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TUMA23: MATLAB and the Phaser Development Kit

Tuesday 15:45 - 16:00

▪ This session delves deeply into the application of MATLAB connectivity for 

the simulation, analysis, and optimization of the Analog Devices CN0566 

phase array Phased Array (Phaser) Development Platform. The integrated 

use of MATLAB with the reference design enables advanced signal 

processing, visualization, and algorithm development. The primary objective 

is to underscore the tangible benefits and potential applications of this 

integration within the specific domains of microwave and radar 

technologies, offering crucial insights for engineers and developers 

specializing in these technical areas.
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Presentation Goals

1. Gain an understanding of phased 

array and beamforming concepts

2. Learn how simulation models can 

be used to predict array and 

beam behavior for system design 

and test

3. Validate simulation models using 

prototype hardware

4. Learn about practical 

applications for phased array 

systems
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Sharing Spectrum

▪ FDD: Frequency Division Duplex

– frequency bands are paired

– simultaneous transmission on two 

frequencies (one for downlink and the 

other for uplink)

▪ TDD: Time Division Duplex 

– frequency bands are unpaired

– uplink and downlink transmissions 

share the same channel an carrier 

frequency

– The transmissions in uplink and 

downlink directions are time-

multiplexed
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Sharing Spectrum

▪ Spatial separation : 

– arrays of transmit/receive antennas 

are employed to transmit or receive a 

signal towards a certain direction in 

space through beamforming 

techniques

▪ Combine Time, Frequency and 

Space for max spectrum efficiency
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What is Phased Array Beamforming?

▪ The ability to “steer” multiple antennas without mechanical movement

– Moving mass around is relatively slow and mechanical systems need maintenance

– Electronic control allows movement of beams in a fraction of a second

– Steer beams and nulls

▪ Using multiple, smaller antennas also allows for multiple, independently 

controlled beams to be generated
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Where are Phased Array Systems Used?

Multifunction 
Radars

Wireless 
Communications

Satellite 
Communications

Acoustics
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Beamforming Architectures

Analog Beamforming Hybrid Beamforming Digital Beamforming

Beam formed by weighting RF paths Digital combining of multiple analog 

beams

Beam formed by weighting digital paths

Single set of data converters 1 < m < n sets of data converters Separate data converters for each element

Low power/complexity Moderate power/complexity Highest power / complexity

Good for coverage Compromise between analog and digital Highest capacity / flexibility

Single narrow beam Often the best choice with existing 

technology

Wide analog beamwidth, narrow digital 

beams
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Hardware Platform – CN0566 Phased Array (Phaser) 

Development Platform

ADALM-PLUTO

SPI/GPIO
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Pluto Rev C/D – 1 SMA channel, 1 internal u.FL Channel

https://www.analog.com/en/design-center/evaluation-hardware-and-software/evaluation-boards-kits/ADALM-PLUTO.html 

Rev

A / B 1 channel

C / D 2 channel

https://www.analog.com/en/design-center/evaluation-hardware-and-software/evaluation-boards-kits/ADALM-PLUTO.html
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Goal: Establish a Common Design Language and Development 

Framework

▪ Create algorithm and device models

▪ Simulate
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Goal: Establish a Common Design Language and Development 

Framework

▪ Create algorithm and device models

▪ Simulate

▪ Validate with hardware
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Challenge:

Show how phase array improves performance in a real 

communications example
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Existing examples

▪ LTE Receiver Using Software 
Defined Radio

▪ Image Transmission and 
Reception Using LTE Waveform 
and SDR

openExample('lte/SDRImageTransmissionReceptionUsingLTEWaveformExample')openExample('lte/LTEReceiverUsingSDRExample')
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Image Transmission and Reception Using LTE Waveform and SDR

LTE encode

LTE decode

Tx/Rx
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Example progress

EVM peak = 6.920%
EVM RMS = 0.831%
Bit Error Rate (BER) = 0.00000.
Number of bit errors = 0.
Number of transmitted bits = 1179648.

EVM peak = 0.000%
EVM RMS = 0.000%
Bit Error Rate (BER) = 0.00000.
Number of bit errors = 0.
Number of transmitted bits = 1179648.

Simulation, no impairments Pluto SDR, Wire
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EVM peak = 6.920%
EVM RMS = 0.831%
Bit Error Rate (BER) = 0.00000.
Number of bit errors = 0.
Number of transmitted bits = 1179648.

Pluto SDR, Wire Pluto SDR, Antenna (2cm)

EVM peak = 6.725%
EVM RMS = 0.785%
Bit Error Rate (BER) = 0.00000.
Number of bit errors = 0.
Number of transmitted bits = 1179648.

EVM peak = 316.112%
EVM RMS = 25.803%
Bit Error Rate (BER) = 0.00136.
Number of bit errors = 1605.
Number of transmitted bits = 1179648.

Pluto SDR, Antenna (1m)

EVM peak = 87.036%
EVM RMS = 5.304%
Bit Error Rate (BER) = 0.00000.
Number of bit errors = 0.
Number of transmitted bits = 1179648.

Pluto SDR, Antenna (1m)
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EVM peak = 87.036%
EVM RMS = 5.304%
Bit Error Rate (BER) = 0.00000.
Number of bit errors = 0.
Number of transmitted bits = 1179648.

Pluto SDR, Antenna (1m) Pluto SDR, Antenna (1m, 6 GHz)

EVM peak = 187.895%
EVM RMS = 20.967%
Bit Error Rate (BER) = 0.00000.
Number of bit errors = 0.
Number of transmitted bits = 1179648.

https://www.wa5vjb.com/products5.html 

Pluto SDR, Antenna (1m, 6 GHz)

EVM peak = 30.191%
EVM RMS = 5.374%
Bit Error Rate (BER) = 0.00000.
Number of bit errors = 0.
Number of transmitted bits = 1179648..

https://www.wa5vjb.com/products5.html
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Phaser Rx Path

▪ No spec for channel to channel 

match of gain or phase in:

– PCB antenna pattern

– ADL8107 LNA

– ADAR1000

▪ Everything needs calibration at 

system level
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Calibration

▪ Measure in free space

– Be aware of reflections

▪ Compare to theory, see if things 

correlate



22

Tapering Example
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Moving the beam?

▪ When the main beam moves, 

everything moves.

– All sidelobes

– All nulls

▪ Since we have an interferer, how 

do we move the beam, while still 

ignoring the interferer

– Keep a null in a constant place
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Null Steering
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Why do we want to Steer Nulls???
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Nulling in action

LTE

Interferer
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EVM

▪ No Null Steering ▪ Null Steering On

EVM peak = 316.112%
EVM RMS = 40.873%
Bit Error Rate (BER) = 0.00136.
Number of bit errors = 1605.
Number of transmitted bits = 1179648.

EVM peak = 30.191%
EVM RMS = 5.187%
Bit Error Rate (BER) = 0.00000.
Number of bit errors = 0.
Number of transmitted bits = 1179648.
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Conclusion

▪ It works

▪ Simulation matches with real 

world

▪ Tested over the air

▪ Code:

– https://github.com/mathworks

– https://wiki.analog.com/resources/eva

l/user-guides/circuits-from-the-

lab/cn0566/matlab

– https://github.com/analogdevicesinc/

RFMicrowaveToolbox

https://github.com/mathworks
https://wiki.analog.com/resources/eval/user-guides/circuits-from-the-lab/cn0566/matlab
https://wiki.analog.com/resources/eval/user-guides/circuits-from-the-lab/cn0566/matlab
https://wiki.analog.com/resources/eval/user-guides/circuits-from-the-lab/cn0566/matlab
https://github.com/analogdevicesinc/RFMicrowaveToolbox
https://github.com/analogdevicesinc/RFMicrowaveToolbox
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For more information

▪ Understanding Phased Array 

Systems and Beamforming
▪ Brian Douglas

▪ This video series provides an overview of the 

concepts related to phased array systems. 

The series covers the basics of sensor arrays 

and shows how manipulating the signal to 

each array element independently can allow 

for complex beamforming. Throughout the 

series, see how beamforming is important for 

many applications, such as multifunction 

radars and wireless communications.

▪ What Are Phased Arrays?

▪ An introduction to Beamforming

▪ Why multichannel beamforming is 
useful for wireless communication

▪ Why Digital Beamforming Is Useful 
for Radar

▪ Visualizing Radar Performance with 
the Ambiguity Function

https://www.mathworks.com/videos/series/understanding-phased-array-systems-and-beamforming.html 

https://www.mathworks.com/videos/what-are-phased-arrays-1666083087292.html
https://www.mathworks.com/videos/an-introduction-to-beamforming-1670396558073.html
https://www.mathworks.com/videos/why-multichannel-beamforming-is-useful-for-wireless-communication-1670398139740.html
https://www.mathworks.com/videos/why-multichannel-beamforming-is-useful-for-wireless-communication-1670398139740.html
https://www.mathworks.com/videos/why-digital-beamforming-is-useful-for-radar-1672814788501.html
https://www.mathworks.com/videos/why-digital-beamforming-is-useful-for-radar-1672814788501.html
https://www.mathworks.com/videos/pulse-waveform-basics-visualizing-radar-performance-with-the-ambiguity-function-1680765164982.html
https://www.mathworks.com/videos/pulse-waveform-basics-visualizing-radar-performance-with-the-ambiguity-function-1680765164982.html
https://www.mathworks.com/videos/series/understanding-phased-array-systems-and-beamforming.html
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