


Michael J. Seaman: Smart Home Modelling and Implementation

Figure 18 TRiLOGI Master States Control Program
Above the latching inputs were discussed, that same implementation is applied to ABSENT

and HOLIDAY and is where the output is latched back in until one of the directional routine
(HOMEABS, HOLHOME etc.) disconnects the relevant output.

5.3.2 Bedroom Occupied

Figure 19 TRiLOGI Bedroom Occupied Control Program

Figure 19 TRiILOGI Bedroom Occupied Control Program shows the parallel OR statement
from B_HEAT _SEN OR B_MOVE_SEN to activate B_OCCUPIED. To deactivate
requires the OR above to be replaced by an AND.
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5.3.3 Bedroom Main Light

Figure 20 shows the series AND statement from B_OCCUPIED AND HOME AND
OUT_LIGHT_SEN AND B_ML_SW to activate B_ML. To deactivate requires the AND
above to be replaced by an OR.

1 BEDROOM MAIN LIGHT

_OCCUPIED HOME OUT_LIGHT SEE_ML_SW
2 f r4 I r1 I i9 -

, B ML
| ¢ 20U

Figure 20 TRiLOGI Bedroom Main Light Control Program

NCL-EECE-MSD-TR-2009-148, Newcastle University

63



Michael J. Seaman: Smart Home Modelling and Implementation

6.0 Methodical Process

The Methodical process is to show how a control system is developed from a model design.

The model design is originally implemented on the basis of a written functional specification.

One of the most common logical occurrences in this project is an AND and OR function. For
example if we take the Bed Light it has the following Functional Specification we get the

following.

The bed light is turned ON by an AND expression that consists of the following being active

to work.
e Bed light switch Active
e Home Active
e Outside Light Sensor Dark
e Room Occupied
The Bed light can be turned OFF by an OR expression that consists of the following:
e Bed light switch Inactive
OR
e Home Inactive
OR
e Outside Light Sensor Light
OR
e Room Un-occupied

From this we are required to generate a model that can correctly represent an AND for

activating the bed light and therefore the OR for switching it off.
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B_OCCUPIED
HOME_ACTIVE

OUTSIDE_DARK

B_BL_SW_ACTIVE

|B_BL_5W_INACTIVE| | B_UNOCCUFIED | | HOME_INACTIVE | | OUTSIDE_LIGHT |

Figure 21 Methodical Process Model from FS

Figure 21 shows the AND logic is represented by all the wires from other systems and states
being wired into one single transition to represent the AND logic and the OR is represented
by individual transitions representing each individual required condition to turn the bed light
off.

Now the model must be converted to a Ladder Logic representation in workable control

system. Figure 22 shows the AND situation for turning B_BL on (B_OCCUPIED AND
HOME AND OUT_LIGHT_SEN AND B_BL_SW) and the OR for turning B_BL off
(B_OCCUPIED OR HOME OR OUT_LIGHT_SEN OR B_BL_SW)

1 BEDROOM BED LIGHT

_OCCUPIED HOME OUT _LIGHT SEB_BL_SW B_BL
2 I r4 I r '} i9 -

| 2 o (GuUT)

Figure 22 Methodical Process Control from Model

We can therefore produce the following conversion table for the for ladder logic / model

conversion:
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Functional Spec Model Petri Net Control Ladder
Logic
Activating AND INT
IN1 INZ N3
IN2
IN3
Activating OR IN1 IN2 IN3
IN1
IN2
IN3
Deactivating AND IN1
IN1
IN2 L
IN2
IN3 IN3
Deactivating OR IN1 IN2  IN3
IN1 IN2 N3

Figure 23 Base Conversion FS to Model to Control

The conversion table in Figure 23 shows how the AND and the OR logic can be represented

through an activating AND/OR and deactivating AND/OR, the activating and deactivating is

referring to the Ladder Logic turning on and turning off possibilities when AND and OR

occurs.
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7.0 Conclusion

The demographics of the UK and US populations suggest that there is going to be an impact
on the national services that take care of those who are elderly, disabled and unable to cope at
home. Smart Homes give the opportunity for the individual to stay in the home for a longer
period and thus do not impact the care home service directly. There are obvious factors to
take into account, as a Smart Home is sometimes out of the reach to aid some individuals i.e.
those with severe mental disorders, sever physical disabilities. However for the majority even
some of the more minute tasks become very difficult to do, so therefore an automatic system

can provide aid in such situations and make life that little bit easier.

To conclude, this project found new ways of developing a control system for a standard

home.

Current markets look at smart homes as a multimedia interface and almost overlook some of
the necessities in the home that are required to be automated, whether that be windows,
doors, central heating, etc. The most prominent problem is that all these systems cannot be
combined together as many of them are running different systems and interfaces. Having one
standard technique to implement a Smart Home is unheard of, for which this project solves.
This project shows that a bedroom window system can be copied across and implemented

into other rooms and other smart homes, the program is meant to be re-used where necessary.

A standardised procedure is important and especially when it can allow hardware developers
to further the access to automated systems. Having a valid model to test appropriate systems

in a Smart Home is useful as it allows the designer to see exactly what is going on.

Petri Nets are an easy form of modelling and very easy to learn, so people who understand
Petri Nets can discuss the systems easily using this common language. It is also able to
represent almost all discrete systems very powerfully. During this project, it was found that
Petri nets were a very good way of fault-finding, and the task was done effortlessly using
them. Some Petri Net tools also allow the easy verification of properties and initiate system

analysis and synthesis.

Once the model is finished and fully tested then a control system can be developed. During
development of a control strategy in ladder logic, the designer can re-look at the model to
confirm or make changes if a problem arises. Ladder is a standard industrial language
throughout the automated world, so why not bring it into the home. The Project combines the

use of some very popular tools to make sure that Smart Homes can be easily distributed to the
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masses. By using Ladder logic your saving the cost of developing highly specific code and
therefore make it easier to keep costs down. Ladder Logic PLC’s are vast, there are many
different brands and models out there to suit almost every purpose. Allowing for this meant
that were really taking the industrial environment to the home and making something that is

reliable in the industrial work place, reliable in the home.
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8.0 Evaluation

Looking at the modelling side of things the program itself was a difficult one to overcome. It
was very useful to have the program developer within easy access if anything was to go
wrong with WorkCraft; however WorkCraft was limited and came with its own problems.
Developing the Petri Net to such a large scale caused some problems within the testing
procedures of the program. The program has a dead-lock testing tool, however due to the vast

program size that was developed for this project, it was unworkable.
Other problem hindered the timeframe, including the instability within Windows Vista.

Many other packages were tested, but all of which were from an educational background and

therefore had some bugs, something of which was untrustworthy.
The project has the possibility of being taken further with the expansion of:
e More Rooms

e [Extra Smart Home Variables (Washing Machine, Cooker, Fire Alarms, Gas Alarms,

etc.)

¢ Added Continuous control (Implementing PID algorithms within the Ladder

Structure, this is useful to control Temperature)
¢ Full implementation on an actual PLC,
e Investigate new scenarios for operating particular features (Door Opening Routines)

Overall this project ran extremely well given the limitations to Petri Net Development in
Software Packages. The Ladder Logic Software was extremely useful to simulate all of the

necessary Inputs / Outputs.
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