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INTRODUCTION

This document describes a sub-protocol of the main LEGO® MINDSTORMS® NXT Communication
Protocol specifically designed for direct commands which make it possible to control the NXT brick
from outside devices. These outside devices may be other NXT bricks, a PC, or any other Bluetooth®

ranahla Adevira whirh 11cad tha carial nart nrafila

The main intent behind including this protocol is to provide a simple interface for these outside devices
to utilize basic brick functionality (i.e. motor control, sensor readings, and power management) without
the need to write or run specialized remote control programs on the brick. The protocol also includes

an interface to send arbitrary messages to a target brick, which may be picked up and used in a user-
defined NIXT nronram

_EGO® MINDSTORMS®NXT Direct Commands
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OVERALL ARCHITECTURE

It will be possible to control the brick either through the USB communication channel or through the
Bluetooth® communication channel, which both uses the LEGO® MINDSTORMS® NXT Communication

nratnernl

For further details and explanation on the USB and Bluetooth® communication channels, please refer to

I EAN®P MINIRNCTADMCR NVT MAanmniiiniaa FiAn nrA tanAal AAaniimAant

The figure below shows the general telegram architecture:

Byte0 Byte1 Byte2 Byte3 Byte N

Figure 1: General protocol architecture

Byte O: Telegram type, as dictated by main LEGO® MINDSTORMS® NXT Communication protocol
specification. Note that for the purposes of this document, only "direct command telegrams™ and "reply

telegrams” are important - "system commands" are specified and handled at the main LEGO®
MINIDQTOARMSI® NIXT Cammiinicratinn nratnenl dnciimant

e  0x00: Direct command telegram, response required
e  0x01: System command telegram, response required

e 0x02: Reply telegram
e  0x80: Direct command telegram, no response
e 0x81: System command telegram, no response

Byte 1 - N: the command itself or a reply, depending on telegram type

MAXIMUMCOMMAND LENGTH

Currently, total direct command telegram size is limited to 64 bytes, including the telegram type byte as
listed above. As specified in the LEGO® MINDSTORMS® NXT Communication protocol document,
Bluetooth® packets have an additional two bytes for size tacked onto the front, but these are not

inclhiidad in thic limit

BLUETOOTH® MESSAGES

As explained above all Bluetooth® messages needs to have two bytes in front of the messages itself
which indicates how many bytes the message includes. The length of the packages is counted without

tha han lannath hvitace

The figure below shows a Bluetooth® message:

Length, LSB | Length, MSB CO_?;FS:nd Command Byte 5 Byte 6 Etc.

Figure 2: Bluetooth® protocol packages

OPTIONAL RESPONSES

The LEGO® MINDSTORMS® NXT Communication protocol specification states that any incoming
protocol telegram may be marked with the 0x80 mask on its telegram type byte to indicate that no
response is expected. Direct commands is a primary use case for this functionality, as requiring a
response on all telegrams could lead up to approximately 60 ms latency. Of course, this concept

doesn't hold for all commands - for example, attempting to "GetlnputValues" without requiring a
raannn<e wniild inet he waectinn time

LEGO® MINDSTORMS®NXT Direct Commands
O, e LE oup
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LIST OF COMMANDS

Each of the valid commands is described in detail in the following list.

Format Notes:

e All response packages include a status byte, where 0x00 means “success” and any non-zero value indicates a
specific errorcondition.
e Allsingle byte values are unsigned, unless specifically stated. Internal data type is listed for all multi-byte

values and all are assumed to be little-endian as in the LEGO® MINDSTORMS® NXT Communication
Protocol.

e Ifalegal range is not specified here explicitly, it is generally documented in the relevant module documents
and/or code.

e Variable length packet fields are specified as in this example: “Byte 4 — N: Message data”, where ‘N’ is the
variable size of a given field plus command overhead. ‘N’ may not exceed the Maximum Command Length
mentioned above, minus 1.

STARTPROGRAM

Byte 0: 0x00 or 0x80

Byte 1: 0x00 . . . . .
Byte 2 - 21: File name. Format: ASCIIZ-string with maximum size [15.3 chars] + Null terminator

Return package:

Byte—0:+—0x02
Byte 1:0x00
Byte 2: Status Byte

STOPPROGRAM
Byte 0: 0x00 or 0x80

Divia 1+ NvN1

Return package:
Byte—0:+—0xB2
Byte 1:0x01

Byte 2: Status Byte

PLAYSOUNDFILE

Byte 0: 0x00 or 0x80
Byte 1: 0x02

Byte 2: Loop? (Boolean; TRUE: Loop sound file indefinitely, FALSE: Play file once only) .
Byte 3 - 22: Fileé name. Format: ASCIIZ-string with maximum size [15.3 ¢hars] + Null téfminator

Return package:

Byte—0:+—0x02
Byte 1:0x02
Byte 2: Status Byte

LEGO® MINDSTORMS®NXT Direct Commands
O, e LE oup



EmindsTorms

AXT TEmE

PLAYTONE

Byte 0: 0x00 or 0x80
Byte 1: 0x03
Byte 2 - 3: Frequency for the tone, Hz (UWORD; Range: 200 - 14000 Hz)

Ruta A - R Niiratinn nftha tnna me (1 NAIORPN: Ranna: 222\

Return package:

Byte—0:—0x02
Byte 1:0x03
Byte 2: Status Byte

SETOUTPUTSTATE

Byte 0: 0x00 or 0x80

Byte 1. 0x04

Byte 2: Output port (Range: 0 - 2; OXFF is special value meaning 'all' for simple control purposes)
Byte 3: Power set point (Range: -100 - 100)

Byte 4: Mode byte (Bit-field)

Byte 5: Regulation mode (UBYTE; enumerated)

Byte 6: TurnRatio (SBYTE;-100-100)

Byte 7: RunState (UBYTE; enumerated)
Byte 8 - 12: TachoLimit (ULONG; O: run forever)

Return package:

Byte—0—0x02
Byte 1:0x04
Byte 2: Status Byte

Valid enumeration for "Mode": .
MOTORON—0x01—Turn-on the specified motor

BRAKE 0x02 Use run/brake instead of run/float in PWM

DCARIN ATER X04  Tiirne An tharaailatinn

Valid enumeration for "Regulation Mode":

REGULATION-MOBEIDLE———————  0x00 No regulation will be enabled
REGULATION"MODE-MOTOR_SPEED 0X01  power control will be enabled on

specified output
REGULATION MODE MOTOR SYNC 0x02 Synchronization will be enabled

(Nleade anahlad nn hain Anitnnih

Valid enumeration for "RunState":

MOTOR RUN-STATEIBDLE— 0x00 Output will be idle
MOTOR_RUN_STATE_RAMPUP 0x10 Output will ramp-up
MOTOR_RUN_STATE_RUNNING 0x20 Output will be running
MATAR RIIN STATE RAMDPNOA/NI 0x40  Auitnnt will ramn-dmamn

LEGO® MINDSTORMS®NXT Direct Commands
O, e LE oup
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SETINPUTMODE

Byte 0: 0x00 or 0x80

Byte 1: 0x05

Byte 2: Input port (Range: 0 - 3)
Byte 3: Sensor type (enumerated)

Dirdn A CAancnr mada faniimAavatad)

Return package:

Byte—0:+—0x02
Byte 1:0x05
Byte 2: Status Byte

Valid enumeration for "Sensor Type":

NN CCANICNAD NvNN
SWITCH 0x01
TEMPERATURE 0x02
REFLECTION 0x03
ANGLE 0x04
LIGHT_ACTIVE 0x05
LIGHT_INACTIVE 0x06
SOUND_DB 0ox07
SOUND_DBA 0x08
CUSTOM 0x09
LOWSPEED OX0A
LOWSPEED 9V 0x0B

NO OF SENSOR TYPES 0x0C

Valid enumeration for "Sensor Mode":

D A\ANNNE NvNN
BOOLEANMODE 0x20
TRANSITIONCNTMODE 0x40
PERIODCOUNTERMODE 0x60
PCTFULLSCALEMODE 0x80
CELSIUSMODE OXAO
FAHRENHEITMODE 0xCO
ANGLESTEPSMODE OXEO
SLOPEMASK OX1F
MODEMASK OXEO

LEGO® MINDSTORMS®NXT Direct Commands
O, e LE oup
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GETOUTPUTSTATE

Byte 0: 0x00 or 0x80

Byte 1: 0x06
Byte 2: Output port (Range: 0 - 2)

Return package:

Byte—0:+—0xB2

Byte 1:0x06

Byte 2: Status Byte

Byte 3: Output port (Range: 0 - 2)

Byte 4: Power set point (-100 - 100)

Byte 5. Mode (bit-field)

Byte 6: Regulation mode (UBYTE; enumerated)

Byte 7: TurnRatio (SBYTE;-100-100)

Byte 8: RunState (UBYTE; enumerated)

Byte 9 - 12: TachoLimit (ULONG; Current limit on a movement in progress, if any)

Byte 13 - 16: TachoCount (SLONG,; Internal count. Number of counts since last reset of the motor
counter)

Byte 17 - 20: BlockTachoCount (SLONG; Current position relative to last programmed movement)
Byte 21 - 24: RotationCount (SLONG; Current position relative to last reset of the rotation sensor for this
motor)

Look at the entry for SetOutputState for details about the enumerations.

GETINPUTVALUES

Byte 0: 0x00 or 0x80

Byte 1: 0x07
Byte 2: Input port (Range: 0 - 3)

Return package:

Byte—0:+—0xB2

Byte 1: 0x07

Byte 2: Status Byte

Byte 3: Input port (Range: 0 - 3)

Byte 4: Valid? (Boolean; TRUE if new data value should be seen as valid data)
Byte 5: Calibrated? (Boolean; TRUE if calibration file found and used for "Calibrated Value" field below)
Byte 6: Sensor type (enumerated)

Byte 7: Sensor mode (enumerated)

Byte 8 - 9: Raw A/D value (UWORD; device dependent)

Byte 10 - 11: Normalized A/D value (UWORD; type dependent; Range: 0 - 1023)

Byte 12 - 13: Scaled value (SWORD; maode dependent) . . .
Byte 14 - 15: Calibrated value (SWORD; Value scaled according to calibration. CURRENTLY UNUSED.)

Look at the entry SetinputMode for details about the enumerations.

RESETINPUTSCALEDVALUE

Byte 0: 0x00 or 0x80

Byte 1: 0x08
Byte 2: Input port (Range: 0 - 3)

Return package:

Byte— 0 0Oxb2
Byte 1:0x08
Byte 2: Status Byte

LEGO® MINDSTORMS®NXT Direct Commands
O, e LE oup
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MESSAGEWRITE

Byte 0: 0x00 or 0x80
Byte 1: 0x09
Byte 2: Inbox number (0 - 9)

Byte 3: Message size .
Byte 4 - N: MeSsage data, where N = Message size + 3

Message data is treated as a string; it must include null termination to be accepted. Accordingly,
message size must include the null termination byte. Message size must be capped at 59 for all

maccana narlkate tn ha lanal nn 1 IQRI

Return package:
Byte——0:—0x02
Byte 1:0x09

Byte 2: Status Byte

RESETMOTORPOSITION

Byte 0: 0x00 or 0x80
Byte 1: Ox0A

Byte 2: OutPutﬁPort (Range: 0 -2)
ive? p

Byte 3: Rela (Boolean; TRUE: position relative to last movement, FALSE: absolute position)

Return package:
Byte—0+—0x02
Byte 1: 0X0A

Byte 2: Status Byte

GETBATTERYLEVEL
Byte 0: 0x00 or 0x80

Dyt 1- NvNDR

Return package:
Byte—0:+—0x02
Byte 1:0x0B

Byte 2: Status Byte .
Byte 3-4: Voltagé in millivolts (UWORD)

STOPSOUNDPLAYBACK
Byte 0: 0x00 or 0x80

DA 1 NN

Return package:

Byte—0:—0x02
Byte 1:0x0C
Byte 2: Status Byte

129

LEGO® MINDSTORMS®NXT Direct Commands
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KEEPALIVE
Byte 0: 0x00 or 0x80

Dia 1+ NN

Return package:
Byte——0:—0x02
Byte 1: 0OxOD

Byte 2: Status Byte . o -
Byte 3-6: Currentsleeptimelimit, milliseconds (ULONG)

LSGETSTATUS

Byte 0: 0x00 or 0x80

Byte 1: OxOE
Byte 2: Port (0O - 3)

Return package:
Byte 0: Ox02
Byte 1. OxOE

Byte 2: Status Byte .
Byte 3: Bytes Réady (count of available bytes to read)

LSWRITE

Byte 0: 0x00 or 0x80

Byte 1: OxOF

Byte 2: Port (0 - 3)

Byte 3: Tx Data Length (bytes)

Byte 4: Rx Data Length (bytes)
Byte 5 - N: Tx Data, wheré N = Tx Data Length + 4

For LS communication on the NXT, data lengths are limited to 16 bytes per command. Rx Data Length
MUST be specified in the write command since reading from the device is done on a master-slave

hacic

Return package:

Byte— 0 0Oxb2
Byte 1:0x0F
Byte 2: Status Byte

LSREAD

Byte 0: 0x00 or 0x80

Byte 1: 0x10
Byte 2: Port (0O - 3)

Return package:
Byte—0:+—0x02
Byte 1:0x10

Byte 2: Status Byte

Byte 3: Bytes Read
Byte 3 - 19: Rx Data (padded)

For LS communication on the NXT, data lengths are limited to 16 bytes per command. Furthermore, this
protocol does not support variable-length return packages, so the response will always contain 16 data

It~ aaith fnvsAlid Aatra lidAacs nadAAA ith 5ArAA~

LEGO® MINDSTORMS®NXT Direct Commands
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GETCURRENTPROGRAMNAME
Byte 0: 0x00 or 0x80

Rvta 1- Nv11

Return package:
Byte——0:——0x02
Byte 1: Ox11

Byte 2: Status Byte . . . . .
Byte 3 - 22: File hame. Format: ASCIIZ-string with maximum size [15.3 chars] + Null terminator

If no program is currently running, an error will be returned and File name field will be all zeroes.

MESSAGEREAD

Byte 0: 0x00 or 0x80
Byte 1: 0x13
Byte 2: Remote Inbox number (0 -9)

Byte 3: Local Inbox number (8 -9)
Byte 4: Remove? (Boolean; TRUE (non-zero) value clears message from Remote Inbox)

Return package:

Byte—0:+—0xB2

Byte 1:0x13

Byte 2: Status Byte

Byte 3: Local Inbox number (0 - 9)

Byte 4: Message size
Byte 5 - 63: Message data (padded)

Message data is treated as a string; it must include null termination. Accordingly, message size

includes the null termination byte. Furthermore, return packages have a fixed size, so the message
Aata fiald will ha naddad with niill hvitace

Note that the remote Inbox humber may specify a value of 0-19, while all other mailbox numbers should
remain below 9. This is due to the master-slave relationship between connected NXT bricks. Slave
devices may not initiate communication transactions with their masters, so they store outgoing

messages in the upper 10 mailboxes (indices 10-19). Use the MessageRead command from the master
device 1o retrieve these messages.

When reading remote messages from slave devices, send the following commands:
0x05, 0x00, 0x00, 0x13, 0x0A, 0x00, 0x01 => Read Mailbox 0 from slave and clear message on slave

NvNE NvNN NN N1 2 NvND NN NN —< DaAaaAd RMaillhavy 1 frama Alavia AanA Alaar mmAamr~rAa~nA Al AlAaviA

LEGO® MINDSTORMS®NXT Direct Commands
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ERRORMESSAGEBACKTO THEHOST:

The information below describes how we categorize error messages; it does not describe a separate or

enAanial ArrAar mmAacecAann Thic infAarmmatian aiill lha inAaliiAAA wnthin thAa vratiirn nanlsanAe

Return package:

Byte 0:0x02

Byte 1. Command that is receiving a reply
Byte 2, Status: O equals success. Greater than 0 means an error where the value indicates the error

maoaccana

The following error messages may be received from the NXT unit:

e Pending communication transaction in progress 0x20

e Specified mailbox queue is empty 0x40

e Request failed (i.e. specified file not found) 0xBD
e Unknown command opcode OxBE
e Insane packet 0xBF
e Data contains out-of-range values 0xCO0
e Communication bus error 0xDD
¢ No free memory in communication buffer OxDE
e  Specified channel/connection is not valid OxDF
e Specified channel/connection not configured orbusy OXEOQ
e No active program OXEC
e lllegal size specified OXED
e lllegal mailbox queue ID specified OXEE
e Attempted to access invalid field of a structure OXEF
e Bad input or output specified 0xFO

e Insufficient memory available OxFB
e Bad arguments OxFF

LEGO® MINDSTORMS®NXT Direct Commands
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