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Abstract: Sensor localization is one of the big problems when building large scale indoor sensor networks
because GPS (global positioning system) is unavailable in indoor environments. We are developing a sen-
sor localization system using WiFi APs as anchors, which requires no anchor deployment. Sensor nodes
are equipped with IEEE 802.15.4 (ZigBee) modules, which cannot demodulate WiFi (IEEE 802.11) signals.
We have developed a cross-technology signal extraction scheme to measure WiFi-AP RSS (received signal
strength) on sensor nodes. In this paper, we present a WiFi-AP channel estimator named WiChest. The
WiFi-AP RSS derived by a sensor node is affected by a WiFi-AP operating channel and ZigBee observation
channel because a WiFi channel overlaps with four ZigBee channels. To accurately measure AP RSS, we
need to specify a ZigBee channel depending on the WiFi-AP operating channel. We therefore developed
WiChest, which consists of multi channel signal extraction scheme, AP signal separation scheme, and AP
operating channel estimation scheme. We implemented WiChest using off-the-shelf WiFi APs and a sensor
node. The experimental evaluations reveal that WiChest accurately estimates AP operating channels with
an F-measure of 0.80.
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Fig. 1 Overview of a sensor localization system using WiFi

APs as anchors.
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G = cs — 10 (1)
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Fig. 8 AP-RSS derived on four ZigBee channels.
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® WNDR4300 % H\>, AP HH® OS T& % OpenWrt %
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Fig. 9 Experiment equipments.
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Fig. 10 (a) AP detection rate on four ZigBee channels over-
lapping with WiFi channel, (b) probability of ZigBee
channel combinations, presented in Fig.7, where AP

signals are detected.

92.8%CTH 5.

(2) 1~ 4T ¥ AVORBZITKE L2 ITMERTE 4
V, BRIERORAMEIZEE 3 T v AV D 94.2%, /Ml
B4 F Y AND89.6%THAH. MY ITRLAZLHIC
% ZigBee 7% A+ VT L 72 RSS (ZEREFHE) 12
I KT 20dB BREDZEDSH 575, RSS DAL AP
I RITT BN SVWE W 5, AP BT AP
BEDOFMEDOHRIZIEDNWTEY, AP E5DZENR
EAE ) — R TR TE B E TH AR D ITHH
$’%@%%z&wtwt%x%hé

3.5 HiTiiR7z & 912, WiChest Tl iSOif: 14om
ZigBee 7~ ¥ 4 )V C AP &Mt L 7255512 AP OFfEF v 4
w%%ETé.AP#30iti40@Zg&£%¥%w
THE SN, Z L 2T 5720, TR 72T~
PIVHLEE (A)~(C) D35 5 s % 574l L 72.

B 10 (b) 12, AP & L7z ZigBee 7 v : VO A
DFERER % R, X 10 (b) OREH (A)~(C) XK 7 D
(A~(©C)IzEnzhxtinLTwa. K 10(b) LY ETD
20D EDGMD
(1) 42D ZigBee 7 ¥ # VT AP i SN 254,

HHM T(A) OFEEMERIRLE L, TOMERIT
73.8%Tdh 5.

(2)32F721L4 D0 ZigBee 7 ¥ 2 VT AP H i S b
xR, $abbHT7 O (A)~(C) DIEMRROEFHE
97.4% T 5. WiChest Tl 3 ’)i 7213 4 DD ZigBee
F v 2T AP M L725E12 AP OBIfEF v 2L
%%Efgétb,ikhk@ﬁahAP®@W%¥
PVHEEFEZBHTE L EVWR 5.

231



BRI F=EmEE Vol.58 No.1 225-236 (Jan. 2017)

DED#ER2S, 15D AP E5273 2Ll LD ZigBee
F ¥ AN THE SN AHERIZIEFIZEL, 35 HTRL
F v AVHEEFEEZEHATE 2 2 LSRR S L7,

4.3 AP BEF + RIVHEERE

WiChest 12 & > T AP OFfEF ¥ #IVEIEL {HEETE
5L wBRET A 720, AP BifEF ¥ A IVHEEAE L & SEAl
L7z

BO WiFi AP ZHLEICRE L, AP OfF5 % 1 3ITHESE
BRI CTE2HHE LTI A—PVEEL TR —F
FHRE L. 1RIORTTIE, SEODAPDF v 2L % 1~
11 OB CTEBELZFRLTT v ¥ LICE%E L, WiChest & H
WC AP O, B SN K AP OBIET v R VHEE ®
fTo72. AP EHSEHIcBIIAE—ar 4 Ty 7 A0k
oy 1E, 0.05~0.5 OHFPHTEL S TEHZ47T - 72, i
AT %0E 500 [[TH 5.

AP EE T ¥ AV OHEENEE DM AT T, 3 AP
WCHRE LT v AV EHEZ S NATEF v 20 & % Kk
7T CHELL, True Positive (TP), False Negative (FN),
False Positive (FP), True Negative (TN) o [m%%% 3
L7:. TP, FN, FP, TN (ZZ N ZN AP OEIfEF ¥ : )L
DIE L HEE SN2 E, AP DSEIET 5 WiFi F ¥ AV T
AP BRI T E o 72354, AP DAL L %2\ WiFi F v
AIVT AP 2l L7234, AP 25FAE L 72\ WiFi 7 v
AIWT AP 2 L Do 7285 TH 5.

K112, €=y A4 7y 7 ADEFE v 12349 5 True
Positive (TP), False Negative (FN), False Positive (FP),
True Negative (TN) ORI %R, K11 L HLELTFD 3
DD EDGM DS
(1) ¥— :/4/7/7201 Ty <020 2BVTIE, v

PN 5 & TP ML T4, TPk y=0.20 12

3500

3000 |
2500
§
2000 |

1500 -

1000

Number of TPs, FNs, FPs, TNs

500

A oA A AL,

—A—A— A
. |

0 L L L L L L
0.05 0.1 0.15 02 025 03 035 04 045 05
Scale Factor y of Beacon Index

11 ¥—a2 A 27y 7 ADRE v 23§ % True Positive (TP),
False Negative (FN), False Positive (FP), True Negative

(TN) ol%%
Fig. 11 Numbers of true positives (TPs), false negatives (FNs),
false positives (FPs), and true negatives (TNs) as a

function of scale factor v of beacon index.
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Fig. 12 Accuracy, precision, recall, and F-measure as a func-

tion of scale factor v of beacon index.
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Fig. 13 Example failure of AP signal grouping due to failure

of clustering.
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Fig. 14 Beacon signals merged on channel-usage matrix.
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Al BEEODAPDOE—-OESIHEELT
LEOHEZXRDEH
FUTLIZLI DD WiFi F ¥ fIVERALZE X220
FX AIVTHEIEND AP DG E ETHERE R X &
5. X OWFHE E(X] 2R 2720, #IRE 72 WiFi
FrRVTHETTEZLTX =k (kIZ0~8 DER) &
LT AMEREEZRD S,
(1) BIRESNT=F ¥ 4 VDS chd~8 DY E
H5H WiFi 7 ¥ AV THI SIS AP IE, 20F ¥ 4
VBLOPZDOF ¥ ANV EER > TWALHEIED 3 F ¥ 4
VO TF ¥ A VTENET S AP TH5S (K 2). 8H
DAP DF ¥ A% 1~11 ODFHTT v FLIHET
L&, INLTFXANVOWTNATEET S AP
BEkBHERDHERPX =k &

- QG (7w

LROLND, 22T, (7)) 2HRKTH L.

(2) BIRENI2F ¥ VDS ch3 F 7213 ch9 D&
ch3 ANER S N7 41 chl~ch6 DFF 6 F v AL T
EETH AP 2T A2 A TESL. chd DED
FREICEE 6 F XY RV & D728, TNEH6F ¥ AILD
WINDPTEIET S AP 25k B & 25T B[X = K]
WBUTOLI IR 5.

- (8 () o

(3) BIRSNT=F ¥ 4 VDS ch2 F 7213 ch10 DIGE
FREICEZDEES T A LVOVTNITENNEST S
AP ZEIllITX 5D,

L b,
(4) BIRSNT2F ¥ £V chl F 7213 chll DBA
CNFTERMBICLTUTDOEI IR S,

- (G G e

gn%%n%n@% BRET DHELEET DL,
W X OHIFHE E[X] BEL T 0k 5 10k E 2.

=3

k=0

=K+ &m:m

+ —P3[X = k] + %P4[X = k]}

—5.30 (A.5)
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