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ABSTRACT

The first airship was invented and designed in 1852 by Henri Giffard, a French
engineer. Airships were used by both the Allied and German military for surveillance
and bomb dropping in WWI. There was a steady increase in airship use up until the
Hindenburg exploded while docking in 1937 at Lakehurst, New Jersey. This tragedy
almost ended the use of airships. Significant use of airships next occurred during
WWII for submarine surveillance and depth charging. Airships for advertising,
surveillance, and command control came of age in the late 1980s and early 1990s.

Airships can be fitted with several telemetry options or instrumented with sensor
systems for surveillance purposes. The telemetry or sensor data can be relayed, real-
time, to a remote station as much as 150 km from the airship either encrypted or plain
when cruising at 3000 feet altitude. Small vehicles (3 meters long) can be detected at
50 km using radar; 12 km using FLIRs; and, depending on weather conditions and
real-time imaging processing, up to 20 km using video cameras. Cooperating airborne
targets can be tracked out to 150 km.

The major advantages of the airship over conventional aircraft are:

! ENDURANCE Up to 20 hours without refueling.
! LOW OPERATING COST Less than the cost of a helicopter.
! SHOCK-FREE ENVIRONMENT Allows commercial electric equipment usage.
! VIBRATION-FREE ENVIRONMENT Yields personnel comfort and endurance.
! SAFETY Safer than any aircraft, automobile, or bicycle.
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INTRODUCTION

Airships are the modern answer to practical and affordable telemetry data gathering
and aerial surveillance. At a lower cost than fixed-wing aircraft or helicopter systems,
they offer long endurance, a high payload volume, and a benign, vibration-free
environment for sensitive equipment. In addition to real-time sensor data being able to
be telemetered to a ground station, the sensors can be remotely operated from the
ground station if required.

These factors enable the airship platform to perform long-term, permanent airborne
surveillance over land or sea. Equipped with sophisticated electro-optical (EO)
equipment, security forces have conducted surveillance over the last two Olympics in
Los Angeles and Seoul. The French Ministry of Interior used a similarly equipped
airship for traffic monitoring and crowd control in Paris during the 1989 bicentennial
celebrations, as well as for the internal security tasks associated with the subsequent
G7 summit. Augmented with a lightweight radar, the U.S. Department of Defense has
stated their intention of deploying airships for drug interdiction purposes in the Gulf of
Mexico.

THE AIRSHIP PLATFORM

Modern airships are largely constructed of high performance composites and plastics,
offering a very high strength-to-weight ratio. Their lift is derived from safe, inert
helium gas. Their Radar Cross Section (RCS) is virtually that of the engines alone.

Numerous airships have been built and now operate throughout the United States,
Europe, Australia, Japan, China and Korea. The Airship International "Skyship" is the
largest and most sophisticated airship available. Figure 1 shows a skyship in flight.
The characteristics of the Skyship are as follows:

DIMENSIONS :
Length: 194 feet (59.1 meters)
Height: 67 feet (20.5 meters)
Width: 63 feet (19.2 meters)
Volume: 235,400 cubic feet (6,666.5 cubic liters)

LIFTING GAS: Helium (non-flammable)



MAXIMUM PASSENGER CAPACITY: Nine plus captain and co-pilot
PERFORMANCE :

Cruising speed: 35 mph (56.3 kmph)
Maximum speed: 62 (100 kmph)
Propulsion: Two Porsche 930 engines, 225 hp each
Cruising altitude: 1,000 to 3,000 feet (304.8 to 914.4 meters)
Maximum altitude: 10,000 feet (30.48 meters)
Range: 300 miles (482.7 km)

GONDOLA DIMENSIONS :
Length: 38.3 feet (11.7 meters)
Width: 8.4 feet (2.56 meters)
Headroom: 6.3 feet (1.92 meters)

ENVELOPE FABRIC: Polyurethane-coated polyester synthetic

The all-composite hull is virtually maintenance free and all routine scheduled
maintenance to the engines and other major components can be performed in the field.

Of particular benefit is the very low vibration and shock-free environment on board an
airship which, compared with fixed or rotary wing aircraft types, results in a dramatic
reduction in failures of sensitive equipment which may be installed on board and also
adds to crew comfort.

Airships may be operated from a fixed or mobile base. The normal operating
procedure is to set up a Forward Operating Base (FOB) in the immediate vicinity of
an intended operation. Ground support equipment required at the FOB is all vehicle
mounted in a so-called "road train." Its flexible and mobile nature is such that over
land, an airship may be readily hot-refueled on zone, thus enabling longer missions to
be programmed. Indeed, with all scheduled maintenance routinely conducted in the
field at the mast, an airship, operating from its mobile road train FOB, may be
deployed away from its main operating base (MOB) for many months at a time. By
locating the FOB in the immediate vicinity of an intended operation, transit times are
minimized and operational times on task maximized. It has been found that operating
a single airship can maintain 20 hours coverage each day. Given sufficient crews and
"hot" refueling, virtual continuity may be achieved for periods of two to three days.
Fuel consumption at cruising speeds is approximately 12 US gallons (45.5 liters) per
hour and at slow speeds approximately 7 US gallons (26.6 liters) per hour.

A fully equipped airship with a crew of six, operating at a surveillance altitude of
3,000 feet (914.4 meters), at an economic cruising speed of 20 mph (32.14 km/hr) in
high temperature regions, will offer an endurance of up to 20 hours.



Typically, a 20-hour endurance capability means that:

(a) For short periods of time, 24-hour a day operation can be achieved
with one airship allowing one quick descent to refuel and change
crews. For typical geostationary surveillance missions, 12 hours on
station is easily achievable; two airships can, therefore, maintain
continuous surveillance around the clock over a given area for a
period of many weeks.

(b) Once on zone, long continuity may be achieved, both for
intelligence compilation through surveillance, and on occurrence of
any incident, continuous command and control at the scene of the
incident. Furthermore, the real time transmission of images of that
incident over a long distance data link to headquarters facilities
enhances the command potential. With the addition of a command
up link, headquarters personnel can point and control the sensor
devices.

(c) The inherent safety of an airship and the spacious interior of the
gondola allows the crew to move around freely during the flight.
This, combined with full toilet and adequate galley facilities, makes
missions of 20 hours duration readily achievable.

A considerable amount of space is available for mission equipment and personnel.
Bulky sensors, such as a radar antenna, may be conveniently mounted above the
gondola, inside the electromagnetically- transparent envelope. Other equipment can be
mounted on the outside of both gondola and envelope, with none of the aerodynamic
or center of gravity constraints typical of other aircraft. When a large number of radios
are required to enhance the Command, Control, and Communication (C3) function, the
large surface area of the airship envelope precludes mutual interference typically
experienced in many current in-service aircraft.

MISSION PAYLOADS

Mission payloads are divided into two principal uses: Telemetry range use and
surveillance use. These uniquely different payloads are described in the following
paragraphs.



TELEMETRY PAYLOADS

The airship can be fitted with several TM equipment options depending on the user
requirements. Typical uses are a TM data, voice video and/or VHF flight termination
relay link (1,2), as well as a TM acquisition decommutation and data storage facility
with autotracking high-gain antennas. Figure 2 depicts several OTH relay link
applications. S-Band or X-Band received PCM telemetry data are typically
reconstructed to baseband before being relayed at L-Band or C-Band. (At the standard
operating altitude of 3000 feet, the tracking range to a cooperating surface vehicle is
75 km. The tracking range to a cooperating airborne vehicle at 3000 feet altitude is
150 km.) Decommutated PCM data can be converted to engineering units and
displayed on board. Selected decommutated data channels can be recorded on airborne
strip chart recorders. Selected decommutated PCM channels can be recorded for
future analysis on a 14-track IRIG standard analog tape recorder.

SURVEILLANCE PAYLOADS

The major surveillance devices that are currently available include electro-optical
devices such as video cameras, solid state cameras and thermal imagers, as well as
short and long wavelength radar. Real-time data links are available for relaying the
sensor data to a command center. Remotely-operated sensors are available so that
operation of the sensors can be performed at the command center.

High resolution and high sensitivity, color or monochrome, solid-state video cameras
are available for daylight to moonlight operations at reasonable costs. Current charged
coupled devices (CCD) have resolutions better than 755 active elements horizontally
and with to 485 lines vertically. Sensitivity of these devices ranges from full daylight
to deep twilight using AGC and auto lens signal leveling techniques. Motorized zoom
lenses with 14:1 ratios, adequate lens speeds, and auto iris are available at modest
costs. More exotic (and expensive) camera lens/gimbal systems are available with
66:1 zoom ratios and 18.5 degrees to 0.28 degrees horizontal field of view. Direct-
drive servo motors are required on the two axis gimbal that supports these camera/lens
combinations.

Solid-state cameras employ monochrome CCD arrays that differ from TV camera
arrays because the vertical resolution is not limited to 485 lines by industrial standard
RS-170A. Consequently, higher resolution images (at slower frame rates) are
available. These cameras provide from twice to five-times the resolution of standard
television cameras; hence, shorter focal length lenses can be employed because
zooming to selected objects is accomplished via software. Since these arrays are
square rather than rectangular, a one-inch (2.54 cm) format type optical lens is



required. An all solid-state electronic imaging camera having a 1024 by 1024 pixel
array with a variable frame rate to 30 per second is currently available. A CCD camera
with a 2048 by 2048 element array with a one per second frame rate is also available.
Linear type charged coupled arrays with up to 4096 picture elements are also available
for line scanning cameras. A license plate can be read at ranges of over 1 km.

For night as well as daytime imagery operations, gimbaled thermal (infrared) imaging
sensors are used. Forward looking infrared (FLIR) sensors with 512 x 512 or 1024 x
1024 pixel frame arrays provide images that appear identical to monochrome video
camera images. (The number of vertical lines used depends on the RS-170 or CCIR
optional output.) Currently, fixed focal length lenses are mechanically switched in
different combinations to achieve various fields of view. Zoom lenses are under
development by several firms. However, associated camera electronics provide an
electro-optical zoom feature with a zoom ratio of up to 15:1. The horizontal field of
view can be varied from 30 degrees to 1.7 degrees. With these features, a human can
be detected at a range of 7 km and identified at 2 km.

Long wavelength Synthetic Aperture Radars are currently available which penetrate
foliage and ground 5 to 10 meters (16.4 to 32.8 ft) in depth. The radar is used for
border, tunnel and pipeline surveillance. These radars operate in the 20 to 90 MHz
range and have a resolution of one meter (3.28 ft) in azimuth and two meters (6.56 ft)
in range and can be used day or night in all weather conditions. The airship is an ideal
platform for the associated long element antenna array.

Exportable X-Band long-range surface search and small target detection radars are
available with options that enhance maritime or ground surveillance usage. High-
resolution pulse compression and scan-to-scan processing techniques remove sea and
rain clutter. Multiple-target, high-resolution track-while-scan compatibility using
Kalman filters are standard features. The optional Inverse Synthetic Aperture Radar
(ISAR) imaging processor further enhances maritime surveillance capability. For land
surveillance, the Synthetic Aperture Radar (SAR) imaging and moving target
indication (MTI) technique options are available in lieu of ISAR. Detection and
resolution of clustered small targets (2 meters) is possible at ranges up to 50 km (31
miles).

To identify any targets of interest at night, the airship may be fitted with a powerful
1600W (30 million candle power) searchlight. This has a variable beam width from 4
to 20 degrees, and is capable of illumination out to a range of 1 km (0.62 miles). To
improve the overall system's low-light-level performance, the searchlight can be
slaved to the camera/FLIR gimbal.



For air-to-ground communication within the vicinity of the airship, a 1400W Loud
Speaker System is employed. In an urban environment, this system is effective within
a 1.5 km (0.93 miles) diameter circle below the airship.

Finally, an electric winch, typically used in helicopters, mounted over the gondola
access, allows crewmen to be picked up or put down without the airship having to
return to base.

CONTROL/DA TA LINKS

To further integrate the system into the command network, an integral voice and video
data link is available. An omni-directional antenna on the airship transmits to
directional ground receiving antennas which may be fixed (MOB) or mobile (FOB,
i.e., supporting a temporary incident control center). Both are capable of processing
the received imagery in a number of ways, including recording (against a time base),
image analysis for identification purposes, and extraction of a hard copy. Operating at
L-, S-, C- or X-Band microwave frequencies, the system also offers encrypted and
spread-spectrum jam-resistant links, if required.

The fixed ground station facility, using a parabolic antenna which either automatically
tracks or, if GPS position data is downlinked, automatically points to the signal source
on the airship (GPS TRACK) to optimize reception, will receive LOS direct emissions
at ranges of up to 150 km. Longer ranges may readily be achieved using additional
microwave/ground link relays or satellites. Mobile stations, using a compact,
lightweight, manually-controlled antenna to track the signal source, offer reception
ranges of 50 km (31.1 miles) or more.

The camera heads aboard the airship may be remotely controlled and directed from the
ground. A typical ground station at the MOB consists of an autotracking antenna (or
GPS TRACK) and a control console. A ground station at an FOB can use a lower-cost
directional antenna rather than an autotracking antenna. The control console is custom
configured for the specific mission or missions requirements. A typical control
console is shown in Figure 3. The tracking antenna at the MOB is selected based on
the distance from the antenna to the airship, the transmitted power level of the data
transmitter, and the data bandwidth. Most mission requirements are satisfied with a
single-axis antenna, such as the EMP model GTS-04C (Figure 4). It is a four-foot
diameter antenna with a broad enough beamwidth to cover most of the mission
requirements. Should the airship be at a high elevation angle outside of the beamwidth
of the four-foot diameter antenna, tracking is automatically switched to the 3-element
array shown on the top of the antenna in Figure 4. This array has a very broad
elevation beamwidth and is tilted at an elevation angle such that close-in coverage,



including overhead passes, is accomplished. When longer ranges and/or wider data
bandwidths are required a high-gain, two-axis tracking antenna is required.

SUMMARY

Listed below is a partial list of Airship Payloads and Instrumented Airship Uses.

AIRSHIP PAYLOADS

! Gimbal-mounted Color or Monochrome Video Imaging Camera
! Gimbal-mounted High Resolution Digitized Imaging Camera
! Gimbal-mounted Monochrome High Resolution Infra-red Imaging Camera
! Synthetic Aperture Radars with Moving Target Indicator (MTI) Radar
! Inverse Synthetic Aperture Radar with Sea and Rain Clutter Reduction

Capability
! Atmospheric Sensors
! Airship Location Sensor (GPS)
! Voice TM Data and Video Relay Antennas, Receivers and Transmitters

! Search Light
! Loud Speaker System
! Electric Winch

INSTRUMENTED AIRSHIP USES

! Pipeline and H.V. Transmission Line Surveillance
! Border Surveillance and Monitoring
! Forest Fire Surveillance and Monitoring
! Communications/TM/Video Relaying
! Meteorological Data Collection
! Security Surveillance
! Police and Fire Department Support
! Search and Rescue
! Weapons Data Collection
! Cruise Missile Detection
! Testing of ELINT Equipment
! Geological Data Collection
! Traffic Control
! Fishery Protection
! Forest Protection
! Maritime Surveillance
! Crowd Control



! Urban Policing
! Pollution Control

An airship travelling at constant cruising speed has another important use. Raw analog
or digitized data from a scanning linear array type sensor (FLIR or solid state camera)
or from a scanning radar, can be processed by Fast-Fourier Transform (FFT) and
filtering to yield scientific-grade signatures for post-analysis applications. Uses
include:

! Sonar buoy mapping.
! Land and underwater mine detection and mapping.
! Power transmission line EMF loss detection and mapping.
! Identification of camouflaged objects.
! Water pollution spectrum identification and mapping to a depth of 100

feet.
! Detection and mapping of anomalies under snow and ice to a depth of 70

feet.
! Detection and spectral analysis of residual effects from aircraft, rocket

and ship wakes.
! Spectrum analysis and mapping of polluted lands for reclamation

purposes.

CONCLUSION

The airship is ideally suited as a TM platform and for most surveillance applications.
Some of the main benefits associated with the airship are:

!! LONG ENDURANCE
Up to 20 hours.

!! HIGH PAYLOAD VOLUME
Large space available for mission equipment and personal. Bulky objects
such as a radar antenna can be conveniently mounted above the gondola
inside the airship envelope.

!! AERODYNAMICS
The center of gravity constraints involved with mounting sensor
equipment on an aircraft are virtually eliminated with an airship.

!! MUTUAL INTERFERENCE
The various antennas required for radios and telemetry can be sufficiently
separated to eliminate problems encountered on an aircraft.



!! STABLE, VIBRATION-FREE, BENIGN ENVIRONMENT
Airship installations of electronic and sensor equipment will have a 200%
to 300% increase in MTBF over that of aircraft installations.

!! SENSOR INSTALLATION
The airship can accommodate all of the known and required sensors for
airborne surveillance. Aircraft are very limited in this respect.

!! CREW ENVIRONMENT
Full toilet, galley, and rest facilities for crew personnel permit them to
function at much higher efficiencies and for longer periods of time than in
an aircraft.

!! FLIGHT AVAILABILITY
Only two weeks of hangar inspection are required per year. All other
maintenance tasks are routinely performed in the field between missions.
Flight availabilities of 2,500 hours per year are achieved compared to 800
hours per year with a typical helicopter.

!! LOW OPERATING COST
Airships need no runway or infrastructure when operating in the field
only a cleared space. The unit procurement cost of an airship is
comparable to that of medium-lift airplanes and helicopters. However, the
operational and maintenance costs are an order of magnitude lower.
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