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Converting quaternions from EM7180SFP

1- Introduction

You have extracted the quaternion quantities (Qw, Qx, Qy,
Qz) from the EM7180SFP module. The quaternions are
based on a North-East-Down (NED) convention, this format
does not correspond to the orientation format you want to
work with and you need to perform some conversion.
Please read this application note.

2- Scope
This application note provides information on how to convert
NED oriented quaternions to:

- ENU oriented quaternion (East North up)

- Heading Pitch and Roll

- Rotation vector

- Rotation Matrix, or Direction Cosine Matrix (DCM)

3- Conversion to ENU quaternion

While the North-East-Down (NED) convention is common in
many industries, both Android and Windows 8 use the East-
North-Up convention. Below is the equation to convert from
NED to ENU.

aw -Qz Qy -Ox 0 0 -0.707 0707
Qz Qw -Qx -Qy 0 0 0.707 0.707
Q- (0707 0707 0 0) -y Ox Qw -z 0.707 0707 0 0

Qx Qy Qz Qw
NED,

-0.707 -0.707 0 0

4- Conversion to Heading, Pitch, and Roll
format

Most end users are searching for orientation data reported
as heading, pitch, and roll. Below are the Excel
transformation equations. Note that for other programs,
such as Matlab, the ATAN2 arguments may be reversed.

Heading = atan2[(Qx2 — Qy2 — Qz2 + Qw2), 2*(QxQy + QzQw)]
Pitch = asin[-2*(QxQz — QyQw)]
Roll = atan2[(-Qx2 — Qy2 + Qz2 + Qw2), 2*(QxQw + QyQz)]

Where:

- Results are in radians.

- The quaternions are the outputs from Sentral in
NED convention.

- Heading increases as the device rotates clockwise
around a positive Z axis, and the range is 0° —
360°. (i.e. it matches what you would expect on a
compass.)

- Pitch increases when pitching upward and the
range is £180°.

- Roll increases when rolling clockwise and the
range is £90°.

5- Conversion to Rotation Vector format

The rotation vector consists of the first three elements of the
quaternion output, Qx, Qy, and Qz. The fourth element,
Qw, is not included in the rotation vector. The rotation
vector in ENU convention will be the first three elements of
QENU, discussed above.

6- Conversion to Rotation Matrix, or Direction
Cosine Matrix (DCM)

The rotation matrix, also known as the direction cosine
matrix (DCM), can be established from the quaternion
output using the following conversion. QENU values can be
substituted to give the rotation matrix with an ENU
convention.

QWHQX*—Qy*—Qz* | 2%(Qx*Qy+Qw*Qz) 2*(Qx*Qz — Qw*Qy)

24(QxQy-Qw*Qz) | QW-Qx*+Qy*-Qz* 2*(Qy*Qz + Qw*Qy)

25(Qx*Qz+QwW*Qy) | 2(Qy*Qz—Qw*Qy) QW -Qx*-Qy*+Qz?
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