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THE PROBLEM
GNSS signals are insufficient for anytime, anywhere navigation,
particularly in deep urban canyons, indoors, and environments
experiencing intentional jamming, as they attenuate ∼ 30–50 dB.

SOLUTION: EXPLOIT SOPS
Ambient signals of opportunity (SOPs) may enhance and assist
conventional navigation techniques.
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STATE DEFINITION

State: xr =
[
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ESTIMATION ARCHITECTURES
(i) Non-collaborative, Decentralized

(ii) Collaborative, Centralized/Hierarchical

COPNAV SIMULATOR

OBSERVABILITY ANALYSIS
Theorem: A collaborative opportunistic navigation environment
consisting of n receivers with velocity random walk dynamics
making pseudorange observations on m stationary SOPs is com-
pletely observable if and only if the initial state(s) of at least

• one receiver is fully-known, or
• one receiver is partially-known and one SOP is fully-

known, or
• one SOP is fully-known and one SOP is partially-known

SIMULATION RESULTS
Environment with 1 fully-know SOP and 1 partially-known SOP
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EXPERIMENTAL RESULTS
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