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APPARATUS AND METHOD FOR THREE-DIMENSIONAL PANORAMIC IMAGE
FORMATION

The present invention relates to a method and apparatus for 3-dimensional (3D)
panoramic image formation, more particularly to capturing and generating a 3D
image using line-scan sensors with a single projection centre and without image
stitching.

BACKGROUND TO THE INVENTION

Panoramic imaging technology has been used for merging multiple photographs of
digital images to produce a single seamiess 360° panoramic view of a particular
scene. A camera is usually employed in such a way that a sequence of image inputs
is obtained as the camera is rotated around the focal point of the camera lens
causing every two neighboring images to slightly overlap each other. The intensity
values from the two neighboring images in the overlap region are weighted and then
summed to form a smooth transition. The resultant panorama provides a 2

dimensional (2D) description of the environment.

Generally, multiple cameras are usually utilized in order to obtain both intensity and
3D panorama. There have been systems producing depth panoramic images. An
example of such system is found in the U.S. Patent No. 6,023,588 which utilizes a
side-by-side camera system in imitating a human viewer. However, this is impossible
by using the side-by-side configuration. One solution displaces the camera vertically
such that the line between the rear-nodal points of the cameras is aligned with the

rotation axis.

In order to generate 3D images, a camera set swivels at the nodal point at a constant
angular interval and produces intensity images. The 3D panorama is constructed by
stitching neighboring 3D images like the conventional 2D panorama form by stitching
two neighboring intensity images together. However, problems arise when two
adjacent 3D images in a sequence are merged. Distortion appears when a sequence

of 3D images is used to describe a shape of an object.

U.S Patent No. 7,010,158 describes a method of modeling and reconstructing 3D
scene wherein each 3D panoramic image is derived from a plurality of range images

captured from a distinct spatial position. The 3D panoramic images are generated by
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positioning a camera at a first distinct spatial location; acquiring the plurality of range
images of the scene by rotating the camera about a vertical axis relative to the
scene, wherein there is an inter-overlap region between adjacent images; and
forming a 3D panoramic image about the vertical axis from the plurality of acquired
range images. A plurality of 3D panoramic images is created by repeating these
steps at additional spatial positions in the scene. This invention simplifies the
merging process of the 3D panoramic images drastically compared to merging the
entire set of individual range images. However, it still requires image stitching

process for 3D panoramic image generation.

SUMMARY OF THE INVENTION

The present invention is directed to overcoming one or more of the problems set forth
above. Briefly summarized, the present invention relates to a method for generating a

3D panoramic image which comprises:

(a) capturing two video signals from each sensor that arrive in a line-by-line manner
with synchronization pulses where the video signals are synchronized by the

synchronization pulse from each of the video signals;

(b) spatial integrating a 2D image collection on a line-by-line basis over a certain

period of time depending on the rotation speed of a rotary stage;

(c) assigning the first video signal as a starting mark of temporal registration with

reference to the first sensor for a given convergent distant;

(d) compensating the time difference in order to achieve viewable disparity which
does not exceed the human maximum allowable parallax by padding with plain

image data; and
(e) integrating both the video signals to produce a single 3D panoramic image.

More specifically, the video signals are obtained by placing two rotating sensors side-
by-side that share the same projection center and centre of rotation. The image data
are then extracted from the video signals and synchronized and build up in the
system memory in order to form perspective two-dimensional images which are

generated after a full cycle of 360" rotation.
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The amount of padding with plain data is dependent upon the convergent distant.

An advantage of the present invention is that image stitching is not required to
generate 3D panoramic image and it requires only a single lens or one projection
centre to acquire the images. A selectable coverage of the field of the view is another

advantage achieved by using the tilt-able holder.

Another significant advantage with the setup that uses two line-scan sensors with a
single lens is that the calibration of the sensor in terms of their spatial position, raw,
pitch and yaw with respect to each other is much easier as only a single lens is used.

The lens is used as a reference point for calibration for both the line-scan sensors.

These and other aspects, objects, features and advantages of the present invention
will be more clearly understood and appreciated from a review of the following
detailed description of the preferred embodiment and appended claims, and by

reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The specific features, aspects, and advantages of the present invention will become
better understood with regard to the following description, appended claims, and
accompanying drawings where:

Fig. 1 illustrates the image formation apparatus and its peripheral controllers;

Fig. 2 illustrates a field of view control of dual-sensor line-scan in action;

Fig. 3a, 3b and 3c illustrate perspectives view of tilting sensors with goniometer;

Fig. 4 shows the simplified data processing flow and potential resultant images; and

Fig. 5 shows the time integration volume covered by sensor 1 and sensor 2.

DETAILED DESCRIPTION OF THE INVENTION

in the following description of the preferred embodiments of the present invention,

reference is made to the accompanying drawings which form a part hereof, and in
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which is shown by way of illustration specific embodiments in which the invention
may be practiced. It is understood that other embodiments may be utilized and
structural changes may be made without departing from the scope of the present

invention.

Referring to Fig. 1, there is illustrated an embodiment of the present invention to
capture a 3D panoramic image of interest. A single standard C-mount, CS-mount or
F-mount lens 100 is used as a common projection centre for two high-speed line-
scan sensors 110, 111 that are arranged side-by-side on the same plane, where
scene in object space is backed projected to the sensors 110, 111 respectively. Both
sensors 110, 111 are packaged into a single unit and mounted on a motorized
control goniometer 135 and a rotary stage 120 (see fig. 5) with a centre of rotation

(center of the package unit).

The rotary stage 120 has two parts; the upper part is stationary and the lower part is
movable stage. A slip ring 170 is placed in between the 2 stages from the camera
and to the synchronizer which are connected through the slip ring 170 to avoid

entanglement of the cables.

A timing synchronizer 140 is used to synchronize the raw video signals from each
sensor 110, 111 start time before they are captured by a signal-capturing device 150.
The signal-capturing device 150 may be a frame grabber or a digital signal processor
(DSP). The synchronization plays a vital role in determining the integrity of the image
quality as the video signal might not arrive to the image capture device as the exact

same time.

A laser point source 160 is used as a reference point. The laser point will be used to
indicate the starting point of the scanning. This can ease the process of image

registration.

Fig. 2 shows that the separation of the two sensors 110, 111 can be changed by a
motorized control 113 at the back of the sensors 110, 111. The motorized control 113
controls the overlapping field of view by opening up or closing the apertures of the
two cameras to achieve an equal angle. With this capability convergent distant can

be adjusted by the said apparatus.
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Fig. 3a shows that the camera is in the center point of the goniometer 135. Fig. 3b
and Fig 3c further show the camera is positioned at the upper and lower position of
the goniometer 135. The vertical field of view for both sensors 110, 111 can be
controlied by the goniometer 135. The fields of view of the sensors 110, 111 can be
changed by a tilt-able controller 130 (shown in fig. 5) to capture different areas in the
scene when and if necessary. The goniometer 135 is used to position the camera set

in order to face at a certain direction for field of view.

Referring to Fig. 4, two perspective images 40, 41 are produced at the end of a full
rotation of each of the sensors 110, 111. The full resolution of the image in the x axis
(the moving axis) represents the panoramic field of view of the surrounding scene.
The content of the resultant images 43, 44 shows the view from 0" to 359° in object

space.

Each of the resultant images 43, 44 is captured by the individual sensors 110, 111 on
a line-by-line-basis. The image data are stored temporarily on the signal capturing

device's 150 (frame grabber) memory before transferring to the system memory.

The integration of the 3D panoramic images 40, 41 is carried out by interleaving the
two image data, either vertically or horizontally, depending on the 3D viewing device
used. In the course of integrating the 3D information from the two perspective images
40, 41, calibration to limit the maximum allowable parallax for human eyes must be
carried out in order to reduce the eyestrain caused by the maximum allowable

parallax for the human eyes.

Fig. 5 shows time integration volume produced by both sensors 110, 111. The first
sensor 110 creates a different time integration volume 200 from the second sensor

111 as both sensors cover different perspective.

Constant speed rotation is achieved by a rotary stage 120 which is dependent upon
the readout rate of the sensors 110, 111 and resolution required. The relationship
between the speed of the rotary stage 120 and the camera read out rate also
determines the field of view covers and the detail, the shape and the aspect ratio of

the panoramic images.

Tilt-able controller 130 serves as the main tool to tilt the sensors 110, 111 to produce

different time integration volume 200 to generate the 3D view of interest. The images
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are captured digitally by high speed scan CMOS or CCD (solid state) sensors 110,
111.
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CLAIMS

1. A method to generate three-dimensional panoramic images comprising the
steps of:

capturing a first video signal of an object of interest by a first sensor (110) that
arrives in a line-by-line manner with video synchronization pulses to differentiate two
consecutive video lines;

capturing a second video signal of an object of interest by a second sensor
(111) that arrives in a line-by-line manner with video synchronization pulses to
differentiate two consecutive video lines which has a different perspective from the
first sensor (110);

spatial integrating a two-dimensional image on a line-by-line basis over a
certain period of time;

assigning the first video signal as a starting mark of temporal registration;

detecting the offset disparity of the second sensor (111) in terms of time
difference;

compensating the time difference with padding image data to reduce the
image disparity or parallax; and

integrating both resultant perspective images (43, 44) to produce a single

three dimensional image of the scene of interest.

2. A method to generate three-dimensional panoramic images according to
claim 1, wherein the first image (40) and second image (41) are visible light images if

a standard visible light line-scan sensor is used as the capturing device.

3. A method to generate three-dimensional panoramic images according to
claim 1, wherein the first image (40) and second image (41) are thermal images if a

thermal sensor is used as the capturing device.

4, A method to generate three dimensional panoramic images according to
claim 1, wherein two perspective 360° images would be produced at the end of a full

rotation of each sensors (110, 111).
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5. An apparatus setup to generate three-dimensional panoramic images
comprising: ’

two line-scan sensors (110, 111) arranged side-by-side on the same plane to
capture video signals of object of interest;

a motorized tilt-able controller (130) to alter the field of view of the sensors
(110, 111) depending on the object of interest;

a timing synchronizer (140) to synchronize the raw video signals from each
sensor;

a signal-capturing device (150), and

a slip ring (170) to avoid cable entanglement during high speed rotation.

6. An apparatus setup to generate three-dimensional panoramic images
according to claim 5, further comprising a rotary stage (120) for the sensors (110,

111) to capture images of the object of interest (40, 41).

7. An apparatus setup to generate three-dimensional panoramic images
according to claim 5, wherein the tile-able holder (130) can change the coverage of
the field of view of the sensors (110, 111) concurrently as they are mounted on the

same base plate.

8. An apparatus setup to generate three-dimensional panoramic images
according to claim 5, wherein the tilt-able controller (130) is rotated by goniometer
(135) to change the angle of the sensors (110, 111) to cover different field of view of

the object of interest (40, 41).

9. An apparatus setup to generate three-dimensional panoramic images
according to claim 5, wherein the motorized control (113) controls the overlapping
field of view by altering the distance between the two sensors (110, 111) to adjust the

convergent distant.
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10. An apparatus setup to generate three-dimensional panoramic images
according to claim 5, further comprising a single standard C-mount, CS-mount or F-
mount lens (100) as common projection center for both the sensors (110, 111)

11. An apparatus setup to generate three-dimensional panoramic images
according to claim 5, wherein the signal capturing device (150) is a digital signal

processor or frame grabber.

12. An apparatus setup to generate three-dimensional panoramic images
according to claim 5, further comprising a laser pointer (160) to set images of interest
(40, 41) as reference starting point on the resultant images (43, 44) to ease the

image registration process.
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