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Development of return signal simulator

for chinese satellite altimeter prelaunch performance assessment

GU O Wei, ZHANG Xiao�hui
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Abstract: An ocean Return Signal Sim ulator ( RSS) and the principles of the RSS w ith it s means of testing

and calibrat ing for a satellite altimeter were g iven. By using the chirp regenerat ion technique, full de-

ramp technique, ocean return spect rum dig itally synthesizing technique and high speed DSP technique, a

full signal RSS w as successfully developed for a Chinese satellite altimeter test and calibration, full range of

time delay and full sea state simulat ion w ere achieved. T ime delay precision is 0. 2 ns, significant w ave

height ( SWH ) simulat ion precision 0. 5 m and backscattered coef ficient precision 1 dB. By using the RSS,

the full system test ing and calibrating experiment to the Chinese satellite alt im eter w ere im plemented. T he

results show the dynamic performance of the RSS and the alt imeter are validated.
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回波模拟器的研制及对卫星雷达
高度计发射前的性能评估

郭 � 伟,张晓辉

(中国科学院 空间科学与应用研究中心,北京 100080)

摘要:给出了回波模拟器的原理及其对卫星高度计的测试和定标方法。通过采用 chirp重建技术、全去斜坡技术、海洋回

波波谱数字合成技术和高速 DSP技术, 研制了一台用于卫星高度计测试和定标的全信号海洋回波模拟器,实现了海洋

回波信号的全程路径延时模拟和全海况模拟。延时模拟精度为 0. 2 ns、海洋有效波高模拟精度为 0. 5 m、后向散射系数

模拟精度为 1 dB; 并将该模拟器用于了卫星高度计全系统的测试和定标。实验结果: 有效验证了回波模拟器的原理及其

对卫星高度计的测试和定标方法是可行的,也有效验证了一种卫星高度计的动态工作性能。

关 � 键 � 词:雷达; 高度计;回波模拟器; 微波遥感
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1 � Introduction

� � The �Shenzhou IV� spacecraf t alt imeter is a

nadir�looking, pulse�compression radar w hich oper�
ates in a pulse�lim ited mode, w ith the range m ea�

surement at Ku�band ( 13. 9 GHz) . The system

generates a linear�FM ( chirp) pulse w aveform w ith

a bandw idth of 332 MHz and a durat ion of 24 �s.

T he pulse repet ition frequency ( PRF) is approx i�

mately 4 800 H z. The antenna is a 1. 2 m diameter

parabolic reflector. The beam width ( 2. 6�) from a

334 km mean orbit alt itude covers an area on the

surface that has a diameter of over 15 km. T he

measurement area is rest ricted by the pulse�limited

operat ion 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 linear�FM and

processed by f requency f iltering to form w ave�

forms, each consist ing of 64 sam ples of the power

backscattered f rom a particular range. The 333

MH z pulse bandwidth results in these samples hav�
ing a spacing of 0. 45 m. This is also the resolut ion

of the alt imeter. The w aveforms are processed by

an adapt ive tracker, w hich controls the alt imeter

through the various calibrat ion, track, standby,

and test modes, to format the height , AGC, w ave

height, status, and engineering data for output to

the spacecraf t telemetry system .

T he alt im eter performance mainly expected to

be validated includes:

( 1) Height t racking precision of 5 cm.

( 2) SWH est imation accuracy of 0. 5 m or

10% of SWH .

( 3 ) Ocean backscat ter coef ficient ( ��) re�

solved to an accuracy of � 1 dB.

( 4 ) All funct ion modes, surface acquisit ion

and tracking performance test and validation.

T he best w ay to ensure the alt imeter in�orbit

performance is as expected after launch, is to vali�
date it over the range of in�orbit operating condi�

t ions before launch. This is a very important sec�

t ion of the ground�based test and calibrat ion pro�
g ram to the altimeter and is mainly accomplished

w ith the RSS that provides a full signal simulat ion

of the ocean surface. This paper describes the sys�

tem design and developm ent of the RSS. Based up�
on the use of the RSS to simulate the backscat ter

from the ocean surface, the prelaunch test experi�

ment data are presented to demonst rate that the

performance of the � Shenzhou IV� alt imeter w ill

meet the specif ied requirements.

2 � RSS Principle

� � T he signal prov ided by the RSS must realize

the real simulation of the ocean return signal. It

determines that the simulat ion model comes f rom

the altimeter pulse� s limited measurement geome�

t ry, as shown in Fig. 1.

F ig. 1� Alt imeter pulse limited measurement geometr y

T he alt imeter averaged received pow er[ 1] to be

simulated can be represented by the follow ing:

Pr ( �) �

�PTPFS (0) 2��p 1+ erf
�

2 �c
/ 2, �< 0

�PTPFS ( �) 2��p 1+ er f
�

2 �c
/ 2, �� 0 ,

( 1)

Where, � is pulse compression rat io, PT is peak

transmitt ing pow er, �p is 3 dB point target re�
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sponse w idth, �c= �2p + ( 2�s / c)
2
, �s is the RM S

height of the specular points relative to the mean

sea level, �= t - 2h/ c is the round�t rip path time

delay of the transmitt ing pulse, PFS ( �) is f lat sea

surface m ean impulse response, erf ( �) denotes the

error funct ion.

To simulate an ocean return signal by using

( 1) , the relat ive movement betw een satellite and

ocean surfaces must be considered. So the simula�
t ion includes the follow ing effects:

( 1) Radar cross section of the ocean surface;

( 2) Significant w ave height ( SWH) ;

( 3) Satellite at t itude angle;

( 4) Height ( round�t rip path delay ) , height

rate, and height accelerat ion;

( 5) Speckle statist ics of ocean backscat ter;

( 6) Spat ial and temporal correlat ion of speck�
le.

By performing the simulat ion described above,

the principle of alt imeter validat ion by RSS is

shown in Fig. 2.

Fig. 2� Functional diagram of altimeter validation by RSS

T he pulses from the alt im eter t ransm it ter are

at tenuated by the tunable attenuator and modulated

w ith the signal from the w aveform generator pre�
cisely controlled by the t imer, and passed back to

the altimeter receiver through the delay line. T he

received signal, reg arded as the real ocean return

signal, is processed by the alt imeter. By comparing

the results processed by the alt imeter w ith the RSS

simulation, the prelaunch alt imeter performance

w ill be validated.

3 � RSS development

3. 1 � Hardware design

T he block diag ram of the RSS system hard�
w are is show n in Fig. 3.

Fig. 3 � Block diagram of the RSS system hardware

T his system is based upon �chirp regeneration�

de�ramp� concept. The 13. 9 GHz pulse from al�
t imeter transmitter is � full de�ramped� w ith the

RSS Ku�band chirp in Mixer1, the de�ramped sig�

nal is dow n converted to 75 MHz IF , and then de�
tected by the Phase Sensit ive Detector ( PSD) , the

I, Q output w ill be dig it ized by DSSP. If there ex�
ists any t ime delay betw een the altimeter pulse and

the RSS chirp pulse, I, Q output is a po int fre�
quency signal, the frequency is in proport ion to

time delay. DSSP controls the t rigging t ime to

make the t ime delay vanish, and sequent ially, I, Q

frequency dow n to zero, this means the RSS accu�
rately acquired and tracked the alt imeter pulse.

DSSP records this t ime as the start ing t ime of the

simulation, and also stores the digit ized I, Q for

duplicat ing the orig inal alt imeter pulse characteris�
t ics to make the in succession simulated return sig�

nal the same w ith the real ocean backscat ter signal

essentially coherent to the alt imeter transmission.

DSSP can provide both point target response simu�
lat ion and rough ocean surface return simulat ion

dig itally. The simulat ion results are converted to
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analog I, Q and modulated in the I, Q M odulator

w ith 75 MH z IF, then up converted and mixed

w ith the same RSS chirp to produce 13. 9 GH z RF

return signal in M ixer 2, and passed back to the al�
t imeter.

DSSP block diag ram is described in Fig. 4. All

the timing is synchronized to the 80 MH z clock

from Frequency Synthesizer in Fig. 3. T he micro�

processor is TM S320C30, w hich com municates

w ith PC com puters by PCI bus. All the t im ing is

implemented by the cooperation of FPGA and

T MS320C30. The point target response or the

rough ocean surface impulse response is simulated

by com puter softw are; it� s easy to realize the full

sea state condit ion simulation due to the strong

funct ion of the recent PC technique. The simula�
t ion data are t ransferred to TM S320C30 and com�
plex mult iplied with the stored PSD I, Q data, the

results are stored in Dual port RAM in real time.

By the t iming of FPGA, the data is digital to ana�
log converted and the I, Q outputted to the I, Q

M odulator as show n in Fig. 3. T he detailed simula�
t ion algorithm is described in [ 2] . Since the time

delay is realized by digital technique based upon the

� chirp regeneration�de�ramp� method, it� s conve�
nient to simulate large round trip path delay f rom

the alt imeter to the ocean surface. The range set in

this system varies from 1ms to 5 ms, corresponding

to a 150 km to 1 500 km height from satellite to

the ocean surface.

F ig. 4� Block diagr am of DSSP

3. 2 � Function implement

Fig . 5 describes system t im ing scheduling and

funct ion implement .

F ig. 5 � T iming scheduling and funct ion implement

A � Shenzhou IV� spacecraft alt imeter t rans�
m it ting burst consists of five pulses, and the burst

repet ition period is 5 ms. H eight t racking range is

designed at 334 km � 50 km which corresponds to a

round trip t ime delay from 1. 893 ms to 2. 56 ms.

So the RSS must prov ide the simulat ion signal

burst in a certain t ime betw een 1. 893 ms and 2. 56

ms from the beg inning of the transmitt ing burst of

the alt im eter. This is realized by the RSS according

to the alt im eter t ransmitt ing timing scheduling as

in Fig. 5.

During the alt imeter t ransm ission, RSS im�
plement the follow ing steps:

( 1) � Full de�ram p� altimeter chirp;

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

output;

( 3) Perform Acquisit ion and T racking process�
ing ;

( 4) Perform Complex mult iplicat ion of record�
ed I, Q data w ith simulation data f rom PC soft�
w are and storing the results in the dual port RAM;

( 5) Set height delay counter.

Right after the count ing of height delay, RSS

startup the follow ing steps totally controlled by

hardware timing:

( 1) DA converters read data from the dual port

RAM;

( 2) Perform I, Q M odulat ion;
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( 3) FPGA triggers chirp generator.

3. 3 � RSS performance

For alt imeter test and calibration, the RSS

performance should be better than the alt imeter� s.

TABLE I lists the designed specifications of the

RSS system.

Tab. 1� RSS system performance

T ime Delay 1�5 ms, Fully variable in intervals of 0. 05ns

Delay Precision � 0. 1 ns

Delay Accuracy � 0. 1 ns

Signal Level Range 0�70 dB, Variable in < 1 dB steps

Chirp F idelity 3� RM S

De�ramp precision � 1 kHz

T he dominant requirement is de�ramp preci�
sion, it determ ines the overall performance of the

RSS system. To achieve the requirement, PSD I,

Q output is f iltered w ith a 128 kH z low pass filter,

at 5. 333 MHz sam ple rate, the 24 s altimeter pulse

results in 128 com plex samples having a spacing of

1 kH z frequency resolution, w hich corresponds to a

0. 07 ns t ime resolut ion or 2 cm range resolut ion.

So the altimeter pulse tracking precision and accu�
racy are less than 0. 1 ns. Since the t ime delay sim�
ulation is realized by dig ital synthesizing method

and controlled by the time delay counter in FPGA,

the delay precision and accuracy are mainly deter�
m ined by 80 MHz clock precision, the design re�
quirement is assured by an Ultra�stable Oscillator

w ith 10- 7 frequency precision and 10- 10 frequency

stability . Furthermore, based upon these, the RSS

system can provide an absolute t ime delay of point

targ et response simulation w ith 0. 1 ns precision

and accuracy, and the alt imeter absolute calibrat ion

of the system t ime delay can be performed. In ad�
dit ion, 128 complex sampling results in high chirp

fidelity of 3� RMS, and by employing dig ital con�
t rolled tunable at tenuator, the signal level is accu�
rately simulated.

4 � Altimeter test and calibration by

RSS

4. 1 � Point target response test

T he Frequency Spect rum Analyzer of the

� Shenzhou IV� spacecraft Alt imeter 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 t rack the half pow er point in the

leading edge of an ocean return w aveform to form

height est imat ion.

By perform ing a point target response test,

the alt imeter 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 w ith a know n t ime delay t1, the alt imeter

tracks this point target signal and sets it in the

middle gate in t racking t ime t 2, and the t ime dif�
ference is the system t ime delay. If the PSD I, Q

data com plex mult iplies w ith the point frequency

data simulated by DSSP, the alt imeter tracker

should set this signal in a certain t racking gate

w hose f requency 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 bet ter result w ould be obtained.

An example of a point target response test is

as follow s. T he RSS sim ulated signals are show n in

Fig. 6.

T he signal in F ig. 6 is a simulated 1 MH z

point target , and the t ime delay is set to t 1= 2 ms,

w hich corresponds to a 300 km round trip height.

While this signal is accurately t racked by the al�
t imeter, the processed spectrum w aveform w ill ap�
pear in the 56th tracking gate.

T he alt imeter t racker processed data is plotted

in Fig . 7. The simulated signal is t racked by the

56th t racking gate. In the same time, the

height t racking t ime of the alt imeter t 2 =
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( a) Software simulated 1 M Hz point frequency

( b) Frequency spectrum of the point frequency

( c) DSSP output I, Q po int targ et signal

( d) I, Q modulator output frequency spectrum

( e) RSS 13. 9 GHz RF output fr equency spectrum

Fig . 6 � Simulated point tar get response of the altimeter
by RSS

2. 003 338 ms, less the time delay set in the RSS

t1, is the alt imeter system t ime delay, 3. 338 �s.

Changing the simulated frequency and averaging all

the results, the system time delay is 3. 338 �s � 0.

1 ns.

F ig. 7� Altimeter po int targ et signal tracking

4. 2 � Dynamic performance test

Dynamic performance should be tested over

the range of in�orbit conditions before launch. T he

test prog ram includes thermal vacuum environment

tests, vibrat ion tests, acoustic tests, and EM I/

EM C tests. Before, during , and after therm al vac�
uum tests and EM I/ EM C tests, the alt im eter dy�
namic performance tests have been conducted by

using the RSS simulat ion. H ere is an example of

the rough ocean surface return signal sim ulat ion to

conduct alt imeter performance tests during thermal

v acuum environm ent tests, as show n in Fig . 8,

F ig. 9, and Fig. 10.
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( a) A sample of simulated sing le pulse ( SWH= 5 m, ��=

10 dB, Height= 334 km)

( b) Altimeter 1 tracking per iod aver ag ing simulated by

computer software

( c) A ltimeter 1 second averag ing simulated by computer

softw are

( d) Theoretical averaged r eturn power

Fig . 8 � The computer simulation of rough ocean surface

return signal tracked by altimeter

( a) DSSP I, Q output simulating rough sur face r eturn

( b) I, Q modulator output frequency spectrum

( c) RSS 13. 9GHz RF output frequency spectrum

Fig . 9 � The RSS simulation o f rough ocean sur face r eturn
signal

� � Fig. 8 describes full signal simulat ion by the

DSSP computer sof tw are. The sim ulated height is

334km, SWH is 5 m, and �� is 10 dB. Since the

simulation also includes the satellite alt itude angle
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Fig . 10 � Rough surface simulation signal processed by al�
timeter tracker

variat ion, height rate and height accelerat ion,

speckle stat ist ics of the ocean backscat ter, and the

spat ial and temporal correlat ion of speckle, the

simulated w aveforms are random. The Fig . 8 ( a)

g ives a sample of a simulated single pulse. T he

DSSP sof tw are also has the function to simulate al�
t imeter processing , this computer simulat ion is to

v alidate w hether the full signal simulat ion stat ist ics

is the same as in theory.

F ig . 9 describes the signal f low of the RSS

simulation.

F ig . 10 describes the alt imeter t racker process�

ing. By 1 second averaging , the alt imeter height

measurement precision is 4. 5 cm , SWH estima�
t ion accuracy is 0. 45 m and �� accuracy is � 1 dB.

TABLE II list s alt imeter performance tests re�
sults of 2 m, 5 m, and 10 m SWH sea states simu�
lat ion.

Tab. 2� Prelaunch altimeter performance

Sea state

SWH

( m)

Height standard

deviation

( cm)

SWH estimation

accuracy

( m)

�� accuracy

( dB)

2 3. 98 0. 235 � 0. 5

5 4. 50 0. 450 � 1. 0

10 5. 12 1. 020 � 1. 0

5 � Conclusion

� � RSS is the most important device for alt imeter

performance tests and calibrat ions. In China, theo�
retical analysis predicted and the prelaunch testing

demonst rated the capability of the �Shenzhou IV�

spacecraf t alt imeter to measure the range to the o�
cean surface w ith 5 cm accuracy. F light experiment

results also validates this, w hich w ill st rongly sup�
port the further plan for higher performance al�
t imeter development in China.
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