they are not able to produce stereo
panoramas from moving objects and are subject to
instability of moving cameras. In addition, if the
cameras are positioned vertically, the stereo viewing
is not possible. Instead of normal cameras, linear array
cameras (Amiri Parian and Grun, 2010, Li et al., 2008,
Benosman et al., 1996, Benosman et al., 2001),
cameras with fish-eye lenses (Hua et al., 2008, Hall
and Cao, 1986), and modular cameras (Kawanishi et
al., 1998) can also be used. The use of cameras with
fish-eye lenses allow taking complete 360 degrees
views instantly; thus eliminate the problem of moving
objects and the instability of the acquisition unit when
the images are captured. However, these lenses
introduce large aberrations and lead to images having
different resolution in the centre compared to the rear
parts of the image. In systems that are based on the
use of two linear array cameras, two complete
panoramas are taken on a line by line basis. Although
the quality of the resulting panoramas is good, the
system cannot cope with moving objects. Moreover,
the instability of the system during the image capture,
may lead to a reduction in the quality of the resulting

stereo panorama. As shown in Figure 4, modular
cameras are those constructed by fixing a number of
cameras near each other so that a complete 360
degrees view is covered.
Kawanishi et al. (1998) used two set of such
cameras to produce a vertical stereo panorama
imaging capture system. The result is a set of two
single panoramas, which together can theoretically
form a stereo panorama. In such system, the stereo
viewing is not possible. It is also possible to combine
images taken from two omni-directional cameras to
produce stereo panoramas (Figure 4). An omnidirectional camera uses a parabolic mirror to capture
the complete view surrounding the camera. Sung and
Lu (2012), Bo et al. (2011), Carbel et al. (2008),
Arnspang et al. (1995), and Goshtasby and Grover
(1993) used two cameras of such to form stereo
panoramas. Despite being able to capture the whole
view in a single snapshot, systems like this suffer
from having large aberrations and low resolution.
Up to the present, no system has been developed to
cover all needs of a stereo panorama image capturing
system that allows geometric measurements. In this
paper, we present the idea of developing a stereo
panorama system based on stereo cameras which is
named ―Stereo Panorama Modeler‖ that is patented.
This system can eliminate many problems related to
producing a stereo panorama model from
environment. In this regard, the structure of the
system, its components is described. In this regard,
applying off-the-shelf stereo cameras in development
of the stereo panorama system is presented. Finally,
practical experiments carried out and conclusions are
made in the end.

Fig. 1: A stereo panorama

Fig. 2: Left and right strips produced for two panoramas from a single camera (Peleg and Ben-Ezra, 1999)

2

International Journal of Scientific Research in Inventions and New Ideas, 2(1), pp. 1-10, 2014

Fig. 3: A stereo-bar camera (left) (Varshosaz and Amini, 2007) and a stereo-turn table (right) (Jiang et al., 2006)

Fig. 4: Examples of modular camera (left) (Micusik and Kosecka, 2009) and omni-directional camera (right) (Gluckman et al.,
1998)

2.
STEREO
PANORAMA
IMPLEMENTATION

Moreover, due to the stability of the position of all
stereo cameras related to each other, if relative
orientation parameters between each two lenses of a
stereo camera and also between stereo cameras are
determined from the calibration procedure, they can
be used to automate and simplify different stages of
matching between images, image stitching and
producing stereo panorama. According to 360 degree
coverage of the environment and stability of stereo
cameras in the system, general benefits of the
proposed system can be mentioned as:
(a) Elimination of the effects of moving objects
(b) increased automation of image matching and
stitching
(c) Elimination of vibration effects
(d) Possibility of stereo viewing
(e) Simultaneous 360 degrees coverage of the
environment
(f) Equal resolution on the whole stereo panorama
According to the proposed structure of the system,
designing and implementing of the system is
introduced in continue.

MODELER

In a stereo camera, two cameras with the same brand
are fixed in the form of a body and the position of the
two cameras is stable related to each other. Figure 5
shows a Fuji W3 stereo camera.
In this paper, a horizontal stereo panorama system
based on stereo cameras is proposed. In this system,
several stereo cameras are placed on the
circumference of a circular plate and all stereo
cameras are symmetric and have the same distance
from the center of the plate. In other words, the angle
between each two consequent stereo cameras is the
same.
In this system, there exists an overlap between
stereo images so they can be stitched together and
produce a horizontal stereo panorama. The system can
cover the whole 360 degrees of the environment
simultaneously; consequently the effects of vibrations
of rotating systems and the effects of moving objects
are eliminated in generating the stereo panorama
model.

Fig. 5: Fuji W3 Stereo camera
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3. DESIGNING THE STEREO PANORAMA
SYSTEM

H

Before applying stereo cameras, issues related to
using the cameras in the implementing of the system
should be investigated. These issues are as follows:

In equation (1), α is the horizontal viewing angle of
the camera, b is the base-length of the stereo camera
and p is the coverage percentage between stereo pairs.
According to p percent coverage between stereo pairs
and related computed distance (H), assuming an
approximation, the angle that each camera includes p
percentage of the coverage (α' in Figure 6) obtains:

3.1. Minimum distance to provide the required
coverage
In stereo image capturing, if minimum coverage
between two stereo pairs needs to contain p
percentage of the whole image, according to Figure 6,
minimum distance of the stereo camera from objects
(H) is obtained as:

b
2.tg(  / 2 ).( 1  p )

 '  2 Arctg (

p.b
)
2(1  p).H

(1)

(2)

Fig. 6: Minimum distance of the camera from the objects to prepare p percent coverage between stereo pairs

3.2. Angles between stereo cameras and platform
radius

As there is a minimum need of 20% coverage
between consecutive images (c’) and the length of
each stereo camera (B), to compute the angle between
two stereo cameras on the platform (γ) and the radius
of the platform (R) (Figure 7), the two following
equations with two unknowns must be solved
together.
B
(4)
tg(  / 2 ) 
2R

( r  R ). .
 ( c / 2  c / 2  0.2c )
180

In this section, hardware specifications of the system
including the position of stereo cameras on the
platform, angles between them and the radius of the
platform is determined.
Usually, it needs minimum 20% coverage between
consecutive images in order to stitch. For minimum
imaging distance (H) computed from equation (1) and
coverage angle (α’) computed from equation (2), the
value of the arc opposite α’ (c in Figure 7) and related
radius (r) can be computed as:
'
(3)
r  H / cos( )
2
c  r .'. / 180

In equations (4), values of r and c have been
obtained from equation (3).

Fig. 7: Determining the angle between consecutive stereo cameras on the plate of the system
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Considering 180 mm space legth for each stereo
camera (for camera length and transmission wires),
according to equations (3) and (4), the circular radius
of system on platform is computed 291 mm and the
angles between stereo cameras is calculated about
36.27 degrees if at least 20% coverage is needed to
between stereo models to stitch together.
Finally, minimum required stereo cameras to cover
all around 360 degrees can be computed as 360/γ,
consequently for such system 10 stereo cameras are
needed.
In the stereo panorama system implementation, an
electronic control unit is in order to control the stereo
camera synchronization and remote commands are
also possible. Figure 9 shows the electronic control
unit of Stereo Panorama Modeler.

3.3. Implementing Stereo Panorama Modeler
In order to implement the proposed stereo panorama
system, several Fuji W3 stereo cameras are used. The
specifications of this stereo camera include 15 mm
nominal focal length for each lens, 2 µm pixel size, 54
degrees horizontal viewing angle and 124 mm camera
length. Figure 8 shows the system. According to the
specifications of the Fuji W3 stereo camera and
subjects of previous section, designing values for
stereo panorama system is obtained as follows:
In order to determine the minimum distance of the
stereo cameras to the object to achieve the needed
coverage between stereo pairs, if 95% coverage is
required, according to equation (1), the system must
be placed at least 1.48 m far from objects.
Horizontal angle (α’) that Fuji W3 stereo camera
views 90% coverage is estimated 51.68 degrees
according to equation (2).

Fig. 8: Stereo Panorama Modeler System

Fig. 9: The electronic control unit, batterry and remote controler of the stereo Panorama Modeler

4.
STEREO
CALIBRATION

PANORAMA

orientation of individual camera lenses, determination
of the relative orientation between the lenses of each
stereo camera, and alignment of adjacent stereo
cameras.
In a typical calibration, to define the interior
parameters of a camera, a number of images are taken
from a test-field. By utilizing a standard bundle

MODELER

Proper calibration is an important part of using any
image capturing instrument. For the proposed system,
this affects the quality of the resulting stereo. The
calibration is carried out in three main stages: interior
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adjustment not only the interior but also the exterior
parameters of the camera at each imaging station are
obtained. For a single stereo camera, these include the
internal and external parameters of each camera lens.
Relative orientation parameters between two lenses of

the stereo camera can be calculated using exterior
orientation parameters (3 position and 3 rotation
elements). As two bundles of corresponding points on
images of two lenses are related to the unique point of
the object, Equation (5) can be written for them:

 xi 
 xi 
Xi 




Rleft . yi   Tleft  Rright . yi 
 Tright   Yi 
 zi  left
 zi  right
 Z i 

In Equation (5), x,y,z are image coordinates, X,T,Z
are object coordinates, Tleft and Rleft are the translation
and rotation matrix of the left lense and Tright and Rright

(5)

are the translation and rotation matrix of the right lens
respectively. Relative orientation parameters between
the two lenses can be calculates as below:

 xi 
 xi 
 y   Rt  R  y 
t
 Rleft
 ( Tright  Tleft )
left
right  i 
 i
 zi  left
 zi  right

In Equation (6), Rtleft*Rright is the rotation matrix
and Rtleft*(Tright-Tleft) is the translation matrix between
the two lenses of the stereo camera.
To calibrate the system, a test-field with including
a number of scale bars measured with a caliper having
a nominal precision of 0.01mm was used (Figure 10).
The calibration was performed in three steps, at first;
the interior orientation parameters of the individual
lenses were calculated. Next, relative orientations of

(6)

the left lens with respect to the right lens of each
stereo camera were derived. Finally, the relative
orientation of the left lens of any stereo camera with
respect to the left lens of its subsequent one was
computed.
From the calibration procedure, the average
accuracy of relative orientation parameters
computation was determined as shown in Table 1.

Fig. 10: Calibration of stereo panorama system using a test-field
Table 1: Accuracy of the relative orientation parameters derived from system calibration
Parameters
∆Ω (degree)
∆Φ (degree)
∆Қ (degree)
∆X (mm)
∆Y (mm)
∆Z (mm)

RMSE
0.021
0.011
0.002
0.146
0.145
0.119

stitched together to generate a complete stereo
panorama. Image stitching is the process of combining
multiple photographic images with overlapping fields
of view to produce a segmented panorama or high-

5. STEREO PANORAMA GENERATION
The images taken by each stereo camera are used to
form anaglyph stereo models. The models are then
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resolution image. To create the individual models, the
left and right images of each stereo camera are
matched. For this, SIFT (Scale Invariant Feature
Transform) was used which is developed by Lowe
(1999) and is one of the most promising techniques in
matching. This algorithm is proved to be invariant to
changes in scale, illumination, and small changes in a
camera viewpoint (Lowe, 2004). In order to reduce
the number of wrong matches, we used Ransac
(RANdom SAmple Consensus), an algorithm
proposed by Fischler and Bolles (1981).
The matched points are then used to determine a
homography matrix. Called homography in computer
vision (Faugeras, 1993), this matrix is a 3  3 linear
projective transformations which is used here to
transform the coordinates of the left image to the right
image by:
 x'   H 1,1

  y'    H 2 ,1
1   H 3 ,1

H 1,2
H 2 ,2
H 3 ,2

H 1,3   x 

H 2 ,3   y 
H 3 ,3  1 

resulting stereo panorama is projected on a cylinder to
allow for more realistic visualization. Figure 11 shows
matching procedure between images for stereo
panorama generation.
6. EXPERIMENTS
To evaluate the Stereo Panorama Modeler system, it
was used in 3D reconstruction of some places for
instance in the university area and in the street. These
areas were containing of moving vehicles and peoples.
Figure 12 shows the application of the system in 3D
modelling of the university and the street. The images
captured at each position were processed as described
above. The individual stereo camera models were
produced and stitched together to form the stereo
panoramas at each station. Figure 13 shows the
resulting stereo panoramas produced in various
environment. As can be seen in Figure 13, The
generated stereo panorama models is stereo, have well
quality, continuous, and the resolution on the whole
stereo panorama is equal. Moreover, since the stereo
cameras are synchronized and cover the whole 360
degree of the environment simultaneously, there is no
need to rotate the system like usual systems and
consequently the effects of vibration of the system is
eliminated. In addition, the effect of the people and
moving objects does not affect the generated model.

(7)

In Equations (7), x, y and x', y' are the image
coordinates of left and right images respectively. Once
H is found, the anaglyph models are produced from
the green and blue channels of the left image and the
red channel of the right image. In a similar procedure
H is defined between consecutive stereo models and
the final stereo panorama is generated. Finally, the

Fig. 11: Matching between stereo pairs (top) and matching between two consecutive stereo models (down)
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Fig. 12: Evaluating the Stereo Panorama Modeler in 3D reconstruction of the environment in the area of the university (left)
and in a street (right)

Fig. 13: The stereo panoramas generated from various environment

continuous, and the resolution on the whole stereo
panorama is equal. Moreover, since the stereo
cameras are synchronized and cover the whole 360
degree of the environment simultaneously, there is no
need to rotate the system like usual systems and
consequently the effects of vibration of the system is
eliminated. In addition, the effect of the people and
moving objects does not affect the generated model.
Consequently, the proposed system is a useful method
for 3D reconstruction of the urban areas and can be
applied by many organizations.

7. CONCLUSION
Producing a complete large scale environment model
which enables access visual information is required by
most organizations. In this regard, the applied method
and system in 3D modeling of the environment is an
important subject. In this paper, we present a new
stereo panorama system which is names Stereo
Panorama Modeler that is patented. The system enjoys
a number of benefits such as 3D viewing, 360 degree
covering the environment, overcoming the effects of
moving objects on a stereo panorama, increasing
automation of matching and image stitching, and
having equal resolution on the whole stereo panorama.
In this regard, first, the structure of the system, its
components is described. Next, applying off-the-shelf
stereo cameras in development of the stereo panorama
system is presented. In order to evaluate the system in
3D urban reconstruction, the system was applied in
modelling of some places for instance in the
university area and in the street. These areas were
containing of moving vehicles and peoples.The result
of experiments showed that the generated stereo
panorama models is stereo, have well quality,

REFERENCES
Amiri Parian J, Grun A (2010). Sensor Modeling,
Self-Calibration and Accuracy Testing of
Panoramic Cameras and Laser Scanners. ISPRS
Journal of Photogrammetry and Remote
Sensing, 65: 60-76.
Arnspang J, Nielsen H, Chritensen M, Henriksen, K
(1995). Using Mirror Cameras for Estimating
Depth. Computer Science, Springer Heidelberg,
970: 711–716.

8

International Journal of Scientific Research in Inventions and New Ideas, 2(1), pp. 1-10, 2014

Bo Z, Haitao X, Lulu L, Jun J, Jianyue Z, and Yiping
T (2011). Development of Coordinate-machine
of the Scene of Road Traffic Accident based on
Binocular Stereo Omni-Directional Vision
Sensors. Procedia Engineering, 24: 262 –266.
Carbel ELL, Oliviera PRG, Junior JCS (2008). An
Omnidirectional Stereo Vision System.
Proceedings of ABCM Symposium Series in
Mechatronics, 643-652.
Cobzas D, Zhang H (2001). Mobile Robot
Localization using Planar Patches and a Stereo
Panoramic Model. Vision Interface, 94-99.
Faugeras O (1993). Three Dimensional Computer
Vision: a Geometric Viewpoint. MIT Press. 663
pages.
Fischler MA, Bolles RC (1981). Random Sample
Consensus: A Paradigm for Model Fitting with
Applications to Image Analysis and Automated
Cartography. Communications of the ACM
Magazine, 24: 381–395.
Gledhill D (2007). 3D Panoramic Imaging for Virtual
Environment Construction. Ph.D. Thesis for the
degree of Doctor of Philosophy, School of
Computing and Engineering, the University of
Huddersfield.
Gledhill D, Tian GY, Taylor D, Clarke D (2003).
Panoramic Imaging—a Review. Computers &
Graphics, 27(3): 435-445.
Goshtasby A, Gruver W (1993). Design of a SingleLens Stereo Camera System. Pattern
Recognition, 26: 923–937.
Hall EL, Cao ZL (1986). Omnidirectional Viewing
Using a Fisheye Lens. Proceedings of
Conference of SPIE Optics, Illumination, and
Image Sensing for Machine Vision, 250–256.
Hua S, Huang Q, Zhang A, Qiao J (2008). 3D
Measurement, Reconstruction and Navigation
through Panoramic Photography. Proceedings
of International ISPRS, China, 115-118.
Huang H C, Hung P (1997). SPISY: The Stereo
Panoramic Imaging System. Proceedings of
Third Workshop on Real-Time and Media
Systems, Taiwan, 71-78.
Jiang W, Okutomi M, Sugimoto S (2006). Panoramic
3D Reconstruction using Rotational Stereo
Camera with Simple Epipolar Constraints.
Proceedings of Computer Society Conference
on Computer Vision and Pattern Recognition,
371–378.

Kawanishi T, Yamazawa K, Iwasa H, Takamura H,
Okoya, N (1998). Generation of HighResolution Stereo Panoramic Images by
Omnidirectional Sensor Using Hexagonal
Pyramidal Mirrors. Proceedings of International
Conference of Pattern Recognition, 485-489.
Lin TT, Hsiung YK, Hong GL, Chang HK, Lu FM
(2008). Development of a Virtual Reality GIS
Using Stereo Vision. Computers and
Electronics in Agriculture, 63: 38–48.
Lowe DG (1999). Object Recognition from Local
Scale-Invariant Features. Proceedings of the
International Conference on Computer Vision,
1150–1157.
Lowe DG (2004). Distinctive Image Features from
Scale-Invariant Keypoints. Computer Vision,
60: 91–110.
Micusik B, Kosecka J (2009). Piecewise Planar City
3D Modeling from Street View Panoramic
Sequences. Proceedings of Conference on
Computer Vision and Pattern Recognition,
Miami, 2906-2912.
Moravec H P (1990). The Stanford Cart and the CMU
Rover. In Autonomous Robit vehicles.
Springer, pages: 407-419.
Peleg S, Ben-Ezra M (1999). Stereo Panorama with a
Single Camera. Proceedings of Conference on
Computer Vision and Pattern Recognition, 395401.
Qu Y, Khoo WL, Molina E, Zhu, Z (2010).
Multimodal 3D Panoramic Imaging using a
Precise Rotating Platform. Proceedings of
IEEE/ASME International Conference on
Advanced Intelligent Mechatronics (AIM), 260265.
Shimamura J, Takemura H, Yokoya N, Yamazawa K
(2000). Construction and Presentation of a
Virtual Environment Using Panoramic Stereo
Images of a Real Scene and Computer Graphics
Models.
Proceedings
of
International
Conference on Pattern Recognition, 463-467.
Sung CK, Lu CH (2012). Single-Camera Panoramic
Stereo Model Based on Skew Ray Tracing.
Optik – International Journal of Light and
Electron Optic, 123: 594-603.
Varshosaz M, Amini A S (2007). Stereo Panoramas:
Problems and Solutions. XXI International
CIPA Symposium, Greece.

9

Amini et al.
Evaluating a New Stereo Panorama System based on Stereo Cameras

Amir Shahrokh Amini, PhD Student of Photogrammetry. : Faculty of Geodesy and
Geomantic Engineering, K. N. Toosi University of Technology.
ashamini@dena.kntu.ac.ir

Dr Masood Varshosaz, Associate Professor, Faculty of Geodesy and Geomantic
Engineering, K. N. Toosi University of Technology.
varshosazm@kntu.ac.ir

Dr Mohammad Saadatseresht, Assistant Professor, Faculty of Engineering,
University of Tehran, north Amirabad Street. Tehran, Iran. msaadat@ut.ac.ir

This patent is approved with number 81084 in Iran.

10

