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Abstract—This project implements a Madgwick filter and a
complimentary filter to estimate the orientation of a 6-DOF IMU.
The orientation estimated using the filters are compared with the
ground truth orientation obtained from a vicon motion capture
system. The results show that the Madgwick filter is better at
estimating the orientation than the complimentary filter.

I. INTRODUCTION

The aim of this project is to implement a Madgwick filter
and a complimentary filter to estimate the orientation using
gyroscope and accelerometer data obtained from a 6-DOF
IMU. The esimated orientation is compared with the ground
truth orientation obtained from a vicon motion capture system.
Orientations from individual sensors are also compared with
the ground truth orientation.

II. PRE-PROCESSING GYROSCOPE DATA

The raw values are obtained from the gyroscope are con-
verted to the physical units (rads-1) using

∼
ω =

3300

1023
× π

180
× 0.3× (ω − bg) (1)

where ∼
ω represents the the value of ω in physical units and

bg is the bias of the gyroscope. bg is calculated as the average
of the first 200 samples.

III. PRE-PROCESSING ACCELEROMETER DATA

The raw values of obtained from the accelerometer are
converted to the physical units (ms-2) using

∼
ax = (ax × sx + ba,x)× g (2)

where ∼
ax represents the the value of ax in physical units

and ba,x is the bias of the and sx is the scale factor of the
accelerometer and g is the acceleration due to gravity. ∼

ay and
∼
az were calculated similarly.

IV. ATTITUDE ESTIMATION USING MADGWICK FILTER

A. Gyroscope data processing

We use the pre-processed gyroscope data and use the current
estimate of the orientation to calculate the rate of change of
the orientation. This is done by

I

W q̇ω,t+1 =
1

2

I

W q̂est,t ⊗ [0, Iωt+1]
T (3)

This gives the update angular velocity from the gyroscope
data. For t =0 we use the initial orientation from the vicon
system. The update angular velocity is then used to update
the orientation using the equation.

B. Accelerometer data processing

Here we use the pre-processed accelerometer data to calcu-
late the orientation. First we assume that the acceleration of
the IMU is much lesser than the acceleration due to gravity.
Next to calculate the orientation we turn the problem into an
opitmization problem of the form:

min
I

W
q̂∈R4

f(IW q̂est,t,W ĝ, Iâ) (4)

To do this gradient descent is followed. The gradient is
calculated using the equation

∇f = JT (IW q̂est,t,W ĝ)f(IW q̂est,t,W ĝ, Iât+1) (5)

where J is the Jacobian matrix of the function f . The
Jacobian matrix is calculated using the equation

J =

−2q3 2q4 −2q1 2q2
2q2 2q1 2q4 2q3
0 −4q2 −4q3 0

 (6)

and the function f is calculated using the equation

f(IW q̂est,t,W ĝ, Iât+1) =

 2(q2q4 − q1q3)− ax
2(q1q2 + q3q4)− ay
2(0.5− q22 − q23)− az

 (7)

Using the gradient the orientation increment is calculated
using the equation

I
W
ˆ̇q∇,t+1 = −β

∇f(IW q̂est,t,W ĝ, Iât+1)

||∇f(IW q̂est,t,W ĝ, Iât+1)||
(8)

where β is a constant that was chosen based on how much
trust we have in the accelerometer data. This was chosen to
be 0.1.



C. Combinining the orientation increment from the gyroscope
and accelerometer

Now that we have calculated the orientation increment from
the gyroscope and accelerometer we combine them to get the
final orientation increment using the equation

I
W
ˆ̇qest,t+1 =I

W
ˆ̇qω,t+1 +

I
W
ˆ̇q∇,t+1 (9)

Finally we use the orientation increment to update the
orientation using the equation

I
W q̂est,t+1 =I

W q̂est,t +
I
W
ˆ̇qest,t+1∆t (10)

V. RESULTS

The plots for the 6 training data sets are shown in Figs.
1, 2, 3, 4, 5, 6. Each plot has three subplots corresponding
to roll, pitch, and yaw respectively. There are 5 legends in
each subplot for the orientation computed from gyroscope, ac-
celerometer, complementary filter, vicon data, and Madgwick
filter.

Furthermore, Test data was released 24hrs before the sub-
mission deadline of this project. The same code was tested on
it as well and the following results are seen:



Fig. 1. Roll Pitch Yaw angles for data set 1



Fig. 2. Roll Pitch Yaw angles for data set 2



Fig. 3. Roll Pitch Yaw angles for data set 3



Fig. 4. Roll Pitch Yaw angles for data set 4



Fig. 5. Roll Pitch Yaw angles for data set 5



Fig. 6. Roll Pitch Yaw angles for data set 6



Fig. 7. Roll Pitch Yaw angles for test set 1



Fig. 8. Roll Pitch Yaw angles for test set 2



Fig. 9. Roll Pitch Yaw angles for test set 3



Fig. 10. Roll Pitch Yaw angles for test set 4



VI. VIDEOS

The videos comparing the orientation estimated using the
different methods can be found at videos

VII. CONCLUSION

In this project we implemented a Madgwick filter and a
complimentary filter to estimate the orientation of a 6-DOF
IMU. The orientation estimated using the filters is compared
with the ground truth orientation obtained from a vicon motion
capture system. The results show that the Madgwick filter
is better at estimating the orientation than the independent
sensors and the complimentary filter.
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