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RANGING SYSTEM USING CORRELATION
BETWEEN TWO SPREAD SPECTRUM WAVE"®

QY NRTATY Q

SLUNALD

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a system for high-precision
measurement of the distance among a plurality of 51gnal
receptron points or between artificial satellites and sig-
nal reception points using the correlation between two
spread spectrum wave signals.

2. Prior Art Statement

As a method for measuring position using the GPS
(Global Positioning System) satellite’ under develop-
meént uy the United States there has been developed a
system in which the receiver has a built-in code genera-
tor which uses the 1575.42 MHz (hereinafter referred to
as L1) band distance-measurement spread signal whose
code data has been made available to general users

(hereinafter referred to as the C/A code). However, the

spread modulation sxgnals (hereinafter referred to as the
P code) for high-precision position measurement that
are transmitted on L1 and the 1227.6 MHz (hereinafter
referred to as L2) band have been designated for mili-
tary use and the code data is not available for general
users. It is therefore generally difficult to carry out
high- precxslon posmomng usmg the P code.

On the other hand, uevelopmcm is Pi‘OCéi‘:ums on
distance measurement systems that use signals transmit-
ted by the GPS satellite for high-precision relative posi-
tion measurement and do not require code data. These
systems fall into three categories:

(1) A system in which the received signal
to reconstruct a continuous signal of twice the
frequency of the carrier wave;

(2) A system in which the spread modulation clock
srgnal of the received signal is reconstructed;

\J} ) A system in which the above two systems are u used
in combination.

These systems determine range by measuring the

phase (time interval relative to the reference clock at
the reception point) of the reconstructed carrier wave

signal or clock signal at the time of reception. The time

difference between the clock aboard the satellite and
the clock at the reception point and the product ob-
tained by multiplying the time delay caused by the inter-
venmg ionosphere and atmosphere along the propaga-

tion path by the speed of hgbt are included in the deter-

mined distance. The result is thus called the “pseudo-
range" as opposed to the “true range.” The measure-
ment is simultaneously conducted at two or more recep-
tion pomts with respect to four or more satellites and

the distances among {rclatnm nositions nﬂ the reremmn

points are calculated from the results of the measure-
ment.

FIG. l(a) shows a conventional GPS receiver system
for precision relative position measurement which will

be used as the basis for explaining the principle involved

up to the determination of the pseudo-range by recon-
struction of the carrier wave or the spread clock signal
from the spread spectrum signal. Signals of frequency
L1 and L2 received by an antenna 1 are converted to an

intermediate frequency in frequency converters 2, 3,

respectively, and a carrier sxgnal and a clock signal are
reconstructed in carrier or clock reconstructors 4, S.
Next a pseudo-range including ambiguity arrsmg during
each period of the reconstructed signals is obtained by
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forwarding the signals reproduced by the reconstruc-
tors 4, 5 to reception time detectors 6, 7 and measuring
them with reference to a reference clock 9 at the recep-
tion time. The measured data is forwarded to a data
processrng computer 8 where it is stored. The ambrgu-
ity arising during each period of the reconstructed sig-
nals is then removed from the stored data to obtain a
pseudo-range. '

The principle of the carrier reconstructors 4, 5 of
FIG. 1(a) will now be explained with reference to FIG.
1(b). The received spread signal P(t) COS\wt ) is split and
the two resulting signals are multiplied in a multiplier
10 wharahy thare ic reconstructed a continuous wave

1v, WilrCoy ullIT 15 ITCONSIIULILYS a contnuous

signal having twice the frequency of the carrier fre-
quency. The result is forwarded to a band pass filter 11
for extracting only a signal cos(2 wt).

The principle of the clock reconstructors 4, 5 (for
spread moduiation) of FIG. i(a) will next be explained
with reference to FIG. 1(c). The received spread signal
P(t)cos(et) is split and one of the two resulting signals is
forwarded directly to a multiplier 13, while the other is
sent to a 3-clock delay circuit 12 where it is delayed by
} period of the spread clock and is then forwarded to
the multiplier 13. The multiplier multiplies the two

signals and the resulting reconstructed clock signal is

passed through a band pass filter 14 to extract a spread
clock signal. These signal reconstruction methods are
widely used for carrier wave reconstruction and clock
reconstruction of PSK (phase shift keying) signals in
digital communication.

In the carrier wave reconstruction system (1) men-
tioned above, the period of the reconstructed carrier
signal is short so that from the point of ambiguity elimi-
nation for calculating the pseudo-range from the mea-
sured results, a prolonged time and data processing time
are required, which places a large burden on the soft-
ware.

In the spread modulation clock signal reconstruction
system (2), the long clock period makes removal of
ambiguity relatively easy but for increasing the preci-
sion of the measurement it is necessary either to conduct
measurement over a long period of time or to use an
antenna with large gain.

Moreover, measurement is con
frequency in these systems, making it 1mp0551ble to
measure the propagation delay time caused by the iono-
sphere, which, having an effect inversely proportional
to the square of the frequency of the carrier wave, is one
cause of error. Another proolem i$ that it is necessary 0
conduct the measurement in both the L1 and L2 fre-

quency bands and then to estimate the ionospheric

nduc

G

cted only at a single

propagation delay from the difference between the
results obtained. The receiver is thus required to have
separate systems for L1 and L2. Not only is this uneco-
nomical, it also complicates the data processing.

The object of this invention is thus to provide, in a
high-precision relative position measuring system for
receiving signals from a plurality of GPS satellites and
measuring pseudo-ranges between the satellites and the
reception point based on the received signals, an im-
proved ranging system using the correlation between
two spread spectrum wave signals which is capable of
umulatmg pseudo-range easily and with high precision
using only a single signal processing system.
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OBJECT AND SUMMARY OF THE INVENTION

For achieving the aforesaid object, the present inven-
tion provides a ranging system using the correlation
between two spread spectrum wave signals wherein

sn qmnand cmantmiiis mandnlatad cionale cimultanannchy

le :pxcau 3PCL¢LI ulil lllUuulGlCu alsnma RIRER L L
transmitted in the same code on carrier waves of differ-
ent frequency are received from a single radio source
such as an artificial satellite, the received signals are
multiplied by each other to generate two continuous

gignala Af feaniianas a 3 i
signals of frequencies respectively equal to the differ-

ence and the sum of the carrier waves of the spread
spectrum signals, and the phases of the two continuous
signals are measured with reference to a reference clock
at the receiving station to thereby remove ambiguity at
the time of range measurement.

As mentioned in the foregoing, in the present inven-
tion an L1 P-code signal and an L2 P-code signal re-
ceived via an antenna are multiplied by each other to
regenerate carrier signals of frequencies equal to the

£ A A3 H
sum of and difference between the frequencies of the L1

and L2 signals, whereby the ambiguity is removed at
the time of the pseudo-range calculation. By this
method, the measurement error is within =several mil-
limeters and information can also be obtained regarding

the icnospheric delay.

The above and other features of the present invention
will become apparent from the following description
made with reference to the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1(a) is block diagram of a conventional GPS
receiver system for relative positioning.
FIG. 1(b) is a block diagram of the carrier reconstruc-

tor of FIG. 1(a).
FIG. o) ic a bloc

FIG. 1) is a blog
tor of FIG. 1(a).

FIG. 2is block diagram of a GPS receiver system for
relative positioning in accordance with the present in-
vention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

A block diagram of the GPS receiver system for
relative positioning in accordance with the present in-

;
vention is shown in FIG.

m of the clock reconstrur‘-

ulated signals simultaneously transmitted in the same
code on carrier waves of different frequency are re-
ceived from a single radio source such as an artificial

satellite. More specifically, an L1 P-code signal and an
1 2 P.code sional of the GPS catellites are received hv

i 2=COGC S1gNa: O 100 I3 5aiCulies alo IoeaavVel

an antenna 1. The received signals are converted to
intermediate frequency band signals in frequency con-
verters 2, 3 whose local signals are generated by a refer-
ence signal generator 21 that is synchronized with a

reference clock 9.

The L1 and L2 intermediate frequency signals output
by the frequency converters 2, 3 are directly multiplied
by each other in a multiplier 15. The L1-L2 carrier
signal and L1+L2 carrier signal components of the

2. Two cprpnd spectrum mod-

ﬁlters 16 17 and these sum and difference stgnals are
then converted to digital signals in A/D converters 18,
19 with reference to a reference clock at the reception
point. The pseudo-range is then calculated by a data

prnmzccmo computer 20,

Calculation of the true distance from the pseudo-
range is conducted in the conventional manner.
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in detail.

.Defining the code sequence of the P code as P(t)
(where the clock period is Toand the amplitude is 1)
and the angular frequency of the carrier waves L1, L2
as @i and @y, then since both the carrier waves L1, L2
and the codes are transmitted from the satellite in the

tha
same phase, the P-code signal can be represented as

P1(1)= K1) cos(wy-)) o

P2(8)= A1) cos(wp1) @

At the reception point antenna terminal, there is a
delay with respect to Eqgs. (1) and (2) equal to the geo-
metric distance p between the satellite and the reception
point the ionospheric delay along the propagation path
{group delay TCion(w) for the code component, phase
delay TPjoMw) for the carrier component) and the
atmospheric propagation delay (T7rop), whereby we
have

Pty = Pt = th{w))) - coslwy - {1 — 1dwn)}] [©)
P2 = Pt — tden)) - cosfeny - {1 — 1Le)}] (4)
where

tlwp=p/c+TCroNMw)+ TTROP

tdw)=p/c+ T roMw))+ TTROP

: Ionospheric propagation group delay

TProMw))= 134N, /w;/2m)%: Ilonospheric propagation
phase delay

TrroP: Atmospheric propagation delay

Ne: Total electron content along the signal propagation
path

c: Speed of light

provided that j=1, 2.

In the GPS receiver system of FIG. 2, the L1 P-code
signal and the L2 P-code signal are converted by a local
signal for frequency conversion that is synchronized
with the reference clock so as to preserve the phases of

thna sanatuad aionala
i€ TECIVEGQ Sighnais.

Although the frequencies of the received carrier
waves and code clocks are actually affected by Doppler
frequency shift since the GPS satellite moves, in the
interest of brevity this will not be discussed here.

When the two signals of Egs. (3), (4) are muitiplied

with each other,
o) PIL0) - P241) )
= — t{1)) - Pt — 1{w2))/2 -
[eos{(wr — w2) - 7 — (w1 - tdw1) — w2+ 1dw2))} +
cos{(wy + w2) - 7 + (@1 - 1dwy) + ©2 - tdw2)}]
The term enclosed in brackets in Eq. 5 represents the

difference and sum carrier sxgnals of the L1 and L2
carrier waves and from the generally known fact that
the ionospheric propagation group delay of L1 and L2
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1

tw2) — tplw1)
T9ox@2) — ThoneD)

It

is, within the range of the clock period To, the autocor-
relation characteristic of the pseudo-random code se-
quence, the term Pt —t,{w1))-P({t—t,{w3)) can be repre-
sented as

O]

[non-despread random component]
provided that
Ap=1—|5T%0N|/To
Bp=2/7 sin (w8TC0on/To)

we=2m/Ty

. In other words, the first term of Eq. (6).is the direct
current component, is maximum when §TCon is O
within the range of =T, is 0 when §TCowis =To, and
varies linearly in proportion to 8TCjon between these
values. The second term is the basic wave component of
the L1, L2 P-code signals, the third term is the high
frequency wave component and the fourth term is the
non-despread random component not inversely spread.

The output signals obtained when output signals 0(t)
from the multiplier 15 are passed through the band pass
filters 16, 17, whose center frequencies are respectively
L1—L2 and L1+L2, can, form Egs. (5), (6), be repre-

cantad ac
IV o

anda

01()=Apcos(Qu1+ 1) O

nome ®

pfovided that

2 = w — o
N = o1+ w
¥ = o1 i) — 02 - tdw)
= p/c- (w1 — w) — o1 TiopMw)) +
w3+ Thonlw?) + (w1 — w2) - TTROP
W = o-ide) + w2 ide))

p/e- (@1 + 02) + o1 - Tiopw) +

02+ o) + (o1 + w2) - TTROP

The atmospheric propagation delay Trrop at fre-
quencies in the vicinity of L1, L2 is constant, not fre-
ated using a radiom-

..... a
quency dependent, andcanbee

eter or the temperature, humidity, air pressure and
water vapor pressure on the ground.

The effect of the ionosphere 8TC 0N and the total
electron content along the propagation path can be
determined from A of Eqs. (7) and (8). Next, the phase
terms in Egs. (7), (8) are determined with reference to
the clock at the reception point, whereafter the total
electron content N, estimated earlier is used to correct
the ionospheric phase delay to obtain information relat-
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ing to the pseudo-range between the satellite and the
reception point. ;

In the actual measurement, the A/D converters 18,
19 in FIG. 2 conduct digital sampling of output signals
01(t) and 05t at a sampling rate synchronized with the
reference clock at the reception point, whereafter the
amplitude of the object signal and its phase difference
relative to the reference clock are calculated by the
primary data processing computer 20 through analysis
employing fast Fourier transformation and the like.

Moreover, at this time the pseudo-range ambiguity is

produced once per period of the L1 and L2 difference
frequency in the case of 01(t) and once per period of the
L1 and L2 sum frequency in the case of 0(t). More
specifically, where At), Atp are removed from the mea- .
sured pseudo-ranges according to 01(t) and 02(t) and the
ionospheric delay is removed from the determined
value of N

ple=bt1+m-Ty ®

_p/c=Atz+n2-T2 (10)
provided that

T A= 0).

L1=4T/31L]

Ty=2uw/Q3

=A< T

0=An<T
nj and n; are integers and represent the ambiguities of
e ancnirament In tha caca ofthe GPS 1.1and 1.2 T

g
the measurement. an R Cas€ Sl N sye L2 and L&, 21

is about 2.7 ns, and T3 is about 0.36 ns. Solving for ny

‘and n; has generally required a long measurement per-

iod and a long data analysis time. However, in the sys-
tem according to the present invention, because of the
in Egs. (9),
(10) must always be the same, there becomes possible an
expansion up to the ambiguity of about 48.8 ns arising
from the period of 20.46 MHz that is the greatest com-

mon divisor of (L1—L2) and (L1+L2). As a result,

me m
measurement

time and burden on the software, Furthermore, since
the final measurement precision is determined by the
measurement accuracy of At in Eq. (10), the pseudo-
range can easily be measured to within several millime-
ters.

As will be understood from the foregoing explana-
tion, the present invention enables pseudo-range to
measured, without need for code information, by multi-
plying together two spread modulated signals transmit-
ted on different frequency carrier waves and received
by an antenna. The equipment of the system can there-
fore be greatly simplified and the ambiguity arising
during each period of the carrier waves during pseudo-
range measurement can be dramatically reduced in
comparison with the conventional carrier reconstruc-
tion method. It is, moreover, possible to realize a mea-
surement precision of within several millimeters. An-
other advantage is that information on the ionospheric
delay can be obtained simultaneously with the signal
processing, making compensation possibie. The equip-
ment for the system can therefore be simplified and the
data processing period markedly reduced.

What is claimed is:

1. A ranging system using the correlation between
two spread spectrum wave signals comprising means
for receiving from a single radio source two spread
spectrum modulated signals simultaneously transmitted
in the same code on carrier waves of different fre-

Ttanatnn sl a valy i
limitation that the values of p/c obtained in

P T R T e Ta e s 3 1
there can be realized a major reduction in
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quency, means for multiplying the received signals by
each other to generate two continuous signals of fre-
quencies respectively equal to the difference and the

o ~arer asimn AL sl n cencan A femm mdmriemn almm

sum of the carrier waves of Spréaa specirum :Asuu}S,
and means for measuring the phases of the two continu-
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ous signals with reference to a reference clock at the
receiving station, whereby the ambiguity at the time of
range measurement is removed.

* % *x * ¥
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