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ABSTRACT

For the 2.4 GHz active RFID to be successful in the market, one of the requirements is the increased battery life.
However, currently we do not have any accurate power consumption estimation method. In this study we develop a
simulation model, which can be used to estimate power consumption of tag accurately. Six different simulation models
are proposed depending on collision algorithm and query command method. To improve estimation accuracy, we
classify tag operating modes as the wake-up receive, UHF receive, sleep timer, tag response, and sleep modes. Power
consumption and operating time are identified according to the tag operating mode. Query command for simplifying
collection and ack command procedure and newly developed collision control algorithm are used in the simulation.
Other performance measures such as throughput, recognition time for multi-tags, tag recognition rate including power
consumption are compared with those from the current standard 1SO/IEC 18000-7.
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CR2032

0 Dimensions(mm)

220.0:85

—0.3
3.2 18,

—
16 |
]

;'_')_'__,L Weight:2.99
0 Specification
Nominal voltage (V) 3

Nominal capacity (mAh) 225

Continuous standard load (mA) 0.2
Operating temperature (C) -30 ~ +60

Fig. 1 CR2032 Specification
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Fig. 2 Simulation model for computing power consumption
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Table. 1 Parameters for query command and time slot

Time Parameter value = preamble + (command size x period for one byte) + end period + gap time
Query 567915 = 1308us + (10byte X 32us) +51us +2ms +2ms

QueryRepeat (5583 + 32X v)us = 1308us + [(7+ v)byte X 32us |+ 51us +2ms + 2ms

QueryAdijust (5615 + 32 < v) us = 1308us + [(8+ v)byte X 32us] + 51us 4+ 2ms + 2ms

Time slot 2891 s = 12965 + (17byte X 32us) + 51us + 1ms
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Table. 2 Power consumption according to tag module
status

Operating mode Tag o
P 9 module status consumption
LF active 13pA
Wake-Up
receive mode MCU sleep AuA
MCU active 6.5mA
LF sleep 0.2uA
UHF MCU active 6.5mA
receive mode ;
RF receive
(UHF Rx) 24.3mA
LF sleep 0.2uA
Tag MCU active 6.5mA
response mode RF transmit
(UHETX) 28.7mA
LF stand by 4pA
Sleep mode
MCU sleep 0.4uA
Sleep LF sleep 0.2pA
timer mode MCU sleep timer 1.6uA
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First round

35.2mA

30.8mA

1 Collection

Al2Z|0MMZE 0188 SS& RFID A|AR 2| 2| H of

A

Final round

352mA

35.2mA

30.8mA 30.8mA

4.4pA
18pA 18uA

¥ l¢ s _Je > ] e
P> Sleep timer e <
4 4 -

Sleep
|
Query

Wake-up receive

Sleep timer

Tag response l€
QueryAdjust

Fig. 3 Power consumption during tag collection process

{(LF active mode x LF active mode response time) +
(MCU sleep mode x MCU sleep mode response time) +
(MCU active mode x MCU active mode response
time)} / (Wake-up receive mode response time)
=[(0.013m A x 21.25msec) +(0.004m A X<

8.5msec) + (6.5mA X 12.75msec)]/21.25msec (1)

= 3.9146mA = 3.9mA
4.2.2. UHF receive .=
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4.2.5. Sleep timer .=
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=0.2puA + 1.6pA = 1.8uA (5)
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algorithm 18000-7 command
Empirical method[11] Al B1
Schoute method[12] A2 B2
Method used in this study[2] A3 B3
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Fig. 4 Yearly average power consumption(mAH) according
to the number of tag
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Table. 4 Comparison of average power consumption
(mAH) under query command method (L=20, ¢)=16)

Bl B2 B3

Average 2.26 2.69 2.33

N=1 1.07 1.09 1.08

N =100 2.99 344 3.10
AR W2l BL sjollA 48] AR 7P A o
Sk ol$2 Thefsly] glatol 7 W sjol Bt 5
7 Bhes 4o} o BT of Wi ekl SF FE E5

ofl -3 1.gpch

Table. 5 Average number of collection round and time
slot per collection round

Average number of
collection round

Average number of time
slot per collection

B1 4.90 196.13
B2 9.13 151.32
B3 8.01 148.45
A e ALgaks BL Y Stk e B 4
B SLobg A st g Bit el &% 4
e A
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Fig. 5 Yearly average power consumption(mAH) according
to the number of tag collection (L)
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Table. 6 Comparison of average power consumption
under query command method (@), = 16)

Yearly average power

Simulation model consumption(mAH)

B1 6.23
B2 7.40
B3 6.42
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Fig. 6 Yearly average power consumption according to
initial time slot (@)
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Table. 7 Comparison of average power consumption
under query command method

Yearly average power

Simulation model consumption(mAH)

B1 1.97
B2 2.32
B3 2.10
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Table. 8 Performance measures under query command
method

Performance measures B1 B2 B3
Throughput(%) 26.3% | 33.8% | 35.8%
Average
identification time(sec) 0.59 0.46 043
Number of identified tag in 1 58 86 93
second
a("fio’ | 226 | 260 | 233
Yearly average =16)
power b(@,=16) | 6.23 7.40 6.42
consumption
(MAH) c(L=20) 1.97 2.32 2.10
dL.N, Q)| 543 | 638 | 577

45 41 A7 s]etol Azt Hlw
ey AH5]9] B ARl R 24 a2 o
o] A BH|0] AL o] 83 Bl An|HE 24 Bh o] 4
IE o= 39S Fofo] vkl ©

o] 47 14 208], H2 e £F 4k 3270, B

1 1007002 Bk gL B Ao An|ARE ey
ch H|2E 9J5te] Al EF ol 2ES F 39| B3E o]
L3t

Table. 9 Comparison with previous study[5]

Average power consumption
Tag Mode
[5] B3
. 1623.855 1698.1
UHF receive LAH LAH
Tad response 642.40 686.93
gresp BAH uAH
Sleep timer 1018.4 2056
nAH nAH

A APl S Hat BeE 525 33, oF |9
W Y] &8 45 93712 1SRN B Aol A
A A A G o] AE Esfo] &0l3t 2y Hof 2}t =
£ 0F103)3, B BRG] S S 20702 Yebdt
wreba] A AR5]oAE Fat T 420 ThA o
© 2 313J] Query command<} Tag response 3147} Zhax
A =9l 21 Ay} UHF receive&} Tag response 52
DA AZF AH[AFE I oS3 ) E3E A8
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