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A Novel Dual-Amplitude Fixed Length Digital Pulse Interval
Modulation Scheme
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Abstract Aiming at the problems and performance shortage of digital pulse interval modulation (PDM), a novel
dual-amplitude fixed length digital pulse interval modulation (DAFDPIM) scheme is proposed. The structure of
the modulation is described in detail. The transmit power, bandwidth requirement, transmission capacity and
error performance are discussed. Then these performances are compared with several other improved DPIM
modulation. The theoretical analysis and simulation results show that this novel DAFDPIM can achieve a good
balance on various performances and make up the lack of the DPIM with unfixed symbol length. Hence, this
novel modulation scheme is superior in optical wireless communication system.
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Fig.1 Symbol structure of different modulation methods
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Table 1 Time slot sequence of different modulation methods

Message bit OOK DPIM FDPIM DAPIM FDAPIM DAFDPIM
00 00 10 10110000 10 1080000 101100
01 01 100 10011000 100 1008000 100110
10 10 1000 10001100 B0 1000800 B01100
11 11 10000 10000110 B00 1000080 B00110
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Table 2 Transmit power of different modulation methods
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Fig.2 Transmit power of different modulation methods
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Table 3 Average slot number of different modulation methods
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Table 4 Bandwidth requirement of different modulation methods
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Fig.3 Bandwidth requirement of different modulation methods
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Table 5 Transmission capacity of different modulation methods
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Fig.4 Transmission capacity of different modulation methods

4 ZEREVERE

2 B Bl 261 250 15 2 250 T 40 M 1O SR H 5 SR 5 FNF B S 0 A Bt 90 7 2 1 22 K54 B . {EL il T DPIM
T DAPIM 9 I B A~ B 75 1, 25— I B 8 2 G2 I, R (2 B 0 L 7 7 9 5 2, T L3 2 3 U5 S 24
B A L BT DL 7 T AR A R,

S T A B HLR SR (12] 7 4R 9 T2 G 15 R G A IR A 0 U TR
PRI N, /2 B 5 007 1R 7 (AGWIND L S % B T ] 6B 410, S FITJ5 K ALl SR G U 3 , 7T D /8 W UL B 72
BTSRRI (2)20 . MR (3) 2 A% 4 2 2 K 2 5 A% 4 T 2 J /N L T

090602- 5



51, 090602(2014) HMYSEMNYEBEIZFHE www.opticsjournal.net

W 6 fr R .
6 25 AR 7 20 de/NER L LA B B
Table 6 Minimum Euclidean distance of different modulation methods
DPIM FDPIM DAPIM FDAPIM DAFDPIM
MP*Q2" + 1) 2MP* (2" + 4) MP*(3+2""'y 2MP*(2" +3) MP*2"" +16)
R,(IL+B)(1+2" R,(1+B) R,(5+B)

He 2 6 FP 9 drr /ML LA B A (2) 2K, 45 310 4%l ] ol 75 3K A 2 i it 4 3 ik X

_ o p? B MP*(2" + 1)
Pm-—om( - Q( NuRb Ja Pm—l)PlM - Q[ 4N0Rl)

MP*(2" +4)
Pur—FDPI\T = Q W 5
0 b

MPz(zw—l + 3)2 MP2(2W+1 + 16)
P«-r—DAPIM = Q M-1 ’ P(-,.—N(-,w = Q AR LN P
20 +B)(1+2")N,R, 2(5+B)N,R,

AN RBE — A Fe R s 32, i A E XA B A 1R . AR R R
pP,=1-1-P )" =NLP, IM,

P(:r—FU‘\PI\’] = Q[ W
ol

MP 2" +3) J

(14)

(15)

X N R R AL R R, N/ M BT S R s (14) 3 b A% 3 i D7 2 R i R AR (15) 2, RV

PR A PR R R KA

Pl 5 20 T O 7 VA0 5 M 00 4 0300 7 28 19 358 AR 6 T 7 9 B O D g i 2. T A
B2 0 3 0 1 0014 9D 3 2k 5 A W/ 5 % OOK A1, 3 A 3 450 7 58 5% 62 2 D 4 B 2 4 40
T/ 5 7 AT 7] 30360 R 974 1) 19 DAFDPIM 8 1 1352 £ 5 &5 DPIM i 605 — i 9 % . 59K DAFD-
PIM F 22 H5 HE A A 22 T 3EAlb JLFR DPIM #9808k 75 2%, (607 52 B R FT oo o o 335 4 M 1 1 9 o 5 ok 5 1

JEI AR AR R L, B AR DR A R 4 vy DR ARl 22 6 2 o2 el f5 A9 25K o

10° 10°
1015 10-!
8 109 L 2 10°
ot
5 107 5 10°
§ 104{—00K b S 104—00K
S ,ns S DPIM ) —e—DPIM
% 10°| —FDPIM g 10| ——FDPIM
£ 10-s| —DAPIM =¥ ——DAPIM
10%) +—FDAPIM 10—+~ FDAPIM |
107 DAFDPIM 107 DAFDPIM
2 3 4 5 6 7 8 9 10 2 3 4 H 6 7 8 9
Average received power P /dB Average received power P /dB
10° 10°

-

d
£ 10 —O00K £ 102}

£ —o—DPIM =

S 10 . ——FDPIM 2107

@ 104f X —— DAPIM 3 10-41 —O00K

2 . FDAPIM e ——DPIM

—:ﬂ% 1050 DAFDPIM S 10-5k ——FDPIM

a¥ o —DAPIM
10-% 10-5¢ ——FDAPIM
107 T AN\ 10 \ DAFDPIM

2 3 4 5 6 7 8 9 10 2 3 4 5 6 7 8 9 10
Average received power P /dB Average received power P /dB

B 5 2 ARG 7 iR, (a) M=2; (b) M=3; (c) M=4; (d) M=5

Fig.5b Packet error rate of different modulation methods. (a) M=2; (b) M=3; (c) M=4; (d) M=5
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