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(57) ABSTRACT 
Systems and methods that may be used to determine the 
distance betWeen an orbiting satellite and a ground station. 
A master clock divider circuit generates clock signals 
derived from a master clock. A transmit code generation 
circuit generates pseudo-random number codes and pro 
cesses the pseudo-random number codes to produce a com 

posite signal having positive and negative correlation peaks 
that is transmitted to the satellite as an analog signal. A 
digitizing circuit receives the analog signal transmitted from 
the satellite, and digitizes the analog signal. A frequency 
domain matched ?lter match ?lters the digitized analog 
signal to produce correlation peaks contained in the digitized 
analog signal. A central processing unit comprises a middle 
code softWare matched ?lter that generates an outer code bit, 
and computes the distance from the ground station to the 
satellite by calculating the difference betWeen the time that 
the composite signal Was received compared to the time that 
the composite signal Was transmitted and dividing the dif 
ference value by the speed of light, and comprises an outer 
code softWare matched ?lter that produces a bit error rate 
signal indicative of the validity of the computed range value. 
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FLEXIBLE DIGITAL RANGING SYSTEM AND 
METHOD 

BACKGROUND 

[0001] The present invention relates generally to satellites, 
and more particularly to systems and methods used to 
determine the distance betWeen an orbiting satellite and a 
ground station. 

[0002] The assignee of the present invention develops the 
system architecture of satellite ground stations. The assignee 
also designs and constructs electronic circuits that commu 
nicate With satellites found in these ground stations. An 
important task of a ground station is to maintain the orbit of 
satellites. A necessary parameter used to maintain a satel 
lite’s orbit is its altitude. A satellite’s altitude is commonly 
derived from measuring the distance or range a satellite is 
from the ground station. It is often necessary to determine 
the distance a satellite is from a ground station. The assignee 
of the present invention has developed an improved method 
for use in determininge satellite range from a ground station. 

[0003] Heretofore, the assignee of the present invention 
has used a technique that employs a method that is sloW, 
un-?exible, introduces spurious signals, and provides the 
user With no quality factor, i.e., a measure of the certainty of 
its range number. This method is sloW because it employs a 
single correlator that shifts and dWells through entire code 
sequences. It is un-?exible because it uses only tWo ?xed 
code lengths. Introduces spurious signals because the ?nal 
code sequences are composed of a series of short code 
sequences. Finally, it provides a range value Without an 
accurate assessment of hoW certain the range value is. 

[0004] In both methods (neW and the old), the distance 
(range) to the satellite from a ground station is determined 
as folloWs. The ranging equipment constructs a long binary 
PRN digital ranging code. An important property of this 
code is that it does not repeat in the time required for it to 
be sent and subsequently received. This PRN ranging code 
is then modulated by uplink telemetry system at the ground 
station onto a carrier Which is then transmitted to the 
satellite. This signal is then echoed back (retransmitted) to 
the ground station by the satellite. The received ranging 
signal is then routed via a doWnlink telemetry system to a 
receiver portion of the ranging equipment. Because the 
ranging signal is corrupted by noise and distorted by Dop 
pler, a correlation process is performed. The correlation 
process multiplies the received PRN ranging code With a 
clean delayed version of the transmitted PRN ranging code. 
When the value of the delay is correct a large output of the 
correlator is observed (a correlation peak). When the value 
of the delay is not correct, the correlator yields a small signal 
value, or no correlation peak. The correct delay is equal to 
the time of ?ight of the signal. The distance to the satellite 
can be calculated based on this delay. 

[0005] While the basic method of sending and then cor 
relating the returned signal is the same for the old and neW 
methods, it is the construction of the transmitted code and 
hoW the received signal is processed that differentiates them. 
It Would therefore be desirable, and it is an objective of the 
present invention to provide improved systems and methods 
that determine the distance betWeen an orbiting satellite and 
a ground station. 
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SUMMARY OF THE INVENTION 

[0006] To accomplish the above and other objectives, the 
present invention provides for systems and methods that 
may be used to determine the distance betWeen an orbiting 
satellite and a ground station. The present invention accom 
plishes this by (1) using a ?nal PRN ranging code sequence 
that is a composite of three long PRN codes; (2) Simulta 
neously correlating the inner and middle code sequences; (3) 
Correlating a subset of the outer code; and (4) Deriving a 
quality value of the range number based on a running bit 
error rate (BER) on the outer code. 

[0007] The advantages of using three long PRN codes to 
construct the ?nal ranging code are ?exibility, reduced 
processing time, and a spurious free composite signal. 
Flexibility is achieved by custom tailoring the lengths of the 
inner, middle, and outer codes for the speci?c orbit and 
signal poWer requirements of the ground station and the 
satellite. By simultaneously correlating the inner and middle 
codes the speed of the ranging process is greatly enhanced. 
Correlating a subset of the outer code further reduces the 
acquisition time. A spurious free ranging signal is derived 
from the property that long PRN codes evenly spread their 
energy across the frequency spectral band. Thus When the 
ranging signal is combined With other telemetry signals it 
does not have spurious content that could cause interference. 
The bit sequence of the outer code is unique, any errors are 
easily monitored. A running bit error rate based on the 
number of errors found in the outer code is the basis for a 
measure of the con?dence factor the ranging unit assigns to 
the range number. 

[0008] An exemplary system comprises a custom circuit 
board (or card assembly) and a central processing unit 
(CPU). The custom circuit board includes seven main sub 
circuits. These sub-circuits include a master clock divider 
circuit, a transmit code generation circuit, a time tag circuit, 
a digitiZing circuit, a digital synthesiZer circuit, a matched 
?lter circuit, and a ?eld programmable gate array (FPGA) 
integrated circuit. 

[0009] The master clock divider circuit supplies the cus 
tom circuit board With all the necessary clocks at the correct 
frequency and phase. The function of the transmit code 
generator circuit is to construct a ?nal PRN ranging code. 
The time tag circuit marks the arrival time of each complete 
inner code cycle. 

[0010] The received signal is digitiZed by an Analog to 
Digital Converter The received signal is a composite 
signal that contains the PRN ranging signal and telemetry 
signals that are corrupted by noise and contain a Doppler 
offset and/or shift. The digital synthesiZer circuit is used to 
acquire the received signal ensuring the ADC yields coher 
ent samples. A frequency domain matched ?lter processes 
the digitiZed analog signal to produce the inner code corre 
lation peaks. The FPGA circuit is used to select the correct 
data from the matched ?lter and transmit it to the central 
processing unit. 

[0011] The central processing unit comprises a middle 
code softWare matched ?lter that generates an outer code bit. 
The ?nal location of the received code is knoWn once seven 
bits of the outer code are processed. The central processing 
unit computes the distance from the ground station to the 
satellite by calculating the difference betWeen the time that 
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the composite signal Was received compared to the time that 
the composite signal Was transmitted and dividing the dif 
ference value by the speed of light. The central processing 
unit also tracks any errors found in the outer code and 
produces a bit error rate signal indicative of the validity of 
the computed range value. 

[0012] An exemplary method for determining the distance 
betWeen an orbiting satellite and a ground station comprises 
the folloWing steps. Inner, middle and outer pseudo-random 
number codes are generated. The PRN ranging code is the 
composite of the inner, middle, and outer codes. The PRN 
ranging code is then transmitted from a ground station to a 
satellite Whose range is to be determined. The analog signal 
is retransmitted from the satellite to the ground station. 

[0013] The analog signal is digitiZed at the ground station. 
The digitiZed analog signal is match ?ltered to produce inner 
code correlation peaks. The middle matched ?lter then 
performs a correlation process on the output of the inner 
matched ?lter. The middle code correlation peaks are match 
?ltered to determine a bit of the outer pseudo-random 
number code. Apredetermined number of consecutive outer 
pseudo-random number code bits are match ?ltered to 
determine the position of the outer code in the composite 
code. The distance from the ground station to the satellite is 
determined by calculating the difference betWeen the time 
that the code sequence Was received compared to the time 
that the code sequence Was transmitted. 

[0014] The present invention provides for simultaneous 
correlation of the entire inner and outer code sequence. The 
present invention incorporates a matched ?lter early/late 
gate that acts as a digital phase detector. The present 
invention has a ?exible range code to adapt to varying orbit 
distances, loW signal to noise ratio environments, Doppler 
shifts, and changing Doppler shifts. The present invention 
also uses an applied bit error rate algorithm to give a 
con?dence value to the range number (using the outer code). 

[0015] The present invention has the ability to optimiZe 
performance of system by changing (inner, middle, outer) 
code(s) to adapt to all types of satellite orbits. The present 
invention has reduced acquisition time by using a matched 
?lter fast Fourier transform (FFT) correlator engine to 
simultaneously correlate the entire inner and middle code 
sequence verses the currently-used architecture discussed in 
the Background section. The output spectrum generated by 
the present invention minimiZes interference With other 
signals due to the fact that ranging poWer is spread over the 
entire bandWidth of operation, similar in concept to CDMA 
(carrier detect multiple access). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The various features and advantages of the present 
invention may be more readily understood With reference to 
the folloWing detailed description taken in conjunction With 
the accompanying draWing, Wherein like reference numerals 
designate like structural elements, and in Which: 

[0017] FIG. 1 shoWs the operating environment of rang 
ing systems and methods in accordance With the principles 
of the present invention; 

[0018] FIG. 2 is a block diagram shoWing the architec 
tural topology of eXemplary digital ranging equipment in 
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accordance With the principles of the present invention that 
may be used to implement the present digital ranging 
systems and methods; 

[0019] FIG. 3 is a block diagram shoWing the architec 
tural topology of the inner code matched ?lter correlator 
engine shoWn in FIG. 2; and 

[0020] FIG. 4 is a How diagram shoWing an eXemplary 
ranging method in accordance With the principles of the 
present invention. 

DETAILED DESCRIPTION 

[0021] Referring to the draWing ?gures, FIG. 1 the oper 
ating environment of ranging systems 10 and methods 50 
(FIG. 4) in accordance With the principles of the present 
invention, and provides a conteXt for understanding the 
operation of the present invention. As is shoWn in FIG. 1, 
the ranging system 10 and method 50 are used to commu 
nicate from a ground station 40 by Way of a satellite 19 back 
to the ground station 40 in order to determine the distance 
(range) to the satellite 19 from the ground station 40. 

[0022] The ranging system 10 and method 50 is imple 
mented using digital ranging equipment 20 in accordance 
With the principles of the present invention that is located at 
the ground station 40. The ranging system 10 comprises 
telemetry systems 40a and the digital ranging equipment 20 
disposed at the ground station 40, and the satellite 19 and its 
communication systems 19a for receiving and returning the 
repeating modulated code sequence. 

[0023] In general, the distance (range) to the satellite 19 
from the ground station 40 may be determined as folloWs. 
The ground station 40 has telemetry systems 40a that 
communicate With the satellite 19 and send a repeating 
modulated code sequence 19a to the satellite 19. This 
repeating modulated code sequence 19a is then returned to 
the ground station 40 by the satellite 19. By calculating the 
time of ?ight of the signal that is transmitted and received by 
the ground station 40, the distance to the satellite 19 may be 
calculated. 

[0024] To calculate the time of ?ight of the signal, the 
received signal 19b must be identical to the transmitted 
signal 19a. In most cases, the satellite 19 moves With respect 
to the ground station 40, and the received signal 19b Will be 
shifted in frequency With respect to the transmitted signal 
19a. This is due to Doppler frequency shifts. When the 
satellite 19 moves toWards the ground station 40 it returns 
the signal 19b With a higher frequency, and When the 
satellite 19 moves aWay from the ground station 40 it returns 
the signal With a loWer frequency. This Doppler shift must 
be removed at the ground station 40 before the time of ?ight 
of the signal can be accurately calculated. 

[0025] FIG. 2 is a block diagram shoWing the architec 
tural topology of eXemplary digital ranging equipment 20 in 
accordance With the principles of the present invention that 
may be used in implementing the present ranging systems 10 
and methods 50. The eXemplary digital ranging equipment 
20 comprises four major subsections, including a master 
clock divider circuit 12, a transmit code generation circuit 
26, a digitiZing circuit 37, and a digital matched ?lter 
processing chain 39 comprising a matched ?lter correlator 
engine 39. 
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[0026] The exemplary digital ranging equipment 20 may 
be fabricated as a custom circuit card assembly 11 and a 
central processing unit (CPU) 38. The custom circuit card 
assembly 11 performs computationally intensive generation 
and correlation of a pseudo-random number inner code. The 
CPU 38 performs correlation of middle and outer pseudo 
random number codes in conjunction With time tag process 
mg. 

[0027] The master clock divider circuit 12 is comprised of 
a 29-bit counter 13 and a time tag register 14. The clock 
divider circuit 12 generates clock signals derived from a 64 
MHZ master clock, for example, that are used by the 
transmit-code generation circuit 26, the digitiZing circuit 37, 
the digital matched ?lter processing chain 39, and the time 
tag register 14. 

[0028] The time tag register 14 is triggered to hold the 
value of the counter 13 as each inner code sequence is 
received from the digital matched ?lter processing chain 39. 
The arrival time of the inner code sequence is then read by 
the CPU 38 and used in the range calculation. The counter 
13 and time tag register 14 are 29 bits long, and any position 
of the entire code is uniquely identi?ed and tagged. The 
29-bit depth of the counter 13 and time tag register 14 is a 
sum of the required resolution and lengths of the three 
pseudo-random number codes. 

[0029] The transmit code generation circuit 26 is com 
prised of three independent pseudo-random number (PRN) 
generators 21, 22, 23 comprising inner, middle and outer 
code generators 21, 22, 23, and ?rst and second multipliers 
24, 25. The three pseudo-random number generators 21, 22, 
23 are driven by different outputs of the master clock divider 
circuit 12 such that the inner code generator 21 produces a 
29 pseudo-random number code at 1 Mbit/sec. The middle 
code generator 22 produces a 27-bit pseudo-random number 
code Where each bit is as long as the entire inner code. The 
outer code generator 23 produces a 27-bit pseudo-random 
number code Where each bit is as long as the entire middle 
code. 

[0030] The outputs of the inner code and middle code 
generators 21, 22 are coupled to inputs of and are multiplied 
together in the ?rst multiplier 24. The output of the ?rst 
multiplier 24 and the output of the outer code generator 23 
are coupled to inputs of and are multiplied together in the 
second multiplier 25. The net effect of this is that the middle 
code modulates the polarity of the inner code and the outer 
code modulates the polarity of the middle code. These 
polarity differences produce positive and negative correla 
tion peaks, a property utiliZed in the matched ?lters 32, 35, 
36 of the digital ranging system 10. This composite code is 
uplinked to the satellite 19 Whose range is to be determined. 

[0031] The digitiZing circuit 37 comprises an analog-to 
digital converter (ADC) 31 that coherently samples an 
analog baseband input received from the satellite 19 to 
create 16-bit digital samples. A direct digital synthesiZer 34 
provides a coherent sampling clock to the analog-to-digital 
converter 31. The 64 MHZ master clock drives the direct 
digital synthesiZer 34 and a softWare PLL loop ?lter 33 
(early/late gate loop ?lter 33) sets the output frequency of 
the direct digital synthesiZer 34. An anti-aliasing ?lter (not 
shoWn), located on the input to the analog to digital con 
verter 31 may be used to limit the noise bandWidth and 
prevents images from corrupting the signal. 
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[0032] The analog-to-digital converter 31 oversamples the 
analog baseband input by a factor of 8. Decimating ?nite 
impulse response (FIR) ?lters comprising the matched ?lter 
processing chain 39) folloWing the analog-to-digital con 
verter 31 provide additional suppression of images and 
noise. The ?nal sample rate of tWo samples per bit provides 
three points found in the correlation peak. Correlation peaks 
are the output of the matched ?lter processing chain 39. 

[0033] The digital matched ?lter processing chain 39 
comprises a frequency domain matched ?lter 39. The fre 
quency domain matched ?lter 39 correlates or matches the 
29-bit pseudo-random number inner code pattern. The ?lter 
39 has an overlap and select architecture that provides real 
time processing of the data. An exemplary hardWare imple 
mentation of the frequency domain matched ?lter 39 is 
shoWn in FIG. 3 and is comprised of a 1024 sample deep 
?rst-in, ?rst-out (FIFO) memory integrated circuit 41, 42 
that provides overlap, ?ve application speci?c integrated 
circuit (ASIC) chips, and a ?eld programmable gate array 
(FPGA) integrated circuit 49. The ASIC chips are con?gured 
as a 2048 long complex fast Fourier transform (FFT) pro 
cessor 43, a complex multiplier 44, 45, and a 2048 complex 
inverse FFT (IFFT) processor 46. The function of the ?eld 
programmable gate array integrated circuit 49 is to select 
valid data and emulate a standard front panel data port 
(FPDP) data transfer protocol. The front panel data port 
alloWs the digital ranging equipment 20 to transfer the 
output data via the FPDP data protocol to the CPU 38. The 
output data (I data 47, Q data 48) is transferred in frames of 
2048 samples of Which there are six samples that comprise 
the tWo correlation peaks. 

[0034] The functions of the CPU 38 include initial acqui 
sition, tracking, range determination, and bit error rate 
(BER) calculation. Initial acquisition is done With only the 
inner code being transmitted. After processing by the inner 
code IFFT processor 46, the data is searched for a stable 
peak value. If none is found, the analog-to-digital converter 
31 sample rate is adjusted and the search continues. Inherent 
in the data format is that the peak is composed of three 
points: a peak value, an early gate point and a late gate point. 
These points are derived from the tWo times over-sampled 
analog input (2><OS) produced by the analog-to-digital con 
verter 31. The difference betWeen the values of the early/late 
gate points (AEL) is the phase error. The early/late gate ?lter 
33 sums AEL tWice to produce an integrated phase error 
(CI) given by the equation: errror)’ 

Mil Nil 

(berror = Z Z AEL, 
mio nio 

[0035] Where M and N are adjusted to tune the parameters 
of the phase-locked loop 30 for different satellite orbits and 
noise environments. This architecture is similar to an analog 
loop ?lter. 

[0036] (Dam is related to the tune frequency of the 
clock of the analog-to-digital converter 31, and is 
given by the equation: 
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Where wdoppler,n=A(u)doppler,n—1)+B(q)error) and A 
and B are constants. As acquisition continues (Dam is driven 
towards Zero and the system 10 is considered to have locked 
onto the analog input signal. 

[0038] While in tracking mode, Which occurs after acqui 
sition, the middle and outer code modulators 21, 23 are 
turned on. The inner code sequence is modulated by the 
middle and outer code sequences. This modulation affects 
the sign of the FFT correlation peaks. Previous values of the 
peaks are stored in an array for use by the middle code 
softWare FFT-based matched ?lter 35. An overlap and select 
FFT operation is performed to generate the middle code 
correlation peaks. This operation is similar to the overlap 
and select FFT operation performed on the received inner 
code analog-to-digital converter values except the length of 
FFT is 256 points instead of 2048 and Q values are delayed 
by 128 instead of 1024. The overlap and select FFT opera 
tions performed in the inner code matched ?lter correlator 
engine 32 and middle code softWare matched ?lter correlator 
engine 35 alloW analysis of the continuous real time analog 
input signal. 
[0039] Because the inner and middle codes Were modu 
lated by the outer code sequence in the second multiplier 25, 
the modulation affects the sign of the middle code matched 
?lter correlation peaks. Middle code peaks are summed in 
128 (27) blocks in the middle code softWare matched ?lter 
correlator engine 35 to determine the one bit of the outer 
code sequence. 

[0040] Bit error rate (BER) is based on the property that 
once seven consecutive bits of the outer code sequence have 
been accumulated, the next seven bit sequence is knoWn, 
and therefore any deviation from this knoWn bit sequence 
implies a bit error. A continuous summing of the number of 
bit errors versus the total bits received is used to calculate 
the bit error rate in the outer code softWare matched ?lter 
correlator engine 36. This bit error rate is a direct indication 
of the validity of the computed range value and the overall 
health of the link betWeen the satellite 19 and the ground 
station 40. 

[0041] The range value is determined by calculating the 
difference betWeen the time that the code sequence Was 
received compared to the time that the code sequence Was 
transmitted (and dividing the difference value by the speed 
of light). The CPU 38 calculates the range value by reading 
the recorded value in the time tag register 14, establishing 
the bit-position of the outer code, and knoWing When the 
transmitted code Was initially transmitted. The arrival time 
of the code sequence is recorded in the time tag register 14. 
The middle and outer codes transition on each complete 
inner code sequence. The inner code transition time provides 
the middle code, and the outer code transition process is 
expedited due to the inherent property of the pseudo-random 
number code. The location of the received position of the 
outer code sequence can be uniquely identi?ed, since each 
seven-bit sequence occurs once in the entire outer code. This 
alloWs a range calculation to be performed once the ?rst 
seven bits of the outer code sequence are processed. The 
time the code sequence Was transmitted is calculated from 
the positions of the inner, middle and outer code sequences. 

[0042] Referring to FIG. 4, it is a How diagram shoWing 
an exemplary ranging method 50 in accordance With the 
principles of the present invention. The exemplary method 
50 comprises the folloWing steps. 
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[0043] Inner, middle and outer pseudo-random number 
codes are generated 51. The polarity of the selected codes 
are modulated 52 to produce positive and negative correla 
tion peaks. An analog signal comprising a composite code 
having the positive and negative correlation peaks is trans 
mitted 53 from a ground station 40 to a satellite 19 Whose 
range is to be determined. The analog signal is retransmitted 
54 from the satellite to the ground station. 

[0044] The analog signal is digitiZed 55 at the ground 
station. The digitiZed analog signal is match ?ltered 56 to 
produce the correlation peaks contained in the digitiZed 
analog signal. The correlation peaks are match ?ltered 57 to 
determine a bit of the outer pseudo-random number code. A 
predetermined number of consecutive outer pseudo-random 
number code bits are match ?ltered 58 to determine the 
position of the outer code in the composite code. The 
distance from the ground station to the satellite is deter 
mined by calculating 59 the difference betWeen the time that 
the code sequence Was received compared to the time that 
the code sequence Was transmitted. 

[0045] Thus, systems and methods that determine the 
distance a satellite is from a ground station has been dis 
closed. It is to be understood that the above-described 
embodiments are merely illustrative of some of the many 
speci?c embodiments that represent applications of the 
principles of the present invention. Clearly, numerous and 
other arrangements can be readily devised by those skilled 
in the art Without departing from the scope of the invention. 

What is claimed is: 
1. Aranging system for determining the distance betWeen 

a satellite and a ground station, comprising: 

a master clock divider circuit that generates clock signals 
derived from a master clock; 

a transmit code generation circuit that is operative to 
receive clock signals from the master clock divider 
circuit, generate three pseudo-random number codes 
and process the pseudo-random number codes to pro 
duce a composite signal having positive and negative 
correlation peaks that is transmitted to the satellite as an 
analog signal; 

a digitiZing circuit that is operative to receive clock 
signals from the master clock divider circuit, receive 
the analog signal comprising the composite signal 
having positive and negative correlation peaks from the 
satellite, and digitiZe the analog signal comprising the 
composite signal; 

a frequency domain matched ?lter that is operative to 
receive clock signals from the master clock divider 
circuit and match ?lter the digitiZed analog signal to 
produce correlation peaks contained in the digitiZed 
analog signal; and 

a central processing unit that comprises a middle code 
softWare matched ?lter that generates an outer code bit, 
that computes the distance from the ground station to 
the satellite by calculating the difference betWeen the 
time that the composite signal Was received compared 
to the time that the composite signal Was transmitted 
and dividing the difference value by the speed of light, 
and that comprises an outer code softWare matched 
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?lter that produces a bit error rate signal indicative of 
the validity of the computed range value. 

2. The system recited in claim 1 Wherein the master clock 
divider circuit comprises a 29-bit counter and a time tag 
register. 

3. The system recited in claim 2 Wherein the 29-bit depth 
of the counter and time tag register is a sum of the required 
resolution and lengths of the three pseudo-random number 
codes. 

4. The system recited in claim 1 Wherein the time tag 
register is triggered to hold the value of the counter as each 
inner code sequence is received from the digital matched 
?lter processing chain. 

5. The system recited in claim 1 Wherein the arrival time 
of the inner code sequence is then read by the central 
processing unit and used in the range calculation. 

6. The system recited in claim 1 Wherein the transmit code 
generation circuit comprises inner, middle and outer code 
pseudo-random number generators that are selectively 
coupled to ?rst and second multipliers and that are driven by 
outputs of the master clock divider circuit such that the inner 
code generator produces a 29 pseudo-random number code, 
the middle code generator produces a 27-bit pseudo-random 
number code Where each bit is as long as the entire inner 
code, and the outer code generator produces a 27-bit pseudo 
random number code Where each bit is as long as the entire 
middle code. 

7. The system recited in claim 5 Wherein outputs of the 
inner code and middle code generators are coupled to inputs 
of and are multiplied together in the ?rst multiplier, the 
output of the ?rst multiplier and the output of the outer code 
generator are coupled to inputs of and are multiplied 
together in the second multiplier so that the middle code 
modulates the polarity of the inner code and the outer code 
modulates the polarity of the middle code to produce posi 
tive and negative correlation peaks. 

8. The system recited in claim 1 Wherein the transmit code 
generation circuit is operative to produces a composite code 
is uplinked to the satellite Whose range is to be determined. 

9. The system recited in claim 1 Wherein the digitiZing 
circuit comprises an analog-to-digital converter and a direct 
digital synthesiZer. 
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10. The system recited in claim 1 Wherein the frequency 
domain matched ?lter comprises: 

a ?rst-in, ?rst-out memory; 

a compleX fast Fourier transform processor; 

a compleX multiplier; 

a compleX inverse fast Fourier transform processor; and 

a ?eld programmable gate array integrated circuit. 
11. The system recited in claim 1 Wherein the ?eld 

programmable gate array integrated circuit selects valid data 
and emulates a predetermined data transfer protocol. 

12. A method for determining the distance betWeen a 
satellite and a ground station, comprising the steps of: 

generating inner, middle and outer pseudo-random num 
ber codes; 

modulating the polarity of the selected codes to produce 
positive and negative correlation peaks; 

transmitting an analog signal comprising a composite 
code having the positive and negative correlation peaks 
from a ground station to a satellite Whose range is to be 

determined; 
retransmitting the analog signal from the satellite to the 

ground station; 
digitiZing the analog signal at the ground station; 

match ?ltering the digitiZed analog signal to produce the 
correlation peaks contained in the digitiZed analog 
signal; 

match ?ltering the correlation peaks to determine a bit of 
the outer pseudo-random number code; 

match ?ltering a predetermined number of consecutive 
outer pseudo-random number code bits to determine 
the position of the outer code in the composite code; 
and 

determining the distance from the ground station to the 
satellite by calculating 59 the difference betWeen the 
time that the code sequence Was received compared to 
the time that the code sequence Was transmitted. 

* * * * * 


