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Modified Cubic Exponential Smoothing Algorithm and
Its Application on IoV
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Abstract ; The method of exponential smoothing is one of more common methods for forecasting the traffic flow in IoV ( Internet of Vehi-
cle) ,the accuracy of which depends on the smoothing coefficient. This method has been unable to meet the need of accuracy while fore-
casting traffic flow because of the static smoothing coefficient. By analyzing the features of the traditional exponential smoothing method,
it is pointed out that the changing trend of data can’ t be reflected appropriately using this method due to the static smoothing coefficient.
Then the cubic exponential smoothing method is proposed aiming at further improving the forecasting accuracy. The changing trend of da-
ta can be forecasted through searching for the optimal smoothing coefficient using the equal interval method after optimizing the model of
forecasting traffic flow by the cubic exponential smoothing method. Finally, the actual data of traffic flow on one segment in Nanjing is
simulated based on different application environments where the traffic flow is forecasted. The simulation results show that the accuracy of
the proposed optimization algorithm is better in terms of forecasting the changing trend of data in traffic flow.
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0 351 5§ DTN X 308 A7 R AR 1T S 1 B e 4 FL A
BB BRI R R FE 2 S TR B
R . 4RI A DA K ) A — > S, e R R U R — LI S ) e 21 ) TN 5 3% 1

TRERGEEEE, AR TSR — R TR BRSAT, BT, REAE ST S A D S R AT B
VAR ALY, RE A% S W o2 0 AR AR A, sl AT B Tk S e A T ) B 5 ik 2 —

%5 B :2016-01-16 &[5 HH#1:2016-04-21 [ £& H ki Bt 18] :2016-10-24

HETH . BEEARREIEE I H (61302100,61471203 ) ; HUE -+ 5 564 % Bh I3 H (20133223120002)

YEB BN AP0 (1992-) , B WL AR BIFSE O R 4206 I R 3idi {5 s 0, Bt | @I 2808, BP9 7 1) Ry 22306 I B R Ak s XU R 7, T
BURE WSS Il Rz AT BRI R RESCE

P £& AR L« http ; //www. enki. net/kems/detail /61. 1450. TP. 20161024. 1113.024. html



11

Wi 5 55 < IOE A — OCHE RO W8 S A 4RIk 19 v 4 ) - 165 -

HAR A B b i i ek, ATl i T AR
ZHEIT, SCHR[3-5 ] BEXTFiT R BRI T —2edutt Ty
o SCHRL6 ] BF5E 1T — Bl XURS BOF W sk B 20, SCHik
(7 IWFFE T VU A ] e ) A58 5 f) B, S W T 4 B
T L A 72 X ) P 3 A 78 £ 000 Sy v
SCHR[8 ] A4 T —FhHE TR ROV i 9 2 i i )3
Sy X T v  SCERL9 ] 57 T 28U g — A
SUAERCE- 1L B SCRRL 10 ]l i e i
BN 38 W0 5 BOP- M kA T etk SCRR[ 11 ]
AT TR R « MZ R DT IR0 74071k
s .

T GE I8 BT 1 R BOR ER S0, RIS T4 [a] i
BBt A2 A AN RE 12 B R ARG 1) F O N RE T, 3 W AR
—RERBE LR T IINAREE . O T S IR 5 AR
FrRISm A B 2w TS B2, R AT b B AL
GRS ROT- 1L B T Rt SO A AT ABIE S A 2R il
AR B RERS A 3 R B A S B IR .
YOI IS} 388 1o S R SR R e A9 1 R o | il 75F
ey NS R T R iR R IE IR AT Bu Rabii
TSI LA SRR W], AR5 BOP- ke R Ak A
BAF A TIINROCR

1 BHEEE

BT Y 0 A B RELJE: 7 s T 1 K50 %
RO 4y 5 M A 7 sk B ) 3 Y 0 e 0 () 5
/N PP SR RO 9 1 2 S i AL, 0 T
(9 GBS T IS 51 L) X 43 S A SR = R L
AFE, BOREBRAT A ] 7 40 (9 5, IR SRy oK ok e 1)
fisf 61 TR

P& BT W 1 — R RO 2 AR B0 T B 24351

=k (1) Mk (2) Biow,
s, =ax, + (1 —a)s, | (1)
s =as" 4 (1 - a)s" (2)

L, s, o B2 PIE; o T RE — )
BUENO < o < 1;x, N LEHEFS,
il e - 1,0 -2, ARARK (1) 775,

"12“2{) (1 -—a)x,_ (3)

AL FRECEF IR B N o, a(l - @)
o (1 —a)?, - JJIBGREFIN 1, a K, x, JF i
FeBR, o 1 IE, s =&, B HZIE T 248115 A,
A R DT LB, I, o /N, st Jn o Ee Al
N

1SR T o BUR[FE R AR Eoth 4

R, Ma=05,i=100, a (1 -a) =
0.000 49, H AT UL, 78 Py s B 10 Z 1 iY £ s o 13

MEERCERATIREL T, Ya=0.2,i=100f, «
(1 =) =~ 0.021, Buis i Jg 52 B B 10 BRI 18 5508 %
A A — B9 o B9 EBUE— B 2, W n A
REBEZ [EE , 72T 72 b RN RE B Bl R
A B B B AR 1 78 AR AR 10, DT A 75 L) &5 S S
PRAE 2 Ta) Y 22 Ok BOR B B mT A5 an SR B 1Y 8
PR — HIBIG IR 2 4% BRAL G2 10 48 BT 34 125 35000 1
gE IR LI PRAE IR AR . o (LAY K /IMAEE T A [H] 35 A
FETTCI A AP o PRIt SR R T 45 2 B RN X
TS AL A NAY ZR BT 11 38 7 1 2 DS A 1) Tl
KA — o 14 &

0.5
——a=0.2
0.4 ——a=0.3
a=0.5
= 0.3
<02
]
0.1
0
0 2 4 6 8 10 12

i

B 1 REVBRALE o x5 R E A & Hih 2,

2 BUHBIEZIRIEHTEE
FRBCT A HE OB 43— AR BOP i L R
RECT AR = RAEBOF A% . — IR 8O S
FHF TE A AN | 55 - T R 34 A B I 7 470) 1) 500 43
B s ZRERBCT- % 2238 T 2 2R v A8 Ak 1 B ) T 1)
TR T A AR A Al R AR AR B,
DA BCESE A FH = RIS BOT- Mk - T 100 PR =K
FEECT- AR 2 R
| Bl |

TS o

(SEZMMED z

N Hr

BISIRECT | wewmmzag | SIAFRECT

ARSI T T AL A

B2 hALey = RIS ECTFH AR
ZRFEECE IR AN

(1) (1)

s, =ax, + (1 —a)s,

s = asfl) + (1 - oz)st(ff (4)

t

(3)

(3)
S t-1

Ho 1 =2,3,4, 55" ST BE ¢ 588 BRI —
YOI 5 s T B ¢ 3838 AR 1 I {H s,
R Bt ¢ A8 AE B = O M 5 v, SR 38 3 T A HE
P8 (a3 WBE e B SEBREEE s o P REL, o YA
BERHO <a<1,

BB ¢ + n 1 50 0850 0 28 200

=as? + (1 —a)s



- 166 - HEMBARS R R

x,,, =a, +bn +cn’ (5)
Ho, n AWK, n=1,2,3, Mn=0,n=1
Hﬂ',fﬁ)\(xl =X, X, =X,
TS a,,b, ¢, 5300
a, —33(1) - 35(2) +s(3)
b=——[(6-5 W _
(=3 (1 [( a)s,
) 3) (6)
(10 - Sa)s, + (4 -3a)s,” ]
2

AN (DR, I CO RN €

CL 2 (1 _ ) ( SL SL )

HIHEF ) ZEARAT T 45 2R | A B e = IR IR B
HHRIE s, s 8" FIPHE R B o,

TR BT 3 - BT R R L, 7 I S Kt
B0 I E XS B0 A9 52 A K, 2z, A8 by S
B A2 (I OL T ] T BG4 AR AR 0 (e . P A
Gt — R HITHE 3 st 8880 A AR 2 P o 0

PRI ACR B0 5 e A T (A0 52 BRAFL A 22 22 K
ANFUTER o TRZZIN, 1 B IO BORT 6 . S a1
7 R 22 BEAT UR 22 09 0 R, SR 1 R W 7 SCHR
L10) A4, AR AN IR . R A AN

minSSE = 2 (x, -x,)’ (7)
t=1

Hrf | n B BRI B x, 2SI T ]
FE BB o (9 TR ; , 9 3858 3 o 40 P 91 B ¢ f
SRR

Jo T = A RO 0 R R B A Ak, S
(4) = A SEA AR TF 5

s = jgcx<1-a) w4 (1 —a)'s)

(2)—201(1—0() Y (1 - a) sle) (8)

@ = Ya(l—a) s+ (1-a)'s)

t=1

N K, ST ¢ 196K
1-(1-«)

BLIFHM0 <a< 1,0 > 10, 0<¢>, <1,%:=10,
A limg, =1, F350  AENIEIRTE @, = 1. LG =K
TRBCTIE A IR B TIH—16, 15 .

s =+ (1-9)s

A\ _
~ P, =

s =+ (1= 9)s?) (9)
sV = 4 (1 -8
B I 2 X
%, =a, +bntentn=1273," (10)
WGBS ) TN S HCh

5526 %
a, =3s" - 3s% 459
bt ﬁ[(6 5g0,>5:1) - (10 -
(11)
8¢,)s> + (4 - 3¢,)s ]
2

b, (1 ) 3)
C, =7(Sl - 25, +S' )
" 2(1-¢)’

SCRPERf A R o, B R T AR RE TR EA T 2R
AR, EHEREEHEER A LA =0.01 A,

Stepl : B M AN LRI B i)y sE o 8dl . o e
PG, BOERE K A = 0,01, DK o 438K 100 AR
[ A B S X 8], iE R e (k= 1,2,+)

Step2 : HL o, = 0. 01, 7155 1 X 7 A minSSE {H.,

Step3: HX o, = 0. 02, 7155 X5 1 i minSSE {H, LA
UL, A Step3, ELEI T A 1 o, THELEEE, SR BT
7 Xt R minSSE 18,

Stepd ; Y& % ¢ /)N minSSE {H 4 W (14 o, {8, X AME
WS AR S A8 AR o B,

Wi 7000 M + 1 B BBt o {E, ATAS S M + 1
BB B TIIAA . A6 T R T I St o fELB , ot
B —ABAE IASZIE) M o+ 1 RS BEBOE , 41—~
H g M AT SRR, R Stepl -Stepd . EANRE
TR 3 R,

| LA 7 5 e S |
J
I k——————j
J —-
| FH AR T B | ?ggg
| ‘
| HEA R o 6 i nSSE | T
I 2 Hifg KA
E— YN
[ ssthminsseasiio | SR ER
A7 T
| wwmwsn |

B3 PR R bR %

3 TERBNMINE

T A3 i 0 v 8 T4 Y = 0 BT i A A
K HNLIR FAC il B F R A S A BR 2 w) =F- 6 Bis
JE g e AT B B R R A U AR R R AR U
H, k1 PR,

7E Windows -5 1, fE Bl Java ZRFEIE S de fE IR HL
BRI a, , I MATLAB S04 % 150 45 S AR P, 75
P A2 8 125 TR0 (RN Bt Dy R UMM EL AN 1] 4 B

MR LUE Y SO 5 E A — e B R T
TG EE



55 11 3] Wi 5 55 < IOE A — OCHE RO W8 S A 4RIk 19 v 4 ) - 167 -

k1 BAFRELTRBERE 4 HERIE
FF 5 M B KR SCHP R R AE GE R0 A8 HOF- 3 AR Y 1 BB 42—
1 7:00-7:30 216 Tl RS (512 ZR %5 3 A D A5 1, X = IR IR H01
2 7:30-8:00 242 ikt Aot . FHAERIEE 540 minSSE 221 J5 Al
3 §:00-8.30 255 /NN BRI o i 3 A 3 U PR A 5 L0 BT i e
4 8:30-9:00 21 A =R RO A A RO AR = T R BT A
5 9:00-9:30 234 {WU%TEO
6 9.30-10:00 219
7 10:00-10:30 233 BE T
8 10:30-11:00 240 [1] Zhang Z,Yang D,Zhang T,et al. A study on the method for
0 11:00-11:30 246 cleaning and repairing the probe vehicle data [ J|. IEEE
10 11:30-12:00 239 Transactions on Intelligent Transportation Systems, 2013, 14
11 12:00-12:30 253 (1):419-427.
12 12:30-13.00 236 [2] Lai K K,Yu L,Wang Shouyang,et al. Hybridizing exponen-
13 13:00-13.30 247 tial smoothing and neural network for financial time series
14 13:30-14:00 235 predication [ C |//International conference on computational
15 14.:00-14:30 210 science. Berlin ; Springer , 2006 :493-500.
16 14:30-15:00 203 (3] BREF RECFHEIM]. JEat: RS R, 1996236
17 15.:00-15:30 207 _49.
18 15:30-16:00 226 (4] SR EBEN FBECEHESECSVENERBIGE[T]. 1L
19 16.00-16.30 198 B R . A SRPBIEMT,2005,4(3) :316-319.
20 16:30-17:00 213 [5] FERZ EHCFEIMAX S FERLEI]. St 5FER®
21 17:00-17:30 238 17,1998 (1) :39-44.
oY) 173018 :00 246 [6] Khoo M B C,Wong V H. A double moving average control
27 18.00-18.30 53 chart[ J]. Communications in Statistics—Simulation and Com-
o 18301900 3 putation, 2008 ,37(8) :1696—-1708.

[7] EI Emary I M, Al Rabia A 1. Estimation techniques for moni-

270 P toring and controlling the performance of the computer com-
—o— JR UK
262 :Z;ﬁfgﬁglgﬁ munication networks[ J]. American Journal of Applied Sci-
- 2207 ences,2005,2(10) :1395.
t@ 230 [8] Sparks R,Okugami C,Bolt S. Outbreak detection of spatio—
& 220 temporally smoothed crashes[ J]. Open Journal of Safety Sci-
2;27 ence and Technology,2012,2.98-107.
1905 - - - - o [9] XU fr, 4R T, sk, 45, 2 T oG48 507 2 i A R
I B BRIEAM [ T]. 0 A2 H AR R, 2009, 37
B4 WA T E LA (3):313-316.
B 5 S R T Jy v BAEATIR 2 T LA [10] SRAE2s ShaSHEEOT- 1 BN 77 vk KN [ T]. RGEH%:
(YT M RS2 0 RS 5 AR, |
[11] ZF  Fi. BHEP IR SO AR B e e [ D], B 1L
025 T TRERR R ,2009.
—e— WO T o L T L ;
0.20f e T 1 (12] Bk f8, &5, 5 P fRECF I RO 6 B o iy
cj e NH[T]. =W K2 4. AR B2 T, 2010,32(3) : 37 -
= 41,
= 010 1 _ v s NN
(137 VLIl BT REmA i3 v D i A2 8 25008 i B 77
0.0 1 N ” N
’ BERIFEL D] 4K A, 2004,
oL ! - - — 2 [14] EEALE AR X 5 5T G 034 = U

B S 1 R B R T [ 7). o 1 R AR S
Q 5 %ﬁﬁ%?ﬁ/ﬂ'}fﬁ%ﬁb;F‘i:’fﬁ.élj*axj-’l%éxfkb@ 2014’42(15):117_122.



