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Abstract

This application note demonstrates how to read data from the two-channel output of an
incremental rotary encoder. Data from these two channels are based on the Gray Encoding
System and can be used to determine the rotation of the encoder shaft, whether it is clock-
wise or counterclockwise.

The firmware developed for this application is used to determine the rotation of the incre-
mental rotary encoder shaft. It is based on a method of taking the XOR result of the cur-
rent Channel A bit and the previous Channel B bhit.

This application uses an encoder that operates at 20 steps per revolution. For demonstra-
tion purposes, an up/downcounter for display is included in the firmware. The display
counts up when the rotation of the encoder shaft is clockwise; conversely, the display
counts down when the rotation is counterclockwise. This count is defined as being an
increment or decrement of one step.

} Note: The source code file associated with this application note, AN0348-SC01.zip, is available
for download on zilog.com. This source code has been tested with version 5.0.0 of ZDSII
for Z8 Encore! XP MCUs. Subsequent releases of ZDS 11 may require you to modify the
code supplied with this application note.

Discussion

A rotary encoder is similar to a potentiometer in form factor, but without a rotational stop.
Its shaft can be infinitely rotated in either a clockwise or counterclockwise direction. Typ-
ical applications of a rotary encoder can include motor control, angular or position mea-
surement, control knobs and mechanical mice.

There are several types of rotary encoders, the most common of which are classified as
absolute and incremental rotary encoders. Other classifications are based on the number of
pulses, positions or steps per revolution that a rotary encoder turns, as well as its mechani-
cal interface style and sensors used inside the encoder.

A number of rotary encoders include an integrated pushbutton switch which can be used to
trigger an event when the shaft of the encoder is pressed.

In this application, a rotary encoder with a pushbutton switch is used to reset a value dis-
played in the HyperTerminal terminal emulation application.
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General Types of Rotary Encoders

Two general types of rotary encoders exist — absolute and incremental. These two types
can be defined as follows:

* Anabsolute rotary encoder produces a digital output value proportional to the angle of
the shaft.

* Anincremental rotary encoder produces two digital output signals. The phase relation-
ship between these two signals determines whether the shaft of the encoder is rotating
clockwise or counterclockwise.

Reading Direction of Incremental Rotary Encoder

Inside the incremental rotary encoder are a slotted wheel and two pairs of LEDs and sen-
sors, as shown in Figure 1. When the shaft is rotated, the slotted wheel cuts the light from
the LEDs and passes it to the sensors such that the sensors receive alternate ON and OFF
light signals.

vdd

Ch A

Ch B

Figure 1. Basic Rotary Encoder Circuit
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The sensors next produce an output signal, as shown in Figures 2 and 3.

Figure 2. Clockwise Shaft Rotation Timing

Figure 3. Counterclockwise Shaft Rotation Timing

There are three different methods for reading signals from an incremental rotary encoder
to determine the direction of shaft rotation. Each of these methods is described below.

Method A: Measuring Edges and Signal Levels

Determine the relationship between the signal levels of Channel A and the edges of the
signal of Channel B. If the signal level of Channel A is High and the Channel B signal is
Rising Edge, the rotary encoder shaft rotation is clockwise (see Figure 2). If the signal
level of Channel A is High and the Channel B signal is Falling Edge, the rotary encoder
shaft rotation is counterclockwise (see Figure 3).
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Method B: Gray Encoding System

Converting Figures 2 and 3 into table format results in the data presented in Tables 2 and
1. With Channel A representing the Least Significant Byte (LSB) and Channel B repre-
senting the Most Significant Byte (MSB), the binary data pattern produced is 01, 11, 10,
00 (1, 3, 2, 0 as decimal-equivalent values) to represent a clockwise rotation, and 11, 01,
00, 10 (3, 1, 0, 2 as decimal-equivalent values) to represent a counterclockwise rotation.
These data patterns are called gray code; by using these patterns, the direction of shaft
rotation can be determined.

Table 1. Clockwise Shaft Rotation Signal Data

Time Slot (TN) Channel B Channel A
TO
T1
T2
T3
T4
T5
T6
T7
T8
T9

RlO|O|Rr| R O|lO|R| RO
R R OO R R OOk Kk

Table 2. Counterclockwise Shaft Rotation Signal Data

Time Slot (TN) Channel B Channel A
TO
T1
T2
T3
T4
T5
T6
T7
T8
T9

O|lkR|rR| O|O|R|rR|O|O|R
R R OO R| R O|O|R|RF

Method C: XOR

A third method for determining the direction of shaft rotation is to take the XOR of the
current Channel A value and the previous Channel B value (Channel A TN XOR Channel
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B TN-1). If the result is a logic 1, the direction is clockwise; if the result is a logic 0, the
direction is counterclockwise.

As an example of this method, consider the data for TO and T1 in Table 2.
T1 (TN) of Channel A=1
TO (TN-1) of Channel B =0

Computing an XOR for these two values yields a logic 1. This computation is also true for
T1 and T2; the result is a logic 1 when computing their XOR.

T2 (TN) of Channel A=0
T1 (TN-1) of Channel B =1

Because these two XOR results are logic 1, the shaft rotation is clockwise.

When using the XOR method upon the data in Table 1, the results are logic 0, indicating
that the rotation is counterclockwise.

Software Implementation

The firmware developed for this application is based on Method C, the XOR method for
reading the incremental rotary encoder.

The first part of the code serves to initialize Ports DO and D1 as inputs, Port CO as an inter-
rupt source for the pushbutton switch, as indicated in Figure 4.

Voo Voo
@) O

§ 10 KQ 6.8 KQ § § 6.8 KQ

Rotary Encoder

Port CO Port DO
Ch.B
O ] O
1TuF Ch.A O
Port D1

Press to reset countEncoder to 0

Figure 4. Rotary Encoder with Pushbutton Switch
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The second part of the code reads and processes the data from Port D. The initial value
read from Port D is masked for bits 1 and 0 so that the remaining Port D pins are available
for other input or output devices; the data read from bits [7:2] will be a logic 0 and will not
affect the bitwise XOR operation. This first data read is saved to a variable named enco-
derOld.

Port D is read again for a new value, masked, and saved to two additional variables called
encoderNew and encoderTemp. The values contained in encoderNew and encoder-
0ld are compared for changes. If these values are the same, the rotary encoder shaft is not
rotating. Otherwise, the shaft is rotating but the direction of rotation must still be deter-
mined.

To determine the direction of rotation, the value contained in the encoderNew variable is
shifted to the right by one bit position. Bit 0 of encoderNew is now the Channel A current
value; this value will be XORed to Bit 0 of encoder0ld, which is the previous value
from Channel B. If the result is a logic 1, countEncoder will increment, indicating that
the shaft rotation is clockwise. If the result is a logic 0, countEncoder will decrement,
indicating that the shaft rotation is counterclockwise.

The displayed value refers to the number of steps while rotating the rotary shaft. Each step
is equivalent to an increment of 1 if clockwise and a decrement of 1 if counterclockwise.

In this application, it was decided to limit the counter to display from 0 to 100 only. The
countEncoder value is checked before displaying it to HyperTerminal through the
UARTO connection to ensure that when the countEncoder value is equal to or greater
than 100, the display will only show 100, even if the shaft is still rotating clockwise. Addi-
tionally, if the countEncoder value is equal to or less than 0, the display will show 0
even if the shaft is rotating counterclockwise.

After displaying the count value, the code returns to read a new Port D value.

The final part of the code is the interrupt routine for the pushbutton switch, which is inte-
grated into the rotary encoder. This switch is connected to Port CO of the Z8F64xx Series
MCU, which is a dual-edge interrupt source. When the switch is pressed, an interrupt is
generated; upon release of the switch, another interrupt is generated. In this interrupt rou-
tine, when the value of intCntr is equal to 2, the switch is pressed, then released. This
activity resets the value of countEncoder to 0, and as a result, 0 is displayed in the
HyperTerminal console.

Equipment Used

The tools used to develop this Incremental Rotary Encoder application are:
e Z8 Encore! XP Z8F64xx Series Development Kit

* Logic analyzer

*  Windows-based personal computer

» DB serial cable

e Panasonic EVEJB encoder
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Testing Procedure
To build, configure and test the hardware and firmware for this application, observe the
following procedure.

1. Download the AN0348-SCO01.zip source code file, which can be obtained free from
the Zilog website. Unzip this file to an appropriate location on your PC’s hard drive.

2. Launch ZDSII for Z8 Encore!. Navigate via the File menu to the source code files,
and open the ANO348_RotaryEncoder . zdsproj project file.

3. Refer to Figure 4 on page 5 to connect the rotary encoder to the Z8F64xx Series
Development Board.

4. Connect one end of a serial cable to the PC, and connect the other end to the Z8F64xx
Series Development Board’s P1 console, which is connected to UARTO.

5. Open HyperTerminal and configure it to the values indicated in Figures 5 through 7.

Figure 5. HyperTerminal Settings
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Figure 6. The HyperTerminal Properties Dialog

Figure 7. The HyperTerminal ASCIl Setup Dialog
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6. In ZDSlII, click the Compile button to compile the code. After compilation is com-
plete, click the Go button to run the code.

7. Start turning the shaft of the rotary encoder, both clockwise and counterclockwise.
Also try to push down the shaft.

Results

As expected, the incremental rotary encoder produces two signals that are 90 degrees out
of phase with each other.

Summary

In this application, firmware reads signals from the incremental rotary encoder and deter-
mines whether the shaft of the incremental rotary encoder is rotating clockwise or counter-
clockwise. The results obtained are based on a method of computing the XOR result of the
current Channel A bit and the previous Channel B bit to determine the direction of shaft

rotation.

References

The following supporting documents are available free for download from the Zilog web-
site.
» Z8 Encore! XP F64xx Series Product Specification

o 78 Encore!l XP F64xx Series Development Kit User Manual (UMO0151)

» See also: Rotary encoder on Wikipedia
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Figure 8 presents the flow for reading an incremental rotary encoder.

Start

Init Interrupt
init UART
Set PD[1:0] output

Read Port D

Save Port D data
to encoderOld

Y
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Figure 8. Flow for Reading an Incremental Rotary Encoder
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Figure 9 presents the ISR flow for the pushbutton switch routine.

ISR

Y

intCntr + 1

intCntr =0

Y

countEncoder=0

Y

Display
countEncoder

<
<

Y

‘ IRET ’

Figure 9. Interrupt Service Routine for the Pushbutton Switch
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Customer Support

To share comments, get your technical questions answered, or report issues you may be
experiencing with our products, please visit Zilog’s Technical Support page at
http://support.zilog.com.

To learn more about this product, find additional documentation, or to discover other fac-
ets about Zilog product offerings, please visit the Zilog Knowledge Base at http://
zilog.com/kb or consider participating in the Zilog Forum at http://zilog.com/forum.

This publication is subject to replacement by a later edition. To determine whether a later
edition exists, please visit the Zilog website at http://www.zilog.com.

A Warning: DO NOT USE THIS PRODUCT IN LIFE SUPPORT SYSTEMS.

LIFE SUPPORT POLICY

ZILOG’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE
SUPPORT DEVICES OR SYSTEMS WITHOUT THE EXPRESS PRIOR WRITTEN APPROVAL OF
THE PRESIDENT AND GENERAL COUNSEL OF ZILOG CORPORATION.

As used herein

Life support devices or systems are devices which (a) are intended for surgical implant into the body, or (b)
support or sustain life and whose failure to perform when properly used in accordance with instructions for
use provided in the labeling can be reasonably expected to result in a significant injury to the user. A
critical component is any component in a life support device or system whose failure to perform can be
reasonably expected to cause the failure of the life support device or system or to affect its safety or
effectiveness.

Document Disclaimer

©2012 Zilog, Inc. All rights reserved. Information in this publication concerning the devices, applications,
or technology described is intended to suggest possible uses and may be superseded. ZILOG, INC. DOES
NOT ASSUME LIABILITY FOR OR PROVIDE A REPRESENTATION OF ACCURACY OF THE
INFORMATION, DEVICES, OR TECHNOLOGY DESCRIBED IN THIS DOCUMENT. ZILOG ALSO
DOES NOT ASSUME LIABILITY FOR INTELLECTUAL PROPERTY INFRINGEMENT RELATED
IN ANY MANNER TO USE OF INFORMATION, DEVICES, OR TECHNOLOGY DESCRIBED
HEREIN OR OTHERWISE. The information contained within this document has been verified according
to the general principles of electrical and mechanical engineering.

Z8, Z8 Encore! and Z8 Encore! XP are trademarks or registered trademarks of Zilog, Inc. All other product
or service names are the property of their respective owners.
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