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Double Index Data Compression Method for Onboard Computer
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?(Beijing Institute of Control Engineering, Beijing 100190, China)
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Abstract: As the functions of on-board computer systems become more and more complex, the scale of programs is also growing rapidly.
A stable and effective code compression function is required to ensure the storage and operation of on-board software under the
background of extremely limited storage resources. Hybrid compression is currently the mainstream algorithm for lossless data
compression, and it has the characteristics of high compression rate, large code size, and large demand for computing resources. However,
embedded systems such as spaceborne computers require reliability and anti-jamming capabilities, and hybrid compression cannot play its
amazing effect. At the same time, the compression rate of a single model is too low to meet the demand. This study proposes an
improvement method based on the advantage of the low resource requirement of LZ77 algorithm, the details are as follows. The new
algorithm uses a new matching record table for the compression. This table stores high-value indexes to assist in compression, which
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realizes the complementarity between the local advantages of the original algorithm and the global distribution of high-value data, and
reduces data redundancy to a greater extent. In addition, the new algorithm combines dynamic filling, variable length coding, and other
methods to further optimize the coding structure and reduce storage requirements. Finally, the lossless data compression algorithm (LZRC)
is designed and implemented, which is more suitable for the aerospace field. Experimental results show that: (1) the code size of the new
algorithm is 3.5 KB more than the code size of the original algorithm, and the average compression ratio of software has increased by
17%; (2) compared with hybrid compression, the runtime memory of the proposed algorithm is only 12%, and the code size is also
reduced by 84%, which is more suitable for on-board computer systems.

Key words: data compression; LZ77; embedded operating system; limited resources; matching record table; multiple index
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o_len=upper_log(window). H: 1, window J& &% ¥ 78 1 & H /).

T length BIgm b 7 B BETFELT i BN N7 2 A3 bE R 40 e, BRA length KT 1 W HEAT 9 S, X2 H
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——— e

8 8 7

length=8*n+7
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AT EIHIXS length (194 A5 S 57 _E A 74T B K BEREAT 20 BUIF B IO AT RGBS, 4 K BER T 2 BRI,
W) p A T AN SRR 1100 AR A R B . G 2 SR, SO I g AS UL 8 DY B AR, X 4R g A T 5
T PR Rt A A A ) 2 A R
2.4 MLELiER*E

LZ77 SR s B 1 B R R A, (RN T AR R A R AR A s A A ik, B R B E D
T DD UEEE B 745 B3 1, 2T A R AR AT RE AR B 1 DAAMAO LT 2 B Dk, LZRC Sk ¥t 1 — R 45
ey, FROGUCHCIC SRR, R BER K978 20K A1 U UL S 2 9F HAF & BRI 747 #5145 08— € U Aok X
B, FERFEGE, 07 2 e AR VLR IC SRR T 3 AT 745 A5 UL S, P AET 30 a0 1 rh VLIS, 3 O BT 5 vh I 4 A%
RAERAE R 5 BEAT b e, LRGSR A/INEE, 1A AR DL ) 5E T LA A A7 i R0 e DL e 3R 5 30
wWIHAGE A, REledt— DS w ULEC LR A g S 20 I DL RC D 3R 3R 5 O g A 25 A 1 7 o

BRI UCEC, 3R R AT S AFRELL 0 FF/F1) ASCIL f5, = ZEARKTE T VLT i Th i
LZRC 5} UL HE B Bh i F) 4 Bt 45 b 3k — 20 &) o3, UGG I A% B SGAE DL C e SRR hdb 47 A 4K, AR 3h & 1 b k4T
B aQULHRS; & AT H VLR, WS AR RRIIARE 1 HS5 AN HAR PR S AEIL R IE R R PR 5], AN
Ja 2 VLRL T, MR S NILEEARAE O (s BAN 745 B K, M, 07 2R % 775 B A7 G TL L il SR 3%
AT — Pl DU AL I HS UL B DI, ol 7 B AT S DU DA RS 2 v 2 HEAT B . AR B A RN
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R HANBEAT A RCAR, W2 S EILEIL SRR P A KRR AR E 7/ 8, ZeI8E N 7RFEH®
B LMD IR, RN AR T VLACIC SRR A a2 I VL EE 3R Ja i Bt 45/ B 8 s,

DT

‘ 1 ‘ 0‘ offset ‘ length ‘

‘ 1 ‘ 1‘ buffoffset ‘

Kl 7 LZRC 4mfid 45ty

UNREIES
Thereis an |¢

| eat

apple

here is pple,n@.There is a banana ... ‘
| WEE | g |

& 8 LZRC VUM Hds 4544
2L R 45 o 2 R 3 UG fic B 7 45 B i gmAS Bk dn S B,

ALGORITHM 1. Encoding process upon successful matching during compression.
Input: offset: the offset of the matched string in the window;

length: the length of the matched string in the window;

buffLength: the length of the matched string in the record table;

buffOffset: the offset of the matched string in the record table;

buffSum: the number of elements in the matching record table;

Output: encoding result str.
1 if (match successfully) then

2 | WriteltoCompression(str); I TV IE 2 745 £ i 5 A\ bR A7

3 | if (length>buffLength) then

4 | | WriteOtoCompression(str); 1131 i B A UL e 7 455 B 1A 280

5 | | offsetCoding(offset); 1T B i DN G T 2 45 H i A% g 5
6 | | lengthCoding(length); 154 3 E A B UG BC 72 49 A K R 4 i
7 | | if (buffSum<maxnum) then

8 | | | buff_insert(offset,length); B NUNGRRE S

9 | | else

10| | | buff_delete, buff_insert(offset,length); IR FF LSRR A T R e €

11| | end

12| else WriteltoCompression, buffOffsetCoding;  //

13| end

14| return str

15 end

VLHCIC SRR AL BER ML, LLr 7T e (K R A7 0%, S bt DUAE I Bl 7 1 v DL J5E 21 /9 74+ 5 K B R B
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fEbRAE, 777 B, AEREEK A i I B A7 4 B RE S R TE 2 I Bt . S UL IC I SRR A A BRI, AR
ANFRFH TR RN R G — Ao mMER, DRIEIL SRR TTREE 57 REE. TR A RHZEN, &
SO I AT R SRR BT HE Y, (R RCREE. AN, RSBl R, VGRS IC 3SR I Ak 775 B SR
2%, A — A ) AR 1 R A8 80 0 AT 4R BT 5 — /MR length AR BRI EME— K777 88, XL
HE— 35 Ul /D 1T RN A7 R SR L T g ) SR I 1) B 3R PR S B AE TR DT BE 74 o 3R 5145 U2 A\ DG T 2%
MR, BRI EORE R RIER PP AR K ERA F, ER M T RN TRBEEHIAE 1024 LN, K2

ZRIEAN 0(L).

JEU06 s 4 9 7 5 H A AT DL B AC 3%, AT DA Rttt — b U A, AR, TR DA A K UL E 7 B4 DL i 3%
R B G b X P REAT B4R, X0 58 27 RN 18] 52 2% B2 B0 7, T 484 0 08 e 8 it 3 2 SR A RS 5 A A
FEROBEIN, P LATG B0 T 1 50 R MOR/NEAT @ R AL KSR R, 1E# 1 KB IILACILRE S

1 KB KW s oh X, M4 5k s o
ALGORITHM 2. LZRC compression process.
Input: data waiting to be compressed,;

Output: compression result compre.

1
2
3
4
5
6
7
8
9

10 |
11|
12 |
13|

R O(n).
LZRC Hk R IS 4 L R T P,
ALGORITHM 3. LZRC decompression process.
Input: data waiting to be decompressed;

Initialize window, buff;
foreach characterlnstring do

buffOffset, buffLength=FindinBuff(character,buff);
length, offset=FindinWindow(character,window);

if (length>1||bufflength>1) then
StringCoding(offset,length,buffLength,buffOffset);
WriteCodetoCompression;

else

WriteOtoCompression(compre);
WriteCtoCompression(compre);
end

moveCharactertoWindow(-);

update Character;
14 end
15 return compre
WAL R RAE while(-) 3 7 56 A 2= 404F, BTN T ILACIC R R BN BT 4, B4 F 48 Sk
) 5% B2 9 O(mxn), Ferfr, m AR T gt R0 87, oh Hs 4k R AR UC RC VBR8P UL FE 250 75 A FH T 30
S X 5ILEIC R ARG IRAE, BARAPIE MAEIIEHE 1 KB LA, ERFME LR KB IN, x5k
I () 77 AR BCOR RGN, B4k, BT ASIN T LRGSR K 1 KB W87 6], £ 2 R b, LZRC H %A

Output: source data string.

1

Initialize window, buff, bit;

2 where bit<compre.size do
if (compre[bit++]=1) then

3
4

if (compre[bit++]=1) then

IRTLEAGTE B B O 5 UL % &
138775 b B
MULELIE R N B4

I sh & 1 &K

HERFFIC 3R W J6 3R U 1E E

1

EY R A b N S N N RIS &8 R R 7Y AR DA

1175 UL HE 3] 77
L UN R & LSRR VR €

© hRBIEB IR

http:// Www. jos. org. cn



3852 HAFFIR 2022 4% 33 A% 10 4

5 | | | str=readBuff(bit);

6 | | | WriteStrtoString(str); HTNVCTEAE 35 2 H fiff 1 4 Hcais
7 | | else

8 | | | str=readWindowCode(bit); NI & E ik 2 5o

9 | | | WriteStrtoString(str);

10 | | end IRFFIC TR N TR B E
11| else

12| | str=readCharacter(bit);

13| | WriteCtoCompression(compre); IR RAETLE, k& B 75F
14| end

15| bit+=codelength; 15839 88 T 40 A s o

16 end

17 return string
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B 1775 () ASCH RS IF 5 N4 SO, N, 4k B L RS A B AR B AL, Hh UG RS B R e 777 8 PR R
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