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Abstract

Synthetic Aperture radar uses long range propagation cteastics of radar signals and the complex
information processing capabillity of modern digital élenics to provide high resolution imaging.
It can provide high-resolution images from platform opiexgt long ranges, despite severe weather
conditions. The University of Cape Town (RRSG) group areenity building a SASARII radar. This
report is based on the simulation of the SASARII X-Band Imagiadar. The simulation uses chirp
pulse as base-band signal. The report describes all thal ggcesing techniques of the SASARII
X- Band Imaging radar, component limitations on the systesolution in particular the noise and
non-linearities they generate. ADC limitaions on the systesolutions are also adressed.

In this project the signal had to be processed, integragedadding many pulses like a real radar
and demodulated down to baseband using digital demodnlthnique because modern radar de-
modulation techniques employ this method, however timesttamts could not permit neither pulse
integration nor digital demodulation of the signal down &séband to take place. The investigations
that were to be carried out on the simualtion of the SASARB2Ad Imaging radar were based on
the work that has already beeen established by Mastersgsude
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ADC Analog to Digital Converter
Baseband The low range frequency of the signal normally to be upcon-
verted to radio frequency
Chirp A pulse modulation method used for pulse compression. The
freequency of each pulse is varied at a constant rate through
the length of the pulse
DAC Digital to Analogue Converter
DPG Digital Pulse Generator
I In-Phase chirp component
IF Internediate Frequency
LNA Low Noise Ampli er
LO Local Oscillator
LSB List Signi cant Bit of an ADC
PRF Pulse Repetition Frequency

The power that is received at the receiver when the signal
bounces off a target

Pulse Repetition Frequency

Quadrature component of the chirp

Radio Detection and Ranging

Radar Cross-Sectional Area. An area of the target thatinter
cepts the transmitted electromagnetic ux.

The radial distance from a radar to a target

Radio Frequency

Radar Remote Sensing Group

Synthetic Arpeture Radar

South African Synthetic Aperture Radar

Sensitivity Time Control

Standard Deviation

The area on earth covered by the antenna signal

Any object that interferes with electromagnetic radiation
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Chapter 1
Introduction

This report describes the simulation of the SASARII X-Baméging radar using Pulse Compression
(Chirp Pulse) to investigate the effect of component litiotas in the transceiver chain, their effect on
the resolution and sensitivity of the system. For the pugpaighis report the following investigation
in particular will be carried out:

System lters (upconverstion and downconversion)
System noise

System non-linearity

System losses ( lters, combiners, splitters, etc.)

ADC gquantisation level (full scale and number of bits)

The target (the receipted signal at the receiver) will beleadanction i.e. a delayed version of the

transmitted signal.. The results of this simulation shalluised for comparison with the Pulsed and
Stepped Frequency radar simulations. All the relevantrmétion required for the purpose of these
report were gathered from several relevant bodk<®[ ?, ?] and the user requirement information

provided by the project supervisd]|.

1.1 Terms of Reference

The following user requirements were agreed upon wittidr the purpose of this project:

The transmitter
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The DAC shall output two channels at maximum power of +10dBmohe Each baseband
channel shall have bandwidth of 50MHz.

The system shall have two IF stages at 158MHz and 1300 MHz &tdsiage at 9300 MHz.

System lItering will consists of Iters of different typesof investigation of their effects on the
system's resolution.

The transmitted peak power level shall be 3.5 kW.
The system shall have a pulse repetition frequency (PRHjtaz &ind pulse length of 5 .

The DAC and ADC shall be clocked with 150MHz and 210MHz resipely. The jitter must
not exceed pBs.

The receiver

The receiver system shall have a dual - stage downconvestage from RF of 9300MHz, two
IF stages at 1300MHz and 158MHz

Filtering will consists of different Iters for investigain of their effects on the system's reso-
lution

The effect of Thermal noise on the system will be investigate

The transmitted power and carrier frequency are set comsgithe operational parameters of
the available power ampli er.

The transmitted carrier frequency is setto 9.3 GHz .

Maximum number of range samples of 8192.

Maximum instantenous receiver bandwidth of the systemIsze1100 MHz.
System ltering should ensure maximum phase linearity.

An analogue-to-digital converter (ADC) with sample ratdd MHz and a minimum of 8 bits
and with maximum input power of 13 dBm should be used to digithe received signal.

The Software used for this simulation is System View(by E{an
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1.2 Plan of Development
The arrangement of this report is as follows:
Chapter 2: Background Information

This chapter introduces the background of this report. Téggrining of this chapter introduces the
reasons for the need of the simulation of the SASARII X-Bandging radar using Chirp Pulse as
Baseband Signal. It continues with a brief description bffted transceiver units and also provide
and overview of the simulation. It nishes by clearly givisgmmary of the simulation.

Chapter 3: Transceiver Simulation Design

In this chapter the transceiver is described theoreticale chapter begins with a theoretical
description of the Baseband Chirp Pulse. It continues wittearetical description of all the stages
of the transmitter and the receiver. It gives the readerlgfalure of what the Chirp Pulse is and
how it is processed through all the transceiver units. Ish@s by giving a brief overview on the
ADC considerations and further describe pulse integraiiothe system's output, demodulation
technique used as well as summary of all theoretical reopargs for the simulation.

Chapter 4: Testing of the System

Testing of the system is described in this chapter. It rétaduces the reader to main methods of
performing tests, the observations that came out in thelatron in particular the observations are
made in relation to the main investigations that were to beexhout for the purpose of this
report.All the necessary theoretical description of inbt@ot radar concepts needed to asses the
performance of this chirp radar simulation are outlinechis thapter.All the types, procedures and
methods for testing used for each test are described in.detes chapter serves as the bases upon
which the whole simulation could be checked and analyseaatoitides the results for every type of
test performed according to terms of reference. The endecthlapter discusses these results.

Chapter 5: Conclusions and Recommendations

This chapter make nal conclusions and recommendationfutore work on this subject based on
the observations, analysis and discussion of the resulésnaal.
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Chapter 2

Background Information

2.1 Background of the Project

In 2004 UCT RRSG Radar and Remote Sensing Gryuwypere in progress of integrating SASARII
(South African Synthetic Aperture Radar) X-Band imaging radar. This particular radar operate in
the frequency range of 8 - 12 GHz (3cm wavelength). To assgseiformance, the radar had to be
tested using different kinds of waveforms. The wavefornes ar

Pulsed Radar
Stepped Frequency Radar

Chirp Radar

This simulation is carried out as part of the assessmentisfrdarA pulsed radar transmits all
components of its spectrum with each pulse, and resolvgsttain the fast time delay dimension.
Stepped frequency systems transmits its spectrum in a segwé steps, and converts the signals
received in the frequency domain to time domain. Pulsed Cesgpon (Chirp Pulse) allows a long
pulsed radar to transmit a wide bandwidth waveform and &ehiagh resolution by means of pulse
compression (cross correlation with a replica of the tratiethwaveform) f].

2.2 Overview of Simulation

The simulation of the SASARII X-Band Imaging radar can besdescribed by the block diagram
on Figure 2.1.The diagram shows a delay of the transmittgthbas mentioned in chapter 1 that it is
for the purpose of this report to receive a delayed versicdh®transmitted signal at the receiver so
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that a real radar situation could be simulated since theititakes for the transmitted signal to travel
to a target situated at some distance R is given by equatigh py 17].

Transmitter

IF1 IF2 RF Stage
Baseband
Processing

DPG for
First

rlupconversion

Second Final )
upconversion upconversion Amplification

Delay

Receiver

N Received
158 Second 1300 First 9300 e

LHz Down MHz Down MHz
Conversion [ Conversion

ADC Signal -+

@
9300MHz

Figure 2.1: A block diagram showing all stages of the chigarasimulation

2.3 The transmitter

The transmitter takes the low power base-band signal togrer RF signal and it comprises LO,
mixers, Iters and ampli ers.

2.3.1 The Generation of the chirp signal to IF1

The baseband information shall be two quadrature signafsibby the DPG with a real bandwidth

of 50MHz. They will be combined to produce a 100MHz complexlsignal and mixed with a
158MHz LO signal to be upconverted to the IF1 stage at 158MHz.

2.3.2 The IF2 Stage

The second IF is chosen to be at 1300MHz as stated in term&oénee.

2.3.3 Last Upconversion Stage at RF

The last upconversion stage is at 9300MHz. The LO will bengjtht B000MHz. After this stage the
signal will be ready for transmitting.
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2.3.4 Ampli cation

The required power level of the signal before transmissiail ©e 3.5kW as stated in terms of refer-
ence. The power ampli er at this stage will be used to achtbeerequired power level because the
signal suffer losses due to RF components as it propagatasgth all the stages of the transmitter
chain.

2.4 The Receiver

The receiver too consists of all RF components i.e. mixe@s, REilters and ampli ers.

2.4.1 The RF stage

At this stage the signal received at the receiver is a delagesion of the transmitted signal. The
incoming RF signal is propagating at 9300MHz.

2.4.2 Receiver Downconversion Stages

At this stage the received RF signal is mixed with a LO at fesguy of 8000MHz. The second
downconversion will have a LO with a frequency of 1142MHzeThceived signal sitting at 158MHz
shall then be fed to an ADC for digital processing.

2.5 The ADC

A 210MHz clock signal is generated to clock the ADC in ordectmvert the signal from analog to
digital form.

2.6 Pulse Compression

To increase the signal-to-noise ratio the signal is padsedigh a match Iter to get the peak signal-
to-noise ratio.

Document No. rrsg:4027 30th October 2004
Document Rev. A Page: 17 of 56



UCT Radar Remote *‘”‘@”4 Department of
Sensing Group past Electrical Engineering

2.7 Demodulation

Demodulation of the signal into I/Q baseband signals isqueréd digitally as stated by the project
supervisor P].The signal shall be demodulated down to baseband at 50Mliddern radar demodu-
lation techniques are employed for demodulation.
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Chapter 3

Transceiver Simulation Design

3.1 Introduction

In this chapter the transceiver is described theoreticdllye chapter begins with a theoretical de-
scription of the Baseband signal. It continues with a thiecaiedescription of all the stages of the
transmitter and the receiver. It gives the reader a fullypeetof what the Chirp Pulse is and how
it is processed through all the transceiver units. It nishiy giving a brief overview on the ADC
considerations and further describe pulse integratiomersystem's output, demodulation technique
used as well as summary of all theoretical requirement®simulation.

3.2 The transmitter
The requirements for the design of the chirp radar tranecaike drawn in terms of referen@g[

3.2.1 Basic theory and Generation of the Baseband Chirp Puts

The RF chirp signal looks as shown in the equation:

t 1
Vie (t) = rect(?)cos[Z (fot + éKt )] (3.1)
This signal can be represented analytically as,
Vrx (t) = rect(%) exp 2 [fot* 2Kt 7] (3.2)

Baseband Representation of the signal is as shown:

t .
Vou(t) = rect(=-) expl® (3Kt?) (3.3)
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The mathematical validity of these equations can be foun@,ipg 35]. From the equations above it
follows that the output of the baseband signal shall theedbe the two quadrature, analogue
channels (I and Q), whered cogq Kt 2), Q = sin( Kt ?) (both real, even signals) as speci ed in
the terms of reference. K is known as the chirp rate=(|$ in Hz/s) andf , is the carrier frequency.

The two chirp pulses vary linearly in frequency from -50 tdvB8z in a period of 5s (T). These

two quadrature signals have a bandwidth of 50Hz each. Thikh&combined and upconverted to
form a complex chirp pulse of 100MHz bandwidth. The rst Ilage is at 158MHz and this imply
that a 158MHz LO signal will be required to make the upconeerprocess as stated ifi][ Figure
3.1 shows the system view simulation time and frequency doif@ components of the chirp pulse
at baseband.

Systamvien - - .
SystamView SystemView Fower Spectrum of O @ Baseband

1) 100e+6 2000+6

Figure 3.1: Time and frequency 1/Q components of the chilpgat baseband

3.2.2 The IF stages of the Transmitter

In the IF1 stage the generated baseband chirp waveform sueded to the 158MHz LO
frequency, followed by the second IF stages at 1300 MHz, dhdtRge at 9300MHz and lastly
ampli cation of the signal for transmission. Figure 3.2 sisathe chirp at IF1 and evidence of the
non-linearity and noise brought by mixers can be seen.
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Amplitude

Figure 3.2: Time and frequency domain I/Q components of tiwpat IF1

Figure 3.3 shows the complex chirp at 158MHz. Componentenaisl non-linearity contributions

can be clearly seen.

Systemiew

Complex_Chirp @ IF1 (158MHZ)

2e-6
|

SystemView

0

Power Spectrum of Complex_Chirp @(158hhz)

200e+6 300e+6

100e+6

3e-6
| | -40

-50

-60

Power dBm

-70

]
! '?FM‘W HMM&

W%

R

-80

1 t
2e-6 3e-6
Time in Seconds

-90

100e+6

200e+6

300e+6

Frequency in Hz (dF = 200e+3 Hz)

Figure 3.3: Complex chirp at IF1
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3.2.3 The transmitted power budget

The required power level for transmission is 3.5kW. Figugeib appendix B shows the power at the
output of the transmitter from system view. Therefore thegrabudget for the transmitter is achived
considering all the component limitatioriB reach this power all the noise from the RF components
is considered by calculating the transmitteR®ise Figur¢F) as shown in P, pgs (89-95)] based on
the design in P, pg 26].

The cascaded system noise gure of the transmitter and teaver is calculated based on equation
3.4 shown below. The theory for this calculation can be foumf?, pgs (89-93)] ,however with
Sytem View signal-to-noise ratio is calculated by taking thtios of the input and output of the
receiver signal to noise signal, hence the receiver noisgeds calculated.

F= 20 (3.4)

WhereS; andN; are the signal and noise at the input wHdg¢andN, are signal and noise at the
output of the system. The transmitting frequency is at 938@Ms stated in terms of reference. The
sampling rate must be atleast twice the highest frequentheisystem according to Nyquist criteria.
The System View sampling frequency was set to 37.2 G Hz i times the highest frequency of
9300MHz at RF . Figure 3.4 shows the power levels of the tratsnsimulated from system view.
Figure 5.1 in appendix B shows the system view version of theansmitter.

Figure 3.4: The transmitter power simulation with compdeéosses and power levels

| Token number Loss [dB]| Gain| Name | Input Power [dB}| Output Power [dB]|

1 7 Mixer 0 -8

2 7 Mixer 0 -8

11 0.3 Combiner -16 -10

9 1.8 Filter loss -10 -12

115 1 | Amplier -12 -11

15 7 Mixer -11 -20

73 2.1 Filter loss -20 -21

18 5.5 Mixer -21 -27

95 1.2 Filter loss -27 -29

62 32 | Amplier -29 3

85 32 | Amplier 3 35.5

96 0.8 Filter loss 35.5 35
[ Total | 327 | 65 | | | |
| | netgain | 32.3 | | | |
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3.3 The Receiver

All receiver design requirements were drawn out fré& [

3.3.1 Downconversion Stages at the Receiver

At this stage the received signal is a delayed version ofrtirestnitted signal. In the receiver unit the
signal received shall go through the downconversion stegefom RF at 9300MHz to two IF stages
at 1300MHz and 158MHz.

3.4 Receiver Power Budget

The output of the receiver shall be fed into an ADC for digitisn. In order to do this the correct
power level is required and these facts are considered @mercdesign:

The minimum input signal power to the receiver is componergawhile the maximum power
is power returns (echoes) from different targets

Power returns from targets used #} are used to set the receiver's minimum detectable signal.
This is done by introducing appropriate path losses withaildeof an electronic attenuator in
Sytem View. The signal is attenuated by an amount equal t@oeer returns from targets.
Near, middle and far Swaths targets are used

The output power fed into an ADC from the receiver is therefimited by the ADC's max-
imum power input. This imply that targets outside the reeesvdynamic range cannot be
resolved by the ADC.

Table 3.5 shows all losses and power levels of the receimarlation in the design. The System View
set-up showing component arrangement is shown in gure Bd?5a3 in appendix B.
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Figure 3.5: The receiver component losses and power levels

| Token| Loss| Gain | Name | Input power [dBm]| Output power [dBm]|

22 130 Attenuator (Path loss -65

129 Filter -65

102 1 -65 -66

101 22 LNA -66 -44

127 7.5 Mixer -44 -51.5

106 Filter -51.5

21 1 Filter loss -51.5 -52.5

99 29 Ampli er -52.5 -23.5

108 7 Mixer -23.5 -30.5

98 20 Ampli er -30.5 -29

33 Filter -29

55 1 Filter loss -29 -30
| 90 | 20 | | Attenuator | -30 | -50 |
| 49 | 20 | | MGC | -50 | -70 |
| 34 | | 20 | Ampli er | -70 | -50 |
| 82 | | 30 | Ampli er | -55 | -15 |
| 103 | | 20 | Ampli er | -15 | 5 |
| 43 | | 1 ] Filter | 5 | |
| 20 | 7 | | Filter loss | 5 | -2 |
| | | |  Net-gain=775 | | |
| | | | | | |

The whole receiver diagram could be summarised by a blocgraima shown in gure 3.6. The
diagram comes fronf?] because the design is purely building on the design ba$f.in
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Figure 3.6: The receiver block diagram

The calculations for the receiver chain's Noise Figure @plso done as shown in equation 3.4.
The signal was attenuated to 130dB by an electronic attenurathe simulation to a level were it
was just below the noise level and the minimum detectablea$igas calculated on the bases of the
receiver's minimum signal-to-noise ratio. The procedwarechlculated minimum signal-to-noise ratio
is done by taking the ratio of the signal's maximum value dtandard deviation at the output of the
receiver in System View. Table 3.1 shows the values obtdnoed System View. STD is the standard
deviation whileSNR; andSNR,, are the input and output signal to noise ratio of the receiver

Table 3.1: Data for calculation of the receiver parameters

| Max input signal value [V]| Input STD [V] | Max output signal value [V] Output STD [V]| SNR; || SNI
| 6.7258 [ 27678 | 3.778 [ 24888 | 2 | 1.

The values in table 3.1 suggest that the minimum signabieenratio is 2 [dB]. The noise gure is
therefore 2 [dB]. The noise gure is calculated using equat3.4. The same procedure is carried
out for calculation of the worst noise gure however the fbis not attenuated this time. Table 3.7
shows receiver data for calculation of the worst noise gure
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Figure 3.7: Data for calculation of the receiver worst noigee

| Max input signal value [V]| Input STD [V} | Max output signal value [V} Output STD [V]| SNR; | SN
| 3.778 [ 62833 | 1.1168 [ 722¢ | 6 | 1L

The data in table 3.7 gives the worst noise gure of 6 [dB]. Thaé&ulation for the worst noise gure
is calculated using equation 3.4.

3.5 Mixers, Filters, Ampli ers, Combiners and Splitters

All RF components used in this report start by following the design speci cations
used in[?] and [?] to design the transceiver chain and some tests are appliedtaf-
wards to observe the effects of different components on the/stem's resolution

3.5.1 Mixers

Mixers are three-port devices that uses non-linear elesrterjierform frequency conversion. There
are losses and noise effects incurred by the mixer, so thgoparof this report will be to use mixers
with speci cations listed in P, pg 28]. The output of the mixer is of the fornrLO mRF, m and

n are integers. For the purpose of transmissionLiBe RF is the desired mixer output and in the
receiver the mixers produce th©-RF components.

It should be noted that in the transmitter the lower sidedbainthe output of each mixer (LO-RF)
is Itered and for the purpose of downconversion the uppdegiand (LO+RF) is the Itered mixer
output. all the unwanted (inter-modulation) products dégd in detail in [?, pgs ((100-101)] must
be removed through Itering. Table 3.2 fro,[pg 20] shows the harmonics of the mixeifat.

Table 3.2: Mixer harmonics at IF1 with LO=158MHz and RF=0MHz

In] m | nLO+mRF| nLO-mRF| Order |
0]0,1,2,3... 0 0 1
1(10,1,2,3... 158 158 2
210,1,2,3... 316 316 3

The image frequencies are indisdinquishable from the resiteld frequency output and therefore if
not ltered give rise to ambiguity in the radar's resolutidfig 3.8 also from?, pg 21]shows how
the desired signal is situated in relation to the LO and #érimodulated products at IF1. Since it is
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dif cult to design a very sharp lter a realistic approachttee 5th order butterworth lter is
considered i.e. to say that some inter-modulated produmts these mixers will pass to thig2
stage.The dark dotted line represent the response of a fth orddtdsworth Iter. Mixers are be
operated to their desired levels to avoid saturation.

Figure 3.8: Harmonic inter-modulation products at IF1

3.5.2 Filters

The most signi cant properties of Iters are its bandwidteepness of the transition band (roll-off)
and group delay (delay time).This are signi cant factorsiteibuting to the selection of a lter in
wide-band systems. For a good Iter choice a trade-off betwis roll-off and bandwidth must be
considered?, pg 19]. This is because the increase in number of polestsasuh steep roll-off. As
the roll-off becomes sharp group delay increases as wellin&rease in bandwidth decrease group
delay.

For the purpose of this report 5th order butterworth Iteil be used because they have a good trade-
off between roll-off and group delay and they will later berqmared with other lters in performance
on the radar resolution. Generally we would like a Iter watshaper roll-off in order to reduce the
unwanted side-bands power, however due to these two l@pgrties mentioned it is not possible to
design such a lter. From previous work established Bydg 20] it was observed as shown in gure
3.9 how group delay varies with frequency of a particulaerlt
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Figure 3.9: Diagram comparing Group Delay of two Iters

3.5.3 Ampli ers, Combiners and Splitters

An ampli ers produce at its output an ampli ed or bigger viens of the input signal. The ampli er too
has its limitations, if operated beyond its limits an ametienter what is called compression points,
or simply saturation and it become unstable. Thereforestheasideration should be observed when
using an ampli er. Combiners and splitters too have theindimitations as electric elements.The
reader can nd all theory of RF ampli ers in full detail ir?[ pg 99].

3.6 System Resolution

It was mentioned in chapter 2 section 2.1 that Pulsed Comsimre§Chirp Pulse) allows a long pulsed
radar to transmit a wide bandwidth waveform and achieve hégblution by means of pulse com-
pression (cross correlation with a replica of the transditivaveform). The signal shall be cross
correlated at the output of the receiver to observe factmsdffect sensitivity of the system to its
resolution.

For targets to be well resolved or distinguished in a radey tieed to be well separated before they
provide meaningful results. The system's resolution heferrto how well can two or more targets
be differentiated from each other. Theory for radar rangeltgion can be found irf?} pg 17].

3.7 ADC Considerations

The noise in the receiver chain must be well de ned so thatgis@ntisation noise in the ADC is
below it (receiver noise) by correct amount. It is necessaaythe Least Signi cant Bit (LSB) of an
ADC is set to be approximately equal or above the noise leviiat pulse integration can take place.
Theory for this process can be found ) pgs (402-403)]. The minimum and maximum voltage of
the ADC are -1 and 1 volts. This sets a voltage span of 2 volk{@peak. The quantisation level
of the ADC is therefore calculated as shown below assuminglaitlADC.
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Vq = ﬁ

= 0:00012207[V]

V, is the ADC's quantisation voltage. In order for pulse intgm to take place half of this voltage

i.e. 0.000061035 [V] must be below the noise level in theikereThis is done so that the probability
of error in detection can be decreased as wWellpjg 84]. The correct input sampling rate into the
ADC was achieved by decimating the previous sampling ratetioeed in section 3.2.3 by a factor

of 355. This was done because the ADC is sampling at 210MHzrenNyquist criteria must not be

violated.

3.8 Pulse compression

In order to increase the signal to noise ratio a matched iepplied to the signal so that the peak
of the signal can be have a maximum peak . Theory for matchirigecan be found in detail if?}

pg (431-435)]. The output at the transmission point was mdtered (cross-correlated) with the
receiver output to obtain the peak signal-to-noise ratithenradar receiver design. The peak value
of the signal was calculated using matlab. The matlab codméich lItering is inappendix A. The
process was carried out by reading the output values frorte®y¥iew and creating les were this
data can be read. After storing data into les then signatpssing was performed. From matlab the
peak signal value and the standard deviation were calculatee calcualtion that results in the peak
signal-to-noise ratio. Table shows the values obtained.

Table 3.3: Matlab values in a pulse compressed signal

| Signal Max Value [V]| STD [V] || SNRyeax [dB] |
| 1.17678 | 5.497€ | 3 |

3.9 Pulse integration

The Pulse Repetition Frequency (PRF) of the radar is to be 3lddording to the terms of reference.
The simulation achieve this PRF by sending pulses at a ratal ¢g the PRF. The output is then
integrated to increase the signal to noise ratio.
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3.10 Demodulation

The signal shall be demodulated digitally into I/Q compdseatown to baseband at 50MHz. Modern
radar receiver uses digital demodulation techniq®s This is done so as to alleviate problems
presented by the conventional radar receiver demodul#ticimique. Conventional radar receiver
uses two mixers which results in gain and phase mismatclteagain it uses two ADC which also
has mismatches. For the purpose of this report digital desatidn is employed. Figures 3.10 and
3.11 shows a block diagrams of the two radar receiver mo@édstal demodulation is employed for
the purpose of this report.

Loz

P e ADC

RF —»@—» IF

Q
t _,,®—> P | ADC [
LO1

Figure 3.10: A block diagram of a conventional radar reaeil@modulation

I
—l
RF IF |——m] ADC |—m| DDC
-
T Q
LO1
Figure 3.11: A block diagram of the modern radar receiveratdutation
3.11 Summary
The design of the Chirp Pulse radar simulation can be sunsethés follows:
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3.11.1 Transmitter

Generation of the | and Q channels of the chirp basebandisigithareal bandwidths of 50MHz
each

Two IF stages at 158MHz and 13000MHz for upconversion
Final upconversion stage at RF of 93000MHZ
5th order Butterworth Iter's were used for lItering purpes

The calculation of noise gure in terms of signal-to-nois¢io to meet RF power for transmis-
sion

The rst and second lIters have their bandwidth as mentiomefP, pg 28] while the TWT's
bandwidth was replaced by a 100MHz Iter bandwidth.

The transmission power of 3.5kW was arrived at by followiegidn established ir?[ pg 26]

3.11.2 Receiver

The received signal is at RF frequency of 9300MHz

The second downconversion stage is at 1300MHz

The last downconversion is at 158MHz

From last downconversion the signal is fed into an ADC witH@MHz sample rate
The receiver is tested with power returns from differergéss found in P]

The design of the receiver is in such a way that power retwors targets will be used to
simulate delays of the echoes at the receiver. This powarn®tare controlled through an
attenuator to avoid exceeding ADC maximum power speciaadior ADC dynamic range.

The LSB of an ADC is set approximately to level of the noise level sat fhulse integration
can be carried out. The ADC's voltage quantisation level easulated to bd22 micro-\Volts
while the receiver noise level is @66 micro-Volts when no signal is coming.

The receiver minimum signal-to-noise ratio was calculatgidg cascaded receiver noise gure
given by equation 3.4 and a gure of 2dB was arrived at. Thestvooise gure was calculated
to be 6dB.

The minimum detectable signal resulting from this recedesign is -95dBm. This was calcu-
lated by attenuating the input signal at the receiver aneémigy the level at which the signal
just disappears into noise.
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The theory of all RF components leading to noise generatmhren-linearity was discussed so as
to make test and observe how these components affect thi\sgnaf the system's resolution. The
transmitter and the receiver were both designed followegjghs already established @ pnd [?] .
The requirements needed to operate the ADC such that we taim oteaningful ADC output results
were discussed. It was agreed with the project supervidat[a later stage of the project that the
propagation path or medium will be a single attenuator witinaise temperature for purposes of the
simulation test. It was again agreed that the antenna gast beuset at 0dB and the antenna noise
temperature must not be included in the simulation test. @kration of the signal down to baseband
is performed digitally.
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Chapter 4

Testing of the System

4.1 Introduction

At this point the simulation is tested to observe all the stigations to be carried out. Testing of
the system here will be done by observing the system's inga@lsponse at different outputs points.
Theory of the radar shall be introduced for relevant latscds$sion of the test results in order to
observe how the simulation compares with real SAR radaatsdn.

4.2 Filter Testing

Filter characteristics mentioned in section 3.4.2 arestkand observed. In particular a Iter's group
delay, the effect of the System's bandwidth vs the numbeiotdsin a Iter are checked.

4.2.1 Filter type

These lters used for testing are: 9th order Butterworth tholter, 9th order Bessel Iter and 9th
order Chebyshev Iter in comparison with the 5th order Botterth Iter. Figures show the group
delays of these lters.

4.2.2 Test Procedure

The signal is observed at a output points when certain typdters are inserted. The testing shall
base comparison's of order of Iter with the 5th order Butterth Iters as it was discussed if?[pg
19] that this proves to have a good trade-off between barttiveidd group delay. The group delays
at output points is observed.
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4.2.3 Test Results

Group Delay in secvs Freq in Hz (dF = 4.59e+0 Hz, dT = 269e-12 5)

20e-9

A

-20e-9

t t t t
10046 200246 300246 400e+5

Figure 4.1: 5th order Butterworth Iter group delay

B0&-9

dDe-0

Group Delay in seo vs Freq in Hz (dF = 4.59e+6 Hz, dT= 2060125

-
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Figure 4.2: 9th order Butterworth Iter group delay
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Figure 4.3: 9th order Chebyshev Iter group delay

Figure 4.4: 9th order Bessel lter group delay

4.3 Non-Linearity Test

4.3.1 Test Procedures

The impulse response of the signal is observed at diffengtpiud points so that any non-linearity in
the components is observed. The output of the signal is &served such that non-linearity already
mentioned in section 3.5 can be observed. Figure 4.5 shamitter inter-modulation products.
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4.3.2 Test Results

Figure 4.5: Mixer intermodulation products

4.4 Noise level test

4.4.1 TestProcedure

The system is made up of a chain of components and each conmtpauatributes noise. The noise
gure of each component is de ned and the is monitered akdédht outputs points in the transceiver
chain .

4.4.2 TestResults

The results are shown in table 4.6.
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Figure 4.6: Transmitter noise levels

| Componet name and token numheXoise power level [dBm]

Mixer [1] -115
Combiner [11] -116
Attenuator [9] -90
Ampli er [62] 1

4.5 Power Return Test

The power in the radar receiver is given by equation 4.1 helaw the purpose of the simulation all

power levels are easily observed from System View. The ghthereceiver was calculated to be
64dB from the simulation so all theoretical application loé equation 4.1 below can be carried out
using different targets power returns.

_ PtXGZ 2 t

" @R @1

Prx

Prx is the power at the receiver whilgy#s the transmitted peak power. In this simulation the trans-
mitted peak power is 3.5kW. The gain G here refers to the dugaiéenna gain which has the same
transmitter and receiver gainsg Ls the medium or path loss simualted.,is the radar cross sectional
area of the target approximated by maximum attenuationdrsitimulation propagation path loss and
R is the range or distance to the target approximated bygakimss-sectional area of the target closest
to the maximum attenuation.

4.5.1 Test procedures

At this stage the signal is tested using different down pradnges i.e. echoes or power returns from
targets used in?, pgs (28-32)]. Table 4.1 tabulate the ground range pro lbée Tiear, middle and
far swath targets were used. To achieve this power retumsigimal was attenuated to simulate the
path or propagation losses. The attenuation was done usiatpetronic attenuator in System View.
The delays to the targets were also simulated using System. Vihe delays for each target were
calculated using equation 4.2 found @ pg 14].

C 4

R is the range to the target whitas the speed of light with a value of 299792458 [m/s] apds the
two delay time to the target.
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Table 4.1: The ground range pro le used for testing perfarogeof the designed radar

| Target | Range [m]| Return power [dBm]| Attenuation on simulation [dB]| Delays |

| Nearswath| 3000 | -90 | 125 | 20[s1] |
middle swath, 4000 -100 135 267 [s
far swath 3000 -85 120 20([s]

Table 4.7 below show the Power Budget for the corner re eassd in [?, pg 29].

Figure 4.7: Power Budget for Corner Re ector

‘ P i« ‘ 65.44‘ [dBm] ‘
G? 49.4 [dB]

2 -29.8 | [dBm?]

t 43.1 | [dBm?]
(4 )| -33 [dB]
R* -139 | [dBm"]
Ls -10 [dB]
Px | -53.86| [dBm]

An attenuation of 95 [dB] in the simulation was carried oubrder to match the return power from a
corner re ector.

45.2 TestResults

The results from four targets used for testing are shownaleté.3 .

Table 4.2: Results obtained by testing the simulation wirnmiddle, far swath and corner re ector
targets

| Target | input power [dBm]| output power [dBm]|
Near Swath -90 20
Middle swath -105 8
Far swath -85 23
| Corner Re ector]| -53.86 | 25 |
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4.6 Radar Resolution

Radar resolution here refers to how well can targets be resed even if they are very close to each
other as mentioned in section 3.6. The equation 4.3 belowshdheoretical calculation of the radar
resolution. The separation between the pulses must beegtban the pulse length so that they can
be resolved to give meaningful resul® pg 17].

Rr = [m] (4.3)

c
2
Rr[m] is the range resolution whileis the speed of light with its value given as 299792458 [nig] a

is the period of the pulse. The calculation of range resofuitiom these factor yields a value 60
[m]. In order to meet the Nyquist criteria in sampling the thardth Bpof the pulse must be sampled
at a rate altleast equal topbat the receiver outpu®[ pg (396-397)]. For a slant range resolutiRg
of 1.5[m] obtained by equation 4.4 the bandwidty B given by equation shown below wheBeis
the bandwidth of the system. This is the slant range rangg#utesn of this radar simulation. The
calculation of the range resolution was done by observia@tB bandwidth (0.707 of the maximum
voltage) range of the compressed pulse.

Rs= — [m] (4.4)

= 100[MHz]

The maximum range to the target that this radar simulati@gdecan handle is calculated from the
knowledge of the minimum signal to noise ratio obtained iaptlr 3 section 3.4. Equation 4.5 shows
how the maximum range is calculated. This equation is foarj@,ipg 13]

I:)thtGr 2'—5)1:4

@ )3N(SNR) (m] (4.5)

Rmax = (

The noise power used is the receiver output noise poRgLy is the maximum rang®y is the
transmitted power an®; and G, are transmitter and receiver antenna gainds the wavelength
of the transmitted signal ands is the path or medium propagation losses and lastfythe radar
cross sectional area of the target. It was agreed that tlemm@atgains is 0dB. The wavelength is
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calculated by taking the transmitting frequency at 9.3GHhe radar cross-sectional area of the
target is approximated by choosing the cross-sectionaldeosest to the maximum attenuation in the
simulation path loss. From parameters in table the maxinamge obtained is 1153 [m].

4.7 Summary

Testing of the system was done following the terms of refegeihese tests in particualr were carried
out

Filter testing for investigation of trade-off between gpalelay and system bandwidth
Losses testing for observation of component limitationgh@radar system

Non-linearity of the system for testing and observing cong contribution towards non-
linearity

Power return test for important comparisons of radar theory

4.8 Discussion and Analysis

4.8.1 Filter test Results

In Iters the pulse length signal increases as the numbezpmwi a lter increases?, pg 19]. This is
undesirable effect because it causes the pulse evelopgtérem input to output causing a phenom-
ena know as group delay. The phenomena of group delay hasativeegnpact on the resolution of
the radar. The front end bandwidths of both the transmittertae receiver were made larger than
the system bandwidth to avoid group delay. Figure 5.6 bellustrate the pulse outputs of differ-
ent lters. Fifth order Iter as mentioned proves to have abgarade-off between group delay and
bandwidth. Figure 5.6 suggests that the fth order buttettvdter has better properties.
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Figure 4.8: 5th order Butterworth Iter group delay

The lter proves that in our band of interest group delay isaimincreasing the number of poles
results in Iters generating undesirable group delays.sTdan be observed properly in Chebyshev
and Bessel lters.

4.8.2 Non-linearity

Inter-modulation products introduced by the mixer conitéls towars non-linlearity. The image fre-
guencies appearing in the mixer outputs require lteringrant end bandpass Iter with a bandwidth
of 140Mhz was used in the transmitter to avoid sharp rollsaite sharp roll-off require an increase
in number of poles, hence group delay. Figure 4.9 below shibevsnixer harmonics. The choice of
this mixer was according to the speci cations as mentiomg@].
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Figure 4.9: Mixer harmonics showing non-linearity contitibn

The mixer harmonic intermoduation products impact negétion the resolution of the radar. The
image frequencies are indistinguishable from the real éimage since by fourier theory every
real signal has negative and positive frequencies comgesenilar in magnitude?, pg 26]. These
harmonics also put a lot of stress on the subsequent ltarengsharper lIters will be required and
hence group delay. Ampli er intercept points setting argartant in avoiding non-linearity. If this
is not done the signal saturates the analog components| dsa#ators operating at the high power
than the mixer requires generates local oscillator feeolth.

4.9 Power return test

It can be seen from gure 4.3 that an increase in gain of théesydhas resulted in big signals at
the output of the receiver. The MGC and STC implemented inrélceiver design ensures that the
RF components do not run into saturation. An electronicnatéor used in the simulation used in
the simulation makes it easy to simulate power returns fiamgets.The noise gure of this design
system was below the noise gure of the original design by 07dB.
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Table 4.3: Results obtained by testing the simulation wi&rnmiddle, far swath and corner re ector
targets

| Target | input power [dBm]| output power [dBm]|
Near Swath -90 20
Middle swath -105 8
Far swath -85 23
| Corner Re ector| -53.86 | 25

The calculation of the maximum range is found by approxingathe 3 dB bandwith power of the
receiver. The equation 4.5 was not used because the crctgsrsd area of the target was not known.
The results of power return simualtions shows that we cagragghe the maximum range of the target
by attenuating the signal to a level were it is just below edevel and even achieve the maximum
range through match Itering process.

4.10 Demodulation and Pulse Integration

The digital demodulation of the signal was supposed to béechout to bring the signal down to base
band. It was agreed upon with the project supervisor thahe permit the signal will be demodulated
digitally and integrated to improve the signal-to-noisigora
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Chapter 5

Conclusions and Recommendations

5.1 Conclusions
Based on the discussion and analysis of the results thevioldpconclusions are drawn:

An attenuation of 130 [dB] sets the minimum detectable digna

Fifth order butterworth lters indeed have a good tradelstween group delay and bandwidth
Mixer harmonic intermodualtion products put stress onrilig requirements

The Receiver signal to noise ratio is satisfactory

A gain of 77.5 [dB] set the receiver to detect even smallemaiig

Tailoring the system bandwidth give good results of sigmakéope from input to output
Digital demodulation and pulse integration were not cdroat due to time constraints

Chirp Radar signal was satisfactory after making sure tietorrect power levels were met
MGC and STC used controlled the gain of the transmitter well

The stage of demodulating the signal to nd the impulse respas a function of time has not
been reached

5.2 Recommendations

The following recommendations are made based on the discisssnd conclusions made:
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In setting the minimum detectable signal the correct atidons must be set by considering the
ADC operation

5th Butterworth Iters must be used to achieve good traddsefween group delay and band-
width in order to reserve the radar resolution

Good care must be taken to operate RF components accordingit@peci cations

The receiver design must ensure good trade-off betweerheglig can to compensate for path
losses and care for not saturating RF components

Pulse integration (stacking) of the output must be done frave the signal to noise ratio

Demodulationg the signal down to baseband will help in ggtthe impulse response as a
function of time
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Appendix A

Matlab Match Filter code

addpath('H:\projects_undergrad\2004\SASSIM\simulati on’)
addpath('H:\projects_undergrad\2004\SASSIM\MatlabCh irpCode")
v_tx = importdata('v_tx.txt");

v_rx = importdata('v_rx.txt');

% Setting up parameters for he chirp pulse

c = 299792458, %Speed of light;

B = 100e6; %Bandwith of each | and Q
Fs = 210e6; %The sampling frequency
dt = 1/Fs; %Sample spacing

r max =11513 ; %Chirp Radar maximum Range

t max = 2*r_max/c; %Time delay to max Range
%Time vector for time values of samples
%t = 0:dt:t_max; %Vector for range values

r = c*/2;

%Start of chirp code
T = 5e-6;

fo = 158e6;

K = (BIT);

td = T;

plot(t,v_tx)

V_TX = fft(v_tx);

V_RX = fft (v_rx);
figure;plot(abs(V_TX),'r")
figure;plot(abs(V_RX),'b")

H = conj(V_TX); %Conjugation for match filtering
V_MF = H*V_RX; %Match filtering in frequecy domain
v_mf = ifft(V_MF); %Time domain match filtered signal

display(max(v_mf))
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display(std(v_mf))
figure;plot(real(v_mf))
%Forming analytic signal

V_ANAL = V_MF; %cancelling negative frequencies
v_anal = ifft(V_ANAL);
figure;

plot(r,abs(v_anal))
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Appendix B

Simulation Figures

IMBIAISASISE|/NISSYS/7002/PpRibiapun s1osloid erep,

Figure 5.1: The transmitter System View set-up

gspaniwsuenmal\IsAs/sainb
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IMBIAISASISE|/NISSYS/7002/PpRibiapun s1osloid erep,

ure 5.2: First section of the receiver System View set-up

ipunoj 10U sd'ﬁe/\!eoea/semﬁ
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Figure 5.3: Section of th%receiver System View set-up
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Figure 5.4: Output fdm receiver to the ADC
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Simulation Plots

Figure 5.5: The signakat the transmission point

MBIAISASISE|/INISSYS/P002/Pelbispun] sioaloid erep;

ipunoy jou sd-uoissiwsuely/sainb

Figure 5.6: 5th order Butterworth Iter group delay
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Figure 5.7: 9th order Bessel Iter group delay

The vertical axis in gure?? represents power in dBm while the horizontal axis repreBequency
in hertz [Hz].
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Figure 5.8: The real match ltered signal

Figure 5.9: Ahalytic Signal
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/data/projects_undergrad/2004/SASSIM/finalgraphics/ matlabchirp@930

Figure 5.10: Matlab version of the signal at 2nd IF output

/soydelbreul/INISSYS/00z/peibispun s1osloid erep/

Figure 5.11: Matlab outpzut of the receiver at 158MHz
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/data/projects_undergrad/2004/SASSIM/finalgraphics/ matchfilteredsig

Figure 5.12: The match Iter output
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