BEARS | SinBerBEST

APEC: Auto Planner for Efficient Configuration of Indoor
Positioning Systems

Ming Jin, Ruoxi Jia, Costas Spanos

Introduction and Contribution Hierarchical Bayesian User Preferences
Signal Model (HBSM)

W|F|, GSM,
iBeacon.

_________________ Accurac o , , Objective: customer behavior analysis in stores
ndoor positioning system 1 y How can we make efficient use of fingerprints? . o .

I : L ** Local priority map ** Local frequency map

):- Fingerprinting: RADAR, Horus ' Parameter Estimation i \ : 2
I : : e ,

:- Model based: RF prop. model : RN i

! i

! )

Fingerprints Estimation

Gaussian Process

r ~ N(w)

[ ] [ ] I
# routers Maximize: Location ot ] ]
Q . . . Neighborhood covariance function
WY 4 fingerprints Visiting Frequency

eld Deployment

APEC: design the fingerprints-based IPS that accounts

patial variance

for user preferences and budget constraints Ay A Ts) Eetimation e Priority and Freq. Map
~ N I = Ol5 6
: Rk ) 3  HIGH Priority for
Ak Ak U (k) gk G cubicles: automatic

. . . . . ean of RSSI follows Loss-Path Model and Gaussian Progcess ~— climate control

Hierarchical Bayesian Signal * Learning-to-learn to follows Loss-Path Model and Gaussian Progess  f 0 £ . MED Priority for
RSSI estimation . : 3
Model (HBSM) Bottom layer: Observations " shared spaces:
Inference (t) T < ’ wg energy
Measurement error

£L; =~ N(Az’,-7 2 ~0_, apportionment

RSSI observation at location i for K routers that work independently s « LOW Priority for
. jecti i : : . corridors
Objective as a theoretical ** Radio map reconstruction: empirical Bayes and -

Utility Optimization solution close to actual loss . .
Gaussian process regression.

A 4 : :
gorithm Design Hypothesis 1: the expected cost is a good
- Toy Case StUdy indicator of the actual cost of the system
 Computational tractable as . = Expected cost:
Implementation of APEC a for field usage ) ﬂ __ B T — Z 0 Z c:Pi(he(x) :j)E
| Priogs o s . i€lN]  jeRrG) " Theoretical
: ® ' e - I g 27 Actual cost:
B ronty % S Froutor e e ci&i(j
% 6 2 \\\ 785 2 -g- %Eltggsicﬂtting ,’/ Z JGZR:) &ACtual misclass.
2 |C é D g EECHE iy 3 U@ =5 £
. . . ’ ik 09000 fﬁﬁ%ﬁ’s’%’ % » Strong correlation between
Oph m IZa'l._IOn Fra meWOrk 2 ° o %ﬁ:gﬁ%$8§§° expected & actual cost
! . ost——% : % : %+ Predict IPS performance
0 "?"ty's 1 Expected cost optimized by APEC based on the router-
Length (m) s 12 _ fingerprints configuration
@(Z, ho(X)) = ez Py(he(X) 4 7) L=037-L2—-2.34- L. +4.46
Pr|or|ty weighted misclassification loss o g . .
(Boectationover P T m == o LT (o BRI IR EI TV TR RS HC MU E LA Hypothesis 2: APEC Greedy performs well for the
M M M . e . I . . . .
minimize Vlﬂtlrlg f_req_ E_ e — [IL(Z he JZ] random batChes Of |Ocal_|0ns and ChOose the be5t actual COSt Of the System (solutlon Supenor'ty)
0 |ZNPZNPX|ZI ________ 5
add B'SIVI' ranabmness T APEC Exhausive Exp A: 5 Exp B: 7 routers
. ’r' APEC Greedy, batch = 2 P A: routers P
subject to 6 = {6°7,6""} € © I e g . : :
' 1.2- P - |
@umber/locaﬁon of routers/fingerprints w2 < Random selectipn |2 Zos- %#
e} z = %%
E §0.8 % | i Methods ) §06_ | ' Methods !
é \ %3233,‘;? | %Z‘iﬂiﬁ? —
° >< 15F s APEC Greedy 0 APEC Greedy
APEC Algorithm VA I Alignment of expected cots bo actual cost
Minimization of the expected loss: 1 e w . ) Visualization
equenc rlorlty 0 10 20 30 40 50 . 60 70 8, .+ 0 PR B
E L(Z, he E — ]) Router set index N
£ CF?XZ|’Z JER() M'Sdass'ﬁcam" e Sorted from the highest loss to the lowest
‘ ¥ ’ for each router configuration
Weighted cost of location confusion
Tasks: Heuristic 2: router locations can be chosen
< 8" (router locations): Given M possible assuming uniform fingerprints allocation
locations, choose K to place the routers. O o __
% 0% (fingerprints): Distribute the number of N et B

fingerprints to be collected.

2ol Conclusion and Future

. . . RN . . . . .
< Exhaustive: search all possible router/ et 1 e S (4] *f :::EC- ZV;temalea”V optimizes the locations
fingerprints combinations (intractable!) (=—H —— R Sleton.mean O APs and ningerprints
< Greedy: stochastically optimize through o w @ w w w0 W ** Implement and visualize APEC configuration

Router set index

coordinate descent (heuristic!) on mobile platforms

>
Sorted from the lowest loss to the highest
for each router configuration

Publication: APEC: Auto Planner for Efficient Configuration of Indoor Positioning Systems,
9th International Conference on Mobile Ubiquitous Computing, Systems, Services and Technologies, 2015

NATIONAL
RESEARCH mnaHe§ C R EA I E Tl\EI(éll;]oYLoclcg
FOUNDATION of Singapore UNIVERSITY

Campus for Research Excellence And Technological Enterprise
SINGAPORE




