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Overview of the Experiment

* Objective
— Instrument a full-duplex (FDX) communication system with one
half-duplex (HDX) transmitter (Tx), one FDX relay transceiver
(Relay), and one FDX receiver (Rx)
« Key Elements:
— Zedboard Zyng-7000 with AD9361
— Omni-directional and directional antennas
— Zyng QPSK transmitter/receivrer blocks

— Zyng QPSK Relay self-interference cancellation (SIC) algorithms
« SGD-based vs. based SIC



System Setup (1)

e SDR
— HDX TX (ZedBoard + AD9361 + omni-directional antenna)
— FDX Relay (ZedBoard + AD9361 + directional antennas)
— HDX RX (ZedBoard + AD9361 + omni-directional antenna)

« SIC @ Relay SDR



System Setup (2)
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Lab-3: IB FDX Communications

 Tx SDR Setup
— Setup ZedBoard + AD9361 as the HDX QPSK Tx SDR

— Configure "AD9361 Transmitter” (i.e., IP address, carrier
frequency = 5G Hz, antenna selection, baseband sample
rate, gain, ... )

— Convert the "Hello World ###” message to baseband QPSK
modulated signal including Baker/ZC sequence; transmit
data to “Relay SDR” via the omni-directional antenna



QPSK Transmitter SDR (1)

QPSK Transmitter Using Analog Devices AD9361IAD9364|

Note: Before running the QPSK models, first run the companion models for frequency offset calibration.

Open the companion zyngRadioFrequencyCalibrationTxAD9361AD9364 SLmodel

Open the companion zyngRadioFrequencyCalibrationRxAD9361AD9364SL model

Open the companion zyngRadioQPSKRxAD9361AD9364 5L model

Upsample by 4

LAV
200x1 100x1 400x1 4096x1
Bits Generation Lﬁ QPSK Lp‘,\/\/\_ﬂ% [ x1] data AD936x

[200x1] [100x1]|  square root [400x1] [4096x1] Transmitter




QPSK Transmitter SDR (2)

Block Parameters: AD936x Transmitter

AD936x Transmitter
Transmit data using an AD936x.

Main Filter Advanced

Radio Connection
Radio IP address: ( 192.168.3.2 >
T
Info
Radio Properties
Source of center frequency: Dialog
AD936 . ( ; ) i i :
— data Transmit?er Center ﬁ'equency (Hz); 59415500 <- POSt Cal Ibl’atlon resu |t Se+9 (s
Source of gain: Dialog
AD936x Transmitter Gain (dB): -10
S ——
Channel mapping: B 1
Baseband sample rate (Hz): sdrgpsktx.RadioFrontEndSampleR ate 520841 :
Data

(] Enable output port for underflow indicator

OK Cancel Help Apply




Full-Duplex (FDX) Relay SDR Setup

— Configure AD9361 Tx SDR block

Center Frequency: 5 GHz

Baseband Sample Rate (i.e., data rate) = 520841 Hz
Set the Input Data Type: Complex Input

Enable Transmit Continuously (optional)

— Configure AD9361 Rx SDR block

» Center Frequency: 5 GHz
« Baseband Sample Rate (i.e., data rate) = 520841 MHz
 Set the Output Data Type: Complex Output



QPSK Relay SDR (0)

« FDX QPSK Relay SDR
. demodulates the received signal
. frame to sample conversion
. sample to frame conversion
. processes and forwards the received bits
. convert bits to constellation

» Enable Sample Time Color Coding
» Debug > Information Overlays > Text and Colors

*** Center frequency change
to 5e9




QPSK Relay SDR (1)

D1 1.9200e-06
/ D2 3.8399-06
o }E"poon]m | D3 3.8399-04
e rin] oo = WWWE €
[4096x1] - [200x1] N .  Ji2o0x1) 02| 5841 |\N,A 036x
S : HE - T 1051 l | 275K = Q/\/T” , Tragmitter D4 7.6799e-04
T Unbuffer Buffer (200x1] ﬁi — T i DS 7.86426-03
Unit Delay S
‘ .l;J [5] Block Parameters: X
[200x1] D2 AT
—>@ RateTransition T Cheieant
Handle data transfer between different rates and tasks. T1 Triggered, Source: D2
M Multirate
Parameters
B Ensure data integrity during data transfer
8 Ensure deterministic data transfer (maximum delay)
Initial conditions:
0 5
Output port sample time options:  Specify 4
Output port sample time:
0.0003839943476032033*2 000076799 |3
9 Cancel Help Apply
o \




QPSK Relay SDR (2)

AD9361 Receiver

« Bandpass (R

F) to baseband conversion

Block Parameters: AD936x Receiver
AD936x Receiver
Receive data from an AD936x.

Main  Filter
Radio Connection

Radio [P address:

Advanced

192.168.3.3

Info

data

AD936x

. data valid
Receiver

4096x1] D6 ) ‘
u Radio Properties

Source of center frequency: Dialog

D6

Center frequency (Hz):

Ses09 |}

*** Center frequency change
to 5e9

D6 Source of gain: AGC Slow Attack
overflow =" Channel mapping: 1
Baseband sample rate (Hz): sdrgpskrx.Fs 20841 |
Data
Qutput data type: double
Samples per frame: 4096

& Enable output port for overflow indicator
[ Enable burst mode

OK Cancel

Help



QPSK Relay SDR (4)

 QPSK Recelver
Perform QPSK demodulation

D

I [105x1]
Unbuffer Buffer1

Oversampled by 2

[100x1] D2 [105x1] D2
Sy f B, DataQut —s In  Data Decoding Out 4’. (1)
[200x1] o 100x1) g [105x1) o
[200x1] D4 f‘{\/\‘ 100x1]D4 | Coarse Frequency |(100x1] D4 Timing E) !
." F:V. root 100x1] ensation 1001 Recovery A
o=quare root . D2 |
DataValid

p100k1)

Congtellation Diagifam




QPSK Relay SDR (6)

 QPSK Recelver
«  SIC (Self-Interference Cancellation)

1 [200K1] D4 >
@ [200x1] xn ‘ - 200 D4 > [200x1] D4
XN 200k1] D4 Y- 200 E 20l

P{r1 n selfcorr

simout




Side note: Digital SIC Algorithms

« Stochastic Gradient Descent (SGD)
* Recursive Least Squares (RLS)

Table 1 SGD Algorithm for Iteratively Updating a, .

: Initialization:
a =0;

: Iteration loop:

Ll A

an - an—l + y(r[n] - anflin)in .

Table 2 RLS Algorithm for Iteratively Updating a, .

1: Initialization:
a, =0, P =5’IILH , 0<¢e < 1
: Iteration loop:

& =(1+A"XP,_X)'A'P,_X,;

n n-1 n=1"n?

A

an = anfl + gn (r[n] - anflin) 5

a

1 .
P=—P_-EXP ).
n A( n-1 gn n n—l)

[1] M. L. Ku and S. A. Lo, “Full-duplex decode-and-forward relay systems utilizing software-defined radio: From prototyping, implementation to experiments”



QPSK Relay SDR (9

« AD9361 Transmitter

Block Parameters: AD936x Transmitter

AD936x Transmitter
Transmit data using an AD936x.

Main Filter Advanced

Radio Connection
Radio IP address: < 192.168.3.3 >

Se+09 %

_— .
Info
Radio Properties
data AD936x Source of center frequency: Dialog
[4096){1] Transmitter
Center frequency (Hz): 5e9
_— .
AD936x Transmitter Source of gain: Dialog
Gain (dB): -10
Channel mapping: 2
Baseband sample rate (Hz): 520841
Data

(] Enable output port for underflow indicator

OK

Cancel

Help



QPSK Recelver SDR (1)

* QPSK Receiver simulink model (HDX)

QPSK Receiver Using Analog Devices AD9361IAD9364|

Note: Before running the QPSK models, first run the companion models for frequency offset calibration.
Open the companion zyngRadioFrequencyCalibrationTxAD9361AD9364SLmodel

Open the companion zyngRadioFrequencyCalibrationRxAD9361AD9364SL model

Model

Parameters Open the companion zyngRadioQPSKTxAD9361AD9364 5L model

=

[4096x1]
data P dataln
[4096x1]
AD936x data valid
Receiver
overflow —— P D




QPSK Recelver SDR

2

* QPSK Receiver simulink model (HDX)

data

AD936x data valid
Receiver

overflow

AD936x Receiver

[4096x1]

Block Parameters: AD936x Receiver
ADY36x Receiver
Receive data from an AD936x.

Main Filter Advanced
Radio Connection
Radio IP address: < 192.168.3.4 >
e ————
Info
Radio Properties
Source of center frequency: Dialog
Center frequency (Hz): 5e9-15500 Je09 |3

Source of gain: AGC Slow Attack

Channel mapping: |

Baseband sample rate (Hz): sdrgpskrx.Fs 520841 |3
Data

QOutput data type: double

Samples per frame: 4096

# Enzble output port for overflow indicator
(") Enable burst mode

OK Cancel Help



QPSK Receiver SDR (3)

* QPSK Receiver simulink model (HDX)

Receiver

Oversampled by 2 [100x1]

DataCut [100 ﬁ In  Data Decoding
X
4096x1 4096x1 2048x1 2048x1 i
COMRY aoo [0 pl \ 0 e rensy o, ;
da@n [4096x1] 4096x1) Square root [2048x1] p [2048x1)] y A

DataValid |

Y

|_ [100x1

Constellation Diagram

40961




IB FDX QPSK OTA Test (1)

« Execute Tx SDR, Relay SDR and Rx SDR simultaneously.
— using ‘sim’ mode to display the message in the command window
— In simulink: Debug > Diagnostics >Diagnostic Viewer

TX-SDR (5G) Relay-SDR RX-SDR (5G)
(5G/5G)



IB FDX QPSK OTA Test (2)

 OTA results appeared at Tx SDR

*4 Diagnostic Viewer

Diagnostics
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214
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217
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219
e2e
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IB FDX QPSK OTA Test (3)

« OTA results appeared at Relay SDR

data

E D1
. [105x1] D2 ‘[zoom] D2 [100x1] D2
Do outb———p 1 1 »  aPsk

De [105x1] [200x1] [100x1)

' ' Unbuffer " Buffer! T x[n] n [
overflow = - ) remodulate
o Unit Delay

| [200x1]
*** Center frequency change [200x1) D2
to 5e9 ’C]I

400x1] D2 4096x1] D3
N\f\f“[ 1 [ 103f AD936x

Square root [400x1] [4096x1] Transmitter

OB m !

&

»

Diagnostic Viewer (»

) 01:00 PM: Simulation ~ | @0 A0 @0 | 3
 Xello world @79 | ~
Helle world ese
lg,K 27 ,Xe
Ya,K 27 ,Xe
Yo,k 27 ,Xe
@ello world @81
Helle world @82
Hello world @83
Helle world @75
Xello world @33 .

Pawiod View diagnostics 100% T=0.507* Paused auto(VariableStepDiscrete)



IB FDX QPSK OTA Test (4)

P4 Rx_SDR2 * - Simulink academic use

SIMULATION DEBUG

X1

=1

—

Diagnostics Information
v Overlays ¥

PERFORMANCE DIAGNOSTICS

MODELING

o

FORMAT APPS S s c 0 8 @

® | Pause Time

=»
Output Values @ v E Breakpoints List ~
TOOLS BREAKPOINTS

SUBSYSTEM BLOCK

é Stop Time @ <& L»

Update
Model ~

COMPILE

Trace Signal
> @

Step
Forward

Step  Continue
Back ~ v

SIMULATE

Stop

A

<« Rx_SDR2

® X

Timing Legend

[a|Rx_SDR2 »

®

Highlight None v~ W

EORE UL S

N

Period
3.8399e-06

7.8642e-03

Note: Before running the QPSK models, first run the models for v Discrete

q offset

Open the yng| i librationTXxAD936 1AD9364SLmodel

Open the yng| yCali D9361ADI364SL model

Model

Paramaters Open the companion zynqRadicQPSKTxAD9361AD9364SL mode!
8 @

v Other

Constant

[4096x1
ta

Triggered, Source: D1

e

AD936x data valid
Receiver ae 1

overflow —»E

Multirate

Diagnostic Viewer
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01:44 PM: Simulation ~ | @ 0 0

View diaanostics 80% T=42.164* Paused FixedStepDiscrete



IB FDX QPSK OTA Test (5)

Without SIC

Qversampled by 2
[100x1] D2

100x1]

DataOut Data Decoding

L Timing
Recovery

D2

DataValid

.

| [100x1].

Constellation Diagram
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IB FDX QPSK OTA Test (6)

With SIC

Oversampled by 2 R
[100x1] D2 )
DataOut “ " 1'# Data Decoding
100x1]
D2 Timir )
.|r.1.m1‘q. I
Recovery y
D2
DataValid

| [100x1]

Constellation Diagram

MEASUREMENTS

Diagnostic Viewer @ Relay-SDR
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IB FDX QPSK OTA Test (7)

o) 1 [] function y_GSD = selfcorr(x_n, rl_n)
2 if isempty(x_n)
3 X_n = @;
B end
5 N = 209;
6 La = 5;
7 mu = 8.81;
8 a_GSD = complex(zeros(La, 1));
9 y_GSD = zeros(N, 1);
le [ for index = 1:N
11 if index < La
12 y_GSD(index) = rl_n(index);
13 else
14 disp('a_GsSD:"');
15 disp(a_GSD);
16 y_GSD(index) = rl_n(index)-a_GSD' * x_n(index:-1:index-La+1);
17 a_GSD = a_GSD + mu*conj(y_GSD(index))*x_n(index:-1:index-La+1);
18 end
19 - end
» 20 L end

a1

iagnostic Viewer

9.9103 + 0.11221

0.0098 + ©.10841
0.0058 + 0.10601
a_GSD:
0.0133 + 0.10911
0.0129 + 0.1099i
0.0139 + 0.1118i
0.0134 + 0.10801
0.0094 + 0.10561
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