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System Implementation of Paper Currency Discrimination
by Using Integrated Image Features

Hyun-Inn Kang'- Taewan Choi'!

ABSTRACT

In this paper, we implemented a real-time system improving the performance of the paper currency discrimination by integrating a weighted
region of interest matching algorithm with a weighted shape feature matching algorithm of the blocked image. The system classifies the paper
currency by comparing a query image with compared images based on the database that contain images of paper currency. Especially, the system
has good efficiency at the contaminated, rotated, and translated paper currency. The system hardware consists of three parts as follows : the
paper currency image acquired by CIS(contact image sensor) is applied to the pre-processing part with A/D converter and PLD. Finally the
pre-processed image data are classified by the main image processing part with a high-speed DSP based on the proposed algorithm.

FI9E : W B AlAH (paper currency discrimination system), S8 HYat(blocked image), MAYH(region of interest), MA
B3 (shape feature), YA 8B\ (image acquisition), C1S(contact image sensor), XIBY A (paper currency image). BSHA

(query image), Bl2H A (compared image), A4 W (discrimination ratio)
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EE dioje] § Ad¥E o diojg HRe dFo HZE
o} 9% Holg vz g9 BE wlojele} Wi ol
Hez F99 JA4ESE dojde 243 vluse] AHyd
¥ 3 A8 F Ao} T2 MM ®u.

B Fa ST AT X 2F AMLHY 7 477

5 4 % A

51 XIH gAael ¥ ERUY

FA2E ZHoz A8 Fogd AWst gl WAL
AeNoz AAAD ol uhrise} Ade] o) We ouo]
Ade g, AR S 3N ATE NEeE 7F0 @
o AdE dAsn 2Y bt dE =g FAs
Q7] WEef AEo Ade A Ao} AR A4
= dudFE ol AL 1n o EAE H3
7] 9% AYE Lz 4F 4d A4 (2 9
zt}.

Image
Acquisition

'

Resolution Control
(Blocked kmage)

!

Intensity
Compensation

v

Angle Detection,
Calculation of Center
Axis

v

Translation
and Rotation

v

Image DalabaSB S bre <
F—
(Standard Image) Calcuiation

v

Cash
Denomination

v

Reporting of
Results

Weight Table

(T8 8) AT AlHol ALBEH x| o

A A wA sfoF T A2 YT &, F=
28, Y8 Adze] AF EFV BHolnz 7 I7PE AR
g AHE Adste] A A AF7IE o] 83t EFE U
olHE FEIY I5¢ 74 AFS ¢t ) AAA
A2 e dAgEHo e HUz AFdd. ¥5¥
YA A Y A 14050 B2 I dH
Hr} o] 942 ROMel AAHH o] wlojgso]xe (14
9eh o] Ade AF viv} o9, 3, Hd G 5
dof ]l 7pA Aol dsi $E5E A dd R4
4ol FAEE BA(transpose) Atel & T} (2
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(38 9) XIH Fa2f clojEfHioj~

Query image
Y, Y, 10 dolla @ "‘ﬁ T
l front view e, .
'] 3 X v i B
(a) 60
X,
- »
prisi
| Center axis (PC,, PC,)
(b) . 4, .
140 % 100 4 ' ¥
10 dollar, front view
Rotation, database image
Translation
F)
by 2

S

bre
(c) Calculation

Decision for
kind of cash

(38 10) F4e| &M U o|ED M FHe| FH:(a) FY
ga (b) v, (c) 3N 0|8 ¥ y& =X
Ab

1002 Gl HHT A7} ojFE %ol vmohiol
He 34 Ui (38 10G)e 594224 7

2, Azel A77F 200%X60 FHiolth JtEZe HNEE
Y5¥ 200DPI8] 94& HAste T BDPloln A=
29 HAEE 125DPIelth (19 10b)E 7129 M9
A= M2 o Gioltt. Aga 2 EE dlo]
HE 200%120 34 272 712, 42 2% 25DPIY] )4
Zolth. EE doEHE TE o JHYSL AgYgNe 2
W &5 Bt 28 =9 =& X dad FE
2002 FR8te) 2BDPIY AR & AEE ded 3 4
Ao Yol 85 F 27 =AY FS BoRE F4
Wwor HAsie AHe] #HS oA HFE HEIa
PC,PC,% 69 o3 g544e] A o]Fo] ojFo
Aok (29 10)e AT o5 A% Yed F29
og Yetdrt o] FEEY W HEY 34 HEE BE
W oskA FHES 1012 AAHES Aujxg ot ER
Ay & 2F7] A3 60msecd ¥ o] FA =7}
FrAHojol & dolejide] 2] iy y& HEe F
2y Avl Hel HZE o] FAIGUNY 44 dolg
o} dloJEjuol el JAE AUT W s FALEIL
AME F A H Aol o] Fofxirh

52 Xi= 2& @

F A e A9 dnFd S S s e =
€ H¥&E VIR Ak ¥ A2RdAE o A 7HA W
HE ol 8¥ AAE S., S, & AAY ERUFA Sy, 2
AEE F AHE LA A AN sEdol o
Aol e 22 HEE, xF9 F4S 100DPIO| =
£ ol 3% 0Zmmeldteltt. W yF WEE 2mm
AHee a7t ¥4 de2g Ad +immd HA o3
€ 7Hg E AHe ojFH A HAd mWE i}
AL o) ME xFF yFe 2AFo] ac} 1
A€ AAE A2 24 o Ad AR H(integer)
Ao M 227t BAH HAAE} 15° Y 0 e
75% “topzict.

Ao gl AHEEE AEE A (¥ ) 2 (2
H @) AT #FHAA 858 ddo2H 299
AE7E qstn L9%e AFR T 5 Yok =wHAA A
AAHE VEer 999 29 AFL AXPES (29 11
(b)et 2L & AT F 299 A=E AP
3 Zg gl 2BHE LAEE S, Sie Sid1
2 Fol el Zhzh 29%, 34%, 46%= vErdth A9y
o FEIHU a9 27 vaddel He EEIA
g SaE vadty FAEE AET JAHY ot
AR & AFE AR Zol7t FA vehde gt
AFE H4dEEE (2 129 JEhi & A2=ge 7
Aolx E%538te] A FBYSAA o]FojPor ¥
9 B&3 Mue Bgasy s s/ s 74 ¢ud
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(a) (b}

(© (d)

(e) (f)

(g) (h)

(38 1) A of : (a)~(d) &SSEL, (e)~(h) 10%,
0%, 0%, 40% TS VIt Y

(38 12) e HEE AlYE

Aol ostd 5,9 A AL 5., Bt 38% © 28
o AEEY HEE 4, (S, )=1.32, & ,(S,.) =145
# 0 (Sore) = 1760122 S, duEFo] 744 it &
29 A% HIYALE < 1ol Yehhdo wF g9
S Soe BRFL FHEEANA 10msec, FAAE A
44msec7t 2850 A £5EE % Sdmsec”t Bk G4
53 @A A2 FHS AA Bl Hgs & F
2 60msece] A7t 4&sA PP AEF 2 A
dae|Fol o AHAELS A% 2GF tistdx HAH

BE o B0 AT XH 2F AMAH 78 479

A FRET BE 46% ol 2H® A= FF 4o 9
Hi ohE AFeR AE BAdr) ol WA AsY &
A= 98 HEET HEE g, #F 189 FAE Shen
#ol 4 o) ool HE 1EHE A Fdolg
E 3Y% 9¥ez dAHA gdd F S, a2,
55 (Sse)> BolOf0k @} o] W o, B3LE MY 3l
AAQEY, 8 489 Ay dojello]ad M= o = 0.82,
A=1.30 ¢ YAANM F4 F7 EAAX Fuct

CE 1) X2| Azt
F3) Data- | D% Wi in| 94 855, 48 3 A3
- “
Az P | gapey av | Ve | AR |F9AE Ay AR

Dollar($} | 202 7000 |140000 10msec | 44msec | Sdmsec
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Yen(¥) | 637 7000 42000| 10msec 12msec | 22msec

*1 11, 2,5, 10, 10new, 20, 20new, 50, S0new, 100new ©219] UHH 4

*2 11000, 5000, 10000, 10000new 3o 45id G4

*3 1 1000, 5000, 10000 Azte] 4HH F4

B $YAL JFLR ¥ 28470 AR GRYE AR B

Ao FALEEG F7150] YO E 2msece] AH o FolA,

6.d &

2 =EdME 94 53¢ rvtes @ H4E A8 &
£3589 949 #4499 A va dadEd 539
Qe BEEAH A Ha dueEE s HAARE
Mg AH 7 ALHE THIAAT A2 AHRE ¢
nHEE et g 5EAE ddFeRA 43 3
BEE BREGE AHATL oM FHAIEE A& BE
Holth, AHE d&Ho2 FFENY Ad V&9 AHAS
719 N ATEE gesen dHESL AE CISE A
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oM tAEs @ F AdE 2Hd Wrind FEAA F
o} A} o|FojA & DSPeA A He AFE 4
HIEE Uk TEY A AR A¥E ¥ A Ay
79 MEEE 60ms o|HE SE7F SR At
e AEELE 4, (S,,)=17622 GHE ¢1YF
of vla gEol ¢rI}AL. E 46% ol 29¥ Ad:
AF 4ol o¥3 & AFer FF AAFHAG o
A BE ol dig B fARd oY TEEY das
FEe 43 2 FAz dob ok 2 F gyl
54 FFstn 2 o5 Add 5AL wAGE 5
A dndFe el A ASHHA Av7t a7Eth
ol A% W H4A FNY 5 e ME 59 AR
o] Bt} A&Hoirt E AL d:nFo] Hi7HA F99
gl H&Hol 14 4 2T A5 e dg HE
o] 8 7du}
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