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Abstract: In order to obtain transformation matrix accurately, a new compression method of
traffic flow data based on compressed sensing was introduced. The original data were projected
into the low-dimension space directly by Gauss projection regardless of transformation matrix
selection at the data compression side. Firstly, traffic flow data were proved to have sparse
representation under the K-SVD trained dictionary. Secondly, original high-dimension data were
projected into low-dimension space at the data compression side by using the random matrix with
restricted isometry property, which made efficient and rapid data compression possible. Finally,
after data transmission, data decompression were accomplished by convex algorithm at the data
processing side. The traffic flow data obtained from the coil sensors located on a certain highway
of America were used to validated the new method. The experimental result shows that the data
compression method is fast and efficient. When the compression ratio is 4 ¢ 1, the relative error
of data decompression is only 0. 060 8. 5 tabs, 8 figs, 18 refs.
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Fig. 1 Compressed sensing flow
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Fig. 3 Compression flow
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Fig. 4 Compressed sensing data in different domains

3 EBIERSSH

AL LA SE [ B JE 5 38 0 B0 30 v T % 2 B A T
i R AR 1 S VA 2 BCHE S 491 s EAT A SG SR AIE .
3.1 AW HIE

2 Pl A% A ) 245 A1 U AE 3 [ W) JE 5 38 M B e
B 35 ) S0 ol 5 2% R B i R ) Y e R B b 2R
1% %A% o3 A UL BT 5 (B 18y 2% V8l 4% i . 194 B Je
S35 N B JE BT i A 3 T 5 26 AR 2 T Z ) B — AR
/N

2 VB A% R A 01 A% %Al P 285 40, 15 2 900 MK
D3ty s AR A0 42 3B Bk AN ) B A A I ol 4 5 1~ 4 A
PG I o R T il rp 2 BB A% Rk A 1 2H 208 L
FEL 6 G 0 st %) b 3L SR DR AR R L 1

1 KNG HMEGE

Tab.1 Geographical locations of inspection stations

Sl | &R/ | /O | FTREEE | JiE
1 93. 40 45.08
1-94 It
2 93.31 45.07

K5 Zlelfe s oA

Fig. 5 Distribution of coil sensors

2R 15 AR 1 FiE1
ﬁm%{&&%@%z FiE2
o P AR 3 i3

P67 g 2 B e 19 56 R

Fig. 6 Relationship between coil sensors and lanes

LI L AR AR I B HE 5 WA
PRI G 2 th 2k BB AR R 1 A E] B 1~20 1)
A (B L2 2 4 (8] B 22 8] (4 [E] B 2k 30 s,

A BETE 15 TN B 2 4 000 >4k JB 14 i A [
W AR S 77 A= 10 K AT S A 2 ] 0L, PRI T A0 2500 I
PEAT R4 o DAE T 808k 1% i 5 o0 A . 4R Bl A Sl it
B BB BAE TR AR TE N O i SRR £k P DA R
T 5500 B 42 1) 32 B 5 808k % i 50 o A R 4 7 S AL
TR RE T 5 A Ak BE ) BB AR PR T A A R
T fa7 5 A B T 4 5 1% o LA 3 o B0 T 4 o A7
BRI 55 RE 5 () I S 3 i R TR 4 . Dy b 52
3 M v 8 IO B AL 1 A A I 2 M ) A L i
U BBCHE 1) s i 2 3 LA B i e AR T T 4 A A
TR J R HHE i SR AR [E] R 30 s, B 1 h /Y
AT U RO O R BE P R R s R N D 120,
e 10 /AL AL P 1% R g 1 A 1 SR 5 10 2838 I
R AR AR AT S, F T AR B 5 i
3.2 FATZEHENRRRIE

G O AE A B R T K-SVD 335k 4 2 31 25
T, B 10 DRSS 1A H NSRBI B 58
UL B L LL/NIS Sy B2 R 43 SR 12 000 AN diE BT

Ui



118 X @ E I £ F R 2012 4
%2 SEEEBHRVE 10 A~ J80F 4 FE 5 A7 b 3 36 DA MO0 . ot 3
Tab. 2 Detection values of coil sensors J}f?ﬁ\ﬁﬁlj\:}:ﬁﬂﬁﬁjﬁﬁﬁf , iﬁﬁ%ﬁ%&?;ﬁi
i i) B ZEdE/(veh s h™ 1) HAER/ % T ] LS B i 255k .
1 2760 10 R3I BHRRERESW
2 1680 7 Tab.3 Error analysis of sparse representation
s 5 520 6 120 2 000 10 0.033 2
- . - 3.3 ERERETRNEER
- — ; % F 1) 725 7 ML i 0% LA R 720 40K 2 2 RIP
. -~ - S5k A I T B ST IR A £ R I E
: . - 30X 120, 3 iok 5 07 4 JE A M b J5 0 0 1 2% 1 3%
- — . S N U BO G BE N 120 AN AR ] 30 A TR 45 He
11 2 040 7 EERRE
3.4 HIEBES
. o : TR Ly~ A A 78R S 4 0 P 4 U
v 2250 v BOBCHR N P 0 1 40 5 MO 15 D50 00 1 AR i
" S ! %M 0.060 8. [ 45 BCAR 5 5 I KU Y H B L
. e i V8. HRARLL 4 ¢ 1B FE 4 e RO F 45 2 2 L
10 2 160 ; Fed, T AT LU 6 4R BN 0 AT R R
1 - 10 J5i o f TR A AR X35 22 29 0. 060 8, REAS L 20 K5 i 1%
18 3 480 10 5 T A B
19 2 640 13 oon —F
20 2 400 7 ~ : ﬁ ' F’
B4 % 120 X120 000 B I 25 REA, BURE A of ;2m-¥w}¢tw:ﬁﬂxww, JA
FEL2 000 AN HHEWI 4A LT D, 2 JLYE B R 120 X mﬁlooo! / ! v "‘\;“:L\’ L' J‘J”‘/\md“.:‘j\‘
2 000, = :
FHVIZRREAS X7 0 D SR K-SVD J7 i 1 45 7% R B . B e
£ 200 WG E BN HE R 120X 2 000 B2 005, B 1] B

IEAZDCPCIE B AR T gl e R 2 5 AR e F I
UL 10 A g 368 B s Bl 0 47 i 30 5% A X 52 3
TR R R IR . M R A RE e S IR
W%l F 50 o i A A f A EEEILIE 7.

E 8 F5FILE
Fig. 8 Comparison of F and F’
x4 EREBRRESN

Tab. 4 Error analysis of compressed sensing

B IR B FIRF IR 220 0. 033 2, J5 IR B dE 7E K-SVD R | RARRE | A 5% 2%
LR R 2R R AT I 3, AT L i K Kk |/ F

3000 —F 120 30 41 0.060 8
Sl L1 Mo h n th R B0 T LR b T 4 £ K 0 53 A
5 ‘M”%ﬂ”UHWM@“W%M5 BB R4 J7 2 T DA A% SR 20 B0 TR 0 5 G i %
@ rooor o F VY SES J0 R P A 0 DAy 4 B0 1) G B A s 512 R
o B R4 R AR 2 S AT AR BB R 1 Y

0 210 4|0 610 810 1(1)0 1120 JE GG B .
Ll 3.5 E@ERTESEGETENRTL

BT F 5[ HIR 5 45 A% e 3o KA R 45 A1 L L HE 46 15 SR O TR BR

Fig. 7 Comparison of F and f T L3 A B A 1 156 B SR BB A 3 A I L



% 34 FERRF AT RGBSR & 119

15 5 SR s RV AT S B9 e 4 =2 A0 76 BROHE T 4 i 1Y)
HHE RN,

AR SO T 4 A% JEOT 125 5 4% 58 07 ¥ AR BUHE T 4 it
MR R AT T X LAy B . D R 3 3 I e AN
F 45050 N, B BE A 4B MOXN ., Rt
152 52 BB R 4l i P A 5 1) & FOAH 3fe 58 i
FERXAS 2 A v, T AT MN (R e ik il M(N— 1)
ok iR OMN) L, O S R ECBE 2 .

1% 455 7% 40 U M e 400 8 ST A I A8 AR e Sk I
A MR N N XN, 1EA % B P 8 g i, IF
BCAR MR B S 1) i F O AR BT N R TR TE
N(N—=Dym: it 58wk ON?) . ZH Z [ i *
P W3R 5.

x5 WEESHmITL

Tab.5 Comparison at data compression side

e WL Jina vk g AR
1E A8 A5 fik N? N(N—1) O(N?)
TE 45 5 J6% MN M(N—1) O(MN)

TE 4 2 jfvh . 25 8 3 M /T N 5 i
A 8 /N T 2 G A 0 SR B T 4 v A TE B2 AR e s TR T
I 5 T 53 B YR A BIR A 1 SRS A0 T 4 i

4 % iE

AR OB He 46 14 12 U S8 T8 KOHE T 4 400
& T T e 4 A R S 3 IR RN TR 4 T ik L %
T3 15 B XTI A AT e B I RE S B
4 EE BB R 4

IR SR ] T 4R e A i S 3 WAL i Kale T L
fEge i K-SVD J5 i I G ad 19 7 i b 52 B A i %
5 RS RE A b L B T T 4 £ B bl T 46 RE 5 2 B
B 0 e 46 L s i Lo -5 BRI AT DL LR S8 S
S DA T 4

T 1 4 A% TR 52 AL 00 T 4 T i AE R
J8: s 446 i TG 5 5 R UL IR R 6 T ) B pR R LR s
FHRERLE R X A AR B 38 N 9 s 46 56 0 . o 7E 52 2
VAR B 19 R AR A o 5 AR G 0 A T s ) B
e 45 A L+ 2 T s 445 2 S YY) 5 3 A ik 0 s 4 7 ik
R 5 B A R 114 1 At A0 3 R s 4

e Ah TR e i i e v L 25 P B A R I A
I T IR A2 A8 B R B » A K3 i s 40 1 JOT SR I TR
AR/ T G e S 4

fHJE, SO R A K-SVD Il 45 7 R g Fa e
X I B 114 52 T U B0 A ROR iR A
U o IR TORMBEIT P AR 2 R A RO A P

R A RE Al L A RE SN R A I R

2% M-

References :

(1] B #.8%zs.m J% BT TARSHUNUESRIE B

W ARG 2R FE AT, b5t A0 K % 4, 2004, 28(5)
1-5.
XIAO Yang, LU Ling-yun, GAO Shuang, et al. Traffic data
denoising compression for intelligent traffic systems based on
2-D discrete wavelet transformation[]J]. Journal of Beijing
Jiaotong University, 2004, 28(5): 1-5. (in Chinese)

L2] SRRk, Ul FLA 5. O I R 46 55005 vh i /N B AR e LT ).

LT 5% . 2002, 38(18) :6-8.
LIAN Qiu-sheng, WANG Cheng-ru, KONG Ling-fu. The choice
of wavelet in electrocardiogram compression algorithm [ J].
Computer Engineering and Applications, 2002, 38(18): 6-8.
(in Chinese)

[3] COIFMAN R R, WICKERHAUSER M V. Entropy-based
algorithms for best basis selection[ J]. IEEE Transactions on
Information Theory, 1992, 38(2). 713-718.

4] 28U, Z R/ kg B R 2R 078 (D], s )i
KA ,2003.

CAI Dun-hu. The research on the performance of manifold
wavelet basis in image denoising] D]. Wuhan: Wuahan University,
2003. (in Chinese)

50 SRaal. sR4A W, skl , 45, d ) RGBSR IR K4 5 &
Fy/N PR e BELT 1. W )1 R SE A 81k .2005.29(17) :64-67.97.
FEI Ming-wei, YUE Quan-ming, ZHANG Pei-chao, et al.
Wavelets selection of compression and reconstruction
algorithm based on digital recorded data from a faulted power
system[ J ]. Automation of Electric Power Systems, 2005,
29(17): 64-67, 97. (in Chinese)

L6] BE BHE. BGgIG RS /DB IR L], 3 &l
AR ,2009(4) :49-50,61.

WEI Yu-fen, MENG Yan-jun. The choice of orthogonal
wavelets base in image compression[]J]. Equipment Manufac-
turing Technology, 2009(4): 49-50, 61. (in Chinese)

[7] &M,k 3.9 R0, %, JLF PCA Al ICA ()5 38 Uit i 54

o R4 07 5 L BCF ¢ [T ). 2 it 22 38 B} 457, 2008, 25 (11)
109-118.
ZHAO Zhi-giang, ZHANG Yi, HU Jian-ming, et al. Compara-
tive study of PCA and ICA based traffic flow compression|[ ] ].
Journal of Highway and Transportation Research and Devel-
opment, 2008, 25(11): 109-118. (in Chinese)

[8] QU Li, HU Jian-ming, ZHANG Yi. A flow volumes data
compression approach for traffic network based on principal
component analysis [ C] / IEEE. Proceedings of the 2007
IEEE Intelligent Transportation Systems Conference. Seattle:
IEEE. 2007, 125-130.

Lo] Bz, T .8 J0,% FETESLAMME AN ITS ik
JE48 75 5 ML), R T#E22 4, 2006, 39(11) . 107-1138.

(T 4% 126 70



