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ABSTRACT
This paper is a follow up to a paper presented at ITC 2002 entitled “Wireless Local Area Network 
for Data Telemetry from Fast Moving Nodes” by R. J. Bamberger, G. R. Barrett, R. A. Nichols, and 
J. L. Burbank of the Johns Hopkins University Applied Physics Laboratory, and M. H. Lauss of the 
Yuma Test Center at the U.S. Army Yuma Proving Ground (YPG). In that paper, network-centric
data telemetry systems, specifically those based on commercial off- the-shelf (COTS) technologies 
such as the IEEE 802.11b Wireless Local Area Network (WLAN), were offered as an improvement 
over traditional frequency modulated (FM) data telemetry systems. The feasibility study of using 
WLANs for data telemetry considered both the radio frequency (RF) link over extended ranges and
the effect due to Doppler shift. This paper describes an experiment designed to test those previous 
analyses.
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INTRODUCTION
COTS technologies such as 802.11b WLANs offer high data rates, quick setup times, configuration 
flexibility, and relatively long ranges. These technologies may be readily adapted for data telemetry 
from sensors on mobile and airborne platforms. At YPG, 802.11b wireless bridges (WBs) and access 
points (APs) are currently being used to remotely control and telemeter data from video, 
meteorological, and other data collection equipment throughout the proving ground. The current 
YPG wireless network is considered to be a prototype for Two-Way Robust Acquisition of Data 
(2-RAD), a system that is being developed to support data telemetry from a number of fast moving 
airborne platforms such as missiles, munitions, and aircraft to collection points on the ground. An
effort is underway at the JHU/APL to analyze the current YPG system, and to investigate the 
feasibility of using this system for data telemetry from multiple fast moving airborne platforms.

Two primary concerns with using 802.11b as a data telemetry system on fast moving platforms are
robustness to Doppler shifts and the ability to maintain strong RF links over large distances. The 
paper presented at ITC 2002 addressed these concerns primarily through analysis. Doppler shifts for 
platform velocities of Mach 5 were determined to be 13.241 kHz, well within the specified 802.11b 
receiver frequency tolerance of ±60 kHz. The RF link analysis was based on the 802.11b network 
infrastructure operating at YPG. Operational line-of-sight (LOS) links of up to 70.7 km were 



calculated for an 11 Mbps data throughput, and LOS links of up to 165.3 km were calculated for a 
data throughput of 1 Mbps. These values were consistent with anecdotal experience at YPG.

To test the analysis results, a joint JHU/APL and YPG team is setting up an experiment to measure
the system performance of a network consisting of a fast moving airborne 802.11b node and 
stationary 802.11b nodes on the ground. The fast moving 802.11b platform for this experiment is an 
inexpensive and easily modified Hydra-70 rocket. The ground nodes, called Wireless Repeater 
Stations (WRSs), are based on the equipment configuration of the existing YPG WLAN system.

The Hydra-70 flights are planned for June or July 2003. The results of this experiment are expected 
to support the previous analyses and demonstrate that 802.11b can be used to telemeter data from 
fast moving platforms over distances that far exceed normal 802.11b operation. These tests also 
demonstrate the ability to develop very small, lightweight, and inexpensive data telemetry systems
using all COTS equipment.

802.11b SYSTEM DESCRIPTION
An 802.11b WLAN is a flexible data communication system that uses RF to extend or replace a 
wire/cable/fiber local area network (LAN). In addition to eliminating the wire/cable/fiber 
infrastructure, this system allows network nodes to be mobile. It operates in the 2.4000 to 
2.4835 GHz frequency band, which is an unlicensed industrial, scientific, and medical (ISM) 
frequency band. Data rates of 1, 2, 5.5, and 11 Mbps are supported, and the spectrum is spread using 
Direct Sequence Spread Spectrum (DSSS). In DSSS, the carrier is modulated using differential 
binary phase shift keying (DBPSK), which produces the 1 Mbps data rate; differential quadrature 
phase shift keying (DQPSK), which produces the 2 Mbps rate; or complementary code keying 
(CCK), which produces the 5.5 and 11 Mbps rates. Detailed information on the system can be found 
in the IEEE 802.11b standard (ref [6]).

WLAN systems can be configured as either an ad-hoc or infrastructure network. In an ad-hoc
network, the system nodes form a network “on the fly” when they are brought together. There are no 
fixed points, and every node can communicate with every other node. In an infrastructure network 
architecture, the nodes (mobile and fixed) communicate with fixed network APs. These APs are 
usually connected to wire or fiber optic land lines which act as the connection to wired networks 
(e.g., the internet). Nodes that travel from one AP service area to another AP service area are 
transferred via handoffs. This handoff method is similar to that used by mobile phone cellular 
systems. AP service areas can be linked to each other using WBs.

YPG WLAN IMPLEMENTATION
At YPG, an 802.11b-based COTS WLAN is being used to remotely control and telemeter data from
equipment throughout the proving ground. The YPG wireless network was first implemented in 
1996, and is considered to be a prototype for the 2-RAD system.

The YPG WLAN consists of various mobile, fixed data telemetry, and dedicated fixed infrastructure
sites. Mobile user platforms consist of wireless 802.11b radios installed into vehicles such as trucks, 
vans, or helicopters. The fixed data telemetry sites are located at fixed sites throughout the range and 



transmit mostly meteorological and video data. The six infrastructure sites provide the backbone 
connectivity to the range and are set up as wireless repeaters only and generate no data. The 
infrastructure sites identified: Sites1-6 provide the core 802.11b connectivity, with Site 2, Site 6, and 
Site 4 providing coverage to isolated areas not serviced by the three primary sites. The data is 
connected to the YPG wired network at Site 1. The infrastructure backbone operates with link 
distances of up to 30 km (19 mi).

WIRELESS REPEATER STATIONS
The WRSs used in this experiment each consist of an 802.11b AP connected to an 802.11b WB over 
a crossover Ethernet cable. Both the AP and WB are Cisco Aironet 340 Wireless Bridges, which can 
be configured as an AP or WB. The AP is used to communicate with the airborne 802.11b node 
(Channel 1), and the WB is used to push the data onto the YPG WLAN infrastructure over a separate 
channel (Channel 6). The AP uses a 14 dBi gain Yagi antenna, and the WB uses an 11 dBi gain 
omnidirectional antenna and a 1 W amplifier. The Yagi antennas are mounted on 100-foot antenna 
masts. The WRS configuration is shown in Figure 1.

Figure 1. Wireless Repeater Station equipment and communications architecture

HYDRA-70 ROCKET VEHICLE
The Hydra-70 Rocket System is a family of relatively inexpensive 2.75-in. (70 mm) diameter 
unguided rockets. The Hydra-70 rocket is typically fired from armed helicopters or fixed wing 
platforms using a 7-tube M260 or 19-tube M261 Light Weight Launcher (LWL).  Several motors are
available for the Hydra-70. For these tests an MK66 Mod 2 motor is used.
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Figure 2. Hydra-70 rocket being loaded into an M260 LWL (left), and the Hydra-70 rocket 
with various warheads (right).

Measurements of the Hydra-70 flight dynamics performed by the Army Research Laboratory (ARL) 
in Aberdeen, Maryland, show an erratic spin history that ranges from +30 to -20 rev/s just after 
launch, then settles to approximately +10 rev/s for most of the flight. The velocity history peaks at 
approximately 650 m/s, and is shown in Figure 3.  These flight dynamics provide a robust test 
environment for the evaluation of mobile 802.11b system performance.

Figure 3. Velocity History of Hydra-70 Rocket Trajectory
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The rocket payload consists of two single board computers (SBCs), an 802.11b 
PCMCIA client card, a 2.4 GHz band antenna, and a small camera. Although all
payload components are COTS, the usable payload space interior diameter of 2.5 in
(63.5 mm) severely limited component selection.

Figure 4. Logitech 
camera

The camera that was selected is a Logitech QuickCam for Notebooks Pro 
with a maximum 640x480 video resolution and frame rate up to 30 frames per 
sec. This camera can also be remotely controlled to zoom, pan, and tilt. The 
camera is controlled, and image data is sent, via the USB port.



Of the 65 small (< 24 in.² footprint) SBCs that were identified, only four fit inside the Hydra-70
payload space. None of these four satisfied all the memory, processor, and interface requirements 
required for both the camera and 802.11b card. Consequently, two SBCs had to be used for this 
experiment.

The Intrinsyc Cerfboard has a 206 MHz Intel 32-bit StrongARM SA-1110 RISC (Reduced 
Instruction Set Computer) processor, 16 MB SDRAM, 32 MB Flash memory, a 10BaseT Ethernet 
port, and a CompactFlash port. This SBC is used to drive the Cisco 802.11b card which is 
accomplished through the CompactFlash port (a CompactFlash-to-PCMCIA adapter is used). 
Although this SBC has a USB port, the port is configured as a slave rather than as a host. Therefore, 
this board cannot be used to control or download image data from the Logitech camera. The 
operating system (OS) used onboard the CerfBoard is embedded Linux.

Figure 6. Intrinsyc CerfBoard SBC

The SBC used to control and read data from the camera is a CompuLab 586CORE with a 133 MHz
AMD ElanSC520 X-86 compatible processor, 64 MB SDRAM, 64 MB Flash memory, a 
100/10BaseT Ethernet port, and a USB host port. Because this board does not provide PCMCIA 
support, it cannot be used to drive the Cisco 802.11b card. The OS is Windows CE.

The CompuLab 586CORE interfaces to the Intrinsyc CerfBoard through an Ethernet crossover 
cable. The complete payload architecture is shown in Figure 8. Total payload weight is expected to 
be approximately 1.2 pounds, not including battery pack. Peak power consumption, which occurs 
during WLAN transmissions, is not expected to exceed 4 W.

The 802.11b radio is a Cisco Aironet 350 PCMCIA client adapter 
(AIR-LMC35x) with two MMCX connectors for external antennas. This 
card supports up to an 11 Mbps data rate, a transmit power up to 100 mW
(+20 dBm), and communication on all 11 North American 802.11b 
channels. Receiver sensitivity ranges from -94 dBm for a 1 Mbps data rate 
to -85 dBm for an 11 Mbps data rate.

Figure 5. Cisco 802.11b 
card



Figure 7. CompuLab 586CORE SBC top (left) and bottom (right) views
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Figure 8. Hydra-70 payload architecture

EXPERIMENT DESCRIPTION
The Hydra-70 rocket flights will take place at YPG in a test area known as Rocket Alley. The total 
flight distance of the rocket is approximately 6 km (3.7 mi), and flight time is approximately 
20 seconds.

Two WRSs will be located along the Hydra-70 flight trajectory. WRS1 is located 3.6 km from the 
launch site, offset from the trajectory ground track by approximately 1 km. WRS2 is located 7.9 km
from the launch site, and beyond the expected flight termination point. These WRS locations, along 
with the launch point and expected flight termination point, are shown in Figure 9.

Two test configurations are planned. For the Link Tests, a single WRS (WRS2) located beyond the 
flight termination point captures rocket data along the entire flight trajectory. For the Handoff Tests, 
two WRSs (WRS1 and WRS2) are used to test the Hydra-70 node handoff from one WRS to 
another. At least four Hydra-70 rockets are available for this experiment, so at least two launches are 
planned for each test configuration.



Figure 9. YPG test site with launch, impact, and WRS locations

For both test configurations, 802.11b link and timing information are monitored prior to launch and 
throughout the Hydra-70 flight. The primary measurement equipment for these tests is an 802.11b 
wireless network sniffer. The sniffer consists of a laptop computer with a Cisco Aironet 350 
PCMCIA client adapter connected to an 11 dBi omnidirectional antenna. The sniffer software is the 
AiroPeek Wireless Protocol Analyzer, a commercial software product that provides packet 
transmission speed, channel number/RF frequency, and RF signal strength of the received packet. 
AiroPeek also allows 802.11b management and control packets to be captured along with the data 
packets typically recorded by Ethernet sniffers (e.g., Ethereal sniffer software). Corrupted packets 
are recorded using AiroPeek to provide packet error rate (PER). During the Handoff Tests, the 
Medium Access Control (MAC) layer, network layer, and transport layer delays are measured during 
the handoff from WRS1 to WRS2.

The primary data carried by the 802.11b packets are camera control messages (uplink) and digitized 
camera video (downlink). The camera is mounted with the lens normal to the spin axis. Because a 
frame rate of greater than 10 frames per second is required to avoid synchronization with the 10 Hz
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rocket spin rate, a frame rate of 15 frames is planned. Picture and color resolution have not yet been 
determined. Once the image data is pushed onto the YPG infrastructure, it is organized, stored, and 
distributed using the Integrated Management Test Framework (ITMF). The ITMF is an architecture 
that operates under the YPG WLAN and is used to manage data throughout the network. 

PRE-EXPERIMENT LINK ANALYSIS
A pre-test analysis was performed to predict the expected received signal levels at both the airborne 
and ground 802.11b nodes. This analysis assumed a parabolic rocket trajectory with a 300 m apogee.
The orientation of the rocket was assumed to be tangential to the trajectory path. The log-distance
propagation loss model was used for the path loss calculations. LOS was assumed throughout the 
trajectory. The antenna patterns, look angles, and rocket pitch angle were used to determine antenna 
coupling loss. The azimuth boresight angle for the WRS2 antenna is optimized for each test 
configuration.

The results for the received signal level at the WRSs are shown in Figures 10 and 11 for the Link 
Test configuration and Handoff Test configuration, respectively. The green line shows the Hydra-70
trajectory, with the elevation axis on the right. The light blue line represents the receiver sensitivity 
of -94 dBm for a 1 Mbps data rate, and the pink line represents the receiver sensitivity of -85 dBm
for an 11 Mbps data rate (for a bit error rate of 10-5). In Figure 10, the dark blue line represents the 
received signal level at WRS2. In Figure 11, the dark blue line represents the received signal level at 
WRS1 and the purple line represents the received signal level at WRS2.
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CONCLUSION
The Hydra-70 rocket experiment described in this paper is intended to investigate the effects of 
velocity and extended range on 802.11b system performance. The data from these flight tests should 
provide an initial indication of any limitations to using the 802.11b WLAN system for data telemetry 
from fast-moving platforms. This experiment also demonstrates the ability to develop small, 
lightweight, inexpensive WLAN telemetry systems using COTS equipment.

Because the Hydra-70 flights are not expected to take place until June or July 2003, the experiment 
results are not available at this time. However, these results will be presented during the ITC 2003 
speakers session for this paper.
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