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Incremental encoders are used in virtually all 

areas of industry when it comes to the meas-

urement of displacement , angles, velocities, 

RPM, etc. The measurement of derived quanti-

ties comes from the measurement of time. In 

the previous White Paper (part 1), the basic 

operation principals & fundamental signal 

evaluation possibilities were covered when it 

comes to single-track incremental encoders.  

As already mentioned, it is often not only 

necessary to know the rate at which something 

moves, but also the direction in which it 

moves. For this reason, many have a second 

incremental track (quadrature) whose function 

is described in more detail below. Usually, the 

incremental signals are utilized in digital form, 

which can also be transformed by methods 

such as pulse multiplication, but deliver only a 

limited increase in resolution.If an additional 

resolution is required, there are incremental 

encoders that generate two 90° offset sinusoi-

dal signals. With these so called SinCos encod-

ers, as will be described in detail below, much 

higher resolutions can be achieved. Also, 

further opportunities for increased accuracy 

are dealt with when measuring velocity. Final-

ly, providing a comfortable encoder interface, 

different ways of measuring time are ex-

plained. 

Recognizing the direction of motion: 

For direction recognition, as previously men-

tioned before, a Quadrature (two-track) incre-

mental encoder with two digital signals with a 

duty cycle of 1:1 is generated. The duty cycle is 

the time sequence of the state of logic 1 (high) 

and logic 0 (low). Since the edge change of the 

digital signals from low to high in the second 

track (Y-track) of this incremental encoder is 

dependent upon whether it is carried out 

either a quarter division before or quarter 

division after the edge change at the first track 

(X-track), the direction of movement can thus 

be known.  

 

Figure 1: Rotation recognition by the use of a 

Quadrature (two-track) incremental encoder. 

Increased resolution through pulse multi-

plication: 

At the edge change, both tracks are often used 

for pulse multiplication in order to increase the 

resolution even further. Based on the above 

duty cycle, the digital signal produces a pulse 

on both tracks from each edge change (High -> 

Low, Low -> High).The resulting pulse scheme 

has led to an increase of the number of evalu-

able pulses by a factor of 4. This also results in 

an increase in resolution by a factor of 4. 

 

Figure 2: Pulse multiplication by converting all edge 

changes. 

This type of resolution enhancement can 

quickly lead to errors when the duty cycle ratio 

is not exactly 1: 1, or when the offset of the 

two tracks of the uniform (quarterly) pitch is 

different. If either of these problems, or even 

both occur together, a pulse pattern is gener-

ated which may result in large errors of the 

velocity measurement. Because of an unbal-

anced pulse scheme, shorter and longer pulse 

intervals will occur within a given period. This is 

especially important when it comes to velocity 

measurements. Since the velocity is deter-

mined from the measured time between two 
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successive pulses, this will lead to ever chang-

ing results. Example: 

 

Figure 3: Unsymmetrical pulse scheme due to 

misaligned edges. 

Resolution improvement through analysis 

of intermediate analog values: 

An improvement in resolution by the analysis 

of intermediate analog values gives much 

better results and capabilities than the pulse 

multiplication by evaluating all edges. For this 

type of resolution enhancement, incremental 

encoders are used that output the two 90° 

offset sinusoidal signals. Each period of a sine 

wave is caused by the continuously changing 

influence of the increment marker on the 

signal output of the sensor during the move-

ment. These are referred to as SinCos encod-

ers. For the explanation, we assume that a 

rotary incremental encoder whose angular 

increments consist of uniform subdivisions of a 

circular disk. By scanning the tracks on the 

exact angular position, each sample point of 

the rotating object to be measured is obtained. 

In an orthogonal system with the circular 

functions sine and cosine, as is created by 

SinCos encoder, each point of this circle can be 

represented. The sine/cosine-shaped signals 

divide the respective angular increments in 4 

quadrants (90°). By simultaneously detecting 

the signals, their respective quadrants can be 

uniquely determined. 

 

Figure 4: Orthogonal system for determining the 

position within the circle. 

For high resolutions, linear signal sections 

preferably need to be evaluated. For this 

reason, the two voltage signals of the SinCos 

encoder are sampled from the marked sections 

in the image for the resolution enhancement, 

because here, the sinusoidal signal allows an 

accurate classification of the displacement at 

high resolution. 

 

Figure 5: Signal sections are used for the analysis of 

intermediate analog values. 

At each time point, both signals are sampled. 

From the information about the current quad-

rant alone, the resolution of the position de-

termination is already four times that of count-

ing a pulse in a single-track incremental encod-

er. By this comparison of the two values of the 

sine wave with an amplitude of the cosine 

tangent, dedicated independence is achieved. 

This is necessary to be able also use incremen-

tal encoders with unknown amplitude in high 

resolution, since this may change as a result of 

wear and tear. In addition, there are many 

SinCos encoders whose waveform is frequency 

dependent. By increasing frequency to its 

bandwidth limitation of the signal in opto-

electronic SinCos encoders, and by decreasing 

its harmonic component, its shape changes 

from triangular toward sinusoid. Another 

problem resides in the asymmetry of the 

sensor signal due to manufacturing tolerances 

between the different sensor  manufactures. In 

case of signs of wear or manufacturing toler-
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ances of SinCos encoders, calibration of the 

sensor is recommended. The well-known 

stopping behavior of a wave with high inertia 

could be used to record the exact waveform 

over the angle and to save it. Early on, SinCos 

encoders had been used to increase the resolu-

tion, however, for the purposes of evaluating 

the pulse multiplication and not the intermedi-

ate analog values. For this type of evaluation, 

the weights of the two signals are compared. 

Through suitable weighting, pulses at every 

angle (u) can be created by an ideal process. In 

addition, the comparison position is independ-

ent of the signal amplitude.   

 

Figure 6: Comparator circuit for weighting the 

output signals of a SinCos encoder 

The evaluation of the intermediate analog 

values, in reality, would always bring a lower 

resolution increase with a theoretically high 

sampling frequency possible. The main reason 

for this is that the signal generated by SinCos 

encoders in its form never exactly corresponds 

to a sine. As a result, an increase in resolution 

by a factor of 256 and an increase in accuracy 

are achieved by a factor of 10. A big advantage 

in the use of SinCos encoders and analysis of 

intermediate analog values is the static resolu-

tion enhancement; there are also intermediate 

values at a standstill. This information is advan-

tageous especially for control applications, 

because control modules thereby obtain a 

precise set actual value and thus a radical 

swing is avoided, which leads to increased 

wear. 

For displacement measurement of objects such 

as large drive shafts with sufficient inertia, 

there is the possibility of dynamic displacement 

measurement for increased accuracy. In the 

dynamic position measurement, the speed of 

rotation is determined from the preceding 

sample intervals. It can be performed for an 

extrapolation of different orders, depending on 

the available computing power. With a first-

order extrapolation from the past two deter-

mined velocities, the path that has been cov-

ered in this period can be determined for the 

next sampling interval from the measured time 

between pulse and sampling. With this infor-

mation, objects with sufficient inertia can 

achieve an enormous increase in resolution. 

For example:  

 

From the first two sampling intervals, the 

extrapolated velocity can be determined (in 

example T4) from the measured time and the 

distance travelled. This additional path that the 

measurement object has traveled between the 

time of the pulse and the sampling timing is on 

the path that is derived from the number of 

pulses is added in this sampling interval. With-

out this process, the measurement error would 

continue to rise in pure pulse counting until 

sampling time point seven because of an 

increase in the time difference between the 

arrival of the position information (pulse) and 

the output (sampling). In this type of meas-

urement, it must be taken into account that 

when speed decreases, the number of evalua-

ble pulses per sampling interval decreases and 

thus, the accuracy of the measurement. The 

determination of the velocity and from the 

time between the pulse and sampling time 

point path to the dedicated displacement is 

also used for incremental encoders, which 

characterize the zero pulse instead of a sepa-

rate zero pulse track by omitting an increment. 

This lacking increment then forms the zero 

pulse. The result, due to the lack of short-term 

pulse rate change, is detected by the encoder 

interface as the zero pulse and processed 

accordingly. It is important to ensure that the 

number of incoming pulses within a sampling 

interval is as large as possible, so that the 

displayed velocity change remains as small as 

possible by the lack of the increment.   

Comfortable encoder interfaces usually offer 

additional options for measuring various signal 

timings. It can be high times, low times or 

measure the ratio of the two to each other. 
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This property of encoder interfaces is primarily 

used for the pulse-width measurement to 

determine the pulse-width modulated signal to 

the corresponding desired value. In the exam-

ple shown here, the output value is simplified 

by the length of the pulse. Pulse width modu-

lated signals for driving machines under opera-

tion and a pulse width modulation is particular-

ly interesting. 

 

Figure 7: Measurement of various pulse times. 

The evaluation possibilities of incremental 

encoder signals described here extend the field 

of application of incremental encoders signifi-

cantly. However, these possibilities are not 

fully known and to accomplish their realization, 

it takes the appropriate technical know-how, 

which is not the case everywhere. In general, 

only one of these options described here are 

available from an encoder interface and im-

plemented satisfactorily. An encoder interface 

that provides all the additional evaluation 

options described here is the exception. This 

exception can be found, as expected, at the 

firm imc Meßsysteme GmbH in the form of 

HRENC-4 (high resolution encoder interface). 

 

 

Figure 8: imc CRONOSflex HRENC-4 module 
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Additional information:  

imc Test & Measurement GmbH 

Voltastr. 5 

13355 Berlin, Germany 

Telephone: +49 (0)30-46 7090-0 

Fax:  +49 (0)30-46 31 576 

E-mail:  hotline@imc-tm.de 

Internet: http://www.imc-tm.com

imc Test & Measurement GmbH is a manufacturer 

and solution provider of productive test and meas-

urement systems. imc implements metrological 

solutions for research, development, service and 

production. imc has particular expertise in the 

design and production of turnkey electric motor 

test benches. Precisely outfitted sensor and telem-

etry systems complement our customer applica-

tions. 

Our customers from the fields of automotive engi-

neering, mechanical engineering, railway, aero-

space and energy use imc measurement devices, 

software solutions and test stands to validate pro-

totypes, optimize products, monitor processes and 

gain insights from measurement data. As a solution 

provider, imc offers their customers an attractive 

and comprehensive range of services. These in-

clude project consulting, contracted measure-

ments, data evaluation, specialist deployment, 

customer-specific software development and sys-

tem integration. imc consistently pursues its claim 

of providing services for “productive testing”. 

If you would like to find out more specific infor-

mation about imc products or services in your 

particular location, or if you are interested in be-

coming an imc distributor yourself, please go to 

our website where you will find both a world-wide 

distributor list and more details about becoming an 

imc distributor yourself: 

http://www.imc-tm.com/our-partners/
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