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Frame synchronization

e What we did last time...

Inverse
010011... Symbol Symbpl Downsampling Ma-tched USRP Rx
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Frame Synchronization

* Frame Synchronization

> Tx:data 8&

-1+414+1+41-1-141-14+4141-1-1-1+1

-1-1+1+41+41-1-1-1-1+41+1-1+1+1

> Rx: OfC| 7} A Zr 8 Q17F ...

w+t1-1-1-1+1-1-1+1+1+1-1-1-1-1...
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Frame Synchronization

* Frame Synchronization

> Tx :data T& (Insert known information)

Trainingseq. |-1+1+1+1-1-1+1-1+1+1-1-1-1+1

Trainingseq.|-1-1+1+1+4+1-1-1-1-1+1+1-1+1+1

> RxO|AlE Training seq. & 7|BF2 2 framel2| A|ZH &7
= Correlate received signal (downsampled) with training seq.
* Training sequence

» Good auto-correlation property
» CHEZE9| AZFX|AHO| CHSHA autocorrelation 37| 7F ZHA| L.

» Zadoff-Chu, Frank, Baker, Gold, M sequence, ...



Frame Synchronization

« Maximum Length Sequence (m-sequence)
» Type of PN sequence
> 1(+1)2f 0 (-1)2| =7} FAl (sequence Z20|7F 20| 2 = 17} X}0J)
> 7] :2™ — 1 (m: sequence order)

» Autocorrelation property

N n=20
—1 elsewhere

= R[n] = YyZ5 t*[k]t[n + k mod N] = {

= LabVIEW Of| A| (m-sequence order = 10)

Rox

> https://youtu.be/BliKeik03xc



https://youtu.be/B1iKeik03xc

Frame Synchronization

e m-sequence ‘H-d : MT Generate Bits (poly).vi .
total bits (128)

» RF communications = Modulation = Digital EE“I‘;P]“ bit stream

PN sequence order (9) J_;E:”
> 2 E! : total bits, PN-sequence order ]
> &= : generateEl bit sequence B
= Total bits7} sequence 7| 2Lt 2™ S| Z0|2HE sequence BHE.
total bits (128) PM sequence order (9]
cutput bit stream == m I

17| (637H) 1571 (637H)



Frame Synchronization

e Cross-correlation : 212 N2| > M2 AL > M bt
> Y Ao daerE A2 5 Y8 (x,y)
> 54T 4 o
= x[]1(i=0,1,2,..,N), 1 22 indexOl M= 0

= y[i1(i=0,1,2,..,M), L 22 index0l| M= 0
= Ry li] = Y x*[kly[li—(N—1)+k] (i=0,1,2, .., N+M-2)
= XS LEZXZ O Z slidingStO] Al A
FOIAIE : ZbitE 0> -1, 1 > +1 2 mappingA| 7] & M 2F2A|ZH A,

X
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Frame Synchronization

* Peak Detection : 212 X 2| > 412 AL 5 LA H=7
> 2 :data, A (threshold), = (width)
= width : threshold O|&f 2| €40| & OtL} FX[ =[O Of St=A[ Z7.
« O] &0 width=1
> =8 LA E index, AHE 7=

> Correlation 21tE 210 M &Sl threshold 2= 24T

mot

N

X
[DBLK- Indices
f13z]
threshold count
[DELF
width




Frame Synchronization

1 He
By
S
HiZ 37|
=El
E—— O+ 1
L
— B =73
go|==

NGCN302

B H i

HIZE £2 A HE 2 Of 42 Hi 2 =22 H
AR
N =] R
5 dg ol
HiZ Z2HR7 Hi = E|CH & HE X3 HE
2P
Nov. 25, 2024

12/18



Frame Synchronization

*  Frame synchronization ¢ X|

< Receiver >

Inverse
010011... Symbol Syme)I Dow.n Ma.tched
: Detection sampling filter
Mapping

Frame
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Today’s Experiment

_I_

* Frame synchronization =&
> SAUNUZ ZE
= |Qrate: 2,000,000 samples/s [2000 KS/s]
= Filter : Root Raised Cosine [SRRC]
= Roll-off factor : 0.35
= Filter length : 11

I

= Qversampling factor: 16

= Center frequency : 2.3765 GHz

®= Training Sequence : m-sequence with order 9

» Frame synchronization o=l

= AT AMDANE JQEZE HHStD 0|2

= FrameO| A data F 2= ==t 20|= &

* Frame Synchronization 2 £ &2 2 =3}
« 23 . downsampling £2| data, m-seq. order

« =H .M A2 AN peak K|, ==t data



Today’s Experiment
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About Report

e Due:2024.12.2. (&) 2= 04:59

e Mustinclude
74

|—J

> Frame synchronization =& Z 1}
= MAN| ZE(block diagram)it, ZTH E T{f E ]
« HFE A| Frame synchronization =3 222 2 =3}
o PF=OZ subviC| block diagramBl M £

= Downsampling®t 2| 412 2} training seq.2| &2 &2 Z 114 (magnitude 1
o )

M MAL A0 A peakl| index!®!, O| & Sofl THEHOE framel| A| 2 | X|6]
= Datalf SH St 222 Rt Z D47 (Re, Im), data bitsQ| 7 =18
> Discussion

= Training sequence®| 2 0|7} & [M{e| HEHEBIZ FA0| AZ7t?

4

« jhchoi0226@postech.ac.kr & X|=
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