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I. SYSTEM LINEARIZATION

The linearized state transition matrix can be written
as:
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In order to simplify the derivation, we have made the
following substitution:

Hp
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where Ξi, i = 1 . . . 4 can be evaluated with analytic
expression in [2] or with numerical integration (e.g.,
RK4). The Jacobians for the noise term:
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The covariance propagation for IMU and intrinsic states
can be hence written as:

Pk+1 =

[
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where P denotes covariances for IMU and intrinsic
states. GId represent the discrete covariance for IMU
measurement noise.

II. SIMULATION PARAMETERS

TABLE II shows the necessary parameters to repro-
duce the paper results. IMU Scale refers to the diagonal
terms in Da and Dw. IMU Skew parameters refer to all
the off diagonal terms in Da and Dw. di, i = 1 . . . 4
denote the 4 distortion parameters in camera model.
All these parameters can be found and setup in Open-
VINS [1].

III. MOTION COMPARISON BETWEEN EUROC MAV
DATASETS AND TUM VI DATASETS

Since the IMU calibration is based on a sliding-
window filter, we compute the sampled standard devi-
ations for local angular velocity and linear acceleration
reading within around 0.5 seconds interval (approximate
100 IMU readings) and show the results in Fig. 1.

As clear from the figure, the underactuated MAV
cannot fully excite the 3D motion of vehicles, hence the
vehicle demonstrates a much smaller local angular ve-
locity change (most cases no more than 6 degrees within
an local window) than the handheld TUM datasets. We
use the EuRoc MAV V101 and TUM VI Room1 as
example. All the 6 axes of sensor in TUM VI Room1
dataset are fully excited, whereas the motions for Firefly
in Eurco MAV are much smoother in the local time
windows compared to TUM, especially for the angular
velocity (ω). Hence, the vehicle’s motions are close to
the degenerate motions for IMU intrinsic calibration and
degrade the system performance.
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Fig. 1: The readings comparison between EuRoc MAV datasets (V101) and TUM VI datasets (Room1). We compute the sampled standard
deviation for every 100 IMU readings (about 0.5s given 200Hz IMU). The larger the standard deviations are, the more dynamic the motions
are.
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