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Development of return signal simulator
for chinese satellite altimeter prelaunch performance assessment

GUO Wei, ZHANG Xiaohui
( Center for Space Science and Applied Research, CA S Bejing 100080, China)

Abstract: An ocean Return Signal Simulator ( RSS) and the principles of the RSS with its means of testing
and calibrating for a satellite altimeter were given. By using the chirp regeneration technique, full de—

ramp technique, ocean return spectrum digitally synthesizing technique and high speed DSP technique, a
full signal RSS was successfully developed for a Chinese satellite altimeter test and calibration, full range of
time delay and full sea state simulation were achieved. Time delay precision is 0.2 ns, significant wave
height (SWH) simulation precision 0.5 m and backscattered coefficient precision 1 dB. By using the RSS,

the full system testing and calibrating experiment to the Chinese satellite altim eter were im plemented. T he
results show the dynamic performance of the RSS and the altimeter are validated.
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1 Introduction

The ”Shenzhou IV” spacecraft altimeter is a
nadir-looking, pulse compression radar which oper
ates in a pulselimited mode, with the range mea
surement at Kuband (13. 9 GHz). The system
generates a linea FM (chirp) pulse waveform with
abandwidth of 332 MHz and a duration of 24 Us.
The pulse repetition frequency ( PRF) is approxr
mately 4 800 Hz. The antenna is a 1. 2 m diameter
parabolic reflector. The beam width (2.6°) from a
334 km mean orbit altitude covers an area on the
surface that has a diameter of over 15 km. The
measurement area is restricted by the pulse limited
operation to an area of 1. 1km for a flat sea surface
or 3.7 km for a 5 m SWH surface. The received
pulses are de-ramped to remove the linea- FM and
processed by frequency filtering to form wave
forms, each consisting of 64 samples of the power
The 333
MHz pulse bandwidth results in these samples hav-

backscattered from a particular range.

ing a spacing of 0.45 m. This is also the resolution
of the altimeter. The waveforms are processed by
an adaptive tracker, which controls the altimeter
through the various calibration, track, standby,
and test modes, to format the height, AGC, wave
height, status, and engineering data for output to
the spacecraft telemetry system.

T he altim eter performance mainly expected to
be validated includes:

(1) Height tracking precision of 5 cm.

(2) SWH estimation accuracy of 0.5 m or
10% of SWH.

(3) Ocean backscatter coefficient (&) re
solved to an accuracy of 1 dB.

(4) All function modes, surface acquisition
and tracking performance test and validation.

T he best way to ensure the altimeter irrorbit
performance is as expected after launch, is to valr

date it over the range of irrorbit operating condr

tions before launch. This is a very important sec
tion of the groundbased test and calibration pro
gram to the altimeter and is mainly accomplished
with the RSS that provides a full signal simulation
of the ocean surface. This paper describes the sys
tem design and development of the RSS. Based up
on the use of the RSS to simulate the backscatter
from the ocean surface, the prelaunch test experr
ment data are presented to demonstrate that the
performance of the ” Shenzhou IV” altimeter will

meet the specified requirements.

2 RSS Principle

T he signal provided by the RSS must realize
the real simulation of the ocean return signal. It
determines that the simulation model comes from
the altimeter pulse’ s limited measurement geome

try, as shown in Fig. 1.
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Fig. 1 Altimeter pulse limited measurement geometry
T he altimeter averaged received power' " to be

simulated can be represented by the follow ing:

T
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(1
Where, 1 is pulse compression ratio, Pr is peak

transmitting power, G is 3 dB point target re
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sponse width, 0,= 0,2,+ (203/0)2, G is the RMS
height of the specular points relative to the mean
sea level, T= 1 — 2h/c is the round trip path time
delay of the transmitting pulse, Prs(*) is flat sea
surface mean impulse response, erf (*) denotes the
error function.

To simulate an ocean return signal by using
(1), the relative movement between satellite and
ocean surfaces must be considered. So the simula
tion includes the follow ing effects:

(1) Radar cross section of the ocean surface;

(2) Significant wave height (SWH);

(3)Satellite attitude angle;

(4) Height (round-trip path delay), height
rate, and height acceleration;

(5) Speckle statistics of ocean backscatter;

(6) Spatial and temporal correlation of speck
le.

By performing the simulation described above,
the principle of altimeter validation by RSS is
shown in Fig. 2.
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Fig.2 Functional diagram of altimeter validation by RSS

T he pulses from the altimeter transmitter are
attenuated by the tunable attenuator and modulated
with the signal from the waveform generator pre
cisely controlled by the timer, and passed back to
the altimeter receiver through the delay line. T he
received signal, regarded as the real ocean return
signal, is processed by the altimeter. By comparing
the results processed by the altimeter with the RSS
simulation, the prelaunch altimeter performance

will be validated.

3 RSS development

3.1 Hardware design
T he block diagram of the RSS system hard

ware is shown in Fig. 3.
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Fig.3 Block diagram of the RSS system hardware

T his system is based upon” chirp regeneratiorr
deramp” concept. The 13.9 GHz pulse from at
timeter transmitter is ” full deramped” with the
RSS Kuband chirp in Mixerl, the de ramped sig
nal is down converted to 75 MHz IF, and then de
tected by the Phase Sensitive Detector (PSD), the
I, Q output will be digitized by DSSP. If there ex
ists any time delay betw een the altimeter pulse and
the RSS chirp pulse, I, Q output is a point fre
quency signal, the frequency is in proportion to
time delay. DSSP controls the trigging time to
make the time delay vanish, and sequentially, I, Q
frequency down to zero, this means the RSS acar
rately acquired and tracked the altimeter pulse.
DSSP records this time as the starting time of the
simulation, and also stores the digitized I, Q for
duplicating the original altimeter pulse characteris
tics to make the in succession simulated return sig-
nal the same with the real ocean backscatter signal
essentially coherent to the altimeter transmission.
DSSP can provide both point target response simu
lation and rough ocean surface return simulation

digitally. The simulation results are converted to
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analog I, Q) and modulated in the I, Q M odulator
with 75 MHz IF,
with the same RSS chirp to produce 13. 9 GHz RF

return signal in M ixer 2, and passed back to the ak

then up converted and mixed

timeter.

DSSP block diagram is described in Fig. 4. All
the timing is synchronized to the 80 MHz clock
from Frequency Synthesizer in Fig. 3. The micro
processor is TM S320C30,
with PC computers by PCI bus. All the timing is

which communicates

implemented by the cooperation of FPGA and
TMS320C30. The point target response or the
rough ocean surface impulse response is simulated
by com puter software; it’ s easy to realize the full
sea state condition simulation due to the strong
function of the recent PC technique. The simula
tion data are transferred to TM S320C30 and com-
plex multiplied with the stored PSD I, Q data, the
results are stored in Dual port RAM in real time.
By the timing of FPGA, the data is digital to ana
log converted and the I, Q outputted to the I, Q
M odulator as shown in Fig. 3. T he detailed simula
tion algorithm is described in [ 2]. Since the time
delay is realized by digital technique based upon the
“chirp regeneratiorr de ramp” method, it’ s conve
nient to simulate large round trip path delay from
the altimeter to the ocean surface. The range set in
this system varies from lms to 5 ms, corresponding

toa 150 km to 1 500 km height from satellite to

the ocean surface.
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Fig. 4 Block diagram of DSSP
3.2 Function implement

Fig.5 describes system timing scheduling and

function implement.
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Fig.5 Timing scheduling and function implement

A “ Shenzhou IV”

mitting burst consists of five pulses, and the burst

spacecraft altimeter trans

repetition period is 5 ms. Height tracking range is
designed at 334 km £50 km which corresponds to a
round trip time delay from 1. 893 ms to 2. 56 ms.
So the RSS must provide the simulation signal
burst in a certain time between 1. 893 ms and 2. 56
ms from the beginning of the transmitting burst of
the altimeter. This is realized by the RSS according
to the altimeter transmitting timing scheduling as
in Fig. 5.

During the altimeter transmission, RSS im-
plement the following steps:

(D) “Full deramyp” altimeter chirp;

(2) Perform AD conversion of the PSD I, Q
output;

(3) Perform A cquisition and T racking process
ing;

(4) Perform Complex multiplication of record
ed I, Q data with simulation data from PC soft
ware and storing the results in the dual port RAM;

(5)Set height delay counter.

Right after the counting of height delay, RSS
startup the following steps totally controlled by
hardware timing:

(1) DA converters read data from the dual port
RAM;

(2) Perform I, ) M odulation;
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(3) FPGA triggers chirp generator.
3.3 RSS performance

For altimeter test and calibration, the RSS
performance should be better than the altimeter’ s.
TABLE I lists the designed specifications of the
RSS system.

Tab. 1 RSS system performance
T ime Delay FS5 ms, Fuly variable in intervak of 0. O5ns
Delay Precision £0. 1ns
Delay A ccuracy £0. 1 ns

Signal Level Range - 70 dB, Variable in < 1 dB steps
Chirp Fidelity 3 RMS
De ramp predsion *1 kHz

The dominant requirement is deramp precr
sion, it determines the overall performance of the
RSS system. To achieve the requirement, PSD I,
Q output is filtered with a 128 kH z low pass filter,
at 5.333 MHz sample rate, the 24 s altimeter pulse
results in 128 complex samples having a spacing of
1 kHz frequency resolution, which corresponds to a
0. 07 ns time resolution or 2 cm range resolution.
So the altimeter pulse tracking precision and accur
racy are less than 0. 1 ns. Since the time delay sim-
ulation is realized by digital synthesizing method
and controlled by the time delay counter n FPGA,
the delay precision and accuracy are mainly deter
mined by 80 MHz clock precision, the design re
quirement is assured by an Ultra stable Oscillator
with 10”7 frequency precision and 10™ ' frequency
stability. Furthermore, based upon these, the RSS
system can provide an absolute time delay of point
target response simulation with 0. 1 ns precision
and accuracy, and the altimeter absolute calibration
of the system time delay can be performed. In ad
dition, 128 complex sampling results in high chirp
fidelity of 3> RMS, and by employing digital corr
trolled tunable attenuator, the signal level is acar

rately simulated.

4 Altimeter test and calibration by
RSS

4.1 Point target response test

The Frequency Spectrum Analyzer of the
“Shenzhou IV” spacecraft Altimeter Tracker has
64 tracking gates, which correspond to the 64 sam-
ples of ocean return waveform. The middle gate,
index number 32, defined between the sample 32
and 33, is used to track the half power point in the
leading edge of an ocean return waveform to form
height estimation.

By performing a point target response test,
the altimeter system time delay, corresponding to
system height bias, can be absolutely calibrated.
By using the RSS, the method is rather simple. If
the RSS transforms the PSD I, Q data into the RF
output with a known time delay t;, the altimeter
tracks this point target signal and sets it in the
middle gate in tracking time t2, and the time dif
ference is the system time delay. If the PSD I, Q
data complex multiplies with the point frequency
data simulated by DSSP,

should set this signal in a certain tracking gate

the altimeter tracker

whose frequency shift corresponds to the point fre
quency. If aided by high resolution frequency
counter, to measure the I, Q signal of the altime
ter tracker, a better result would be obtained.

An example of a point target response test is
as follows. The RSS simulated signals are shown in
Fig. 6.

The signal in Fig. 6 is a simulated 1 MHz
point target, and the time delay isset to ¢1= 2 ms,
which corresponds to a 300 km round trip height.
While this signal is accurately tracked by the ak
timeter, the processed spectrum waveform will apr
pear in the 56" tracking gate.

T he altimeter tracker processed data is plotted
in Fig. 7. The simulated signal is tracked by the
time, the

56" tracking gate. In the same

height tracking time of the altimeter ¢, =
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Fig.6 Simulated point target response of the atimeter

by RSS

2.003 338 ms, less the time delay set in the RSS
t1, is the altimeter system time delay, 3. 338 bs.
Changing the simulated frequency and averaging all
the results, the system time delay is 3. 338 Us 0.

1 ns.
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Fig. 7 Altimeter point target signal tracking

4.2 Dynamic performance test

Dynamic performance should be tested over
the range of irrorbit conditions before launch. T he
test program includes thermal vacuum environment
tests, vibration tests, acoustic tests, and EMI/
EMC tests. Before, during, and after thermal vac
uum tests and EMI/ EM C tests, the altimeter dy-
namic performance tests have been conducted by
using the RSS simulation. Here is an example of
the rough ocean surface return signal simulation to
conduct altimeter performance tests during thermal
vacuum environment tests, as shown in Fig. 8,

Fig.9, and Fig. 10.
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Fig.8 The computer simulation of rough ocean surface

return signal tracked by altimeter
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Fig.9 The RSS simulation of rough ocean surface return
signal

Fig. 8 describes full signal simulation by the
DSSP computer software. The simulated height is
334km, SWH is 5 m, and & is 10 dB. Since the

simulation also includes the satellite altitude angle
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Fig. 10 Rough surface simulation signal processed by at
timeter tracker

variation, height rate and height acceleration,
speckle statistics of the ocean backscatter, and the
spatial and temporal correlation of speckle, the
simulated waveforms are random. The Fig. 8 (a)
gives a sample of a simulated single pulse. The
DSSP softw are also has the function to simulate ak
timeter processing, this computer simulation is to
validate whether the full signal simulation statistics
is the same as in theory.

Fig. 9 describes the signal flow of the RSS
simulation.

Fig. 10 describes the altimeter tracker process

ing. By 1 second averaging, the altimeter height
SWH estima

tion accuracy is 0.45 m and & accuracy is E1 dB.

measurement precision is 4. 5 cm,

TABLE II lists altimeter performance tests re
sults of 2m, 5 m, and 10 m SWH sea states simur

lation.

Tab. 2 Prelaunch altimeter performance

Sea state Height standard ~ SWH estimation

SWH deviation

@ accuracy
accuracy

(dB)

(m) (cm) (m)
2 3. 98 0. 235 +0.5
5 4. 50 0. 450 *1.0
10 512 1. 020 *1.0

5 Conclusion

RSS is the most important device for altimeter
performance tests and calibrations. In China, theo
retical analysis predicted and the prelaunch testing
demonstrated the capability of the ” Shenzhou IV”
spacecralt altimeter to measure the range to the o
cean surface with 5 cm accuracy. Flight experiment
results also validates this, which will strongly sup
port the further plan for higher performance al

timeter development in China.
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