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Non-contacting Multiturn sensor of the 
RSM 2800 series.   
The measuring range is 14 or 16 revolu-
tions; the measurement output is provid-
ed as an analog signal or an SPI or SSI 
signal. 

 

Non-contacting - with small footprint and digital interface: 

Multiturn Sensors for Smart Service Robots 

Magnetic multiturn sensors utilizing the principle of Giant Magnetoresistance (GMR-

Effekt) are becoming increasingly popular for many applications.  They are small and 

non-contacting, and they provide absolute positional data while requiring neither 

power supply nor buffer battery for rotational sensing.  They are typically used in so-

called ″True Power on Systems″ for a large variety of different industrial applications, 

such as printing presses, drive and steering systems, for automated door and gate 

mechanisms, hydraulic lifts, and generally as an alternative to multiturn potentiome-

ters or comparatively sophisticated optical encoders.  And, now, these versatile sen-

sors have also made their way into robotics, where they are used to control the motil-

ity of the neck and hip joints of a novel service robot. 

Now that Personal Computers (PCs) have become omnipresent, Personal Robots 

(PRs) could soon be making their way into our working and business lives, where 

they might serve us as ″electronic butlers″, fetching newspapers, pouring coffee, or 

clearing the table.  Efforts in this regard are already well underway:  Since the 1990s, 

the Fraunhofer Institute for Industrial Engineering and Automation (Fraunhofer-

Institut für Produktionstechnik und Automatisierung, IPA) has been working to devel-

op these types of innovative service robots for use in the home environment, in ho-
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tels, care and nursing homes, or hospitals, to name a few.  The fourth generation of 

Care-O-bots, introduced at the beginning of 2015, are not only more motile and 

″charming″ than their predecessors, but they also shine with cost-mitigating design 

features. 

High Motility Through Patented Joints 

Its modular design makes the service robot a good base for commercial solutions.  

By way of example, in beverage service, a robot‘s hand might well replace a serving 

tray.  It would even be an option to use the mobile base alone as a serving cart.  

With different configurations, it is possible to design specific robotic platforms for the 

most diverse applications:  mobile information kiosks for museums, hardware stores, 

or airports; transportation services for hospitals, nursing and retirement homes, or 

offices; security applications; or robots simply serving as museum attractions. 

In comparison to its predecessors, the Care-O-bot 4 is extremely motile.  It features 

patented ball joints which girate around an invisible pivot point in neck and hip, ena-

bling it to keep its balance while bending over.  Similar to the human body, part of 

the corpus shifts backwards while bending over, thus providing the necessary coun-

terweight.  This keeps the robot from falling, even while carrying loads on an out-

stretched arm.  The joints’s motility also enables the robot to communicate intuitively 

with the user, informing him or her of its intentions or comprehension, with gestures 

such as nodding or a shake of the head.  There is a touchscreen for the operator’s 

input, while microphones and cameras allow for the recognition of speech and ges-

tures. 

Major Sensorics Challenges 

In order for the robot to flawlessly execute its movements and gestures, the control-

ler must be able to query a joint’s current position at any time.  This requires sensors 

that provide the respective positions as absolute signals, making the robot immedi-

ately operative after a reboot, without the need for reference runs.  Battery buffering 

is undesirable, in particular, because it would require regular synchronizing of sensor 

data, in order to detect possible counting errors that would otherwise add up.  Fur-

thermore, position sensing needs to cover several rotations, as the axis of each joint 

can rotate 360 degrees in either direction. 

Therefore, an absolute rotation angle multiturn sensor was needed for the position 

sensing of the joints.  It was to feature a minimal footprint, to make the sensor suita-

ble for tight spaces.  Thus, for reasons of space requirements alone, a combination 

of single turn rotary position transducer and other sensorics for rotational sensing 

was prohibitive.  Furthermore, a digital interface was desirable, in order to ensure 

error-free transmission of data. 
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Gearless Multiturn with Digital Interface 

The chosen model was the non-contacting Multiturn sensor of the RSM series from 

Novotechnik.  ″This was based on many reasons,″ explained Bernhard Waterkamp, 

a research associate at the Fraunhofer IPA.  ″The sensor runs very smoothly while 

providing the desired features.  At the same time, it is the most inexpensive product 

that we have found on the market.″  With its small diameter of only 28 mm, it easily fit 

into the joint.  An optical encorder would be significantly larger and more expensive.″ 

The operating principle was also well-suited for the application:  The Multiturn utilizes 

micromagnetics and Giant Magnetoresistance (GMR-Effekt).  This effect is observed 

in structures consisting of alternating magnetic and non-magnetic layers of a few µm 

in thickness.  The GMR causes the structure’s electrical resistance to be dependent 

on the correlated direction of the layers’ magnetization; it is markedly higher in the 

case of antiparallel magnetization than with parallel magnetization.  This increase 

can be utilized to obtain absolute positional data (such as the revolution count) with 

the help of a specially shaped GMR element with several resistive segments.  Detec-

tion and storage take place in the idle interval.  Depending on the specific require-

ments, it is possible to detect 2 to 16 revolutions this way.  The measurement output 

is an SSI signal.  Measurement outputs via digital SPI or analogue interface are also 

possible. 

The sensors feature total resolutions of up to 18 bits (14 bits for angular sensing, and 

1 to 4 bits for revolution counts).  Their accuracy is impressive as well.  The linear 

deviation amounts to +/-0.036% over the entire measuring range (with 18 revolu-

tions).  The magnetic principle provides for non-contacting operation, free of wear 

and tear and without the need of a buffer battery.  Even during the idle interval, revo-

lutions are detected across the entire measuring range, and even shutdowns or un-

expected power outages do not result in the loss of positional data.  From the time of 

startup, there is constant output of accurate positional data. 

Robustness and Easy Integration 

The robust sensors of this series comply with protection requirements of up to IP67, 

meaning they are protected against dust and temporary submersion.  They can easi-

ly be integrated into the desired applications.  Impacts and vibrations do not nega-

tively affect their functionality.  The housing is made of high-quality, temperature-

resistant plastic.  Mounting tabs with elongated holes simplify installation and me-

chanical alignment.  The coupling is free of play and allows for quick and easy as-

sembly.  The sensor is impervious to dirt and moisture.  A shielded cable for the 

electrical connections is molded into the housing.  True Plug&Play is assured by the 

availability of prefabricated connectors, such as the M12. 
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Of course, these sensor characteristics are not only well-suited for service robots.  

The compact Multiturn solution can eliminate complicated geared constructions in 

many places, thus helping to reduce total cost.  For instance, they are used in print-

ing presses, in drive and steering systems, as string potentiometers, for automated 

door and gate mechanisms, in mobile machinery, in paper processing machinery, 

and in hydraulic lifts, generally providing an alternative to multiturn potentiometers or 

encoders. 

 

 

 

 

 


