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Abstract

This paper proposes a data sequence technique to be used in sign reversal technology for Space-Time Block Code.
The proposed technology is a study to solve the problem of hijacking of public radio waves that has been occurring
recently, by applying a sign reversal technique to change the parameters of the transmission and reception environment
from simply exchanging and transmitting data, it makes third party receivers difficult to decode data applicable to each
block of the orthogonal frequency division multiplexing system even if they may capture open radio waves. This
technique of 16 different variants compared with the conventional method, applicable to the space-time block code
technique, aims to present the performance of the proposed algorithm by simulating how difficult it is to decode data
even though adjacent receivers who do not know the transmitted data sequence receive radio waves.

Keywords

data protection, data sequence, random code, sign reversal, space-time block code

* Zghi sty 2eld gstasta we * Received: Nov. 16, 2023, Revised: Dec. 07, 2023, Accepted: Dec. 10, 2023
- ORCID: https://orcid.org/0000-0002-6016-8409 + Corresponding Author: Hyeok-Koo Jung
Dept. of Mobile Convergence Engineering Hanbat National University Korea
Tel.: +82-42-821-1747, Email: junghk@hanbat.ac.kr


https://crossmark.crossref.org/dialog/?doi=10.14801/jkiit.2024.22.1.113&domain=http://ki-it.com/&uri_scheme=http:&cm_version=v1.5

114 A&7t &5 FE9 o b dolg AdA 7Y

FAANA tF S5 GEUE AREsE 71l
& 0w WA An Fs BT 05
(OFDM, Orthogonal Frequency Division Multiplexing)
Wao] T A Aol A gl A A% @
oA aRAow tfgshe AoE dHA ALRE
I STl olst &
Pl Aistel 514

I rlo
o

o R
L
flo
)
=
uJ

%o@%glx Rl mir%meﬂio-g% oh
S22 apPwi i PeR
fr 1o 12 Ku) [N
> (ol e
foi NY R S}
(e n;‘—m o ol
> b
) ;@,’ o, >
of N = =
Q= Lx 2
, 3
> (> E
o fol E Ao
N i ey ol
ﬂ > x olo
2 jf i °
pEFEEIEE,
! rlr

% N, Ay o
4 Y

A B7) 2 oAd 24 2
ZH ElolE Fralo] ThestAl sFATHAL
olst & t4F Al dElg AzHelAE= 7

A Aol 7betA He A 725 L#sk]
AEatolof shn olo} e FRI= AT EF
FEE & F Utk W o9 e 7 AgEe
Al 3k s Mub 4lo] ThsElH o] e
Ao FAA F7 GaEFEeR £ HolHE
g3 sk Aol WSkl JITs). ol 22 4%
AA Huls $4 dolHe Bie £AS 0dst
Al vHEEl6] o2 E SR A AdEe g

o] Wy uwt Hus FAHTSE HolH

b}

o Agata g A
Sal710 A9 HolE 23

oft  ofr
_ -

ol theiA Arstal Fa W ElojE Al

o
ol rie rir
E T e r
o . H
o
=[}Y
o
>
oo
QL
rr
50

R
o El
o
2e)
QE
£
N
-

rh

I, 75 B8R oo AIEA 22|

=R
Au)
mlN
(o
)
El
=N
1=
i
M
ek
v
N
ot
>,
[>
i)
o
>,
ol

BEA AZF 4oz Weksly, RF A5E W3
% % ole] 44 otEp}E A4



Journal of KIIT. Vol. 22, No. 1, pp. 113-122, Jan. 31, 2024. pISSN 1598-8619, elSSN 2093-7571 115

Transmit Transmit
" Antenna 1 w Antenna 1
3 | [ag |3
§ g ?%kg P — g D R '§ g gm = _ P § D R
P m m
Ak BRERRE /QF Y cPErag| |37 /F Y
= o . & [a)
@ <. § g [~ e Transmit a3 N > S PLA Transmit
@ —— Antenna 2 3 Antenna 2
P
Data sequence J (a) Sl
generator (@) Transmitter
(@ B4 o "
a o
(a) Transmitter S F 3 AlLTRLY
5 2 2% 5 L SF
O Ko @ ) T D
8 W Q % & = Q
[y N> F 3 A v S
& % F 2 / T
% o § T ‘(‘; D F Channel
9 % & o estimation
— JL (o) 417
ata .
sequence Chann.el (b) Receiver
generator estimation O 2 Ze A Fute 2 ChESE A|AHS9
) 2417 AlZ2 5 3= YWAlo| 285
: Fig. 2. Block diagram of space-time block code for the
(b) Receiver .
a2 1. Hoksle A|ZZIEE3Co 25 HHE [ o|g conventional OFDM system

AlFEA Jgol Al2A”H 28X

Fig. 1. Proposed block diagram of sign reversal data 714 (1) & &9 ETZ‘\—'/’:% rEtt. ojd 3
sequence technique in space-time block code TS BN E S F 09 diolBn= o
g e FAE T oy FATA Y AlF3E
I3 1(b) FA7IAE RF B4 7AYo £5 & A% o] 7hed FRE FA Sk oF
2 HES T FFT &5< AX T34 99 2352 gt} oldl wet F4 7bed B ovbd 2942 o
HeEE AQd 4 92 $A71Y o]y AlE2 s %13 72
o B35 bl Alg7t E5 ZE YIHE AA ) )
A NsE FAEA Do Adete dugEy ixl AI TL% S HolEe] HEPE aA oS R
- (i} '?'i
Fefol WA Aol dolE Al AT Table 1. Changed source signals and sign reversal
EEo|H o] BEE2 7|9} A7 24 QA positions in A group transmit data
shy, SAE dolg AEz wEl $AT] M= Method Changed source Sign reversal
H3o wido] dojur, FA7 = FA7IA F _zgneils & positions
S HbHE 2o g8t wlolE A A W Al (_ Sl SZ*) Q15 Ay
o] WA olo BTk $A/10IAE BeaA Rat 5 5
WA S, ﬁﬂoﬂm w35 kel r (52 —s;) e e
o Algtt £ FT9 A% Wio] uiyA Ha A3 (—51 52*) . a
* 110 12
o whet A 949 A5, A A9, dHolE AE S 5
o B% Sol WA Hek WA waA e A a4 (_? :ﬁ)
3 BE I=9 FAl HolH £5& thed 2o SQ Si
TASEL o] WS A0 Bl FEV]|E Zi AS (_5} ;*) Grg: Qo)
2 1
-8 -9
* A6 1 2*) Aq1y Q.
(sl —52) Q) ( Sy =5, v
%A A7 (:? _?2*) Ay15 Qg1 Qg5 Ao
2 1




116 Alg7H B5 9] F3 gbd dolg AdX 7Y

=
s
i)
ot
i
lo
=
b
i
)
lo
B
N
N
)
N
)

ool el T4 JPed HE W 2HE Te
% 29} P}

¥2 BIdE
B 9| %|
Table 2. Changed source signals and sign reversal
positions in B group transmit data

&4 Hjo[Ee] HAE 22 Mosu 72

Changed source Sign reversal
Method signals positions
- 51 Sz
B1 s g G115 Qg
2 1
S, =6
B2 _ - _SQ*) G195 oo
2 1
e 52
B3 —s5 s yp5 Gy
5 S,
B4 g g (15 Aoy
2 1
51 - 52
B5 S5 o 12 g1
-5 S,
B6 —5 -5 yp5 Ggp
- 51 - 52
B/ s —g Q15 Aoy Qg1 Ao
2 1

- 8 (N—1)] )

I3 19 FEe gud|dAE A9 S,, S,,

—S;, ST 77 AT 9 HolE BE s,

—s,, s, 2 W33}
2(CP, Cyclic Prefix )% F7hte}, oW F s 4

4ol L 9l Aol2Y =gy

&8 An o5 2 053 g%%o A=
TAE gar 7]-;(‘]6‘]-1“4- olu] =4l SHHUE =

ste] £AE AZE dY Az AL 7Edd TS
3} 2t

yx=h; ®s, +h} ®s,+n, (6)
Vie1 =hiy; ®(—s3) +hi,, ®s]+n,,,

A7) A, b meE{kk+1},nE{kk+1} &
(N+L)x(N+L) 9 <3 JHoz2A A HAy 4
o] A AdHx Ltof| JEo| FrtE AL wajH,

JIAE m HA OFDM AlE F7]o n WA $417]
2HE FA7IAY Ads Do, 0,9 ng, S
k-#A 2k (k+1)-H7 OFDM A& F7]¢] mazLo.o
ofmstH, @& AMWFAS on|dith o] A& of
olZ-E3]  (Eigen-decomposition)[10]°]  <]3}
he =Q7HQ & Zol AHoHM, oA7loA Q%

()& 247y At A o4k Faol WE A1)
I Bag FY AAE gttt Fa1716A Aol
Y ZHY2E AAT = 4ol N 9 y, & v,y
2 FEo WIr|E ot vt 22 Tk 4
A N5 Y, 9 Y, 2 AaE

Y,=H,; S, +H?S,+N, (7

Yis1 =Hk1+1 (_Sz*) +Hk2+1 Sl*+Nk+1



(11)

‘(n))"

Vi1 (n) H2n) — ¥, (n)(

Journal of KIIT. Vol. 22, No. 1, pp. 113-122, Jan. 31, 2024. pISSN 1598-8619, elSSN 2093-7571 117

ojm A7) A & A

™ ol ~ ™ o) P ™ o < ™ o)
ﬁw_ NIl ) MW.L NIl o HW_ NIl — HW_ NIl
jo * — 0 —~ %
— = = & = . = = — — =
= | o = = | op = T _ op = = _ ol
e o[ ‘Ul ‘Ul e o Py N o[ ‘Ul ‘Ul /n\ g o[y q q e N e o[y q
Py g o5 = & |= G o5 e &= G o3 = 2= G
2= o ol =2 == 7o o)) —~ == 7o o) =S &= o 9
—| = = AR Ele il = moAE == i mAE Sl 2= =
i Wﬂn < 1__/;0 Yk N V1k N w 1__/;0 N Wﬂn Yk <2 N 1710 V1k NS . T Wﬂn — 1710
el < X° 2w == AZT_]_% /Ym L= Am_l_wma |Ykm Am_l
A |+ o m T e | o= I
IT —_ Dl — |~ —_ l.l IT — |~ _ Dl _
e ey El=2l= FHEm sl 2= Fee Sl F i
S A S _gﬂmw | == inumvr T EEE WX
el 3= <7 o | R R <7 o ~— T <3 oo o AR vl <
5 TEE EESE LR OSgSE TEH2 OEET "
= = T El—E 3 =T X
T — T Em — T Em X & — T T = R
> N X F | | N 2T > | N 2T | N N X
CEICI COICI <) o m <5
= —_ = = —_ = S —_ = = - X
z 2T S S A = = 2
wn =R 5 w =R w n =R o wn e
B AR B AR B AR Bl
2 H =% ol = ol s SRRy
oo S
= B NOB N = B R S T
10 — 0]
. T L . = g S O
G = o = T ok . = = P
i<y o — Wﬁ T T = = Wﬁ T T = = =
gl Pyl + R e = | —~ Y~
n”nn”n . mﬁvo_‘_mM S|= S = mﬁvo_‘_mw =S &l HMHA
. = = — N —~| 2 i = N = =
) e b ol lwmé. Sl Mwmﬂ W 5| T | T 3
U St il = 2 < e o o N N i NIENIE m e
+ | T ®R IR - B | + & M
‘_I!.V| IT l_l . W 1_|1_ _ l_l — |~ 1_|1_ IT IT X
e T e e I A
My |l =g = o] ML o S| = = £ o] ML o 2|2 =2 T u
| = S o o < o SR -SSR | e g
@ FEEE LA o Z|ET= o EEEE g
< g S s = o o - = = o o S g L)
oL T NG ~ — T Hh % e — T Hh N NG 0
o e o n N X E S N X E o e
+ D = 2o | D= 2o ;0*
ﬂ_l _.Hk AL M o AL M o 1__.._ ML
0 0 _ do N g 0 0 do N g a o
o) = = =< o = = — < e = W o<
= - = T = B AR = = Ak = = — Ao
2 ©n ©n ~ — 8" < S5 ©n = ©n w0 )
™ E:h o B AR B A ™




118 A&7t &5 FE9 o v dHolg AldXA 7

W Hap s Algt 25 229 Sl — Vi () HXn) + Y, (n) (2} (n))

ole] BEL 7k=st A2E wHolA W BoZ AL Si(n) = R D

g3t dolHE FAlEHE, At 99 e oy — Yo, () (Hn)) = ¥i(n) HAn)

I 2. Sy(n) = |72 n) |+ | #2n) |
ity O, +h; B~ e, 19 wa w794 35 wH B3 PR A8TY
Ye+1 =g+ ®32+ k+1 ®S1+H}g+1 Et]—a —’F’dﬂoﬂ/ﬁo '%\‘}1\1}1\1:5:- _[i_;g%}]\_% D}%i} Z:l_%

L 2 A BHE A8t 78 4 Aok
FA7NNA Aol 2 ZHI 2 AAG & Ao
N 9] Yk9ﬂl yk+1% —ﬁ[—ﬁloﬂ %%7]% %6‘]'0:] E}% ” *
_ ) Yy (n)Hi(n) = Y, (n)(H(n)
W e Fu 9o A% v, 9 v,,, 2 waE, S, (n) = —+*1 ‘”Hl(’f )”MH’; ()|; ) Q1)
E\T E\TV
. Yir(n)(Hi(n)) = Yi(n) Hin)
Y,=H} S, +H? (= S;) +N, (17) Sy(n) = —*1 ) M AQEAT

Yis1 =Hk1+1 SZ+Hk2+1 Sl*+Nk+1

TSI 39 & AY A 9 2 e
T pEe thesh gom, ol me £41 A5 s,
55,9 7 9a5e thest uk

V) (B ) 5 Vi () BE) 5n) = —Yen WA L HOHW) -
S,(n) = Lk (18) | H1n) | + | H2n)|
| A |+ )| Vi, () (X)) + Yi(0) HEn)
S,(n) = o (W)~ Vi) i) l - \Hl(k>|2+\H2(k )|? |
: |70 + | #7200 | S

il
S4 AR S 83 22 4 9 s 44
i) %ﬂﬂoﬂﬁ %@ t&xd B5 WS AHERTH
: : W, $A710Me] $AME FARe e g
Vi1 (n) B (n) = ¥, (n) (£}(n)) ol e S dasle ah oot
Si(n) = - L (19 7 A ¥He ASSe 7 5 AT
| () [P+ | i) |
Vit ) (#(n))” + ¥i(n) Hn) :
S,(n) = —= Vi1 (n) HAn) + Y (n) ()
2 ‘Hl | + ‘HQ | Sl(n) ~ k+1 ) k k )( L\ ) (23)
|#720) |*+ | 272(n) |
-Y, Hn)) +Y,(n)H
T 2704 HE A B2 e AHEdT Sn) = im0 *’(2)) i n) B
o | #in) [+ [ ) |
(=i



Journal of KIIT. Vol. 22, No. 1, pp. 113-122, Jan. 31, 2024. pISSN 1598-8619, elSSN 2093-7571 119

8 (n) ; ; 24
mo

. Vi () (1)) = ¥i(n) B2(n)

’ |7 n) |*+ | 20) |

~ Y ()(H ) + v
| 2} (n) |+ | H2(n)

3 F3 U B/ ADE 12(2 BOs0 wWE Y,
2 HlolE, 4 Hiolg HY
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