Practical Computerized Home Automation

BRUCE & M ATTHEW M OMJIAN |,
ENTERPRISE DB

July, 2009

EnterprisepB

Abstract
Home automation is computer control of home devices, typically
electrical. Using inexpensive hardware and open source software, it
IS possible to programmatically control many devicesin your home,
providing easeand enjoyment for your family.
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Non-P rogrammatic Automation

Timers
Clapper
Dawn/Dusk Sensors

Motion Sensors
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Programmatic Automation

Device behavior can be combined
No distance limitations

Activity detection

Fully programmable / scriptable

Accessto external data
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How Is This Possible?
Home Networks

Wi red telephone

Cordlesstelephone (900MHz, 2.4GHz, 5.8 GHz, 1.9GHz)
Wired local area network (Ethernet)

Wi relesslocal areanetwork (802.11)

Electrical
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Electrical Signal Basics, 60 Hertz
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http://wwwpcguide.com/ref/power/ext/bagié® -c.html
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Adding A Signal

Complementary Pair Data

\ \

sia 08 And a binary
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absence of a pulse, Jollowed by
a pulse,

Figure 2

http://wwwpcguide.com/ref/power/ext/bagi€3d -c.htmland following
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Multiple Bits

Immediately after a “Start Code™,
a “Letfter Code” 18 senl. (4 cydes)

A

Start Code HAT

A=0110 E=00001  T=0111 | M =0000
B=1110 F=1001 J=1111 | N=1000
C=0010 G=0101 K=0011 | O=0100
D=1010 HM=1101 L=10i1 | P=1100 |

Figure 3
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Oscilloscope Showing Zero
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Oscilloscope Showing One

Figure 5
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The X10 Standar d

X10 is an inter national and open industr y standard for communication
among electronic devices used for home automation.

Designed in 1975 by Pico Electronics of Glenrothes, Scotland

Usesa 120 kHz carrier transmitted as bursts during the relatively
quiet zero crossingsof the 60 Hz AC alternating current waveform

One bit is transmitted per zero crossing
120 bits per second transmission rate
256 device maximum

16 house codes, A-P; 16 devicesper house code, 1-16

http://en.wikipedia.org/wiki/X10_(industry standdy
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X10 Protocol
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http://wwwx10.com/support/technologyl.héimd following
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X10 Protocol
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X10 Limitations

Requires0.75 secondsto transmit a command
Poor propagation in split-phase electricity distribution
Affected by line noise from other devices

Affected by X10 signals from other buildings
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The Split-Phase Electricity Distribution  Problem

Toaster,
Radio, 100 watts Hwatts 400 watts

!

110 wolts 290 volts I'
0 current in neutral

R

200 watts Hiwatts

Television,
200 watts

Figure 3-2. Circuit balancing

http://wwwglobalsecuritgrg/military/library/policy/army/fm/5-424/chap3.htm
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Allowing Split-Phase Electricity Distribution
Propagation, With Ampli cation
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Phase Coupling

120/240v
Split-Single Phase

A B |l

Fig. 8

http://wwwhometoys.com/htinews/jun97/articles/kingery/kingery3.htm
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Reducing Line Noise

AF12

120VAC, 60k
15APlug-in Fittg

. No User Senvi
r Ceable
Tampermg Voids WElrlF::r:t 2
0 Not Exceeq !SAmp;y

3A_G,Re'plaoemem Fuse:

250V, : :
YAC, 15A Slow-Biow \

| need to usethis becausemy UPS dampens X10 signals. You also might
want to block X10 signals from coming into your house, or you can use

unigue house codes.
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Home Application:

Coffee Maker

First

Scr

Wireless Remote

Floor

een

Chime

O

Famil

Bedroom _
e Kitchen
Hallwa
y O
Q Office Dining Room
Light Computer/Power Line
Interface
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Dawn/Dusk Sensor
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Home Application:

Pool Pump (outside)

Wireless Remote

Second Floor

Chime

Lol

1 % Bedroom
N

Hall

Bed Q

Room

r Bedroom

Bedroom

@,
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Wall Switch
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Flat Switch
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Thr eeWay Switch

Thr ee-way switches are dif cult to install becausethe X10 detection
module must be on the powerside of the switch, not the ground side; see
http://www.ho meoys.c onthti neve/ dec97/arti cl es/kin gery/kin gery6.htm.
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W ir eless Wall Switch

Practical Computerized Home Automation
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W ir eless Receliver
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W ir eless Remote
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Lamp/Appliance Contr ol

Practical Computerized Home Automation
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Pool

The pool pump runs longer when the weather is warmer. The server gets
the outside air temperatur e from a weather web site and tur ns the pool
pump on and off at the proper times.
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Heyu

NAME

heyu - control program for the X10CM11/Aerial
SYNOPSIS

heyu address unit-specifier

heyu date

heyu erase

heyu function unit-specifier state

heyu info

heyu help

heyu monitor

heyu preset unit-specifier preset-dim

heyu reset [housecode]

heyu setclock

heyu status [unit-specifie ]

heyu stop

heyu turn unit-specifier state [amount]

heyu upload [check]

heyu version
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# on

010 * * * root
012 * > * root
014 * > * root

30 20 * * * root
# fade

3021 * * * root
# off

021* * * root
022* * * root
023* * * root
OQ0* * * root
OO0 * * * root
O1**~* root
# 2:01 for daylight

12*** root

Cron

x10on christmas

touch /u/x10/wait_for _dusk
x10on bathroom

x10on boyscolor catherine

x10dim entrytable christmas bathroom
x10off bookcase

frontlights  off
x10off tiffany

x100ff “x10group 1 | egrep -v 'Zentrytable$"

touch /u/x10/wait_for _dawn
x10dimoff_slow laundry

savings

x10alloff

Practical Computerized Home Automation
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Computer/P ower Line
Interface

Practical Computerized Home Automation
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716
716
716
716
716
716
715
715
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at
at
at
at
at
at
at
at

05:40:49
05:40:49
20:35:57
20:35:57
22:.05:46
22:05:46
23:18:20
23:18:21

address unit

function

address unit

function

address unit

function

address unit

function

Monitoring

. housecoded (entrymotion_du sk)
Off :
. housecoded (entrymotion_du sk)
On:
. housecodef (catherine)
Off :
13 :
Off :

housecoded unit 8 (entrymotion_d usk)
housecoded unit 8 (entrymotion_d usk)
housecodef unit 3 (catherine)

housecodei (remotebed?2)
housecodei unit 13 (remotebed?2)
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Auto-R esponse to Activity

x10 monitor | while read LINE

do
echo "$LINE" >>/var/log/x10
case "SLINE" in
' Off © ""(remotebed)™)
x100ff $(x10group 1 | egrep -v 'Zentrytable$')
#is it dusk?
*0On: ""(entrymotion_dusk)"*)
if [ -f /u/x10/wait_for_dusk ]
then rm /u/x10/wait_for_dusk
x10on 1
echo "x10on masterbath laundry” | at now+45 minutes
fi
*0On: ""(kitchen_chime"*")"*)
say "Weare ready to eat."
daemon-cf sbplay bellwav 50
sleep 2
esac
done

Practical Computerized Home Automation
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Sample Application:

X10 switch, which
allows manual or
remote operation,
turns on lights

(45 minutes later) \

Bridge to other circuit

\

Dusk

Recieve signal

and turn on
\ interior lights

Recieve wireless signal
and transmit across circuit

® 3

O

O O O M

Turn on interior

@

O

lights and set Q Q
cron to turn on
outside lights
in 45 minutes

Read signal and
Send signal to send to computer

turn on lights
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Sense sunset (wireless)
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Telephone Interface

Practical Computerized Home Automation
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Telephone Logging

AT#CID=1

WedJul 8 21:34:00 EDT2009 DATE= 0708

WedJul 8 21:34:00 EDT2009 TIME= 2134

WedJul 8 21:34:00 EDT2009 NMBR 6107429657
WedJul 8 21:34:00 EDT2009 NAME PENNSYLVANIA

Lookup phone number in contact directory.

WedJul 8 21:34:04 EDT2009 Bruce and
Christine  Momjian from Bruce's cell phone (610) 742-9657

Optionally sound X10 chime if phone call is from an important phone
number.
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Telephone Dialing

Dial phone number from contact directory:

ATDT1610/7/429657

Tue Apr 7 14:57:26 EDT2009 16107429657 Bruce and
Christine  Momjianto Bruce's cell phone

Practical Computerized Home Automation
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Family Suggestions

Adding home automation changesyour family 's home environment
Start slow; make incremental changes
Accept that some home automation tasks are impossible

You have succeededwhen a family member asksfor a home
automation addition
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Conclusion

No!
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