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Applications:

@ Indoor navigation system
@® Equipment tracking

@® Fire secure

Technologies:
®

@ Ultrasonic

® Wi-Fi

® Zighee

UWB -

Good signal penetration

Low power consumption

High ranging accuracy



UWB Positioning Catenor
ategories:

1.Time of arrival(TOA)
= 2.Angle of arrival(AOA)
é 3.Received signal strength(RSS)

4. Time difference of arrival(TDOA)

Why TDOA?
/ TOA: the target needs to be synchronized with base
«— *

- BS3 Stations(BSs).

AOA: requires antenna array.

RSS: sensitive to multipath inference, low accuracy

BS2 for long distance positioning.

M base stations



System Model
uy : target position at time k

"3 Ii «: TDOA between BS pair i and 1
T
N = [I’z,k ) DI rM,k] : TDOA measurement vector

h, : true TDOA at time k
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Enhanced Indoor Tracking Algorithm

TDOA

outlier-robust Kalman
filter

recursively bounded
grid-based filter

» position

constrained TDOA
preprocessing
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Enhanced Indoor Tracking Algorithm
1. TDOA Constraint Generating

J J
L
\ Bound expansion
* .
( Ny grids)
Nk_l . .
pup_1lry,...,rp_1) = Z wy_0(ug—1 —uy_,)
=1

U—?c—1 : position of the Ji, grid at time k-1

Wi, : weight of the i grid at time k-1

( N, grids)




Enhanced Indoor Tracking Algorithm
1. TDOA Constraint Generating(Cont’d)

. TDOA constraints
D¢ >

Ly < ¢; hy <U;,
i=2,3,...,.M

Lik, U:( . lower and upper bound of true TDOA between BS pair i and 1

T
D1 : the i—1. columnof (M —1)x(M —1) identity matrix

Expanded bounds



Enhanced Indoor Tracking Algorithm

2. Constrained TDOA Preprocessing

TDOA —

outlier-robust Kalman
filter

mitigate NLOS errors

L, < ¢;_1hy, < Uy,
i=2.3 ..., M

imposing TDOA constraints
— q(hg) =N (T, Qs,)

T, . mean
Q:, : covariance

Apply sequentially M-1 inequality constraints

L2 < ¢Thy < U?

q(hy) =N (T%, Qs,)



Enhanced Indoor Tracking Algorithm

2. Constrained TDOA Preprocessing(Cont’d)

L2 < ¢Thy < U?

imposing TDOA constraints

q(hy) =N (T%, Qs,)

Transformation:
z = VW 20T (b, — #,)

Qs

.= UWU7?

VW2UTH, = [ (6] Qey)? 0 ... 0

oa<[1 0

8

2 T
Ly~ Tk

= (07Qs, b)) 2

O]ZEﬁ

2 T
Ui —®1 Tk

b=

b1 Qi #1)'/2

0.7

06

05

04 r

03

0.2

011

unconstrained estima:

\

hte

constrained estimate

v

constraints




Enhanced Indoor Tracking Algorithm
2. Constrained TDOA Preprocessing

Estimation of Z after applying the first inequality constraint
p=[p 0 ... 0]

2 : : ~ 1/2x7T .
o Inverse transformation r, = UW/*Vipu+ry

Y= , Q:, = UW2vTxvw!/2yu”

Estimation of hy after applying the first inequality constraint
q (hy) = N (Tr, Qs,)

Apply sequentially remaining M-2 inequality constraints



Enhanced Indoor Tracking Algorithm

3. Bound Contraction

Weight prediction and weight update ! : position of the Jy, grid at time k

Nk . . . -
p(u,|r,---r) =Za)kj5(uk -u, @] : weight of the Jy, grid at time k
=
e e lelele new bound
| ® 0 O
e @ ‘-—.——‘ >
| ® O O

@® :weight



Simulation Results
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Scenarios in consideration

measurement noise:
zero-mean t-distributed noise with DOF A = 3

covariance: 25 R

R = o?(I4 +1411)/2
o = 1lm



Simulation Results

Scenariol:
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Better preprocessing performance,

Higher positioning accuracy.



Simulation Results

Scenariol:

Comparison of positioning RMSE(m)

RMSE c=05 o=10 o0=1.5
Chan+KF 0.9701 2.5431 4.9495
ORKF+RBGF 0.5291 0.8325 1.5312

Constrained ORKF+RBGF  0.5151 0.7970 1.4637




Simulation Results

Scenario2:
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Conclusion

TDOA

Future Work

outlier-robust Kalman
filter

@® \elocity estimation

A 4

recursively bounded
grid-based filter

» position

constrained TDOA
preprocessing

A

TDOA constraint
generating

@ Better constrained measurement filtering
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