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Abstract: We have developed a low power wake-up IC, which outputs trigger signals as receiving of des-
ignated signals. Using the IC, power consumption of an entire network system can be reduced because a
wireless LAN terminal can wake sleeping network equipments up on demand. In this paper, a transmis-
sion method of the wake-up signals for it using a common wireless LAN interface is proposed. Evaluations
using our prototype, which is developed using an IEEE 802.11b compliant WLAN interface with modified
firmware, show the feasibility and the coexistence of the method and IEEE 802.11 wireless LAN. In addition,
coexistence with some home appliances which emit 2.4 GHz radio wave is confirmed.

Keywords: wake-up IC, remote wake-up, standby power, home network, wireless LAN

TEne 5.

AR, B ANVF =@ EmIN, v b7 —7 D%
B CHHBREN ZHIRT 5%  OHA YRR - ERLS N
TWwh., €D 12E LT, REHRRHEE] 2 IKEEIC
BRIETBE, ERED» O DR TEIWEIREBICERE S5
b B SHEE
Toshiba Corporation, Kawasaki, Kanagawa 212—-8582, Japan
takeshi3.ishihara@toshiba.co.jp

a)

© 2013 Information Processing Society of Japan

BIRIROJiEE, Wake On LAN 7 & [1], [5], [6], [7]
ﬁmw%h1w5 F70, BETO o)L EEEEL, K
) IRREIBR L R O RS T L R 2 I3 5
JEbERLEh w5 (2], 3], [11].

K LOWNFFIL 2011 £ 7 AORNVF AT 4 7,
N4V (DICOMO2011) ¥ ¥ RV L4 2011
T 77 AZREIC L) LA
DHEE S NTZFLTH 5D,

SrER, e €
TSN, W
£ v —FADIBH

961



BEIEF =R EE Vol.54 No.2 961-971 (Feb. 2013)

LLans, 20k 2BEFERERRRERHL D
27201 EBNEHEE LY, Faficko by 43I
FTLPRREZ TNk EOMENH -7z, 22
T, FHINSLENTERESEZELTER M) T2
S ESELHEIRES I LD TV A [8], [12], [13]. %
BODWFT N — T THBIEBRENER T 2 A 2T v 7
C (UF, w427y 710) %F%EL (9], [10,, & v b
T =7 Y AT ANDIEHEBET LT [14].

REGLTlE, V=242 7y 7ICEHVZAY VT =7
VAT LOEBUCLELHIEE T OREHECIRET 5.
T/, TOELBAKERE (-2t v b7—2) &L,

RENTHIEES % XET ABICHEL 2 2B THoO®
BIZOWTHEREHCTEHMIT 4. ZLOIC 2 ETAIIE

DHEENZE 2L, 3 BTERLD 7V — T THIE L2
YA Ty TICOMEEL, Ay NI =27 VAT AND
BHREEICOWTERS, i 4 BTEHRLAN 1 v ¥
7 x— A ffio ZHIE T DRE L ERE T H. 5 ET
UM ATOFEEERL, 6 ETETOFHMERT. Kk
WC7TETTEDD.

2. BEESAM

KGN EETHLA Y T — 27 VAT LDEEERT
fLFHIE, KEL2O00HEMTHER I N TS, 1213,
Ay RT =7V ATLE LTEMER R CTE 5 L9125
ODEMTHY, b 1 2I3ERHIERE %25 5 Hidi
ThHbhH. KETIIINSOHEMICOWTE]RY 2,

2.1 EpfERRICOD 72 & DR
BHEBDRIKEBISBE LAy b7 — 7 8&E, Xy
NDOREZENTE RV, 2070, ARP % SSDP % &0
JHE 7T b IR ISEE Z FG T A FIHICH LT, §F
B EE 2%, 72k 2%, UPnP Low Power [11]
% Apple £ ® Bonjour [2], ECMA-393 & L TiRKE S N7z
ProxZzzy [3] Tl&, RO IREEERZ (ARG L 72 LB 7558 0
SNTWS, BARMIZIE, REERT 285070 5 DIRE
@ﬁﬁ—FTé@ﬁ%f@ﬁ%ﬁ&%$7F7—7W’L
AT LEERER, IWETERWHEZSHROUHL ) ICHEEIZER
Lghe, BRIRRE A ET AR ETH 5.
INSOEETT N avid, BIFRREEZET 5L
ZREL TV, L7225 T, K XoREH TN
LLELIMHTE, oD S5 R IEEEILIC
BT 25D TH5.

2.2 RIBIERDZEZEICET 24

Wake on LAN 1, s@% O@EICHVE Ay FT—27 4
87— A L TEBIRR 2 b 2T 5 HED 1D
Thb., HRIFRETZ LV —2NIFEDNNY — 2505
CLIEoTHEBT L, NF—VIFHHFD MAC 7 FL X

© 2013 Information Processing Society of Japan

AY16 ELERE T 5 b O TR TH HAY, ARP ER % & H5F)
HTEoMadbd 5.

ORI, BERKECHERT LAYy P2 A4 0
T2 =AW 5720, HilzhNN— K72 TIEARETH 5.
F7-, BIRTRROFERPAIERHOBEHRHALF L & v
VRER DS, —F, HEBENESELEEA Y 72 —AT
BREFRGLXZT L7280, WEENVWEL RH2EAPD 5.
if;, FOBRN %2 DH7DIZEIFNIEIC S @EILE &

%Y, HEREROHEEIPE 2RI,

COMBEEERT L7720, )P eWEER)CHEIFE

BB B ESRES N TV D, 728 21, 3k [1)
T3 Bluetooth %, 3CHk [7] Tld 915 MHz #if D AR 2 2
NENHNT, HIRHEREF DX 2 HEIREN TS
_h%ﬂﬁ&iﬁﬁﬁ%ﬁfé6#,k%ﬁﬁ@ﬁxﬁ~
HHAN=FY 2 T HPLEICR D

Z ZTICHK [5] T, R2EMIZRER IEEE 802.11 O 1 >~
7 x—A%FHL, ZEMS S IENEES % IEEE
802.15.4 DZEMETH VL HEIRINTWAES, LiLk
Ao, ZOFPETIE24CGHz OB Z B L THIRT 5
FELIWRENTELT, v b7 =278k T 5 8EE
D)= Fhb, BED /) — N2 @R L THERSEL LT
Wt TH 5.

COL)BIRWICH LT, BESO TNV —TIEX
Hik [12], [13] T, #EMIZEF O IEEE 802.11 1 » ¥ 7 = —
AL, ZEMSSFE I CREEEN 2y =42 T v 7
IC#AWVAFEEFREL TV L, REHETIE, HIRRR
RN TAY Y FX% — Y L IEEE 80211 D7 L — AL
DN 1:1 OFILEIRE T, BIRERE RSP RL HH
¥ IEEE 802.11 7 L — A O#MA&WETEET 5. HURIER
IZID 22T L 720, FED /) — FET RS €
HZEHBUETHA.

IEIE D DFMIHERIITENFE B £ < DR B % fFg LT
5703, BIRIRROZERE IR EETOY > 7)) »
THEERTLEFTER>TWL., ZO0720, EEICE{ET
LZEEPLEE R, Y2427 v TIC DEBEEN
B RBWERELSD D, T2, EBREICBI Ao IEEE
802.11 / — N[ — & s & [l % fth o fpkss &

WA T BRHIIDS % SNTW R,

IO O E ST 2, R LOFBEILTO 2
HEWR L, 1, 92427y 7IC OWHBEENZN
2 7055 BEAF IEEE 80211 DA > % 7 + — A &G A1
IRIRROREETEEFRETLZETH L. HE212, EHED
HABRY, TNFEFTRENTWARWERETOFME Z0
WRZRy L, ThHah.

962



BEIEF =R EE Vol.54 No.2 961-971 (Feb. 2013)

- ok BR
| wE KRSV N wERY [
"’{&m%% 2% > Fvrv—s mE }_
’Ir ]
e
FFoUE ¥
- ' s
FEE H DIz E H i
| PR
S| >
TR

1 vxA 27y 7 IC ORETT Y 7K

Fig. 1 Functional block diagram of the ultra low power wake-

up IC.
YT I ILER e RED
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2 HIfIE 5 O
Fig. 2 Format of the wake-up signal.
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Fig. 3 Format of the instruction part.
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Table 1 Functions of each bits of the instruction part.
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Fig. 4 Functional block diagram of power control module based

on the wake-up IC.

3.3 Xv N7—UHEBRADEH

Ta ATy FICEGEAY Y NI 2EOES %
MHTE, ZNENELLNVAEGF2 TS, 202
DOEFZBYIHR L TAL v F 2 HIT U, i~
DEPFMBZERPOSHETE L, 22T, Ay NT—2
BEEICHRMNI CE 2 EBEHHE Y 2 — VA2 L2, 20
g7 a vy 7MER 4 1R,
PDEorBY, Koo A 7y 7 IC EEMREHIEZ Hw
7oAty MU — 7 B ER OB IHIRICEE T E 5 2 LAY
WA, 72720, WETT ha)l b L e Y AT
LET DI, BEXIBT A/ — FATHEES %@
EETLHEDPLETH .

4. BIRELANA > 27 1 — X %5 1=&|{E
BxEHRE

RETIE, V24277 TIC %Ay hT—2 Y AF A2

BWHT LB 2 L HBESOREHEERET 5.

4.1 BIRXREEEICNTIEXK

TS5 % 2545 9 2 MiEiEid, BEfFo %y b7 — 7%
WEEOTEHLDOEBOVFIATELDDTH-T, 512
KIANTERTERINEL LW, 20720, HHAO
MEAREE 2B NS 2 EEAEYTH D, BEAF OB E
AT A EDHFE L,

HAE, Ay M7= 78I B 0 TRdE N LT DA
L, IEEE 802.11 |ZHEML L 7-E# LAN 1 » % 7 = —

963



[BHRNIBFERIGE Vol.54 No.2 961-971 (Feb. 2013)

ALEZDHLND., £ TARREETIE, 3.2 Hi Tuli~7-HilH
ERaRETAIEHEEREL LT, BHELANA V¥ 71—
A& w5,

4.2 HEMEEDOHER AL

32 MiTHAR7ZZEHI, KA 277 v 7 IC TR
MEIZXWESE2RBT 5720, MU RHEERESY 13
VIUTHEEEINIZERE THNUL, FOFEMIIM LRV, Z
CCREFFTIE 3.2 B ClZHIEES O B OEsT
IEEE 80211 ® 7 L — A% #fE L, ‘L’ OF5 TIEEEL
WL T L. Uk, H OGS CTRETLIIL—L0 %
HFIEES 7L — L LRI EI2T 5.

WA LAN 4 2% 72— 23T TIEL ER L TWAEK
M, BT AT H. K2, 2.4GHz #13 ISM #
(The industry, science and medical radio bands) T® 4%
7o, ML LAN DAL b S\, 20720, KT 0E
FABICIE8E ) 2 Tl kS Th ), D)k 4.5
THN%. 4B, 5GHz 73 2.4 GHz 5 IC -~ CTHGENIC
ML S 5 72D H L e h o 7.

4.3 EFLAN 12427 1 — RT3 HEEEM
BB LTUTRHIToN 5.
o FYUTEUVALTIUVF LNy I F THMMIZITES
Z k.
o HIHETCIRESNIMIZAHTL IV —LETE
TRFEETLI L.
o IEEE 802.11 ICHEHL 2 B L HIBIE T O REEXITH
BEL 2N BIoNnNsZ L.
REFROEFZZIELLMEDICE, 7L—2D%ES 4
IV ERKIET A EPEETHSL. LA L, IEEE 802.11
THEENLIFXY YT VARG V¥ LNy 7 F 726D
i, MERICE DV EEI A I 7Ll TLED.
FD0, —HWICENS ZESTLLENH L. T2
32 FITHE LIETREZENT L7720, #H O LAN
BETIHEHALZVIL—AERTRHETLILEND 5.
FZHIF 2 2 DOFEMEIZHE S i, IEEE 802.11 |2
WL LAN A V¥ 72— A% EHTALT7— L7 =
T CIRERTE R, —TF, 41 8Tl BY, M
HEEOBINIFFE LW, LA > T, HfMET % %E
9 5E— FEIEEE 802.11 IZfE) E—F &% 1 DD/N—F
Y7 CUNBRZTHATEL L) ICTILEND L.

4.4 EFLAN 1> 27 1 — ZDOEEETE 2

A LAN £ > % 72— ZADOBREY VR 5 E L
T, TNAARTANZPIRL Tloctl() HEDY T+ 7 =
TAYY T 2= AxffioTHIEIT A EVIEZONL. vV
T TIC L BHIENIER LAN £ V8 7 = — ADRE
HEERBET AT TIIRLN TS Z LG,

© 2013 Information Processing Society of Japan

U7 TILER

(A I

Tnav
5 NAV O#tEx &b 7% ) fliE 5 o6
Fig. 5 A wake-up signal with NAV setting.
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Fig. 6 Prototype of the signal sending module.
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Fig. 7 Prototype of the power control module.
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Fig. 8 Recorded wake-up signal sent by our prototype.
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Fig. 9 Evaluation environment of effects of interference from
other WLAN terminals.
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Table 3 Background traffic used at Fig. 9.
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Fig. 10 The number of received signals under the background
WLAN traffic.
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Fig. 11 Evaluation environment of effects of interference with
other WLAN terminals.
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Table 4 Conditions of the wake-up signal transmission at

Fig. 11.
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Fig. 12 Throughput and received interval of WLAN traffic un-

der the wake-up signal transmissions.
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No Time src Dst Info.

1855 9.876902 ©00:00:c0:a8:01:fd 00:24:d2:2f:f4:52
1856 9.876916 00:22:cf:00:d:51
1857 9.880951 ©00:00:c0:a8:01:fd 00:24:d2:2f

IEEE 802.11 QoS Data
(RA) IEEE 802.11 Ack
IEEE 802.11 QoS Data

1858 9.880965 00:22:cf:00 (RA) TEEE 802.11 Ack
1859 9.882951 ©00:23:18:06:ed:c9 12:34:56:ff HEESO—E

1860 9.883438 ©00:23:18:06:ed:c9 12:34:56: FF 1 —&h

1861 9.885388 aa:zz:m:es:ed:ce 12:34:56:FF HBESO—E

1862 9.887344 ©0:23:18:06:ed:c! 12:34:56:FF HESO—a

1863 9.887529 aa:zz:cf:ea:fa:51 (TA) 00:24:d2:2F IEEE 802.11 RTS
1864 9.888329 00:23:18:06:ed:c9 12:34:56:FF HESO—a

1865 9.888552 ©0:22:cf:00:fd:51 (TA) 00:24:d2:2f IEEE 802.11 RTS

1866 9.888679 00:22:cf:00
1867 9.890389 ©0:22:cf:00:fd:51 (TA) 00:24:d2:2f IEEE 802.11 RTS
1868 9.890515 00:22:cf:00:fd:51 (RA)  IEEE 802.11 CTS
1869 9.892008 ©0:00:c0:a8:01:fd 00:24:d2:2f:f4:5a IEEE 802.11 QoS Data
1870 9.892015 00:22:cf:00:fd:51 (RA)  IEEE 802.11 Ack

13 WETHEEM (3 Mbps/NAV ) Tiiftsh7z71L — 24
Fig. 13 Captured frames of the background traffic and a bro-
ken wake-up signal (3 Mbps without NAV).

IEEE 802.11 CTS

No Time src Dst Info.

5289 11.317835 00:00:c0:a8:01:fd
5290 11.317849

5291 11.320121 ©00:23:18:09:ed:c9
5292 11.320641 ©0:23:18:09:ed:c9
5293 11.321133 ©00:23:18:09:ed:c9
5294 11.322108 00:23:18:09:ed:c9
5295 11.322597 ©00:23:18:09:ed:c9
5296 11.323578 00:23:18:09:ed:c9
5297 11.324067 ©0:23:18:09:ed:c9
5298 11.324556 ©00:23:18:09:ed:c9
5299 11.325047 ©0:23:18:09:ed:c9
5300 11.325452 ©00:23:18:09:ed:c9
5301 11.326242 ©0:23:18:09:ed:c9
5362 11.328181 ©0:00:c0:a8:01:fd 00:24:d2:2f:f4:5a
5303 11.328194 00:22:cf:00:fd:51 (RA)  IEEE 802.11 Ack

14 BETWHEM (3 Mbps/NAV A) Citfksh7z7 b —24
Fig. 14 Captured frames of the background traffic and a com-
plete wake-up signal (3 Mbps with NAV).
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No Time src Dst Info.

5261 9.551204
5262 9.551218
5263 9.553471
5264 9.553907
5265 9.554884
5266 9.555372
5267 9.556348
5268 9.556840
5269 9.557330
5270 9.557820
5271 9.558311
5272 9.559044
5273 9.560884
5274 9.560990

TEEE 802.11 QoS Data

i
i
L
i
5

IS #
HEME SO
HEMESO—1
2f:f4:5a IEEE 862.11 QoS Data
:cf:00:fd:51 (RA)  IEEE 802.11 Ack

0:24
0:22

15 BT EEN (4 Mbps/NAV 4) CTrigks 7z 7L — 4
Fig. 15 Captured frames of the background traffic and a in-
complete wake-up signal (4 Mbps with NAV).
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Fig. 16 Receive interval of the background traffic (3 Mbps with
NAV).
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M55 D REAE S 80 ms)
Fig. 17 Round trip time of the background traffic (Wake-up

signal sending interval: 80 ms).
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Fig. 18 TCP sequence number of the background traffic

(Wake-up signal sending interval: 15 ms).
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Fig. 19 TCP sequence number of the background traffic
(Wake-up signal sending interval: 40 ms).
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Fig. 20 Evaluation environment of coexistance with some

home appliances.
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Fig. 21 Evaluation result of coexistance with home appliances.

(dBm)

-20
-40

2.4 2.42 244 2.46 2.48 2.5(GH2)
22 7 — 4% (Bluetooth) 7 5H35E 515 EN

Fig. 22 Radio-frequency spectrum of the game console (Blue-

tooth).
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Fig. 23 Radio signal strength (wireless keyboard and mouse).
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Fig. 24 Radio signal strength (wireless headphone).
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Fig. 25 Radio signal strength (microwave oven (inverter)).
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Fig. 26 Radio signal strength (microwave oven (transformer)).
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Fig. 27 Radio signal strength (cordless telephone).
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