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OUt“ne Institute of automation

T FMCW educational design

T FMCW compact design

1 Drone navigation

1 Steeped frequency radar design
Echo cancelation

Synthetic Aperture Radar T under construction
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Institute of automation

Frequency modulated Continuous wave (FMCW) radar design

Broadband Transmitting

Modulator i
Attenuator Amplifier  Splitter antenna

Voltage sweep VCO

Receiving

Amplifier + low pass Filter Mixer LNA
antenna

Credits to V. Ferrara, M. Chrizh, A. Pitrelli, Action TU1208, Guide to building a GPR radar for educational use, V\/iaodsaﬁlr,Llz’c;é,l%2
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Institute of automation

FMCW design
proaapana
Amplifier
Low Frec'u_Jency VvVCo ZX60-P105LN+ S
Amplifier ZX95-2700A-S+ splitter g
27V 5V 5V antenna

5V (or 6.5V)

ZAPD-2-272+
S = '_
e ,
~ A

Attenuator
VAT-3+

_____ L-AUDIO IN
PC
R-AUDIO IN
+6.5V Mixer Receiving
Amplifier +  ZX05-43MH+ np antenna
low pass Filter ZX60-P105LN+

Credits to V. Ferrara, M. Chrizh, A. Pitrelli, Action TU1208, Guide to building a GPR radar for educational use, Warsaw, Poland, 2017 4/52
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FMCW design
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FMCW design
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Time based signals

f =104,302Hz

dk=16m

9 ff MpIZ3¥Hayi mn

B=1.3 GHz . ‘ | | o
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Compact implementation of FMCW
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FMCW L Band Radar |

Institute of automation

FMCW Radar

FPGA/Controller Module

Receiver Module: A FPGA
A Heterodyne Receiver ADC Module A USB Connection
A Channel A

A Channel B

b

]
A
o .-

Transmitter Module: Power Supply Module
A Integrated PLL and VCO

A Channel A

A Channel B
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FMCW L Band Radar |

University in Maribor, Faculty of Elect

Control Software

1 3rd revision of FMCW L Band RADAR software was created
as a stand-alone and self-contained Windows application.

B FMCW L Band RADAR - Settings

Clock

fem i (MHZ) Division Ratio
32 1

M Ref. Doubler WM RDIV2

Tx Switch

M FIR Filter 1

B EN Manual

Start Offline

M FIR Filter 2

Start Real-Time| -

Clear Plot




FMCW L Band Radar |

University in Maribor, F-aculty of Electrical

Institute of automation

Control Software

Transmitter Settings Receiver Settings Time Signal, Individual Sweep

\ PLL Registers / /

Setti

LNAZ

Clear Plot

g File Name

Connect to the Device Start/Stop Buttons  gpectrogram
Clear Plot Button
Show Data from thdast Acqusition 11/52



7 FMCW L Band RADAR - Settings

FMCW Radar Control Software

B (MHz)

o (MHZ)

Neree

Control Softwalg

Deviation

Transmitter Settings :

B FMCW L Band RADAR - Settings

Main Registers

Transmitter Settings A PLL Register Map calculated
Start Frequency e . every time when the acquisition
Stop Frequency N - a0 B starts

Shape (Sawtooth, Triangular) O santooth ® Tranguiar

ot Electrical Engini>

Sweep Duration
Delay between two sweeps
Sweep Decimation on the FPGA

1500

2000

To T I

PLL Clock Source

Division Ratio for the PLL Clock Clock
Ref. Doubler and RDIV2 are PLL * L - e
register for doubling the PLL Clock || .
and the PLL Reference Frequercy |FiSrer s

better frequency resolution B N Manual

\/
°
7

WA

A Tx Switch Currently not
implemented

12/52
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FMCW Radar Control Software |

University in Maribor, Faculty of Electrical Engi

Institute of automation

o I I

Control Software

Receiver Settings

Receiver Settings

”LNA

Onboard Receiver LNA can be bypassefiikiatss

Receiver Gain Settings for Cha and C

Decimation on the FPGA
Switching between CHA and CHB
Enabling FIR filters on the FPGA PR e

H FIR Filter 2
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FMCW Radar Control Software |

Institute of automation

Control Software

Other
A Start Offline: start
A Connect Button: Connect Start Offline  Start Real-Time acquisition without
Connect of Disconnec real-time data plot
to/from the device Log et S — (faster acquisition)
over USB AR OASTIZA827: Clearing pltied 22 . A Start RealTime: start

acquisition with reat
time data plot (slower
acquisition, realtime
data plot)

Log File Name: Name
of the file for the
current acquisition

A Message Box: Shows A Clear Plots: clears up the
event and additional Individual signal graph and
data Spectrogram fields

A Show Last: plots datin separate
windows (time domain and
frequency domain plot) of the Log
File Name

14/52
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FMCW Radar Control Software
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Plot Area =

A Plots
individual
sweep in real
time Sample plot:

A 15 m cable between
Transmitter and
Receiver (above)

A 1.5m cable between
Transmitter and
Receiver (below)
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A Plots
Spectrogram in
real-time
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FMCW Radar Control Software |

Institute of automation

Control Software

Real-time operation

Sweep Decimation

. ) i
IS set automatically

i

e
I
i

Il
L

I
H
i

fl" ‘ ‘Mﬂ
L

il

|\ﬂll\ﬂ
i

‘”‘l‘ l

il W H'\

‘ ‘” |ﬂ' }“ Iy
I

il |

HHH
| ”‘

Il

i
‘u"\‘”

| o \

RealTime data plot

Stop RealTime Button for
terminating the acqusition

University in Maribor, Faculty of Electrical E
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FMCW Radar Control Software |

Institute of automation

Control Software

Offline operation

B FMCW L Band RADAR - Sctting 7

Sweeps arranged into image
(time domain) Spectrogram

£

Aa€E> Q=B

cal Enc

Stop Offline BUtton for ; o 200 400 600 800 1000 1200
terminating the acquisition o ———————— i

min [ ]19.3

Show Last, last acquisition was plotted in separate
windows 17/52
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Miniature Ground Synthetic Aperture Radar v1

T FMCW SAR radar attached to a hexacopter
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GPR attached to a hexacopter v2
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Ground penetrating radar (GPR)

A The technical design of ground penetrating radars can be classified into two groups.

GPR
Time ‘ Frequency

domain domain

UWB Noise-
pulse modulated

20/52
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Institute of automation

UWB pulse GPR: Main parts and working principle

A Use of UWB pulse technique

A Main parts:

A Pulse generator

A UWB antennas

A High speed ADC

A Digital signal processor (DSP)

C . d AIR
v = d — vt J €o

Ve 2 a
Velocity of EM wave Target distance b

University in Maribor, Faculty of Electrical
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UWB pulse GPR: Design

o - 4*.—* - B ’*ﬁ ‘f- .
a —— [
M Attenuator .
o Sampler Pulse
- generator

A i Developed UWB pulse radar

A JI\LY System
Ainda

e e I D1 = Blocking
negative input
voltage

R1 = Current limiter
RO,L = impedance
matching

¥ : D2,3 =SRD
- ) formation switch

<
s
g
5
Bl
=
3
2
-

A Designed
PCB board

22/52
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Institute of automation

UWB pulse GPR: signal detection

A Sampling mixer

A To detect pulses with bandwidth of 5 GHz, at least 10 GHZ
sampling rate is required

A In . j\- C\L Discharging
put RF signhal s , [T :
Strobe step  Balun g
1 enerator ., O
Strobe signal  (f,.ap ~ M)@{ i O £
Reconstruction time — L
/ar V_oT

Pulsesfrom balun opensthe bridge and RF
signal charge G,. When bridge is closed,
Example: signaldischargingtrough R, and G;. On IF

£0f: 1‘1)kMH Hz port appearsthe stretchedRFsignal
= z

fo/Af =10,000
300ps = 3us

University in Ma-ihor, Faculty of E\=ctrical =%
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SFCW GPR: Working principle

A Transmitter output

A Maximal measuring d /» = fo=nal n =012, N

Rma.ﬂ: = NAR
A Resolution c
4 T
| | start stop
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Institute of automation

SFCW GPR: Design

A Super-Heterodyne structure (SFCW RADAR V2)
A Synthesizer, FPGA, ADC and LO1 use same CLK

CLK

FPGA
CT T T T T T T T T T T 1
CLK
I | [P P
< o,
| 6 N>
| g
PC |« 2 Loz®—> N
| 2 90
E |
| 2
| Q [Ac |
e
[
| —
o] flo7 2 MR

f

CLK e

SYNTHESIZER

PA

=700 MHz

syn

CLK

—_—_— —_— —_- —_ —_

FILTER+OP

Y

>

I IR

-

DIRECTIONAL!
COUPLER

9 f o= 702 MHz

LNA2

LNA1

A

.

J

External part
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Institute of automation

A Hardware parts

A Power

A Processing
A Transmitter
A Receiver

Ciig

SFCW GPR:

A4AbeAL LI
sl
v544R%S C

|(‘;4 Fr{'_'f

Design

‘C169

O glhen @12 B

b O o
8 YRo

39208, B8
o

H 'l:m (“
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GPR UWB antenna

A There are many know types of UWB antennas

Resistively loaded dipole antenna
Bow-tie antenna

Spiral antenna

Horn antenna

Log-periodic antenna

To B0 Do Io Do

27152

University in Maribor, Faculty of Electrical Engineering and Ce
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GPR UWB antenna

A Design of combined Horn and
Vivaldi antenna

" Jlation were
icrowave

Antenna 3D model

l'd | KYSRY |, @ %KIy3ax 5¢ . dzNJodanténda fdr airdolipied impulseygfounanetrating NI Ri- SNIBe dséleyc@281 Remote Sensing
Letters, vol. 13, no. 1, pp. 986, Jar2016.
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GPR UWB antenna

S-Parameter

Simulation result

5 \

\ll ! ! 0 — dB (GainTotal) dB(GainTotal)

B0_ T N30
; 9. 9991E+000
. 7.6321€+000
5. 3551€+000

3.0782E+000
8.0120E-001
-1. 4758E+000
-3. 7528E+000
-6.0297E+000
-8. 3067E+000
-1.@S84E+001
-1.2861E+001
e ~ 150 -1.5138E+001

Antenna gain at 2.7 GHz
(Max. approximately 9.9 dBi)

2
g

-120

University in Maribor, Faculty of Elec
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Institute of automation

SFCW & UWB pulse GPR: Experimental results

AB-Scan of metal AP
landmine 12 cm
below ground
surface

A Landmine perimeter: 7
cm

A Landmine height: 17 cm

A Antenna distance to
2 face: 10 cm

SFCW B-Scan (Real part)
1] v T T T

0 028056084112 14
Cross-Range (m)

Range (m)

SFCW B-Scan (Magnitude)
0

]

0.28 0.56 0.84 1.12 1.4
Cross-Range (m)

Baseband-Pulse B-Scan (Magnitude)
0 T

0.04

0.03

.02

0.01

-0.01

-0.02

-0.03

-0.04

Cross-Range (m)
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SFCW & UWB pulse GPR: Experimental results

AB-Scan of AT landmine

above ground Surface 5 Baékground s Wlthlanduﬁg Background sub.
A LanRraWa nerimeter Sub 1=

number 0

mBaC

g. With Gain ,]

2 2 2
4 4

Zs T 75 3

i, £, =

K]

E!o 210 E 4
B ]

§12 g2 2

o ° G 5

g 2 14 o

B 1500 2500 500 1000150020002500
position [sample] position [sample]

31/52
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SFCW & UWB pulse GPR: Experimental results

AB-Scan of metal AP landmine
above ground surface

Background . With landmine

Background sub.
= ‘B

A Landmine perimeter: 7 cm . [ 1 35
A Landmine height: 17 cm 5 5
) 3.0
A Antenna distance to ground surface: 75 cm 5 )
= 2.5
Ea 4
& 2.0
55 5
o
6 6 1.5
7 7§ 1.0
8 81
0.5
9l T 9[ T
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SFCW & UWB pulse GPR : Experimental results

??an Of pIaSESbAEangd m 'Vvqh G i rBackground . With landmine 0Bckgrund sub.
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Air-coupled GPR: Challenges

AB-Scan of three buried landmines (5 cm, 15 cm, 25 cm)

SFCW B-Scan (Magnitude)

SFCW B-Scan (Real part) SFCW B-Scan (Magnitude) SFCW B&Inn (Real part)
-

Range (m)
Range (m)
Range (m)
Range (m)

0 028 056 084 112 14 0 028 0.56 084 112 0 028 056 084 112 1.4 0 028 056 084 112 14
Cross-Range (m) Cross-Range (m) Cross-Range (m) Cross-Range (m)

Marked Landmines
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Air-Coupled GPR: Challenges

AB-Scan test of buried metal stick at different antenna

h el g
SFCW RADAR B-Scan
nfenna 0 . — AAntenna SECW BADAR B-Scan
dlstance to R 2 o -40 distance to :
ground. ground 1 -50
iumfface- 75 -50 surface: 45 cm
—-60

= 5 T
3 -70 3T —_ 5]
—_ ] € 4 -80 3
& g S v
c 2 o ©
—-80 ¥ >
5 £ £s 90 2
g o g
-90 6 -100 =
71 -100 7 -110
87 ~110 8 -120
-7
9+ :
0 50 o

Cross-Range [m] Cross-Range [m]
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Air cupled SFCW radar i echo cancelation

N DIGITAL CONTROL and SYNC _ oo PA (Optional) DIRECTIONAL
! ! COUPLER
. SYN.L(TX) /7 ! |
] - | »
: — S
| b e e e e e e e e e e e e e e e
: - ¢ | VARATT l AN
| T sz o) > |
@ & 2€0 (N, é’ |
| m Ll ]
S Q_' |
z =z
: ! L EE| e
! v > Yy
. SYNT.3 (LO1) /‘\ L5
= Y 3
CONTROL 4' . [EGAi . : 8 =
| LB 2
i
|
|
|

PC
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%

@é&
g
)
(R
&
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Echo cancelation system

FEEHIIIN

DIGITAL
SLABILNIK

RF SKLOPNIK

37/52
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Institute of automation

Calibration for static objects /Nirmil operation _ _ _ _ _ _ _ -
/o - - - - - - - - - - - - - - == N\
| fa=lotndf n=012.N | | |
|
| Lo |
I [ Set SYN1 and SYN2 to f_ ] | | |
|
: : | fa=fot+nAf n=0,12.N |
Y
|
| [ Set SYN3 to f_+f j L l |
| | | [ Change phase to g j |
| v Lo
s , R | |
| Set defined value for digital | v |
| attenuator ) | | ( Change attenuation to Ri j |
| | |
[ Y | |
(Start hase shiftin between\ | ! |
I SpYN1 and SYI?IZ for Measure and store || | [Set RF Switch to REF. Inputj |
’6 | 0<2.<180 amplitude (Aj) | | |
GCJ | N\ ! J | I v |
k=) | v | | [ Digital demodulation with ] |
UCJ | (‘Change phase shift to 2 for ) | | measuring 1Q signal |
< | min(A. | I
8 | N ¢ J) J | | y |
S Set RF Switch to ANT. Input |
[3) | P v < | I |
[}
m I Start decrease attenuator Measure and store | I v |
lue i 0<R, <30 litude (A [
© I value inrange k amplitude (A) ! | Digital demodulation with |
> I N < | measuring 1Q signal [
= | I |
3] | 1 | | |
© Change attenuation to Rk |
LL [ mlnA | [
Lo N J | |
o | |
2 ! | |
g \ N _
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Disabled
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—30 —20 —10 0 10 20 30
Azimuth [cm)]
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Drone control
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Introduction

1 RTK (real time kinematics) system:
- Rover
- Base/Rover
- Rover position in Base

1 User interface development for flight planning.
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Hardware

- 2simpleRTK2B (ZED-F9P)

- 2 Xbee radio moduls

- 2 GNSS in 2 Radio antennas
Programski jezik: Python,Tkinter,

PyCharm
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