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도입 (Introduction)

 FH/CDMA 시스템이란 ?

다중사용자를각각다른주파수도약패턴을

 FH/FDMA 시스템이란 ?

다중사용자를주파수분할방식으로구분하고

freq

time

user1 :

user2 :

user3 :사용해서구분

그룹으로묶어서그룹별로도약

freq

time

user1 :

user2 :

user3 :
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순방향링크 FH/FDMA system의송신기

통신위성체내중계기(transponder)의출력단에해당

K명의사용자신호를동일한도약패턴을사용해서그룹으로전송

중계기(transponder)

selector

code generator

binary
data u(t)
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.
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)( KK ts 

Mapper

(# of users=K)
2-FSK
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문제제기(FDMA Group Hopping)
주파수도약슬롯들의직교를보장했을때수신기의검출개념도

f 0

f
1

f 2

f 3

f 4

f 5

f
6

f 7

0 7T 14T

user1 :

user2 :

 user1 : 1 2 4 3 6 7 5 1 2 4 3 6 7 5

 user2 : 2 4 3 6 7 5 1 2 4 3 6 7 5 1

hopping pattern                                 

 user1 : 0 1 0 1 0 1 0 1 1 1 0 0 1 0

 user2 : 0 1 1 0 0 1 0 0 1 1 1 0 1 1

transmitted data bit                           
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주파수도약슬롯들이비직교일경우수신기의검출개념도

문제제기(FDMA Group Hopping)

f0

f1

f2

f3

f
4

f
5

f6

f7

0 7T 14T

user1 :

user2 :

 user1 : 1 2 4 3 6 7 5 1 2 4 3 6 7 5

 user2 : 2 4 3 6 7 5 1 2 4 3 6 7 5 1

hopping pattern                                 

 user1 : 0 1 0 1 0 1 0 1 1 1 0 0 1 0

 user2 : 0 1 1 0 0 1 0 0 1 1 1 0 1 1

transmitted data bit                           

=> prob(error|when a hit occurs) = 1/2 => prob(error|when a hit occurs) = 0
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앞의두그림에대한비교/ 분석

문제제기
한정된주파수도약대역폭 : 주파수도약심볼간의직교성불가능

주파수도약슬롯간의겹침현상 : 동기를잃은사용자에의한 hit 발생

실험을통해성능저하를최소로하는최적의 q값을제안하고자함

문제제기(FDMA Group Hopping)

구분 직교성 보장 직교성 무시
user2에 의한 hit 발생 안함 발생

# of slots
사용자수

qM32822(사용자수 M)( 1q) q(# of overlapping slots)

2182)28()18()22( 
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모의 실험/ 결과 분석

모의실험에적용된파라미터/ 도약패턴/ 실험방법

시스템의주파수도약대역폭에따른직교주파수도약슬롯수(qortho)

주파수도약패턴(Lempel-Greenberger 방법이용)

차수 n = 9 이고, 원시다항식 h(x) = x9 + x4 + 1
도약시퀀스특성 : q=2k (k=3, 4, … , 9), L=511, Hmax(F)=29-k , N=2 k

구분 2-FSK 4-FSK
data rate 

)(bR9.6 kbps9.6 kbpshopping rate )(HR24 khops/sec12 khops/sectone spacing )(orthof48 kHz24 kHztotal modulation bandwidth )(tw96 kHz96 kHztotal RF bandwidth 

)(R Fw
9.6 MHz9.6 MHz70 MHz7 개130 MHz13 개295 MHz30 개# of orthogonal frequencyhopping slots

)(o r th oq
frequencyhoppingbandwidth500 MHz52 개
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모의 실험/ 결과 분석

 2-FSK에서주파수도약대역폭과주파수도약패턴심볼의크기에따른겹쳐지는슬롯수

4-FSK에서주파수도약대역폭과주파수도약패턴심볼의크기에따른겹쳐지는슬롯수

Ref. 겹쳐지는슬롯수 : )0(,
1

)1(
정수인











 slot

ortho
slot N

q
qKMKMN

# of overlaping slots, 

s l o tN (개)주파수 도약대역폭(MHz) o r t h oq(개)q (8)q (16)q (32)q (64)q (128)q (256)q (512)7072912016218119119619813013 4012316218219119629530 1310815517818950052


39120160181# of overlaping slots, s l o tN (개)주파수 도약대역폭(MHz) o r t h oq(개)q (8)q (16)q (32)q (64)q (128)q (256)q (512)7075824032336238239139613013 8024632436338239129530 2621630935537850052


77240320361
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모의 실험/ 결과 분석

 2-FSK일때성능분석
 wss = 70 MHz

Performance Comparison According to # of Asynchronous
Users and Overlapping Slots in FH/FDMA

(Eb/No=11dB, Wss =70 MHz, L=1, 2-FSK)

1.00E-04

1.00E-03

1.00E-02

1.00E-01

1.00E+00

0 10 20 30 40 50 60 70 80

# of Asynchronous Users (K')

B
E
R

198개 (Q=512)

196개 (Q=256)

191개 (Q=128)

181개 (Q=64)
162개 (Q=32)

120개 (Q=16)

 29개  (Q=8)

동기를잃은사용자수와겹쳐지는슬롯수에따른결과
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모의 실험/ 결과 분석

 K’= 32일 때 주파수 도약 심볼 크기에 따른 결과

Performance Comparison According to Symbol S ize

(Eb/No=11dB, W ss=70 MHz, L=1, 2-FSK, K'=32)

1.00E-03

1.00E-02

1.00E-01

1.00E+00

8(29) 16(120) 32(162) 64(181) 128(191) 256(196) 512(198)

Symbol Size (q)

B
E
R
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모의 실험/ 결과 분석

 K’= 64일 때 주파수 도약 심볼 크기에 따른 결과

Performance Comparison According to Symbol S ize

(Eb/No=11dB, W ss=70 MHz, L=1, 2-FSK, K'=64)

1.00E-03

1.00E-02

1.00E-01

1.00E+00

8(29) 16(120) 32(162) 64(181) 128(191) 256(196) 512(198)

Symbol Size (q)

B
E
R
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모의 실험/ 결과 분석

 2-FSK일때성능분석
 wss = 70 MHz

Performance Comparison According to # of Asynchronous
Users and Overlapping Slots in FH/FDMA

(Eb/No=11dB, Wss =70 MHz, L=1, 2-FSK)

1.00E-04

1.00E-03

1.00E-02

1.00E-01

1.00E+00

0 10 20 30 40 50 60 70 80

# of Asynchronous Users (K')

B
E
R

198개 (Q=512)

196개 (Q=256)

191개 (Q=128)

181개 (Q=64)
162개 (Q=32)

120개 (Q=16)

 29개  (Q=8)

동기를잃은사용자수와겹쳐지는슬롯수에따른결과

1)2mod( slotN

0)2mod( slotN
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모의 실험/ 결과 분석

 K’= 32일 때 주파수 도약 심볼 크기에 따른 결과

Performance Comparison According to Symbol S ize

(Eb/No=11dB, W ss=70 MHz, L=1, 2-FSK, K'=32)

1.00E-03

1.00E-02

1.00E-01

1.00E+00

8(29) 16(120) 32(162) 64(181) 128(191) 256(196) 512(198)

Symbol Size (q)

B
E
R

1)2mod( slotN

0)2mod( slotN
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모의 실험/ 결과 분석

 K’= 64일 때 주파수 도약 심볼 크기에 따른 결과

Performance Comparison According to Symbol S ize

(Eb/No=11dB, W ss=70 MHz, L=1, 2-FSK, K'=64)

1.00E-03

1.00E-02

1.00E-01

1.00E+00

8(29) 16(120) 32(162) 64(181) 128(191) 256(196) 512(198)

Symbol Size (q)

B
E
R

1)2mod( slotN

0)2mod( slotN
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모의 실험/ 결과 분석

0)2mod( slotN 인 경우가 1)2mod( slotN 인 경우보다 성능이 우수한가 ?(1) 왜

 결과분석

1qN

2qN

3qN

172
200

343
371

514
542

1qN

2qN

2qN

171
200

341
370

511
540

slot 
number

)( sN

# of overlapping slots )( slotN

 

1
29 30

1197
1169

1190
1161

주파수도약슬롯수 q=8,

사용자수 K=100,

user1이위치한주파수도약슬롯 = q2
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 Nslot = 29

 user1의슬롯위치 : Ns=172(0) or 173(1)
 user1을 hit할가능성이있는사용자의 슬롯위치

: user86 (Ns=171 or 172)
: user87 (Ns=173 or 174) 

 ph (K’=1) = 2/99  Prob(Async. users exist in qi-1 and user1 exists in qi)

 Nslot = 30

 user1을 hit할가능성이있는사용자의 슬롯
: user86 (Ns=171 or 172)
 ph (K’=1) = 1/99 

Note : Nslot = 30일때성능우수

 user1의슬롯 : Ns=171(0) or 172(1)

)1)2mod(( slotN

)0)2mod(( slotN

Prob(Async. users exist in qi-1 and user1 exists in qi)

모의 실험/ 결과 분석
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모의 실험/ 결과 분석

(2) 왜 )2mod( slotN 의값이동일할때성능이비슷한가 ? 

 q의증가 : # of overlapping slots, Nslot 이증가하므로 성능저하를가져옴

 q의증가 : 주파수도약패턴의 processing gain을증가시키므로성능향상을

가져옴
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모의 실험/ 결과 분석

 wss = 130 MHz

Performance Comparison According to # of Asynchronous
Users and Overlapping Slots in FH/FDMA

(Eb/No=11dB, W ss =130MHz, L=1, 2-FSK)

1.00E-04

1.00E-03

1.00E-02

1.00E-01

1.00E+00

0 10 20 30 40 50 60 70 80

# of Asynchronous Users (K')

B
E

R

196개 (Q=512)

191개 (Q=256)

182개 (Q=128)

162개 (Q=64)

123개 (Q=32)

 40개 (Q=16)

1)2mod( slotN

0)2mod( slotN
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모의 실험/ 결과 분석

 wss = 295 MHz

Performance Comparison According to # of Asynchronous
Users and Overlapping Slots in FH/FDMA

(Eb/No=11dB, W ss =295MHz, L=1, 2-FSK)

1.00E-04

1.00E-03

1.00E-02

1.00E-01

1.00E+00

0 10 20 30 40 50 60 70 80

# of Asynchronous Users (K')

B
E

R

189개 (Q=512)

178개 (Q=256)

155개 (Q=128)

108개 (Q=64)

 13개 (Q=32) 1)2mod( slotN

0)2mod( slotN
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)(N

)(L

)(Q

t



t

sj

jkp )(
1kp kp

)2( KrL

kp

knp kp 1np kp

1p 1p 1p

pq 

Construct
ion

Peak 
of 

period
ic 

CCF

# of 
sequences 

in set

Sequenc
e 

length 

Alpha
bet
size

비고 예

Reed (7,3)RS code over 
GF(2) :

N=72,L=7,Q=8

Solomon

Titlebau
m1

1 :소수

Titlebau
m2

1 (Mersenne
prime)

Vajda LM-
(L-t)
(M-

K+1)

LM Product부호,
Slow FH,
#:증가,

상관값:감소

K=2, n=3 : 
N=9,
L=26,
Q=9

Lempel-
Greenber

ger

주기:증가,
#:감소

Cooper-
Nettleton

2 :소수

모의 실험/ 결과 분석

 wss = 500 MHz

Performance Comparison According to # of Asynchronous
Users and Overlapping Slots in FH/FDMA

(Eb/No=11dB, W ss =500MHz, L=1, 2-FSK)

1.00E-04

1.00E-03

1.00E-02

1.00E-01

1.00E+00

0 10 20 30 40 50 60 70 80

# of Asynchronous Users (K')

B
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R

181개 (Q=512)

160개 (Q=256)

120개 (Q=128)

 39개 (Q=64)

1)2mod( slotN

0)2mod( slotN
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모의 실험/ 결과 분석

 4-FSK일때성능분석
 wss = 70 MHz

동기를잃은사용자수와겹쳐지는슬롯수에따른결과

Performance Comparison According to # of Asynchronous
Users and Overlapping Slots in FH/FDMA
(Eb/No=8dB, W ss =70 MHz, L=1, 4-FSK)

1.00E-03

1.00E-02

1.00E-01

1.00E+00

0 10 20 30 40 50 60 70 80

# of Asynchronous Users (K')

B
E
R

396개 (Q=512)

391개 (Q=256)

382개 (Q=128)

362개 (Q=64)

323개 (Q=32)

240개 (Q=16)

 58개  (Q=8)

3,2)4mod( slotN

0)4mod( slotN
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모의 실험/ 결과 분석

 K’= 32일 때 주파수 도약 심볼 크기에 따른 결과

Performance Comparison According to Symbol S ize

(Eb/No=8dB, W ss=70 MHz, L=1, 4-FSK, K'=32)

1.00E-03

1.00E-02

1.00E-01

1.00E+00

8(58) 16(240) 32(323) 64(362) 128(382) 256(391) 512(396)

Symbol Size (q)

B
E
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3,2)4mod( slotN

0)4mod( slotN
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모의 실험/ 결과 분석

 K’= 64일 때 주파수 도약 심볼 크기에 따른 결과

Performance Comparison According to Symbol S ize

(Eb/No=8dB, W ss=70 MHz, L=1, 4-FSK, K'=64)

1.00E-03

1.00E-02

1.00E-01

1.00E+00

8(58) 16(240) 32(323) 64(362) 128(382) 256(391) 512(396)

Symbol Size (q)

B
E
R

3,2)4mod( slotN

0)4mod( slotN
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모의 실험/ 결과 분석

 결과분석

0)4mod( slotN(1) 2-FSK와 마찬가지로 3,2)4mod( slotN 보다

성능 우수

인경우가
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모의 실험/ 결과 분석

 wss = 130 MHz

Performance Comparison According to # of Asynchronous
Users and Overlapping Slots in FH/FDMA
(Eb/No=8dB, W ss =130MHz, L=1, 4-FSK)
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391개 (Q=512)

382개 (Q=256)

363개 (Q=128)

324개 (Q=64)

246개 (Q=32)

 80개 (Q=16)

3,2)4mod( slotN

0)4mod( slotN
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모의 실험/ 결과 분석

 wss = 295 MHz

Performance Comparison According to # of Asynchronous
Users and Overlapping Slots in FH/FDMA
(Eb/No=8dB, W ss =295MHz, L=1, 4-FSK)
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378개 (Q=512)

355개 (Q=256)

309개 (Q=128)

216개 (Q=64)

 26개 (Q=32) 3,2,1)4mod( slotN

0)4mod( slotN
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모의 실험/ 결과 분석

 wss = 500 MHz

Performance Comparison According to # of Asynchronous
Users and Overlapping Slots in FH/FDMA
(Eb/No=8dB, W ss =500MHz, L=1, 4-FSK)
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 77개 (Q=64) 1)4mod( slotN

0)4mod( slotN
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결론/추후 연구방향

 2-FSK 시스템
0)2mod( slotN 인 경우에 성능 우수

 4-FSK 시스템
0)4mod( slotN 인 경우에 성능이 가장 우수

위결과에대한정확한성능분석은계속진행되어야함

Note : M-ary FSK 변조방식을택하는 FH/FDMA 시스템에서는 0)mod( MNslot 을

만족하는주파수도약슬롯수 q를선택해야함



 K’= 32와 64일때 0)2mod( slotN 인 경우가 noncoherent 변조방식을

사용했을 때의 비슷한 BER 범위를고려한다면, 1)2mod( slotN 보다

대략 1dB의이득이있음



 0)4mod( slotN 인 경우가 다른 경우에 비해 대략 1dB의 이득이 있음
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