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The purpose of this documentrigportingthe activitiesconductedduring the shoriterm stay in
UC Davis by José Enrique Almanza Medina during the gesindanuary 19 to April 24" 2015
supported by the UC MEXACICESE program.

The purpose bthis stay wa to build aFrequency Modulated Continuous WaweMCW radar
in the ISM frequency band of 2.4GElpable of performing ranging arsheed measurement
and generatingmages using s a Synthetic Aperture Radar (SAR)

In order to completehis project, the lab materials used in ECC 193 class were usadude
but making some changes in the radar proposed sudh asising different the components in
the generation and acquisitioof analog signals

The constructiorand testingwere done inthe laboratory 3182n Kemper Hall in UC Davis and
outside of the building.

The blocks diagram of the radar is showifrigurel and each individual part is described in the
followingsectiors.
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The first part of the radar construction was generatingiiangle and a squaravave using the
DAQ card NI 6211 of National Instrumerihis was done writing a Matlab scriptcontrol the
DAQ.Figure2 shows the result of generation of the signals.

Triangle and Square signals
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In this part the RF components were connettesed on the diagram Figurel.

The partnumberof each component can be seenTablel.

Part no. \ Description Brand

ZX952536C+ VCO, +6 dBm Out. 232536 MHz Mini-Circuits
VATF3+ 3dB SMA MF attenuator Mini-Circuits

Power Amplifier A & Low Noise AmplifielL(NA -

ZX60272LNS+ Gain 14 dB, NF=1.2 dB, IP1= 18.5 dBm Mini-Circuits
ZX102-42+ Splitter- 19004200MHz, 0.1 dB insertion loss Mini-Circuits
ZX0543MH-S+ Mixer-13 dBm LO, RF to LO loss 6.1 dB, IP1 9dBm Mini-Circuits
SMSM50+ SMASMA MM batrrel Mini-Circuits

Tablel
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The construction of the antennas was done following the theory from the id8okennas, For
All Applications, Chapter 2 & 3, John D. Kraus, 3rd Ed., McGraw Hill, 200 RVaweguide
Handbook, N. MarcuvitzNework: MIT Radiation Laboratory Series, 1951

Based on these books, 2 coffee can antennas were built and tested using a network analyzer,
obtaining the responsin their S; parametersshown in theFigure3 and Figure4.

Minimum value: -28.3656 dB in 2.4221 GHz
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Minimum value: -35.0465 dB in 2.4165 GHz
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Figure4d

It can be seen that both antennasn workcorrectly in the frequencyband of 2.4GHz as
required.
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This part was accomplishedsemblinghe schematic diagram shown figureb.

The purpose of this section is to reduce the noise of the resulting signal from the usirgra

low pass filter of 20 KHz approximately, letting pass only the basefbagaencies. This avoids

that the data acquisition card receive unnecessary noise signals. This section also amplifies the
signal one more time to make it easier to be sensed by the card.
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The circuitwas tested using a functiogenerator and an oscilloscopéwas calibrated putting
a sine wave of 10KHz with 50mVpp as input of the video amplifeand adjusted the
potentiometer (POT1jo obtaina sine wave of 3Vpp in the output.
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This section as mentioned before was done using a Matlab script which was provided by Prof.
Leo Liu anariginally written byGregory L. Charvalt works using the output of the mixer after
video amplification/filteringThis signal e frequency differencef the frequency transmitted
(output of the VCO and it is a FM modulation done by triangle signal generated by the DAQ) and
the frequency received by the receiving antenna. This can be represented as

oy
o 0 0 4t "_O:_T
Y w
Rearranging gives the range ~
Y (b"YQ
YO

firis the difference of the frequency transmitted and the frequency received.

fris the frequency transmitted.

fris the frequency received.

cis thevalue of the speed of lighf (o ® némPsm n

the delay_ is drectly related to the distance Between the radar and the targgt I' H)w k O
mis how fast the frequency changes relative to timeQ Kk ¢n-foJiT) 6 F

This way the distance to an object is calculdmdeachinstantof time and displayed in a
Matlab graph
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After assembling all the components describiedhe previous sections, the result is the radar
built and it is shown ifFigure 7.
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Figure7

It is capable ofange measuringrigure8 shows a persomalking away fronthe radar from 2

to 12 meters approximately ib0 secondsigured shows again a persamalking away fronthe

radar but from 15 to almost 30 meters approximately in 10 secoRgire10 shows 2 people
walking away from the radar and returning, this demonstrates the capability of measuring 2

different objects at the same time.
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RTI with 2-pulse cancelor clutter rejection
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Resolution tests were done as wdbr this, 2 metal platesvere placedseparated at different

distances from the radgimoving one of the targets and letting fixed the othag) can be seen
in Figurell. This waslone to visually obtain a range resolution vabfehe radar The different

distances and their resulting graphs can be sedfignrel2to Figurel5.

In Figurel2, the objects can be observed at approximately 6 and 11.5 meters from the radar,
represented with a yellow strip in the graph. Clearly they are not overlapped.

In Figurel13, the objects can be observed at approximately 6 and 9 meters from the radar,
represented with a cyan strip in the grapfhey are not overlapped either



In Figurel14, the objects can be observed at approximately 6 and 7.5 meters from the radar,
represented with a yellow strip in the graph. It can be seen that the object at 7.5 meters
introduces noise to the detection of other object.

Finally inFigurel5, the objects were placed at approximately 6 and 6.5 meters from the radar,
represeried with a red/yellow strip in the graph. It can be seen how the objects cannot be
recognized separately and they are totally overlapped.

RTI without clutter rejection
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RTI without clutter rejection
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RTI without clutter rejection
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In this section it is described how the nathich carriegshe SAR was designed and constructed.

For this the components listd inTable2 were used

Component picture Component description Part no. Brand Quantity

T-slot Alluminium extrusion (97 inch 1010 80/20 1

&le " Double flange linear bearing 6725 80/20 1

Double meshetainer-Black (10 S)| 2523 80/20 1

BOLT ASSY 120 X 1/2 3321 80/20 2

FBHSCS+NUT
SCREW FBHSCS2@4X 3/8" 3390 80/20 4
Tripod 724282 | Sokkia 1
Table2

Assembling all the components the result is showRigurel6.



Figurel6
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The radarwas mounted on the rail anget up to usethe script in MATLAB to generatie
continuous signals (square and ramp) as show inRigerel?.

Figurel7



The SAR operating mode consists in moving the radar over the rail every 2 inches and every step
(48 steps for the 96 inches rail) the radar reco?289 ms of returns in ranges measured like in
range measuringnode explained beforeEach record is called Rge profile, so it generates a

total of 48 Range profiles.

In order to make the recording more simpleynshronization pulsegsquare signaljare
interrupted by toggle switch whenever the radar is moved between 2 inch increments, thereby
showingthe MATLARBCcript the position othe radar along the linear rail as can be seeRigure

18.
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record range
profiles every 2”

" : target scene of
=S, , your choice

laptop

Expected result

Figurel9

After recording althe Range profiles, he MATLAB script parses through the charwigh the
square signal fét, searching fogroups of synchronization pulses and saving both the group of
synchronizatiorpulses and thecorresponding channel video data to an array. It thearses
through each of these arrays, coherently integrating all video data limgdwith their
synchronization pulses within the pulse group. These video fdateach two inch position are
then fed toan RMA SAR imaging algoritihich produces the SAR image expected ifrigure

19.

The RMA SAR imaging code was provided by Prof. Leo in the E€00r$83nd it was originally
written by Gregory L. Charvato learn more about thalgorithm, it can be reviewed in book:

W.G. Carrara, R.S. Goodman, and R.M. Majewski, Spotlight Synthetic Aperture Radar Signal
Processing Algorithms, Artech House, Bodtbh, 1995.
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The complete system was tested in the lab anddmegreen areas of UC Dauvis.

Unfortunatelyduring the shorti SN &dlF & Ay !/ 5F@Aas AlG gl ayQi
with the SAR system that proves the correct performantét.oThe images obtained show
unidentified forms An example of thigs the following Figure20 shows a scene that was tried
to be imaged andFigure21 and Figure22 show the resulof capturing data twice along the ralil

and introducinghe data tothe RMA script in MATLAB.

Figure20



Figure21

Figure22

This could not becompleteddue to some unexpected delays occurred in the delivery of the
components to build the rail.

The research and correct implementation is still being wadrkethe CICESE as part of thedis
research and continuing with the work done in Davis.

The results will behared with Prof. Leo Liu in the future.



