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Development of Wake-up Receiver Prototype for
Radio-On-demand Wireless LAN Access Point

Yoshihisa Kondo' Hiroyuki Yomo'™  Suhua Tang'
Hideo Tsutsui’ and Sadao Obana’

We have proposed an on-demand wake-up scheme for wireless LAN (WLAN) access
point (AP) to provide WLAN users with green wireless access. In our proposed scheme,
APs are put into a sleep mode during idle periods and woken up by stations (STAs) upon
communications demands. The on-demand wake-up is realized by a wake-up receiver
which is equipped with each AP and is used to detect frame length of WLAN frames
transmitted by STA as a wake-up signal. In this paper, we introduce a prototype of the
proposed wake-up receiver. We evaluate and analyze bit error ratio error ratio of frame
length detection of the proposed wake-up receiver by using develop prototype. We show
that the on-demand wake-up with the proposed wake-up receiver can cover larger area
than communication area of WLAN.
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Fig. 2 An overview of wake-up signal transmission
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Fig. 3 An example of frame detection
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Fig. 4 A function block diagram of wake-up receiver
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Fig. 7 Bit error rate of wake-up receiver prototype v.s. Received signal strength
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Fig. 8 Detection error rate of frame length v.s. Received signal power

—LAEORHERY LWL TDH. LrL, BWHEOZERESOBENSEOLR T,
p(110)=107 TiZ 9X 107, p(1/0)=10" TIZ 9X 10 LV LRV MEIZITHHFR Y SITEA L
V. I, ZEEFBENSEVGAIE, BFEETEXAOND 0% 1 LALADE
p(O), 7L —AEBRHEORD I L THEMIZ/R D720 Th 5. (5% 1713-87dBm
T, p(110)=10° DBE LV B p(110)=10" DIFA DT HRFEY T RE W\, Ll
0% 1 LDV NKIMIERDIZEBNIN/RKE N —R2B TR, p(110)=10* ®
BAEDOHTMENRY REERTE D, 7L —LEDOEV 1=200 DL TIE, L%
DOEHT D1 20 < MET2I2LERD D720, n=21 OFE LV 0 RKiTE< i
5. LML, 0% 1 LMD LM ERDIZIEENNRKENTFr —RIZB VT,
n=21 SIZIER RV R L 72 5.

el D 7= 1, RIEO D 0 ICHEM & R U LAN 71— RE## L7 PC 2%
BL, WEOELR LAN ICLDBEEIToBAD/ 7y MR RENE LR %
X 8 NICR#i T 5. HIE/37 v MEA a— F¥ A X lbyte ® UDP 7 v + %, #&/E
FEDRE DR & RIEEIC 802.11b (kL — k IMbps) D7 2 — K% ¥ X MITEE L.
ZAEEIINE-85dBm fHTIZB W TIE, ~Fy MRV FIT 7L —AEMRMHED LV
HIEL o TV DN, ZEEHNN-87dBm LLFIZBWTIE, N7y MR RT7 L —
LAEMHBORLIV ERELS RSB, Ny MYV R N0 2R TEHTY T HHEET
U7 LiE#ETDE, RIEKICEY 10U TO7 L —2EREBRY ZERTE5T Y7
W, BEOEHRL ANOBET U T LY IRV EWVWZ D, MR LAN 23 E(5 AT/
U7NTHNE, EOEMR LANFEZEZHAWTZAP OV oA 77 v 7%k B ESR T

(n=1)d +2d

< (n=1)d > <«dus— iR X <«dus—>
w | WALN Frame w f/rm HM\\_
i R N
P O A e =
0“1 1 11110 N

EAERRODNL D EAYY CAERROSL L TAY

X9 7L —ARBRHRA
Fig. 9 Frame length detection error

10 RO S LAY ENEHTFRY
Fig. 10 Decay of envelope amplitude
caused by asynchronous bit detection

4D goin . !
/ D, D [-D,
d»‘z”" -l & J/Thrcshold
ﬁ \- Threshold i V‘ﬁ ___________________ S
> : >
a) ZAR(E H iR K b) SZ1E (5 F IR AL/

B 11 WSRO ICERT 5 7 L— AR RS

Fig. 11 Frame length detection error caused by decay of envelope amplitude

BHT&xhZ LRI NT.

44 JU—LRBRHEOBEFZZER LY A( V7Y TEBSOHREH

MEFATIE, By MHEICLVZV—2EEZRGET D, 7L—AKIEE Y b
HEFINS U ETLMNRET D 2 R TE RV, £, ZERESITHT 5 FE
RS, FERBNC CRBEBRICH LTy NHIEEITHI 728, Tk TAEL DR
L7 L ARMEOREICKET S, vy MIEOEME 4, Sz b
¥hntdoL, REOTZ7L—LE (SHKBRPBMELEL CORERME) 11X, &K
T2 DEENDHDHZ L EERB LR TRy (9. Zokd, 2d Xy
KETOT7 L —LEOWEIIRETHD. VoA T v 7 E5ELTHY, By
v MlZRBET 2R LAN 7 L—2aR L, P tb2d00 L, 7L —aENEAR
DX DICEE L2 T IE R b7,

Nz T, LPFIZ X » TEMBRO T EIT> TV D2, K10 12733 K 9 72l
DML ERY ESELTFR Y OWFICHYNELD. ZORFOHVIZE-T, 71—
AREOBREREIZSHIZELT S, 7L —rERELELBREIRTLE YD, =
BREEOBMENKEL, ABBROMIBETNRYOMVICZL ST, 7L —LEHKTHHD
HEHMEE FED E CORMIGEENEC2HETHD. ZOBERM Dy, £ T 5
L, O —ATIHEBBROSTEL ENVICL D BIEORBII|METELITE/IENE

— 290 —



EZONDID, BEBENPEMEEZEZ TOSRMIX(HDpm & 725 (K 11a)). —77,
TZL—AERRLELREINIDIE, ZEEFOBENNS L, WERONLE B2
DOMVIZE > THEBEABZ S E TORMIGREENE LB THDH. Z DOIEIE
Wifl D, & T2 L, O —ATITEMBROILE TR VI K DEULEDFEITER T
DIZENSNWEBZ N0, WARERPEEEZ B X T DRMILED,) 7D (X
11b)). BRI ERBTE Yy MHIEEITR I TZOICAELDMELHETEZDL L, I Y
Y n A ERZE LTH, EBRICEH ént7 L—AE 11X, (n=1)d=Dyoyn <1<
(n=1)d+2d+D,, DFIFHDNTILNOETH D & LBIENRTE 2. K-> T, 2D LPF
WL DIEHOMY ETEERT D E, 2d+D+Dipyn £ VN ORIETO T L— LR D
EXR#ETHY, VoA 7T v EFEELTHWD IR LAN 7 L— AR LR, b
< &% 2d+D 4Dy B B, 7V —AENRRD LS, VAT v FESERF LR
SEANEC = IAN
J#E# 72 Dyp & Doy PIEDOTAGF L, LPF % it L72BED D, & Do DIEDIRFHT

ML TIIASH%OMBEL T 55, #IEM O LPF & ADC O DX THG & 7= A #s R
EHERT D &, BUROBIEHIZIIT 2 Dy & Dapn 18, WIS 4us LT EHEET 2 2
EWTED. Dy Dipn ENE N 4ps, 'y MHEEM d % 8us & L7eHd, 7 L—
AR ORIEEX, KT 2d+D,y Dipn=24us THY, V= A 7T v TIE 5 EMHERT
LR LANE S, ThEin24ps Pl b, BRI ETIHIXLENRDD. 24ps T& D
Bp57 V—bRICE TV AT v 7B EDBEELITRIBDOEL, VAT
v TREFREIHEMRT 27 L — L ROR/IMEE T12ps, KMEE 2248us & 575, ZD
B, 0L DO LANGEZICLY, [BEFREZRE Yy MIUE, 6 By hTHD ((2248-
712)24=1536=2°. V=247 7 v 7 ID % 18 E v b &THIE 3 DOEHLAN 7 L —
LADBEIZE ST, £2, 30 By hTHNIT 5 DO LAN 7 L — L DRIEITL -
T, TNENT=A 7T v T EEDBENRARETHD.

5. BhYIC

WBELIZIE U T STA NER LANE 52 W TR Y —F o AP Z#) L, i LAN
CRBEEREITIR D, AP OF T~ NEBIREZERAT IV =2 A 7 7 v 7251
=R =T ORIEERFT R, FHERSERZR L. SRIEEBOER LAN F51267 5
By hFRY 4%(E'J/£L M LAN 507 L—ARRHFR Y FOMT 21772 7=,
RIEMICBWT 102 U TFO 7 L— AR REERTHZENTEDH ) T
FLL 107 D7y FRAY RE AT 5 ER LAN (802.11b) O@EZY 7 LY ré)ji
<, EHLAN & RIZEU LOBETY 7I2BWT, AP DAV F~ 2 FEBEIN &
RCARECHD L E TR L. T, 7L —AEZBRHETABOBRETERIZHONTO
etz 17\v, RAIEHE AT, vy NUERMZ Sus, YA 7T v SRR

AT 27 L—AROR/IMEZ T12us, HKEZ 2248us & L7B4, O & DO MR
LAN 7L —AT6 By NOFEREBEFERTHDL I EE2RLT.

HEE AT O —EI R HIEKIERE (LR R ICT 4 7 N— 3 UHEHESE¥E (PREDICT) [
Bk 7278 #7577 & & HlJ8 3 5 Radio On Demand Networks OAFZERAF ] 2 FIH L 7=.

D

2)

3)

4)

3)

6)

7)

8)

9)

10)
11)

12)

13) P.

14)

— 291 —

SExXH
A.P. Jardosh, K. Papagiannaki, E.M. Belding, K.C. Almeroth, G. lannaccone, B.
Vinnakota, “Green WLANSs: On-demand WLAN Infrastructures,”” Mobile Networks and
Applications archive, Vol. 14 (6), pp.798-814k, Dec. 2009.
”ﬂ%fx{ﬁ%ﬁﬁg% {1l ek

FREEh, TEEEA, BESEER, Mk, lﬂljﬂﬁz
9% Radio-On-Demand Networks BEZE,” & 15 HiE(E ¥ 2011 FRAE K,
HE,

B-6-132,2011 £ 3 AH.

SIHEELA, DR, R, EMEC, EIPRIEE, fENOR, MERK, 7
#LAN EEa WA T~y RuxoA 77 v 7 A 557 NS2010-185,
pp.123-128,2011 43 H.

1. Demirkol, C. Ersoy, and E. Onur, “Wake-Up Receivers for Wireless Sensor Networks:
Benefits and Challenges,” IEEE Wireless Communications, vol. 16, no. 4, pp. 88-96,
August 2009.

C. Schurgers, V. Tsiatsis, S. Ganeriwal, M.B. Srivastava, “Optimizing sensor networks in
the energy-latency-density design space,” IEEE Transactions on Mobile Computing, 1(1),
pp-70-80, 2002.

B. Otis, Y.H. Chee, J. Rabaey, “A 400 pW-RX, 1.6mW-TX super-regenerative transceiver
for wireless sensor networks,” Proc. IEEE ISSCC 2005, pp. 396-606, Feb. 2005.

N.M. Pletcher, S. Gambini, J.M. Rabaey, “A 2GHz 52 pW Wake-Up Receiver with
—72dBm Sensitivity Using Uncertain-IF Architecture,” Proc. IEEE ISSCC 2008, pp.524
— 633, Feb. 2008.

D.C. Daly, A.P. Chandrakasan, ”An Energy-Efficient OOK Transceiver for Wireless
Sensor Networks,”” IEEE Journal of Solid-State Circuits, Vol. 42, No.5, pp.1003-1011,
2007.

S. Ishida, T. Takiguchi, S. Saruwatari, M. Minami, H. Morikawa, “Evaluation of a
Wake-up Wireless Module with Bloom-Filter-Based ID Matching,” Proc. APSITT 2010,
pp-1-6, June 2010.

IEEE 802.11, Part 11: Wireless LAN Medium Access Control (MAC) and Physical Layer
(PHY) Specifications, 1999.

E. Shih, P. Bahl, M. Sinclair, “Wake on wireless: an event driven energy saving strategy
for battery operated devices,” Proc. ACM MobiCom 2002, September 2002.

N. Mishra, K. Chebrolu, B. Raman, A. Pathak, “Wake-on-WLAN,” Proc. Intl Conf on the
World Wide Web (WWW), pp.761-769, 2006.

Lieberman, “Wake-on-LAN technology,”
http://www.liebsoft.com/index.cfm/whitepapers/Wake On_LAN.

BEB B, T, GTRRRA, BRI, U 7Ty TR A T

Radio-On-Demand Networks D 7= @ ID &2+ %5 — *ﬁ I =5
NS2010-187, pp.135-140, 2011 3 H.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 250
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 250
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2000 2000]
  /PageSize [612.000 792.000]
>> setpagedevice


