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Reduce the sampling rate, f,

Reduce integration time, T_,

Reduce quantization
resolution, N bits

Power density (dB/Hz)
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Energy Consumption in a GNSS Chip
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2
o An N-bit add needs N 1-bit full adders

o An N-bit multiply needs (N-1)*N 1-bit full adders
* Total number of 1-bit full adders N, in a CAA

Na= (K —1)(N +log, K) + K(N — 1)(N)
N e N ——

Accumulation Cost Multiplication Cost

(N +log, K + N? — N) for large K
(N? + log, K)
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 Total energy consumed by all CAA operations

Erotal = Ngv * 6 * Ecaa
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choicesof T, f,, N, and N,, should we make to
maximize positioning precision?
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Geometric Dilution of Precision (GDOP) relates

o, to the pseudorange error 6,: 7.yt = 0. - GDOP

GDOP = |/ Tr (GTG)-1
Optimal geometry:
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GDOP,, = [Zhang 2009]
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* As the early-late spacing A>0, 0, = O, cris
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[Hegarty 2011] and others have shown that
quantization resolution “N” decreases the overall

signal power, C,
The effective signal power at the output of the

correlator C_ =C./Lc

\

Function of
Quantization
Precision “N”
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Ratio of Maximum Threshold to One-sigma Noise Level

*Hegarty, ION GNSS 2010, Portland, OR
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ECAA — EA : (Nz + 10g2[f8 : Tcoh]) : fs : Tcoh
ETotal = Ngv * 6 x Ecaa

 Derived lower bound on positioning precision:
nyzt — Ou,EL GDOP
0 1

O-u,EL ? : as A — 0
ATeon 2 Get (£, — Uzt
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minimize Oxyzt (NSV7 Na fsa TCOh)
NSVaNafsaTcoh

subject to Erotal < 0
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Position Error under Fixed Energy Constraint
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Position Error under Fixed Energy Constraint

(meters)
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Position Error under Fixed Energy Constraint
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N, # Bits

8 6 4
Decreasing Energy (order of magnitude)
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2. Posed an optimization problem that solves for
optimal values of the 4 parameters of interest
under an energy constraint

3. Showed that the industry has come to
anticipate many of the same conclusions
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