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INTRODUCTION

1. Background and Purpose

Phased array beamforming has been used in radars and communication systems since the mid 20th century. But in
recent years, these systems have seen greater adoption in areas such as 5G mobile communications, automotive
radar, satellite communications, and military applications.

Yet, it can be difficult to gain an intuitive understanding of the fundamental concepts of these electronically steered
arrays (ESA). Therefore, the purpose of this workshop is to demystify the phased array terminology and equip you
with a basic understanding of its underlying principles. This will be accomplished with step by step, hands-on, labs
covering the following topics:

1-  Using software to control the array and process data
2- Setting the antenna’s steering angle
3- Understanding the phased array’s antenna pattern
4-  Observing Antenna Impairments:
a. Sidelobes and Tapering
b. Grating Lobes
c. Beam Squint
d. Quantization Sidelobes
5-  Analog, Digital, and Hybrid Beamforming
6- Monopulse Tracking
7- FMCW Phased Array Radar

2. Additional Information and Resources
1- More information on the hardware and software
control can be found here:

wiki.analog.com/phaser
This site is still under development, with anticipated \\\
hardware launch end of summer 2022

\\ﬂ
WY \\\\\

na

2-  Much of this presentation and resultant lab
exercises were taken from this article series:
https://www.analog.com/en/analog-
dialogue/articles/phased-array-antenna-patterns-
part1.html

An‘e“ .
2: G\-at\“q

3-  More information on Pluto and its software control
can be found here:
wiki.analog.com/sdrseminars
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3. Lab Setup

To accomplish these labs, we will be using Analog Device’s ADALM-
PHASER (wiki.analog.com/phaser).

The Phaser has the Pluto and Raspberry Pi directly attached to it.
Therefore, the only connections necessary are a 5V, 3A USB-C
power supply, keyboard, mouse, and HDMI monitor. All of these
except the power supply are directly attached to the Raspberry Pi.
After the peripherals are connected, apply power to the USB-C port
on the Phaser board itself. (Leave the Raspberry Pi USB-C port
disconnected.)

! | “The Phaser”

HB100

Figure 1: Standard lab setup
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To generate the RF source for the phased array antennas to receive, we could use an antenna connected to the
Phaser’s Tx port. But instead, for most of the lab, it will be easier to use the battery powered HB100. The “HB100” is
a low cost 10.5 GHz source commonly used in occupancy detection systems. The version we use is the SEN0192
from DF Robot: https://www.dfrobot.com/product-1403.html.

Elevation 210
A

Elevation

“HB100”

Azimuth

https://www.limpkin.fr/public/HB100/HB100_Microwave Sensor_Module Datasheet.pdf

Using the HB100 allows us to have complete freedom in moving around the X band RF source. This will be most
useful in the Monopulse Tracking lab where we can move the RF source around the room and observe the lock and
tracking.

Analog Devices, Inc. | One Analog Way | Wilmington, MA01887 | U.S.A | wiki.analog.com/phaser 6
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SDR AND SOFTWARE CONTROL

1. Training Objective

ﬂ In this lab, we will learn how to control the Pluto SDR (software defined radio).

We will aim the HB100 (approx. 10.5 GHz) at the Phaser board. The Phaser will mix down that 10.5 GHz signal to
about 2.2 GHz. We then digitize that 2.2 GHz signal and plot the time and frequency spectrum. By doing this we can
see exactly what our HB100 frequency is (it is not well controlled — it could be anywhere from 10.1 to 10.7 GHz!).

And we can also see if there are any other signals nearby our HB100'’s frequency.

2. Instructions

1- Aim the HB100 at the Phaser

2-  Open Thonny, by choosing Start - Programming - Thonny

3-  Select the “cn0566_minimal_example.py” tab

ANALOG
DEVICES
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Figure 3: Plotting the Receive Signal of the HB100

4- Click “Run”

o

Run

5-  View the resultant graph:

> ADI-KUIPER-LIN

ny - /home/analog/pyadi-iio/ex:

£ cn0sg ‘ O E
S config ey Load Run Debug
_pye|
config.py® | cn0566_minimal_example_test.py 3
E en056
& sord

Figure 2: Run CN0566_minimal_example_test.py

3. Understand the Script

Analog Devices, Inc. | One Analog Way

Wilmington, MA01887 | U.S.A | wiki.analog.com/phaser

“ Let’s understand that Python script we just ran, and make some modifications to it

Here’s what we've done:

Received the 10.525 GHz signal
Downconverted it to 2.2 GHz
Received the 2.2 GHz IF with the Pluto SDR

Set the Pluto’s internal PLLs to 2.2 GHz minus a small offset

Set the Pluto’'s ADC sample rate to 30 MSPS

Loaded a 20 MHz wide digital filter into the Pluto

Capture a buffer of 1024 samples
Plot the time domain samples
Take the FFT of the samples, then plot.

So what does that Python script do?? The python script, “cn0566_minimal_example.py” first takes care of some
housekeeping operations - set the antenna to zero phase, equal gain on all elements, and set a few parameters in

the Pluto SDR. Then we are simply plotting the buffers of data from Pluto.

1. Change line 176 to something between -10e6 and +10e6 (your choice!). And re-run the script.

176
177
178
179

offset = 1000000 # add a small offset

my cn@566.frequency = (

int{my_cn@566.5ignalfFreq + my_sdr.rx_lo - offset)
Y // a4 # PLL feedback is from the vco's /4 output

Analog Devices, Inc.

| OneAnalogWay | Wilmington, MA 01887 |

USA

wiki.analog.com/phaser 8




ANALOG
DEVICES ADALM-PHASER Phased Array Exploration Workshop

AHEAD OF WHAT'S POSSIBLE™

STEERING ANGLE

1. Training Objective

ﬂ In this lab, we’ll explore the relationship between the element to element phase shift and the resulting electrical
steering angle

2. Instructions
1-  Find the “cn0566_gui.py” tab
u @ B 7 Thonny - /home/an..

File Edit View Run Tools Help

*un OB o

€n0566_gui py %
T &1 /usr

Co~aLawN

10 # c 1 i
1 Red y for r
LER

2- Press the green “Run” button

>

3- You'll see the FFT (amplitude vs frequency) of the HB100 source as received by the Phaser’s array:

confi Pt Options| Rectangulr it olr it FFT

0330 -
—
1 RxGain (d8)
A Ttk scaring e
C—E
&

e
™
[ e

| s

%
—

E——ET

Element 1.8 Phase Values:
0,126,250, 16,143, 267. 33, 160

an (a8

« Auto Retresn Data Aaure Oma o st pngle | Copy Pt toMemery | Cloar Memary o pragrn ||

4- By adjusting the “Steering Angle” slider bar, you can change the phase values of each element.

Wilmington, MA 01887 | U.S.A wiki.analog.com/phaser
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5-  Move the HB100 to an angle of about 30 deg. The protractor, can help you point this somewhat accurately.
Just place it on top of the Raspberry Pi, and move the arrow to 30 deg.
—

6- Now slide the “Steering Angle” to find the phase delta that produces the maximum FFT amplitude.
7- What phase delta do you observe that produces the maximum FFT amplitude?

8- Now click on the “Rectangular Plot” tab

Config | Plot Options| Rectanguiar Pot Polar Pot FET
e —— PR E
)
E— vy i s o
20 T Gain (d8)
E—r

Tt Diavi |

[ m—

| oda Salection

l:‘z Steering Angle —am
= Baf =
Bemant 18 Phase Values: B B2 =0 20 o 20 “© ) )
0,126,250, 16,143,267, 33 160 e oute
1 -+ Error function
i,
g
S
50 EY B EY 1 £ o @ o
Soering sl 009
 Auto Refresh Dota ‘Aquire Data. b = copy v Cleor Memory Close Program

9- This plots the peak FFT amplitude vs the selected steering angle
10- Move the Steering Angle slider bar again.

11- Does the amplitude move in a predictable way? What do you think is happening?

wiki.analog.com/phaser 10
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ARRAY FACTOR AND BEAMWIDTH

1. Training Objective

ﬂ In this lab, we will directly observe the array factor equation. And then observe how the beamwidth changes with

steering angle.

2. Instructions
12- In the Phaser GUI, select “Lab 2: Array Factor”

Cony G P ptins [emee———
TR oo e +az
=

IL: R Gai (68)
[ —
T Deaties

2 W e 51

Aevey G v Shawring Arte

Fres—r—. raevsa | @\ [T o pogam
13- Slowly move the HB100 in a half-circle around the array and observe the changes
14- Does the main lobe’s beamwidth remain constant as you move the RF source?

15- In the Phaser GUI, select “Polar Plot”

o G ik 05

Rt o )

s o 0

I sy v

- Ao ek o oo | 02 o i oo it o amry |

e =
16- This is the same data, just displayed on a polar grid
17- Slowly move the HB100 in a half-circle around the array and observe the changes again

Analog Devices, Inc. | One Analog Way |  Wilmington, MA01887 | US.A | wiki.analog.com/phaser
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ARRAY FACTOR MEASUREMENTS

1. Training Objective

ﬂ In this lab, we will make measurements on the array pattern and compare to the theoretical values

Recall that the array factor of a uniform, equally weighted (constant amplitude), linear array is given by:

sin(N-A(l)/Z)

lGA(NORM)l = N-sin(A¢/2)

And plotting this for various numbers of array elements (N) gives:

_ sin(v-Ad/2) Normalized Array Factor

G =
IGuvonn | = vsincagy) d=14mm, f = 10.3 GHz

0

K

Magnitude (dB)

0 (deg)

From this, we can make some measurements on the array:

1-  Halfpower Beam Width (HPBW): Main lobe beamwidth, measured 3dB down from peak
2-  First Null Beam Width (FNBW): Spacing between main lobe nulls

on either side of the main lobe.
Peak Amplitude: signal strength of the main lobe (measured in dBFS for our lab)

5 Array Gain vs Steering Angle

——HPBW

v
-10 SdP down

First Sidelobe Amplitude

Gain (dBFS)

-40

—— Sum

- FNOBW —— Delta
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From the array factor equation, with a frequency of 10.3GHz and element to element (d) spacing of 14mm, we

can calculate the HPBW and FNBW for various numbers of elements:

HPBW FNBW

13° 30°
27° 62°
62° 180°

Let's measure this now and see how close we are to these calculated values.

2. Instructions

5- In the Phaser GUI, select “Lab 2: Array Factor”

Cony G| Pt Options

Rectanguin s P Pt FFT|
o390
=it

— aesaz

Arvay Gan v Steering Angle

< Aot Rersh Dt Copy Pt o ey oot Mamery

6- Move the HB100 to the mechanical boresight location (i.e. directly facing the array)

7- Record the following:

ANALOG
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9- In the Phaser GUI, select the “Gain” tab

10- Click the Rx1_Gain button to disable that channel.

11- Do the same for Rx2, Rx7, and Rx8. We now have a 4 element array!

ADALM-PHASER Phased Array Exploration Workshop

;;_ =)
0 o Array Gain vs Stasring Angle
— Y
% RsGanc | _
[E— éim
[ 2 L
I,i_,: R | - —r
e | vty | = — —
= Auto Refresh Data Aureoata | = Giear Memory | _Coseprogram
12- Repeat the beamwidth measurements and compare to the calculated values and to the N=8 values.
HPBW (° HPBW (°) FNBW (° FNBW (°
Peak Amplitude 0 0 0 0 First Sidelobe
N (dBFS) Measured Calculated Measured Calculated Amplitude (dBc)
8 13 30
4 27 62
2 62 180

Peak Amplitude HEBW() HEEW() AL ENEw ) First Sidelobe
N (dBFS) Measured Calculated Measured Calculated Amplitude (dBc)
8 13 30
8-

How do the HPBW and FNBW values compare with the calculated values?

Analog Devices, Inc. | One Analog Way |

Wilmington, MA 01887 | U.S.A

| wiki.analog.com/phaser

13

Analog Devices, Inc.

| OneAnalogWay | Wimington, MA01887 | U.S.A | wikianalog.com/phaser 14




ANALOG
DEVICES ADALM-PHASER Phased Array Exploration Workshop

AHEAD OF WHAT'S POSSIBLE™

MEASURING THE ACTUAL ANTENNA PATTERN

1. Training Objective

ﬂ In this lab, we’ll make a simple measurement like what you would do in an antenna chamber. It certainly won'’t be

perfect, but you'll experience the process and then we’ll measure the sidelobe levels and see how they compare to
the electrical scan method.

2. Instructions

1-  In the Phaser GUI, select “Lab 2: Array Factor”
2- In the “Config” tab, select “Signal vs Time” from “Mode Selection”.
C —

Conflg | Gain| Plot Options| Rectangular Plot Polar Pl | FF

——— A€ da=
T e

e —

£ =

[Co—

Transmit Disabled

o e g

. Array Gain vs Steering Angle

i
H

Stearing Ance (deg)

A = ——— — —

3- Now rotate the HB100 in a radius around the Phaser board —keep the HB100 pointed at Phaser!
] a
0,
around Phaser
4-

Start at the left position (-90 deg), and move around to the right position (+90 deg)

5- Keep a smooth, consistent speed!

Practice a few times, then try time it so that one smooth rotation covers the entire graph span

7-  With practice, it may look like this:

This plots the peak amplitude vs time.

Analog Devices, Inc. | One Analog Way | Wilmington, MA01887 | US.A | wiki.analog.com/phaser 15
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Ok, so we can't really get angular measurements from this (we can never rotate it perfectly). But we can get
accurate lobe amplitudes. Compare these amplitudes to your earlier measurements. How close are they?

Repeat the process, but change the “Steering Angle” from 0 deg to 30 deg

Analog Devices, Inc. | One Analog Way |  Wilmington, MA01887 | US.A | wiki.analog.com/phaser 16
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SIDELOBES AND TAPERING
1. Training Objective

ﬂ In this lab, we’ll observe the side lobe amplitudes as we reduce the gain of the antenna elements at the edge of the
array.

Recall the impact to the sidelobe gain when we “window” or “taper” an array:

Boxcar - ¥ sidelobe @ -13dBc  Narrowest
main lobe

Hanning - ¥ sidelobe <-30dBc  Main
lobe broadens

Blackman - Lowest sidelobes
Broadest main lobe

Note: windowing losses not shown in these examples

2. Instructions
1-  In the Phaser GUI, select “Lab 3: Tapering”

Cont] Gan ik Ostirs| Recanguis s P i T
= R Gan (%) #€d FQE

2o (%)

R Gan 06
Aot Gon )
Ros con )

—| G

I—T

£ ot o )

Jo e —

2-  Press “Copy Plot to Memory”, then try one of the tapering profile buttons.
3- What is the impact to sidelobe level, beamwidth, and peak gain?

4- Select “Symmetric Taper” and invent your own profile! Can you make a “better” taper?

Analog Devices, Inc. | One AnalogWay | Wilmington, MA01887 | US.A | wiki.analog.com/phaser
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GRATING LOBES

1. Training Objective

ﬂ In this lab, we will vary the effective element to element spacing to observe the formation of grating lobes. Then
compare to our calculated values.

Recall that for the mechanical broadside condition (i.e. steering angle = 0 deg), that the main lobe position simplifies
to:

Oyan =sin(mA/d), for m=0, £1, +2, etc.

So if » =29mm (which is the wavelength for 10.3 GHz), and d=14mm (which is indeed the element to element spacing
on the Phaser array), then there is only one real solution to the equation above. And Omain = 0°. So no surprises
there!

But if we change d to 42mm, then we will see 3 main lobes! And they will be located at:
0 = sin”(m * 29mm/42mm) = 0° and +44°

The true main lobe is at 0°. And then the +44° are the grating lobes. And we’ll actually see those grating lobes when
we do the lab below.

But we can also change d to 56mm. And in that case we will see “main” lobes at:
0 = sin”'(m * 29mm/56mm) = 0° and +31° and +90°

So let’s try it out in the lab, and see those grating lobes directly.

2. Instructions

5- In the Phaser GUI, select “Lab 4: Grating Lobes”

P p— =
W | | aleldbaz)

E— T

i i
T

o Gain 04) |

R Galn %)

s can ) |

Avray Gain vs Steering Angle

E— T

00
p—
 Symmetic Toper

Rect Window | Crebyshew
Han | Backman

racinco |

T Steerng e e

© Ao Refesh Dot Ao 0o b s Gotngtobes | oy pottomemay | o Memory oo |

6- Set the RF source (HB100) to be directly in front of the array (full broadside).

7- Set Rx2, Rx3, Rx5, Rx6, and Rx8 to 0. Now ourd =3 * 14 mm =42 mm

Analog Devices, Inc. | One Analog Way |  Wilmington, MA01887 | US.A | wiki.analog.com/phaser 18
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®x

8- Do you see two additional “main” lobes? Does their peak angle match our calculations? Why are they
broader than the true main lobe?

Config| Gain| Plot Options | Rectangular Plot | Polar Plot | FFT|
190w cain %) €3 pal=

. _R2Gan (4 |
Rx2 Gain (%)
: (%)
Array Gain vs Steering Angle

IL: Ra3 Gain (%)
100
|: Rxd Gain (%) .
I_DJ: RS Gain (%)
2
T

100
100 Ra? Gain (%) |

X G | -a0

I~ Symmetric Taper

Gain (dBFS)

50
Rect Window |~ Chebyshev = 73 573 o ) % »

9- Let's try it again, but now for d=56mm

. Al wm LS SN

ot
i 4 Rl SR e

10- Set Rx2, Rx3, Rx4, Rx6, Rx7, and Rx8 to 0. Now ourd =4 * 14 mm = 56 mm
11- Again, check where the grating lobes are, and compare to what we calculated previously.
Config| Gain | Plot Options | Rectangular Plot | Polar Plot | FFT|

1_“j Rxl Gain (%) /€3 +Q
JGJ Rx2 Gain (%)

Array Gain vs Steering Angle

- Rx3 Gain (%)
[Cr—YE
iL“ RxS Gain (%)
L“J: R Gain (%)
p Rx7 Gain (%) |
L?_‘: Rx@ Gain (%) o

[ Symmetric Taper

Gain (dBFS)

Rect Window | Chebyshev | 50 50 “io 20 13

Analog Devices, Inc. | One Analog Way | Wilmington, MA01887 | US.A | wiki.analog.com/phaser
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BEAM SQUINT

1. Training Objective

ﬂ In this lab, we will observe the change in steering angle as a function of signal frequency

Recall that beam deviation (beam squint) vs frequency can be calculated as:
_ . (fo ..
AB = arcsin 7 sin 6y) -6

» For example

=  Let's set our carrier frequency to be 10.5 GHz, and fo = 10 GHz (500 MHz of BW)
= We want to steer the beam to +/- 45° from mechanical boresight
= AB = arcsin(10.5/10 * sin(45°)) - 45°= 3°

= The beam will shift 3° at 10.5 GHz vs 10 GHz

2. Instructions
1-  In the Phaser GUI, select “Lab 5: Beam Squint”

Config | Gain| BW | Plot Options | Rectangular Plot | Polar Plot | FFT|

IL: Signal BW (MH2) # €3 Q=

|Signal Bandwid

0.0 MHz
Array Gain vs Steering Angle

Pluto Rx LO = 2200 MHz

-10
Beam Calculated at 10390 MHz
Beam Measured at 10390 MHz

Gain (dBFs)

— sum
—— Deta

) 60 80

—~— Phase Delta
—— Error Function

Error Function

80 60 40 20 o
Steering Angle (deg)

e e e (et e e PR e s |

2- Set the RF source (HB100) to an angle of about 50 deg

3-  Click “Copy Plot to Memory”
4- Record the peak angle (you can also turn on “Show Peak Angle” under “Plot Options” tab)

Analog Devices, Inc. | One Analog Way |  Wilmington, MA01887 | US.A | wiki.analog.com/phaser 20
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5- Change the “Signal BW” slider bar to 500 MHz

Beamfoming

Config | Gain| BW| Plot Options | Rectangular Plot  Polar Plot| FFT|
500 Sighal BW (MFiz) &€ Q=B

Signal Bandwidth = 500.0 MHz

Aray Gain vs Steering Angle

[Pluto Rx LO = 2200 MHz

[Beam Calculated at 9890 MHz

|Beam Measured at 10390 MHz -20

Gain (dBFS)

L

—— Phase Delta
—— Error Function

Ertor Function

80 60 20 20 o 20
Steering Angle (deg)

 Auto Refresh Data Aquire Data | Lab 5: Beam Squint =| Copy Plot to Memory. | Clear Memory. | Ciose Program |

6- Record the new peak angle. Does the difference between the two peaks match our ~3° calculation?
7- Try other signal bandwidths and observe the effect.

8- Try other steering angles and observe the effect

H Note: since our HB100 frequency source is fixed, we instead change the frequency at which
the steering angle is calculated. i..e the “Beam Calculated at” frequency. Both methods are
equivalent. lts just easier to change the calculated frequency in our lab. It also avoids other
changes in the antenna pattern that would come from a new frequency. And that lets us do
a more straightforward comparison.
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QUANTIZATION SIDELOBES

1. Training Objective

ﬂ In this lab, we will change the phase step size and observe the formation of quantization sidelobes

2. Instructions
1-  In the Phaser GUI, select “Lab 6: Quantization”

Anay Beamioming

Config | Gain| BW/ Bits| Plot Options | Rectangular Plot  Polar Plot | FFT|

[N LIRSS
4 Rx Gan (dB)
. Ay Gain s Seering Angle

lﬂ: T Gain (d8) -
Transmit Disabled

[ —

GainvsTime | [Mode Selection

— sm
— oela

EUE AR 50 &0 0 20 [ 20 £ & £

0,90, 90,180, 180, 270, 270, 0 . —— Phase Difference
—+ Error Function

Emor Function

E E 0 E o 2
Steering Angle (deg)

 Auto Refresh Data Aquire Data ( Lab 6: Quantization b Copy Plot to Memory | Clear Memory | Giose Program |

2-  Click on the Gain tab and select a taper—we don’t want any sidelobes! (Blackman is the pre-programmed
default for this lab)

3- Inthe “Config” tab, set the steering angle to 15 deg

4-  Move the HB100 in an arc around the Phaser.

-
Rotate HB10Oin arc
around Phaser

5- Keep the HB100 pointed at Phaser, and move at a smooth/consistent speed
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6-  With practice, it may look like this:

o -
-10
@ -20
2
]
k=
£
8 -30
-40
Sum
—— Delta
-50

7-
15°

8- Now, in the “Bits” tab: slide “Phase Shift Bits” to 2

Our Blackman taper should have suppressed all the sidelobes. So we are just seeing the true mainlobe at

Config| Gain W B Pt Options |

Rectanguiar ot Pola ot FFT|

P fSteer Resolution € Q=
@ ——
Phase
lonors S Res -0
G-
EE
o
T T 13 B3 ) w W
gt e
i
H
o
S % e 3 B3 P o w
Stering At ()
* Auto Refresh Data Aqire Data | Lab 6: Quantization = Copy Plot to Memory Clear Memory Ciose Program |
9- Repeat moving the HB100 in an arc.
10- Do you see any new sidelobes?
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HYBRID BEAMFORMING

1. Training Objective

ﬂ In this lab, we will observe the impact of changing gain and phase at the digital level, rather than the analog level.

1. Instructions
1-  In the Phaser GUI, select “Lab 7: Hybrid Control”

Config Gain Phase BW Bits Digial Plot Options | Rectangular Pt Polar Piot FFT.

I — P PICESE -

e

— Aray G e

o semon |

=

[ Show Error

P e e o e —

In the “Digital” tab, you can change the gain and phase of each ADAR1000 output:
Beam1 is elements 1-4 (the left 4 elements)

Beamo is elements 5-8 (the right 4 elements)

3- Set BeamO gain to 0, and copy Plot to Memory (Copy Plot A)
Config| Goin | Prase BW| Bits Digiat Pt Options | Rectanguiar it | Plar Pt FFT|

L Bearm0 Phase shit | #éd Qs B
 ——
o e ) Aray Gl vs staorig Ange
[Com—

[ —

| svow Emer

. — oo

5 = o
i
i
i

S E PR a—

[
< hso et Data foss | wermmcos | cmres coypacs Gerbenoy | Gossrogrom
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4-  Then set BeamO gain back to 1 and set Beam1 gain to 0, also copy this plot to Memory (Copy Plot B) 9- Then return “Beam1 Phase shift” to 0 deg, and set Rx1-Rx4 to +180 deg in the “Phase” tab
Config Goin Phase| BW Bits| Digitat Piot Options Rectangular Plot| Polar Piot| FFT| | P
o Besmd Prase S ey a8l  — Y A€ a8
E—— T —
B o Aoy Gan vaSteang Argle — Aray Goin v Searing Angle
I Saamt Gon —
TShovoe e |
e — I — T
— — T
I E— -
SRmm GO T
s | 2
g = e
i
F
R N )
e—
 Auto Refesh Dita Aauie Data Lab7: Hybrid Control Copy Pl CopyPitB | Clear Memory Close Program © Auto Refesh Data A Data Lab 7:Hybrid Contrel CopyPiotA Copy Pl CearMemery | Cose rogram

10- Can you find any differences between controlling things analog (Phase/Gain tabs) or digitally?
5-  Are the results the same? And should they be the same? What might make them different?

6- Set BeamO back to 1 to see the left & right beams along with the total beam

Config| Gain' Phase | BW B D5l it Optiens.

11- Select “Lab 7: Hybrid Control” again, to reset all the settings

12- Copy Plot to Memory
i Phase | BW. Bits | Digiial| Piot Options.
i S i L
+ Beam] Phase Shift
= Ay Gan vsstesnng Argie
B CR———
o— s— (O o 0
T ShowDelta
S
P ——, ==
i R ") s 1 E) ) & )
i
L i
e S T e % i
1« Auto Refresh Data Aqulre Data b Hybrid Control 1| Copy Pt A Copy Pl Cleartemory | Cose progam | ° ° h 7 s e ” ° ”
1« Auto Refresh Data Aauire Dsta Lab7: Hybrig Control Copy Pl CopyPiotB | CioarMomory | Close Pregrom.
7- Select “Lab 7: Hybrid Control” again, to reset all the settings

8- Set “Beam1 Phase Shift” to +180 deg, then Copy that Plot to Memory

Cona| Gain| Phase | Bt igést Pt Options Rectangulr it Pl ik FT|

13- Set Beam 0 Phase Shift to a random value

e T
e )
==

oy e S —rrTy
oy i v Steaig Ao
Beamo Gain = =

Aoy Gain vs Steering Angle
Beam1 Gain

zd |
é : — ereencon i :
i i
P e PR O S S = Y P e
+ Auto Refrsh Dat. auire Data Lab 7: Hybrd Control CopyPekA | CopyPlet Clear Memory Ciose Program « Auto Retresh Dota Aquie Dota | b 7:Hyord Contrel | Copy Piot A Copy Pt B Cear Memory ose Progrom
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14- Go to the “Phase” Tab and start to adjust the phases for RX1-RX4 until you re-align the gain plot with the
original. Hint: You should set them all to roughly the same value relative to each other

i BW| Bits| Digtal Plot Optons | Rectanguiar it Polar lot| FFT| I
o s | aes paz B |
Rz mase
Aoy Gain v steonng Angie
= R prase
I Rt e
(i
o —| L3 P
——
e — L o |
——
——T
— —
— — TS
| semimessto0
R R T O S S
50
Eo
H
B B B ‘Steering Angle (deg)
« o Retsn Dsta saureows uorwpan | coypea | copypes

15- How does the value of the Phase of RX1-RX4 compare with the value of the random Beam 0 Phase?
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MONOPULSE TRACKING

1. Training Objective

n In this lab, we will implement the monopulse tracking function that we worked out in the previous lecture. Then we

will observe it lock into a target and track its angle.

2. Instructions

1-  In the Phaser GUI, select “Lab 8: Monopulse Tracking”

Conflg Gain| Pnase
[— # €3 Qs

o Gain (98)

Array Gain vs Steering Angle

T Gain (49)

Il

Transmi Disabled
100 7
= T )

Beomsweep | Mode Selection
Boom Sweep

= ™ -

cain t4srs)

emoc unction

2-  Inthe “Gain” tab, select “Blackmon” taper
3- Inthe “Digital” tab, select “Show Delta” and “Show Error”

Plot Opions | o Polar Plot FFT Signal Tracking |
om0 rase s | R B [
seomt rasesht

— Array Gain vs Steering Angle.
I 77}

ain (d9F5)

—'a
{
B
§

EY £ o o 5 B3
Steering Angle (deg)

 Auto Rfresh Data Aguire Data Lab 8 Monopuise Tracking =) Copy Plotto Memary

e Gose rogom |

4-  From the lecture, what do the “Delta”, “Phase Delta”, and “Error Function” bars represent?
5- Rotate the array and observe the plots’ responses
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6- In the “Config” tab, select “Tracking” from the “Mode Selection” pull down menu FMCW RADAR
7- Move the Phaser antenna and observe the tracking function in action
Phased Aoy Beamioming 1. Training Objective
[Config] Gain | Phase | BW/ Bits| Digital | Plot Options | Rectangular Plot| Polar Plot | FFT Signal Tracking |
@ [Signal Freq (GHz) # €3 +Q n In this lab, we will implement an FMCW radar and steer the phased array receiver
IL: RcGan (@@
10000
£ S Recall that an FMCW (frequency modulated continuous wave) radar transmits a continuos frequency ramped signal:
Transmit Disabled —
s000
IEE Wait Time (ms) 105 GHa o
Tracking | Mode Selection .
g
* o fs
= 10.0 GHz | t
| m = - = - - The difference between the transmit and receive frequencies is the “beat frequency”, fb. Using this beat frequency,
steering Angle (deg) we can compute the range to target as:
~ Auto Refresh Data Aquire Data | Lab 8: Monopulse Tracking - Copy Plot to Memory. | Clear Memory Close Program
R="CTs
2B
¢ = speed of light (3E8 m/s)
T, =transmit frequency ramp rate
B = bandwidth of the frequency ramp
f, =transmit to receive frequency difference
In this lab, we use a ramp time of Ts=0.5 ms and a default frequency ramp bandwidth of B = 500 MHz (though this is
adjustable in the lab). With these values, we should expect to see a beat frequency of 6.7 kHz per meter of distance
to the target.
2. Setup
The setup for this lab is different from our previous phased array labs. We will no longer be using the HB100—in fact
make sure it is turned off! Instead, we will transmit a frequency ramped waveform from Phaser, and then receive that
with the 8 element linear array. That signal will be mixed down, using the LTC5548 on board Phaser. The LO of that
mixer is the transmit frequency ramp. Therefore, the mixer result is just the beat frequency. That low bandwidth
makes it very easy for Pluto to digitize.
1- Turn off the HB100!
2-  Place the corner reflector about 1 meter from the array
3- Place the the Vivaldi transmit antenna next to the phased array and point it at the corner reflector.
So now our setup looks like this:
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3. Instructions
1-  From Thonny, select “RADAR_FFT_Waterfall.py” and click the green “Run” button

ADALM-PHASER Simple FMCW Radar

2- The top right graph is the FFT of the beat frequency. The x-axis is frequency, by default. But can be
toggled to range by clicking the “Toggle Range” checkbox

3- The bottom right graph is running plot of the FFT, over time. Commonly called a “waterfall” plot or
spectrogram. The amplitude of the FFT bins is represented by white. The higher the amplitude, the brighter
the white.

4-  Move the corner reflector back and forth in front of the display. Do you see your pattern traced out in the
waterfall plot? Try adjusting the LOW and HIGH waterfall intensity levels to eliminate spurious clutter in the
plot.

5-  Now hold the target very close to the Phaser’s array (i.e. at distance Om). What is the frequency of the main
peak? It won't be exactly at 100kHz — it might be 103kHz, or 99 kHz, etc. This is the Om frequency, and is a

crude calibration of the system.

6- Now move the target to approximately 1m and observe the FFT plot. Did the frequency move by about
6.7kHz? Try moving to 2m, or 3m.

|
li

7-  With the target still at a fixed distance, try varying the steering angle of the array. Do you notice a change in
FFT amplitude as you steer away from the target?

‘ » \ \ H I
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APPENDIX: ADALM-PHASER FREQUENCY PLAN

“The Phaser”

USB-CPowerJack = o o o e o e e e e e e m m e e e e e e e e e e e e e e e e e e e e e e e e e e = e e e e e = e e e e e e e = = e e e e e e e = e = = = = = = —
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1 RaSpberry Pi . all supplies ADL3107
| (Mounted from back side)) [«— GPiOs
ADAR1000 |

| | <INA| T D
1 \TC5548 1010 10.3GHz
1 g 2

Rx1 LEC-2500 TC1-1-130, LFCW- 1062+ — LNAH _D
| 2.2 GHz e I

= . [« e A\ >
: 25 GHz iy, DCTOES Bl }-@4 I——D
| GE0805G-2 HMC735  HMGB52 fesm - Jcoeosc
ADF4158 AD80B5
1 REF ADRF5019 _ — }-@4 I-——D
N "
! 100MHz ST Fitar % ADAR1000
| 10-12.5 GHz — g — F<NAH —D
- . !
o m
| (1)
LFCG-2500 = LFCW-1062+
Rx2 | 99 Gz * Ext LO Input TCA-1-13M+, -| }_@_' |—_D
= o \fe— = A\ b2
: 75 GHz - DGC-10.6G ~ }-@4 I——D
| GE0805C-2 = / LTC5548 JCOB03C
L
I HMCB54 x I —_
| 4dB 2 B }-@‘I _D
L
| 122125 GHz |_| - ADL8107
1 |$ i | e g L
LO output
: Jdm 10-10.3 GHz
T« Input | LFCG-2500+ 10403  LFCW-1082+ BFCN-1052+ ADRF5018
2.2 GHz — | Tt
>\ st o A\ w [N\ ——1 = 10103GHz
1 +0dBm TE_INN . +4dBm e Tx2
| 25 GHz DC-10.6G ADL8107 9 7-12GHz
GE0805C-2 LTCH548 JCOB03C FV1206-9

RED are the typical expected frequencies of that node
GREEN are the typical RF power of that node
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