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Improved LZW Prefix Coding Scheme Based on Azimuth Information

HAN Bin ZHANG Hong-hong JIANG Hong DING Yi

(College of Information Engineering, Southwest University of Science and Technology,Mianyang, Sichuan 621010, China)
Abstract LZW compression algorithm has important application value in real-time acquisition and wireless transmis-
sion. Generally, it adopts the acquisition-compression-transmission working mode, and high compression ratio in this
mode can greatly reduce the pressure on wireless transmission. But in the case of fast acquisition speed,low data trans-
mission bandwidth and limited hardware resources,it can easily lead to problems that the compression rate is not high
or the speed of acquisition is mismatched when compressing the digital signal which has a sampling point of uniform
probability distribution. To this end, this paper proposed an improved LZW prefix encoding scheme based on azimuth in-
formation. Firstly, the improved compression algorithm maps the sampling points based on compression ratio factor,so
that it can identify the compression condition of adjacent sampling points. Secondly, through the azimuth information be-
tween the sampling points, the code length of the sampling points is shortened, so the data of the sampling points is
compressed. Experiments show that, compared with the original LZW compression algorithm, the improved algorithm
can increase the compression ratio by 26. 25% without increasing the complexity and hardware storage space. There-

fore,the effectiveness of the algorithm in the acquisition system was proved.

Keywords 1.ZW algorithm.Orientation information, Digital signal. Mapping,Coding
1Mk SCONBABET 2 S W RE XS B E MR, Fln. DES
P

FIAT B R 4 5 2 i BOR 7R 16 S0, TR L B L3t
AL LA B A o 2 B AR AR 4% 4 T AR . A S B
FREET L R G 1 i B AR A TR B O T R B JE AL
LR N NP /A BT e R ER s i G I s N3
— R R R ) T AR R 7R AR R ) T 2k AR i
e, CRIE B 75 R IR IR BT T B e 1 i 1) OGO AL i T SR Y 4R
1+ (LT [0 268 0 90 ) T 540 14 i 28 8 ) R R B 254 T
TR ] A R AT A AR e BRI A R (HAE R s 3

FH H]:2018-08-24 R f& HE.2018-12-07

R e LA S 8 vl L 32 X PR 5 014 R I TR A RE 7 52 ™ A R
] 3 ol R 41 70 SR 48 430 A< 50 v B9 S v L I T B B i Ak
SR R (4 ME B 5 20 78 v Bk B R R A S P L B R R i
o 32 MR FRBE L0 L X BERE AR BUHRAT Ak A% B ZESR . A5 LU
RRREREE T, AN T RE A2 2% 4 3R A B R Ok 5 T 4R A% i
IH R, 5 i 504 2 i 280 24 1) — b A 280 A i 2 T AR AR
FEGR AR

T A T 45 IR 45 0 0k 2R T T A9 Huffman [E 48
S A S AR X B AT T 40 B 95 2 X R R AT

AR 5 H ARG H (51475453) , P4 BFE KA WF 58 AR G5 3 4 (18yex118) %l .

B REA974—),. B WA, @I L B A T W, RS 7 ORI LR L L fE 5 AL B AF , E-mail : hanbin@ swust. edu. ecn GRFIEE) 5
SRETLT (1991 —) L WA, FEWFSE 7 0] R iE (515 5 A0 B S5 Rp R R B8 T R BUR A 5 3T 811969 —), 7 48+, #0424 T 0, E 5

i AN (R A BT

—(1990—) . B LA, EEBFIE T 1) S W L AL



158 B N N = R

2019 4F

BTN S b7 KR 1 P A 2 1) L T B8 A R0 A R A
TEBL, 46 R AN BEAR Y ) Zive S R T R T R
LZ77 F1 LZ78 FE4 51 AR A5 5048 0 e 4 M me 45 2 T B 2
Ft. Terry 45 LAFHAE A R4 BAR R IERE AR B T LZW K4
B R R R ] SR Re A R, ME
LZW FE 45 50 10 )1z g % 2 380 12 9 ekl e o — T o 22
PIBFIT N . RS R B R B Y LZW 45 550 1k 76 5 52 1 1
T TR L H X R AR A BT R S R R AR
ANHAH,

ARG AL AT LZW R 48 50 00 RO, & (2972 + 1) <<
R 8715 5 CBUE S 5 K BE (R FR A% KO A nbit, R M {5 5 i
IMEB e R Z B R ARG HEE > (/2) — 1),
P T —FEET 0 E B LZW R4 00 %, )t
T BT 5 00 SRR A HEAT G B ST R A 0 A A

2 LZWEEHNREEHRIIR

LZW 553 9 £ A SEARUR: B U 0k SO SO 08 v 1) A TR]
TFAT TR e AT — A o R SRS T e R T AT
RV ARG SCA S b 9 RH R A LU JRG B

T RL BB A LZW 553k 9 52 SRR AT 4 bie 52 L 525
KT — DB A FAF 5 L bit G T8 B 545 1 2 ) 15 4 O B
U AHZ GRS TE R R T N RR R, WL 2R A E T IZE
AR T L s gy ik

SCHRL9-10 T8 %of B R U B A 1 2 OU A B4 r) A3, 482 11 )
TUAR VBl A B4R 9 T 8 I B 0 i, B R R T AR R BT AR
B MR TR 4R A — E ROR E X T IR E B DB FES IR
AFRORA A, SCHRLT1-12 02U K IR S5 o B 25 5 L I
HRORA — P AN TR M IR . SCRR13 14
BB DA 25 AR A T o TR 2 ) R B B L 4R i TR L
(EREAR T R4, SCHRC14-15748 Hh /% 530 v 23 ) 1 0 45 5 %
Bz () P A 7 L R R ) B3 A T 44, FL A XS 57 0 A 1
HH I A AE A 22 B AT O R SR BOR B HGE T I 0 A L
H B A R B AR A Bl . SCHRL 16 B B SR T W S vk o
TSI F 4 TR ) 2R B R L AR TR AR LG L ELR 38 B U A%
BB R D TR BCR AW o SCRRL 17 138 I8 M1 0 40 % 3R
A543 v 194 DG 0 R TR A ) T A AR R B R . Sk
[18-19 TR F 3k 73 31 LA R K1 JH 3 161 S 2 il 110 23 AQ T B L 3%
B AR B0 A BE B 1 T 48 R B9 MO A e T A ) T RN A
FAARGHE L.

R N [ AR PR TR AR L (B R R
AL BN TR A 5 IR SO T A A s T L B 4 L
PR RO RN W . 7 B R R AR B2 MR LR A 0 1k A TR 2 B
J R R AR | Ak R B OR R w REAR R B R RO IR IR ST
Tox 8 R AL Y 1 R A ROR AN BEAR

3 MHRBARRKRSW

O LA SR B 3 T R R BR BE R AT AE I A R OR L AR S
Bt X TR 05 5 B ) — o T R B T R R AL AR LZW 2]
2 A% B A R TR A0 Bk o R R R AL R R S o S R R
BLRHPE R SOt LZW B2 40 18 05 X, DT 46 8 1 4 T I B2 L 42

T TRAR B . AR SC B vk oy T RE R AR RO i B R
A T AR IR o e A5 R0 A2 i B A R AR AR R N AR D
A S OB 1 A A i 4 ) TR S R 0 LB X R 4 S AT I8
3.1 MESHFEEF

B LZW IR 46 808 09 R/ D bie, B 1Y 8 £ i 46 58 3
HVOBHE RS E R T, R Bk B, 6 ik LZW
S EAT RS S RS )y ¢ S RS V. R
Bl K/ANR D 5 BB r R i B S VB D, S5 8UE D
ML P RS H o 405 98U RN

5D o =D- NP <0 (1

1 3 CO T, B A e 46 3 o, 08 B R BB i, 76 D bit
Bt b i o L) Py OB BRGT

St LZW B0 00 i I (0] 5 LZW 551 A 45 B 1) Y
AR 7, R

£ £
D+ 2P, +6; 2P, o
=1 =1

_t _ V. _ Ve
T D 1
\% \%4
k
;§1P "o i oi
TR AN -
i=1 \4 \%

3 (2) AT ARXS T LZW Bk 4 B /0 etk LZW &

G ST B TG B < LM S P, T 1 BT <1,
Go ()

B B 1 PR He 0 B 35 2 73 45 ok L 3 L m<<%>o

H G T AT 7R BOHE LZW O 4 55 B O BE B B30k 19 & 2%
JE PR AS S 3 T A A K A T R R RS A E — 2B A
A B W R 4 T
3.2 FHKELAE

LZW S0 1 28 8 — R AR K 18 07 20 HR 7
SbR LA AR S N 3 2 0 g BE (] nbic RR) 2
12 bit, 16 bit, 18 bit, 24 bit, A7 i 1 55 = HL < 3 40 45 A9 1 0 4%
%, YRFESTFRREELZ 2 WERKCENTFHREKES
T A i, LW B i a0 280 45 4 12 A9 R 45 5 R R AL,
PR I, 7% SR FH PR BI0OH G 505 1k A0S B2 A5 5 00 m T Y 1R, %o it
KPFESHTES ., BFFESEEST AL DESTE
IR PIRAE 52 2) (55 b R & —Fh g 5 26480,

BE X5 — BT AR SR I 40 £ 14 AH 6 M T Ok 4
MK, MR EIEME L iR, HARHR v =2qx.2220 H
a=0,

N

Y2
B 1 L EIR
Fig.1 Parabolic graph
W1 FR Z R B o fH (0 sBR AN 7 H 3l 4 4%
b ERAE A XS R By F oy, o XA HE) 2 A R R



55 8 10 #ho R EETILE

Bkt LZW /25 905 07 &2 159

BERHAF A 2 B B KO TR 4 R BRSO AR S P R B
gﬂu_n;ﬁfifpf&ﬂhjyﬁgﬁl FEH 1 RR L IEBH 0 £ &
ASBUE BT 5 60 A T 1 bit AR S B] . 7R SEBR TR 8
B A A SRS SR R iR B4 R a5 i
BORAT A R4 511

BEXTEE 2B TR S BT — T — YR BR B B4 A G 1 BT 4
Ja K . DUIESR 4 BRI ], FE R BT AN 2 BT .

"

K2 AR ETE

Fig. 2 Positive sawtooth pattern

MR PR B B K R f (et OB R F() B, kA
SRR 1 3R AR AR WL R B 0 R L A SR
e S 0 5 1 bit A7 A TE . fJ\FTTﬁEP A+ B i b
A BT B SR R S ot a2 M B Y Ak R BN AT A
FE 45 44 .

LA =16 bit AT 55 o B, 75 K HI 90 9y 2 % B 4k
P2 H A n=16bit, FHKF L=2"—1, LZW FiEX1%
F5 4R B R A AR, N oR BOAH G M T A B ) S K
n=16bit, FHKFF L=2" —1, P X@EL2" ', 2" — 1]k @A
WAL AE IR E QX R B LZW R R R RS TR
i L6 R SRR A K o oA gt B 3 4 BV A G 5 F IR BE A 22 R &8
H XD T A 52 bR TR N Hb B i sk Lt L 2
I8 28 8, 7 G B 3ok AR o, R R R 0 SR B AT S
H A AL AE L
3.3 AHESHERSE

3.2 WETR X TR S . R LZW B H B 7Y &
AR IO RN AR DR, A SR A R DR AR L AR B
FAE S A BT g 7 2L (0 B A AT S LR R G R
81 0 11 S e R BEOR

S R nbit BT (5 S LR 27 X 27 WA B R R
CHIHE bt TR G (A A R T 04 o bic TP 96 (5
BN R 5 L 0 3 TR

o 1 2 3 4 5 22 -1
2131415 201

3| ©

22 2241|2242 243 D
c

S N N =
o
o

(]
[3%)
Lo
Q
> % «——@—> & «—

Bl 3 i fE

Fig. 3 Location map

AL R ARG nbic (19 27 AN BUHE F TR A /NE] R

ZEFAT BB R U 1950 53 A B 27 X 27 (SR I L Pl 3
PAREFO~CQUY DAY, BAEK 2~ —D
AT RO . ARAR 3.2 WM G IR S B BT AT SO gt
B A PR AR AR B S AT R . AR A AR B
BRI B A [ LR B W F

MR B TS BTG 0~ (27 ' — D)L k0

- bit FORATE I B 0~ (27 — DL 4RI

bit RRIME B . T 05 B 25105 P54~ AH &8 E 8 78 %) B
HERATR TN 3 ESF MR, WA EE B
00 F&7m , Ho o5 2 bit 19 £ 4 25 A1 5 25 Wi U v A4 AH 45 2008 76 0
NEAR B AL TR RIAT WA B AE B 01,10,11 RoR, H 5
2bit BAFfE S ), Hob, 01 2 7R P ECHE S & fE T e L —
FUNE 31 C 5D RCR), 10 Fm W5 T 5 ERT# 1
T—ATE 3 CHE MXFR) 11 FomWEHEE AR 1T X
ANTEMABATE S CNE 3 F5G MR,

TL &IEEF‘ {nl%\%ﬁ%ﬂj”/\ﬁﬁE”iblt EF‘E/J#

225 () HEAT G 00 A1 53 — 2B A 1 IR BRIV 0
AT DL SR ) 3% X TR] L BRSO R N
p.=f(p.sL)=p,+L
Horbv, p, AU pe G350 S B ST K AR R RO MR L A K
B — B B 4 B L A S R DU LR 2 5 A 1D
Ao AR R U R A EOE e G B A B X)L R AL
EAR R IR RS W AR R E T
RRAETE A B,C.D 4 MAHABEE B AL B 435
HHon bit 48,24 A R RSN C 5B 8D 5C A~f
TEFMIRR .M CE D Hnbit WA, 24 A KA a3
CHBEHED 5C HFAETMRFR M, HFK C5H3# D W
G A bR 5 — A0 <8BS 0 J7 6L 58 R AT dn 5 B AT, ol A

<2+%>bit Gt ASCHLE #5 A R B [ & A gt W E

%B'ﬁcmﬁleﬁ,ﬁﬁfmwg)bn Xt C HEAT SIS A K
EEHMH B 5 C #MEA KA WIEMH DEC T —17:4

C [FI R % A st 9+ B B %A & AEmegtad, WE W D ¥ C
B —17.

BARAS KN 16 bit (19, JE4R A% 15 LA T

11 7CCH 5t B 16 bit 4 fibH:11 = 2° +7C+ L) ;11 A5
(B, 16 bit Rt .11 * 28 + A5+ L);11 BD(Z BN
00 1011 1101),11 CD(Zwf% 4 00 1100 1101),11 D3 (i fi% N
00 1101 0011),11 CF(%if% >k 00 1100 1111),11 C2 (b5 K
XX 1100 0010) . V&A% FH R 4 4 0% B, 45 A B0 ¥ 46 16
bit i, T ELK 16 * 7+16416= 144 bit; R A CESE
Ik TR 164+16+10 % 4+16+16=114 bit, T &)
(144—114)/144=20. 8333 % - Bl FE 45 L #2155 0. 263158 1%
3.4 MHEENIH

AR SCHCHE Y T A A T R AN
BT REACEEG R S A XA,



160 B N N = R

2019 4F

ﬂ}y'% 2 WHE PPz s Pes s P ap,—sé‘\ Pr=0,p0=0,p.=
Ovﬁl-szovj)(;zov/ﬂxiqj PPz s P anZEll: 4 /l\ﬁéiﬂg?#éﬁﬂﬁg’
B4R, p, 10 S HOHE 00 R 4 1% B .

A3 R LZW Bk g 1 7 5 49 2 1 g 1w &
P o
HYR 4 Y p,=0,80 p, =3 BF FREL p., J5 10 3% L2 B9 T

BAE po 5 po IPFARBIL IR 5 B NGB HE 6,
HIES %,IPLZE PdE%EIEqJWJIEJ*??E#J% pJ’pzZé}

S b5 IS L po I 0 B A2 T — > B
{8 A5 R o B A T p, B AL A B B o T

(2+%)ﬁﬂi1’€)ﬁ5ﬁﬂ’ﬂ n QLG . Y po S po AER—FTH .

R P‘zl*:j Pwﬁﬁﬂ‘] Do .24 Przljj Pllﬁ*ﬁé\ﬁﬁ?ﬂﬂl»ﬁ??ﬁﬂ?
WEFR S poFE pa B9 E— AT pa N B FMAEGKE L, p. 5

Do AN+ po M B KU A R — A Ol 1 01 8 £ AR

Do B IR p ARV B AT B po 20 BB
JRA n BT 2 pos 6 ot BT —ATHE . po 19 ps 43 B L
FIIEARE Lo po N2 po 5 BRI A T — A0

i1 37 A B AR pd%%{ﬁ,#ﬁﬁ b AR EAE AL p,

FH(Z+%)1EHM’§D?T§EE’~J ORVE T IT I UES €T N e (R VAR

BN BAL B B RIP0R 7,
B R p ICREAEE S W YA, WY

b RO 1 E 2 Hﬂ‘,ﬂq(ZJr%)bit B po I p. ICFENE

BER R,

WIRT A RGEA LR 3 SR

TE AT I, PR < B2 B AR Al AR SOk AT i IR
/P,

25 ERTR AUt e B v B T R 4 LG R X SR A R AT
Wl S 5 4 o HC B A5 R RUR THT AR 408 SR A A 99 VR 200 19 20 5 9K U %

SRR A SR ) A 7 LA R 4R A I BT S R SR
T A R ) TR 46

3.5 EHiEMEELE
4 FhE 45 AL PERE LBk 1 BTA .,
F1 BEEMRELR

Table 1 Performance comparison of algorithms

N B cummarx  gsax
Huffman # 3 O(N?) B
LZW JE 4 5 % O(N) R
XwR[15]% % O(N) HE
AR XE % 5% O(N) o

E:NAERGKE
Huffman F 455505 % B 35 X B HE P 0 RO HE 0 7 XA
A, BRI HE R R A R R O B R AR R L AN 22
e, J5H BOCHERAE B R S . PR RS O b L JE
1] 52 2% B2 B AR o WA SOR 4 A HE P 52 B Huffman 25 14 . i

) 52 2 B A3 AT AT

F SCRk C20 TR 240, 4 Al B i 1) & 2% B R Ol log, (N —
2)+1+(N=2) ], H i 3 T4 540K @ 7 R TR 30, Bt
HLE A E BN O(y») =0[log, (N—2)+1+(N—2)]+
Ollog, (N—=3)+1+(N—=3) ]+ +0[1+1+1], 3 N—2
I, W AT LR kR,

0y =0[ Uog, (N—2) 4+ +1D+(N+1) » (N—2)/2]
Bl O =0(N?),

LZW FE 45 55 1% o 00 1 AR 0 D 19 7 B A 4R, #l SOk
L2175 iz Bk i B 2 44 8 O(y) = O(NM+ M*N/
loga(NY) . Hot , M S MAES A (— i M=1),a(N) K
FRFRKE B OG)=0(\NDET,

SCHRC IS TR ok I B R AE LZW T 45 300k i LAk B R
FH WS 5 A SR A T T, ST AR K G L b T R
A8 B 04 A B AE R VA oA Dk I e [ A 2 L L e )
HIRFE N O =0(N),

ARG A LZW R 47 52 i 5L a2, A SO
ok B G AD  2  BAE  ff  SR AR I G A K B A
g K — 2, BARET R 24 AR IH S OG) =0(N) . A %
B 4 /N R JEOR i — 2 4R T A I RAOR,

Z5 1 AT A5 A SO G B i M AR A T A A

4 KBWEHH

TR AS SCR SR A A SR XTI S g o A )
) PR BCT 5 5 0z B ik 3R AT I — 28 RS K 16 bie, >R
BEARFE R 100 kHz A5 5 450 3R By 5 kHz {5 M b 52 A9 8 30145
LRSS NES 15 — 2 K Oy 16 bit SREESIFE N 100
kHz f5 5408 N 5kHz f5 M LR & R BIE S 9 5 %
2, HABPE S A% 100 000, 600 000, 800 000, 1 000 000,
3000000,5000000,7000000,10000000,

FERIE i MATLAB i 556 UE 556 09 & 20t )5 )
BB SR N B AU S

B 52 35 PR 855 . FPGA v [ 25 476 4 FH 19 /2 Micron 2 W]
i) MLC %! Nand Flash, 85 & MT29F16GOSCBACAWP, P4
£ 2GB, N ALHLIF B X £ 58 38 115 5 AT R PR AR I
AR AT NAND Flash(B RS2 . R C E
T SCBUAR SO 4 L 9 42 . ELF SCE, 4 FPGA 38 . A
SIEPERTBCHE 0 TR 4 5 A

BT AE T B 44— 7 BT 4 RS IRPERE Y 2500

22 - LZWE % 3%

O SMROSIH B4 ok
~A= Huffman % 4 # 3%
—— ARG %

BEAH x10°

B4 {55 1 B RS X He A

Fig. 4 Compression ratio comparison chart of signal 1



%8 RS T OGBS LZW R g S Ty R 161
) 32‘%@%@% BERIE AR SO TR Gk TR 4 H DR SRR
‘ /ﬁ\n/ﬂ ﬁﬂ%%ﬂﬁ'd/ﬁs@ﬁ i B3 AR T AR 415 SR BE 2510 R 45 1 00 L SRR
Lo iob SRR AT 0 O 15 B 4 SR R A O B KL BRI LZW
B b | )wa;%;«zw%f;%ﬁ THEGE. 5 LZW B %

oo —a 0 a——

HHENMK x10°

B 5 {5 2 AR LX)

Fig.5 Compression ratio comparison chart of signal 2

600 - LZWESH o
& s E gk

" W\
400 W

P== e
300 %

05 10 15 20
¥ A/N/B x 107

JE 438 % /(B/ms)

Bl6 5o 1 Y458 X R

Fig. 6 Compression speed comparison chart of signal 1

600 - LZWESH S
& Xmlsht K% Sk
~#~ Huffman /E 4 % 3%
- o KX R
g 500 \’/4
N
g8
N
S
w400
® W
% ¥
300
e ]
05 10 15 20
K AN/B x 107

K7 55 2 09548 2R L

Fig. 7 Compression speed comparison chart of signal 2

AT 55 1 S 2 SN IL R R, S804 5
P B AR OR [] B A 2% 43 A 4 00 Huffman JE 45 51
PR WK, F It Hulfman RAEBEIEXES 1 AIES 2 %
A RCR R BAR I AR R B R 4 SR S B SOk
(15 ] lealt i LZW R 46 809k 00 R 46 LA TR & BA55 2 L
A 1 PSS AR s A SO RN FES 1 AR 2 ik
155 W T 28 00 R 2 5 AR, TR 45 L mT R T 4 26 96, IF HL A I
LUK, R 4R R A
JE 47 38 B 7 1 - Huffman JE 45 8 3% 75 206 B AT 5048 ok 47
P AR R B R AT . S BORAEA R N 100
kHz, B 33 £ 2 200 B/ms B, 0 5 50408 1% i 2o A2 v S 90 %
B4 Huffman 5 H 80K 4 B2 5 1 4 3 3 AS DS S A9 15 300 5 SC
BRC15 DAY 503 0 R 400 3R B ORI 1 (ER RO T AR I A
PR 5 AR S0 400 0 1 3 5 X B30 A R O Ak B K 16 bit 194
oA A< 45 55 R 10 bit, 78 AR B IN5 1k B AR BE AR T L MR R
BE L gisa T AWK S E T R, Hx
&5 1 M55 2 A 45 o B A SR 2 A AR, O LA MR LB 3
45 PR, ot R s AR R B 19 S 0 451 A XU S 46 T
FH .

AFTETE 5 T PR3 1 78 JLF- IR B - 53 i A0 A7 6l 45 ] 1Y
H3R N, P 2808 3 R 40 W 10, 3208 R 46 L5 2) o A4y, B

HEWREAGQYP TP+ D<RMEFHESHEA. F51
5155 2 PRy 43 B0 R 4 S50 B0 IE T AR SOk B BRI A
Bt . ARSCRSRE X T R A& 2T+ D <R LT
F5 R AR B, X R EIR R SO S R 4R AL

He— e it — 2
2 % X

[1] XIE R Y,HAI B Z. Lossless Compression Algorithm Based on
Hybrid Coding of Adaptive Huffman and Golomb-Rice for WSN
[J]. Computer Engineering,2016,42(7) :86-93. (in Chinese)

i 5 2, W AS 7 . kT 18 B FE SR & R Golomb-Rice 1R & 4 5 1Y
WSN T i 4 3 L], 3H LT AR . 2016, 42(7) :86-93.

[2] SAYOOD K. #4# FE 48 536 (4 O [MI. 37k, 7% Jb st AR
S HL £ AL 2014,

[3] HUFFMAN D A. A for the Construction of Minimum-redun-
dancy Codes[]]. Proceedings of the IRE. 1952,40(9):1098-
1101.

[4] AL-OKAILY,ALMARRI A,YAMI B A,et al. Toward a Better
compression for DNA Sequences Using huffman Encoding []].
Journal of Computational Biology,2017,24(4) :280-288.

[5] ZIV J,LEMPEL A. A Universal Algorithm for Sequential Data
Compression[ J]. IEEE Transactions on Information Theory,
1977,23(3) :337-443.

[6] ZIV J,LEMPEL A.Compression of Individual Sequences via
Variable-rate Coding [ J]. IEEE Transactions on Information
Theory,1978,24(5) :530-536.

[7] CHEN Q H,CHEN X S,HAN D L. Compression on algorithm
LZW on Chinese text[ ]J]. Computer Engineering and Applica-
tion,2014,50(3) :112-116. (in Chinese)

R D B /AR S R A R P SCSCAR R 1 LZW B[], 31541
TR0 ,2014,50(3) . 112-116.

[8] WANG H G,ZHANG P L,WU D H.,et al. Lossless compres-
sion of slowly varying signals based on dynamic LZW and arith-
metic coding [ J]. Application Research of Computers, 2015,
32(9):2742-2756. (in Chinese)

EMOL kM, REWE LT HE LZW 558 R 5 15 1 2748
G L] LN 858, 2015,32(9) : 2742-2756.

[9] TRABUCO M H.COSTA M V C,et al. SEMG Signal Com-
pression in One-Dimensional and Two-Dimensional Approaches
[J]. IEEE Journal of Biomedical and Health Informatics, 2018,
22(4):1104-1113.

[10] SANGEETHA M,BETTY P,KUMAR G S N. A Biometric Iris
Image Compression using LZW and Hybrid LZW Coding Algo-

rithm [C]//2017 International Conference on Innovations in In-



162

i BN R

2019 4F

[11]

[12]

[13]

[14]

[15]

[16]

formation, Embedded and Communication Systems (ICITECS).
Coimbatore, India: IEEE Press,2017:75-81.

LI T J,ZHAO T D,NHO M,et al. AN ovel RLE & LZW for
Bit-Stream Compression [ C] // 2016 13th IEEE International
Conference on Solid-State and Integrated Circuit Technology
(ICSICT). Hangzhou, China: IEEE Conferences, 2016 1600-
1602.

GAO F,SUN C J,SHAO Q L,et al. Lossless compression of hy-
perspectral images based on k-mean clustering and conventional
recursive least-squares[ ] . Journal of Electronics &. Information
Technology,2016,38(11):2709-2714. (in Chinese)

B PR B e, 45 B K- R ML S A o =
Tk my Ot T R R (1], T 5 45 B 2 4R, 2016,
38(11):2709-2714.

NANDI U,MANDAL ] K. A Compression Technique Based on
optimality of LZW Code (OLZW) [ C] // Proceedings of the 3rd
International Conference on Computer and Communication
Technology. Washington D. C. , USA: IEEE Press, 2012: 166~
170.

XU D W,WANG Y D,JIA L M,et al. Compression Algorithm
of Road Traffic Spatial Data Based on LZW Encoding[]J]. Jour-
nal of Advanced Transportation,2017,16(2) :1-13.

MARTIN T,MARKETA T. Data reduction for Boolean matrix
factorization algorithms based on formal concept analysis [J].
Knowledge-based Systems,2018,158(15) :75-80.

YAN H Z.XU B G,SHI D J,et al. Prefix Encoding Optimization

and Application of Lossless Compression Algorithm LZW[]].

[17]

[18]

[19]

[20]

[21]

Computer Engineering,2017,43(3):299-303. (in Chinese)

BRWE YA T A ZRUL A5, TR R A Bk LZW RS 4 i 1 1k
Lo JACID. AHSE AL T2, 2017,43(3) :299-303.

XU J P,LIU L,LI W,et al. A New Lossless Compression Algo-
rithm Based on Array Configuration Speedup Model[]]. Journal
of Electronics & Information Technology, 2018, 40 (6):1492-
1498. (in Chinese)

[E o I Ul S FPE L (B S 7 U | BUa i iU ot 7 S
A k)] i T 55 2. 2018, 40(6) :1492-1498.

LIC Z,YU J B,ZHANG M, et al. Obfuscation tool for mobile
apps based on Huffman and LZW encoding[ ] ]. Journal of Soft-
ware,2017,28(9) :2264-2280. (in Chinese)

AEIRPE RSP IR AR A, —FP T Huffman #1 LZW 4 5 19
BN R Jr 3k [T ], R4, 2017, 28(9) : 2264-2280.
TUAMA A Y.MOHAMED M A. MUHAMMED A.et al. A
new compression algorithm for small data communication in
wireless sensor network [ J]. International Journal of Sensor
Networks,2017,25(3) :163-175.

LIU Y Q.GONG S R.A Sort-once and Dynamic Encoding
(sode) Based Huffman Coding Algorithm[]]. Computer Appli-
cations and Software,2009,26(12) :86-89. (in Chinese)

X HE L SRR 4%, JE T — KHE )T 3 A S D 09 Huffman % % 57 1
LI, FHFEHLRL 5 5k . 2009, 26 (12) : 86-89.

FILATOV G,BAUWENS B,KERTESZ FARKAS A. lzw-Ker-
nel:fast kernel utilizing variable length code blocks from lzw-
compressors for protein sequence classification [J]. Bioinforma-

tics,2018,34(19) :3281-3288.





