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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.
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THEORETICAL RESULTS: OBSERVABILITY

Case Rx(s) SOP(s) Observable States
1 1 U. m P.K. m = 1: none,

m ≥ 2: xr, yr, ẋr, ẏr
2 1 U. 1 F.K. δtr, δ̇tr
3 1 U. 1 F.K. & 1 P.K. all
4 n P.K. 1 U. ẋri , ẏri , xs, ys, i = 1, . . . , n
5 n P.K. m P.K. ẋri , ẏri , i = 1, . . . , n
6 1 P.K. 1 F.K. all
7 1 F.K. 1 U. all

SIMULATION RESULTS: OBSERVABILITY
Environment with 1 fully-know SOP and 1 partially-known SOP
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TRAJECTORY OPTIMIZATION





xr(tk+1) = f [xr(tk),u(tk), tk] +wr(tk)
xs(tk+1) = Fs xs(tk) +ws(tk)
z(tk) = h [xr(tk), xs(tk)] + v(tk)

minimize
u(tk)

J [u(tk)]

subject to xr(tk+1) = f [xr(tk),u(tk), tk] +wr(tk)

xs(tk+1) = Fs xs(tk) +ws(tk)

z(tk) = h [xr(tk), xs(tk)] + v(tk)

‖u(tk)‖2 ≤ umax,

OpNav Environment:

Estimator: EKF

Optimal Control:
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EXPERIMENTAL RESULTS
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