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ABSTRACT

RFID(Radio Frequency Identification) is use of an RFID tag applied to object for the purpose
of identification and tracking using radio waves. Recently, it is being actively researched
and introduced in logistics and manufacturing. RFID portals in supply chains are meant
to identify all the tags within a given interrogation zone. Hence the hardware and software
mechanisms for RFID tag identification mostly focus on successful read of multiple tags
simultaneously. Such mechanisms, however, are inefficient for determining moving direction
of tags, sequence of consecutive tags, and validity of the tag reads from the viewpoint
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of workflow. These types of problems usually cause many difficulties in RFID portal
implementation in manufacturing environment, there by having RFID-system developers
waste a considerable amount of time. In this research, we designated an RFID portal system
with SDO(Sequence, Direction, and Object—flow)-perception capability by using fundamental
data supplied by ordinary RFID readers. Using our work, RFID system developers can save
a great amount of time building RFID data-capturing applications in manufacturing

environment.
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RFID, Portal, Context Awareness, UHF, Sequence, Direction, Object Flow
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(Figure 2) Loading Zone and
Gateway of a Typical
Manufacturing Plant
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batch_size: the number of targets needed perception of sequence

limit_count: the count decided valid reading about the target

CHECK_FULL : checking the number of arrays of which size
is equal to limit count

READ : It queries tagID and readtime from RFID reader and

return them.
/I tagID = x, readTime = t
WHILE {
READ

IF x has never been read before THEN
CREATE array x
INPUT t INTO array x

ELSE
IF size of array x != limit_count THEN
INPUT t INTO array x
ENDIF

IF CHECK_FULL = batch_size THEN
OUTPUT tagIDs / meanTimes ORDER BY mean of array
ASC
Do not READ tagIDs / meanTimes included OUTPUT
anymore
DELETE all arrays
ENDIF

}

(Figure 4) Sequence Checking
Algorithm

A e dagEs A8sty] fsiA A
batch_size<} limit_countE 437 3+t batch_size
= A Ao tide] He ofoldle] JiEM,
ahibel oFo] <Figure 3>¢] o9} 7o) &hrtol
Zdloly 52 o] AAE A2 o] otk
o & Eo] ArkeRelel 54 75 FUT A
A4 Adloly T Yol A gt
slo] FQistejof st} oju) AW &
batch_size®] A&7k 2 AF&H T} limit_count

HeE st

ol

= Qo] RO a1



1, o]w} RFID
e}, wekA RFID

pud

o

]

2 A== N 229

29
) 3l

=
L.

)

&2

A

=

=

Al Q1499

o 27)2 8l

/el dlolE Aol

[ex]
=

gl

]

L

-

o8
744

=

=

=

19 8D} <148 divict wele)

HA ek <

o

&
E4 €D

[e]

3 Ej2ID

TNRPTFEODB BTN
F R XETE gy TH DT W
L — " m o w5 o) =
o X dﬂi’q _— ~
%@%%%%@Qﬁrc%ﬂ
g MrHpe xR 0o
oﬁa,_l__wLﬁa)AZlﬂWZ_uﬂmuomex
N S L T
~ \mﬂ,o|‘o|®1_l,m,|_1raﬁ
P 2 N 3R
FT TRy o g T
® B F TR T Mo
S %m.ﬁﬂm;omﬂﬂﬁoﬂ&l
o#aﬂmﬂ_/ﬁ%ﬂﬂoﬁoﬂ%@_ﬂ%
@%ﬂnﬂu%u._”m%ﬂﬁﬂ%ﬂ
o o ° 5 T - b o X
%m%%@%r.%o_wu%uuwwwﬁ
=T xR g BEw - by
We_‘_;owamu7ddﬂ|ﬂﬂm¢
,ﬂyﬂﬂrloﬂoLﬂﬁ_,oT%dﬂanﬂ7ﬁ
ol moou ek T T B R ON IR B o
woE SRS 2T T T
o am N om s PN U oER o=
wr o pr R
OTﬁom_ﬁuEﬂ.o to B .AMO
Wy el w8 \N_lﬂ__lmo
T BT s ey M
o S o D o o XM o

2
7%
1
g
0]
°]
xj'

[

T = ° X <© g R A
@oe%%ﬁw‘W%%wﬂ@ﬂﬂ
LGP o Mow o WY
ST w e dkE Yy
oA o o og B o
th.,l_X,DrEO,Aﬂ.H‘WL j—
Bo g KT g By oo o ® = B X

T % of ® 2 o)) B0
o 2 oy — B o oy
BT B o R o= P
g~ - R oo X e
OA_IEE EE 11LX]_ :A]
CHMEOEME,_MWE < ol o
o= ME%_ — A=
m ﬂfw_ﬂﬂulmun_.oél{
E gy e @
T H® R o N R W T W

19
16
15

Read
rate(%)

50
60
70
80
90

Angle

respect to Antenna-

Aol A g 1o} ghelitel

=
Read
rate(%)
100
100
93
75

7]
Tag Angle(10)

with

L

i

10
20
30
40

Angle

(Table 2) Ratio of Successful Reads

<Table 2>

i

k)
i

L&

-

2ok

k)

A

=

SHA| o] Fol A a

A to]

At 3~4me) ¥ <)

L

.

]_

1

L

0|

UHF t%°] RFID

Zbol] A3 = of of



230 FFAAAHGS A A 18 A2%

07F FolA) A e 914 Wl Weld 2
Arhgol olgalol & Az E Aol vk
Ble] AAFo] oA #Alh EAl @,

4 W7t Weld 49 9ET A

WMol ) <l40] WolHA Ho] &

180°

120°

(Table 3) Number of Successful
Reads with respect to ©

Speed(Ms) | 180° 150° 120° 90°

05~08 | 1530 | 1260 | 1350 | 307

09~15 1277 91.3 73.3 317

16~19 1217 | 1223 62.3 24.7

[
jus)
-3
I
h:
rir
2
i)
;
\"]
N
N
.
D
)
)
30,
i)
kl
N
N

Ol ﬂTOM YRz ol5d
sk QU QFELE 10
A 54111 oo A Y HZ Q] *‘rﬂ
Ao E e 4= 9} ojuf <
U sl RFID gufo] o] Ax|x|of
o] SHe|L}e] M &&= RFID 2H
XEE 9mdit) 9% Wl
fo] 914 %= <teute] W3}

o ox
P‘L
[
ro,
1>

o é“.:

fr
oft B o
QL

o

il

o

[}
- O
o, -
ol
o &
F_z :El
-li

2
Av‘

)
o

w2}

150°|

1N 9E D 0N 0E 2% 57 e e 5N 0% 252 765
o e na 6 180 DE uR 28 oA e 2 B 16 0% 254 421

[ o= trteoral wtm potenna2 wam prtenea3 |

-

TAIBENZ 15 1A 182 112328 17A1 182 112968 17A1 182 1220 1741 188 122 203

ey

(Figure 5) Reads-Profiles with Respect to ®(x-axis : time, y-axis : read count.
blue line : reading count of antenna port 1, green line : reading count

of antenna port 2)



A A 2z== R 231
2 214 Holg]

bl gt 7 7ol me
o

0

Fotur] 9]

=

=

bl 91

5

o Wahe A

6(‘3]:

wr
4

XU

]

7t #o}

o
N

;"

5>9} ko] <QrHlL

et 2
14 214

Lt} o]

[

Bt A

=

R

=
=

t o

ol ol

S

oly

]

SERELE
W SrELE A%

g T

Q)
=
o

]

%

Aol ohfe} ol 5o] gham wWrix o)
4 A7

Y <Figure 6>3 7Zo] 1}e}

Qe
%

L

e

0|

5

il

7
=
o

<)

]

EEBN

v

shl agshs 2

“

& Hgg 8 o

FeluRe] Q14

o
il

o] %

1

X

1}

]

o

a8y <Figure 5>9¢ 12009+ 150°

i

= OF 12079k 150°Ate]ol A
Azggol M= A ol¥

=2

S oA
= =

IDi_ R

o] AAE dole {3 tag

124

o

JJJ
P —

3

dolHES

=

pu—

FEWE A2 o

o

Hlelel =

el

-

=

ol dAd = glk
o= Q14 dolE A

,n

=

I=]

=

BAES

2hA AQtd g

k=1,2,...
0 or 1(0: inside, 1: outside)

{(Pi,k, readTimek)}
{(Pik, readTimek)[Pi,k #Pik+1, (Pik, readTimek) € tagIDi},

{readTimek|(Pi,k, readTimek) € A}

Exp[B]

54 Mo FroE o] Ag

Pi,k = antenna port which has read tag i at thekth time. Where
/I Pik
tagIDi

A
B
C

{(Pik,readTimek)| Pik #Pik+l,

tagIDi_R:

Z2el4 1)

4 A

==

)

o]
ol o

=
=
o=
PAN

ke)

<Figure 7>°A & 4=

<Figure 7>3} Zo] #Adt
o[El7} A7 HelE

(Pik,
Algorithm for Direction

Detection

(readTimek+1-readTimek) > C,

readTimek) EtagIDi}

(Figure 6) Data Acquisition




232 FFAAAHEGS A A18H A2%

m(tagIDi_R) = the number of elements in set(tagIDi R)
/lq = Sequence of new set;

q=0

tagIDi_0 = {(Pi,1, readTimel)}

FOR(j=2; j < m(tagIDi R )+1; j++){

IF(Pij-1 = Pij) THEN

(Pi,j, readTimej) — tagIDi q
ELSE

q+t;

(Pi,j, readTimej) — tagIDi_q
ENDIF

}
FOR(=2; j < q; jt){
IF(m(tagIDi_j-1) > m(tagIDi_j) && m(tagIDi_j+1) >
m(m(tagIDi_j))
DEL tagID i j
q-
ENDIF
}
Pil — D
FOR(=2; j<qt1; j+H){
IF Pi of tagIDi_j-1 == Pi of tagIDi j THEN
Pi - D
ENDIF

1
s

(Figure 7) Direction Detection
Algorithm
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Elements for RFD Object
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Notation

Name

Signification on the
O/F Model

place

The context of reading
of an object

transition

The moment of
changing a state of the
object(RFID
read-point)

token

An object

Flow of an object
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(Figure 8) Entity Relationship Diagram for Object-Flow Algorithm(6)
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Tag=(id, rp, time): read tag data
//When target is requested validation,
InitialReadPoint=SELECT StartReadPoint FROM ReadPoint_Table
WHERE ReadPoint = rp
IF InitialReadPoint equals“0”THEN
InitialState = SELECT State FROM StateToTransition_Table
WHERE Transition = (SELECT Transition
From
Transition_Table Where
ReadPoint = rp)
INSERT INTO CurrentState_Table(TagID_Item, Serial,
Current_State,

Time)
VALUES(EPC _Item, Serial, InitialState, currentTime)
OUTPUT “Invalid”
ELSE
OUTPUT “Valid”
ENDIF
StateSearch = SELECT State FROM CurrentState Table
WHERE TagID _Item = id.Item
TransitionSearch[]=SELEC Transition FROM Transition_Table
WHERE ReadPoint = rp
FromStateSearch=SELEC State FROM StateToTransition Table
WHERE Transition = TransitionSearch(]
IF FromStateSearch exist in StateSearch THEN
OUTPUT “Invalid
ELSE
OUTPUT “Valid”

ENDIF

(Figure 9> Object-Flow Checking
Algorithm (6)
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(Figure 10) System Architecture
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(a)

| Sequence Information System

o
| Direction Information System

(d)

(b)

(Figure 11) Screen Shots of an SDO Algorithm-based RFID Gate Application
((a) Configuration Panel for Sequence Checking Algorithm, (b)
Configuration Panel for Direction Detection Algorithm,

(c)Sequence-Checking,
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(Table 6) SDO Algorithm Test Results
Function Test setting Success rate
A. distance between objects and antenna : 20cm, 30cm
Sequence B. distance betwgen ob]ects ; 15cm~50cm 100%, where B >30cm
AWATENESS C. speed of moving objects : 0.5% (8.7% in average)
D. the number of a series of objects : 3, 4, 5 e &
E. test place : laboratory
A. distance between objects and antennas : 0.5m~2.5m
Direction C. speed of moving objects : 0.5%s~1.9% 100%, where A < 2.0m
awareness F. the number of objects : 1~6 (85.7% in average)
E. test place : laboratory
H. the number of read-point : 5
Object Flow | I. implemented scenario : delivery of components in
. L. 100%
awareness automobile manufacturing industry
E. test place : laboratory
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