NASA TRIWG, June 1997

Car negie Mellon

•The high gain planar antennas are light weight and have wide beamwidth suitab le for the application. •Antenna pointing is required, b ut the accurac y needed is not lo w due to wide beamwidth. •1.5 Mbps contin uousl y between the Nomad and a relay station using an Antenna P ointing Mechanism. •Low loss APM (< 1.5 dB). •Range of 6-8 miles can 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. •Private subnet keeps the internet traffic a way. •Monitoring from CMU and Ames possib le.

Features

NASA TRIWG, June 1997

Car negie Mellon

Direct high band width communication between a r obot and a satellite .

Dream...

NASA TRIWG, June 1997

Car negie Mellon

- Develop metric(s) to

- evaluate pointing perf ormance .

- Perform experiments to

- characteriz e the mec hanism - test and compare diff erent contr ol strategies - verify the effects of v arious parameter s (like locomotion configuration, sensing, planning, and velocity) on the pointing perf ormance .

- Validate/Tune the APM model and sim ulations using the experimental data.

- Validate the appr oach (integrated contr ol/design).

APM- Future Work

NASA TRIWG, June 1997

Car negie Mellon

Differential GPS

•position of the r obot and the rela y station in the inertial frame.

Digital Gyro Compass •magnetic azim uth of the vehic le.

Inclinometers

•roll and pitc h of the vehic le. Encoder s

•positions of azim uth and ele vation motor s. •optical s witches to g enerate absolute pulse . IMU •rotational rates •fused with compass data to g et better band width on azimuth.

APM- State Estimation

NASA TRIWG, June 1997

Car negie Mellon

Item Value RF Losses ~ 1.5 dB Elevation range to + Azimuth range Elevation Rate /s Azimuth Rate /s Elevation Acceleration / Azimuth Acceleration / Pointing Accuracy openloop Pay Load Capability 4 kg Payload Size 27.3 x 34 x 2 cm Mass ~ 12 kg Peak Power < 25 W

40° – 60° 360° 60° 30° 190° s^2

190° s^2 2.5°

APM- Specifications

NASA TRIWG, June 1997

Car negie Mellon

- Azimuth/Elevation configuration •less coupling - Slip ring for elevation actuator •continuous rotation unlike cable-wrap. •reduces complexity (management of

cables is easier)

- RF rotary joint

•to send RF signal from the transmitter to the antenna •located co-axial with the slip ring •RF characteristics remains constant unlike that for flexible RF cable •Less losses (0.5 dB) compared to flexible RF cable (1.2 dB)

- Harmonic drive and brushed motor

•minimize backlash

- Balanced system

•minimizes disturbance torques

Antenna P ointing Mechanism- Features

NASA TRIWG, June 1997

Car negie Mellon

High datarate comm unication fr om a moving robot to a distant receiver (> 3 miles) is bottlenec k

• Cannot be ac hieved using omnidirectional antennas, high gain directional antennas are required.

• Directional antenna (on the r over) must be activel y pointed while the robot is mo ving.

• Off-the-shelf pointing de vices couldn’t meet the specifications (RF losses, pointing sle w rates, mass, po wer)

High gain antenna, activel y pointed using a CMU developed mec hanism is being used to ac hieve high bandwidth communication between the Nomad and a relay station.

Why is it difficult?

NASA TRIWG, June 1997

Car negie Mellon

Well, nothing reall y,

except that... Rover to Relay station comm unication is a bottlenec k.

Robot

Comm Truck

Desert Site

Science Center ,

Relay station

Landline

Downlink (Pittsb urgh, PA)

Pittsb urgh, PA

Max 8 miles

ARC 2 x T1

2 x T1

Moffet Field, CA

So Whats the Big Deal...

NASA TRIWG, June 1997

Car negie Mellon

CSU/ T1 CISCO 2514

Ether net (Imagery) (Status/Command/ Contr ol)

High Speed Serial (to NASA AMES)

Ether net (Possibly Inter net)

CHILE

DSU MegaPlex 2004 T1

Frac. T1 CSU/ DSU CSU/ DSU

CSU/ DSU Video

Pittsb urgh Teleport Car negie Science Center

2 Voice Lines to PBX

More Details... (Pittsb urgh)

NASA TRIWG, June 1997

Car negie Mellon

Some Details...(Chile)

Wireless

Real Time

REAR PANEL

Ethernet Radio

ROBOT

Computer

Panosph. Computer NAV Computer

Ethernet

GPS

RELA

Y ST

ATION

Wireless

Ethernet

Radio

EthernetRS232

CONTROL VAN

Router

Ethernet

Ethernet

Monitoring Work Station

Cisco 2409

Wireless Ethernet

MegaPLEX 2004

Voice Video

Terminal Serv er

Satellite Modem

To Pitt

1.5 Mbps

1.5 Mbps

NASA TRIWG, June 1997

Car negie Mellon

Robot

Comm Truck

Desert Site

High Point

Landline

Downlink (Pittsb urgh, PA)

Science Center ,

Max 8 miles

ARC

2 x T1

2 x T1

Pittsb urgh, PA Moffet Field, CA

Overview

NASA TRIWG, June 1997

Car negie Mellon

1.5 Mbps from Nomad mo ving in Atacama terrain to Carnegie Science Center and Ames resear ch Center

Bottom Line/ Status

Nomad in Chile

Science Center , Pittsb urgh, PA

Ames, Moffet Field, CA

1.5 Mbps

1.5 Mbps

NASA TRIWG, June 1997

Car negie Mellon

Nomad- Communication System Deepak Bapna