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Innovative lens improves
imaging for surveillance systems
Simon Thibault

By managing distortion and pixel coverage with the Panomorph lens,
target detection and recognition improve significantly.

Historically, the army, border-security agencies, and transpor-
tation-security planners have recognized the advantages of
panoramic imaging systems that contain fields of view of up to
180◦ in their coverage areas. Such advantages include increased
coverage with fewer cameras, simultaneous tracking of mul-
tiple targets, full horizon detection, and immersion capability.
However, existing panoramic imagers like fisheye, mirror, and
PAL (short for panoramic annular imager) have disadvantages
related to the number of effective pixels (the basic unit for video
screen images) used on their sensors. These disadvantages are
due to blind zones and circular or annular (ring-like) image areas
that are commonly called footprints.

These drawbacks seriously reduce the use of panoramic
imagers for surveillance. To solve these problems, we designed
a new imager—the Panomorph lens—that incorporates the
advantage of full-area coverage (with a 180◦ field of view)
and the ability to increase resolution where needed. Thus,
the Panomorph lens allows for a larger coverage zone and
distributes its image more efficiently on the sensor.1, 2

Two important parameters for the Panomorph lens are the
amount and location of the resolution. These parameters,
introduced at the optical design stage, allow the Panomorph lens
to provide a higher resolution in a defined zone than any other
standard panoramic imager. By comparison, a fisheye lens on a
standard NTSC camera (i.e. using the accepted television format
in North America and Japan) requires up to six times more pixels
on its sensor to produce the same resolution.2

For the security and surveillance of buildings such as indoor
parking garages, corporate offices, retail stores, shipping ports,
storage facilities, airport terminals, and residential homes, a
camera is mounted to the ceiling with its lens facing down
(see Figure 1, left). The most significant objects are located in the
zone at the periphery of the lens, also called the green zone or
zone of interest. The green zone is the most important part of the

Figure 1. (left) A camera is mounted on the ceiling in an indoor surveil-
lance application. (right) The graph shows the pixel-to-angle coverage,
with the dashed line representing a linear pixel coverage.

Figure 2. (left) The fisheye lens produces a circular footprint image
whereas (right) the Panomorph footprint is elliptical.

lens because it allows faces to be identified (facial recognition).
Thus, to maximize the optical performance, the lens is designed
to increase the instantaneous field of view (in other words, the
number of pixels per degree) in a particular green zone. So, each
pixel is important to the overall performance of the lens. In fact,
even one pixel above or below the ideal number results in the
inefficient use of the sensor.

The circular footprint (see Figure 2, left) of a standard
panoramic lens when used with a CCD is inefficient because it
under-utilizes the available pixels on the sensor. When Thibault
introduced an anamorphic (or image distortion) lens to produce
an elliptically shaped footprint (see Figure 2, right), a significant
improvement is achieved. (An elliptical footprint is produced by
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Figure 3. Face recognition range (30 pixels/face).

different axial focal lengths; thus, producing different magnifi-
cation of the image in each of the two perpendicular directions.)
Consequently, in a standard 4:3 format sensor, the researchers
achieved a gain of 30% in the number of pixels on the horizontal
axis. In addition, Figure 2 (left) shows the distortion correction
that spreads the green zone on a larger number of pixels within
the sensor: thus, both anamorphic coverage and distortion cor-
rection is present. As shown, the Panomorph lens increases the
figures’ height.

We calculated that the fisheye, mirror, and PAL panoramic
imagers all use less than 60% of the sensor area to image the
field of view. On the other hand, the Panomorph lens uses up to
80% of the sensor area, over 30% more than any other panoramic
imager. By managing distortion, the number of pixels available
in any defined green zone is controlled, which allows for better
detection and recognition of the target. With this approach, the
number of pixels used in the defined green zone is doubled.

In the example shown in Figure 1, the Panomorph lens
provides a face recognition range between 2.35 and 3.10m using
a NTSC 360-kilopixel (KPx) sensor (see Figure 3). With the
Panomorph lens, the detection range for both axes is different
due to anamorphisis. This range is about four to six times longer
than the range provided by a fisheye lens on the same sensor. To
produce a similar recognition range with a fisheye lens or PAL,
a 2-megapixel (MPx) sensor is needed.

We used an approach that involved managing distortion and
pixel coverage when designing the Panomorph lens. When
combined with a closed-circuit television (CCTV) camera on a
0.3MPx sensor, the lens provides the same range of detection as
a fisheye lens on a 2MPx sensor. Thus, the Panomorph requires
about eight times fewer pixels than the fisheye: that means fewer
pixels to manage, transfer, and record.

The next research step is to develop unique and efficient
Panomorph lenses—each requiring a different pixel coverage—
for such camera types as infrared, endoscopy, space, and
projection.
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