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SUMMARY

I. Title

Development of Advanced Logistics System for Red Pepper Processing

Center Using RFID Technology

II. Objective

This research objectives to develop RFID technology to be applied to the
logistics process for RPPC and to design an appropriate logistics system for

RPPC by using RFID

IMM. Results and recommendations

1. Warehousing of pepper into RPPC is intensively conducted between late
August and mid—September for 60% of the whole goods warehoused. It has
been learned that a logistics system is needed to treat 800,000 boxes of pepper
a year sine the annual maximum drying capacity of RPPC is 12,000 tons. In
this research, logistics processes in RPPC are designed and the management of
logistics is planned over four steps: gathering of goods, weighing/recognizing

information, classifying/storing, and putting goods into the dryer.

2. To construct a gate type RFID system, a structure 3.8 m high and 3.2 m



wide was designed and then a reader and an antenna were affixed to the
structure applicable to the logistics of agricultural products, which were
transferred and stored in the unit of pallet. EPC Classl Gen2 & ISO 18000
protocol was used as a reader, whose frequency might be UHF bandwidth 860
MHz to 960 MHz. The antenna should be Circular Polarized Antenna of 6 dBi
Gain, and the frequency of the system should be managed according to the
FHSS (frequency hopping spread spectrum) method. The permissible deviation
of the frequency is no more than =2 ppm and the permissible frequency band
width no more than 200 kHz. A masking method and an aloha method are

applied to Anti—collision algorithm.

3. Radio waves coming out of the gate type RFID system are in the form of
radial rays, and the waves get weaker in proportion to the distance between
them and the antenna. In the RFID zone, calculations were made to determine
the correlation between the strength of radio waves in each location and the
tag responsibility. And the result shows that when there are two antennas, r
or the correlation coefficient between the strength of radio waves and the tag
responsibility is 0.665 (p=0.009), which is statistically significant. When there
are three antennas, r is 0.711 (p=0.004), which means highly positive

correlation.

4. A conveyer type RFID system was designed in such a way that the
conveyer might measure the weight of each box and treat the information for
the box at the same time. The conveyer is composed of inputting conveyer,
weight measuring conveyer, discharging conveyer, and RFID system. Three
location sensors are mounted on inputting conveyer and weight measuring
conveyer, and the speed of the conveyers shall be controlled independently. At
the lower end of weight measuring conveyer, there is affixed a load cell to

measure the weight. Via Digital Weighing Controller, data is communicated



between weight measuring conveyer and RFID system. As in the gate type
RFID system, the RFID system has a reader which uses EPC Classl Gen2 &
ISO 18000 protocol.

5. It is found that when the conveyer type RFID system has one, two, three
or four antennas, the tag reading rate is higher in a tag placed near to the
inlet than in a tag placed near to the outlet. If there is one antenna and the
strength of radio waves coming from a reader i1s more than 24 dBm, the

reader recognizes all the tags within a 2 m radius.

6. 908.5—914.0 MHz was selected as the frequency of a reader applied to the
RPPC logistics system. And a UHF band classl Gen2 tag was chosen for the
RPPC logistics system. With more antennas, the tag reading rate gets higher.
In any distance, the rate reaches the highest point when there are four
antennas. When there is one antenna in the distance of 1 or 2 m, the reading
rate is 49.6% or 48.7%, which is higher than and significantly different from

the rate in the distance of 0, 3, 4, 5 or 6 m.

7. When there are three antennas, the tag reading rate of an empty box
(FN533, KCP) increases over time in each location. This implies that a
collision took place at the initial step of recognition and the reading rate
increases due to anti—collision algorithm as the recognition time passes by.
When there are three antennas and a tag is affixed to the front and sides of a
box, the tag reading rate in the distance of 0, 1, 2, 3, 4 and 5 m from the
antenna is 95.0, 95.0, 95.0, 93.3, 91.7 and 91.7%, respectively and the box
recognition rate is 100% in the distance of 1~4 m and 96.7% in the distance
of 5 m. The reading rate of both a tag and a box gets higher as they are put

near to the antenna of the system.

8. In a positive experiment on pepper with the gate type RFID system,



evaluations were made to know the number of antennas, the location of tags
affixed, the quantity of boxes loaded, the distance from the antenna, and the
recognition performance over measuring time. When a tag was affixed on the
front and sides of a box and there was one, two, three and four antennas, the
tag reading rate was 30.0, 68.9, 71.7 and 72.8% respectively and the box
recognition rate 44.5, 95.6, 95.6 and 97.8% respectively. With more than one
antenna, there was no significant difference in the recognition rate and the box
recognition rate. When there were four antennas, the tag recognition rate and
the box recognition rate were the highest, marking 72.78% and 97.78%
respectively. T—test was conducted to determine the reading rate when a tag
was affixed to the front, a side or both sides of a box. The result shows that
the tag reading rate was better when a tag was mounted on the front and a
side of the box than when it was affixed on both sides, but there was no

significant difference in the box recognition rate.

9. Next, the box recognition rate was determined in terms of the number of
boxes loaded on a pallet and the distance from antennas. The more boxes
were loaded, the less the reading rate was acquired. When 30 pepper container
boxes were placed 0, 1, 2, 3, 4 and 5 m away from three antennas, the box
recognition rate was 93.3, 80.0, 66.7, 60.0, 43.3 and 40.0% respectively and with
four antennas, the rate 93.3, 83.3, 73.3, 66.7, 63.3 and 46.7% respectively. This
implies that the box recognition rate gets lower as a box is placed farther
from an antenna and that the recognition capacity is better when there are
four antennas than when there are three. Also, the reading rate tends to be

higher in proportion to the measuring time.

10. In a positive experiment of pepper by using the conveyer type RFID
system, recognition performance and others were evaluated in terms of the

number of antennas, the direction of their inputting, and the angle of the



antennas. The result shows that with one, two, three or four antennas the
reading rate was 65.0, 98.3, 96.7 or 98.3% and that with more than one
antenna there was no significant difference in the tag and box recognition
rates. It is also learned that RPPC needs to use two antennas in a conveyer
type RFID system, which treats the information on the weight and tag of
pepper container boxes. The best recognition performance was achieved when
an antenna was put at right angles to the moving direction of a box. It is
because the conveyer type RFID system is designed in such a way as to
recognize the formation on the weight and tag of a box at the same time. And
when the angle of an antenna was 0°, the largest RFID radio wave zone was
formed so that the weight of a box on the weight conveyer might be

measured best.

11. This research develops a program to analyze the tag recognition capacity
and get the information on the management of goods warehoused into RPPC,
and sets up a logistics information management plan to apply RFID to each
process in RPPC. For the management of logistics information in RPPC, the
present author suggests models to treat the information on each of the
processes of warehousing, storing at a warehouse, putting into a dryer, and
discharging and to construct related systems. Moreover, a review was
conducted to know the applicability of RFID technology to the logistics system
in RPPC. The findings are that the RFID system performs the best when it
uses the UHF band 908.5~914.0 MHz frequency and EPC classl GenZ2 tags
and that an appropriate logistics system can be constructed when RPPC
applies both the conveyer type RFID system and the gate type RFID system

to each process.

12. The logistics system suggested in this research can be applied to general

Agricultural Products Processing Centers if it is complemented in consideration



of RPPC and the characteristics of the appropriate agricultural products. An
agricultural products logistics system applied with RFID can automatically
measure the weight of purchased agricultural products, manage the quality of
them, and give account settlement services for them. The system is also
expected to control an appropriate quantity of agricultural products preserved
in cold stores for a specific period, degree, and producer; save costs though
reducing waiting time for warehousing and shipping and though -curtailing

manpower; and lift agricultural competitiveness through enhancing productivity.
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A2 g el Zsd dst

A 1 A RFID 7|/ |t

AIDC7|<s EF32 93 SC31(Sub—Committee 31)S A Y3l (Fig. 2—1), vl3=
2 RFID 29} Steuf 3He] oojlEdlol~ e 2B F 9o wAxTst 2

AS Fdstar th(Table 2—1).

ISO IEC
JTC1
[ } |
SC2 SC23 71 =) A SC31
A FE Py A5 ]2
[ [ [

SC6 SC24 SC32
AREN7) & AFEH g9~ tol g e w g
[ [ [

SC7 SC25 SC34

A3 E g]o] AR 7] S| [ AAREA L A 7 Ao
[ [ [
SC117]=j A SC27 SC35
ZUA S AR o A4 Qe 7 o] 2~
[ [ [
SC17 SC28 SC36
AW 7} AHE717] WEHYH
[ [ [
SC22 SC29 SC37
2 e olo] MPEG,JPEG Ay A Q12]
(source : RFID 7|« ¥+ 4 283 A 7lo]=, 2006.)

Fig. 2—1 IS0, IEC 57|93 JTCl) =4 %=




Table 2—1. ISO/IEC JTC1/SC31 WG49] #3} d3

s a9 ISO/IEC 2+ v A A H) 11
15961 Tag Commands FDIS

sg1  DPATA 15962  Data Syntax FpIS ~ HI°lH

TERET Dat Vil Doma TREF
ata alue omain
24729 Interpretation and Guidline NP

o 0]

A1 21 2 =
SG2  Tag?) 15963  Tag2l¥H=} FDIS Tag2
gZl o] E
18000—1 Generic Parameters FDIS shetrle

ik
18000—2 below 135KHz FDIS  7}53¢

Air

18000—3 13.56MH FDI =A%
SG3 Interface ? > 12
(F41)  18000—4 2..45GHz FDIS #3H$&
18000—6 UHF860—960MHz FDIS H&&F
18000—7 UHF433MHz(Active) FDIS #E oY
" . . ez

ARP ZA&7]< 18001  Application & 7A}3} DTR 241

EPCglobale 7|2 MIT Auto—IDAIE oA Niet V&S #F3betar 83t
E2 37 Ysted 20033 10¥€o] AgE 7]o® EPC(Electronic Product

Code)E 7I]¥to® EPC WMIEYAE A8 3 71&S /st iF3tE F
2l Fol v}, EPCHREE 7]E9 upm= ] 7@ A A¢ks RFID& FZ=A 7
A 64ME, 96H|E, Z2 256H|E] FEHMS AA 7S Fa i, s
g5 e Ul dd AES FEE] A% 3 49, F ldgew A
dom, Frol ¥ FAME A9 HEARH FJYHELS FI M, 99

AAME, oA FYsuE, dawse] A2 4ol gtk EPCHAS
% 7ER7 G MR T2 Aol 7 qele] B wEo]e Hojolm

= WAz s 9 S AdEel ds) &dE BES dolrt o5 7bs stk (Table



Table 2—2. EPCH A o] & &% B ES T4

T LRI A A BAEIYL  dUND
EPC—64Typel 2 21 17 24
EPC—64Type?2 2 15 13 34
EPC—64Type3 2 26 13 23
EPC—96Typel 8 28 24 36
EPC-256Typel 8 32 56 192
EPC—256Type2 8 64 56 128
EPC—256Type3 8 128 56 64

%)
Z
=5
HN
ot

(
it

=] RFID/USN %3} FAAAE TTAZF &5& AYs= U 3z
el 4719 &3V, &8, UWEHZA, AEHI)Z FAsH, AFEA7]H
ETRI, NCA, KRNIC, KISA,7} stV w3} 23 T

& FAska ok (Fig. 2-2).

FEAOR to}

il

=

TTA < > o=
(EZEA% U A BAZ) (3 aesoi+]

. - + ISO/IEC JTC $631
4 == 1L ISO/EC JTC 8617
z <10 TC104 5G4

. Bl
s

3] 47 REL
e 180 TC204
- - » <150 TG23 5C19
He R
%9_] 135 [d,j_” o T = ‘_*USNE%E}:‘E% « CEM TC278
27 + GEN TG23 SC3 WG3
T 3} T « ETS/ERC/ANS
] < |IETF

B
*Auto-1D Lab 7’ ER-NTE))
+ EPCglobal
«u-IDHE 5 . a8

G A A 2] 7

(Source: TTA, 'RFID/USNX% 3} Fx14FsE)
Fig. 2—2 RFID/USN %3} 704



ol ¥53 7R 3= Table 2—33 Zo] 4709 W/G(A 28V 7]EW/G, 1l &4
oJW/G, A& Z=W/G, USN v #7EW/G)E Tl glon $8EIE= 3749
W/G(&EF/FEW/G, A8/ E3IW/G, 15/ EW/G)2 T4 %] Ath(Table 2—4).

Table 2—-3. 7]|&%3} 33

7)1 33 #3157

=]

TAETE TR =dl lsAEy AASHY
900MHz/433MHz RFID A28l =] ¥5& /%

A7 EEeE bt Y /EAE/SE dolH <QlEd
ol =T N

RFID #Y/el1 U 7|&=7]+ Adxs A
TAETS  FEstm U 7l AA S
900/433MHz RFID A|~Hlo] o3t ¢lxqdsF 2 EMIV| &

71

A 2=871EW/G

1S W/G

o
ro
o\
=
()

USN oA 7EsEFEs
n71EW/G  EEES et TUESE 2 SAETS Aot

(source: ETRI, ‘RFID 7|4 2 A1&A%3, 2005)

Table 2—4. &% A3

=& Sg&iof Fukgr
zg, 3, 4
L AL E I S B B L
o =T (Application Requirement Profile)ZE 7}
. ) oS 53} weto] Sl AR 2 oA ZES
A3 /3 W/G
AEEHJIHE A F
Al s HESA §F 5 USN 2Rd
wE/RAW/G  alE, A Aol sto] BMWE 2 SE&ET /Y

(source: ETRI, ‘RFID 7% 2 A#&53F, 2005)



agla YEYIBERE= 27019 W/G(ODS W/G, IPvedE)o = FAH o] 9t}
(Table 2—5).

Table 2—5. HEY T B3 &5}

U ES A5 el Sl

RFIDZE gd 2 wAlA] HAstE 318]dk ODS(Object

ODS W/G = ]
Directory Service) ¥5& /| 2 FH3t A Aot
Pv6 W/G =7 RFIDE =2l EPC(Electronic Product Code)$} IPv6F

2 AA s eSO

(source: ETRI, ‘RFID 7% 9 A&Z3F, 2005)

ABRRSTEIE= 2709 W/G(RFIDH.SH W/G, USNX S W/G)E A AUt
(Table 2—6).

Table 2—6. AR R3S 23 33}

EEEE LR EEHFA
A% 8ol Agd %E wevEn (e

RFIDE}F

W/G sto] TUEZE D FATRES A
- RFIDAFERFS] 7ol w2 YXAHE Zlo|wA] WA=

AR VlES AN, RS A 2 SAREs At

USNXE 3} SHES A B SARES A
W/G - Ad=—hocHIE®] =L, USNGolA 9 QlFS 913 7S vwiHstd

FUEE AY 2 FAZES AL

(source: ETRI, ‘RFID 7% 9 A&Z3F, 2005)
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RFID+=  readertag 71, T3 #E]7]&, wlEde]l /Wsh=  automatic
identification technology), data transferring, data warehouse, filtering, data
sortingS -8k automatic data collection technology, security 7)<, Z =214
71%, MDS ZAAFARAN 7%, 15, 541 7% 9 networking technology®ll gk
AT7E s P gk 2007d% Eo]A4E RFID/USN AE7MEy o
AUTO-ID EXPO 2007 Japan, RFID/USN Korea 2007 International Conference<]
71E%%¢E 7]& RFID 7|€3 &7 MOBION(Mobile RFID), USN(Ubiquitous
Sensor Network) &-of= AliE=o] 371 Fof= g wxw i 9lom, &% RFID,
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ntES ogskor Fugr= 902~928 MHz, FHSS(Frequency Hopping Spread
Spectrum)®¥A & F= o] &% FCCitAs wEshe Hulg g se] ALtdh
A oo MY FAs vtEE WX B, 5 ok a7AES WA
)= wrako 2 7ba 9l
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v ZPE 7)wke] RFID o|WE #Hg|7]o]™, CatTech® TagWare:= | Ao,

dlolg a4, Fg3tst AF o2} gt i JHIA)AE AT SWE
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Q5 433 MHz, 900 MHz, 2.45 GHz, 5.8 GHz tl¥ @539 g1 #d 7<%
3} 13.56 MHz/900 MHz/ 2.45 GHzS} % oA &% 5]
=3 gk B 7= J AL Algstthal & ¢ Qth

gy #E 71Ee FUldA B A AAARL olEEAl vEr] e
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& okl gk RS VEH %S 250 Y] "W & RFID o Al
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F7 CF FHo goE Fdtdiz, A aseA, oS, I oA sA, 7|
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900 MHz W9l 483 Ful§ g+ EPC, ISO 59 XS WHA7|=
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. 20059 %= AEEAR RFID AlHAMY
2005 A|HAIY L 2004W AHEA Y BAEA FE7)HS IO Z RFID A
S FRP 2 7-d 67 FAES A L APHALIYG S &Y Table 2—-8

S 20059 % AREAR RFID AlWAIY 9 =3jgo]t},
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Table 2—8. 2005 3% AHEAX RFID AHAM

4 e 717 S8

Hel A wEse AT, 24§ 2
4% A4 H71% 571 Boxel 900MHz €123 &

A A"
Al Zshe] AL ]

F—-15Ke] Eo}7l+= %%l RFID #1&
Fo15K | =07k -5l el

TERE B3] A A A AF7] AA AREEE
Al2gl 5
e Ade] 95 didoz 125KHz
AL 9 % 900MHz RFID Bj1E F-#3}o]
h A olg e 2 JbE, BvE #e

g¥3% §A447(ULD)e] RFID Ej1E
Z
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(source : R. Hornbaker, 2007)

Flg. 2—3 TAG for RFID agriculture product and food security tracking system

D 5389321875 D 5389321875
Event # 1 Event# 1
Time 25813622 Time 25813622
GPS -89.075422 GPS -89.075422
40.407469 40.40746%
SIN 112455 SIN 112455
Lot# 471784 Lot# 471784
Event# 2
Time 25814962
GPS -89.075468
D 5389321875 40407424
Event # 1 SIN 4258693
Time 256813622 Lot# 471785
GPS -89.075422
40.407469
SIN 112455 v
Lot# 471784 D 5389321875
Event # 2 Event # 1
Time 25814962 Time 25813622
GPS -89.075468 GPS -89.075422
40.407424 40407469
SIN 4258693 SIN 112455
Lot # 471785 Lot# 471784
Event# 3 Event# 2
Time 256817135 Time 25814962
GPS -89.075501 GPS -89.075468
40407455 40407424
SIN 321005 SIN 4258693
Lot # 471786 Lot# 471785
Event # 4 Event # 3
Time 25816955 Time 25817135
GPS -89.077201 GPS -88.075501
40.405482 40407455
SIN 15334 SIN 321005
Lot# 471787 Lot# 471786

(source: R. Hornbaker, 2007)

Fig. 2—4 RFID agriculture product and food security tracking system
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A 2 A RFID AlZ7] 7 2 A28 A7

1. Al°]E& RFID A|2~# A7

7b. APl EF RFID A2~
RFID A8l 7|24 oz 27], ey, B, AES2 744 AoE
& RFID Al292 9 E G2 ofF, #efss 4% Bt 4887
flato] ¥ol 3.8 m, % 3.2 mo| FxES Aste] Huriegh dHUE A3
=& dFvEAde] AolE FJHE <rEuke] 913 B 94
7bsates AR AtH(Fig. 3-6). Table 3—4 AlA7]9 F& FAFS Uep

2]t 7] (IF4, Intermec, U.S.A.)&= EPC Classl Gen2 & ISO 18000 Z2ZEZS A}
g3stolon, F34= UHFUY 9 860 MHzY-E 960 MHz7HA Abg-o] 7h3ttt.
ot L} (IA31B, Intermec, U.S.A.)+= 6 dBi Gain® Circular Polarized Antenna=
g el grrlel 4o QFHUAA] o] Thsdith. A|2Ee]l FEukge
FHSS(frequency hopping spread spectrum)®2] o2 #Ag|HH, F34 3 EHA=
£2 ppmol3}l, $A4 FFA Aol 5 6 dBi, FF F35 IZFL 200 kHzol 3,

Anti—collision €185 2 maskingol] 23k WH I aloha HHS A3t o).

3.8 M

= - -UHF QtE|Lt

Fig. 3—6 Gate type RFID system



Table 3—4. Specification of gate type RFID system

3w i %
— HgFT4 : 860—960MHz
— BEAZREZ : EPC Classl Gen 2 2 ISO 18000 7+2
— 6dBi Gain® Circular Polarized Antenna 47]/1 Reader
— Embeded Controller
UHF reader
- dFuE QA zugdR e
]
Wgel ek 7/ A7) Ny
Frame g-o]gk R 511-—'
— AES] o] s wdd F5 |
R e
SHAISOI Salsol &l
Operating Frequency 910~914MHz(FSHHRIKICH)
Air interface Protocol 1SO18000-68B XI&
Power IWEIRP A== XA
Hand Held oA 1.5m OIAHOn Air)

Host Interface

RS-232

HIZE A1 SAI XIA

DA £2
POA Windows Mobile2003XI&
Wireless LAN USB £ 802.11XI& Jis
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Aoz JERd. ol 2L ARA RFID Azl fuslelzed A%} 2

2=
T

Fat Gain 0.0 46 Fxt Galn 0.0 3

(a) x: 0.75m, y: 1m

14:46:30 Feb 15, 2007 " 15:08:38 Feb 15, 2007
<8 Smal/Pt < T ’
Aiten: 20 68 Fxt Galn .0 dB £t Gain 0.0dB

(¢) x: 0.75m, y: 2m (d) x: 1.5m, y: 2m

14:50:24 Feb 15, 2007 15:15:22 Feb 15, 2007
e 1
Fxt Gain 0.0 d5 - - g

(e) x: 0.75m, y: 3m (f) x: 1.5m, y: 3m

Fig. 3—8 Receive power spectrum at 4 antennas
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Fig. 3—12% Z#[o]o]&d RFID Al=®19] A= o 2A Au|ojo]dyd RFID A2
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ATh T F4 dolo] dttel= FHE FAY] A 2=Ado] FFH o] gl
© 1 Digital Weighing Controller &3} RFID A28} dlo]EE FAIEA A7
3tttk RFID A|A®l& Alo]Ed RFID Al4®l3 HdaA 216 7] (INfinity510,
Sirit, Canada)¥ EPC Classl Gen2 & ISO 18000 ZREIZS A3t Sy
= UHFH9 €] 860 MHz-E] 960 MHz7hA] Abg-o] 7hsstH, teHv= 2t 7]
470 8] FelU7tA] 2ol Jhsstth AlA~®le] F 3= FHSS(frequency hopping
spread spectrum)WA o= A ¥ w Fu¢ &8P £2 ppmoldt, 2 T
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Fig. 3—12 Blueprint of Conveyer type RFID system
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A 3 4 RPPC A&S 93k RFID &-&7|= 7w

1. RFID 34 A} 2 S AH4

RFID =4 %23t 2L IS0 IEC7F Z5 o=z A3 JTC1 A8t SC319)
A 2F 4(WG4)7F T2 RFIDS] 2HA3E, =71 53-8 918 3y, 2=,
AW Ok st ZYJo]l o] FojXa k. 1F Figret #H

interfaceS A3k AL 1SO 18000 A|g]REA] Table 3—5¢ #t},

Table 3—5. ISO 18000 technical standards for Radio Frequence Identification

Related IS Item management air interface

ISO/TEC 18000—1 Generic parameters — Air interface

ISO/IEC 18000—2 Parameters for air interface below 135 kHz

Parameters for air interface at 13.56 MHz
ISO/IEC 18000—3 includes Mode 1(15693), Mode 2(PJM),
includes Mode 3(13,56 physical — Gen 2 logical)

ISO/IEC 18000—4 Parameters for air interface at 2.45 GHz

Parameters for air interface at 860—960 MHz
ISO/TEC 18000—6 include Type A(BTG) and B(Intermac/Philips)
include Type C(EPCglobal Gen2)

ISO/IEC 18000—7 Parameters for active air interface at 433.92 MHz

#* [SO/IEC Joint technical committee 1(JTC1)/Subcommittee 31(SC31)

RFIDAIA] AF&-3taL ¢l F3542E 1SO 18000 Alg] =0 A A5 ool 125,
134 kHz, 23 )9 2] 13.56 MHz, UHF W9 2] 433.92 MHz9 860—960 MHz,



Table 3—7-> ISO/IEC 18000—6°4] Ae]gt 860—960 MHz =3} air interfaces
71% B oolg Vo sto] 7 w7l A AR 860-960 MHz T3k Ei&
gl Aot = RFID ¥4 £53t 79 7lexsd, 3= 2593, I+
TERAEALEA ISO/MEC 18000—63 ¥elsl =] 2r7]e] AR Fub4=
908.5-914.0 MHz= ¥ olglon, uwpebA RPPC EFe] A=l 283 2
719] AFgF34E 908.5-914.0 MHzZ A A 33t}



Table 3—6. RFID 34 i 54

. A3 (LF) A7 3H(HF) = Z w3 (UHF) nlo] = 2 v}
3 &
125, 134 kHz 13.56 MHz 433.92 MHz 860—960 MHz 2.45 GHz
50—1,500m 8m 15m
o] Al 7 60 °|s °F 0.6—1.5 Y . .
471l em st K m (active %)  (Passive 4%)  (Passive 4%)
Bl A 317} AFaEo A7 2 Q1A A E Q1A £X 900t B e}
217 o] ot AA  AA AT} AT e = TASE 54
AdeHEA AsAst A dFEHI Qe @ Agoly A o= -3 g o
o gl Aot &% UESE, 7 <4 AY IS 7HE ®ol
of A3}t s 374 Lla=3
F52H92 Passive -Passive -Active -Active/Passive  -Active/Passive
%%%ﬂ&m}-$ﬂgfﬁl -ﬂﬂﬂﬁ<%ﬂ_-%%,%%%ﬂ 2] Z=A
S o= e A 1A -SCM EAOE
Hgpop U LT A S
E Y EA/H T
TAAES
U&= AL < > A
317 o 5 7ol < > ik,




Table 3—7. RFID UHF 34 99 %+ 2 14
Eiaty ISO/IEC ) = 4 I Eler
Reader frequency 860—960 902-928 856—868 950—-956  908.5—914
(MHz) local regulation (26MHz) (3MHz) (6MHz) (5.5MHz)
Tag frequency 860—960 860—960 860—960 860—960 860—960
(MHz)
Modulation ASK ASK ASK - ASK
Data rate
(kbps) 40 40—80 40 40
Power (W EIRP) 4 0.16, 0.8, 3.2 - 4
Bandwidth (kHz) local 250, 500 200 - 200
regulation
. FHSS,
Freq selection FHSS AFA+LBT AFA+LBT




2. RPPC A& RFID ®j1 A%

ISO/IEC 18000—6°= &2 Fako digh Aot olyet 52 Afd A=,
e, Hd EIRP, St AAx F £ B2 55 E38es 74 8450
tete] Aelsta glth. EPCglobalol A= RFID Ejzre] Ab&¥= AR A=(EPC,
Electronic Product Code)ol| #3}e] IS0 @ &#Hsle] RFID 1o %

F=335tar 9lvl. Table 3—8& ISO%F EPC ¥+ ©Bj19] EAS vl Aoz A7
fr& woks UHF d9e] FaE ARgat Bl19 45 EPC Gen2
Auksl w51 gtk (Myerson, 2007). Wk B Aol A= RPPC &F¥
A28l AbgE Bl2® UHF WY classl Gen2 EBlZE A A3t} EPC classl
Gen2 Bl oA ARgAtel ola] Zmgio] 7hgst, EPC A&, PW A

48, g R AFEe] 374 A vEEE 7 AL 9

L
o
il
s
u

oft
>,
o
o

zone$ 23x230% FHF F Qo dE} £E WS, o BaG n
9 o1 945

2
ool vy Adskglon B JRAHAM = Hae] Bed JRE dY



Table 3—8. ISO & EPC Bl1 %<+

A

3

Parameter Type A Type B Class 1 Gen 2
Modulation Bi—state AM - Bizstate AM op ¢ ppor  ASK &/or PSK
backscatter backscatter
Data coding FMO FMO PIE EMO, ~ Miller
subcarrier
. . Reserved
;Fdai t%“f”e ?jg;ﬁ sy O4bits 64bit or 96bit  +EPC+TID+user(
entiie S 16—496bit)
Bit Rate 40kbps/160kbps  40kbps/160kbps  30kbps/140kbps  40—640kbps
Preamble 16bit 16bit 8bit 1010+violation+1
Error Detection 16bit CRC 16bit CRC 16bit CRC 16bit CRC
Anti—collision Allha Binary tree Binary tree slotted - random

anti—collision




Table 3—9. Bl7Z Q458 223 JjQ

g = gy &
M Z2E Microsoft .net Framework 2.0
M = Microsoft Visual Studio.net 2005
g4 0S Windows XP SP2 OR Windows Server 2003 SP1

CPU : Pentium 4% ©]%, RAM @ 512MB o]

Framework : .net Framework 2.x B 7 o]A}
LT Ay Intermec [F4 (Firmware 3.29 ©]4h)

1 225 EPC Class 1 Gen 2 Only

vEm——— v ||x v2 & 4]
RE S RN (e | T ) | [
N z2 |

BN EAE Z2Y

Ae FE A EEE IR
HOE RN SRR e ) g
i om | s | rlai’_nm=pq.urnsrwcr“nrqal_“)n"—naql‘] L3 |_me | s |
—J Tl C )] =

(b) Bl AR 4= % AA HAE 3hd

Fig. 3—19 BjzL 91458 B =z
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4. RFID AJ2=®l 1 Q14

Bl19] Q1A% Ee AoEF RFID A/ =802 HE % 3 m, o] 6 me RFID
gato] Al=glo] eyt 170, 270, 37K, 4709 9ol 1ol 9
2, A, kel e &S £ RFID test zoned &%=+ Bt 18.2
AEE 25.2 %ot Bl Q12482 test zoneol X3 F Bl ol Wit

of AlxwloA] B JRE AAe B1o 5 NEEE e Zo|th
Bl 9%, 7g], wakel wE Q1AsHs FA5H7] ekl F 3 m, Fo] 3.5
me| ol %o { D7} FojH Bl2E 10 om HA R FAFle] Ao Al
s on, ofm At K2 Bl 3 Foll 127], 23F2 F 27670 B B
2e ek B o] fjA o Aol wE dAEPL F 3 m, 4ol 6 me RFID test
zoneolA 1 m (FASRE S ow, ek wE AAAHS Qe el g7t

R e ASeh eush Bae gl wAsHE W] A9 %

tlo
e

test zone

?l Abels wAsigler, 7z Fa7lele] A Aol v r| iy (multiple
comparison)?l Ducan W AR&SISITE A AI] FATLA L SAZEIH

SAS 6.11% o] &3tgitt.

(a) front (b) side

Fig. 3—20 View of test for tag reading performance.



5E g
We it feld BAg A, ALz 0,1, 2 4, 5 md © StEY S 400
A w7 A&l £ A0 tehon], Ae 3, 6 molAE AELL 3, 4

AL w A FolHd Apolrh glo] 14 &ol F2 AS® YENTH(Table

Table 3—10. Tag reading rate according to distance at the front

Antenna Distance (m)

(ea) 0 1 2 3 4 5 6

1 34.7+4.7% 49.642.0% 48.7+3.8° 43.5+3.1° 37.6+£2.6° 33.941.5¢ 34.8+1.6°
2 58.3+2.4" 66.840.9° 64.9+0.0° 63.3+£0.9" 63.0+1.0° 56.8+1.2° 56.2+1.7°
3 63.4%2.2° 69.3+0.4° 67.6+2.4% 67.940.6° 63.0+1.1° 65.640.6° 64.1£3.7

4 69.9+1.8% 72.0£1.2* 71.0£0.7% 68.8£1.7° 66.9£0.2" 69.1£0.6" 66.4+2.1°

1)AverageiS.D. (N=3). Mean with different superscript in each column are

significantly different at p<0.05 by Duncan's multiple range test.

& 5% A3, Aest e
Gty el 4ol e

el otEIY 2, 3, 49 A$odlE tElUEFE 1 mAGY o Q14&o] 73
2 oz Yelgton, oy 91482 Z+7Z} 66.8, 69.3, 72.9 % ©|ATH(Table



3—11).

Table. 3—11. Tag reading rate according to the number of antennas at the

front

Distance (m) Antennal Antenna?2 Antenna3 Antenna4
0 34.744.7° 58.3+2.4° 63.4+2.2¢ 69.9+1.8%
1 49.6+2.0° 66.84+0.9° 69.340.4 72.0+1.2°
2 48.7+3.8° 64.940.0°°  67.6+2.4"  71.040.7%
3 43.5%3.1° 63.3+0.9" 67.940.6" 68.8+1.7"
4 37.6%2.6° 63.0£1.0° 63.0+£1.1° 66.940.2%
5 33.9+1.5° 56.8+1.2° 65.6+0.6" 69.1+0.6"
6 34.8+1.6° 56.241.7° 64.1£3.7% 66.4%2.1¢

YAverage+S.D. (N=
significantly different at p<0.05 by Duncan's multiple range test.

3). Mean with different superscript in each column are

v S A o e 1A

Wkl Al $1AE <tElv 170e] wE el 14 ARE e

W AoR GHYUZFE 7 0, 1 mellAe SR AA Bl A2 &0l =2

ow, A 2, 5 mollAE AAEE Fo] A0 A7t vEbbA] %L,

mol A= B2 SIX7F 2 8%, AXKA A Fo] £ Ao ekt o9
A

@2 A¥ks RFID #v7]e dsEe 4 4
= %

olr

=
=

il

=

A3k A7) A gHE dehla s Asel dxss 3
DAL FANANN AN o] BA UEon} EURYE HojdsE o

, AE T4 A9 JAE Aole Fol=e o= UERW T Table 3-13,

3—14, 3—15% Sl et 271, 370, 470 of 91X B2 914 & 244



Table 3—12. Tag reading rate of one antenna according to location at the side

Distance (m)

Location
0 1 2 3 4 5

Left 432429 36.742.2" 33.8+4.9* 25.4+3.8" 31.24+1.9* 30.0+3.4°
Center 50.740.7* 43.5+1.9* 32.6+0.7* 25.6+2.3" 24.9+3.6" 23.4+3.6

Right 46.1+3.7" 40.6+£1.9%" 29.5+1.1% 33.3+1.4* 27.8+2.1" 25.8+3.6°

1)AverageiS.D. (N=3). Mean with different superscript in each column are

significantly different at p<0.05 by Duncan's multiple range test.

Table 3—13. Tag reading rate of two antenna according to location at the side

Distance (m)

Location
0 1 2 3 4 5

Left 64.3+3.4" 68.1+£2.9* 68.1+2.9* 66.9+0.8" 63.3+2.9* 64.5+2.2°
Center 72.6+1.0% 70.3+2.6° 66.2+3.6° 68.4+1.8" 63.0+1.9* 65.0+0.4°

Right 69.8£0.8" 69.1£1.9% 68.1£1.4" 65.7£1.5" 61.8£3.0° 61.1£2.9°

1)AverageiS.D. (N=3). Mean with different superscript in each column are

significantly different at p<0.05 by Duncan's multiple range test.



Table 3—14. Tag reading rate of three antenna according to location at the side

Distance (m)

Location
0 1 2 3 4 5

Left 72.7+1.1° 69.3+£2.7* 70.84+1.8* 68.8+3.3 64.5+1.3* 64.0+0.8°

Center 76.1£0.7" 70.8+£0.5" 71.5+£0.8" 69.1+£0.8" 66.7£3.2" 67.2£3.0°

Right 71.5+£2.5" 71.0+£1.4* 68.8+1.9* 69.6+1.9* 66.7+1.9* 66.9+2.7°

1)AverageiS.D. (N=3). Mean with different superscript in each column are

significantly different at p<0.05 by Duncan's multiple range test.

Table 3—15. Tag reading rate of four antennas according to location at the side

Distance (m)

Location
0 1 2 3 4 5

Left 76.6+0.4" 73.940.0* 74.940.4* 68.8+1.9* 70.0+1.1* 70.3%1.9°
Center 77.3+£0.4° 74.6+1.3* 71.7£1.5" 68.840.0* 71.0£0.7* 70.1+0.4°

Right 72.7+4.4% 73.740.8* 73.742.1" 71.0+2.5* 68.6+2.1% 68.8+1.4°

1)AverageiS.D. (N=3). Mean with different superscript in each column are

significantly different at p<0.05 by Duncan's multiple range test.
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Table 3—16. ¥ ¥Fxo] AJ7bo] wZ g1 o14&

Reading Rate (%)

Distance
(m) 30s  60s 90s 120s 150s 180s 210s 240s 270s 300s
0 94.8 98.3 98.3 100.0 100.0 100.0 100.0 100.0 100.0 100.0
1 93.9 98.3 99.1 100.0 100.0 100.0 100.0 100.0 100.0 100.0
2 85.2 95.7 974 97.4 97.4 983 98.3 98.3 98.3 98.3
3 80.0 87.0 89.6 93.0 95.7 96.5 96.5 98.3 98.3 98.3
4 79.1 88.7 92.2 92.2 93.9 93.9 948 96.5 97.4 99.1
5 79.1 88.7 93.9 94.8 95.7 95.7 95.7 96.5 96.5 974
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Fig. 3—24 Tags and boxes reading rate with 3 antennas according to the

distance
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Buh 4l wf el g ouks Q1) gro] 747t 72.78%, 97.78% % <14 Eo] 7MY %

Table 3—17. Tags reading and boxes recognition rate according to the number

of antennas (tagging: the front and side of boxes)

Number of Tag reading rate Box recognition rate
Antenna (%) (%)
1 30.00£1.67"" 44.45+3.85
2 68.89+1.92° 95.56+1.93%
3 71.67£1.67° 95.56+1.93%
4 72.78+£3.47° 97.78+1.92°

D AveragexS.D. (N=5). Mean with different superscript in each column are

significantly different at p<0.05 by Duncan's multiple range test.
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Table 3—18. Tags reading and boxes recognition rate according to the number

of antennas (tagging: the both sides of boxes)

Number of Tag reading rate Box recognition rate
Antenna (%) (%)
1 14.99+2.89V 23.33%5.77°
2 46.66+1.67" 92.2241.92°
3 46.6740.00 93.3340.00°
4 53.89+0.96° 96.67+0.00*

D AveragexS.D. (N=5). Mean with different superscript in each column are

significantly different at p<0.05 by Duncan's multiple range test.
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Fig. 3—27 Box reading rate according to the number of boxes
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Table 3—19. Tags and boxes reading rate with 4 antennas and tagging

at the front and side of boxes

Number of Tag reading rate Box recognition rate
Box (%) (%)
6 77.8+1.0" 100.0x0.0
12 75.0£1.7 100.0£0.0
18 71.1£1.0 98.1+3.2
24 71.7£1.7 98.6+2.4
30 72.8%£3.5 97.8%£1.9

' Average+S.D. (N=5)
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3 96.7+2.9° 100.0£0.0
4 98.3+2.9° 100.0%0.0°

b AveragexS.D. (N=3). Mean with different superscript in each column

are significantly different at p<0.05 by Duncan's multiple range test.
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v AveragexS.D. (N=3). Mean with different superscript in each column

are significantly different at p<0.05 by Duncan's multiple range test.
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