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RESEARCH ASSOCIATED WITH SINGLE GYROSCOPE DUAL
~RING PLATFORM INERTIAL GUIDANCE BYSTEMS

Liu Shiduan

Translation of "Dan Tuo Luo Shuang Huan Ping Tai Guan Dao Xi Tong
Yan Jiu®; Inertial Guidance and Instrumentation, No.3, 1995, pp

43-48

ABSTRACT This article puts forward, and, in conjunction with
that, studies mixed inertial and geomagnetic navigation systems
composed of single gyroscope dual ring inertial platforms and solid
state geomagnetometers. In the article, discussion is made of
system construction as wvell as operating principles. 1In depth
study 1is made with regard to system mechanical lay out. In
conjunction with this, analyses are completed of system accuracy
with a view toward cruise missile f£flight status. Combined
inertial/geomagnetic navigation systems are capable of supplying
navigation and guidance information which is the same as that
associated with inertial guidance systems. They are not only
capable of providing longitude and latitude. They are, moreover,
abls to supply such information as surface (illegible) as well as
attitude angles, and so on. Due to the fact that inertial
platforms only make use of one gyroscope and two accelerometers and
there is also no bearing stability circuitry, therefore, the
structure is simple. Manufacture is easy, and volumes are small.
Costs are low. Another obvious advantage associated with the
systems in question is that there is no need to carry out azimuth
alignment. Preparation times are very, very much shortened.

KEY WORDS Inertial navigation system Magnetic heading
instruments Low cost guidance system Single gyroscope platform

I. INTRODUCTION

As everyone knows, inertial navigation is one type of advanced
navigation system. It is strongly autonomous--capable of using
continuous, complete, and highly precise methods to supply various
types of navigation and guidance parameters. Numerous advantages
make inertial navigation systems into pieces of key equipment
associated with delivery vehicles. The most outstanding problem
associated with inertial guidance systems is expensive prices,.
This shortcoming put a good number of users in terror of them for
a long time, not daring to get involved with them. At the present
time, various types of inertial navigation systems are in the midst
of a phase of rapid development. ng strides assoclated with GPS
have gradually changed inertial ‘navigation systems in order to
pursue set ups with high precisions as the primary development
objective. Lowering system costs and reducing volumes has made
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gystems become acceptable to more users and even more important

than at any time in the past.
Conventional platform type jnertial guidance systems opt for
the use of three ring or four ring platforms. The structure is
complicated. Costs are high. Volumes are large. Reliability is
bad. Quick connect strapdown type inertial navigation gystems
gimplified the structure of systems, reduced volumes, and improved
reliability. However, their requirements with regard to inertial
components--in particular, gyroscopes-—are very severe. System
cost reductions are not clear. As a result, inside and outside
China, great efforts have Dbeen put into research on platform

structures that are comparatively gimple for jpertial navigation

systems--for example, speed pearing platform inertial guidance
systems and single axis stable strapdown inertial navigation
systems (13- This research’ has effectively resolved volume

jated with inertial navigation systems. However, the

problems assocl
degree of jowering in system costs is certainly mnot completely
/44

gsatisfactory.

At the present time, inside and outside China, geomagnetic
d technologies associated with compensating for the
interference of magnetic fields have both reached comparatively
high levels. The accuracies of magnetic course instruments are
relatively high. Consideration is given to this factor and
characteristics associated with pure inertial altitude channel
error divergences. In conjunction with this, the current level

associated with Chinese inertial components is looked at. Going
through comparisons of various types of inertial guidance systems
ina, this article puts forward mixed inertial

inside and outside Chin
navigation system designs composed of gingle gyroscope, dual ring

inertial platforms and solid state geomagnetic instruments.
2. SYSTEM CONSTITUENTS AND OPERATING PRINCIPLES

The structures of mixed inertial/geomagnetic navigation
gystems are of two types. One type of structure among these is as

shown in Fig.2.1l.
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Fig. 2.1 One Mixed Inertial/Geomagnetic Navigation System
Structure

Rey: (1) Stabilization Circuitry (2) Geomagnetometer (3)
Accelerometer (4) Gyroscope (5) Inertial Platform (6)
Geomagnetic Information (7) Acceleration Information (8) Moment
of Rotation Information (9) Attitude Information (10) Navigaton
Computer (11) Navigation Information (12) Imitial Information
(13) Altitude Information (14) Control Display (15) Altimeter

in Fig.2.1, geomagnetometers are installed on platforms.
Option is made for the use of dual axis vector quantity
geomagnetometers to measure two horizontal components associated
with geomagnetic fields. on the basis of outputs, computers
calculate platform course angles. This type of structure does not
require that carrier bodies leave specialized installation sites
for geomagnetometers. Course angle calculations are comparatively
simple. However, error compensation technologies are complicated.
Due to the fact that systems associated with this type of structure
are very plentifully represented, this article will, therefore,
focus its studies on them.

In this type of structural system, the inertial platforms used
are dual ring platforms. They have two gtabilization axes--roll

and pitch. The specific structure 18 as shown in Fig.2.2.
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Fig 2.2 Inertial Platform Structure Schematic

Key: 1. Flexible Gyroscope with Dual Degrees of Freedom 2 and 3
Flexible Accelerometer 4 and 5 Dual Axis Geomagnetometer (6)

pirection of Flight

Gyroscopes are installed vertically. The two measurement axes
point, respectively, toward corresponding platform coordinate axes.
The two accelerometers respectively measure accelerations
associated with the directions of two mutually perpendicular
horizontal coordinate axes along the carrier body platform,
calculating out in real time various types of navigation

parameters.
The systems in question possess the two important

characteristics below.
1. Geomagnetometers with inexpensive prices and small volumes
replace azimuth gyroscopes with expensive prices and comparatively

large volumes.
2. Systems do not set up jnertial altitude channels. Because

of the fact that inertial altitudes need to be combined with
altitude information associated with other equipment and are only
capable of being made use of after that, and the combining will
make systems produce redundancies, they are not advantageous to the
lowering of system costs. /45

Compared to conventional one ring platforms, the system
structures in question are very gimple. This is the basic reason
for system costs and volumes being reduced. Do to the fact that
systems do not set up inertial altitude channels, as a result, they
are not able to supply inertial altitude information. Besides
this, navigation and guidance information provided by the systems
is the same as that associated with pure inertial navigation

systems.
4




3. SYSTEM EQUATION SET UPS

Coordinate Systems:
Systems opt for the use of northeastern celestial geographic

coordinates to act as navigational coordinate system. Platform
coordinate systems (see Fig.2.2) and geographical coordinate
systems differ from each other by a course angle a.

Relative Force Equations:

Relative forces are accelerometer readings. System relative

force equations are:
(3.1)

»=V2+ (20cospeosa+uly, ) Vi— (2Q0sing+uwh) V)
p=Vi+ (2Qcospsina+uly ) Vi— (2Qsing+uly ) Vi

Because of the fact that geographical coordinate systems are
selected for navigation systems, it is, therefore, necessary to
take relative forces and project them onto a geographical system.

The projection equation is:

fe cosa -—-sina\ ‘\'fﬁ

(3.2)

| 1
fy. LUsina  cos« Joe

In geographical systems, the system velocity equations are:
(3.3)

{VE =fg'1l" (ZQSln(P+mz)Vu - (2QCOS@‘?Q)N)VZ
Ve=fs— (2Qsin@+w;) Ve +uweV;

In equations, Q is the angular velocity associated with the
spin of the earth. ¢ is geographical latitude. Vg and Vy are,
respectively, carrier body velocities in an east direction and a
porth direction. Og, Oy and g5 are, respectively, angular
velocities associated with displacements in an east, north, and
celestial direction. Speaking in terms of general situations, the
influence of V; on the calculation accuracies of Vg and Vy is
comparatively small and can be ignored. As a result, equation
(3.3) can be gsimplified to be:




ler.-——fr."ans
VN=fN—aw

(3.4)

2 = — (20sing+w2) Vi
amN = (2Qsing+w) Ve

In eqpations, agg and apy are, respectively, back accelerations
associated with east directions and north directions.

agy = (2Qsing+egz) Vg

o .
The formula for calculating ground speed is:
V=4 Vi+V} : (3.5)

Angular velocities associated with carrier body positions are
also calculated in geographical systems. The formulae are:

Vi
R
" (3.6)

In equations, Ry and Ry are, respectively, main curvature radii in
meridian planes and principal planes.

The formulae for calculating the jatitude ¢ and longitude A of the
locations of carrier bodies are:

o= —uwrg
{ (3.7)

A= wy/cosP

Platform Control Formulae -
Control moments of rotation given to gyroscopes are composed

of two parts. One part compensates for angular velocities

associated with the spin of the earth. The other part compensates

for positional angular velocities in order to maintain the platform

level. They should be added to the corresponding gyroscope axis.
As a result, added moments are realized in platform systems. It is
necessary to take the two angular velocities described above and

project them onto platform systems. The projection relationship
is:
W, cosa  sina wg
= (3.8)
Wey —sina cosa wg + Qcose-

6
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Course Angle Equatiomns:

Referring to Fig.2.2, geomagnetometers are installed along
platform coordinate systems. Assuming that the horizontal
component of geomagnetic fields is 1 , when platforms turn
through a counterclockwise angle « in a horizontal plane, the
projections of 1 on the two platform coordinate axes H, and
are nothing other than geomagnetometer outputs. Thus, compass

course angles are:

H*
a=arectg IT: (H2#0)

a=sin(H2) « 90° (H;=0) (3.9)
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Fig.3.1 Course Error calibration Line and Block Chart

Key: (1) Magnetic Sensor (2) Compass course (3) Compass
Deviation Calibration (4) Magnetic Course (5) Magnetic

Deviation calibration (6) True Course
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Fig.3.2 Inertial/Geomagnetic Mixed Navigation System
calculation Line and Block Chart




Here, the true value of a may not be consistent with main arctg
function values. During actual programming, it is necessary to add
In

in adjustments.
reality, compass magnetic and magnetic deviations exist between
compass course angles and true course angles. It is necessary to

of calibrations are as shown in

apply calibrations. The principles
Fig.3.1. As far as the specific methods are concerned, refer to
‘ On the basis of

Reference [4].
it is possible to draw up calculation

the numerical models above,
line and block diagrams associated with mixed inertial/geomagnetic

navigation systems, as shown in Fig.3.2.
4. SYSTEM ERROR ANALYSIS

with a view toward cruise missile flights, system error
equations are as follows: .
X=FX (4.1)

In equatlons ’ X= (V. 3V, 3¢ 3\ ¢, P Sa e e Vi V’)T \ (4 2)

F is a system error gtatus matrix. The non zero elements

are:




A%
Fi.= —ﬁ’-cosatg&p:

. v
Fi.=— (ZQSln€p+—§'cosatg¢p)

\'
F..=—2{cos¢ * V,-—-R-!(V.cosc-—V,sinc)seczqo: F.e=—¢
Fi.,= (V.V,sina+Vicosa) * E—g—’;' Fiie=1
F.,=20sinp+2 t-g—(-E(V cosa— V.si V,sinatge
T R \V:c08 ,sina); For=——"x
— V,cosa—V, sina
Fz.;-—ZQCos¢ . Vl+__._._._R_._’__.‘3_.secz‘? . V,; Fz.s=g
vx . )
Fur= "-é'(V,sma + tgp+V,cosa); Fou=1
sina
I:3'1—“_R—; F:.z___cc;;a
v _ .
F,, = Leose e, F, = SO0eP
_____sinasec&p . V. cosa—V si
Fi. xR Fu_____________saR 'Smatgcp *+ secp /47
F. = _V‘sina+V,cosa- 1
4.7 R secy; F5.2= —Tz_

F; ;= —{sina * sing;
F; ;={cosacosp;

Fs.1=%2‘;

Fo:= ---O.sinq::—t—igz2 (V,cosa—V,sina);

Fes=1

: t
Fise= QS‘“‘?;"%(E(VICOSG—V,Sina)
Fss=1

F, ;= —{lcosasing

Fs.,= — Qsinacosp

This article goes through solutions of matrix Riccati

differential equations in order to obtain propagation
characteristics associated with system  errors. During
teristics associated with various

calculations, statistical charac
error quantities are as follows.




E(3VL)=E(dV5) = (0. im/s)?
E(3¢2) =E(8)3) = (0. 5')°
E($3,) =E(g}) = (20")*

puring simulations,

results are as shown in Fig.

E(3a%) = (0. 25"

flight time is 30 minutes.

's 4.1- 4‘6'

E(VH=EVH= (10'g)?
E(e2)=E)=(0. 01°/h)?

Calculation
In the Fig.'s, option is

made for the useé of international unified measurement units.

From simulation curves,

some increases associated
of elapsed time.

speeds of growth 1n variou

clearly showing that precisions asso

velocity errors
Longitude errors é
error 0.5', actual system
errors < 1.1'.
These data clearly
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CONCLUSIONS

1. Comparing mixed inertial/geomagnetic navigation systems
and conventional inertial navigation systems, costs are low, and
volumes are comparatively small. They are autonomous types of
navigation systems, capable of supplying the same various types of
navigation and guidance information as inertial navigation systems.
Systems possess intermediate accuracies. Their preparation times
are relatively short. It is possible to say that the systems in
question possess comparatively high performance/cost ratios. In a
number of application realms, it is possible to use them in order
to replace inertial navigation systems. They are a type of
navigation system with extremely good development prospects.

2. Mixed inertial/geomagnetic navigation systems already have
a good development foundation in China. The systems in question
are based on the current development level of inertial components
domestically. Requirements with regard to gyroscopes and
accelerometers are not high. Dual ring platforms and velocity
azimuth platforms in systems are very similar. The latter have
already been developed successfully in China. In another area,
magnetic course instruments constructed with the use of
geomagnetometers and microcomputers are already better than 0.2
degrees. pomestically, all the conditions are in hand to develop
experimentation and research associated with the systems in

question.
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