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Motivation & Contribution

 GNSS fusion with VIO: Globally accurate and locally
precise localization system.

e Utilize raw GNSS measurements simplifying models
without losing information.

* Propose a novel way of tightly couple GNSS with VIO by
adapting differential GNSS technique to remove atmo-
spheric effects (1onospheric and tropospheric delays).

* Propose 2-step GNSS initialization method that recovers
all necessary parameters tor raw GNSS fusion.

 Thoroughly evaluated in both simulation and real world
data and showed robustness and accuracy of the proposed
system.

IMU, Camera, and raw GNSS Measurements
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 IMU: Measures angular velocity and linear acceleration.
Used to propagate the state.
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 Camera: Measures feature bearing information. Used to
update the state.
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e Raw GNSS: Measures dynamics of both GNSS sensor
{G} and satellite {S}. Used to update the state.

— Pseudorange
Pc — “Ps|le+clbg—bs) + I +T + M +n,
— Carrier Phase
ze = ||"Pa — “Pslla + clbg — bs) = I+ T + M + AN +n,
— Doppler Shift
2] = — ((k (EVS — EV@) + C(i?g — bg)) /)\ + Ny
Atmospheric delays (/,7) are hard to model.
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Sequential-Differential GNSS
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* Two sequential GNSS measurements trom the same satel-
lite have approximately the same atmospheric delays.

e Subtract two sequential raw GNSS measurements to
cancel out atmospheric delays (I, T).

e This 1s equivalent to performing differential GNSS with
base station right next to rover.

e Differential Pseudorange
“Dp -—=p,k+1 = “pk
=Ad + c(bg k+1 — bsk+1) — c(bgr — bsk) + np,
e Differential Carrier Phase

ZDc -—cck+1 — ek
=Ad + c(bg j+1 — bsp+1) — c(bgr — bsk) + npe

e Doppler Shift (the same)
Zd — — ((k (EVS — EV@) + C(bG — bg)) /)\ + Ny

 The measurements are now only functions of robot &
satellite dynamics and their clock biases.

2-Step Initialization

e 0"-step: Information collection (GNSS SPP measure-
ments, VIO poses)

o 15t-step: ECEF-to-World frame {1/} initialization. Find
transformation that aligns GNSS and VIO trajectories
by solving linear least-squares with quadratic constraint
problem

e 2"d_gtep: GNSS sensor parameter (b, h) initialization by
solving linear least-squares problem
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Simulation Results

* Hyper-parameter sensitivity of initialization (deg/m)

dist\c 0.1m 0.5m 1m 2m Sm

dSm 1.57/0.538 6.25/2.91 14.52/6.79 30.66/71.75 69.26 / 88.42
10m 1.31/0.52 5.54/2.19 9.45/4.17 20.41/44.94 47.45/94.93
20m 0.79/0.27 2.47/0.99 4.84/2.01 10.24/4.10 26.96/51.54
S0m 0.53/0.07 0.80/0.16 0.97/0.27 1.79/0.62 4.86/1.48
100m 0.45/0.09 0.49/0.06 0.50/0.12 0.78/0.24  2.11/0.65

— Evaluated 1nitialization performance with ditferent 1ni-
tialization distances and GNSS SPP noise values.

— Imitialization accuracy tend to improve with the longer
distance collected and the smaller GNSS SPP noise.

* Localization with different atmospheric delays
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— Proposed method showed robustness to different levels
of atmospheric delays.

— Proposed method showed the smallest RPE error
among all tested

Real World Results

D Algorithms  RMSE(m)
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* Proposed method showed the smallest RMSE error
among all tested
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