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The Video Vehicle Classification Algorithm
Based on C4. 5 Decision Trees

BIAN Jian-yong' , XU Jian-min®*

(1 Department of Electronic Engineering, Dongguan Polytechnic, Dongguan 523808, China;
2 South China University of Technology, Guangzhou 510640, China)

Abstract; In order to overcome the BP neural network, support vector machine (SVM), k nearest neighbor and
Bayesian classification’s shortcomings which are long training time, complicated programming and operation, bad
real-time performance. In this paper, the video vehicle classification algorithm based on C4. 5 decision trees is
proposed, the design method of the hierarchical classifier is introduced, and the construction process of C4. 5
decision trees as an example which was used to divide light-duty vehicle into minibus and van is introduced in detail.

Finally, the experimental results demonstrate the effectiveness of the video vehicle classification algorithm based on
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C4. 5 decision trees.

Key words: C4. 5 decision trees; hierarchical classifier; vehicle classification

1 35

ST BRI Ry 2 e B R 2
TSR FERAE PR A I8 I A B AR T 25
ETH WA/ 2eae A BP Mg SR m bl
K340 0 D 070 45, BP M 4% 3 258845 5 Il
St/ NI S TR s SR 1) e HLAS B LR A
K40 F BT 2k 432 DL i 4 2R xR AR S
BRI, H WA KA (] Az
B2 2% E LA A2 S S

PR (decision tree) & —Fp Bl A B 1

i1

IFE HHEE: 2016—08—03; {&E HEF: 2016—09—19

W4ty Herp B — A PR 4G 2 RN FE — A B PR R
I BN o AR AT A
T R KECE R 73 Ai. 7 2 15 2 PSR aE
R Fen A~ if-then BRI L AR 25 55 i B2 5L B
BT AR PEAIG RERS I SEHPE A R, B gl
BN BRI I2 I B TRV A PE A 4 2 S
P, AR SCXF C4. 5 P s 37k HEA T3 i I L
FH A0 50 0 ZE R 4325

2 C4.5 RERWHEETE
Ca. 5 B SR F A TR T i 50 3548 208 i

EEWA: J7RE RS AR SE BRI SRR BT H (YQ2015231)



T AR LT CAL S SRR ORI A 0 2 R AR 105

A RE Y R SRR 25 ] 1258 B AR i A R IR —
TEAFTEAM AR 25 AR 377 3 A ] U R 1) 4326
RE e i AR HEK B SR VR R AR 285 A5, SRR it
45 RURFIE R B AT RBAE™ A2 — 40 3 IR ik
AHEZ BITE 5114 53 5 CRIREAS 1 T8 4R A A0 Bz 1Y)
SI3OZ T ARG EE R R AR S8 OR
HR AW R AR A 8 BT 122 45 e D 3K 1) e A R AL
7€ Examples fCFEINZrtEALE , Characters [ E R
PERFIELE » Target_classes AR B2 1 HARZE A,
M) C4. 5 Yot AR SEE FR A0 T .
Stepl  WRAFEALE Examples #8 4 1E ., W 1% [7]
label= (1) BL25 5 .
Step2  WIARAFEALE Examples #8471, I 1% [7]
label= — [P BL2% 5 .
Step3  HWHATLA T BB BRI J5—MHHIE
il
COAEFAE B 25 L3R40 8 PR IE & Char-
acters P RFEA S Examples € 77 5 b 1 J& L 45
fiE Al
()R JRPERFAE AN PR AR ZS 5 Root.
(O X JRPEFHE A 1 R— 1T REMH ..
OFEARSS 5 Root T34 i —4N 8 1 23 3 Iz i)
ﬁ\ﬁ Ui
@4 Examples, JFEALE Examples H1ii /2 {4
Vi E/‘J?% :
« GnR Examples, #84 1F . WIAFE B 9 53 3T &
[1] label= 4B+
* IR Examples, #7189 73 3R 1R
7] label= — {15
« iR Examples, A 1EA 7, WIFEHT 1958 3 F
B hn—A~1H.
Step4  {f N )55 57 (rule post-pruning) J5
PO LR A T Y 5
Step5 iR [A] 2318 BY Ji5 fe 2 A U
B DA BB B AT 7R CAL 5 PR SRR 19 4 i
IR B B PSP TR T B A L
R PSR 25 18 PR R AE B DL R SR ) BRI J
&5

3 ETEBREIEILERY CL S ARNESRE
4R E R
B CAL 5 IR B E 2 & A 0 235 B fE
TR AR REASE ] SFEARLFIFRS H Cvi = 1,00,
s WIZFEA R (5 S0 Centropy)

Entro/)y(S) _ Z Enum‘(g,‘ ,S)] % 10g2 num‘(é:]‘v .S (1)
i=1

KA um (C:, S) FRMEARZE SHETHC, AR
BOH | SIFRRBEALE S MREA R i %) T FEAR
SERYLERE (purity).

A TR R i B I A AS R Al B AR, U]
PERFIE S RN GRAEAS B ) 1 BE e b o —— {5 B
#i (information gain) 52 {5 il Ja& 11 ¢ A 23 1 FE A
BT B0 TR Y AR, IR BB PRI AL FEA
o4 S, NE B335 Gain(S,A) K

Gain(S,A) = Entrogpy(S) —

S S popysy @

v& Values (A) ‘ S‘

K, Values (A) JZJETEFFHE A T A AT REE ARG
S, JEREARSES PIEMERHEA MR v TGRS,
= {s€ S|AW =v)). K(©2) PR —TURHALE
S W 5 U B PERRE A 3 BAEARSE S J5 4
(YA ERE, 58 AR A I R R A AR S TR
FRIEA BRI, HomAUE & T
THE S, BIREARES EAEA AR S FEAE o] | S, |
/1S . Gain (S, A) #ERFH R4 2 JEERFIE A 1
H M2 26T B br R EUE 5 .

CA. 5 BT N T 433344E B (split information) DA%
B EE HER A, CA 5 i 4r 2445 Bk = @ %
FROE S 288 i BE AN AP A5 B 45 bk g iy £
FRZZIE TREALE S o222 BIRRIE N Y H bR
B TEAERR s 73245 B L bR L HGAR SR FEASE S
KTJRMERAE A AR, 73245 BT RR N

SplitInformation(S,A) =— 2 % log; %
i=1
€))
.S B S, & MERBIERFIEA D HIFEALE S
TE RN ¢ MHEAR T4,
A B AR B 55 DL S 245 BAT LR
e
L. . - Gain(S,A)
GainRatio(S,A) = SplitIn formation(S,A)
€Y)

FIE AR LRI T o 3 AR A IR BN
UL P A5 B0 AR LR UK 2 S S A S
ISVINLES

Ca. 5 SRR A5 S0 45 L R AE 7R K
AR 11— 205 o 0 B A R PR 19 2 o o R
FIME B 45 LR PR T BE A 70 S SR AT I KA
SV AR PR R B P R T B 4 L SRR kA



106 P T2 ST AL

2017 4F

TEIX AT A EE b A OB A T4
4 REWEIANF

CA. 5 YRR By A8 3 2ok 2 vp g — > F 22 ) OC B
A BRI FH AL f5 48 87 (rule post-pruning) J7 ¥
XTI A B AT RE TR A B S Al LA
PR HEATIE BY , DAk Gl BE DL 10 IXUR: . B Ak
ARG S B 145 s iR BB — A B PR IR
DR S — A4~ L] EI’J Je 473, BT 4 (precondi-
tions) o 435 KU 3 S FR  FL A9 4508 DU RE 0 Js
B8 F LRI T PR

(DA B AT RE L B 4805 A DR SR % AL 45
PR AR T 02 o DR SR AR 25 55 3 it 45
SR — AR RN — A

(2) 38 4 MW B A 0] 7T 8- SO T8 B 2 5 1 5
FTiRRAE Y Gz Ak B — 2 A0 5

(3)Fe BEAG B 3k A R DU) 79 4 20K B8 o LR 1 7 HE
J « 4 BRHE 7 10 0 1 FH 336 6 5 00 >F 432 g R 1)
S,

18 CA. 5 PSRRI B R R v, — ek AR
1) =0 Z AN AT SR A U A A B
A =5rZ—AEAFIN FEAE BT AR Y WEﬁZIK%A .

5 MMZEIMERISE CL. 5 RBEHAVITIE

ARICRHZRAC B TT 8 CL 5 BRIk
PR 2T AU B 12 B8 0 RO AL BT
WM CAL 5 BRIER S STHs 220 — 70 B R 7 K 4t
HA7 N R EEFER 7 IS ARG & C4. 5 Tk
SRPRE R Bt HE 7 =0 i R 7 A R A
P2 3R 3 C4 5 DRIRPRE /N R BEST 427 —
IR BEFE A RN A R B Jn kT CL S R
SRPPRE R 20 0 R 7 M R 47 PR,
it CL 5 BRI S /NEL A Z 05 i /N 27 A
NP A S BT E A 5 AR
(1 CL 5 PR HHE 0 2N BEFE VR /BT
KRB KB BN

LA A0 N O /N 2 R NG 2
ey CA. 5 BRI (14 3 DA 5] Xk AL A0 2 5 2 20 5
R CA 5 PP A AR TR 4.
5.1 ETRREBSILENFRHERRMERRE

PERFIEIEFE

XHPEL 1 AN 4 FrosR ROy B TR /1
NGNGB AR R AT 7KV A0k L7 1) KL
B ERAHE 2 R S i 7s B9 /INGE FNE K F-

ZHIT
(CED

07 Tis) R PEEH5 BT PR BT 3 I 6 iz g /N e A/
F A BT ) K BEBUY BT K.

B1 NRIE B2 INEKFEREHRTE
B3 g EHEE B4 MEFEBK

BS5 NEkTFRERSE BE6 NEEERERZE

AT LAUBCRE BT EARAT LA AL
FHIE «

(1) 55 1) IR BEBER 7 1 4R ) SEJE & R
585

(2) K5 1) IR BEBER2 7 1 R ) SEJE R
T

(3) 7K T3 1) K BE 4552 BT el i 2k ) 90 B 45
ELJT ) R BEBRE L5 [ b 4R 4 58 B2 B9 FU AL R PR G
il

O S LV IS A= WAL G oK
TEFREL AR AR HL BT 114 il 2 B i1 B B  f] AR TOUAE
KE;

(5) K5 1) I BE 45052 L7 el o 2k v R 45 2
TR HEL R HE BT 1Y) il 2 BEAY 58 1L 557K 7 1]
IR PEBER 7 P 2 9 P 1) AL TRTPR TR B 5

(6) LAZKF-J7 ) JK BE 5082 L5 [ T 2 bR A5
TRIE AR HELR R R LB 1 i 2 BEAY a2 51
GRS a2 TR B LU AR TRTAR AT S EE 5

(T IRI7 1) I BE A5 L7 Bl 26 PRl R 5 42
TR HEL R HC BT 1) 2 BEE K7 1) RS 4%



T AR LT CAL S SRR ORI A 0 2 R AR 107

5% 7 Pl 2k b AR X7 B SRT PR TOUR A 5 5

®1 FREBEAREBEMERHE

(8) 7KV J7 1) JK B 4% 5% B 7 Bl il 4 b bR 5 42 BARES  DURKE  WORE DR 4w
TE AR LR R L A 4 30 114 1 4 B 1 5o T R TS DI * ] 0> N
K. D2 A s ] > INE

XF/NE RN R, K 9 KT — D3 N sE s %
RO KK 2857 A/ A2k 5 ) L AT 3 Di e i) % g
M/ ZE R T EE AR JG S5 /N A2 A ] R s Bt D5 h B > N
FERARARL A I 50 o R G » o LR A7 43 S, AR SC e % D6 * ] % e
T ISR BE | TS A7 B LA B T 450 i 31X = AR AE ok D7 h S 2> g
Fgdt C4. 5 PR AT 328K, D8 * i) 0> N

23 X — B AT /N AR IN DT ) S DY N s x i
T 40590 kg JHL T X IO P T4 B L T o i S T 4 D10 S ] > N
ST T R T A A B S AR AR ) R B A DI N B > N
AFEVERAE R 1 R, D12 A sf ] 7w N

RGO IR 1 FrR FREAR LR R D13 N ] 2> B

T A
Entropy(S) =— (7/13) log, (7/13) —
(6/13) log, (6/13) = 0.995 7.

RGO TR AR 1 PR )AL 15 R

BRI

Gain (S, TRFHKE) = Entrogpy(S) — (6/13) Entropy (Sy.) — (7/13)Entropy (S,.)
=0.9957—(6/13)[— (4/6)]log, (4/6) — (2/6)log, (2/6) ] —
(7/13)[— 4/ log, (4/7) — (3/Dlog, (3/7) ]

= 0.041 4;

Gain (S, TRFHLE) = Entrogpy(S) — (8/13)Entropy (Sy) — (5/13) Entropy (S )
=0.218 §;

Gain (S, THRFEE) = Entrogpy (S) — (10/13)Entropy(Ss) — (3/13)Entropy (Ss)
=0.317 8.

RAE D) THAAIIRR 1 PR IREA RN 32458 451

SplitInformation (S, TREFKJE) =— (6/13) log, (6/13) — (7/13) log,(7/13) = 0. 995 7;
SplitIn formation (S, TRFRfE) =— (8/13) log, (8/13) — (5/13) log, (5/13) = 0. 961 2;
SplitIn formation (S, TREREHR) =— (3/13) log, (3/13) — (10/13) log, (10/13) = 0. 779 4.

I a0 (O TR AR 1 s AEAR AR 1)
{5 BB 35 FER A0 0

GainRatio (S, TRFHE) = 0. 041 4/0. 995 7 =
0.041 5;

GainRatio (S, TR E) = 0. 218 8/0. 961 2 =
0.227 6;

GainRatio (S, TH4E) = 0. 317 8/0. 779 4 =
0.407 7.

MR YEAF B3 25 L AR BT 45 SR w0, T 25
(A BV 25 SRR TR, < /NB 27 43 Ry /N AR
F/INEE I 3 e SRR B AR 285 A5 8 458 T 40 ot
AR DR 1 27 5 AT LK SR AR AR AR
{D1,D2,-++, D13} — 43 (D1, D2, D3, D5, D7, D8,
D10,D11,D12,D13} fi1{D4,D6,D9 ) B4~ F 4= , Hop

THE(D4,D6, D9} Hh [ FEAR B 4 438 /NER s T
g3t s PR R TR0 B 0] 38 R R A 2 43t AR AR 1
#(D1,D2,D3,D5,D7,D8, D10, D11, D12, D13} i
A1 5328 AR TR, S A b S A i ) WX
FEA 74 — 4y i (D1, D2, D8, D10, D12, D13} Fil
{D3,D5,D7,D11} B4~ T4, Kb 74 (D1, D2, D8,
D10,D12,D13} g REAR B & 430 N /NE S 43
B s B e R R TS R B N RE AR 4R (D3, D5, D7,
D11} 474028 AR TR A B2 (4 AR K7 B /N7
APEEREA 42 (D3, D5, D7, D11} — 43 il { D11} Al
{D3.D5,D7}, 43 A /NEFUNE I G IR IR
FEARSEC NI 5328 B B g /NI 27 —
A3 REINGET RN CAL 5 YRS 7 frn.



108 T T2 L

2017 4F

5.2 FRISERKHEIMNFEE

R A AR A S 091 M R AL (B 24 R 1Y B HR
(conjunction) {4 # BX (disjunction) . A A A2 2 44
I 7 g — 2R AR 0T I — A AR U ) 5 BB AR A B
Xof 7 3K 5 B A 3. ERLUEG o BET 1 7R A R SRR Xof g
T KB

INE = (TR =) N (AL E = ED ]
UL g =) (N (TR E = FERD N (TERHK

=] (5)
NG =L (TR E I = ) N (AR = FE R
N (WL = /1) TU (WO =2 (6)

DRSNS MR ZE B ik ) B — AR R AR
AT LA 2RI, B2 (5D A (6) il A i ke 5
AR 3P A A — A Hh A RO B A HODUAR T LY
2R a2 (5D R S — A R A B SR AT B
SN Dy WU By

IF (TR =0 (N (WEERALE = PaD

THEN ZRl=/N&

HRYEA S 23 RS AE BT 53k - R X (5)
HRES A F 5 ICZEL S i BT i 2 114 R DU A 25
IR NG BE 2 WL AR i AR LA RE B B 45
iy HLIE 7 BrR BB R & 2 A RE U AT 12 59 . &
B FLAT: frp AL DU 2 ol 50 SO B IR, R 181 7 Pl
BRI WL e 2 A IR REAS K /N A" — 7
CINETRINGE TR CAL 5 R,

{D1, D2, ---, D13}

{D1, D2, D3, D5, {D4, D6, D9}
D7, D8, D10, Y
D11, D12, D13}

o i) SETHT
{D1, D2, D8, } (D3, D5, D7, D11}
D10, D12, D13 e
e T8 K 1
N AN
{D11} {D3, D5, D7}
NE N

T OMNBETZ S AN RINE T CAL 5 RRH

6 ET CA 5 RRMHTINEMER H R

ARICR A RAE VT142 #0047 % £ & gE 47 0040 K
1% R4, -l Visual CH++ 6. 0 YT FR 5L L. *of

A CA. 5 PR AT e I i FE 44 A T e
TR LRI ZE 5045 100 SVE A VIZRREAS , H I, 3
T 600 FHYNZRAEAS oy TSI G40 — o e it
FTINGR. o2 aw I GRGT e » 5 SN TR IAS Fift 4 1
TN 100 BERT 0 AR IR, G54 73 FE I 145
RUNEE 2 s,

F2 CLSRRMERSEMINER

Em FEFE /NE K% MR ORI HidE ST
MR AEE A %Y 100 100 100 100 100 100 600
EWAEE 92 90 90 75 69 65 481
IYRMERE/Y% 92 90 90 75 69 65 80. 2

W 2 Fros AR SRS R AT L L EEFE
ANEIRZ i T AN T FU B IR LR %
R 73S B LU 5 /BT R B I 2 PR HC R )
BN R TR Hh 22 S HOBOR i B0 R kT
2P EULBEY i A LATRAAE 22 57 UK N % L
R FENE R

7 HERIE

T SERE W AR AT AE I U ZRI TR | i
Iz 3 2% HE LS JE S PR S5 TR A A SO Y 1
T CAL 5 BRI I DL 20 22 Y 73 00 R AL —
IR NI NE TR NI CAL 5 R
SR A DA 491+ of R SRR 45 5 A1 R AL 8 % R DU
JE 16 B 3 A A DR SRR A 3 S B 20 BRAE T PRAN A 41,
P& LR CA. 5 BRI RERE BR824 if-then #
W], 25 5 G R S B i T A 2 AR SRR, A3
I JE PR Oy AL AT T SRR Sk, SR 4
FRUESE TSR A R,

B3 3K :

[1] Hong Zheng, Li Pan, Li Li. A morphological neural
network approach for vehicle detection from high reso-
lution satellite imagery[ ]J]. Neural Information Pro-
cessing, 2006, 4233(5949):99-106.

[2] WUST, TOMMY W S. Self-organizing and self-e-
volving neurons: A new neural network for optimiza-
tion[ J]. IEEE Transactions on Neural Networks,
2007, 18(2): 385-396.

[3] Xiaobin L, Hui F, Jianmin X. Automatic vehicle clas-
sification based on video with BP neural networks
[ C]//4th International Conference on Wireless Com-
munications, Networking and Mobile Computing.
TIEEE, 2008 1-3.

[4] Thi T H, Robert K, Lu S, et al. Vehicle classification



T AR LT CAL S SRR ORI A 0 2 R AR 109

at nighttime using eigenspaces and support vector ma-
chine[ C]//Congress on Image and Signal Processing.
1IEEE, 2008 .:422-426.

[5] Yang W L, Wang Y, Vahdat A, et al. Kernel latent
SVM for visual recognition[ C]//Advances in Neural
Processing Systems. IEEE, 2012 809-817.

(6] H) 9. HT SVM 4RI AR Bk ] 5
ML, 2007, 33(6):6-8,11.

[7] Comes C, Vapnik V. Support-vector networks[ J].
Machine Learning, 1995, 20(3) . 273-297.

[8] Kornaropoulos E M, Tsakalides P. A novel KNN
classifier for acoustic vehicle classification based on al-
pha-stable statistical modeling [ C]]//IEEE Workshop
Statistical Signal Processing. IEEE,2009;1-4.

[9] Judea Pearl. Reverend Bayes on inference engines: a

distributed hierarchical approach [ C]// Proceedings

AAAI National Conference on Al Pittsburgh, Pa,
1982:133-136.

[10] Quinlan J R. Induction of decision trees[ J |. Machine
Learning, 1986, 1(1):81-106.

[11] Quinlan J R. C4. 5; programs for machine learning
[M]. Boston: Morgan Kaufmann Publishers, 1993.

[12] WEW3, M. DRk CA. 5 B2k @ Mo B A
L SR L . v R R 2 4l CH AR B A RO
2011, 42 (12). 372-376.

{EEE T

TEER H, 19800, WA, @I B i AL
e M AR G v . E-mail: bjyong977@126. com.

#EE 5,960 W4, Bl HEFE Iy ) S ASm AR K AE
A AL T

(4% 103 1)

[7] Jesus L F, Arturo H M, Carlos G R, et al. Robust
nonlinear adaptive control of a " boost" converter via
algebraic parameter identification[ J |. IEEE Trans Ind
Electron, 2014, 61(8): 4105-4114.

[8] Abdennadher K, Venet P, Rojat G, et al. A real-time
predictive-maintenance system of aluminum electrolytic
capacitors used in uninterrupted power supplies[ ] ].
IEEE Trans Ind Appl , 2010, 46(4) . 1642-1644.

[9] Yao K, Tang W J, Hu W B, et al. A current-sensor-
less online ESR and C identification method for output
capacitor of buck converter[ J|. IEEE Trans Power E-
lectron, 2015, 30(12):6993-7005.

fEE &I
R S 2 EOR.

E-mail: chenchen_hust@163. com.

w5, 981 W, Bl WL AE S, BRR )
VSLEPNIN R SN e

X OE 5,989 it BIsE 1 DC-DC LT R
GEn A o SR

B #5995 MLer A, A5 m i DC-DC
FARAS BT AR R .



