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Fully Integrated Imaging Solutions

Leica’s RCD Digital Frame Cameras
Leica Geosystems is steadily developing its RCD series of airborne
medium-format digital frame cameras. First it introduced its RCD105 model
that is designed specifically for integration and concurrent operation with its

to production. Leica Geosystems is now offering its RCD medium-format digital frame camera systems that can satisfy both of these
applications.

ALS series of airborne laser scanners. Now it is introducing its ‘stand-alone’
RCD100 model, which comes fully integrated with a control unit and a
GNSS/IMU system and is designed to generate imagery for use in
photogrammetric mapping and orthophoto production.
By Gordon Petrie

Fig. 1 – The camera unit – called the CH39 Camera Head by Leica –
that forms the basis of company’s RCD range of medium-format
digital frame camera systems.

Introduction
As is well known, Leica Geosystems competes
strongly in the market for large-format airborne digital imagers with its ADS series of
airborne pushbroom line scanners. The company introduced this technology to the airborne imaging and mapping community with
its ADS40 imager that was first shown at the
ISPRS Congress held in Amsterdam in 2000.
Since then, Leica has steadily developed and
improved this type of large-format digital
imager, resulting in the current ADS80 model
which was introduced at the ISPRS 2008
Congress held in Beijing. However Leica has
recognised that, besides the highly competitive market for large-format imaging devices,
a considerable market also exists for smaller
and less expensive
airborne
digital imagers. These are required both for

integration with airborne laser scanners and
as fully integrated ‘stand-alone’ systems that
can generate digital imagery for use in photogrammetric mapping projects and orthopho-

Fig. 2 – The focal plane shutter of a CH39 camera
unit which is equipped with a travelling slit that
exposes the image that is being recorded on the
CCD area array of the frame camera.
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Basic Camera Unit
The basic frame camera unit that is used in
both of these Leica medium-format imaging
systems is a purpose-built
that is manufactured by Geospatial Systems
Inc. (GSI) in Rochester, New York [Fig. 1]. Under
a partnership agreement that was announced
by the two companies in September 2008,
this camera unit and its accompanying control software is being supplied to Leica
Geosystems on an exclusive basis for incorporation in those of its systems that are
aimed at the commercial airborne mapping
market. This basic camera unit - which is
called the CH39 Camera Head by Leica - features a Kodak CCD area array equipped with
a Bayer-pattern mosaic filter that can produce
either colour (RGB) or false-colour (CIR) frame
images with a format size of 7,216 x 5,412
pixels, with each pixel being 6.8 µm in size.
The CH39 camera unit is available from Leica
with a choice of three alternative lenses having focal length values of 35, 60 and 100 mm
respectively. These lenses have a fixed (infinity) focus suitable for use from an airborne
platform and a fixed aperture value of f/4. The
lens that has been selected by the user is
rigidly attached to the camera body. The camera and its lens is then calibrated geometrically using GSI’s calibration cage.
Of special interest with regard to the CH39
uticamera is the use of a
lizing a curtain with a travelling slit that is
drawn very rapidly across the CCD array to
expose a frame image of the ground [Fig. 2].
The slit travels at a fixed speed across the
focal plane, while the width of the slit can be
varied to change the length of the exposure.
This type of shutter has been used widely in
reconnaissance cameras, since it allows the
use of ultra-short exposure times from an aircraft that is flying fast at low altitudes – in
the case of the CH39, the exposure time can
be as short as 1/4,000th second. This ensures
that blurring of the image due to aircraft
motion is not a problem. The shutter is unidirectional in its operation, allowing a minimum interval of 2.2 seconds between successive exposures. The use of this particular type
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Fig. 3 – The RCD105 camera system that can be
supplied for use with the Leica ALS series of
airborne laser scanners – with the CH39 Camera
Head sitting on top of the case containing
the CC105 camera controller.

of focal plane shutter offers the unique feature of being removable and can be replaced
in the field without the need to remove the
lens or to re-calibrate the camera unit. The
use of this type of shutter - which takes a
very short but finite time to cross the focal
plane - also means that the exposed image
is very slightly elongated in the flight direction. However this effect is removed during
the post-processing of the exposed image.

ALS Corridor Mapper models. The RCD105 can
be operated up to the maximum ceiling of the
ALS scanners. In the case of the ALS50-II, the
maximum flying height at which the instrument can be operated is 6 km above ground
level, while the newest ALS60 model that was
introduced at the ISPRS 2008 Congress can
be operated at altitudes up to 5 km over the
terrain. Both of these scanners can be used
for the generation of elevation models over
large areas of terrain. By contrast, the ALS
Corridor Mapper is a lower-cost model that is
designed specifically for corridor mapping at
large scales (along roads, railways, rivers,
pipelines) from much lower flying heights –
with a maximum operational altitude of 1 km
above ground level [Fig. 4]. With these very
different laser scanner applications and operating altitudes in mind, it is interesting to note
the wide range of angular and ground coverages that are provided by the alternative lenses that are available for the RCD105 camera
system - as set out in Table I.

RCD100 Camera

Fig. 5 – The Leica Geosystems RCD100 mediumformat digital frame camera system in its housing.

PAV80 gyro-stabilized mount [Fig. 5]. The first
three of these units are tightly coupled
together inside a specially-built chassis and
temperature-controlled housing. This then fits
into the PAV80 mount. The CH39 camera units
have already been discussed above. The

RCD105 Camera

By contrast, the Leica RCD100 is a fully integrated ‘stand-alone’ system combining (i)
either a single or dual CH39 camera unit; (ii)
a CC10 camera controller; (iii) an IPAS20 positioning and orientation system; and (iv) a

The RCD105 system comprises the CH39 camera together with its CC105 controller which
is interfaced directly to the camera [Fig. 3].
The controller can in fact control the operations of two CH39 cameras mounted side-byside to acquire colour (RGB) and false-colour
(CIR) frame images simultaneously and to
record and store the resulting data on two
removable solid-state (flash) memory units
that can be exchanged in-flight. The RCD105
was the first model in the series that was
introduced to the market in 2007. It was
developed specifically for the acquisition of
digital frame imagery concurrent with the laser
scan data being acquired by the latest models in Leica’s ALS series of
- including the ALS50-II, ALS60 and the

TABLE I - CH39 Lenses and their respective GSD values, angular and ground coverages and base:height ratios

Fig. 4 – The Leica Geosystems ALS
Corridor Mapper. The laser scanner
is contained in the box located at
left rear, while the large electronics
cabinet at the right rear contains
the controllers for both the camera
and the laser scanner. At the front,
the RCD105 camera has been
placed between the two display
monitors for the pilot (at left) and
the systems operator (at right)
respectively.
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combines an IMU (Inertial Measurement Unit)
and a geodetic quality GNSS receiver. The IMU
is located directly above the CH39 camera unit
in a very rigid mount. Above this sits the CC10
Camera Controller, including the removable
solid state drives. Finally the IPAS20 electronics cabinet – which contains the controller
boards, real-time firmware, GNSS receiver and
the storage card that is used to record the
measured IMU and GNSS data – is mounted
at the top of the stack of units accommodated
within the RCD100 housing.
A range of
with different capabilities is
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[a]

TABLE II – Specification and Accuracy Values for the Leica IPAS20 system
Fig. 6 (a) – The PAV80 gyro-stabilized camera mount.
(b) – The RCD100 camera system
emplaced in a PAV80 mount

[b]

N.B. – The NUS4 is the iMAR FSAS unit; the
DUS5 is the Litton LN-200 unit; the NUS5 is
a Sagem unit; and the CUS6 is the Honeywell
MicroIRS unit. (Source: Leica Geosystems)

offered for use in the IPAS20 system. The actual IMU that will be utilized will depend on (i)
the customer’s requirements regarding performance and the resulting cost; and (ii) the status of the customer’s country with regard to
the export of IMU technology, which is strictly
regulated by the appropriate U.S. and
European authorities. The IMUs are supplied
either by Northrop Grumman (formerly Litton)
or Honeywell in the United States or from one
of the European suppliers, iMAR (Germany) or
Sagem (France). Since the quality of the georeferencing data that is provided by the
IPAS20 is an important matter for all RCD100
customers, the accuracy values that are specified for each of the available IMUs are summarized in Table II set out above.
[a]

–
The
which corrects for the angular motions of the
airborne platform – is the successor to the
well known and widely used PAV30 mount
that was introduced originally during the
1990s for use with the Leica RC30 and other
similar film frame cameras. The new PAV80
mount [Fig. 6(a)] has a gimbal suspension
design and features high-torque motors and
a feedback loop, which provide a quick reaction to and a smooth compensation of the
angular changes that are taking place during
the flight. Compared with its predecessors,
the PAV80 has a notably extended stabilization range – in roll (between -7 to +7
degrees); pitch (between -8 to +6 degrees);
and heading (from -30 to +30 degrees). While
the PAV80 mount can accommodate a wide
range of cameras and scanners, both from
Leica and other system suppliers, within the
specific context of the RCD100 frame camera
system [Fig. 6(b)], the input values of the attitude and drift values will be derived from the
[b]

GNSS/IMU system of the integrated IPAS20
unit with which the PAV80 has a direct interface. The actual gimbal angles of the PAV80
mount are also measured continuously and
are recorded at high data rates for later postprocessing.
The complete RCD100 camera system is operated and controlled by Leica’s
. This
software-based system conducts, controls and
monitors all the operations of an RCD100 camera system, including the active provision of
flight guidance information to the camera
operator and the pilot. The camera operator
interacts with the FSCMS software through an
OC52 Operation Controller which is equipped
with a single board computer, a high-resolution (12 inch) touch-screen LCD display monitor and a keyboard [Fig. 7(a)]. Using the
FSCMS software and the OC52 controller, a
flight plan that has been prepared using
Leica’s
can be implemented, including the
automatic exposure of the RCD100 camera
system at the planned positions in the air and
the switching on and off of the image data
recording in accordance with the flight plan.
Besides the camera operator’s OC52 controller
and display, optionally the pilot can be provided with a similar OC50 controller that is
equipped with a smaller (6.3 inch) LCD colour
display [Fig. 7(b)]. The FSCMS software can
be operated by the pilot using hard keys that
are placed around the edges of this LCD display. The pilot can also be provided with flight
guidance information using a GI40 (Guidance
Indicator) that shows the deviations from the
planned flight track. This last display is placed
on the aircraft’s instrument panel directly in
front of the pilot.

Summary & Conclusion

Fig. 7 (a) – The OC52 Operations Controller complete with its LCD display and keyboard.
(b) – The OC50 Operations Controller for the pilot – note the “hard keys” that are located around the display.
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The introduction of this highly integrated
RCD100 digital camera system – comprising a
medium-format frame camera, a GNSS/IMU
system and a gyro-stabilized mount – is a
major addition to Leica Geosystems’ range of
airborne imaging systems. Its introduction
means that the company now has a product
September 2009
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Fig. 8 – A representative aerial frame image that has been acquired by a Leica RCD105
camera system.

that can compete fully in the burgeoning market for medium-format digital
frame cameras, besides the RCD105 camera that is targeted mainly at the customers for its very successful range of ALS airborne laser scanners. The main
market for the RCD100 camera system would appear to be those companies
and government agencies that have not yet adopted airborne digital imaging
technology because of the very high level of investment that is required to
purchase a large-format airborne digital imager. Into this group fall many of
the organisations in developing countries that are concerned with both national and project mapping. However, even in highly developed countries, the economics of operating medium-format airborne digital cameras are attractive to
those agencies concerned with the imaging and mapping of limited areas for
environmental monitoring and disaster response. It will be extremely interesting to follow the response of these various markets to this new product.
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