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Abstract

This paper contributes to the notion of “house as machine” by proposing a
methodology for producing engineering-type diagrams of machine processes that can be
applied to smart home design in resolving such issues as positions of sensors, types of
sensors, activity classifications, and activity recognition. The diagrammatic methodglo
is based on the conceptual model of space as a synchronic order of states S):
creation, release, transfer, receive, and process. It views space in ter namic

content with stages and connections (flows) to create a representationef the flows in a
home. The resultant depiction seems suitable for use in d@g of sw@m

Keywords: Conceptual representations, hous@ @( home, sensors,

activity recognition, inferences

1. Introduction @Q ¢ 9
e

According to Le Corbusier [1], is hine for living in. It is also
claimed that “The city as a machi %funct S ording to the laws of a kind of
urban physics” [2]. ThiK as a pr nd impact on “architecture as

architecture”: \%

The practice of arc ture as |t ture moved towards a social engineering

practice. The cen osition o chltecture as social engineering is that specific
social outco be engin by manipulating architecture this way and that. In
other words Iatlon form and function in architecture is analogous to

S|m|Iar ITok dealt with ngineers. If architecture is indeed social engineering
then |t 5 a theg %xplam how it works. The paradigm of the machine filled
this need. 3 (|t z gded)

A machine, i nse, indicates a system of activities and actions:

We u&*_p‘uachme or the drawing of a machine, to symbolize a particular action of
the ine. For instance, we give someone such a drawing and assume that he will
i e movement of the parts from it. [4]

is notion of machine is a well-established concept in science and philosophy.
In philosophy, drawing on Deleuze and Guattari [5], Bryant [6] declares that “all
objects” can be understood as machines:

A machine is something through which matters flow, undergoing a series of
transformations as a result of the operations within the machine, producing a
particular output. If, for example, we take a machine such as a tree, this is a
machine through which flows of sunlight, water, carbon dioxide, minerals in the
soil, etc., flow. Through a series of operations, the machine transforms those
flows of matter, those other machines that pass through it, into various sorts of
cells such as photosynthetic cells and bark, while also producing oxygen. [6]
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A machine here refers to a “theater” of representation of a pattern of events (even in the
setting of a space), not a production factory [5]. Thus, the schema of a house is the
screenplay of a composition played over a physical space.

This paper contributes to the notion of house as machine by proposing a
methodology for producing engineering-like schemata to diagram the working of
machines, thus facilitating a resolution to such issues in smart home design as
position of sensors, activity classifications, and activity recognition. A Kitchen
provides the script for a machine that transfers, receives, and processes things,
resulting in creation of other things that are released and transferred outside the
kitchen. A home air-conditioning system is a machine by which hot air is
transferred, received, and released to create cold air that is transferred and received
by every unit of space in the house. In such a conceptualization, the house is a
machine constituted of submachines by which people, food, air, water, electicity,»
pets, ... are processed, created, released, transferred, and received con M
Each of them has its own streams of flows and stages of handling %um
congestion or stoppage. The process of shifting from such a bluepri \@r alized
home creates a functioning machine with parts asse for th purpose
of “creating” a confined environment.

This methodology for diagramming machin S a dla atic language
called the Flowthing Model (FM), a modeli@hmqu as been used in
several applications (e.g., [7-11]). For the sake ofa complete \ sentation, the basic
notions in FM are briefly described in theé« sectien example of a tree as a
machine is a new contribution. FMais ed to s homes in the remaining
sections as follows:

- Section 3 examines positioni seng0rs Niaccordance with architectural
diagrams. Such positionigg each in | flow like a black box and thus
does not distinguish d@g\& rogresy\Within a given stage.

- Section 4 discusses constructi ontology to classify and analyze
activities. The papeppresents axe ative pure conceptualization of activities
that does not inv notions as sensors.

n ch hargw
- Section 5 brix iscusses exploitation of logical semantic reasoning for
activity rec

2. Flowt@\/lodebg

The Flowthin I (FM) was inspired by the many types of flows that exist in
diverse fieldsg<ipnCtuding information flows, signal flows, and data flows in
commumca io dels. This model is a diagrammatic schema that uses flowthings
to repres range of items, for example, electrical, mechanical, chemical, and
therma als, circulating blood, food, concepts, pieces of data, and so on.
FIo are defined as what can be created, released, transferred, processed, and

(see Figure 1). Hereafter, flowthings are referred to as things. Note that

We call a thing is not necessarily a substance in the philosophical sense; e.g.,
heat is a thing that is created, released, transferred, received, and processed.

[ Create | Release Output| | Input | Transfer

4 A

v v _
[ Process ¢ Accept |— Amive | Receive

Figure 1. Flow Machine
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FM depicts processes using flow machines that are formed by up to six stages
(states) occurring in a flow. Hereafter, flow machines will be referred to as
machines. Machines form the organizational structure of whatever is described; in
our study, these are humans and their physical and nonphysical processes. These
processes can be embedded in a network of assemblies called spheres in which the
processes of flow machines take place.

Starting in the lower right corner of Figure 1, the stages occurring in a flow
machine can be described as follows:

Arrive: A thing reaches a new machine.

Accepted: A thing is permitted to enter a machine. If arriving things are always accepted,

Arrive and Accept can be combined as a Received stage.

Processed (changed): The thing goes through some kind of transformation that changes it

without creating a new thing.

Released: A thing is marked as ready to be transferred outside the machine. 0
Transferred: The thing is transported somewhere from/to outside the machine.

Created: A new thing is born (created) in a machine. v

The machine shown in Figure 1 is a generalization of he typlcal model
of input-process-output used in many scientific and e ring fi neral a
machine is thought to be an abstract machine that, hecejves pr es, creates,
releases, and transfers things. The stages in thissMachine are aIIy exclusive
(i.e., a thing in the Process stage cannot be sim 2ously 4 reate stage or the
Release stage at the same time). An additional stage of Storage can also be added to
any machine to represent the storage of thidgshdhowev @rage is not an exclusive
stage because there can be stored process @ mgs sto&d ated things, etc.

FM also uses the notions of s eres. These are the network
environments and relatlonshlp mes machines. Multiple machines
can exist in a sphere if neede ere can erson, an organ, an entity (e.g., a
company, a customer), q\i (a.l atory, a waiting room, a house), a
communication medium (a chiafnel, machine is a subsphere that embodies

the flow; it itself has ubspherexweo trol of the movement of things (e.g., an

interruption or break edded in stages.

FM also utili notion m%ggering. Triggering is the activation of a flow,
denoted in FM ms b;ﬁ@ d arrow. It is a dependency among flows and
parts of fl ow is said to be triggered if it is created or activated by another
flow (e.g., of e y triggers a flow of heat), or activated by another point
in the flow. rlgge n also be used to initiate events such as starting up a
machine (e.g., ignal to turn on). Multiple machines captured by FM can
interact by tri events related to other machines in spheres and stages.

Note that a ine itself can be a thing that flows in another flow machine. “All
matter t sses through a machine is itself a machine, itself has structure, and
itself e s in its own operations... A machine is an entity that affects other

entit'@ t that is also affected by those other entities it affects and interacts with”

ample: According to Hillier, Hanson, and Peponis [12], buildings are physical
constructions, arrangements of space, and objects in a style culture. It is the
organization of space that makes a building unique and sets works of architecture
apart from other artifacts. A descriptive theory of space includes a level of the
identification and representation of spatial elements at which boundaries are
identified as a continuous boundary perforated by entrances, possibly with other
boundary-entrance pairs within. Hillier, Hanson, and Peponis [12] introduce related
diagrams of a simple plan and a representation of its boundary structure as a graph
in which circles represent bounded spaces and lines represent relations of direct
permeability (Figure 2).
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Figure 2. Left, a Simple Plan; Right, its Boundary Structure as a Graph in
which Circles Represent Bounded Spaces and Lines Represent
Relations of Direct Permeability (redrawn from [12])

FM representation exhibits both special and logical characteristics of\trlssre.
césAn

diagrams, as shown in Figure 3, a schema of the flows of things among the
a house. With respect to any thing (object), the diagram shows an e
block of space, with possible rejection (being received include

acceptance or rejection); upon acceptance, the object,i
(as will be shown in the next diagram of trash flow)
outside. Thus, a block of space can be viewe
states of things and activities flowing through a
Typical physical maps use space as a startifg

furnished with things (e.g., a collection of{sehsors that
map is a purely static relational scheme

and point to where other details ca

embodies a synchronic order o
receiving, and processing of h|

Activities (stages) and th |r
(machine) representation.

) Release ]
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Figure 3. FM Representation of the House Blueprint in the Example
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Figure 4 shows the flow of trash through the house. Trash is created in every
block of space (circles 1 through 8) for collection in a receptacle (9) in the upper
left block. The arrows show the flow of trash to this storage receptacle, ignoring
multiple paths. At a certain time, the stored trash is compressed (processed, 10) and
taken (bold arrows) outside the house (11). Similar schemata can be drawn for all
types of flows, including those of people, electricity, and conditioned air.
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2 Transfer
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5 | Release |- Receive |
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Transfer
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Figure 4. FMR&
S

3. Positioning of Se

tation o
"

Ressouche, Ti ? Carrillg [13] studied the design of an application for use in
elderly health mon rson’s activity in an instrumented home. The
instrumentegb descrlbe grammatically in Figure 5, has an array of sensors
to locate ts n aE mme whether the person is standing, sitting, lying, etc.

The goals are’ recog

alarms depending %
\& ces ces
O :: iVing room A O Pressure sensor
/AN

of different activities and sending of several kinds of
or observation results.

n EELE A Pressure sensor (bed, chair, ...)
. 0 ['I_:] ‘ . Water sensor
t
[E gj o @) [':] Electric sensor
O . O Open/close sensor
kitchen O
[:::] . Bathroom

Figure 5. General View of Instrumented Home for the Elderly
(Redrawn, Partial from [13])
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In this description, sensor locations are determined by examining the architectural
sketch of the home and the locations of equipment and furniture. Such positioning
takes each internal flow as a black box; thus, it does not distinguish among stages of
progress in a given block of space. Consider the following sample problems:

e Sensors are assigned to doors to check whether they are open or closed, in
addition to pressure sensors set to recognize an entering/exiting person
(Figure 5). This arrangement fails to distinguish between transferring and
receiving. For example, a person can stand by the bathroom door to enter the
bathroom, open the door, then, upon changing his/her mind, close the door.
Accordingly, the sensors indicate transfer of the person from the living room
to the bathroom, but the person is still in the living room. The designer has
failed to locate another pressure sensor on the other side of the door (inside
the bathroom) to indicate that the bathroom has received the person. We
assume here that no sensors are used on the body of the person. 0

e Suppose that a person has entered the bathroom and turns on the sho
waits for the water to get warmer. Suppose that he or she sudden a heart
attack and falls unconscious. For a period of time the system @lder the
person to be taking a shower while in actuahtv%%me isqopin the shower
area. In Figure 6, the designer failed to assign ens this area.

In Figure 5, it is possible that Ressouche, Tigti Car |IIo ignored these
locations and types of sensors because t@were uired by users;
nevertheless, there is no conscious conceptualization endent ‘spheres” in

es of énent progression in any

the topology of the space, or of internal ¥
particular conceptual block space. For, dxainple, in the athroom the shower is an

independent subsphere even throug wall§ e te it from other areas of the
bathroom. The shower is a machl t tra , receives, processes, releases,
and transfers out a perso hese dlsﬁzhases may need to be explicitly
recognized as a separate au@

Figure 6 shows the drawing of this ome as a machine. The stages of flow in
the living room sphere not encl a box since this sphere forms the central
portion of the housg. &at if we wish, it can be divided into several subspheres, e.g.,
entrance area, ce a, windowmaliea, etc. Thus, the living room is a place in the house

person go (3). The two black circles indicate the distinction
between tr ring m&tandmg on the door sill) and receiving (actually entering).
A third sensor can lled just outside the door to indicate the stage of transfer
outside the home

Figure 7 sho progress of the flow of that person inside the house. He goes to the

where a person ’@é sferred '@ and received/released (circles 1 and 2). Suppose the

bathroom he is received (4), proceeds to the sink (5 and 6), then leaves the sink
(7) and th room (8) to return to the living room (9). There he goes to the sofa (10) to
be rece 1), where he sits (12). He then turns on the TV (not shown; black circle on

dash w (13) denotes sensing of this activity). This creates a new thing (14) inside

e, the viewer who is being processed (15 — entertained). Thus, two conceptual
tRipgs exist concurrently: the physical person and the viewer, two simultaneous roles of
the same person. The person could now use the telephone, thus triggering (16) the
creation of a phone caller (17).

The path of these activities is mined with sensors of appropriate types. Positioning of
these sensors is based on a schema of the house machine, just as, say, the flow of its
electricity is embedded with circuit breakers, fuses, amplifiers, etc. Some of these
possible positions of sensors may not include actual sensors because they are not needed,
or spatial boundaries may not be clear; nevertheless, such decisions are taken into
consideration by the designer.
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Figure 7. Sample Progression of Activities
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4. Classifying Activities

Smart homes equipped with monitoring devices ensure a safer environment and more
effective caring through monitoring of life activities such as bathing, dressing, and
cooking. The data collected have many applications in areas such as security, health, and
emergency.

Extensive research has been conducted on sensor-based recognition of activity types,
with most of the work linking the type of activity to the type of sensor used, such as:

o Movement activities monitored by movement detectors usually mounted in ceilings
o Contact activities using contact switches installed on doors, fridge, microwave, etc.
o Location activities using pressure mats installed on chairs, sofas, beds, sink front, etc.

Context has also been used in recognizing activities, including the room where
the person is located (shower area) and interactions with objects (turning on the
TV). Activities are also related to other activities, e.g., grooming can cogprises,
related activities such as washing and combing hair, and preparing a drink M
divided into activities such as preparing cold or hot drinks and movin r%’and
interacting with objects [14]. For example, preparing a cold drink con@ going
to the cupboard and taking out a cup, going to the fri pening reige, taking
out the juice, and pouring the juice into the cup \ neral, ies can be
recognized by interactions with objects in the e nt and movements of
persons within the environment [15]. b

To represent these sequences and structures t|V|t|es enef|0|al to design
an ontology of activities [14]. Accordln ong .et% [14] designed such an
ontology:

The interaction with objects an men @ d in an activity are recorded
by associated sensors whi h |gnals central management system for
processing. The mterrelatlohs betyv ensors, contexts and activities can be

represented by a hierarch etwor ologies. [14] (Italics added)

In such an approach vities x uped according to the room where they are
> chlcal%rrelatlonshlps are constructed among sensors,

related contextgmand actmh@v in a room location. In the example shown in
Figure 8, 3~se is rep d by an oval-shaped node, and rectangular nodes
represent ies an é@ts

Qo
| Object | | Object |

Figure 8. An Ontology of Activities
(Partial; Redrawn from [14])

Gk
s
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For example, the kitchen door sensor and the related motion sensor indicate the
activity of making a drink, which can be a hot or cold drink, which in turn can be
juice or milk from the fridge, as indicated by its sensor (see Figure 9). “Sensors,
once activated, present contextual evidence such as which room the inhabitant is in,
which objects the inhabitant is interacting with and whether or not an inhabitant is
moving around the home or room. All of this information provides valuable
evidence which in turn can be considered indicative as to what activities the

inhabitant is performing” [14].

Making a drink V,

7

'y
| Making cold drink |

Figure 9. Simplified Ontology york of KL@n Act|V|ties
(Partial; Red'rﬁ rom [14])
But such an ontology of activiti \ ssification since it is based on

physical devices to recogni e@ |t|es |n eal world. Ontology may mean
providing a classificationﬁ s and %lonships in all domains or spheres of
i

being (e.g., Porphyrian Tree™thing, mmaterial, animate/non-animate, ...).
Ontology may also begOnderstoo main ontology, a structured, taxonomic
representation of th es ag ons existing within a particular domain of

reality.

with ont S are rIy limited in their capacities (see, for example, Luger,
2008 [17] 2 ntologies to bring about regimentation of the available

information requtr;
the process (&6
FM ca\&mish a foundation for generic classification of activities. In FM, a

achine constructed from spheres and submachines. A machine is the
e activities are realized. Thus, an activity means that a thing flows in the
, In a state of being created, released, transferred, received, or processed, or
xture of these activities that may form chains of flow. Creation, release,
transfer, receiving, and processing provide basic categorization of activities. It can
be observed that chains of activities can be categorized as follows:

e Movement activity of release, transfer, and receiving, involving the
movement of things through stages or machines.

e Change activity that involves creation and processing. Thus, in the example
of a home with close monitoring (Figure 7). turning on the TV creates a
viewer that is processing (e.g., being entertained). Create here indicates the
appearance of a new state of activity in the house machine that does not
involve movement.

Since th’ Iang ;nd associated reasoning systems available for use

a maximum amount of clarity and precision at each step in
ructing a domain ontology. [16] (Italics added)
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Note that in FM conceptualization, movement as a term used in the smart home
literature is not an activity; rather, it is a flowthing. Suppose that in the TV viewer
example above, we want to monitor the person’s hand. As shown in Figure 10, a
movement is created and processed (1) to trigger (2) movement of the TV control
button (3), in turn triggering the creation and transmitting of a signal to the TV (4).
Also, movement can be released, transmitted, and received, as in the case of
mechanical wheels.

Hence, Figure 11 shows the classification of activities according to FM
conceptualization.

Person TV control
N *
Hand Button Signal w
Movement (7 o Movement (3) (v
[Createf®{Process| b F4 P Create |-»{Process=| =+»|Create~ReleaseM. T ransfer ¥
y 2

Figure 10. Hand Movement is a T’ atF W‘ ough the
Activities of Creat Proces
. O \9
Super- activity
@ per activity is formed fr_or_n

change and movement activities

Change actnvnty A ovemenm\@ ...... Change and movement

activities are formed from

@ < ‘ chains of basic activities
ivity :' '-.

S . Basic activity types
ation = Releaséyd'ransfer = Receive

Proc ss i
qure &ssificaﬁon of Types of Activities

Such a classifi can be used in deciding the types of activities to be
monitored. For, le, in the previously mentioned case of the activity of making
a drink (Figu given by Hong et al. [14], Figure 12 shows what is called an

evidentia ork of drinking activity recognition. We assume that a person who is
sitting e sofa, moves to the kitchen (1 and 2). This is detected by his/her
tran m the sofa (1) and then opening of the kitchen door (2). To further

he features of FM in terms of time representation (used in the next section),

e 12 shows a sequence of activities in which slots of time are created and

consumed (surrounding box). It is also assumed that only a single person is in the

house; thus, the one who has left the sofa is the same one who opens the kitchen

door. Accordingly, the sensors report entering the kitchen (3), opening the fridge

door (4), taking the milk container (5) that flows to the person’s hand (6) and mouth
(7). (Here we ignore the details of the milk container.)

140 Copyright © 2016 SERSC


http://www.sersc.org/journals/IJSH/

International Journal of Smart Home
Vol.10, No.12 (2016)

Create HPI’OCGSS | [ Create ¥b-Process | [ Create 39 Process |  Time slots (created and consumed)
Sofa (1) (3) Kitchen Soor
[Release | Transfer | { Transfer [»{Receive| | Fridgd @
Create OPEN
Door Process
Create
OPEN @ Release Create
Juice Transfer Process
Process: Transfer
Drinking? @ @
Berean g Mouth Hand V
@=| Receive [=| Transfer | Transfer
,.
=g <
| Create {g=f Process | Proce Creat
Figure 12. Description of Activitie ad tong

This flow-based description of activities is sifffilar to a w low of activities; it
draws a conceptual topology of movement rson a %ce and changes in states
of doors in the contexts of person and . In such presentation, we can see
clarity and precision at each step o N ty ing. This precision is in clear

contrast to Figure 9, the simplifie%5 logy ¢ of Kitchen activities given by

Hong et al. [14], which is stati not refle e continuity of events, and lacks
pure conceptualization by ;&mtingﬁ erms as sensors.

Accordingly, an ontology™ef acti \ an be based on a structure (e.g., a
hierarchy) that is sg@ented b ynamic flow of things. Such a research

approach could ingor statixela nships of machines.
5. Activity Ir‘%trce \Q
Additio ongée@. [14] propose evidential networks of context-aware

activity inférence in lower-level activities are used as evidence of higher-
level activities. T e notions such as noise and sensing errors and also the
Dempster-Shaf y of evidence [18]. The general process involves selecting
alternatives in&hierarchal ontology of activities to maximize the probability of

the occurgepce of a certain activity.
Simi %('Glogy-based activity recognition was used by Chen and Nugent [19] in
modeli ensors, objects, and activities to exploit logical semantic reasoning in
ng an incremental process for activity recognition. Their conceptual activity
@I includes activity with its various relations to time, location, duration, goals,
resOurces, etc. Their ontology consists of an activity hierarchy in which each node
denotes a type of activity that is described with a number of properties.

The scenario runs as follows: In first instance the kitchen door sensor is
activated. Then the system detects the activation of the sensors attached to a cup,
a teabag container and a milk bottle in a temporal sequence. Suppose no other
sensors were activated during this period that the above sensors become active.
The question is therefore which ADL [activity of daily living] just took place?
[19]
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FM presents a potential new approach to inferences. A knowledge base of
activities can be constructed for comparison with data given by the sensors. For
example, make hot tea can be represented as in Figure 13, where it is assumed that
the cup (1), teabags (2), and hot water (3) can be found only in the kitchen (4).
Accordingly, when

e The cup is taken from its compartment (5), this takes a time period t (6).

e The teabag is taken from its place (7), this takes a certain time period (8).

e The hot water is brought in (9), this takes a time period that occurs after t

(10),
The teabag and hot water are then mixed (11) in the cup to make hot tea (12). Note
the constraint that receiving the hot water occurs only after receiving the cup. Note
also that the so-called contextual information of the kitchen as a location is an
integral part of the FM diagram.

Now, suppose that sensors received data indicating the activity shown |n

14, as follows:
The kitchen door has been opened (1), and

[ )
e Someone has entered the kitchen (2)
e The cup has been taken from its compartment * @
e Hot water has been poured out
e A teabag has been taken O \\/
Time slot t1 Time *4 9
[Greate ] [Process | || [_Crgatef N
A _—
(6) 1 ‘\ :
e -
I ~ @
Hot tea
Transfer | | Release
9 Hot Water
1
A 4
(10)| Create | [ Process |
N T Time slot after t1
)
@ Figure 13. Make Drink Activity
B
reate | P Process Time slot
@O Other time slots
) Franter |-plesee | ek
[Recave]  [Receive]
Door Transfer Transfer
Teabag Hot water Cup
]

Figure 14. Actual Data Received from the Sensors (for
Simplicity, Some Boxes are Omitted)
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Then, consulting the knowledge base of Figure 13 and comparing the two diagrams,
it can be concluded that the activity of making tea has occurred. Note that in
addition to the constraints that the cup is taken first, then the hot water is poured
(Figure 13), there is the constraint in Figure 14 that the door be open and someone
enter the kitchen before any of the other activities can take place.

The issue of how to integrate activities and how to conduct the search for a
certain subdiagram in the knowledge base is a research issue beyond the scope of
this paper.

6. Conclusion

This paper contributes to the notion of “house as machine” by proposing a
methodology for producing engineering-type diagrams of machines that can be applied to
smart home design in resolving such issues as where to position sensors, how to classify,
activities, and how to recognize activity. It is clear from the given examples.th
presents a new methodology for representing activities in smart homes while a ing

related issues such as inferences for recognizing activities. This new appro course
in need of more research to resolve issues raised in the papefy such as ent of an
ontology that embeds flows, and comparisons of FM gra \ also needéd
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