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ABSTRACT 

Sandia National Laboratories has initiated the development of an airborne system for W laser remote 
sensing measurements. System applications include the detection of effluents associated with the 
proliferation of weapons of mass destruction and the detection of biological weapon aerosols. This paper 
discusses the status of the conceptual design development and plans for both the airborne payload 
(pointing and tracking, laser transmitter, and telescope receiver) and the Altus unmanned aerospace 
vehicle platform. Hardware design constraints necessary to maintain system weight, power, and volume 
limitations of the flight platform are identified. 

. .  
1. INTRODUCTION 

Sandia National Laboratories has developed, evaluated, and field-tested W fluorescence laser remote 
sensing techniques. Ground field experiments (conducted at the Hazmat Spill Center in Nevada and 
Starfire Optical Range on Kirtland AEB in Albuquerque, NM) have demonstrated that UV laser remote 
sensing can detect and discriminate important effluents. Sandia has now started the development of an 
airborne W lidar for deployment on an unmanned aerial vehicle (UAV). The primary application for 
this system is the detection of effluents associated with the production of weapons of mass destruction. 
Due to similarities in system implementation, a complimentary secondary application focused on the 
detection of biological weapon (BW) aerosols is also planned. Current plans are to execute the first 
flight in the summer of 2001. This paper presents an overview of the flight system design and 
requirements for each of the major subsystem components. The information presented represents the 
current status of the conceptual design development for the W instrument, support instrumentation, and 
the airborne platform. It should be considered preliminary in nature since design activities are not yet 
complete. 

2. CONCEPTUAL DESIGN 

The challenges presented in developing a lidar system for UAV deployment are demanding for a number 
of reasons. Operationally, the system is constrained by the available weight, power, and space, and it 
must operate in a totally "hands-off'' mode for up to many hours. Proven design approaches, validated 
detection techniques, and the use of off-the-shelf technology (wherever possible) will be used to provide 
cost effective and reliable solutions. Where needed, custom-engineered components will be used to 
mitigate weight, power, and space constraints. 
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The baseline approach places the transmission and collection optics, together with the receiver 
components, on an inertially-stabilized gimbaled platform with the W laser source and other control 
electronics mounted external to the gimbal. The UAV instrument configuration and details of the 
gimbaled platform are shown in Figures 1 and 2. This approach allows greater flexibility and weight and 
space efficiency over that of the scanning mirror approach commonly used in other airborne lidar 
designs, Not shown in the drawing of Figure 1 is a fairing on the underside of the UAV. The fairing will 
protect the optical components and reduce wind-loading on the inertially-stabilized pointing-and-tracking 
platform. 

Figure 1. W lidar configuration in the Altus UAV 



Figure 2. Gimbded platform component configuration. 

The expected target materials, being either distributed on the ground or aerosol clouds, are broadly 
dispersed spatially. Because of this, pointing accuracy is not a constraining parameter, and a line-of-sight 
(LOS) pointing accuracy of 1 mrad is sufficient. However, since measurements will be made at a given 
location for 10s of seconds, LOS jitter is a concern. The pointing stability requirement is fairly 
constraining at 200 pad.  Since the pointing platform is inertially-stabilized, some amount of weight on 
the inertial platform is desired to improve LOS stability. In the current design, approximately 40 kg of 
weight is mounted on the inertially-stabilized platform. Components on the platform include the 
collection and transmission optics, receiver components, and mounting structure. 

2.1 UAV PLATFORM 

The platform for the airborne instrument is the Altus UAV (shown in Figure 3), a Predator-class vehicle 
modified to allow operation at altitudes up to 60,000 feet and built by General Atomics. The Altus, 
together with ground command and control components, is available from Sandia resources for at least 6 
months per year. The flight and ground systems are operated in a partnership between Sandia and the 
Navy Center for Interdisciplinary Remotely Piloted Aircraft Studies (CIRPAS). 
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Figure 3. ALTUS UAV showing (a), payload bay and (b), in-flight configuration. 

The total weight available for the W lidar payload is typically 150 kg. A maximum of 170 kg is 
available with careful placement of the payload center-of-gravity. Power, up to a maximum of 1800 
watts at 28 Vdc, is available. At the maximum power consumption level, however, the payload must be 
able to automatically shed, or off-load, up to 600 watts for specific platform maneuvers such as takeoff, 
landing, significant altitude changes, and high-demand maneuvers involving significant aircraft control- 
surface usage. Expected flight parameters for W lidar operations include slant ranges between 0.5 and 
20 km and an air speed of approximately 75 knots. Although the platform can remain in flight for up to 
24 hours, our deployment concept requires only 4 to 6 hours of flight-time for a given test. 

Command and control of the W lidar instrument will be implemented using existing command and 
telemetry interfaces available on the Altus platform. This includes a 19.2-Kbaud C-Band command 
uplink shared with the Altus and a l-Mbaud E-Band telemetry downlink dedicated to payload use. An 
existing video channel will be used to relay data from a wide-field-of-view imager viewing the target 



area. Ground station instrumentation to receive and process each link is also part of the Altus ground 
system. Test equipment unique to the payload will require development. 
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2.2 COLLECTION AND TRANSMISSION OPTICS 

Energy Per Pulse Detection Application 
(mJ) 

10 Tryptophan Fluorescence 

30 Nutrient Fluorescence 

10 Vegetative Backgrounds 

Since the baseline design does not use a turning mirror in the transmission path, the laser will be routed 
through the roll and pitch gimbals of the pointing and tracking system in a Coude' path arrangement and 
aligned coaxially with the collection telescope as shown in Figure 2. Depending on implementat'ion 
method, up to seven turning mirrors may be required to accommodate this approach. The collection 
telescope will be a Dall-Kirkham design, with a 30-cm-diameter aperture. The receiver components will 
be structurally mounted behind the primary mirror with the telescope field-of-view constrained to be 
slightly larger than the laser spot size to minimize the collection of background radiation. A collection 
field-of-view of 600 p a d  is planned. Given the narrow field-of-view in the W collection telescope, a 
wide-field-of-view imaging system will be used to provide pointing information during flight operations. 
The imaging system will be mounted on the gimbaled platform and aligned with the collection and 
transmission optics. 

2.3 W LASER SOURCE 

For the airborne program, the most demanding subsystem development will be the W source. The UAV 
operating environment imposes size, weight, and power constraints, and the system will have to operate 
in a totally hands-off mode. The W laser source will be procured from an industrial vendor. Currently, 
development proposals which meet the technical requirements are under evaluation. 

Previous ground-based lidar work at Sandia has utilized a continuously tunable W laser source 
operating between 250 and 400 nm. Based on field tests and laboratory work, only a discrete set of 
excitation wavelengths are needed for high-confidence detection and discrimination of target materials. 
Specific wavelengths and pulse-energy levels for bio-aerosol detection are listed in Table 1. A pulse 
repetition rate of 100 Hz, and pulse-to-pulse wavelength tuning are planned. 

Table 1. W laser wavelengths and pulse energies for bio aerosol detection. 

Due to the broad spectral nature of biological species, some flexibility is possible in the selection of 
optimized excitation wavelengths. Similarly, there is flexibility in the required laser energy and 
wavelength tuning rate. 



2.4 POINTING AND TRACKING 

The pointing and tracking subsystem will use a gimbal-mounted, GPS-aided, LN-200 inertial 
measurement unit (MU) to meet the necessary navigation, pointing, and stabilization requirements of the 
lidar system. The design has been used for a number of synthetic aperture radar applications including 
one for UAV deployment. Based on previous developments, a LOS stability of 15 to 20 p a d  is 
expected, a factor of 10 better than our design requirement. 

Many of the components necessary for the pointing and tracking subsystem (see Figure 4) are either off- 
the-shelf items (e.g., GPS receiver and LN-200 MU) or based on designs developed for a range of other 
applications. Repackaging of the components with other lidar subsystems will be necessary to meet the 
volume limitations of the UAV platform. 

Navigation Computer LN-200 IMU 

GPS Receiver Drive Electronics 

Figure 4. Pointing and trackipg subsystem components. 



2.5 RECEIVER 

The baseline receiver design is based on the multispectral lidar system developed and tested in earlier 
ground field tests. Three detection channels, shown in Figure 2, will be required for the lidar subsystem: 

1. A topographic backscatter channel to provide a precision trigger necessary to initiate the 
gating electronics for delayed fluorescence measurements. (Gate delays will vary from 20 to 
100 nanoseconds depending on test scenarios.) 

2. A range-resolved aerosol backscatter channel to provide a real-time in-flight diagnostic of the 
alignment of the collection telescope and the laser transmitter. (The collection field-of-view 
is small at 600 pradians and in-flight evaluation of the laser and collection telescope 
alignment is desirable for real-time or post-flight data analysis and interpretation.) 

3. A dispersed fluorescence channel to provide detailed spectral information necessary for both 
target detection and discrimination. (The baseline design uses a gated, intensified CCD array 
mounted in the image plane of a grating spectrometer.) 

Detection of target materials deposited on surface8 requires suppression of the prompt surface, or 
background, fluorescence with a variable time-delayed gate. This has not been a concern during static 
ground measurements, however, the airborne application will require accurate knowledge of the slant 
range to the target in order to set the gate delay properly. High-accuracy gating will be accomplished 
using a small fraction of the residual infrared (IR) pump-laser output (which is accurately synchronized 
with the W laser output) to measure the propagation time to the ground target area. The topographic 
backscatter signal from the IR range-finding laser will then be used to set delays for the gating 

electronics to pulse-to-pulse laser-timing jitter. A schematic diagram of the gate generation process is 
shown in Figure 5. 

. electronics used for the florescence measurement. This approach eliminates sensitivity of the gating 
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Figure 5. Schematic diagram of the fluorescence gate generation process. 



2.6 DATA ACQUISITION AND CONTROL 

The data acquisition and control subsystem (DACS) will be a microprocessor-based system that provides 
the interface between the UAV ground station commandcontrol functions and the airborne lidar. In 
addition to providing the support functions, such as command uplink, telemetry processing downlink, 
data collection/storage, and lidar measurement control, the DACS will also perform several other tasks. 

First, limited onboard data processing will be performed to demonstrate the feasibility of autonomous 
operation and the ability to directly downlink analyzed data products. Automated near-real-time software 
to accomplish this will be based on the existing ground-lidar analysis-software toolkit. The DACS will 
also implement and control designated laser safety functions for airborne laser operation. In addition to 
the wide-field-of-view imaging camera used to monitor the position and status of the pointing system, the 
DACS will disable (or shutter) the laser output when any of the following conditions occur: 

1. Communication between the ground station and the DACS is lost for a predetermined amount 
of time. 

2, Communication between the DACS and the laser-control microprocessor is lost for a 
predetermined amount of time. 

3. Pointing status is outside predetermined limits. 

4. Slant range to the target'location is outside predetermined limits. 

Provisions will also be provided for ground commands to disable laser transmission. 

3. DEPLOYMENT CONCEPT 

A concept for deployment of the Altus platform and UV lidar under test conditions is shown in Figure 6. 
Test operations will typically be planned for nighttime conditions. Daytime collections will be 
performed to verify full-sun performance. 

For ground-based measurements, target cells containing known concentrations of biological aerosols will 
be irradiated. The test cells will be deployed on the ground in a grid arrangement to simulate realistic 
concentration levels. Instrumentation, deployed in the target grid pattern, will be used to verify and 
quantify laser illumination levels on the target cells. The UAV platform will be flown in a "racetrack" 
pattern around the deployed target cells with measurements performed on the long leg of the racetrack. 
Slant ranges will be varied from 0.5 to 20 km. 

Measurements of ground targets can be performed at various facilities with the constraint that line-of- 
sight communication between the UAV and its deployed ground station must be maintained during the 
flight profile. Measurements against bio-aerosol releases are being considered. 
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Figure 6. Schematic diagram of field-test deployment. 

4. SUMMARY 

The development of an airborne UV-fluorescence lidar deployed on a UAV platform presents both 
scientific and engineering challenges. The development was initiated as it is recognized that for lidar 
systems to be supportive of both technology advancements and user desires, smaller, power-efficient, 
ruggedized, and well-engineered systems must be developed. Progress to date has identified a lidar 
design approach based primarily on off-the-shelf technology and/or proven measurement concepts. The 
ability to support multiple standoff measurement applications is technically achievable with minimal 
impact on system design and performance. The conceptual design for the UAV lidar system was 
reviewed at a design review in September 1998. First flights of the fully integrated system are expected 
to occur in the summer of 2001. 
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