
19 Quadrature Encoder Interface (QEI)

A quadrature encoder, also known as a 2-channel incremental encoder, converts linear displacement

into a pulse signal. By monitoring both the number of pulses and the relative phase of the two signals,

you can track the position, direction of rotation, and speed. In addition, a third channel, or index

signal, can be used to reset the position counter.

The LM3S8962 microcontroller includes two quadrature encoder interface (QEI) modules. Each

QEI module interprets the code produced by a quadrature encoder wheel to integrate position over

time and determine direction of rotation. In addition, it can capture a running estimate of the velocity

of the encoder wheel.

Each Stellaris
®
quadrature encoder has the following features:

■ Two QEI modules, each with the following features:

■ Position integrator that tracks the encoder position

■ Velocity capture using built-in timer

■ The input frequency of the QEI inputs may be as high as 1/4 of the processor frequency (for

example, 12.5 MHz for a 50-MHz system)

■ Interrupt generation on:

– Index pulse

– Velocity-timer expiration

– Direction change

– Quadrature error detection

19.1 Block Diagram

Figure 19-1 on page 678 provides a block diagram of a Stellaris QEI module.
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Figure 19-1. QEI Block Diagram
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19.2 Functional Description

TheQEI module interprets the two-bit gray code produced by a quadrature encoder wheel to integrate

position over time and determine direction of rotation. In addition, it can capture a running estimate

of the velocity of the encoder wheel.

The position integrator and velocity capture can be independently enabled, though the position

integrator must be enabled before the velocity capture can be enabled. The two phase signals, PhA

and PhB, can be swapped before being interpreted by the QEI module to change the meaning of

forward and backward, and to correct for miswiring of the system. Alternatively, the phase signals

can be interpreted as a clock and direction signal as output by some encoders.

The QEI module supports twomodes of signal operation: quadrature phasemode and clock/direction

mode. In quadrature phase mode, the encoder produces two clocks that are 90 degrees out of

phase; the edge relationship is used to determine the direction of rotation. In clock/direction mode,

the encoder produces a clock signal to indicate steps and a direction signal to indicate the direction

of rotation. This mode is determined by the SigMode bit of the QEI Control (QEICTL) register (see

page 682).

When the QEI module is set to use the quadrature phase mode (SigMode bit equals zero), the

capture mode for the position integrator can be set to update the position counter on every edge of

the PhA signal or to update on every edge of both PhA and PhB. Updating the position counter on

every PhA and PhB provides more positional resolution at the cost of less range in the positional

counter.

When edges on PhA lead edges on PhB , the position counter is incremented. When edges on PhB

lead edges on PhA , the position counter is decremented. When a rising and falling edge pair is

seen on one of the phases without any edges on the other, the direction of rotation has changed.
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The positional counter is automatically reset on one of two conditions: sensing the index pulse or

reaching the maximum position value. Which mode is determined by the ResMode bit of the QEI

Control (QEICTL) register.

When ResMode is 1, the positional counter is reset when the index pulse is sensed. This limits the

positional counter to the values [0:N-1], where N is the number of phase edges in a full revolution

of the encoder wheel. The QEIMAXPOS register must be programmed with N-1 so that the reverse

direction from position 0 can move the position counter to N-1. In this mode, the position register

contains the absolute position of the encoder relative to the index (or home) position once an index

pulse has been seen.

When ResMode is 0, the positional counter is constrained to the range [0:M], where M is the

programmable maximum value. The index pulse is ignored by the positional counter in this mode.

The velocity capture has a configurable timer and a count register. It counts the number of phase

edges (using the same configuration as for the position integrator) in a given time period. The edge

count from the previous time period is available to the controller via the QEISPEED register, while

the edge count for the current time period is being accumulated in theQEICOUNT register. As soon

as the current time period is complete, the total number of edges counted in that time period is made

available in the QEISPEED register (losing the previous value), the QEICOUNT is reset to 0, and

counting commences on a new time period. The number of edges counted in a given time period

is directly proportional to the velocity of the encoder.

Figure 19-2 on page 679 shows how the Stellaris quadrature encoder converts the phase input signals

into clock pulses, the direction signal, and how the velocity predivider operates (in Divide by 4 mode).

Figure 19-2. Quadrature Encoder and Velocity Predivider Operation
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The period of the timer is configurable by specifying the load value for the timer in the QEILOAD

register. When the timer reaches zero, an interrupt can be triggered, and the hardware reloads the

timer with the QEILOAD value and continues to count down. At lower encoder speeds, a longer

timer period is needed to be able to capture enough edges to have a meaningful result. At higher

encoder speeds, both a shorter timer period and/or the velocity predivider can be used.

The following equation converts the velocity counter value into an rpm value:

rpm = (clock * (2 ^ VelDiv) * Speed * 60) ÷ (Load * ppr * edges)

where:

clock is the controller clock rate

ppr is the number of pulses per revolution of the physical encoder

edges is 2 or 4, based on the capture mode set in the QEICTL register (2 for CapMode set to 0 and

4 for CapMode set to 1)

For example, consider a motor running at 600 rpm. A 2048 pulse per revolution quadrature encoder

is attached to the motor, producing 8192 phase edges per revolution. With a velocity predivider of
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÷1 (VelDiv set to 0) and clocking on both PhA and PhB edges, this results in 81,920 pulses per

second (the motor turns 10 times per second). If the timer were clocked at 10,000 Hz, and the load

value was 2,500 (¼ of a second), it would count 20,480 pulses per update. Using the above equation:

rpm = (10000 * 1 * 20480 * 60) ÷ (2500 * 2048 * 4) = 600 rpm

Now, consider that the motor is sped up to 3000 rpm. This results in 409,600 pulses per second,

or 102,400 every ¼ of a second. Again, the above equation gives:

rpm = (10000 * 1 * 102400 * 60) ÷ (2500 * 2048 * 4) = 3000 rpm

Caremust be taken when evaluating this equation since intermediate valuesmay exceed the capacity

of a 32-bit integer. In the above examples, the clock is 10,000 and the divider is 2,500; both could

be predivided by 100 (at compile time if they are constants) and therefore be 100 and 25. In fact, if

they were compile-time constants, they could also be reduced to a simple multiply by 4, cancelled

by the ÷4 for the edge-count factor.

Important: Reducing constant factors at compile time is the best way to control the intermediate

values of this equation, as well as reducing the processing requirement of computing

this equation.

The division can be avoided by selecting a timer load value such that the divisor is a power of 2; a

simple shift can therefore be done in place of the division. For encoders with a power of 2 pulses

per revolution, this is a simple matter of selecting a power of 2 load value. For other encoders, a

load value must be selected such that the product is very close to a power of two. For example, a

100 pulse per revolution encoder could use a load value of 82, resulting in 32,800 as the divisor,

which is 0.09% above 214; in this case a shift by 15 would be an adequate approximation of the

divide in most cases. If absolute accuracy were required, the controller’s divide instruction could be

used.

The QEI module can produce a controller interrupt on several events: phase error, direction change,

reception of the index pulse, and expiration of the velocity timer. Standard masking, raw interrupt

status, interrupt status, and interrupt clear capabilities are provided.

19.3 Initialization and Configuration

The following example shows how to configure the Quadrature Encoder module to read back an

absolute position:

1. Enable the QEI clock by writing a value of 0x0000.0100 to the RCGC1 register in the System

Control module.

2. Enable the clock to the appropriate GPIO module via the RCGC2 register in the System Control

module.

3. In the GPIO module, enable the appropriate pins for their alternate function using the

GPIOAFSEL register.

4. Configure the quadrature encoder to capture edges on both signals and maintain an absolute

position by resetting on index pulses. Using a 1000-line encoder at four edges per line, there

are 4000 pulses per revolution; therefore, set the maximum position to 3999 (0xF9F) since the

count is zero-based.

■ Write the QEICTL register with the value of 0x0000.0018.
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■ Write the QEIMAXPOS register with the value of 0x0000.0F9F.

5. Enable the quadrature encoder by setting bit 0 of the QEICTL register.

6. Delay for some time.

7. Read the encoder position by reading the QEIPOS register value.

19.4 Register Map

Table 19-1 on page 681 lists the QEI registers. The offset listed is a hexadecimal increment to the

register’s address, relative to the module’s base address:

■ QEI0: 0x4002.C000

■ QEI1: 0x4002.D000

Note that the QEI module clock must be enabled before the registers can be programmed (see

page 219). There must be a delay of 3 system clocks after the QEI module clock is enabled before

any QEI module registers are accessed.

Table 19-1. QEI Register Map

See

page
DescriptionResetTypeNameOffset

682QEI Control0x0000.0000R/WQEICTL0x000

684QEI Status0x0000.0000ROQEISTAT0x004

685QEI Position0x0000.0000R/WQEIPOS0x008

686QEI Maximum Position0x0000.0000R/WQEIMAXPOS0x00C

687QEI Timer Load0x0000.0000R/WQEILOAD0x010

688QEI Timer0x0000.0000ROQEITIME0x014

689QEI Velocity Counter0x0000.0000ROQEICOUNT0x018

690QEI Velocity0x0000.0000ROQEISPEED0x01C

691QEI Interrupt Enable0x0000.0000R/WQEIINTEN0x020

692QEI Raw Interrupt Status0x0000.0000ROQEIRIS0x024

693QEI Interrupt Status and Clear0x0000.0000R/W1CQEIISC0x028

19.5 Register Descriptions

The remainder of this section lists and describes the QEI registers, in numerical order by address

offset.
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Register 1: QEI Control (QEICTL), offset 0x000

This register contains the configuration of the QEI module. Separate enables are provided for the

quadrature encoder and the velocity capture blocks; the quadrature encoder must be enabled in

order to capture the velocity, but the velocity does not need to be captured in applications that do

not need it. The phase signal interpretation, phase swap, Position Update mode, Position Reset

mode, and velocity predivider are all set via this register.

QEI Control (QEICTL)

QEI0 base: 0x4002.C000
QEI1 base: 0x4002.D000
Offset 0x000
Type R/W, reset 0x0000.0000

16171819202122232425262728293031

reserved

ROROROROROROROROROROROROROROROROType

0000000000000000Reset

0123456789101112131415

EnableSwapSigModeCapModeResModeVelEnVelDivINVAINVBINVISTALLENreserved

R/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WROROROType

0000000000000000Reset

DescriptionResetTypeNameBit/Field

Software should not rely on the value of a reserved bit. To provide

compatibility with future products, the value of a reserved bit should be

preserved across a read-modify-write operation.

0x00ROreserved31:13

Stall QEI

When set, the QEI stalls when the microcontroller asserts Halt.

0R/WSTALLEN12

Invert Index Pulse

When set , the input Index Pulse is inverted.

0R/WINVI11

Invert PhB

When set, the PhB input is inverted.

0R/WINVB10

Invert PhA

When set, the PhA input is inverted.

0R/WINVA9

Predivide Velocity

A predivider of the input quadrature pulses before being applied to the

QEICOUNT accumulator. This field can be set to the following values:

PredividerValue

÷10x0

÷20x1

÷40x2

÷80x3

÷160x4

÷320x5

÷640x6

÷1280x7

0x0R/WVelDiv8:6
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DescriptionResetTypeNameBit/Field

Capture Velocity

When set, enables capture of the velocity of the quadrature encoder.

0R/WVelEn5

Reset Mode

The Reset mode for the position counter. When 0, the position counter

is reset when it reaches the maximum; when 1, the position counter is

reset when the index pulse is captured.

0R/WResMode4

Capture Mode

The Capture mode defines the phase edges that are counted in the

position. When 0, only the PhA edges are counted; when 1, the PhA

and PhB edges are counted, providing twice the positional resolution

but half the range.

0R/WCapMode3

Signal Mode

When 1, the PhA and PhB signals are clock and direction; when 0, they

are quadrature phase signals.

0R/WSigMode2

Swap Signals

Swaps the PhA and PhB signals.

0R/WSwap1

Enable QEI

Enables the quadrature encoder module.

0R/WEnable0
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Register 2: QEI Status (QEISTAT), offset 0x004

This register provides status about the operation of the QEI module.

QEI Status (QEISTAT)

QEI0 base: 0x4002.C000
QEI1 base: 0x4002.D000
Offset 0x004
Type RO, reset 0x0000.0000

16171819202122232425262728293031

reserved

ROROROROROROROROROROROROROROROROType

0000000000000000Reset

0123456789101112131415

ErrorDirectionreserved

ROROROROROROROROROROROROROROROROType

0000000000000000Reset

DescriptionResetTypeNameBit/Field

Software should not rely on the value of a reserved bit. To provide

compatibility with future products, the value of a reserved bit should be

preserved across a read-modify-write operation.

0x00ROreserved31:2

Direction of Rotation

Indicates the direction the encoder is rotating.

The Direction values are defined as follows:

DescriptionValue

Forward rotation0

Reverse rotation1

0RODirection1

Error Detected

Indicates that an error was detected in the gray code sequence (that is,

both signals changing at the same time).

0ROError0
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Register 3: QEI Position (QEIPOS), offset 0x008

This register contains the current value of the position integrator. Its value is updated by inputs on

the QEI phase inputs, and can be set to a specific value by writing to it.

QEI Position (QEIPOS)

QEI0 base: 0x4002.C000
QEI1 base: 0x4002.D000
Offset 0x008
Type R/W, reset 0x0000.0000

16171819202122232425262728293031

Position

R/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WType

0000000000000000Reset

0123456789101112131415

Position

R/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WType

0000000000000000Reset

DescriptionResetTypeNameBit/Field

Current Position Integrator Value

The current value of the position integrator.

0x00R/WPosition31:0
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Register 4: QEI Maximum Position (QEIMAXPOS), offset 0x00C

This register contains the maximum value of the position integrator. When moving forward, the

position register resets to zero when it increments past this value. When moving backward, the

position register resets to this value when it decrements from zero.

QEI Maximum Position (QEIMAXPOS)

QEI0 base: 0x4002.C000
QEI1 base: 0x4002.D000
Offset 0x00C
Type R/W, reset 0x0000.0000

16171819202122232425262728293031

MaxPos

R/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WType

0000000000000000Reset

0123456789101112131415

MaxPos

R/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WType

0000000000000000Reset

DescriptionResetTypeNameBit/Field

Maximum Position Integrator Value

The maximum value of the position integrator.

0x00R/WMaxPos31:0
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Register 5: QEI Timer Load (QEILOAD), offset 0x010

This register contains the load value for the velocity timer. Since this value is loaded into the timer

the clock cycle after the timer is zero, this value should be one less than the number of clocks in

the desired period. So, for example, to have 2000 clocks per timer period, this register should contain

1999.

QEI Timer Load (QEILOAD)

QEI0 base: 0x4002.C000
QEI1 base: 0x4002.D000
Offset 0x010
Type R/W, reset 0x0000.0000

16171819202122232425262728293031

Load

R/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WType

0000000000000000Reset

0123456789101112131415

Load

R/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WType

0000000000000000Reset

DescriptionResetTypeNameBit/Field

Velocity Timer Load Value

The load value for the velocity timer.

0x00R/WLoad31:0
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Register 6: QEI Timer (QEITIME), offset 0x014

This register contains the current value of the velocity timer. This counter does not increment when

VelEn in QEICTL is 0.

QEI Timer (QEITIME)

QEI0 base: 0x4002.C000
QEI1 base: 0x4002.D000
Offset 0x014
Type RO, reset 0x0000.0000

16171819202122232425262728293031

Time

ROROROROROROROROROROROROROROROROType

0000000000000000Reset

0123456789101112131415

Time

ROROROROROROROROROROROROROROROROType

0000000000000000Reset

DescriptionResetTypeNameBit/Field

Velocity Timer Current Value

The current value of the velocity timer.

0x00ROTime31:0
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Register 7: QEI Velocity Counter (QEICOUNT), offset 0x018

This register contains the running count of velocity pulses for the current time period. Since this is

a running total, the time period to which it applies cannot be known with precision (that is, a read of

this register does not necessarily correspond to the time returned by the QEITIME register since

there is a small window of time between the two reads, during which time either value may have

changed). The QEISPEED register should be used to determine the actual encoder velocity; this

register is provided for information purposes only. This counter does not increment when VelEn in

QEICTL is 0.

QEI Velocity Counter (QEICOUNT)

QEI0 base: 0x4002.C000
QEI1 base: 0x4002.D000
Offset 0x018
Type RO, reset 0x0000.0000

16171819202122232425262728293031

Count

ROROROROROROROROROROROROROROROROType

0000000000000000Reset

0123456789101112131415

Count

ROROROROROROROROROROROROROROROROType

0000000000000000Reset

DescriptionResetTypeNameBit/Field

Velocity Pulse Count

The running total of encoder pulses during this velocity timer period.

0x00ROCount31:0
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Register 8: QEI Velocity (QEISPEED), offset 0x01C

This register contains the most recently measured velocity of the quadrature encoder. This

corresponds to the number of velocity pulses counted in the previous velocity timer period. This

register does not update when VelEn in QEICTL is 0.

QEI Velocity (QEISPEED)

QEI0 base: 0x4002.C000
QEI1 base: 0x4002.D000
Offset 0x01C
Type RO, reset 0x0000.0000

16171819202122232425262728293031

Speed

ROROROROROROROROROROROROROROROROType

0000000000000000Reset

0123456789101112131415

Speed

ROROROROROROROROROROROROROROROROType

0000000000000000Reset

DescriptionResetTypeNameBit/Field

Velocity

The measured speed of the quadrature encoder in pulses per period.

0x00ROSpeed31:0
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Register 9: QEI Interrupt Enable (QEIINTEN), offset 0x020

This register contains enables for each of the QEI module’s interrupts. An interrupt is asserted to

the controller if its corresponding bit in this register is set to 1.

QEI Interrupt Enable (QEIINTEN)

QEI0 base: 0x4002.C000
QEI1 base: 0x4002.D000
Offset 0x020
Type R/W, reset 0x0000.0000

16171819202122232425262728293031

reserved

ROROROROROROROROROROROROROROROROType

0000000000000000Reset

0123456789101112131415

IntIndexIntTimerIntDirIntErrorreserved

R/WR/WR/WR/WROROROROROROROROROROROROType

0000000000000000Reset

DescriptionResetTypeNameBit/Field

Software should not rely on the value of a reserved bit. To provide

compatibility with future products, the value of a reserved bit should be

preserved across a read-modify-write operation.

0x00ROreserved31:4

Phase Error Interrupt Enable

When 1, an interrupt occurs when a phase error is detected.

0R/WIntError3

Direction Change Interrupt Enable

When 1, an interrupt occurs when the direction changes.

0R/WIntDir2

Timer Expires Interrupt Enable

When 1, an interrupt occurs when the velocity timer expires.

0R/WIntTimer1

Index Pulse Detected Interrupt Enable

When 1, an interrupt occurs when the index pulse is detected.

0R/WIntIndex0
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Register 10: QEI Raw Interrupt Status (QEIRIS), offset 0x024

This register provides the current set of interrupt sources that are asserted, regardless of whether

they cause an interrupt to be asserted to the controller (this is set through the QEIINTEN register).

Bits set to 1 indicate the latched events that have occurred; a zero bit indicates that the event in

question has not occurred.

QEI Raw Interrupt Status (QEIRIS)

QEI0 base: 0x4002.C000
QEI1 base: 0x4002.D000
Offset 0x024
Type RO, reset 0x0000.0000

16171819202122232425262728293031

reserved

ROROROROROROROROROROROROROROROROType

0000000000000000Reset

0123456789101112131415

IntIndexIntTimerIntDirIntErrorreserved

ROROROROROROROROROROROROROROROROType

0000000000000000Reset

DescriptionResetTypeNameBit/Field

Software should not rely on the value of a reserved bit. To provide

compatibility with future products, the value of a reserved bit should be

preserved across a read-modify-write operation.

0x00ROreserved31:4

Phase Error Detected

Indicates that a phase error was detected.

0ROIntError3

Direction Change Detected

Indicates that the direction has changed.

0ROIntDir2

Velocity Timer Expired

Indicates that the velocity timer has expired.

0ROIntTimer1

Index Pulse Asserted

Indicates that the index pulse has occurred.

0ROIntIndex0
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Register 11: QEI Interrupt Status and Clear (QEIISC), offset 0x028

This register provides the current set of interrupt sources that are asserted to the controller. Bits set

to 1 indicate the latched events that have occurred; a zero bit indicates that the event in question

has not occurred. This is a R/W1C register; writing a 1 to a bit position clears the corresponding

interrupt reason.

QEI Interrupt Status and Clear (QEIISC)

QEI0 base: 0x4002.C000
QEI1 base: 0x4002.D000
Offset 0x028
Type R/W1C, reset 0x0000.0000

16171819202122232425262728293031

reserved

ROROROROROROROROROROROROROROROROType

0000000000000000Reset

0123456789101112131415

IntIndexIntTimerIntDirIntErrorreserved

R/W1CR/W1CR/W1CR/W1CROROROROROROROROROROROROType

0000000000000000Reset

DescriptionResetTypeNameBit/Field

Software should not rely on the value of a reserved bit. To provide

compatibility with future products, the value of a reserved bit should be

preserved across a read-modify-write operation.

0x00ROreserved31:4

Phase Error Interrupt

Indicates that a phase error was detected.

0R/W1CIntError3

Direction Change Interrupt

Indicates that the direction has changed.

0R/W1CIntDir2

Velocity Timer Expired Interrupt

Indicates that the velocity timer has expired.

0R/W1CIntTimer1

Index Pulse Interrupt

Indicates that the index pulse has occurred.

0R/W1CIntIndex0
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