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The 64-Bit Scrambler Design of the OFDM Modulation for Vehicles
Communications Technology
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ABSTRACT

WAVE(Wireless Access for Vehicular Environment) is new concepts and Vehicles communications tfechnology using for ITS(Infelligent
Transportation Systems) service by IEEE standard 802.11p. Also it increases the efficiency and safety of the traffic on the road. However,
the efficiency of Scrambler bit computational algorithms of OFDM modulation in WAVE systems will fall as it is not able to process in
parallel in terms of hardware and software.  This paper proposes an algorithm to configure 64-bits matrix table in scambler bit
computation as well as an algorithm fo compute é4-bits matrix fable and input data in parallel. The proposed algorithm on this thesis
is executed using 64-bits matrix table. In the result, the processing speed for 1 and 1000 times is improved about 40.08% ~ 40.27% and
processing rate per sec is performed more than 468.35 compared to bit operation scramble. And processing speed for 1 and 1000
fimes is improved about 7.53% ~ 7.84% and processing rate per sec is performed more than 91.44 compared fo 32-bits operation
scramble. Therefore, if the 64 bit-CPU is used for 64-bits executable scramble algorithm, it is improved more than 40% compare to 32-bits
scrambler.

= keyword : ITS : Inteligent Transportation Systems, Wireless Access for Vehicular Environment System, 64Bit Matrix Table, Scrambler,
Vehicles Communications Technology
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2.1 WAVE A|AHIS| E2|AIS

OFDM(Orthogonal Frequency Division Multiplexing)
[4-6] ZEH AL CHUZE 23P 5, LEFAH, U
e, 5k Wz ol e 4% g 99, Tz
7}, IFFT(Inverse Fast Fourier Transform) $34F, GI(Guard
Interval) 57}, A& A%, IQ & A4S 77 ¥ RF
(Radio Frequency)E &3l Hlo|E{7} dEHt}

WAVE E&450)4 OFDM ZEZ oA (28 1)
ZTH7.8].

Mapper
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e Encoder Interle QPSK. dd o] reer Wave
/2,2/3,3/8) 16-QAM, Shapping
64-QAM)
Data Viterbi
sink Decoder
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(Flg 1) OFDM Modulation
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(Fig. 2) Hardware Design of Scrambler
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(Algorithm 1) Bit Calculation Algorithm of Scrambler

Void Scrambler_Bit Calculation( ) {
Uintt4 seed_src = seed, seed_val = 0;
int i, ii =0
Uint64* src = input, val = output;
for(ii = 0 ; ii < input_size ; ii++) {
fori =0;i<64;it4) |
seed_val = ((seed_src & 0x08)/0x08) "
((seed_src & 0x40)/0x40);
seed_src = (seed_src * 0x02) + seed val;
*val += (*sre<<(i % 64)) " (seed_val<<(i % ©64)); }
valt++;  srctt; |}
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(Fig. 3) Bit Calculation of Scrambler
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(Table 1) 128-Bit Input String(Hexadecimal)

28 14 8C 2 7A 26 2E 61

CF 7A OF FO | AA | 3C 63 FF
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(Table 2) 128-Bit Output String(Hexadecimal)
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(Fig. 4) Hardware Design of 64-Bit Calculation
Scrambler
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(Table 3) 16 Bit String(Hexadecimal)

(¥1E|F 2) 64H|E &H Ho|2 74 La|F
(algorithm 2) 64-Bit Matrix Table Configuration
Algorithm

void Scrambler_Table(void) {
Uinttd seed_src = seed, seed_val=0;
Uint64* ran_com = randomizer table;
mti=0i=0
memset(ran_com,0x00,1000);
for(ii = 0 ; i <127 ; iit+) {
for@=0;i<64;it4) |
seed_val = ((seed_src & 0x08)/0x08) "
((seed_src & 0x40)/0x40);
seed_src = (seed_src * 0x02) + seed_val;
*ran_com += seed val<<(i % 64); }
ran_com++; } }

3 7719 HA2Hol 48 EE 2713 seedE seed_stc
2 33t W seed_val, i, ii9] 27182 002 T3
th memset 5= P HolES 2788t o,
33 HolBo| HEYS AA3t7] 918 randomizer_table
€ E20H ran_como] &33ic}
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(29 3)3} Zo] 27]%k seed src “1111111(0xFE)”S 77}
A 2EHol Yt ~aWEe Y HE AR (I
3% 22 16719 ME b2 HEFS 74351, 16719
ME T2 HEYL gHlolE WRe|iE 3T xS ui
o7 AN 128(16*8 = 128) A BIELL Ao A
AE HEY “0x306D746440934F70°7 2o}, wghA 127
Mo MZ T2 HEEE TA4HE 4 E P gHolE&
g dolele] 98 oS v ER WE A itk

LT E 2004 AY for & 12709 sk, 19
9] for #OE 438 T4t 127719 4HIE & |
olE-& Tt 49 ulolHY AA Z7]7} 1016 Hlol

306D746440934F70 7F1D8A5F542DE72B 9836BA322049A7B8 3F8EC52FAA16F395 CC1B5D191024D3DC
1FC76297D50B79CA 660DAESC881269EE OFE3B14BEA85BCES B306D746440934F7 87F1DSASF542DE72
59836BA322049A7B C3F8EC52FAA16F39 ACCIB5D191024D3D E1FC76297D50B79C 5660DAESC881269E
70FE3B14BEAS5BCE
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(Table 4) 127x 64-Bit Matrix Table(Hexadecimal)

306D746440934F70 7F1DBA5SF542DE72B 9836BA322049A7B8 3F8EC52FAA16F39% CC1B5D191024D3DC
1FC76297D50B79CA 660DAEBC881269EE OFE3B14BEAS5BCES B306D746440934F7 87F1D8A5F542DE72
59836BA322049A7B (C3FBEC52FAAT16F39 ACCIB5D191024D3D EI1FC76297D50B79C 5660DAESC381269E
70FE3B14BEASSBCE 2B306D746440934F B87F1DBASF542DE7 959836BA322049A7 DCFSEC52FAA16F3
CACCIB5D191024D3 EEIFC76297D50B79 E5660DAESC881269 F70FE3B14BEASSBC 72B306D746440934
7B87F1DSA5F542DE 3959836BA322049A 3DC3FSEC52FAAIGF 9CACCIB5D191024D 9EEIFC76297D50B7
CE5660DAESCS8126 4F70FE3B14BEASSB E72B306D74644093 A7B87F1DSA5F542D F3959836BA322049
D3DC3FSEC52FAA16 79CACCIB5D191024 69EE1FC76297D50B BCE5660DAESCS812 34F70FE3B14BEASS
DE72B306D7464409 9A7B87F1IDSASF542 6F3959836BA32204 4D3DC3FSECS2FAAT B79CACCIB5D19102
269EE1FC76297D50 5BCE5660DAESCSS1 934F70FE3B14BEAS 2DE72B306D746440 49A7B87F1D8ASF>4
16F3959836BA3220 24D3DC3FSEC52FAA 0B79CACCIB5D1910 1269EE1FC76297D5 85BCE5660DAESCS8
0934F70FE3B14BEA 42DE72B306D74644 (49A7B87F1D8ASF5 A16F3959836BA322 024D3DC3F8EC52FA
50B79CACCIB5D191 81269EEIFC76297D A85BCE5660DAESCS 40934F70FE3B14BE 542DE72B306D7464
2049A7B87F1DSASF AA16F3959836BA32 1024D3DC3FSEC52F D50B79CACCIB5D19 881269EEIFC76297
EA85BCE5660DAESC 440934F70FE3B14B F542DE72B306D746 22049A7B87F1DBA5 FAA16F3959836BA3
91024D3DC3FS8EC52 7D50B79CACCIB5D1 (C881269EE1FC7629 BEAS5BCE5660DAES 6440934F70FE3B14
5F542DE72B306D74 322049A7B87F1DSA 2FAA16F3959836BA 191024D3DC3F8ECS 97D50B79CACCIB5D
8C881269EE1FC762 4BEAS5BCE5660DAE 46440934F70FE3B1 ASF542DE72B306D7 A322049A7BS7F1D8
52FAA16F3959836B D191024D3DC3FSEC 297D50B79CACCIB5 ESC881269EE1FC76 14BEASSBCE5660DA
746440934F70FE3B 8A5F542DE72B306D BA322049A7B87F1D C52FAA16F3959836 5D191024D3DC3FSE
6297D50B79CACCIB AEBC881269EEIFC7 BI14BEASSBCE5660D D746440934F70FE3 D8A5F542DE72B306
6BA322049A7B87F1 EC52FAA16F395983 B5D191024D3DC3F8 76297D50B79CACC1 DAEBC881269EEIFC
3B14BEAS5BCE5660 6D746440934F70FE 1D8A5F542DE72B30 36BA322049A7B87F 8EC52FAA16F39598
1B5D191024D3DC3F C76297D50B79CACC ODAESC881269EEIF E3B14BEASSBCES66 06D746440934F70F
F1D8A5F542DE72B3 836BA322049A7B37 FSEC52FAA16F3959 CIB5D191024D3DC3 FC76297D50B79CAC
60DAEBC881269EE1L FE3B14BEAS5BCES6

ol’fo] Holx A=z Ee o HE

4B E g Hol 5 A&t WEAY & + Aok
127719 A2 T2 HEYE TAY 64HE 2 Ho| &
Q (DI 4)94_ 7Lq

(F 49} o] 4B E P HolE3 9 HolHE 64
HEA Bd3 XOR A4He 3t}

dugF 2004 12771¢] ME B E HEEE 744
64U E I o] &S ¢Y dlojE 9 U T 4HE
o} WE Aibsle daEEe ¢vEE 39 2

U1 E 3 2 Parallel_Computation 342 1277}
9 ME GE HEYEE 74Y 649 E 4 HolES ¢
g o9} 640 EX WE A3} ran_com¥} comO
2 g4 go]B9 EAHE A A, WS i, count, src,
vale AR 27709 ME tE HLE_?‘:;E TAE o4
H|E &4 #| 9] & randomizer_tableS ran_com®l 33},

3 gHolEe] 27] LAEH YA ran_comE comdl TF
gk =3 A HolHE sre, 28 dolHE valo] &9
gt}

64HE FE HolE

randomizer_table %73k seed

“UT1111OxFE)"2 A8 (& 4)9} 128W] E2] 1 H|o]
B (& D2 A% 5ol 49sE 0w g
(LT2IE 3) 64H|E H B[22} @2 Ho|ElE

oittshs A2|E
(Algorithm 3) 64-Bit Matrix table and Input data
Parallel processing algorithm

void Parallel_Computation() {

Uint64* ran_com, comy,

inti=0

Uint64* src, val;

Uint64 counter = (;

ran_com = randomizer_table;

com = ran_com;

src = input;

val = output;

for(i = 0 ; i < input_size ; i++)
*val = *src " *comy;

val++; srct+; comt++; counter++;
if(counter == 127)
counter = 0;

com = ran_com; } } }

ro

12 QlEfYl HESIE| (14213)
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U2 3L 2435 640 E P o] B F b
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valoll A7}, sre, com, val, count= 64H] E & Eo] &
o] 92l 4HEHR Zr}eit) w3 33 g o] E-2| count
7} 1273 2o 3 Ho|Ee] vpx|go| 22 count = 0,
P o)l B %7] EUH ran_com® HAE comlE
g},

The 4HIE 33 Eo]E-0] 64H]E “0x7FIDSASF542DET2B”
<1919 tloEle) 918 T sre (4H1E “OxCFTAOFROAASCE3FR
EWEE XOR SHtlo] 5 HlolE] 6411 E “OxBOGTRSARELIS4DY
= valoll 78] A AL, sre, com, val, counts 64H E
Fd ol B T 4HEHR 715t} =3 3E g
o] 89| count’} 1273} Zow & Ho|E9 vjx|golm
2 count = 0, P& HOJEY 27] EIH ran_com®| $IA]

U F 3& 85 A 4 dole e HA HET}
128H]Eo] B2 640 E 33 Ho] B9 640 E T 9} H
ZE XOR AAkete] 8 to]E] valoll “Ox1879F8463AB56111
BO6785AFFEL184D47E Aty Z2I3W-S T3t}

ute}A] IEEE 802.11p ¥ 714 ~3WEH HE ¢
b dagFolA 128¥ AYSAI, 4R ER bl
23PE8 dagFdAe 28 APk

E =FodAEs 27719 AE g2 HEERE 744
HE g HolE g HoHE HEE XOR A4t
g 7 9loEE WAVE A 2HS AY $55 H%
k=g

o R

fso]:

o

(E 6) 1277H9] 32H|E A Ho|=(16%1s)
(Table 6) 127x 32-Bit Matrix Table(Hexadecimal)

H =R A= HEHA A2T3W B9} HERZ A4

(X b) &I ALt
(Table b) Test Specifications

N 2-H) WAVE DSP R E
FAA DSP/BIOS

CPU TMS320C6455
CPU &5 12GHz

=g 256MB

%o CYlof

£ =RdAE o dolE & “0x306D746440934F70
CF7AOFFOAA3CG3FF” 128RIES #&3lo] 4HER o
sete 2395 YuEFY 38 HAS3] A8l
Ay 12 20 E P HolES FEste 2aPEH, 4
3 2¢ 4HIE 38 HolES 83l 23WEYE A
ook =3 4 dolHe A @efnitt F7HARI
2] S fEo] dasith A 1, 2014 oY el
El9] Z7]% 1080Byte 31, A2)&E} A2 34E 10
3 243 A& HaFgoz TSN

(A8 1) A3 1904+ & 63 o] RHIE P4 Ho| &S
Agehs 2aPE = Asia, AgEEy Agsls

fe3bl4be 4093470 306d7464 542de72b 7f1d8a5f 2049a7b8 9836ba32 aal6f395 3f8ec52f 1024d3dc
cclb5d19 d50b79ca 1£c76297 881269e 660dae8c ea85bce5 Ofe3b14b 4409347 b306d746 542de72
87f1d8a5 22049a7b 59836ba3 faal6f39 3f8ec52 91024d3d aoc1b5d1 7d50b79¢ elfc7629 88126%
5660dae8 bea85bce 70fe3bl14 6440934f 2b306d74 5542de7 b87f1d8a 322049a7 959836ba 2faal6f3
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