%10 1 | R Vol.43  No.10
2015 4F 10 A ACTA ELECTRONICA SINICA Oct. 2015

B3 4) 52 G Bl JC S A% iy A2 4t e H: SLM 37 ik

FAFLOREL,F R R AR
L PR TR0 5 DI 61050012, ISR TR 4576 5 101149
3PS B TR 1S 61050054 PR £ K25 HURRRF 154 A5 1UIICHS 610500)

W E:  HAukET I E S IOk S S AR, I R R KR R B ARG RN A SR T —
1EZEAR 3 52 FH (OFDM) Fifi i TC4% % i 22 58 7T LA S B i s 0 3 T BB AL 4 AR RGAFAE R JHE 5 b B 1w e 2 o
ZH(PAPR) W) A SCHEET OFDM Fifih TCARAL 5 R 40, 2 Y T —FP 43 G 364 TFFT ek SIM B84k (AR L PAPR. 2B
P N=dn S15E-4 IFFT 3258 40 A HT kK BAE o-k BBIEEH G S AW IFFT Z A3 LIAHALTF . B a3k
B %L S8 SLM S35 IFFT 42 2% FE ] [F3AGAE 60%

X4  OFDM G CLIEM RS G (PAPR); BEHPEBuSt (SLM); Bemifi~y 45 (IFFT)

FESES:  TN9I9.3 XEAARIRED: A XEHS:  0372-2112 (2015)10-1924-06

T2 URL: hitp://www. ejournal . org. cn DOI: 10.3969/j.1issn.0372-2112.2015.10.007

Orthogonal Frequency Division Multiplexing While-Drilling
Wireless Transmission System and SLM Algorithm

LUO Ren-ze' ,DANG Yu-pu?, LI Rui®, YANG Jiao®, HE Guo-lin*
(1. School of Electrical Engineering and Information , Southwest Petroleum University , Chengdu , Sichuan 610500, China ;
2. COSL Drilling Technical Services Department , Betjing 101149, China ;
3. School of Mechatronic Engineenring , Southwest Petrleum University , Chengdu , Silchuan 610500
4. School of Geoscience and Technology , Southwest Petroleum University , Chendu Sichan 610500)

Abstract:

pulse transmission technology cannot meet the requirements due to its low transmission rate. To cope with this problem, this paper

High-speed transmission of LWD signals is difficult to achieve by current technology . The existing downhole mud

improves while-drilling wireless transmission system with orthogonal frequency division multiplexing (OFDM) , which will result in
more efficient data transmission. However, the high peak-to-average power ratio (PAPR) of the logging signals in the OFDM will
gravely impact its performance. To further improve OFDM drilling wireless transmission system, we propose an SLM algorithm us-
ing radix-4 inverse fast Fourier transform (IFFT) to reduce PAPR.In this method, the radix-4-based IFFT performance at point N =
4n is partitioned into two stages: transform before k and transform after n-k, between which the phase sequences are multiplied by an
input signal. Theoretical analysis shows that, compared with the traditional SLM algorithm, the new SLM reduces the computational
complexity almost by 60% .

Key words: OFDM while-drilling wireless transmission systems; peak-to-average power ratio (PAPR) ; selected mapping
(SLM) ; inverse fast Fourier transform (IFFT) .

1 5|5

A, De Sk b 2 2R GE 2 I )™ 2 9 1 Kdle
e ARG, HIZ AR G R A BRI L R AR i A 6]
THECISD) , AR 1l 2 B BE Bl 28 ¢ v 3k 4% i X a1 22
SRESSH 2 AT (OFDM) S22 55 PUACAS 2l i 5 7 48 1%
DHARZ —, i T E R AR &, SIS A RES
AR A RGP P, e R g P i 2

WCH H 3 :2013-04-25; & [ H 3 - 2014-02-23 - TEAT- i 205

N DR, 7EFE T B e A TR, AR
TR EE AL OFDM $ A 7 [ &M it 4t 00 H: v € 1 A,
NI B 2 ) 4 H 1 LOG-1Q AR M 3F 2 451, ) 45
LEAPS00 I 28 454! R 46 DU it 2 7] B9 3 OFDM 38
ARG %E X B R G H T % i ] 1k 2K e 4R
%, eI LUe IRAE G A il L i R G0 1 2 AR
TEPE 25 (R it s, [ HsF o AR AV A2 i 230 AR A 5 e 5 [ 48
(ISD & AHAEE N, i A 207 THF T A .

FBIH - [}RK A ABESES (No. 61072073, No.61310306022) 5 VU114 T AR5 | HEA A% 42 9% Bl s P R A7 900 K 23 Ufs S R D Ak B 55 4R B

B 5 T A4 % B (No. 2013XJZT007 ) ; PU 1|45 Bk Sz 43351 H



% 10

BAE LS 2 FBE RS TC L 154 2240 I H: SIM 5303k 1925

ARSCHEH T —Fl OFDM B TCZ 15 4 R 46, (H 2,
T OFDM {55 ZE Ik bR IA Z A IER F#HIEME 5
B IR, HAT 5 HA i 1 W 24 D FR L (Peak-to- Average
Power Ratio, PAPR) , i W45 b ZoR Th R K 28 A R K
I TAELR VO B, 45 ), 25 PAPR & I B {5 5 &
AR APERR M 55 o R AR MR B AR E R B
PP R I s T E R I R AR AT &4 T
AR 22 W AR e 34 T SR L 1 T 3101 A 4 BRI 2 R
Hiith 2 H AR R 3 S H AR | 18 F 1% WSt (selected map-
ping, SIM) Bk B R —Fh , A A (5 S BAS, 51 A
TORMITRIER PR R & 7 SIM Bkt
HAMIE /) OFDM {5 % M 2 Mk (5 5 h e B B A
PAPR Fe AR5 S AT 4% i . th TR 5 5 )7 51
w7 AT IFFT #2413 R i X, Sk (10 s A 43 A —
For 902 IFFT J7 R AR S R

ARSCEFHESE SIM Bk TFFT 5 R = A8 2 A
AT B T 434 k-4 TFFT B0tk SLM 38325 8 N = 4n 55
[5E-4 IFFT IZ5353 T k A n-k G4 IFFT, fEZ85
-4 TFFT {1 k P2 )5 o LIARGLT A XA R — R (5 54t
P SR S 1 W] 7 3 = B =S B 7 i T O
FeF 1540 SLM B3k TRFT B 24 B2 R AT BRI 60%

R, A SCHE B AT OFDM R okt R 4218
PEFE T B B v S AR ) I S 1Y 5 9 k-4 TFFT
MOt SIM B3L g T OFDM A 45 PAPR ([ i .

2 OFDM fEshH T &EMH RS
A )T BOE AL i o R TJC 0 A Rk

SR BT OFDM T o4k ki R 94 B T e IRBUA oA
AR LT A B P P B T AT 5, IR A AL AR

HTF L&t A G5 OFDM B AR LS & 1 R GAE E]
W 1B ARSI A 50 1 A R o 1% A
PR R 2 B LA 5 B 55 BEAT OFDM 8 )5, 31X
A5 DR i 14 10 S o A% i £ 1 2 2k v
PR T O B {5 5 8 8 M 4 A R A 1 5 P B
SIGEAFIE M AN, AL H S AT b R AR 0T Bl R
BB — B RS 23— OFDM {5 5 & hm a1 .

TR
]
l@l G T
I |
£ e
E
&
: Py : OFDME 5L
e B _—
[ement | —18) _mmm] | 550

Bl HTELXEWMRESOFDMBEAREAKRLIER

K2 B OFDM Fifi B L& ML R 48 AL A R 5L
Hh A T £ A S 0 A 19 15 5 B ik ) A 4 o o
O G AR P A S 5 T e 4 (ADC) AR
UG H A B RS 5, AR5 X B8 AT 1Y LR A5 5 7
I HLIE S OFDM {55 A5 *Zill i =24 H T R iE 5
B OFDM HHC WL, 15 5 19 JE A ST BIL IR 39020 R AL BRA
7, TR BB T %dls

D !
(5 st ||
c !

OFDMEARL T kT
A !
R !
Sty AR |

B2 OFDM R EL&AEMH RAER

B OFDM H- I TG4k 4 i 28 46 1) £ A e % m] ik 3
IR PR LAk v % LA 1Y LWD A5 B £ AR 1
i H R B AR 2 BARXS T OFDM HOAR IR 8 1 Jo 2k i
R AU A, AT TN Bl &5 AR GERLHT OFDM £
A H L& T A5 B B, B & GE Y 8 2k — 25 e 2l
1o S N AR AL BRI R

BT OFDM BB Ik A& R GE R B -

1)K E Ik FARR £ il 3% 5

2) YU AR BRI T v 5
3) SRR 20 A BRIV 9 5
4o TEH.

3 BiEH SLM Hik

TE OFDM - R L&At R aeH, A 2k (55 2
MHIERZ W, X BA NAFERKE, & T 28 25
23| OFDM 55 s(¢) Al AR N



1926 H +

2 2015 4F:

s(1) = ﬁ;snﬁ”%‘,o <i<N-1 (1)
K S, TR n AT ARP TR B (5 B

PAPR J&48 R4t OFDM {5 55 1) S R (E Ty e I L

B2 I, U LR SR PAPR:

s, max ]| sCo)]?
PAPR = s (0 7] @
Ao B[ JFOREA .

FEALSE SIM Bk, (55 17 51 3fe LAAS ] i) A6 07 )7
G A A A 5 S A1) ARG P EL A eIk PAPR 1) e ik
{F5 AT . h TR A5 5 7 91 #8 64T IFFT
B TR ARG Ge i SIM B ik d5c ™ 3 1) B s
z—.

2.1 #H9 SIM &%

Bk T v ORI AR s AL R R ek
PR 3 -4TFFT, H U3 - 21FFT B35 1) & e kB 24
W T 174, 780, 50 F 3 -2 LT LK JE -41FFT i3
L e 2 YOI A B AL . TR I, ) 9% 1Y B -4TFFT
HCHE SIM K N = 4n S0 IE-4IFFT 325550 AT k4R
I n-k 9 B FE-4TFFT; {5 5 17 51 A 7] F 14 48 SIM &
B AE S Y AE ik B -ATFFT BT b 205 T LIARA T
Y XA — AR 5 AL b G - 41FFT, A i — 2
FEARTT o 5. [ 4-2 R /0 ) 36 -4TFFT Bgilt SIM 57k
A .

(]
S - |
51 e
£ Qv - O |
Tl Pl ik ] 57 Stk |HILE
G »[| 4T ' ' s
: : =
XU v 8
- -
su stk (%
#
kil

B3 FHSLMEZKHEE

SLM 3k Hp () B4 F- Bl AL S i 5 2. (SD) , i
WA B (S H AL log2(U) FeE, X B U AL F )
FIAEC B I 2R 7 50 1 5 ik 51 A (3), = A 1
BINFHIH -

2" = B + V1= B (3)

24 8=0. 10, AR =X (3) A S R AT 41
SRS RN T ST PA% iy LR 2. 12 36 0 A 3L IS 1 H
55 AT TFFT 24 , it 68 PAPR S5/ (5 5 1k
Ttk
2.2 F SLM EEMEAAFS

XF N=4n N 5 IFFT 0] LLAM il 4 240 N/4 55
DFT, B8 —2H N/4 J5 DFT /3l 4 40 N/16 5 DFT,

AW ELE 4 45 DFT O 1k 4% BGE S U 403kl 15, 46
k BRI Z A dn-k 4, BAIX N 4k 55 IFFT, 53X B
S FFT 2B R R LR, S T, RRE i HUW FFT
S — RO B AR B AR B R Ry
E,. E E E

E -k -F E

T, = ' ' (4)
E - FE E - F
E iE -F —-iF

D; 2 N/4 B9 1, 267 ST 32 580 v 1 T A
PH B

1 -
Wy
D; = W%L i=(0,1,2,3-+-7)
L W(V%y—l)i_
(5)
Ty 7845 7 [
T 1 Wi Wi WA
N4 = . i :
A (O F VA
(6)
T X0) 7
X(1)
N
X(4 -1) O
T £(4)
oo |
: 4 :
. D, Ty x(N-4)
N 4
2" 1
H 2 D T, D, Ty x(1)
N 4 x(5)
X(E) _ :
: : DIyl w(n-3)
b :
3 .
X( 4 -1) NN
3N
X
L X(N-1) -
(7)

AR H 2 (n) FFITFHE 55 EHEA(8)



BAE LS 2 FBE RS TC L 154 2240 I H: SIM 5303k 1927

%10 M
r o ox(0) 7
x(4)
| I O v
x(N-4) 0 0 0 1 = 0 x(l)
x(1) o 0 10 x(z)
«(5) | |+ oo oror x:
: 0 1 0 0 ol
x(N=3)| L+ oo x(N)
Lx(N-1)-
(8)

S—20 W TFFT 38 55 1 A8 5 5 BF T, = T.DE, )5 &
IFFT (A5 7 M 2500, 4 XT ol TFFT B A, IR e e o 7
=T,T, - T, T\ X" 5 A5 5 8 913 L — A~ 7 7 51
Q BIXF I LA—A N x N IR AR Q, Q LIAHALIFS
Q AT LAY B, AR £5 48 SIM B2k v 3fe LU AR A7 7 51
Q W E 5N

x(TJ: Tn,Tn—l"'TleaxT (9)

T ke HE 1 3 3 TR RS2 S 51 P L B A S

H
x'p=T, Ty PT, T, X" (10)

— i, A5 (10) 45 B OFDM {55 AR RE R R

AR I, MBI SR Q A
Q=(TyT) '"P(T,-T)) (11)

SR, AR X A A 4 P Sl | = 1 iy, o8
() PRI RE O T REAS 22 00 A 46 [ . A5 3% B X F— 1>
4" Ex 4r T EIE B R FHUR 47 x 4T YA RE. QiR
VEFR A E A 4" ARG T Z1, ) 47~ A LK oy 4% 17
FEHIE4s 1 84 -1 WP 9. FE R TE) & 23 LA 4
AY T IR 7R A2 58 SIM B3 W 4G B BE PR AT, X B
I -ATFFT 4 FE RS T U B B B I 1 L - 41FFT Hf
G3 R A3, A6 T ) 3fe LLAR 7 )7 51 5k AT LASE B, AT 3
FH— B MO8 5 BT 2 2

1111 -1 <1 -1 1 1111 -1 -
Xl XS X9 Xl3 X2 X6 XIO X]A X, X

3 7

X, X, X, X,

12

trXnsForn

16point transforn

B4 ZN=16Fk=1" 1AL 5 i) A B0 1 P i 42
In i J7 vk K SE 41

ME 4R, T n=2,k=1,i% R=[Ry, R, ",
Ry IH— 80 W By 4" RYFHOLFES P 2y
Pry=Pryo = =Py = R,0<l<4" " -1
(12)
G EFEFS) R G UAHALF 51

4 ERESWMEHEER

3.1 HEERESN
Dae-Woon Lim 75 3CHK [ 12] #7307 1 5 -21FFT 55 32
BIAREE PR EL N =2" i 155 SIM B E
ok MEZEINEN BN npy =2"""n+ U Mny=2"
ne U, 2 U RS AE b 9% IFFT Z )5 9
PAAAAL Y 51 9 S B0 1 RS BOMTE N BON g =277
n+2" Y n-k)(U-1H ngg=2"n+2"(n-k)(U-
1).
YT HPE N =2" =47 kR SIM 50k i 5 Kok
A BOENEON
R =4"* Vo n/2+4" N (n/2-k)(U-1) (13)
Naa =4 n/2+4"*(n2-k)(U-1)  (14)
PRI, 4RI — ATRFT ik SIM B3 1 31 0k e
Tﬁ%(computational complexity reduction ratio, CCRR) & X
wmr .

B B SIM B FL DU IFFT (95 2%
CORR= 1=t s sk tevr i s ) 100%

(15)

HESE AT, > oo i, CCRR— ], BRI A0 20
JE-ATFFT 20 SIM B35 AR 5t SIM B0k FEAIRR I 60%
ORA RN P
3.2 FE&R

15 B4 10000 AR I 5143 A5 I BEHLAE 5 17 51
Ar N =256 =4" T3, W IFFT T 8 BN n
=4, B B PR A IE R b (H, kN IFFT 12 843
S AE IR LAAHA R R ) IFFT 832 5 (4 9 50

&5 FIEL 6 43 51 s F 204 N = 258 1 1024
I, 23 R -ATFFT B SLM BEvE  SCHk[ 11 ] v g 44k
L4t SIM 5.7k OFDM {55 1) CCDF 4k b, LAt >k
S E LRI k. SR 1 A EE R SIM
SR XA R W B AAE 5 FE B8 0 5 47 AH 25
A BALTE— UK TFFT $4E.

10° g

P(PAPR>Y)
)
T

— RIGES
—+— FSLMEH =3 g
- BrSLMETH:, =3
= fEGSLME
—— JCHR[11]

104 1 1 1 1 &
4 5 6 7 8 9 10 11 12
10log10(Y)/dB

Bl5 4 ELEKOFDM/E 5 CCDF 4k, N=258

N
<
&

T




1928 H +

EE ' 2015 4F

101

— RGES

—+— BrSLME:, k=3

-o— FISLME ¥: k=3
W, o EGISLMEA

R o= CER[11]

P(PAPR>Y)
2
T

N

L
o
T

103 ! ! 1 1 1 I
7 75 8 85 9 95 10 105 11 115 12

10log10(Y)/dB
E6 #%¥#%4EK{E KOFDM/S S CCDF Hi £k, N=1024

NS FE 6 HAs 2 ko= 2 B SOtk 5 vk R
PAPR HPERE SR 452 T 15 55 SIM B0, 76 N = 258 I il i
FAE S 1Y PAPR PEREA Brekt s NI 6 i LIE H B &
N AR, B BIA (RS 1Y PAPR 1 e AT

& 7 FRAE T E A BON 258, 5l k(BN 2, M7
FEFANEL U g 4 W) 4858 SLM 323% SClk[ 11 ] i 3 4ir
SLM H L FIHT SLM 331 F IR 5 5 PAPR i) CCDF 4k Lt
Al AR W, BARSCER 11T RS 07 SIM B kit 5 R
Z<PEAIG, {2 PAPR MERE 5 1 AN B AR £ 4y G i) k-
ATFFT 2t SIM B35 JL-F- fifL 48 SIM B3k HoAa AT i
F#A% PAPR (19RE ST, O ELA BT ekt , R) e 124 580 32 3 aod e
HE TFFT REER AT DA 3 AR50 42 2%

100

=
<
T

P(PAPR>Y)
2
T

o —EAES %
-4 ZiSLMAL 1 u=4 B
~—HSLMEL -t N,
= CHR[11],u=4
104 1 1 1 ERY
£ 5 6 7 8§ > 9 10 11 12
10log10(Y)/dB

7 ¥N=256,k=2F1U=4}, =FE I KIPAPRYM: R LB

-
o
&

& 8 FoRTETFHIE AR 258, 5 tl k (H ] 2 B R
A5 U F 4548 SIM B3k SCak [ 11 ] 5 i 8 7
SLM 24 ¥ F1 43 2% 1 5L -4TFFT B0 SIM 23 FE L5 5
PAPR 1) CCDF Hhk bbds. ol LAE i BEEAOLF S U 1Y
ANECEIN BTG SIM SL B3 PAPR 114 BB 5cds-.

5 #ig
TERFHES SLM B I PAPR PERERY 4T, 43
YR ATFFT 2tk SLM Bk R A T 15 42 20 0

72 Rr e XA D Ol 13 0 N ORI T o sl s i 9
N=4n 5 00 FE-4IFFT 32 843 N AT & A n-k G A0 FE-

AIFFT; (55 RN TE 2 55 B -41FFT BT k 202 )5 e LAAH v
HF, X — G SR k909 FE-4TFFT, M A%
ARG hELS T AT AR5 T AL 5 SIM Bk IFFT

S BE IR AT BEARHE 3K 60% , 1& F T OFDM J T o4k
e

100

3
1
&
SE
=<
&
i
1

3
©w
¢
<
5,
N

|31 T8
+)‘Cﬁk[1l] u=16
\ ——SCHR[11],2=32

)

17OIoglg(Y)/dB "o
K8 HN=256,k=2 HAHLL P HIAN B UA R, =R E AR
15 SPAPRH:BELLE A

P(PAPR>Y)

N

5
&
T

104
4

ol
o

S Sk

[1] John Proakis, Masoud Salehi. Digital Communications, Fifth
Edition M] . McGraw-Hill Companies.2011,516 — 528.

[2] Mccoy R H,Besser G L,Reed S D, Campbell D B, Knox D L.
Systems and Methods for Downhole OFDM Communications
[P].US patent:2011047534.2012,7.

[3] Halliburton, “LOGIQ Open-hole Logging Platform” [ OL ].
http: //www . halliburton. com/.2013.

[4] Chen Wenxuan, Pei Binbin,Zhao Shuai,et al. Research of net-
worked well logging system based on ethernet technology[J].
Well Logging Technology,2012,36(03) :286 — 289.

[5] Mccoy R H,Besser G L,Reed S D, Campbell D B,Knox D L.
Systems and Methods for Downhole OFDM Communications
[P].US,2011047534. 2012 -7 -31.

[6] Wang Jianping, Guo Ying, Zhou Xianwei. PTS-clipping method
to reduce the PAPR in ROF-OFDM system [ J]. Consumer
Electronics, IEEE Transactions on,2009,55 (2):356 — 359.

[7] Kim Hyunju, Hong Eon-Pyo, Ahn Chang-Jun J, Har Dong-Soo
Soo. A Pilot Symbol Pattern Enabling Data Recovery Without
Side Information in PTS-Based OFDM Systems [ J]. IEEE
Transactions on Broadcasting,2011,57 (2):307 - 312.

[8] Sabbaghian Maryam, Kwak Yongjun, Smida Besma, Tarokh
Vahid. Near shannon limit and low peak to average power ratio
turbo block coded OFDM| J] . Communications, IEEE Transac-
tions on,2011,59 (8):2042 — 2045.

[9] Eom Seung-Sik, Nam Haewoon, Ko Young-Chai Chai. Low-
complexity PAPR reduction scheme without side information
for OFDM systems| J ] . IEEE Transactions on Signal Process-
ing,2012,60 (7):3657 - 3669.

[10] Seok-Joong Heo, Hyung-Suk Noh, Jong-Seon No, Dong-Joon



%10 M BT IEASH I S IR R JC AL i R 0 S SIM Bk 1929

Shin. A modified SLM scheme with low complexity for PAPR systems[ J]. IEEE Transactions on Signal Processing, May
reduction of OFDM systems[ J]. IEEE Trans. Broadcasting, 2010,58 (5):2916 — 2921.
2007,53(4) :804 — 808. [12] Dae-Woon Lim, Jong-Seon, Chi-Woo Lim, Ha-bong Chung. A
[11] Chih-Peng Li, Sen-Hung Wang, Chin-Liang Wang. Novel new SLM OFDM scheme with low complexity for PAPR re-
low-complexity SLM schemes for PAPR reduction in OFDM duction[ J ] . IEEE Signal Processing Letters, 2005, 12(2): 93
-96.
EEE I

RIS 40,1990 4F 11 H AR BRPETE A
2013 44K PG 3 A T K 2= W4 2 7 WF 5 1)
OFDM FGEREAIL PAPR H0A .

E-mail : ddyypp2006 @ 126 . com

FFE OB, 973449 HBAETFTIITEN
YT, 20 L S A TGRS A
45 BRI 5 2005 4F 3 HARAL TRHE R
B RN PV 2 IS A = A o8 1 g
SAES R A A B R R AL R R AR
B3 100 ki, Hor Sei (L2 47 F s 17 R
ARAGZE 1. M 138, 5 — & AR E
FREWILH) 30 KT, FHorp 15 WL AL
E-mail ; lrzsmith @ 126 .. com






