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BER performance analysis of pulse position keying system

SHI Xianhua, LIU Youjiang, XIE Nan
(Institute of Electronic Engineering, China Academy of Engineering Physics, Mianyang Sichuan 621999, China)

Abstract: From the literature of the threshold type decision pulse position keying system, it is found
that the theoretical formula given by the literature cannot describe the Bit Error Rate(BER) accurately.
Especially under low signal to noise ratio, the BER calculated by the theoretical formula is bigger than
0.5, which is in inconformity with communication theory. The problems of the literature in deducing the
formula are analyzed and a new theoretical formula is given for the BER of the threshold type decision
pulse position keying system. Simulation results show that the new theoretical formula can describe the
BER accurately, and the BER calculated by the theoretical formula is below 0.5 under low signal to noise
ratio, which is in conformity with communication theory. Based on the new theoretical formula, the
energy efficiency of the threshold type decision pulse position keying system is analyzed and compared
with that of Binary Phase Shift Keying(BPSK) system. The results show that the threshold type decision
pulse position keying system is energy efficient and even better than BPSK system in some situations.

Keywords: pulse position keying; threshold type decision; Bit Error Rate; energy efficiency

Jok 7 i A R T 0 T A O el P ) — T SO, AR R R L R S I Uy T R A MR L . 1980 4F
SCHR LN ok o o7 B S R G AT T ATFRGE , /48 T Ik op o B4 RGE B A TAE IR, JF b 175 TR
BRI R LR e RE, S TR IR R IR A, NIk ARG R A REICE R . IER =
K AR PEI A R RETEE N RN GG E T Z e, Wi F 2 ESEE W e s E T 5 T 5%
RF TR D A fok i o7 B B R 0 R LU AR R R A SHEA T, R IR) A AR 98 A DL 5 A0 LU R R e A A A ]
MNTAS T 26 T RR i 0 = IR [/l 1 4518 o

SCHR LW 1R 2245 00 3y R B A R R R AR T2, A5 5 Tk o R 22 T 00 M 75 SRS e 0 e ) B 8 2 e
RESE, S5 S WK SRR T A0 T BRI e AR IR SRR, K iR B A 3 5 T 2 MR 3R o B ) 45 ik v 7 5 SR 28 R 58 11 12
FHo 3, FRHE AR5 R 5 5R IR R Z A IR 00C R BR LR R . (B2 STIRTE T3 e R R A R &2k
ARERRI, HEIE TR, I H TSR SR G IR R R O R A UER . SCHR[2DRE 52 22 175 DL 43y Bl
KR BEHA: 2020-01-07; fEEIAHR: 2020-05-07




%5 AREE: B ERIERGIRILSFIERES T 445

P MR T AR R 22 R R | T R G ) A R 22 IR B0, PR B AR AR LR AIRAT SR, KR I R T R
SR R AR Z 0 A 54 0 R A B TR AR R o by g | O 2 L[R]3 AN R 28 3L PR B0 . — Rl A5 5 Bk b {1
TR K IG— AR BURE ; 75— Fhiis 00 A5 S8 T 1 TRR U ¢ LUS B9 HEAS I 20 1 B R o 7 Rl v D0 IR B RO T]
PRIkt 5 22 Rk v s 2 i R R ) B LA L R L B A I ) O TR, PR3 R LR AR A, SCRR[2]20 3l 45 1 T
WRICRRRR B FRRAE . (HJR SCRR[2) 76 1530 5 oy e 05l Al R 22 I 2 SR DA AR I, 97 R T BRI R, JF HL
TR IRFT 5 R G 1R R R Z B R AUER . SCHR[3-41 0 W] —AE#, W R E e & 0T RGR LR R, X
HRORE £ Mkt 80 54 2 i 22 20 HH B — O P SRR A e 1D BRI 0 U A B 5 A 5 Tk o R 22 i R 7 R R R AN
AEAPTTER, IF BAG S Dkt KRR TR BT IR A S0 o IR 2% o 5 B2 5 T R AR 2 RGEIRFT 53, UG 2
WRICFRR . SCRR[B-417E 1R R R A S B P g BB B EAT TSR ME R A 7, IERRIEH 1R 5 R SR TR R A e
B R, MR TEZER. SCIR[SIH MR E Sk i &, 5 I8 055 A )™ A i 8 A I A 5 Az T 2% 1) 1 0 S 16 7 1)
Pe, HAMENFER AP, NIRRT S A BIE 202 SCHR[STLAIE A 4 B 1) 0 £ i 1 1 ke 1) JEL B 5 T i, (HR:
25 YA B A i LR AN S HER , O HLBA 45 HRFT 5 R S IR LURR R A O &R o SCRR[6] 0] 5% L 4 54 L
e 55 SR [1-514 BOR DO, SCRR[O) IS 7 i 5 i A — B0 P i iR A s B iR IS 80, 454 iR
SR, HES TR RRENE A, IR TR R R SR S R Z IR . SCHR[6]HE S T iR LR R 5 1R AT
SORIIEMOCER , ERRTETHEIN A O A B DA R B HEBR C 2 IR B R A, BT TR

SCHR[1-6]7E4fE T iR L AR R BB A X i — e A Gz ab, HIRTYMITFERET, iSSP R T —
LT AR, sk 86 DR I ) S BOT 4 1 B0 R PR R R A SUR BB S8 A HERR N IR R G RE, JUILAEAR AR R L AR AR T
WIR RS RGP R RE 2 AR o A SCR SEHE S REAT SR IES AR, FFIBCUANMET B R SRR T
SRER, B E il RAT S R R IR R O R G I R R IR, I HAHER I R ABGE L, B R AR B AH
D& H AR A I 20 FURE % B v 0 b 4 A R SR R LU AR R RE

1 HRIEFREBEBRAXES

He T AR BB e A fo o (07 B B 4 AR 8 B0 R AR IR BT 225 SCHK[1-6], A SOR#HBE o [/ SCER[1-6], A
e WET TR RECKFD R BRop(E 576 0l 68 BRI By 20 S5 8 fi s RECRAAEM T4
SR, I Ik b S 0 4 46 SRAE e A T R o0 (L), AT K i A 46 SRAE R DA S 20 A1 K (2)

u
p(uN) = U—]zvexp( —ula?) (1)

u 24 4? Au
p@J=;m%—%;Z%{2ﬂ @)

b o HEMTE MR T 225 AN BKOh (S5 i R s 1,( - ) 9 B D128 /K iR AR .

AR Jk b (07 B B 4% AR 8 AR RO, B Bkooh 58 MOECAR AR S, BT SR o D 2V A SRR T BRI Bk
MREA AR . BB E DT, WS — A REERF BRI fh, KUK 5 — A SRR B A A 2 5 T IR 2E 47
P, M U B — A SR A B 28 (0 R T TR B, B0 2 o i B A % 02 1 R R A 55 A — LRI AR 2V AR M
L ) R 288 (AR AR T TR, U)K 5 2 A I B DA 6 o 19 K A

BT RIR TR B A DAY, R AR IR S, T A 1SRRI B AL 5 (SR A TR
HLAS kA RAER B 45 (R TTBR I, AP AR s 55 BRSO, 4 ik i 0 5 2V A I B £ 5 1T
HUEERT M A SRR B AL (I AR TR, BB JCIB 58 2V A R AR B TR, AN S 5

IR R — AN AF S B TE A AR, AR R FI RS IR S, AR SCRUR e B B E R A R, I
FEAM AT 2 BB IR R

BE SRR TBR R By, WIBIP T TRR Sy Uy=y- 4, D00 75 Bof 0 2% (A 5 0 e 1T BR 1 BE % g

P,= joup<”N)duN (3)
1A I B 24 (RS 45, LT e 1AM 5 6 24 (24 A R M
Py =[Py @

FBENNEEES, HA%EBE TR S .



146 KM Z RIS 58T B2 520 4

Palk) = [ plug)aug ©)
L, Me<2" B, £55 A W66 A2 .
Py(k<2"1) =Pl (k) - Py(k) (6)
M k=2"WF, £ W I A R
Py(k=2")=PL,(2) - Po(2") + PL,(2") - [1-P,(2") ] =PL,(2¥) (7

HH T kA 21 A B 38 5 S A A, PRI o) A 3 T AR 1 T BRI e 1% Jok e A7 B B 2R 4 B 445 T T 0 AR SR A
P,= ZM(EPd (k<2"") + P (k= 2M)) (8)

MR AT 5 5
P,=1-P ©9)
R O~@CAK(©O), WTHt

1 2Y—1| k=1 (U, a2l +o0 7# A
: —1—ﬂ|2[mo ol [

k=1L%=1 i=1 o

! [2 [(1 e";? Q1 4 yA) +(1—e"7;?2) } (10)

H, 0,(ab) & Marcum Q ¥R%L, T A2/26°=M-E,/IN,, WA

d M_ U"“N (7u“'2/”2)d
ug + H . — ¢ Uy

LS - | -
{ [ _yME/V 1(\/2]\/[.}51)/N0,;;\/2M-Eb/NO)]-|~(l_e-rM-Eb//va) } (11)

2Mk

RGBS, Tk i 45 5 1 7T RE H B A0 I B2 5 S AR A, U)K w57 R A R SR IR AT T R R LR R 2 ) B e
ek 2 M A2) s (B AARHE S 2 vl 2 2% SCH[6-8]) -

2M1
Py = W P, (12)
RISE v A5, JET 255 TR B (%) ok o o7 B 5 45 R G IR FLRR R R
M-t 1 N AL TN AR
Po= S —ﬂ%;[(l—e ) .Ql(\/2M-Eb/N0,y\/2M~Eb/NU)]+(l—e ) H (13)

2 {FEXLE

RAE R IR 4, T IS 4T Matlab 07 FLISUE o £ EUAE 55 07 M S BRI R 6 AT Ik op AL E R R R A
Jok i H H7 EL A B M 5y i BU(E 5,6,7,8 5 HLRRAE M LL E/N, IUEE Bl 0~12 dB; R ELAr RS T8 107 849 TR A
By 1 A (R A e L AR Ak A fE, R EF gL, TTRIR Ay 5 —H0.55,

TSN SCHR[1-6] v 356 = 25 100 1T B A0 e 1 ko 07 0 B R 0 iR LR R B IE A 30 AR SCHE I R LR R BB A
3. Matlab {5 FLZ5 SR HEAT X b o S F X EE BT, 7R SCK SCHR[1-6]1 45 H 19 1% LR 8 B8 2 S48 — DL EL AR {5 M L
EJ/N, KA, X A4)~19) s, b Mo B BRsb S84 (0 e R B,y MTTBR R %L

M

22M1 exp( - 2M~Eb/No)+exp[—(l—y)2M~Eb/NO]/[\/EM(l—y)A/ZM-Eb/NOJ (14)

1
Peb

2
M
(P) = /2 2_1 Iexp(—sz-Eb/N0)+ 1 exp[—(l—y)zM~Eb/N0} (15)

V2n (1-y)/2M-E,/N,



%5 AREE. P ERERGIRILSF RS 447

M
2 1 2
P = -exp(—*M-E,IN,) + exp[— 1-y A4~E'UV} (16)
R e e T e RO
P =22 exp( ~y*M-E,/N, ) (17)
Qi1 oo | exp(=(1=y) M-E /N,
Pi= S 1= [1-exp(=*M-E/N,) | - (18)

2(1-y)/aM-E,/N,

2
exp(—(1—-y) M-E,/N
P&:2Mdexp(—fAll%U%)+—£ ( (1=7) M-E, 0) (19)

2 2(1-y)/aM-E,N,

{5 FLZ5 SN E 1~4 iR o B 1~4 53 5 MHS,6,7,8 BF A4 FL45 S, b simulation [t 2k %67~ Matlab {j FLi%
WML, 5 Bk R R B Matlab B HLAE 000 06 —JE i FLRR IR A K00 R BEALECHE AT bk b 07 B R A ], SRR i
R OT TR R AR, PR AT ko B R R ORI OT I T AR TR R D TR B RR R B, R A H AR A 5
JE ECRR T B (A B — X W R AT S R B A, DT AR O B E R R 4R simulaiton . H Ay il £ 3 R 15 L R R B
Wi, HEHERAXGEE MR, Hrb 2 Peb 0 A SCHE S (1932 H R RIS A 3) THE Mk, A 4051k 3¢
TR [1-61 7 25 19158 H A R B8 5 (14)~ 20 (19) 3 T Ok

10° g
10"
| —e— simulation [ ¥ [| —e— simulation N RN
M0 Peb & o2 —Peb ;
210°g 210"
| —— Pebl F| —— Pebl
| —a— Peb2max H —a— Peb2max
2 | —=— Peb2min e | —— Peb2min
F --&- Peb3 4 [ El - Peb3,4
| —+— Peb5 [| —— Peb5
| ===+ Peb6 [{ - Pebs
10 10"
0 2 4 6 8 10 12 0 2 4 6 8 10 12
M=5, (E/N,)/dB M=6, (E/N,)/dB
Fig.1 BER comparison between theoretical and simulation Fig.2 BER comparison between theoretical and simulation
(M=5) (M=6)
Pl 1 R PR R IG5 017 FLX L (M=5) Pl 2 R HARR R B 5 01 O H(M=6)
10° e
107 =
| —e— simulation | —e— simulation
& || ——Peb =) Peb
=107k m 107 H
A H —e—Pebl M H—e—Pebl
| —a— Peb2max | —a— Peb2max
5 | —— Peb2min 10° | —— Peb2min
1078 o peb3 4 H --g-- Peb3 4
| —+— Peb5 | —+— Peb5 \\
| === Peb6 fimsmense Peb6 ; \\ ; i
10" e : 10™ i i i
0 2 4 0 2 -+ 6 8 10 12
M=T7, (E/N,)/dB M=8, (E,/N,)/dB
Fig.3 Comparison between theoretical and simulation Fig.4 BER comparison between theoretical and simulation
(M=T7) (M=8)
P13 1% AR RIS 5 0 X Ll (M=T) %] 4 2 LUAR RIS 507 X [ (M=8)

M 1~4 AT DL, SCRR[1-2145 A D2 H s R HIE 22 305 07 AT R BRI 22 5 SCHR[3-6] 40 i i HL 4y
RIS 2N 2AE 55 15 W U 5 05 L RO W &, (ELLE IR AR TR EL It 5 07 JCAE RAT A i 22 5 SCHIR[1-6] 76 fIR 17 14 EL et



448 AR EEBRFERER # 20 %

TR R R T 0.55 AR SCHE S 1038 10 i LA R B g 2 20
WA i 5 M L R AR MR LU O T I E R AR T 0.5, HS0K
BERWIG RAF, BUE 1A SCHE S B DR U R R BE A AR IE B E S
aHEE

T TR L T4 R 1R D A I b o B AR AR A R L R R R R
5 BPSK R 4R LR RIEREREAT LLEL, th TRIA TR E & RUE T
7 S 10 2 T A A 1D BRI e 4y ok b o7 R A AR R LU R B
SR IE R PR S B, T T B DAAS SCHE R B9 R LR R B

F| —— M=7

R 15 BPSK 5 4 1 HL A 3 16 20 2 17 e B, 45 S 10 P 5 F - SR
FErh M 4y BIHS,6,7,8 B 2R pT 48 28 (13) FHEE T L 43 3 g 4 ik ol T AN N

2 4 8 10 12

6
M=8, (E/N,)/dB

AT 5,6,7,8 AR5 S0 IE 6 T A5 108 1 BRI e i Jo o 07 8 B 42 R R AR

FLFr 28 03 BPSK iR L % il £k ) th BPSK R 42 1% HL f R 1Y Fig.5 BER comparison between pulse position keying
R/ = = | and BPSK

AT UL TS MO L K o B B R 05 L P 15 DRI BPSK IRILARILE

AE SO R, X L LA IR 5l sl A ok Eﬁ?ﬁ%%m, o R, by ok (7 B B 2 AR G A B R
DR A ok b o7 B R R AR B R — R IE AR S ARG, BIREFUNIEE S RS R AR, WS
RIGEARAXTERILSE WA ERE BT I E AT, SBATLEL, YMRT6, RILFER
9107, T AR AR 1D R PR A ok b o B B R SR RE SR AR EE =0T BPSK R 4E

3 &R

AR SN SCHIR [1-6] 2 T 45 F5 11 BRI e 1) Jk o (07 80 B 4% R 0 R L A R BIE 0 XM i R AT A BEL, HES T
AR A S, BB TN MER 1R R GEIR LU AR R, JUIAEARAR MR L 25 A T 5 SR A B s R, X TR R AT
—EWIE TR o TN E— LA T K oh 2 B R G — R B A RE R AR IS RS, H MR,
REf AR R, MR T 6 HiR LR Ry 1070, HAERACRE 20T BPSK R 48, HUE kb (7 B 82 R4 fhE i
BRI P2 T A A5 5 1 52 0 AR ok i, DR ot ik e o7 8 B 2 AR 8 A D R 2 BRI S 4 FE L Y B 5 BLA
Bl

S5 3k

[1] LI Youping. A PCM/PPK telemetry ststem[C]// Proceedings of the International Telemetering Conference. San Diego,CA,USA:
Instrument Society of America, 1980:609-615.

[2] ZE,BR5A. PCM/PPK 5 PCM/PSK £ 8 L (1 JLAN (A [)]. 38 42 R, 1981(21):16-24. JTANG Chang,CHEN Yingcai.
Some problems of performance comparison between PCM/pulse position keying and PCM/PSK[J]. Telemetry Technology, 1981
(Z21):16-24.)

[3] BEKFHH . T QPPM-ASK 15 PCM-PSK — i k& Il £ 45 () 5 B L2 [J]. b UL =3 27 Be 2 4, 1982(4):35-46. (OUYANG
Changyue. About the comparison of QPPM—-ASK telemetry system’s characteristics with PCM-PSK system’s[]J]. Journal of
Beijing Institute of Aeronautics and Astronautics, 1982(4):35-46.)

[4] BRBHEK H . X F QPPM-ASK 5 PCM-PSK — # 3 il R &t 19 M B8 b ¢ m] 8 [J]. 3% I $5 K, 1983(1): 14-26. (OUYANG
Changyue. About the comparison of QPPM—-ASK telemetry system’s characteristics with PCM-PSK system's[J]. Telemetry
Technology, 1983(1):14-26.)

[5] W& ah. tuik PCM—PPK 328 JU R %) [J]. 32 9 £ A&, 1982(2):23-29. (XIE Mingxun. About PCM-PPK system[J]. Telemetry
Technology, 1982(2):23-29.)

[6] MUFF,ZE . PCM/PPK & U 2 4 M 68 4 A1 (7). B 25 W B 5 K, 1986(5):1-8. (CHEN Bingzhang, JIANG Chang. A
performance analysis for PCM/PPK telemetry system[J]. Chinese Space Science and Technology, 1986(5):1-8.)

[71 BERNARD S. ¥l {5 — Al 55 0 [M]. 2 R B AR BRI 20588, A8 0% . B Rt it 1 Tl Hh A, 2015:165-180.
(BERNARD S. Digital communications—fundamentals and applications[M]. 2nd ed. Translated by XU Pingping, SONG
Tiecheng,YE Zhihui,et al. Beijing:Publishing House of Electronics Industry, 2015:165-180.)

(FH:56 463 1)



