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This Work

Angular Encoder Benchmark
The key feature of this work is the use of only one
master and one nonius sensing spot each measuring two
orthogonal magnetic field components (Bt and Ba) that
are naturally in quadrature (e.g. one represents a SIN
and the other one a COS function).

The Magnet

The Sensor

The dual-track magnet has an outside diameter of
24mm and an inside diameter of 14mm. The two
magnetic tracks are separated by a 1mm code-free
region. The outer master track contains 16
alternating north/south poles (8 pole pairs) with a
pole pitch of about 4mm. The inner Nonius track
contains 14 alternating north/south poles (7 pole
pairs). The 1mm thin Nonius track is strong enough
to determine the sector on the Master track and weak
enough to generate only small crosstalk to the
Master track sensor.
The large poles allow for an operating airgap of 1.5
+/- 0.5mm between the sensor surface and the
magnet surface. This is about 3 to 5 times more than
typical state-of-the-art magnetic systems. 

The sensor is composed of two Melexis triaxis
magnetic sensors assembled side-by-side on the
leadframe of a standard TSSOP16 package with a
footprint of 5x5mm.
The integrated CMOS circuits contain all
necessary electronics for transducing the
magnetic field components into electrical signals,
for signal amplification, filtering, AD conversion
and 10MHz SPI communication

Each of the two sensors is exposed to a mixture
of magnetic field components on both of its
orthogonal axes

In a first step the amplitude and phase of
the two Master track components are
adjusted and the Nonius signals are
reconstructed by a linear combination of all
four magnetic field signals.

In a second step the Master angle and
Nonius angle are computed and
composed to yield the fine angle

By the fourth and last step the imperfections of the
magnet are compensated via the correction values
stored inside a look-up-table (LUT)

The third step consists of compensating the two
structural  error components arising from cross-talk
between the tracks as well as from eccentricity
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The uncalibrated angle error is mainly affected
by a 16th harmonic.

The 16th harmonic is removed by amplitude and
offset correction. We are left with the 15th and
1st harmonics

The cross-talk compensation removes
the 1st and 15th harmonics

The linearization step corrects the
remaining non-linearities

The image shows an implementation of the system together with a reference system. Notice
how the reference system requires a very small air gap due to the very fine pole pitch used by
this technology. The system accuracy is better than 0.03° over the full 360° rotation. The
achieved RMS resolution at the nominal airgap is 17 bit (0.003°).

State-of-the-Art

Single point
acquisition

Pole pitch
independent

Larger pole size
and stronger poles

Larger airgap between
magnet and sensor

Larger overall assembly
tolerances

Large poles

Long reach of field
Large airgap possible

Small poles

Short reach of field
Small airgap required


