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If we can use a sky-point camera...
Related Work —Sky-Pointing Camera Aided GNSS

« NLOS detection using Omnidirectional Infrared Camera/Fish-
eye Camera.

(J.Meguro, et al., IEEE trans. on ITS, 2009 and T. Suzuki and N. Kubo,. ION GNSS+ 2014.)

* Excessive NLOS exclusion leads to HDOP distortion and Large
Positioning Error! Fisheye camera , f
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In FGO, we only revise the information matrix

B LOS Satellite Factor [ NLOS Satellite Factor IMU Bias Factor . P L2 MM]|2 INS ||2
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I\/Iodellng of Iegratlons using Tightly EKF/

System States: EKFE System States: FGO
® x = (Xliief’ ke:ef Bllzgdy 6clock T ® x = (X:(;,ef, ke:ef B}l{?gdy 5Clock)T

® Xecef _ (x;cref’ykeief,zlicref) P Xecef _ (x;cref,ylfieflzziﬂef)
. V,fﬁef e 4 V“ef (i vy vz
body __ body _body body
L4 Bkllm;: - ak,x 'ak,y ’ kz ) 4 B,?(l):,ili = allz,(;dy’ all;(;/dy, Ilz(;dy)
’ 6C oc .
Motion model factor:
Propagation model: X 3 ||e,ﬂ”M||§£4M = ||xps+1 — hMM(xk)H;l,g,M
® xp = (-1, Up) + Wi
& u, = (ax.°?, ay " az,°)" INS factor: IMU bias factor:
ecef ecef ecef
VXjy1r vx, . +ax, " At INS body
. * e ias =B ins
Measurement model: o e = [ vyt | | oyt 4 aye e e (3535?)
® zVS = h(x) + v vl ) \veis +az e
& 2V = (Y%, %S, PN Pseudorange factor:
GNSS pseudorange covariance matrix: & hP (SVk]; ecef) [ xyz ecef” + 6clock A

R, n (GoGPS library based on SNR and elevation angle)
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Experiment Result A - o
Mean error 83lm 3.96 m 32l m
. . Std 7.24 m 3.19m 1.96 m
200 Trajectory in ENU Maximum error 442m  23.1m 123 m
I | I I
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—e— GNSS/IMU FGFC
100 B —e— Reference trajectory -
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O Satellite LOS NLOS LOS&NLOS
50 Mean number 9.0 4.63 13.63
B Std 1.92 2.57 2.49
SRagee? Max number 15 8 18
-100 L 1 1 1 1 Min number 4 0 7
~100 -0 0 50 100 150 Percentage  66.03%  33.96% 100%
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Error Analysis
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