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Research for Improving the Speed of Scrambler in the
WAVE System

Dae-sik Lee’o, Young-mo You*, Sang-Youn Lee*, Se-Kab Oh™
2 o

WAVE(Wireless Access for Vehicular Environment) A|Z~Elol|x] ~zellEe]e] n|E QAR sleol} AXE
o] Sl WHE A7} Brlssie] m&Ao] "HoAA Fok B =iollMe dE dolEelA AzF 9HE 2
= duEES Alokeke)l w3t ~gEEel] vE A4k due]Ed) qE dHolh: A daelE 3 elo]BellA
AZE 125 2hs dESS 8HIE, 16V|E, 328|E w92 x7lsle] A5-S vl B A¥ 2 A 3l
8H|E+= 2917.83], 16V E 5432.13], 32H|E+= 10277.83] U G308 = Qlsivh wjeps] & glo|Eelx A=t
AAE 2= dare]Fe] WAVE Azdlelx ~33lEe]e] 55 7|3, A58 ws AAATS)elA =44
2|9} 2BKV2I) me 2F Alo]] BA(V2V)oR ofekdh Au 3o Al el AURS kAl S glrh

Key Words : A~ 24 22{(Scrambler), WAVE System(Wireless Access for Vehicular Environment System),
IEEE 802.11p, OFDM(Orthogonal Frequency Division Multiplexing), s#2d E|o|-&(Matrix Table)

ABSTRACT

Bit operation of scrambler in the WAVE System become less efficient because parallel processing is
impossible in terms of hardware and software. In this paper, we propose algorism to find the starting position of
the matrix table. Also, when bit operation algorithm of scrambler and algorithms for matrix table, algorithm used
to find starting position of the matrix table were compared with the performance as 8 bit, 16bit, 32 bit
processing units. As a result, the number of processing times per second could be done 2917.8 times more in an
8-bit, 5432.1 times in a 16-bit, 10277.8 times in a 32 bit. Therefore, algorithm to find the starting position of
the matrix table improves the speed of the scrambler in the WAVE and the receiving speed of a variety of

information gathering and precision over the Vehicle to Infra or Vehicle to Vehicle in the Intelligent Transport

Systems.
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Void Gen_scrambler_calculation( ) {
/* Bit arithmetic function */
Uint8 seed_src = seed, seed_val = 0; /* Initial value set */
int i, ii = 0;
Uint8* src, val,
src = input;
val = output;
for(ii = 0 ; ii < input_size ; ii++) |{
forG =0 ;i< 8;it+) {
seed_val = ((seed_src & 0x08)/0x08) *
((seed_src & 0x40)/0x40); [* x* and X’ XOR operation */
seed_src = (seed_src * 0x02) + seed_val,
/* Shift operation and x' add */
*val += (*src<<(i % 8)) "
(seed_val<<(i % 8));, }
/* Input data and seed_val XOR operation */

val++;  src++; } }
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Algorithm 1. Bit arithmetic algorithm of Scrambler
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void Gen_scrambler_table(void) {
/* Matrix table configuration Function */
Uint8 seed_src = seed, seed_val=0;
Uint8* ran_com = randomizer_table;
inti=0,i = 0;
memset(ran_com,0x00,1000);
/* Mnitialization function of matrix table */
for(ii = 0 ; ii < 127 ; ii++) {
/* 127 different bit calculation */
forG = 0 ;i< 8 ;it+t) |
seed_val = ((seed_src & 0x08)/0x08) *
((seed_src & 0x40)/0x40);
/* x* and x’” XOR operation */
seed_src = (seed_src * 0x02) + seed_val;
/* Shift operation and x' add */
*ran_com += seed_val<<(i % 8); }

/* Bit sequence stored in matrix table */

ran_com++; } }

AT 2. A wold 4 YelE
Algorithm. 2. Matrix table construction algorithm

E 1. 1670 v|EY
Table 1. 16 Bit String

1111 | 0000 | 1111 | 1100 | 0000 | 0010 | 0010 | 1011
111 | 1110 | 0010 | 1001 | 0010 | 0110 | 1110 | 0110

0000 | 1101 | 1110 | 1011 | 0010 | 1111 | 0101 | 1011
1100 | 0100 | 0111 | 0100 | 1010 | 1010 | 0001 | 1000
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Table 2. 8-Bit Matrix Table
1111 | 0000 | 1111 | 1100 | 0000 | 0010 | 0010 | 1011
111 1110 | 0010 | 1001 | 0010 | 0110 | 1110 | 0110
0000 | 1101 | 1110 | 1011 | 0010 | 1111 | O101 | 1011
1100 | 0100 | O111 | 0100 | 1010 | 1010 | 0001 | 1000
1111 | 0001 1110 | 1001 | 0000 | 0100 | 0101 | 0110
1110 | 1101 | 0101 | 0010 | 0100 | 1100 | 1101 1100
0001 | 1010 | 1100 | 0110 | 0101 | 1111 1010 | 0111
1001 | 1001 1111 1000 | 0101 | 0100 | 0011 | 0001
1111 | 0011 1100 | 0010 | 0000 | 1001 1011 | 1101
1100 | 1011 | 1011 | 0100 | 1000 | 1000 | 1010 | 1000
0011 | 0101 1001 | 1101 | 1010 | 1110 | 0100 | 1110
0011 | 0011 | 1110 | 0000 | 1011 | 1001 | 0110 | OO11
1111 | 0111 1001 | 0100 | 0001 | 0011 | O111 1011
1000 | 0111 | 0110 | 1000 | 0001 | 0001 | 0101 | OOOO
0110 | 1010 | 0011 1010 | 0101 1101 1000 | 1100
0110 | O111 1101 | 0001 | O111 | 0010 | 1101 | O111
1111 | 1110 | 0010 | 1001 | 0010 | 0110 | 1110 | O110
0000 | 1111 | 1100 | 0000 | 0010 | 0010 | 1011 | 00OO
1100 | 0100 | O111 | 0100 | 1010 | 1010 | 0001 | 1000
1101 | 1110 | 1011 | 0010 | 1111 | O101 | 1011 | 1111
1110 | 1101 | 0101 | 0010 | 0100 | 1100 | 1101 | 1100
0001 | 1110 | 1001 | 0000 | 0100 | 0101 | 0110 | 0OO1
1001 | 1001 | 1111 | 1000 | 0101 | 0100 | 0011 | 0001
1010 | 1100 | 0110 | 0101 | 1111 | 1010 | O111 | 1111
1100 | 1011 | 1011 | 0100 | 1000 | 1000 | 1010 | 1000
0011 | 1100 | 0010 | 0000 | 1001 | 1011 | 1101 | OO11
0011 | 0011 | 1110 | 0000 | 1011 | 1001 | 0110 | OO11
0101 | 1001 1101 | 1010 | 1110 | 0100 | 1110 | 1111
1000 | 0111 | 0110 | 1000 | 0001 | 0001 | 0101 | OOOO
0111 | 1001 | 0100 | 0001 | OO11 | O111 | 1011 | O110
0110 | O111 | 1101 | 0001 | O111 | 0010 | 1101 | O111
1010 | 0011 1010 | 0101 | 1101 1000 | 1100 | 1111
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void Randomizer() {

/* Matrix table and Input data Parallel processing
function */

Uint8* ran_com, com; /* Matrix table pointer */

int i = 0;

Uint8* src, val;

Uint8 counter = 0;

com = Init_seq; /* Start pointer of matrix table assign
*

src = input;

val
for@ = 0 ; i < input_size ; i++) |

/* Matrix table and Input data Parallel XOR
operation */

output;

*val = *src *~ *com;
val++; srct++; com++; counter++;
if(counter == 127) {

counter = 0,

com = ran_com; } } }

2TAIE 3. #H HoIED Y dlelelE WH HuEsh=
darelE

Algorithm. 3. Matrix table and Input data Parallel
processing algorithm

dve]E 3& B Randomizer &+ 127719
A2 o2 nEFZ TAE Pd gHolBS ol
dolele] Q% welsh wWal At W i
count, src, val-= A A sl2, 3L dHo] L -4 8H|E A
S o7 Aogk A2 E2lE nit_seqe comol]
Fato] A2F x5 A A7 4 dlelE input
2 sre, =3 d|o]E output> valell &ghel

S tﬁlO]Ei-E “10000010 01000010 16H] E.<}
4 dHo| &2 i 2% o E Eol A9 o5

E‘l % 30l A-&3le] 3 o] L2 gH|E
et o8 deole 9] 8u|E ]y wherl WEE
XOR 14HE ghr}, 33 dlo] B2 A=} £QlE 4
2 comS-ZH-E| 8H]E “00001110”3} 1= dlo]¥]
o] 413 whglel src 8H]E “10000010"L W HZ
XOR <d4bste] &3 dlo]E 8H]E “10001100”<
valell 2] A3}, count, com, src, val-> Z=7}3tc) =
g} 1277}]3] /Hi r/]._i‘:'_ 1:1] Edg :IJ_/HEJ z‘sﬂaﬂ Eﬂo]
B2 count7} 1273} zrom s glo] o] wix|ut
S AW e = F count = 0, 3L dHlo]E2] A=} Eal
B 91 Init_seqE v}A] comoZ sttt

= Hlo]EellA] SR E F7HsE oh5 E1E 9
2 com 2. ZHE 88| E “1111001073} o}2 1= d]
o]E] 2] src 8H]E “010000107- ¥ & & XOR <14k

¢
o

-

803

www.dbpia.co.kr



EA18H3] =74] *12-09 Vol.37A No.09

slo] =2 dlo]E] 8H]E “101100007-2 valol] F7}
3}o] A3}, count, com, src, val= =7}3kc}. &
g 8™ HolE2 127719 AR o E vlEFR
count”} 1273} 2 owl & o] &2l wix| S X
Wo v 2 count = 0, 3 H|o] &2 A=} ElE] 9
=] Init_seq e THA] com>Z eFgic)
dE]E 3& A8 A /] dlo]e e A
H|E7} 168 Eo] 22 83 glo]E<] gH|E the]e}
HEZ  XOR <likste] &3 dlolg]  valel
“10001100 10110000”2 A A8ty Z2 7S £ 8
E13=0
w38 o] BE 4l dare]FelA
3 |

S 1277019 A= gE nlEdz FAE g Hol
B2 9 dlelele] o =97t 8| E, 16H]E,
320 E, 64H| Eo] & HHE Z XOR A4S & 4= 3l
o B2 WAVE A|2dloA] A~z 8o 2]
=5 FAFH

ol

N

. Riotst AgE2] ATE|E

yE "HolE A daEEe 2713
W A~z Ee)o] vl E o4k 95 s o]
AT sk o] sl

2 =relA= dE HolBo] 8H]E, 16V] E, 32
H|E, 64H] Eof we} ~33 52 2] v E 48 3}
o] 127719 A2 t}Z v ELS 4 gHolEE v
2] 73] v 2 A Agie) opeba] fE o] &
< TAEE dae|SEe] e glo, vle] A E
& o] Eo] 27|gkell ube} A= $1xE A=)
dE dlelel e o delel W Hejd 5 9le
I ES Ak} Ak Azt =
o] A= 23 59F 2o ]l Helef o] /1
ol 8H|E |Fo s AAIRE Aok

a3 5& vlE] AR 8H|E wk9]e] i Elo]Ho
A 2717 «x! X % kP X k8 X9 Az 912 S abo}
1= dlofe]€] 8u]E 17 whele} WHE 2 XOR 4t
< 3l

wEba] 13 59 zo] 9] dlele]] {1 whe|r}
8H|E, 16H]E, 32H]E, 64n]Eo]E W Al &

ol shEglel® AAY % ek

804

D INPUT
DATA
8 BIT

Initial value [X! X2 X X¢ X5 X6 X7]

OUTPUT
DATA
8 BIT

J2 5. HMorst ATEof stEL|o] A
Fig. 5. Hardware Design of Proposed Scrambler
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Uint8 Scrambler_Table[127]={
Oxfe, 0x70, Ox4f, 0x93, 0x40,
Oxbe, 0x14, 0x3b };
Scrambler_Search() {
input_size=1080;
printf(“Data Input : 0x”);
scanf(“%x”, seed);
Switch(seed) {
Case( 0Oxfe )
Init_seq = &scrambler_table[0];
Break;
Case ( 0x70 ) :
Init_seq = &scrambler_table[1];
Break;
Case ( Ox4f ) :
Init_seq = &scrambler_table[126];
Break; }

Randomizer();

LN2IE 4. P& HlolEold At fAE ke darElF
Algorithm. 4. Start position finding Algorithm in matrix
table
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Table 3. Test Specifications
System WAVE DSP BOARD
Operating System | DSP/BIOS
CPU TMS320C6455
CPU Speed 1.2GHz
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Table 4. 8-Bit Processing Speed and Processing Times

8Bit Bit arithmetic| Matrix table
. . . Proposed
(Processing | algorithms of | construction aleorithm

speed) Scrambler algorithm g

1Time About 1.53ms | About 0.95ms | About 0.28ms
50000Times | About 76.77s | About 47.67s About 14.14s
Per second About About About

653.6Times 1052.6Times 3571.4Times

Memory 7B1t(Opefat10n) 127Bytef7B1t(O 127Byte

+1Bit peration)
A3 2]

AY 264 3E 59} 3ol B HolES 16M]E &
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Table 6. 16-Bit Processing Speed and Processing Times
16Bit  |Bit arithmetic| Matrix table
. . . Proposed
(Processing |algorithms of | construction .
. algorithm
speed)) Scrambler algorithm
ITime | About 0.81ms | About 0.50ms |~ 2 © U ¢
0.15ms
50000Times | About 40.64s | About 25.24s About 7.48s
Per second About About About
1234.6Times 2000.1Times 6666.7Times
7Bit(Operation) | 254Byte+7Bit

Memory +1Bit (Operation) 254Byte
(43 3]
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9= Alsieda, Aeldmt ARt E 83t ek
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Table 5. 16-Bit Matrix Table

Oxfe
3b

0ox4f
70

0x40
93

0x74
64

0x30
6d

Oxe7
2b

0x54
2d

0x8a
5f

0x7f
1d

Oxa7
b8

0x20
49

Oxba
32

0x98
36

0xf3
95

Oxaa
16

0xc5
2f

0x3f
8e

0xd3
dc

0x10
24

0x5d
19

Oxcc
1b

0x79
ca

0xd5
Ob

0x62
97

Ox1f
c7

0x69
ee

0x88
12

Oxae
8c

0x66
0d

Oxbc
e5

Oxea
85

0xbl
4b

0x0f
e3

0x34
7

0x44
09

0xd7
46

0xb3
06

Oxde
72

0xf5
42

0xd8
a5

0x87
f1

0x9a
7b

0x22
04

0x6b
a3

0x59
83

0x6f
39

Oxfa
al

Oxec
52

0xc3
8

0x4d
3d

0x91
02

0xb5
dl

Oxac
cl

0xb7
9¢

0x7d
50

0x76
29

Oxel
fc

0x26
9

0xc8
81

Oxda
e8

0x56
60

0x5b
ce

Oxbe
a8

0x3b
14

0x70
fe

0x93
4

0x64
40

0x6d
74

0x2b
30

0x2d
e7

0x5f
54

0x1d
8a

0xb8
7t

0x49
a7

0x32

0x36

20 ba

0x95
98

0x16

0x2f
aa

0x8e
c5

Oxdc
3f

0x24
d3

0x19
10

0x1b
5d

Oxca
cc

0x0b
79

0x97

0xc7
62

Oxee
1f

0x12
69

0x8c
88

0x0d
ae

Oxe5
66

0x85
bc

0x4b
ea

Oxe3
bl

0xf7
of

0x09
34

0x46
44

0x06
d7

0x72
b3

0x42
de

Oxa5
5

0xf1
d8

0x7b
87

0x04
9a

Oxa3
22

0x83
6b

0x39
59

Oxal
6f

0x52
fa

0xf8
ec

0x3d
c3

0x02
4d

0Oxdl
91

Oxcl
b5

0x9c¢
ac

0x50
b7

0x29
7d

Oxfc
76

0x9e
el

0x81
26

Oxe8
c8

0x60
da

Oxce
56

Oxa8
5b

0x14
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Table 7. 32-Bit Matrix Table

0x24d3
dc3f

0x1b5d
1910

0x0b79
cacc

0xc76
297d5

0x126
9eelf

0x0da
e8c88

0x85b
ce566

Oxe3b
14bea

0x0934

0x06d7
4644

0x42de
72b3

0xfld
8a5f5

0x049
a7b87

0x836
ba322

Oxal6
3959

0xf8ec
52fa

0Oxc1b5
d191

0x50b7
9cac

Oxfc7
6297d

0x812|0x60d

69eel |ae8c8

0xa85
bce56

3R2E

Aefgieel 223l

le 8. 32-Bit Processing Speed and Processing Times

32Bit
(Processing
speed)

Bit arithmetic
algorithms of
Scrambler

Matrix table
construction
algorithm

Proposed
algorithm

1Time

About 0.45ms

About 0.28ms

About
0.08ms

50000Times

About 22.58s

About 14.02s

About 4.10s

Per second

About
2222.2Times

About
3571.4Times

About
12500Times

Memory

7Bit(Operation
)+1Bit

508Byte+7Bit(
Operation)

508Byte

0Oxfe3b
14be

0x4093
470

0x306d
7464

0x542
de72b

0x7f1
d8a5f

0x204
9a7b8

0x983
6ba32

Oxaal
6f395

0x3f8e
cS2f

0x1024
d3dc

Oxcclb
5d19

0xd50
b79ca

Ox1fc
76297

0x881
269ee

0x660
dae8c

Oxea8
Sbce5

0x0fe3
bl4b

0x4409
34£7

0xb306
d746

0xf54
2de72

0x87f
1d8a5

0x220
49a7b

0x598
36ba3

Oxfaa
16£39

0xc3f8
ec52

0x9102
4d3d

0x7d5
0b79¢

Oxaocl
b5d1

Oxelfc
7629

0xc88
1269¢

0x566
Odae8

Oxbea
85bce

0x70fe
3bl4

0x6440
934f

0x2b30
6d74

0x5f5
42de7

0xb87
f1d8a

0x322
049a7

0x959
836ba

0x2faa
16f3

Oxdc3f
8ecS

0x1910
24d3

0x97d
50b79

Oxcacc
1b5d

Oxeelf
c762

0x8c8
81269

0xe56
60dae

0x4be
a85bc

0xf70fe
3bl

0x4644
0934

0x72b3

06d7 |542de

Oxa5f

0x7b8
7f1d8

0xa32
204%9a

0x395
9836b

0x52f
aalo6f

0x3dc3
f8ec

0xd191
024d

0x297
d50b7

0x9cac
clb5

0x9ee
1fc76

Oxe8c¢c
88126

Oxce5
660da

0x14b
ea85b

0x4f70
fe3b

0x7464
4093

0xe72b
306d

0x8a5
f542d

Oxa7b
87f1d

Oxba3
22049

0xf39
59836

0xc52
faal6

0xd3dc
3f8e

0x5d19
1024

0x79ca
cclb

0x629
7d50b

0x69e
elfc7

Oxae8
c8812

Oxbce
5660d

0xb14
bea85

0x34f7
Ofe3

0xd746
4409

0xde72
b306

0xd8a
5f542

0x9a7
b87f1

0x6ba
32204

0x6f3
95983

Oxec5S
2Faal

0x4d3d
c3f8

0xb5d1
9102

0xb79¢
accl

0x762
97d50

0x269
eelfc

Oxdae
8c881

0x5bc
e5660

0x3bl
4bea8

0x934f
70fe

0x6d74
6440

0x2de7
2b30

0x1d8
a5f54

0x49a
7b87f

0x36b
a3220

Ox16f
39598

0x8ec
52faa
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Fig. 6. Performance of Algorithms to Find the Starting
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