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Question: How to estimate clock skews, clock offsets and relative distance?
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Pairwlise solution
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Pairwlise solution
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Maximum Likelihood Like
Estimator

Also considers the
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Joint ranging and clock synchronization
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The relative distance
IS no longer a
nuisance term.

I 1
2, == le
: o .

T, i i : T

fj B, |= ij !
T, R T

: 2 & 3

K K
7-131] 1 T;l,ij

C HO=b+n

IGNSS. 2015 4



( AUSTRALIAN CENTRE FOR

6AHG§[P\ESE3I
Sequencing
Options
XX LCLS, MLLE & GLS update sequencing X XX
| || | :
1 1 1 1 1 K
C2 (T2,12) CZ (TZ,ZS) Cl (T2,13) C3 (T4,13) C3 (T4,23) Cl (T4,12)
X XUpdate Update Update Update Update X X Update X X
| | | | | l 4
1 1 1 1 1 K
C2 (T2,12) CZ (T2,23) Cl (T2,13) C3 (T4,13) C3 (T4,23) Cl (T4,12)

_~

B(m) = 8(m - 1) + K[m] (b[m] — h"[m]f(m - 1))
GLB update sequencing
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Proposed GLB Estimator

Algorithm 1. GLB estimator
1. Batch initialization:

2. Assuming the noise term is uncorrelated and has equal variance o2 = g for each data
sample, the covariance matrix of the noise C[1] € R¥*X is known and diagonal

3. Collect X communication links in chronological order, initialize with H[1] € R¥*X and
b[1] € R¥*1, construct the covariance matrix X[1] = (HT[1]C *[1]H[1])~*

4. Compute the first estimation: 0(1) = (HT[1]C-*[1]H[1])~*HT[1]C-*[1]b[1]
5. m=1

6. Repeat

7. m=m+1

8.

If a new pair of {T"' T¥

.yt or {rf T, b is collected, record h[m] € R***! and

30 4

b[m] € R**?, which are the new coming information.
E[m-1]h[m]

9. Calculate the gain matrix K € R¥**, K[m] = 2 Th Tz (1 T

10. Update estimation: 8(m) = 8(m — 1) + K[m] (b[m] —hT[m]0(m — 1)).

11. Update covariance matrix: X[m] = (I — K[m]hT[m])Z[m — 1].
12. Until the latest record has been processed
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GLB Estimator Benefits

« Real-time process
— Estimation updates when observations made
— Calculation spread over a longer time interval
— No need to store historical data

e Robustnhess

— Able to estimate clock skew/drift even if only one way
communication with a child node

Computation efficiency
— Smaller matrix sizes required to perform the solution
— Smaller matrix => less memory & greater speed
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GLS = Global Least Square
(Rajan& Van deiVeen)

LCLS = Low Cost Least Squares
(LengMei & Yikchung/Nu)
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Future lWorks

* Derive the Bayesian Cramer-Rao Lower
Bound

 Realize recursive joint clock
synchronization and localization
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Thank you!
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