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ABSTRACT

The RFID technology has attracted much attention these days due to the far better efficiency than the
bar-code and magnetic card system. As an important usage, the 433 MHz active RFID tag was already adopted
to the container ports in the United States and Europe for container loading/unloading automation and equipment
location. However, there is one problem to be solved for the complete automation. RFID readers support only
the direct communication with tags within their RF communication range. Then there are a lot of containers and
equipments such as crane, yard tractor, and forklift in ports; and because they are made of metal, they interfere
the RF communication, resulting in the occurrence of the dead-zone. In the dead-zone, RFID tags cannot receive
any signal from readers. There may be several solutions to tesolve the dead-zone problem. Among them, this
paper suggests the most economical solution where RFID tags in the dead-zone can communicate with readers
via neighbor tags in the multi-hop manner. The new RFID communication architecture should be carefully
designed in order to maintain the compatibility with the previous standard. Our experiment shows that the
proposed architecture works well even in the case where some tags are out of the RF range of reader.
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Command | Command | OwneriD Tag ID Interrogator iD | Command Parameters CRC
Prefix Type Code
1 byte 1 byte 3 bytes 4 bytes 2 bytes 1 byte N bytes 2 bytes
(317 (8 bits)
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A 5A A dlelelvt #lz1e] User IDE
A 33b7] 93] AHegich RFID9] e E3o]
ALES] “AArelebe g TS o o= 7R
71EAQl wEeets & 4 gtk o] BRuslx
E ool g el2E9] -2 slotted ALOHA
Ao AdEled 3 wAA el FEe] o
ofutx] g Holl BE Bl HRE I& F 9= A
$7}F 9lexu 2 o] Collection W&ol oz H uk
23k

FUALE wEol2s B4 e Al ARE
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Command | Command | OwneriD R;‘;?:g' Interrogator ID | Command | Parameters CRC
Prefix Type TagID Code
1 byte 1 byte 3 bytes 4 bytes 2 bytes 1 byte N bytes 2 bytes
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1/ ~“~‘-""~
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/" T
S T e
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D
# -,
7 & 5 4 E 3 2 [
Reserved |Reserved |Reserved H 0= Broadoast 0= Oemer 10 not proserd
{Tag ld not present | 1= Cwner 1D present
Level 1= Point to Point
{Tag i) present}
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o o} tha] BEesaE gkl 2 10604 ©

2 5€ Hz 1258 ek wEeE oAl He

2 5 A, 4 dlae 22 Aoyt s
H e 2= BRefar gols FAREE

T, A A "oedE s 7HE FEY 1
2rd~E W s WA == 397t 9ok a3
oA ez 59 A5 A9 Al el 19} 224
F5 Collection &AL e = gled], 4
Collection 3ol sl S8 F ¥ olar 314
v AE Fod ok & Fgot gl
W Ef]=H o4 Broadcast IDS o]-&3lo] ulgz b
< HIEs~E w| A7} o]l gk wA]x|e}
FUIA| oldx] ghHElA| Rl 17 19] o] 4]
o4 & 4 9l%e] RFID 5418 HESs|rE of
ool Broadcast ID7} &AskA] wrh ulehi
A wke o]z} o)Al HEE mejojel El3)
A, opd izt AEA Ri AdA] FEE
4 Sl whe] sich &, o ¥ 260 B
9ko] gk W] Collection Round: 60~100ms A
Zoly, Wake Up AlE3E THE 3x oot}
2E "z ARE 48] sl Collection
Round% 103] o] 3gt} = 30& A= &
#almg 7t el shte) Collection Wl b
2] 302 ©|We] Collection &= FASEE
gl o] A AAZE 30& ool MAE Az
Collection ¥ & AMzIslx| Fale ol o3t
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Bit
15l‘4‘13}12 11 10 g g 7 5 5|4|3 2 1 0
) Ack User 1D Battery
Mode field Level reseraad | 1=MAK Reserved Tag type Resersed | 1=Used 1=low
0=ACK O=Notlsed | 0= good
Mode field Mode format code
{bit 15-12)
Broadcast Command 0000
Point to Point Command 0010
Relay Command 0100

23] 11. Algksle Tag Status = 34

7t & & s, Bloirl ol AAAbe] el
RARE AAZ 294 25 QAR Fer) 7] d
ol FAZ} A =

49 A Hae 39 4 "] S wlA
A5 wo} o] ARE =ltjlA, m= ARle) Ak
A ejzelA ddslof ok 2=, o] k¢ @
3 2] &5 dAAE Eorl Bule BRos)
2B =5 FUHAE Gl g 5 #AA
o} PEEejof gict o] & flsiM 2 113 o)
7152] Tag Status = 2ol Relay Commandz}
= HE HIE E 4R el uig ¢

7RI, 4% HARE T
g 7| E3l=E 3ich 22,
o] AR E WolF7|E Wsk= A9 A B2
IDE &% #AA¢ Data BE miX]Z} 4ule]Es
9EE stk gt od HgRle ke 9 16
24 0x312 AP 2rie] HEoy(d 1)olx,
wedel7} opdetd wle] 35 HAA(ZH 3, 9)
Qld] . % modes} 010001 ol 28] AR
Hegelol &l ofe Haeld 2= 3 HARE
gebgicl o F ddghs B He] ARluc
o9 Data =g Alwich wx)w 4ule]E7) A4l

Az ZEE

e AMle

if a packet on RX buffer

{

if (its Level == 0)
{

Send the packet to reader;
}

else

{

CRC is newly calculated;

}
}

else do nothing;

}

eise enter the sleep mode

if MSB == 0x31, deliver the packet to Proc Cmd ();
else if first 4 bits in 7ag Status == 0100

if (packet Levef > its Level and {last 4 bits in Data == its Tag /D)
first 4 bits in 7ag Status = 0000 or 0010 depending on the command code;

clear DatalData_length-{packet Leve/ *4)-1 , Data_length-1];
Message Length = Message Length-(packet Level *4);

Message Length = Message Length + 4;
Append the ID of the upper level tag to Data,

Send the packet to the upper level tag;

// response to broadcast or point-to-point command

/{ command from reader
/f response to relay command

T8 12. A H¥%l(telay command)l] HZ 35 AR 2] A
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2 Tag 8 Tag 5

a2 13, "z 219 10)8] 2] glol
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+ AT Uz Hrr Eefslerzg fue g
oz 3R S5 AR R ksl "ok $A) o
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S5 vlAR] HAel Wl mode e A SR
Data F=old FA €252 IDE AHAEeE g
ok 28 12904 Proc_Cmd(O& BHle] 5815 3
gsks  F9oli,  Data_length g Message
Length B8] ol vhe FrEe] 7|5 wWo
24 Aard 4 ek

P

3.5 FLPIAE w0 Xz

fFusaE wgadojr p2p ool ¢
54 ezt wEeir} AdEojo} gtk HFE
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27} olE AP Fojo} gt o5 HsjA 7t
1+ Collection o] Aelspbda & sle] <4
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a7 1094 Elz 8e] el 59F w1 28 A
Collection % oiol] 3t & ALtz 714
312k el 8o] Mgt §5 wWAIX]9] Data Y= =}
A Fgelliz el 59 D7} B 7] e, E)
15 ol A 2119 HlolE o] Bl 8
ol DE 7188 Eoh w57 FAE wAR
2] Data BE ulx|Zol= w2 28] D7} HlEodA|
wdll, o1& 9k ¥l 28 A1) el ¥ 13
A3 el 59} €2 89) IDE AR 7)1=8) Fok

ufzba, o) el e 27} €L 5ub el 8% Rl
°’47H*E HgelE AAEHA = olF R A
dgald WA ez s7F AR 5 A s,
EH-, 82 ahe wEleiddohd €l 5 A o]E
AR gehA el 8o Whe S 9 EE dEr
FUAAE ole] Azl F & 7] Fefsjof
& 7-& o) Collection Round & vFA|% A o2
Sleep HENE W& g} FWiE $H HEo)
EePe oF Hoke Aotk ol 71&] ES
zeh o AHaldl 2 oolgw Aplel A dort
EAsh=A] gelshs A7E ]k 7jelslelet st7]
wjelct. wlehr], el 2RE] Sleep WHoIE W
2} 2pAle] Collection HHE Aukgdl Al
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