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resistor divider networks helps your robot controller be self-aware

Description
Thank you for purchasing a Nubotics WheelCommander. This revolutionary new
product is unlike any other servo or motor controller on the market. The Nubotics
WheelCommander coordinates the motion of both wheels of a differential drive robot,
using odometry provided by Nubotics WheelWatcher encoders (or other encoders). It
uses real world units of measurement to specify distance, velocity, angle, and rate of
rotation. It provides battery voltage monitoring, motor current monitoring, as well as
four general purpose digital I/O and four analog input lines. And, it can work with
simple, low cost RC servos and yet provide accurate dead reckoning and speed control.

Kinematics
The WheelCommander offers two separate motion control systems, which you are free
to use depending on your needs. The first is the velocity and rotation rate control
system. This system is useful when your main robot controller needs to parametrically
control the motion of the robot in response to periodically changing sensor data, such
as sonar or IR range finders. The second is the position and angle control system. This
is useful when you need the robot base to reproduce a predetermined sequence of
movements over specific distances and turning angles.

Both of these systems provide feedback in the way of odometry information, which your
robot controller can use to infer the robot’s position in world coordinates; this is not
done within the WheelCommander due to the need to perform trigonometry to calculate
world coordinates. Both of these systems have their own sets of PID constants for the
wheels and for steering of them.

The following two figures outline the kinematics performed by the WheelCommander
using either control system. First, for velocity and rotation rate control, the figure
shows you what measurements are needed of your robot, how the robot will move for
arbitrary combinations of velocity and rotation rate, and the assumed world coordinate
system within which the robot operates. Second, for position and angle control, we
show similar diagrams indicating how the robot will move along an arc based on the
distance and angle movements specified.

Note that straight line motion and rotation in place are both special cases of the general
problem of moving in an arc. Straight line motion corresponds with a rotation rate of 0
degrees/sec or angle change of 0 degrees, resulting in an arc with an infinite radius of
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curvature. Spinning in place corresponds with velocity of 0 distance units/sec or a
distance change of 0 units, resulting in a radius of 0. Finally, spinning around one
wheel occurs when the arc radius equals +/- ½ of the wheel base.
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Communications
The WheelCommander provides two different physical interfaces for transmission of
commands and status information: asynchronous serial or I2C. The asynchronous
serial connection is via J10, part of the 14 pin right angle connector along the top edge
of the board, and is TTL-level (not level shifted), for easy connection to your
microcontroller. Connection to a PC’s true serial port requires either an RS-232 serial
level shifter (available seperately), or a USB-to-serial converter. Connection to I2C is
via J12, on the left edge of the board. External 4.7K ohm pull up resistors on both SDA
and SCL are required for proper I2C operation.

The WheelCommander command set has the same high level structure, command
codes, parameters, and return values regardless of physical interface used to transport
them. The encoding of parameter and return values does change to be appropriate for
each interface, as does the method of specifying the length of a command.

Each WheelCommander command has the following structure:

CommandCode [[param1][param2]...] EndOfLine

CommandCode is an 8 bit value between 0x41 (ASCII ‘A’) and 0x5A (ASCII ‘Z’), or the
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special value 0x2E (ASCII ‘.’), the “Sync” command. Commands can be set commands,
action commands or get commands.

Parameters and return values can be 8, 16, or 32 bits in length. The method of
indicating EndOfLine is indicated differently depending on transport method. The byte
order for multibyte parameters also depends on transport method.

Each WheelCommander command returns one of the following results:

Sync EndOfLine
Ack EndOfLine
Nack EndOfLine
CommandCode [[param1][param2]...] EndOfLine

Sync is the 8 bit value 0x2E (ASCII ‘.’). It indicates that the WheelCommander
confirms receipt of a Sync command.

Ack is the 8 bit value 0x61 (ASCII ‘a’), and is returned for all set or action
commands that were valid and successfully processed.

Nack is the 8 bit value 0x6E (ASCII ‘n’) and is returned for all commands which are
invalid for any reason – bad CommandCode, illegal characters in the parameter
fields, wrong command length, premature command termination due to receipt of a
Sync command, or failure to perform the command.

CommandCode and associated parameters are returned for all valid get
commands, in order to return the values queried, unless short-mode is on, in which
case just the parameters are returned.

Asynchronous Serial Transport
In asynchronous serial mode, EndOfLine can be indicated by your robot controller using
an actual ASCII LineFeed character (‘\n’ or 0x0A), an ASCII CarriageReturn character
(‘\r’ or 0x0D), or even an ASCII Null character (‘\0' or 0x00). The WheelCommander
will always indicate EndOfLine back to your controller with a LineFeed.

White space (the ASCII space character, 0x20 = ‘ ’, or the tab character, 0x07) will be
ignored.

Parameters are specified in hexadecimal format, with the most significant byte first. For
example, the value 21 decimal equals 0x15 in hexadecimal, and so in asynchronous
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serial mode it would be represented by two ASCII characters, ‘1' = 0x31 followed by ‘5'
= 0x35.

The various possible parameters are:

- short byte: there is a special short form of a single byte parameter, for
indicating simple values of 0 and 1 – in other words, a single bit; in this case
only one ASCII numeral 0 or 1 are sent.

- byte: an 8 bit value between ‘00' (decimal 0) and ‘FF’ (decimal 255); both
nibbles must be transmitted, each consisting of one 8 bit ASCII character.

- signed byte: an 8 bit, 2s complement value between ‘80' (decimal -128) and
‘7F’ (decimal +127). Both nibbles required.

- word: a 16 bit value between ‘0000' and ‘FFFF’ (decimal 65535); all 4 nibbles
must be transmitted

- signed word: a 16 bit, 2s complement value from ‘8000' (decimal -32768) to
‘7FFF’ (decimal 32767); all 4 nibbles required.

- dword: a 32 bit value between ‘00000000' and ‘FFFFFFFF’; all 8 nibbles must
be transmitted

- signed dword: a 32 bit, 2s complement value between ‘80000000' (decimal -
2147483648) and ‘7FFFFFFF’ (decimal 2147483647); all 8 nibbles required.

I2C Transport
The factory default I2C Slave Address for the WheelCommander is 0010000 = 0x10;
this is the upper 7 bits of the 8 bit I2C address byte, where the least significant bit
indicates the direction of transfer (1 = read, 0 = write), per the I2C standard. The
complete 8 bit I2C address byte would then be 0x20 or 0x21:

7 6 5 4 3 2 1 0

0 0 1 0 0 0 0 R/W

NOTE: A common source of error when first using any I2C device results from using
the wrong slave address. Some I2C APIs want the 7 bit value, and others want the 8
bit value. For example, the Ridgesoft RoboJDE’s I2CMaster.transfer() method wants
the 8 bit value, whereas the Savage Innovations OOPIC wants a 7 bit value.
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In I2C mode, EndOfLine is indicated implicitly by means of the number of bytes written
to the slave (the WheelCommander) by the master (your robot controller). After
writing the slave address, CommandCode, and parameter bytes as required by the
command, the master simply ends the transfer by signalling a STOP condition after
receiving ACK on the last byte. The master can optionally request the return value of
the command using a REPEATED START or a separate START in read mode, and
request a single byte.

For complex query commands which both require you to write one or more parameters
and also read one or more return values, you would first issue a START, the slave
address with the WRITE bit set, the CommandCode and any required parameters, a
Repeated START condition, the slave address with the READ bit set, and then the
return values can be read. Your master would read as many bytes as it required or
until an I2C NACK condition occurred. It would then signal a STOP condition.

Alternatively, in a single master environment, separate START/STOP conditions can
occur for each phase of a complex query command – first write the command and its
parameters if any (which may be required to specify what is being queried, e.g., which
digital I/O pin), then a read transaction will read the CommandCode (if short-mode is
off) plus the returned parameters. Be sure to compare the CommandCode to that
which you originally issued, to make sure the parameters are what you expect.

NOTE: This non-standard method of reading parameters was added to
support access from Via MiniITX boards and others under Linux. In that
environment, the I2C sensor library can be used to communicate with I2C
peripherals such as Devantech SRF08 sonar rangers as well as the
WheelCommander. Most WheelCommander commands can be issued
with a single library call, except for commands which require parameters
to be written and also read in the same command. In that case, you must
issue separate write and read requests.

Parameters are specified in binary format, with the least significant byte first in order to
be compatible with SMBus standards. For example, one could set a relative position
change of 500 (500 decimal = 1F4 hexadecimal) units by issuing the following
command:

START [SlaveAddr / Write] Ack ‘X’ Ack F4 Ack 01 Ack STOP
From
Master

START Addr / Write ‘X’ 0xF4 0x01 STOP

SDA 0010000 0 01011000 11110100 00000001
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From
WC

Ack Ack Ack Ack

SDA 0 0 0 0

‘X’ is the 8 bit ASCII value for the capital letter ex = 0x58, which represents the Set
Delta Distance command. In this case, Ack represents the I2C notion of
acknowledgement, not the WheelCommander Ack character.

Certain commands (C, B, R, G, and K) can take a relatively long time to execute. As a
result, the read phase of the command will ignore I2C connection requests from the
master until the command is finished and the WC is ready. This is a similar behavior to
that of standard I2C serial EEPROMs, which do the same thing during a write until the
write is complete. Your I2C master code will need to either retry the read phase until
the WC responds, or delay the read phase in anticipation of the long execution time.
The C, B, R, and G commands take less than 100 ms to execute, so a time delay is
appropriate here. The K command can take a minute or so, so retries are the best
option for this command to poll for completion.

Note also that the WheelCommander’s slave I2C implementation utilizes standard I2C
clock stretching to slow down transfers from the master as needed. If the master is not
capable of respecting clock stretch requests from the slave, incorrect operation and
communication errors can result.
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WC-132 Command Set
Modifier abbreviations:
c = single character modifier (usually ascii 0 or 1)
mn = 2 digit hex modifier (8 bit) or single 8 bit byte in I2C mode
mnop = 4 digit hex modifier (16 bit) or single 16 bit word in I2C mode
mnopqrst = 8 digit hex modifier (32 bit) or single 32 bit dword in I2C mode

Name Code Hex Params
Written

Response Read Meaning

Communication Commands

Sync . 2E None . (2E) we are synchronized

Echo ‘E’ 45 Mn ‘E’ nm echo back nibbles in reversed order

Informational Commands

Name ‘N’ 4E None ‘NwcXX’ 5 byte string: device name ‘Wc’ =
WheelCommander, firmware version XX

Status ‘S’ 53 None ‘S’ mnop current device status (See below)

(*)
Odometry

‘O’ 4F c mnopqrst Retrieve current encoder tick count for wheel c,
where c=0 for left, =1 for right, =2 for left
followed by right

Control Commands

*Calibrate ‘K’ 4B none ‘a’ automatically configure motors

Cal Stat ‘Q’ 51 none Qmn return calibration status

I2C Addr ‘T’ 54 mn ‘a’ (61) set I2C slave address to 7 bit value mn

Set Const ‘F’ 46 mnop ‘a’ set constant number ‘mn’ to value ‘op’

Reset Consts ‘F’ 46 FFFF ‘a’ reset all constants to factory defaults

Get Const ‘F’ 46 mn ‘F’ mnop gets value of constant ‘mn’

I/O Commands

Analog Input ‘H’ 48 xy ‘H’ xy mnop read analog input xy; mnop is the 10 bit analog
value

(*)
Analog
Control

‘H’ 48 Xy mn
opqr

‘a’ set analog input bit xy’s interrupt control
flags to mn, lower limit to op, upper to qr; see
below

Digital Input ‘J’ 4A xy ‘J’ xy mn Set digital I/O pin xy to be an input; read its
value, and return as mn

(**)
Digital
Output

‘J’ 4A xy mn ‘a’ set digital I/O pin xy’s interrupt control flags
to mn; see below

(*)
Interrupt
Output

‘I’ 49 Xy ‘a’ xy specifies the digital output pin to assert,
as well as other parameters; see below

(*)
Query
Interrupt

‘I’ 49 none xy mnop returns interrupt status byte xy (see below) as
well as a 16 bit map of pending interrupts

Motion Commands

*Reset ‘R’ 52 none ‘a’ resets all motion values, stops motion

*Brake ‘B’ 42 none ‘a’ active braking; stops current motion

*Coast ‘C’ 43 none ‘a’ turn off motors, stops current motion (low power
consumption mode)

Axis Control ‘L’ 4C c ‘a’ separate or coordinate the axes; c is 0=left
wheel; 1=right wheel; 2=both (default)

Set Accel ‘A’ 41 mnop ‘a’ Set goal acceleration for use in position or
angle commands
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Get Accel ‘A’ 41 none ‘A’ mnop returns current acceleration goal (not measured)

Set Velocity ‘V’ 56 mnop ‘a’ set goal velocity to mnop (signed value), in
distance units per second

Get Velocity ‘V’ 56 none ‘V’ mnop Returns currently measured velocity (signed
value)

Set Position ‘D’ 44 mnopqrst ‘a’ set absolute goal position, in terms of distance
units (see below), (signed)

Get Position ‘D’ 44 none ‘D’ mnopqrst returns current absolute position

Set Delta
Distance

‘X’ 58 mnopqrst ‘a’ set relative distance goal (signed)

Get Delta
Distance

‘X’ 58 mnopqrst ‘X’ mnopqrst same as Get Position

Set Angle ‘W’ 57 mnop ‘a’ set angle to rotate the platform, in degrees
(signed); > 0 is counter clockwise when robot
viewed from above)

Get Angle ‘W’ 57 none ‘W’ mnop distance the platform has rotated since reset

Set Relative
Angle

‘Z’ 5A mnop ‘a’ set relative angle change from current position,
in degrees (signed)

Get Relative
Angle

‘Z’ 5A none ‘Z’ mnop same as Get Angle

Set Rotation
Rate

‘Y’ 59 mnop ‘a’ set rate of rotation of platform in degrees per
second (signed)

Get Rotation
Rate

‘Y’ 59 none ‘Y’ mnop returns currently measured rate of rotation

*Go! ‘G’ 47 none ‘a’ start executing current velocity, rotation rate,
distance, and/or angle movements

Maintenance Commands

Upgrade ‘U’ 55 mnop none if mnop is correct password, jump to the
bootloader to perform firmware upgrade

Other

‘n’ (6E) not-acknowledge; returned for illegal commands,
ill-formed commands

* = long running command. In I2C mode, the WC will ignore connections until ready.
(*) denotes commands available in firmware revision 37 or higher.
(**) denotes commands changed in firmware revision 37 or higher which are no longer
compatible with earlier versions.
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User-Modifiable Constants
Address Default Name Meaning

0-1 not used / reserved – not accessible

2 88h MODE mode (see below)

3 4 BAUD asynchronous serial baud rate (see below)

4 20h I2CADR I2C address

5 6 KpV axis velocity P (proportional) gain

6 4 KiV axis velocity I (integral) gain

7 1 KdV axis velocity D (differential) gain

8 16 KfV axis velocity feedforward gain

9 1 KoV axis velocity output gain (deprecated in firmware 37 and above)

10 6 KpP axis position P (proportional) gain

11 4 KiP axis position I (integral) gain

12 1 KdP axis position D (differential) gain

13 4 KdpP steering position P (proportional) gain

14 0 KdiP steering position I (integral) gain

15 0 KdpV steering velocity P (proportional) gain

16 4 KdiV steering velocity I (integral) gain

17 1 KdH angle hysteresis (difference between encoder counts tolerated without correction)

18 1 KpH position hysteresis (error tolerated per axis, below which motion deemed complete)

19 2 KpvTh position velocity threshold (velocity of axis must be <= to declare motion complete)

20 2 KvTh velocity threshold (how close actual velocity must be to declare “at speed”)

(**)
21,22

35 Wb wheel base in current units of measurement (e.g., millimeters or tenths of an inch)

(**)
23,24

82 Wc wheel circumference in current units (e.g., millimeters or tenths of an inch)

(***)
25,26

375 Klz left servo zero calibration constant

(***)
27,28

375 Krz right servo zero calibration constant

(***)
29,30

80 MxSpd maximum useful speed (measured during motor calibration)

(***)
31

0 AxSgn motor vs. encoder direction control; bit 0 = right motor, bit 1 = left motor; 0 is
normal, 1 means the direction of motor rotation is inverted

(**)
32,33

200 Lm left motor output slope
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(**)
34,35

0 Lb left motor output intercept

(***)
36

4 PWM when in H bridge mode, the current PWM frequency (see table)

(*)
37

2 ModeExt extended mode (bit 0 = quadrature encoder not clk/dir; bit 1 = trapezoidal move
enable)

(*)
38,39

128 Tpr encoder ticks per wheel rotation

(*)
40

1 KDdP steering position control D (differential) gain

(*)
41

1 KDdV steering velocity control D (differential) gain

(*)
42

16 KfP axis position velocity feedforward gain

(*)
43,44

0 Wc_diff difference in wheel circumference between left and right; used to correct slight
differences in wheel size which cause long term curvature of a straight movement

(*)
45,46

200 Rm right motor output slope

(*)
47,48

0 Rb right motor output intercept

(*)
49

9 Kob binary point for fixed point arithmetic associated with m and b motor output constants;
9 means the 9 least significant bits represent the binary fractional part, and the
remaining 7 bits are the binary whole part

(*) this constant is new for firmware revision 37 and above
(**) this constant has been widened from 8 to 16 bits to provide more precision, in
firmware revision 37 and above
(***) this constant’s address has moved compared to firmware older than revision 37

Mode Constant Bit Assignments (stored in constant address 2)
Bit Name Default Meaning

0 Slow Comms 0 insert a 40ms intercharacter delay for compatibility with the BasicStamp

1 Notify 0 0: instant ack (motion commands); 1: current position/ velocity on goal reached

2 Short Mode 0 turn off echoing of command code when returning data; for OOPIC

3 Polarity 0 0 / 1 - flip / don’t flip forward vs. backward direction of platform

4 PWM 0 0 = RC servo mode; 1 = PWM (h-bridge) mode

5 LockedAntiphase 0 (if PWM = 1) 0 = sign/magnitude control; 1 = locked antiphase control

6 DualDirLines /
HighEnable

0 (PWM =1, LockedAntiphase = 0): 0 = single, 1 = dual/inverted direction line (PWM
= 1, LockedAntiphase = 1): 0 = active low. 1 = active high motor enable
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7 CounterAxis 1 motor shafts point in: 0 = same, 1 = opposite directions

Baud Rate Selection (stored in constant address 3)
Value / Baud Rate Value / Baud Rate
0 / 1200 5 / 57600
1 / 4800 6 / 115200
2 / 9600 7 / 230400 (experimental)
3 / 19200 8 / 460800 (experimental)
4 / 38400

PWM Output Frequency (stored in constant addr 34; Mode.PWM = 1)
Value PWM Frequency
0 62Hz
1 125Hz
2 244Hz
3 488Hz
4 976Hz
5 1953Hz
6 3906Hz
7 7812Hz
8 15625Hz
9 31250Hz
10 62500Hz

NOTE: the PWM output frequency range is expanded in firmware revision 37 and
greater, both going lower and higher than before.

Typical Robot Platform Measurements
Robot Type Wheel Base Wheel Circumference

Junun / 1SORC MarkIII, band wheel 35 (.1"), 89 (mm) 82 (.1"), 209 (mm)

MarkIII, o-ring wheel 35 (.1"), 89 (mm) 86 (.1"), 219 (mm)

Rogue Robotics Blue 65 (.1"), 165 (mm) 92 (.1"), 235 (mm)

Parallax BoeBot 44 (.1"), 112 (mm) 82 (.1"), 209 (mm)

Status Bit Definitions
Bit Number Meaning

0 Angle Control In Progress

1 Velocity Control In Progress

2 Position Control In Progress
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3 Rotation Rate Control In Progress

4 Motion Goal Reached (velocity/rotation/position/angle reached or attained)

5 Motion Control Active

6 I2C Transport Active

7 Asynchronous Serial Transport Active

8 Motors Are Enabled

9 Command Overflow Error - Command Received During Execution of Previous

10 Port Overflow Error - Asynchronous Serial Transfer Too Fast / Buffer
Overrun

11 Delayed Coast In Progress (deprecated in firmware 37 and above)

12 State of Left Wheel Dir Line

13 Interrupt Asserted (host should issue Query Interrupt command to determine
source)

14 State of Right Wheel Dir Line

15 Trapezoidal Mode enabled

Calibration Error Codes
Value Meaning

1 Calibration completed ok

2 Calibration is running

3 Failed to find servo zero motion position

4 Error: left encoder attached to right motor and vice versa – check wiring

5 Failed to measure max speed of left motor; check power and wiring

6 Failed to measure max speed of right motor; check power and wiring

7 Failed to find stable low speed output value

8 Failed to find stable moderate speed output value

9 low and moderate speed output values are inconsistent

10 Curve fitting results are invalid

11 Uncalibrated – please calibrate

NOTE: error 10 is new in revision 37 firmware and above.
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Command Set Detailed Descriptions

Name: Sync
Code: ‘.’ (0x2E)
Params: none
Returns: ‘.’
Description:
This command serves as an early test of communications with a WheelCommander, to determine if the
WheelCommander is present and the baud rate is set properly (in asynchronous serial mode) or that the
I2C slave address matches between your master program and the setting of the WheelCommander. It
can also be used to cancel a partial command string (in asynchronous serial mode only). To cancel a
partial command string in I2C mode, stop the master transfer after the incorrect number of bytes for the
specific command. You can also use this command in ansynchronous serial mode repeatedly until a ‘.’ is
returned, in order to reestablish synchronization between your program and the WheelCommander.

Name: Echo
Code: ‘E’ (0x45)
Params: mn, 8 bit value to be echoed back
Returns: ‘E’ nm, 8 bit echo value with nibbles reversed
Description:
This command is used to test communications between your master program and the WheelCommander.
The nibbles are reversed to ensure that your program is not communicating with some other device
which happens to echo back characters in an unmodified fashion.

Example
Host sends: E12\n
WC-132 returns: E21\n

Name: Name
Code: ‘N’ (0x4E)
Params: none
Returns: ‘NWcxx’, where xx is the firmware version
Description:
This command lets you confirm that your program is talking to a WheelCommander (the Wc part of the
name string), and also to determine the current firmware version. 5 ASCII characters are always
returned, regardless of physical interface type (asynchronous serial or I2C). NOTE: the firmware version
is returned in ASCII HEX, so, a return value of 25 means firmware revision 37.

Example
Host sends: N\n
WC-132 returns: NWc25\n
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Name: Status
Code: ‘S’ (0x53)
Params: none
Returns: ‘S’ mnop, 16 bits of status (see p.12 for bit definitions)
Description:
This command lets you determine the current operating mode of the WheelCommander.

Name: Odometry
Code: ‘O’ (0x4F)
Params: c = 0 for left, 1 for right, 2 for left followed by right
Returns: ‘O’ mnopqrst[…], 32 bit signed value
Description:
This command lets you retrieve the current raw encoder tick count for the specified wheel.

Name: Calibrate
Code: ‘K’ (0x4B)
Params: none
Returns: ‘a’ or ‘n’
Description:
This starts up the lengthy calibration process. It only needs to be performed successfully once for a
given robot design. Repeat this procedure if calibration fails, if you change servo models or motor types,
if you change wheel diameter or wheel base (distance between wheels), or if you change the motor
supply voltage by a large margin. A return value of ‘a’ indicates that calibration is complete. While
calibration is running, the WheelCommander will not respond to commands using either transport
method. In I2C mode, it will even ignore its own slave address; this can be used to poll the
WheelCommander for completion, without keeping the I2C bus busy. Your master program may
continue to use the I2C bus to access other devices in the meantime.

Name: Calibration Status
Code: ‘Q’ (0x51)
Params: none
Returns: Qmn, an 8 bit status code (see p.13 for values)
Description:
After calibration completes, a return value of ‘n’ indicates the calibration procedure failed. Execute this
command (‘Q’) to determine the type of failure.
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Name: Set I2C Slave Address
Code: ‘T’ (0x54)
Params: mn, an 8 bit values whose 7 most significant bits are the same

as the 7 most significant bits of the I2C standard’s slave
address byte

Returns: ‘a’ or ‘n’
Description:
This command is a short cut for the Set Constant command to modify the I2C slave address. Either
method instantaneously changes the current slave address.

Name: Set Constant
Code: ‘F’ (0x46)
Params: mn op, two 8 bit values; mn is the constant number to

change, and op is the value to change it to
Returns: ‘a’ or ‘n’
Description:
This command lets you directly modify any user-modifiable constant in the WheelCommander (see the
table on p.10 for details). Please do not modify any constants if you don’t know what you are doing.
Also, the EEPROM locations used have a finite lifespan, so do not use the Set Constant command except
at robot startup if needed; rapid and continuous rewriting of an EEPROM location will eventually literally
wear it out.

Name: Reset Constants to Factory Defaults
Code: ‘F’ (0x46)
Params: FF FF (two 8 bit values, with all bits set to one)
Returns: ‘a’ or ‘n’
Description:
This will result in all user-modifiable constants to be overwritten with factory default values. This may be
useful to recover from configuration errors or to start clean when moving the WheelCommander to a new
robot platform. WARNING: this will reset every constant, including baud rate and I2C address, so use
this command carefully.

Name: Get Constant
Code: ‘F’ (0x46)
Params: mn, a single 8 bit value specifying the constant number to

read
Returns: ‘F’ mn op, where op is the 8 bit value of constant number mn
Description:
This will return the current value of any of the user modifiable constants. In asynchronous serial mode,
you can currently only read a single constant at a time. In I2C mode, you can continue reading as many
constants as you require, up to 30 total in one command.
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Name: Get Analog Input
Code: ‘H’ (0x48)
Params: mn, a single 8 bit value specifying which analog input to read

(valid values are 0 to 7)
Returns: H mn opqr, where the least significant 10 bits of the 16 bit

value opqr contain the A/D value of A/D converter mn
Description:
Analog inputs 0-3 are available on J3, located on the front left side of the PCB, and are labeled A0-A3.
Analog inputs 4 and 5 are connected to left and right current sense pins for future use with the
WheelDriver dual H-bridge board. Otherwise, you may use these for your own purposes. See the
connector pinout section below for A4 and A5 locations. Analog inputs 6 and 7 read the digital and servo
supplies respectively. They use resistor divider networks to ensure that the maximum allowable input
voltage to the A/D converters is not violated. See the connector pinout section for divider values.

Name: Set Analog Interrupt Control
Code: ‘H’ (0x48)
Params: xy mn op qr (see below)
Returns: ‘a’ or ‘n’
Description:
This command, new to firmware revision 37, allows one to specify how the user programmable interrupt
output pin is affected by a given analog input. ‘xy’ specifies the pin number; ‘mn’ specifies the analog
input interrupt control flags for this pin; ‘op’ specifies the lower limit value; and ‘qr’ specifies the upper
limit value. The interrupt control flags are specified as follows:

Analog and Digital Input Interrupt Control Flags
Bit Name Default Meaning

0 Level Analog – not used; digital output – value to set it to

1 Digital 0 if an analog pin; 1 if a digital pin

2 Input 1 0 if an output (digital only); 1 if an input

3 Monitor 0 0 = ignore, 1 = watch this pin for trigger condition

4 Watch hi 0 Interrupt when asserted high if digital, or above hi limit if analog

5 Watch lo 0 Interrupt when asserted low if digital, or below lo limit if analog

6 Edge 0 If digital, 0 = level triggered, 1 = edge triggered; ignored for analog

7 State 1 = This pin is causing the interrupt

Example
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A photoresistor is connected in a voltage divider arrangement with a fixed resistor, with the fixed
resistor tied to Vdd and the photoresistor tied to Vss; the center tap is connected to analog input
2. You want the interrupt pin to trigger when the room is dark, which happens when the
resistance of the photoresistor grows large, pulling down analog input 2. Say you pick a voltage
cut off of 0.5v, which corresponds to an 8 bit ADC value of (0.5 / 5.0) * 256 = 25 decimal or 19
hex. You need to set the interrupt flag bits to watch lo, monitor, and input. Issue the following
command:

Host sends: ‘H’ 02 2C 19 FF
WC-132 returns: ‘a’

Name: Get Digital Input
Code: ‘J’ (0x4A)
Params: mn, a single 8 bit value specifying which digital input to read

(value values are 0 to 7)
Returns: ‘J’ mn op, where op is an 8 bit value whose least significant bit

contains the logic level of digital input mn
Description:
Digital inputs 0 through 3 are located on the front right side of the PCB, and are labeled D0-D3.

In dual-dir-bits mode, D2 is the right motor inverted direction line and D3 is the left motor inverted
direction line, so they won’t be available for general purpose use in that mode.

D4 is hardwired to the Clear EEPROM jumper, so you can use it to read the current state of the jumper.

D5 = right motor direction in sign/magnitude mode, or right motor enable in locked-antiphase mode. D6
is the same as D5 but for the left motor.

D7 is connected to J5 pin 3 and is normally unused.

NOTE: all digital input pins have pullups enabled; these pullups are located inside the microcontroller on
the WC-132, and are normally between 20K and 50K ohms.

Name: Set Digital Output and Interrupt Control
Code: ‘J’ (0x4A)
Params: mn op, two 8 bit values, where mn is the digital output to

change (0 to 7), and op contains the digital input interrupt
control flags

Returns: ‘a’ or ‘n’
Description:
This command lets to change the specified digital I/O pin direction, interrupt generation ability, and also
set its level (0 or 1) if it is an output. The firmware currently allows you to change any of the 8 digital
I/O lines, but this can be dangerous in various motor control configurations, as D5 and D6, and
sometimes D2 and D3, can already be in use. D4 is hardwired to the clear EEPROM setting, so please
never set this high or you could cause a short circuit; the clear EEPROM jumper, when present, connects
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D4 to ground. D7 is available on pin 3 of J5.

NOTE: all digital input pins have pullups enabled; these pullups are located inside the microcontroller on
the WC-132, and are normally between 20K and 50K ohms.

Example
Your robot has a font bumper switch connected to D1. The switch is wired so that it grounds the
pin, relying on the internal pullup to pull D1 to a logic high level when the bumper is not
depressed (actuated). You wish to see an interrupt in your main robot controller by connecting
one of its input pins to another digital output pin (already enabled as the interrupt output; see
below) whenever the bumper is pressed.

You would set the digital input interrupt flags byte so that Digital, Input, Monitor, and Watch Lo
are 1s.

To do so, issue the following command:
Host sends: ‘J’ 01 2E
WC-132 returns: ‘a’

Name: Interrupt Control
Code: ‘I’ (0x49)
Params: xy – 8 bit interrupt system control flags
Returns: ‘a’ or ‘n’
Description:
This command allows you to specify details about the interrupt system. A single digital output pin, if set
using the Pin field of the interrupt system control flags and enabled with the Int Enable flag, will be
generated when any specified condition occurs. These conditions include when a motion command
completes (the Motion Complete flag below), or when any of the analog input or digital input interrupt
conditions are met. These multiple interrupt sources are logically OR’d together to generate the single
interrupt output.

Note that the WC-132 interrupt system is a software-mediated construct – this has no connection
whatsoever to the hardware interrupts inside the WC-132’s microcontroller. It is provided to enable your
main robot controller to know when it should poll the WC-132, rather than have to poll continuously.

The interrupt pin will be deasserted when the user issues the Query Interrupt command (below).

Interrupt System Control Flags and Status Flags
Bit Name Default Meaning

0-3 Pin 0 Which digital output pin to use as the interrupt signal

4 Int is Active 0 The interrupt is currently asserted

5 Motion Complete 0 1 = Generate interrupt when motion command has completed
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6 Active High 0 0 = set low to indicate interrupt assertion; 1 = set high

7 Int Enable 0 0 = disable interrupt system; 1 = enabled

Name: Query Interrupt
Code: ‘I’ (0x49)
Params: none
Returns: ‘I’ xy mnop – xy = interrupt status flags, mnop interrupt map
Description:
This command allows you determine the source of an interrupt, which the host learned about either
through the hardware interrupt line set up previously with the Interrupt Control command, or, by seeing
bit 13 – Interrupt Asserted – of the Status command’s return data being asserted.

The first byte returned (after the optional command echo ‘I’) is the interrupt status flags, as defined
above in the Interrupt Control command. The next two bytes are a 16 bit map of the interrupt status for
all analog and digital input lines.

Bits 0 through 7, contained in the second byte returned – the first byte of the interrupt map – indicate
the interrupt status of the digital inputs. A bit will be 1 if the digital input interrupt condition previously
set up using the Set Digital Output and Interrupt Control command has been met; otherwise, bits will be
0.

Bits 8 through 15 of the interrupt map – the third byte returned – reflect the interrupt status for the
analog inputs. Bit 8 corresponds to A0 and Bit 15 corresponds to A7.

Issuing this command will deassert the interrupt output line and clear the Int is Active and Interrupt
Asserted flags.

Name: Reset Motion Parameters
Code: ‘R’ (0x52)
Params: none
Returns: ‘a’ or ‘n’
Description:
The Reset Motion Parameters command stops any current motion (like Brake does), and also clears out
any current settings for acceleration, velocity, rate of rotation, position, and angle.

Name: Brake
Code: ‘B’ (0x42)
Params: none
Returns: ‘a’ or ‘n’
Description:
This command stops the velocity and position control loops. When using servos, the WC-132 pulses the
servos with the zero motion value (found during calibration), effectively serving as a form of active
braking. In PWM sign/magnitude mode, the PWM output pins will be set to 0% duty cycle, which
unfortunately provides no active braking. In locked-antiphase mode, the PWM output pins are set at
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50% duty cycle with the motors enabled, resulting in active braking. NOTE: this can consume
considerable power, so do not leave you robot in this state for long periods or you will drain your
batteries. Issue Coast instead to ensure motors and servos are turned off.

Name: Coast
Code: ‘C’ (0x43)
Params: none
Returns: ‘a’ or ‘n’
Description:
This command stops the velocity and position control loops. When using servos, no more control pulses
are sent, which results in your robot coasting to a stop. When using h-bridges, the motors are
unpowered. This is the lowest power consumption setting.

Name: Set Axis Control
Code: ‘L’ (0x4C)
Params: c, a single character (asynchronous serial mode) or byte (I2C

mode), where 0 = specify settings for the left wheel, 1 = right
wheel, and 2 = both wheels (the default)

Returns: ‘a’ or ‘n’
Description:
This command allows you to individually control the motion of each wheel. The default is to coordinate
each wheel together. Currently, the firmware is limited in that you must set acceleration, velocity, and/or
position or distance values for a given wheel, then issue a Go! command, before you can change any
settings for the other wheel. Velocity, position, and distance queries will be of the currently selected
wheel (or whatever mechanism is attached to that motor or servo); angle and rotation rate queries are
always of the platform.

Name: Get Axis Control
Code: ‘L’ (0x4C)
Params: none
Returns: ‘L’ c, where c is defined as in the Set Axis Control command
Description:
This returns the current state of Axis Control. The default value is 2, which means the two wheels are
controlled simultaneously.

Name: Set Acceleration
Code: ‘A’ (0x41)
Params: mnop, a 16 bit acceleration goal for position or distance

moves
Returns: ‘a’ or ‘n’
Description:
This command lets you set the maximum rate of change of velocity during a position, distance, and/or
angle command. It has no effect on simple velocity or rate of rotation motions. The unit of
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measurement is in terms of distance per second squared, where distance is in the same units used for
wheel circumference and wheel base.

NOTE: the Reset Motion Parameters (‘R’) command will reset the acceleration for position, distance,
and/or angle commands to max speed (firmware 37) or max speed / 2 (firmware 38 and above) over one
second.

Name: Get Acceleration
Code: ‘A’ (0x41)
Params: none
Returns: mnop, the current actual setting used for position or distance

moves
Description:
Unlike the other query commands, this does not return the actual measured value; it instead returns the
actual value used by the firmware based on the value set in a previous Set Acceleration command. The
value is adjusted automatically by the firmware to conform to numeric limitations in the firmware, so the
value read back may not be the value written.
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Name: Set Velocity
Code: ‘V’ (0x56)
Params: mnop, a 16 bit velocity goal value for the platform (if Axis

Control = 2), or the selected wheel (if Axis Control = 0 or 1)
Returns: ‘a’ or ‘n’
Description:
This command lets you specify a goal velocity for either a simple velocity control motion, or as a
maximum goal velocity for use during a controlled position or distance motion.

NOTE: the Reset command will set the velocity to max speed (firmware 37) or max speed divided by 2
(firmware 38 or above) for subsequent motion commands, unless overridden with this command. Max
speed is determined during calibration, and is stored as the Max Speed constant at addresses 29 and 30.

The units are in terms of distance per second, where the units of distance are the same as you used for
specifying the wheel circumference and wheel base. For example, a robot with a wheel circumference of
8.2 inches (specified as 82), might have a maximum useful velocity of 82 (8.2 inches per second) if the
motors can rotate at 60 RPM, which is the same as 1 rotation per second. NOTE: most robots cannot
move at velocities below approximately 10 to 15 (1.0 to 1.5 inches per second) in a controlled manner
due to the very low encoder click rate.

Name: Get Velocity
Code: ‘V’ (0x56)
Params: none
Returns: mnop, the current measured velocity of the platform (if Axis

Control = 2) or the selected wheel (if Axis Control = 0 or 1)
Description:
This returns the actual measured velocity of either the platform or a specific wheel, in units of distance
per second. This can be used during either velocity or position control modes.

When returning the velocity of the platform, the value returned is the average of the velocity of each
wheel.
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Note: relative angle and distance commands are performed with the X and Z
commands; absolute angle and distance commands are performed with the D and W
commands.

Name: Set Position
Code: ‘D’ (0x44)
Params: mnopqrst, a 32 bit position to which to move the platform

(Axis Control = 2) or the selected wheel
Returns: ‘a’ or ‘n’
Description:
This command sets a goal distance for the platform or a specific wheel, relative to the robot’s frame of
reference, where the origin is where the robot was last powered on or when the last Reset Motion
Parameters command (‘R’) was executed. Units are in distance, the same as used for wheel
circumference and wheel base. In the hypothetical robot mentioned in the Set Velocity command above,
motions of less than 10-15 (less than 1.0"-1.5") may not be able to be accomplished due to low encoder
resolution coupled with wheel and motor gear train friction.

Name: Get Position
Code: ‘D’ (0x44)
Params: none
Returns: mnopqrst, a 32 bit position of the platform (Axis Control = 2)

or of the selected wheel
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Description:
This command returns the current measured position, in the robot’s frame of reference, relative to the
origin and in the units of measurement as defined in the Set Position command. The position can be of
either the platform or an individual wheel. NOTE: the robot’s frame of reference changes as it rotates, so
the distance is really a line integral of the actual distance the robot has travelled. It is not trivial to
estimate the robot’s position in the room’s frame of reference, although executing a series of simple
stationary rotations and simple forward and reverse motions will make it easier, if one also ignores wheel
slippage. Wheel slippage can be reduced by using low acceleration values. This command can be used
during either velocity or position control modes.

Name: Set Distance
Code: ‘X’ (0x58)
Params: mnopqrst, a 32 bit distance to move the platform (Axis

Control = 2) or the selected wheel, relative to the current
position

Returns: ‘a’ or ‘n’
Description:
This command is similar to the Set Position command, except that it specifies a distance to move relative
to the current position. A series of Set Distance commands with a parameter of 100, moves the robot
forward 100 units each time; a series of Set Position commands with a parameter of 100, results in no
motion once position 100 is reached. Units and reference frame information are the same as the Set
Position command.

Name: Get Distance
Code: ‘X’ (0x58)
Params: mnopqrst, a 32 bit absolute position
Returns:
Description:
Currently, the firmware returns the same value for this command as for the Get Position command. This
can be used during either velocity or position control modes.

Name: Set Angle
Code: ‘W’ (0x57)
Params: mnop, a 16 bit absolute angle in degrees to rotate the

platform (Axis Control = 2); ignored for Axis Control = 0 or 1
Returns:
Description:
This command sets a goal angle, in degrees, through which the robot platform should be rotated in a
controlled manner. This is relative to the robot’s frame of reference, where the origin is an angle of zero
degrees when the robot was last powered on or when the last Reset Motion Parameters command (‘R’)
was executed. While this can be combined with a Set Distance or Set Position command, the motion of
the robot may not be what you expect. It is better to use this with a zero distance change, so that the
robot rotates in place.
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Firmware versions 37 and above are able to combine Position / Distance and Angle commands to move
the platform over a controlled arc.

In the hypothetical robot in the Set Velocity command description, angle changes of less than 10-20
degrees may not be especially well controlled.

Name: Get Angle
Code: ‘W’ (0x57)
Params: none
Returns: mnop, the current measured angle (0-359 degrees) through

which the platform has rotated; available in any Axis Control
mode

Description:
This returns the current angle, in degrees, that the robot has rotated relative to the origin, which is
assumed to be position 0 and angle 0, either the last time the robot was powered on or the last time the
Reset Motion Parameters command was executed. This can be useful, for example, while sweeping
fixed sensors (sensors mounted in fixed position on the robot platform) by rotating the robot; the angle
read can help you determine the location of a given object during the sweep. It can also help you
estimate the robot’s position and angle (pose) in the room’s frame of reference, but this requires you to
constantly monitor angle and position values and accumulate estimates of how these values affect the
robot’s pose. This can be used during either velocity or position control modes.

Name: Set Relative Angle
Code: ‘Z’ (0x5A)
Params: mnop, a 16 bit relative angle in degrees to rotate the platform

(Axis Control = 2); ignored for Axis Control = 0 or 1
Returns:
Description:
This command sets a goal angle, in degrees, through which the robot platform should be rotated in a
controlled manner. This is relative to the robot’s current pose; i.e., repeating a Set Relative Angle
command of 90 degrees will rotate the robot by 90 degrees every time. While this can be combined with
a Set Distance or Set Position command, the motion of the robot may not be what you expect. It is
better to use this with a zero distance change, so that the robot rotates in place. In the hypothetical
robot in the Set Velocity command description, angle changes of less than 10-20 degrees may not be
especially well controlled.
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Name: Get Relative Angle
Code: ‘Z’ (0x5A)
Params: none
Returns: mnop, the current measured angle (0-359 degrees) through

which the platform has rotated; available in any Axis Control
mode

Description:
Currently, the firmware returns the same value for this command as for the Get Angle command. In the
future, it could return the angle subtended from the start of the last Set Relative Angle or Set Angle
command. This can be used during either velocity or position control modes.

Name: Set Rotation Rate
Code: ‘Y’ (0x59)
Params: mnop, a 16 bit value specifying the number of degrees per

second to rotate the platform (Axis Control = 2); ignored for
Axis Control = 0 or 1

Returns: ‘a’ or ‘n’
Description:
This command sets a maximum rate of rotation of the platform, in degrees per second. Most servo
controlled robots cannot rotate at much less than 10 degrees per second. This does not affect a Position,
Distance, or Angle movement.

Name: Get Rotation Rate
Code: ‘Y’ (0x59)
Params: none
Returns: mnop, the current rate of rotation of the platform; available in

any Axis Control mode
Description:
This command returns the current actual rate of rotation of the platform, in degrees per second. This
can be used during either velocity or position control modes.

Name: Go!
Code: ‘G’ (0x47)
Params: none
Returns: ‘a’ or ‘n’
Description:
This command starts a movement as specified by previously executed Set Acceleration, Set Velocity, Set
Rotation Rate, Set Angle, Set Position, and/or Set Distance commands. A Reset Motion Parameters
command will discard previous settings. Any settings made since then specify the motion to be made by
this Go! command.

If only Set Rotation Rate and/or Set Velocity commands have been issued, then the WheelCommander’s
velocity PID loops will be active; this is a simple velocity motion. In this case, PID velocity and rotation
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control loops are in charge. Simple velocity motions keep running until Coast, Brake, or Reset Motion
Parameter commands are issued, or until another Go! command takes over.

However, if Set Position, Set Distance, and/or Set Angle commands were issued, regardless of the other
commands, then the position PID loops will be active; this is a controlled position motion. Controlled
position motions will eventually terminate, as indicated by the Motion Goal Reached status bit, bit 4 of
the Status command’s 16 bit return value.

This can be polled to determine when a motion is complete. Alternatively, in asynchronous serial mode,
the Notify mode bit enables asynchronous notification of motion completion by means of returning the
current position, in the same format as the Get Position command’s return value.

As yet another alternative, the interrupt system can be enabled such that a digital output line is asserted
when a motion is complete.

Name: Upgrade Firmware
Code: ‘U’ (0x55)
Params: mnop, a 16 bit unlock password
Returns:
Description:
This command is for internal use only.


