Dec 3, 1996 ATACAMA DESERT TREK 14/14

Communication- Bloc k Diagram

Dec 3, 1996 ATACAMA DESERT TREK 13/14

•Test “free wave radio” for 8-10 miles LOS and non-LOS. If freewave doesn’t work, “Pacific Crest” whic h is a lower frequenc y radio might be better . What are the other options?

•Test the “BR2040-EE” wireless ethernet bridg e over longer rang e and various pointing offsets with the ne w antennas.

•Speed up the de velopment on the Antenna P ointing Mechanism.

Future Work

Dec 3, 1996 ATACAMA DESERT TREK 12/14

•Non-LOS is a big issue

- Couldn’t identify a radio which would give non-LOS

transmission o ver 8-10 miles rang e. - “Freewave radio” needs to be tested f or longer rang e and non-LOS.

- Worst case- use repeater s and/or c hoose the terrain

accor dingly. •Antenna P ointing Mechanism de velopment needs to speed up.

•Closing the f eedbac k loop for antenna pointing is important, but we don’t have a proven/tested solution.

Issues

Dec 3, 1996 ATACAMA DESERT TREK 11/14

•Expected Data rate 2 Mbps contin uous. •Range of 8-10 kms between the r over and the rela y station is expected to be ac hieved.

•Command and contr ol is comm unicated via a lo wer bandwidth, higher reliability (non-LOS pr oblems to a lesser e xtent) serial modem.

•Same configuration as Ratler . •The high gain planar antennas are light weight and ha ve wide beamwidth suitab le for the application.

•Antenna pointing is required, b ut the accurac y requirements are g enerous.

Features

Dec 3, 1996 ATACAMA DESERT TREK 10/14

•Tested high gain planar antenna (8dB gain) f or long rang e.

We were ab le to ac hieve 3.5 miles LOS comm unication with these antennas.

•Higher gain planar antennas and Ne w bridge arrived yester day.

•Satellite vendor ha ve been identified and the f ormal contract w ould be signed soon.

•The design of the pointing mec hanism is being finaliz ed. •The sensor s needed f or pointing are identified and some of the sensor s (gyrostabiliz ed compass, IMU) are acquired and being tested.

•The simulation of the pointing system are in pr ogress and would be completed in ne xt 2 weeks.

Status

Dec 3, 1996 ATACAMA DESERT TREK 9/14

•2.5 Mbps to Pittsb urgh/ 0.5 Mbps to the Ro ver

•3.4 m C-band dish mounted on a truc k

•Duplicate for eac h component (e xcept the dish)

•Modem capacity- 8 Mbps

•Flexibility in link time/duration

•Downlink in Miami

•Landline to Pittsb urgh (satellite vendor responsib le for the landline)

Satellite Link

Dec 3, 1996 ATACAMA DESERT TREK 8/14

Configuration:

•Azimuth/Elevation Configuration •Slip ring for elevation actuator •RF rotary joint to send RF signal fr om the transmitter to the antenna.

Sensing:

•Differential GPS •Incremental Encoder s •Gyro Compass •Inclinometer •Inertial Measurement Unit

Antenna P ointing- Configuration

Dec 3, 1996 ATACAMA DESERT TREK 7/14

Item Value Comments Elevation range -60 to + 60 deg Azimuth range 360 deg Continuous Elevation Rate 60 deg/sec Azimuth Rate 30 deg/sec Elevation Acceleration 190 deg/sec^2 Azimuth Acceleration 190 deg/sec^2 Pointing Accuracy 2.5 deg Aggregate Pay Load Mass 2 kg Payload Size 27.3 x 34.0 x 2 cm Target Mass Approx. 6 kg Flexible Target Power Approx. 25 W Flexible Environmental

Antenna P ointing- Requirements

Dec 3, 1996 ATACAMA DESERT TREK 6/14

•8-10 Kms range at high data rate cannot be achieved with omnidirectional antennas.

•The data rate dr ops rapidl y with the pointing offset.

Antenna P ointing- Why?

Dec 3, 1996 ATACAMA DESERT TREK 5/14

Block Diagram

Wireless

Real T imeREAR P

ANEL

Ethernet

Radio

ROBO

TRELA

Y ST

ATION

CONTR

OL V

ANComputer

Panosph.

Computer

NAVComputer

Fiber Modem

Router

EthernetRS232

RS232

RS449

Monitoring

Work Station

Dec 3, 1996 ATACAMA DESERT TREK 4/14

Robot CommTruck

Desert Site

Contr ol Station

Relay Station

Landline

Downlink (Miami)

(Pittsb urgh)

Max 10 kms Max 1 km

Fiber

- Actively pointed antennas f or communication between the r over and the r elay station.

Current Configuration

Dec 3, 1996 ATACAMA DESERT TREK 3/14

Item Data rate

Data rate with Compr ession

Comments Total

Uplink

Rover Status 20 int at 4 Hz 1280 bps Continuous 2.5 Mbps (with pr otocol overheads)

Panospheric Cam- era 2k x 2k @10 bit, 6-8 Hz = 32 Mbps

1.88 Mbps (170:1 compr ession)

Continuous

Front Camera 1k X 1k @ 8 bit Occasionally Back Camera 1k X 1k @ 8 bit Occasionally Stereo Cameras For Debugging only

Downlink

Command & Control

20 int + 20 floats at 4 Hz.

3840 bps Continuous 500 Kbps available Camera Contr ol Which camera, Compr ession Ratio, FOV Downloading code - - Occasional

Data Rate Requirements

Dec 3, 1996 ATACAMA DESERT TREK 2/14

•Control from remote site (non line-of-sight).

•Uninterrupted command and contr ol.

•2.5 Mbps from the rover to the contr ol station during times the r over is operational.

•500 Kbps from contr ol station(s) to the r over during times the r over is operational.

•Communication rang e up to 10 Kms between the rover and the rela y station.

Requirements

Dec 3, 1996 ATACAMA DESERT TREK 1/14

Communication System

Deepak Bapna