X10 IR Operations

There appears to be some confusion relative to the use of the X10 system components via the Pronto.  The Pronto can not directly issue X10 commands.  It has no interface to the power line.  There are devices on the market that will accept IR commands and do interface to the power line and do convert the IR commands into valid X10 sequences.

Several companies manufacture a line of remote controls capable of operating X10 devices..  They consist of a universal remote and a tabletop control panel which plugs into the power line.  The tabletop unit is generally capable of controlling X10 devices using the common commands (On, Off, Dim, Bright, All Lights, All Units Off, etc.)  The units are normally limited to a single house code and provide a manual operation involving the switches provided.  Interestingly enough, these units have greater capability through their IR interface than through either the keys in the tabletop unit or the keys on the remote.  Using one of these units I was able to operate a complete set of X10 devices, using all commands operating on all units (16) within a single house code.  The house code must be set manually on the tabletop controller.

X10 Coding: 

[Note: This discussion is limited to basic X10 as opposed to Extended X10]. The X10 system uses a 4-bit code to define a House code, and a 4-bit code to define a Unit code.  This means that the X10 system can address 256 devices defined as 16 sets of 16.  There are 16 basic commands and they also use a 4 bit code.  Addressing an X10 unit means sending out a house code / unit code pair to which the addressed units will respond.  When an X10 device sees its address on the power line (house and unit code) it places itself into a selected state waiting for a command addressed to the same house code. If a command then is seen to the same house code, the selected devices will respond if that command is in their command repertoire. 

The following table gives the 4 bit binary coding for the X10  System

House Code
Unit Code
Command
Binary Code

A
1
All Lights Off
0110  

B
2
Status Off
1110  

C
3
On
0010  

D
4
Pre-set Dim (1)
1010

E
5
All Lights On
0001

F
6
Hail Acknowledge
1001

G
7
Bright
0101

H
8
Status On 
1101

I
9
Extended Code
0111

J
10
Status Request
1111

K
11
Off
0011

L
12
Pre-Set Dim (2)
1011

M
13
All Units Off
0000

N
14
Hail Request
1000

O
15
Dim
0100

P
16
Extended Data Transfer
1100

In the preceding table, the binary codes are given as transmitted, the leftmost bit being the first one transmitted.  To interpret them as decimal values the leftmost bit has the binary weight of 1.  The first entry in the table has a decimal value of 6, and the second entry’s decimal value is 7.

IR Transmission Protocol:

 [Note: All of the following material assumes you have read my monographs on the Pronto IR format]

Two complete transmissions are required.  The first transmission sends the Unit code, and the second transmission sends the Command.  The house code is never sent since that is appended by the tabletop controller which receives the IR signals and converts them to power line signals.

The root of a transmission is a 10-bit quantity, divided into two 5-bit fields. The template for the transmission is

 XXXXFYYYYZ  where 

XXXX

is the binary code representing the quantity to be sent (Unit or Command)

F 

is a 1-bit flag, which is 0 if the quantity is a unit code and 1 if it is a command code.

YYYY

is the 1’s compliment of XXXX (a 0 becomes a 1 and a 1 becomes a 0)

Z

is the 1’s compliment of F

When sent as an IR burst, a 10-bit quantity is sent framed by a lead in burst and an inter-message pad burst.   This means that a total of 12 burst pairs are sent. 

When sending a unit code, it must be sent twice.  Imbedding two transmissions into a single message does this.  The inter-message space of the after the first occurrence can be sent to a minimum value.  The burst count naturally is doubled. A command code does not have this requirement.

Pronto IR Hex Format.

Here is a sample Hex “copy” from a valid and clean encoding of an X10 Unit transmission.  When IR transmissions are “learned”, they are not always learned perfectly.  The Pronto does a better job than most, but if you look at many learning’s of the same quantity you will see differences based upon IR noise (e.g. strong fluorescent lights) and the duration of a finger press.

 [Note: It is always better to use a pure clean string in the Pronto if such a sequence is available.  It takes less memory, and will work better in most cases.  I have a code generator program, which does this for Sony, NEC and X10 codes.  All that is required is the input of device and function.  I need sample learned codes of other devices in order to expand the generators. I am planning to make the program available, and am working with other to make it enter the data base directly to avoid cut and paste.]

X10 Unit “4”.    Binary code=1010

0000 006b 0018 0000 00a5 0096 008e 0096 002e 00fe 

008e 0096 002e 00fe 002e 00fe 002e 00fe 008e 0096 

002e 00fe 008e 0096 008e 0096 01c2 0096 00a5 0096 

008e 0096 002e 00fe 008e 0096 002e 00fe 002e 00fe 

002e 00fe 008e 0096 002e 00fe 008e 0096 008e 0096 

01c2 0e10

Word 1 (0000)
Indicates Raw or learned data

Word 2 (006b)
107, an indication of the frequency of the remote, approximately 40khz

Word 3 (000c)
12, The number of burst pairs to be sent one time when the Pronto key is pressed.

Word 4 (0000)
00, The number of burst pairs to be sent when the Pronto key is held down.  If this were a Dim command, it would imply that holding the Dim key down would not keep dimming.  If you want that capability, put the value from word 3 into word 4 and then clear word 3.

Word 5, 6    (00a5, 0096)
165,150; The lead in sequence, 165 carrier periods of ON followed by 150 carrier periods of Off.  Approximately 4 milliseconds ON followed by 3.75 milliseconds of OFF.

Word 7,8     (008e, 0096)
142,150; A burst pair representing a binary 1. Bit 1 of the unit code

Word 8,9     (002e, 00fe)
046,254; A burst pair representing a binary 0. Bit 2 of the unit code

Word 9,10   (008e, 0096)
A binary 1. Bit 3 of the unit code 

Word 11,12 (002e, 00fe)
A binary 0, Bit 4 of the unit 

Word 13,14 (002e, 00fe)
A binary 0, The flag bit of the unit code

The unit code is therefore 1010 0; for the 5 bit sequence. Looking in the coding table given on page 1, we see this is the unit code for “4”

Word 15 – 24
These words make up the 5 bit field which is the compliment of the first 5 bits.  Every position in the first 5-bit field there was a (008e, 0096) for a 1; there is a (002e, 00fe) for a 0 and vice versa.

Word 25,26 (01C2, 0096)
450, 150; This is the inter-message pad or lead out code.

Words 27 through the end of the message are a repeat of the sequence from words 5 through 26, with a change in the final lead out sequence. This change is to guarantee that messages can not arrive too fast.  The final lead out sequence has a value of 450 carrier periods ON (11.25 milliseconds), followed by 3600 carrier cycles off (90 milliseconds). 

This last number is interesting.  If you take the DIM command and encode it from the data provided here, and make the change so that it is a repeating key value; then repeated DIM commands will be separated by about 90 milliseconds of time.  The X10 specification says it will take 22 DIM commands to go from full on to full off (it will appear full off much earlier than that depending on the bulb).  Multiplying out, we get a total dim time of about 1.98 seconds.  A little two fast for most tastes.  Modifying this last value by making it larger, will slow down the dimming.  A value of 4000 in this word gives a dead time of about 409 milliseconds.  Assuming it is visibly off in 10 dim commands, this would be 4 seconds of wall time.  A value of 8000 will be about 8 seconds of wall time.  This is left to the reader to experiment with.  [Note: It is important to issue an OFF command after a dimming sequence if your intent is to DIM to OFF.  Failure to do so will cause a subsequent ON command not to operate as the unit will be in the ON state, yet visibly you will think it is off.]
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Testing:

The above data and the following sequences all operate on my Pronto using a “One for All” remote and tabletop controller.  The part number of the One for All remote is URC5000.  The X10 Remote model JR20A sold by X10 as part of the Active Home product using the CM11 power line interface also issues the same codes, but also only 0-9 (0 being 10) as unit and house codes.

Pronto HEX codes:

The final pages contain the X10 commands as I encoded them in my system. They have been algorithmically generated (As mentioned I have a program, which does that for many IR remotes).  They have been tested as indicated above and work properly.

Disclaimer:

The author is not responsible for how this material is used.  It is provided solely as an educational tool.  If you find discrepancies please notify the author so the document can be corrected.  The author will answer reasonable questions on this material if they are sent directly to him via email.

Barry V. Gordon

EMail: bvgordon@digital.net

These codes have been formatted, as single strings with no imbedded carriage returns.  The formatting into columns is controlled by the margin setting of WORD.

X10 1 (0110)

0000 006b 0018 0000 00a5 0096 002e 00fe 008e 0096 008e 0096 002e 00fe 002e 00fe 008e 0096 002e 00fe 002e 00fe 008e 0096 008e 0096 01c2 0096 00a5 0096 002e 00fe 008e 0096 008e 0096 002e 00fe 002e 00fe 008e 0096 002e 00fe 002e 00fe 008e 0096 008e 0096 01c2 0e10

X10 2 (1110)

0000 006b 0018 0000 00a5 0096 008e 0096 008e 0096 008e 0096 002e 00fe 002e 00fe 002e 00fe 002e 00fe 002e 00fe 008e 0096 008e 0096 01c2 0096 00a5 0096 008e 0096 008e 0096 008e 0096 002e 00fe 002e 00fe 002e 00fe 002e 00fe 002e 00fe 008e 0096 008e 0096 01c2 0e10

X10 3 (0010)

0000 006b 0018 0000 00a5 0096 002e 00fe 002e 00fe 008e 0096 002e 00fe 002e 00fe 008e 0096 008e 0096 002e 00fe 008e 0096 008e 0096 01c2 0096 00a5 0096 002e 00fe 002e 00fe 008e 0096 002e 00fe 002e 00fe 008e 0096 008e 0096 002e 00fe 008e 0096 008e 0096 01c2 0e10

X10 4 (1010)

0000 006b 0018 0000 00a5 0096 008e 0096 002e 00fe 008e 0096 002e 00fe 002e 00fe 002e 00fe 008e 0096 002e 00fe 008e 0096 008e 0096 01c2 0096 00a5 0096 008e 0096 002e 00fe 008e 0096 002e 00fe 002e 00fe 002e 00fe 008e 0096 002e 00fe 008e 0096 008e 0096 01c2 0e10

X10 5 (0001)

0000 006b 0018 0000 00a5 0096 002e 00fe 002e 00fe 002e 00fe 008e 0096 002e 00fe 008e 0096 008e 0096 008e 0096 002e 00fe 008e 0096 01c2 0096 00a5 0096 002e 00fe 002e 00fe 002e 00fe 008e 0096 002e 00fe 008e 0096 008e 0096 008e 0096 002e 00fe 008e 0096 01c2 0e10

X10 6 (1001)

0000 006b 0018 0000 00a5 0096 008e 0096 002e 00fe 002e 00fe 008e 0096 002e 00fe 002e 00fe 008e 0096 008e 0096 002e 00fe 008e 0096 01c2 0096 00a5 0096 008e 0096 002e 00fe 002e 00fe 008e 0096 002e 00fe 002e 00fe 008e 0096 008e 0096 002e 00fe 008e 0096 01c2 0e10

X10 7 (0101)

0000 006b 0018 0000 00a5 0096 002e 00fe 008e 0096 002e 00fe 008e 0096 002e 00fe 008e 0096 002e 00fe 008e 0096 002e 00fe 008e 0096 01c2 0096 00a5 0096 002e 00fe 008e 0096 002e 00fe 008e 0096 002e 00fe 008e 0096 002e 00fe 008e 0096 002e 00fe 008e 0096 01c2 0e10

X10 8 (1101)

0000 006b 0018 0000 00a5 0096 008e 0096 008e 0096 002e 00fe 008e 0096 002e 00fe 002e 00fe 002e 00fe 008e 0096 002e 00fe 008e 0096 01c2 0096 00a5 0096 008e 0096 008e 0096 002e 00fe 008e 0096 002e 00fe 002e 00fe 002e 00fe 008e 0096 002e 00fe 008e 0096 01c2 0e10

X10 9 (0111)

0000 006b 0018 0000 00a5 0096 002e 00fe 008e 0096 008e 0096 008e 0096 002e 00fe 008e 0096 002e 00fe 002e 00fe 002e 00fe 008e 0096 01c2 0096 00a5 0096 002e 00fe 008e 0096 008e 0096 008e 0096 002e 00fe 008e 0096 002e 00fe 002e 00fe 002e 00fe 008e 0096 01c2 0e10

X10 10 (1111)

0000 006b 0018 0000 00a5 0096 008e 0096 008e 0096 008e 0096 008e 0096 002e 00fe 002e 00fe 002e 00fe 002e 00fe 002e 00fe 008e 0096 01c2 0096 00a5 0096 008e 0096 008e 0096 008e 0096 008e 0096 002e 00fe 002e 00fe 002e 00fe 002e 00fe 002e 00fe 008e 0096 01c2 0e10

X10 11 (0011)

0000 006b 0018 0000 00a5 0096 002e 00fe 002e 00fe 008e 0096 008e 0096 002e 00fe 008e 0096 008e 0096 002e 00fe 002e 00fe 008e 0096 01c2 0096 00a5 0096 002e 00fe 002e 00fe 008e 0096 008e 0096 002e 00fe 008e 0096 008e 0096 002e 00fe 002e 00fe 008e 0096 01c2 0e10

X10 12 (1011)

0000 006b 0018 0000 00a5 0096 008e 0096 002e 00fe 008e 0096 008e 0096 002e 00fe 002e 00fe 008e 0096 002e 00fe 002e 00fe 008e 0096 01c2 0096 00a5 0096 008e 0096 002e 00fe 008e 0096 008e 0096 002e 00fe 002e 00fe 008e 0096 002e 00fe 002e 00fe 008e 0096 01c2 0e10

X10 13 (0000)

0000 006b 0018 0000 00a5 0096 002e 00fe 002e 00fe 002e 00fe 002e 00fe 002e 00fe 008e 0096 008e 0096 008e 0096 008e 0096 008e 0096 01c2 0096 00a5 0096 002e 00fe 002e 00fe 002e 00fe 002e 00fe 002e 00fe 008e 0096 008e 0096 008e 0096 008e 0096 008e 0096 01c2 0e10

X10 14 (1000)

0000 006b 0018 0000 00a5 0096 008e 0096 002e 00fe 002e 00fe 002e 00fe 002e 00fe 002e 00fe 008e 0096 008e 0096 008e 0096 008e 0096 01c2 0096 00a5 0096 008e 0096 002e 00fe 002e 00fe 002e 00fe 002e 00fe 002e 00fe 008e 0096 008e 0096 008e 0096 008e 0096 01c2 0e10

X10 15 (0100)

0000 006b 0018 0000 00a5 0096 002e 00fe 008e 0096 002e 00fe 002e 00fe 002e 00fe 008e 0096 002e 00fe 008e 0096 008e 0096 008e 0096 01c2 0096 00a5 0096 002e 00fe 008e 0096 002e 00fe 002e 00fe 002e 00fe 008e 0096 002e 00fe 008e 0096 008e 0096 008e 0096 01c2 0e10

X10 16 (1100)

0000 006b 0018 0000 00a5 0096 008e 0096 008e 0096 002e 00fe 002e 00fe 002e 00fe 002e 00fe 002e 00fe 008e 0096 008e 0096 008e 0096 01c2 0096 00a5 0096 008e 0096 008e 0096 002e 00fe 002e 00fe 002e 00fe 002e 00fe 002e 00fe 008e 0096 008e 0096 008e 0096 01c2 0e10

Some Selected Commands

X10 All Lights On (0001)

0000 006b 000c 0000 00a5 0096 002e 00fe 002e 00fe 002e 00fe 008e 0096 008e 0096 008e 0096 008e 0096 008e 0096 002e 00fe 002e 00fe 01c2 0e10

X10 All Units Off (0000)

0000 006b 000c 0000 00a5 0096 002e 00fe 002e 00fe 002e 00fe 002e 00fe 008e 0096 008e 0096 008e 0096 008e 0096 008e 0096 002e 00fe 01c2 0e10

X10 All Lights Off (0110)

0000 006b 000c 0000 00a5 0096 002e 00fe 008e 0096 008e 0096 002e 00fe 008e 0096 008e 0096 002e 00fe 002e 00fe 008e 0096 002e 00fe 01c2 0e10

X10 On (0010)

0000 006b 000c 0000 00a5 0096 002e 00fe 002e 00fe 008e 0096 002e 00fe 008e 0096 008e 0096 008e 0096 002e 00fe 008e 0096 002e 00fe 01c2 0e10

X10 Off (0011)

0000 006b 000c 0000 00a5 0096 002e 00fe 002e 00fe 008e 0096 008e 0096 008e 0096 008e 0096 008e 0096 002e 00fe 002e 00fe 002e 00fe 01c2 0e10

X10 Bright (0101) Set as repeated key 

0000 006b 0000 000c 00a5 0096 002e 00fe 008e 0096 002e 00fe 008e 0096 008e 0096 008e 0096 002e 00fe 008e 0096 002e 00fe 002e 00fe 01c2 0e10

X10 Dim (0100) Set as Repeated Key

0000 006b 0000 000c 00a5 0096 002e 00fe 008e 0096 002e 00fe 002e 00fe 008e 0096 008e 0096 002e 00fe 008e 0096 008e 0096 002e 00fe 01c2 0e10

