INS/GPS Technology Trends

gand Performance Comgarisonsz

George Schmidt
Massachusetts Institute of Technology
10 Goffe Road, Lexington, MA, USA
gtschmidt@alum.mit.edu

Distinguished Lecture sponsored by the IEEE
Aerospace Electronics and Systems Society

WWW.ieee-aess.org

Copyright © 2010 by George T. Schmidt. All rights reserved.



he Future

INS/GPS technology trends are leading to the
possibility of better than one meter accuracy,
low cost, robust global precision navigation
systems of the future
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Attributes Shortcomings

Gimbal System A Gyros stabilize the platform and ASize, weight, and electronics
measure low angular rates ACost

A Platform can be oriented for
calibration or navigation

A Instruments can be oriented
preferentially on platform

A Most accurate systems

Strapdown System ASize, weight, and cost ARequires precise gyro scale
factor

ARequires algorithms to compute
attitude transformation matrices
and coning and sculling terms

ARequires high speed digital
computer for application

ADifficult to calibrate while in
vehicle

I n the 6006s and 7006s strapdown systems enabl ed
(1) Ring laser gyro developments

(2) Dual speed attitude transformation algorithms

(3) Digital computer processor speed and memory size improvements

(4) In-flight calibration using Kalman filter



Current Gyro Technology Applications
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Near-term Gyro Technology Applications

RLG = Ring Laser Gyro
IFOG = Interferometric Fiber Optic Gyro

1 nautical mile/hour earth rate

1,000

100

10

SCALE FACTOR STABILITY (ppm)

01 | > | l |
0.0000015 0.000015 0.00015 0.0015 0.015 0.15 1.5 15 150 1500

BIAS STABILITY (°/hr)




Far-Term Gyro Technology Applications

IFOG= Interferometric Fiber Optic Gyro
MEMS= Micro-Electro-Mechanical Systems
IO= Integrated Optics

1 nautical mile/hr earth rate
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Current Accelerometer Technology Applications

Consumer

Tactical Missile
Midcourse
Guidance

1,000

100

Cruise Missile
Land Navigation

Aircraft Navigati
HtoONnomaou
Submarine
g

0.1 — | | | |
0.1 1 10 100 1,000 10,000

Bias Stability ( mg)

10

‘ Mecm
Floated

Instruments

Self-Aligning
Strategic Missile

Scale Factor Stability ( ppm)




SCALE FACTOR STABILITY (ppm)

Near-term Accelerometer Technology
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Far-Term Accelerometer Technology Applications

MEMS = Micro-Electro-Mechanical Systems
IO = Integrated Optics
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Cost $

INS Cost as a Function of Instrument

Technology
IFOG = Interferometric Fiber Optic Gyro
MEMS = Micro-Electro-Mechanical Systems
IO = Integrated Optics
100,000 QUARTZ = Coriolis Sensor
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INS/GPS Guidance System Evolution

GPS

— —— —— — —

C/A to P(Y) Code GPS
Tightly Coupled
Hybrid Technology

Miniature P -Code Engine
Direct P(Y) Re - acquisition
Tightly Coupled
MCM/ASIC Technology

GPS not included
P(Y) Code GPS add -on
Deep Integration Compatible
BGA/ASIC/MCM Technology

Deep Integration
SAASM GPS
Rapid P(Y) re -acquisition
ASIC Chip Set

19951997 19962000 20062002 20022009
ERGM Demo INS/GPS CMATD INS/GPS MMIMU Dee Inte. ration -Common
e Guidance IMU

Volume =126 in 3
Six 1-axis MEMS sensors
500 °/hr, 20 mg IMU
24 Watts
6,500-g gun launch

Volume =13 in 3
Six 1-axis inertial modules
50 °/hr, 1 mg IMU
10 Watts
12,500-g gun launch

Volume =8in 3
Two 3-axis inertial modules
1 o/hr, 100 Mg IMU
< 3 Watts

Volume =2in 3 (3in3w/GPS)
Single 6 -axis inertial module
0.3 °/hr, 100 ny IMU
<5 Watts
20,000-g gun launch
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Honeywell MEMS IMUs

HG1900 MEMS IMU

HG1930 MEMS IMU

< 20 cubic inches < 4 cubic inches
<1lb <0.351b
< 3 watts < 3 watts

Gyro bias 1 to 30 deg/hr
Gyro random walk 0.1 deg/SQRT(hr)

Gyro bias 20 deg/hr
Gyro random walk 0.15 deg/SQRT(hr)
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GPS Organization: 3 Segments

A Space Segment

I Constellation of 24 space vehicles (satellites) in 6 different
orbits at altitude of 20,200 km

I 6-10 satellites in view from any location

A Control Segment

I 6 Operational Control Stations (Ascension Island, Cape
Canaveral, Colorado, Diego Garcia, Hawaii, and Kwajalein)

A Monitor satellite health and position
A Upload updates to information broadcasted by satellite

A User Segment
I All users of GPS
A Military (navigation, inertial update, weapons delivery, etc.)

A Civilian (survey, vehicle location monitoring, aircraft
landing, etc.)



GPS Accuracy Performance Dependence

A Accuracy of data sent to the satellites from
ground station

A Accuracy of data broadcast by the satellites
A Multipath algorithms

A Receiver processing errors and number of
satellites being tracked

Sincel997, accuracy improvement initiatives have
been underway to significantly improve the
accuracy of the data broadcast by the satellites.



OCS and NGA Tracking Stations
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OCS Data Flow After Implementation of Accuracy Improvements
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Reduction of Combined Clock and
Ephemeris Errors from 1995 Model

Anticipated Combined Clock
and Ephemeris Error
Enhancement Improvement over 1995
Combined Error of 3.7 m (18)

Correction Updates 1.8 m
(50% reduction)

Additional Monitor Stations 1.5m
(additional 15% reduction)

Non partitioned Kalman Filter 1.3 m
(additional 15% reduction)

Improved Dynamic Model 1.2m
(additional 5% reduction)




Tightly Coupled INS/GPS System - Air
Vehicle Trajectory after 30 minutes

CLOCK AND EPHEMERISERROR (1 S8 ) CEP (m)
ALL IN VIEW TRACKING 8 SATELLITES
1995 Model i 3.7 m 2.97m
Correction Updates 7 1.8 m 1.46 m
Additional Monitor Stations 7 1.5 m 1.22m
Non-partitioned Kalman Filter i 1.3 m 1.06 m
Improved Dynamic Model T 1.2 m
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Loosely Coupled Approach
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INS/GPS Deep Integration

Error Detector
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Jammer Possibilities

ERP = Equivalent Isotropic Radiated Power

¥ 1 W ERP
$500

100 W ERP
$100K

100 W ERP <& B

ﬁ $100K - % L/
: 100 kW ERP
$1.5M







