United States Patent (19 1] 4,407,447
Sayegh [45] Oct. 4, 1983
[S4] ENERGY CONTROL SYSTEM 4,179,691 12/1979 Keller ... ... 340/567
. . . 4,294,404 10/1981 Gajjar ......ccceeevvrevererrenennnnn. 236/49
[75] Inventor: Marshall Sayegh, Vacaville, Calif. 4,307,576 12/1981 Takano et al. .......oooccccorere. 62/204
[73] Assignee: STA-TECH International, Inc., Primary Examiner—William E. Wayner
Winters, Calif. Attorney, Agent, or Firm—Limbach, Limbach & Sutton
[21] Appl. No.: 328,014 [57] ABSTRACT
[22] Filed: Dec. 7, 1981 An energy control system for a dwelling with a plural-
[51] Int. CL3 F24F 3/00: F24F 7/00 ity of rooms is disclosed wherein said system has a
[52] US. Ci """"""""""""""" 236, /49 165,22  Plurality of occupancy sensors, with each sensor
(58] Fi'el;'l of Search .. 236/49 78 B. 165 /77 adapted to detect the presence of a human being in a
""" ’ ’ room. The occupancy sensors are all connected to a
[56] References Cited computer with the computer controlling a plurality of °
U.S. PATENT DOCUMENTS dampers that regulate the air flow in the air ducts into
the various rooms. Upon the detection of the presence
3,724,534 4/ 1973 Weatherston .........c.cccceuence. }gg/ g of a human being in a room by the occupancy sensor,
g’gé‘;’igi gﬁg;s ﬁ%‘:’: et al 1 65;22 the computer sends a signal to the air damper control-
SB82908 /197 Gasso o lgSy1y  ling the air flow into that room to open the ai flow
3,896,871 -7/1975 Pecoraro et al. ... 16s/22  through that air duct.
3,934,797 1/1976 Perlmutter ..........coevveuenne. 236/46
4,174,064 1171979 Pratt, JT. cccovrvererveererencnennnns 236/1 B 11 Claims, 7 Drawing Figures

LIVING
ROOM

12b

DINING

2c

PETITIONER ECOBEE

EX. 1013



4,407,447

Sheet 1 of 3

U.S. Patent oOct. 4, 1983

191

191 HOLVINOFY TOYLNOD HIIWVO fe—
[ ]

nw_l_ dOLvIN934 TT04LNOD H3dWva Tl

09|—| HOLYINO3Y TOHLNOD ¥IdWVQ [+

VI O1d

1827

ONIN00J/9NILVIH
VYIN3D

9z

294

—

HOSN3S AONVANOJ0 b2
®

¥3LNAWOD {«—T

HOSN3S AONVANDD0 |- a2

HOSN3S AONVdNOO0 — 02l

/

14!

17914

oN; vN_/

—_ —_J

€ # C#
WOOY @39 |NOOY ag3d

— TIVH

WOOY
x| | #

WOO0Y 038 | HIvVE | ONIAIT

woou f— ¢

ONINId

NaHou [ 42

aN_W om_\

<«— Ol

PETITIONER ECOBEE

EX. 1013



Sheet 2 of 3 4,407,447

Oct. 4, 1983

U.S. Patent

19117

91

qoll

HOLVINOIY TOMINOD ¥3dWva 3WNLvYE3dNEL L pg
. AONVANII0
HOL1VIN93Y TONLNOD ¥3dWVA 6l .
vl F4NIVYIIWIL |
: — H3LNdWNOD ; YOSN3S
HOLVINO3Y TOHINOD H3dWVA - ADNVdN290 —42ll
qel’
Suniveadway — 8!
P9Il HOLVINO3Y TOHLNOD ¥AJWY
no 09 43 o_ MOSN3S |—bp2ll
AONVANID0
i og|
HOSN3S —
JHNIVYIANIL 1NIOd-13S .
301S1LN0 AVISOWYHIHL MO0
7 7 7
p2l 22 o2l
q¢ old be "Ol4
c # 2# c# 2#
WOOY d38|Wood a38 wooy| |woou aag| wood a3s wooy
ONINI] ONINIQ
= TIVH TIVH
I 9 ] wooy L | # /|, woou
woou a3g|Hival oNIAIN [NaHoLM| [woou a38 |HLvE | ONIAIT “|, NIHOLIM

9811 Ol

PETITIONER ECOBEE

EX. 1013



4,407,447

Sheet 3 of 3

U.S. Patent Oct. 4, 1983

ozl /

Ho0T10

G Old

el

. LNIOd-13S
1V1SOWYIHL

92—
| 9NIM00O/ONILYIH TWHINTD [«

il
¥3LNdWOD

e—————{ JUNLYYIdWNIL ——!8II
LJ

e————] 34N1VY3dW3L 98Il

3HNIVEIdNIL

D8l

EX. 1013

PETITIONER ECOBEE



4,407,447

1‘
ENERGY CONTROL SYSTEM

BACKGROUND OF THE INVENTION

The present invention relates to an energy control
system, and more particularly, to a system for control-
ling the air flow produced from ‘a central forced air
apparatus to rooms occupied by human beings, as de-
tected by occupancy sensors. v

Concern with energy consumption in heating or cool-
ing a building or a dwelling has caused a number of
systems to control the energy usage to be proposed. In
U.S. Pat. No. 3,814,173, a forced air heating/cooling
system has a plurality of room thermostats which open

or close the air dampers.- The thermostats are interro-:

gated to determine the demand for the heated or cooled
air. The fan speed of the heating/cooling unit is thén
adjusted in accordance to the demand. U.S. Pat. No.
3,865,181 also disclosesa system wherem the alr supply
rate is controlled. :

U.S. Pat. No. 3,882,928:and 'U.S. Pat. No. 3,724,534
both disclose heating or cooling of a dwelling by zones.

Portions of the building are heated or ¢ooled depending’

on the time of the day. Thus, in the daytlme, the zone
which is heated or cooled would be the living areas;
whereas, in the nighttime, the zone of heating or cool-
ing would be the sleeping quarters. .

In US. Pat. No. 4,174,064 and. U. S Pat No
3,934,797, both disclose energy conservmg systems
based upon the condition of occupancy of the rooms.
However, the condition of occupancy is a priori known;
i.e., either by check-out status as in U.S..Pat. No.
4,174,064 or is clock cntrolled as in‘U.S: Pat. No.
3,934,797. In addition, both patents disclose two states
of temperature control in each room: one range of tem-
perature control for occupied status, with another range
of temperature control for unoccupied status.

Computer control of the environmént in a building is
known. See, for example, U.S. Pat. No. 3,896,871. Infra-
red intrusion devices to detect the presence of an in-
truder within a region are also known. See, for example,
U.S. Pat. No. 4,179,691."

SUMMARY OF THE INVENTION

Therefore, in accordance with the present invention,
an energy control system for regulating the delivery of
a fluid to a region to control the temperature of the
region is disclosed. The region has a plurality of con-
fined spaces; the fluid is generated by a generating
means, in response to a thermostat; and is delivered to
each of the confined spaces in a delivery channel means:
The control system comprises a plurality of occupancy
sensing means, with each occupancy sensing means
adaptd to detect the presence of a human being in a
confined space and to produce an occupancy signal in
response thereto. A plurality of valve control means is
located in the delivery channel means with one valve
control means in each of the delivery channel means.
Each of the valve control means can regulate the
amount of fluid . passing through the delivery channel
means in response to a control signal. A logic means can
.receive the signals from the plurality of occupancy

: sensing means and can produce the control signals to
+activate the valve control means.

10

30

35

40

45

50

60

65

2

DETAILED DESCRIPTION OF THE
DRAWINGS

FIG. 1 s a floor plan of a typical house, suitable for
control by the system of the present invention.

FIG. 1a is a schematic block diagram of a central
heating/cooling apparatus with a plurality of air ducts
with which the system of the present invention is suit-
able for use.

FIG. 2 is a schematic block diagram of the system of
the present invention.

FIGS. 3A and 3B are floor plans of the house of FIG.
1 with day/night operation.

FIG. 4 is a schematic block diagram of another em-
bodiment of the system of the present invention.

FIG. 5 is a schematic block diagram of a portion of

the control system of the present invention which is also ~

suitable for use for controllmg the central heating/cool-
ing unit.

DETAILED DESCRiP’rION OF THE
. -DRAWINGS

Referring to FIG. 1, there is shown a dwelling which
is comprised of a plurality of rooms. For the purpose of
explanation of the present invention, a typical single-
family housing unit was chosen as the dwelling. How-
ever, as will be seen, the system of the present invention
may be applied in any type of dwelling in which there
is a plurality of rooms or confined spaces. In the dwell-
ing shown in FIG. 1, a central heating/cooling forced
air apparatus 26 generates conditioned air, which is
delivered to each of the rooms by a plurality of air ducts
28a-28i. The central forced air heating/cooling appara-
tus 26 and the plurality of air ducts 2842-28/ are of con-
ventional designed. Each room is serviced by at least
one air duct, 28 and in the case of a large room, such as
the living room, the room can be served by more than
one air duct.

Referring to FIG. 2, there is shown a system 10 of the
present invention. The system 10 comprises a plurality
of occupancy sensors 12 (A-G). Each occupancy sensor
12 detects the presence of a human being in a room. Of
course, more than one sensor per room may be required
where the room is large, as in the example of a living
room. The occupancy sensor 12 is of conventional de-
sign. Typically, they are infrared intrusion detectors,
capable of detecting the presence of infrared radiation
from a human being. Other types of occupancy sensor
12 include ultrasonic, active infrared, laser or contact
switch. In response to the presence of a human being in
the room, the occupancy sensor 12 produces an occu-
pancy signal. All of the occupancy sensors 12 are con-
nected to a computer 14. A plurality of damper control
regulators 16 (A-I) are controlled by the computer 14.
Each damper control regulator 16 is in each of the air
ducts 28. In response to the signal from the computer
14, each damper . control regulator 16 controls the
amount of air passing through that particular air duct
28. The computer 14 receives the signals from all of the
occupancy sensors 12 and in response to those occu-
pancy sensors 12 which have detected the presence of
human being, the computer 14 sends a control signal to
the particular damper control regulator 16 to open the
air duct 28 of which that particular damper control
regulator 18 is regulating, and to deliver the condi-
tioned air into that room from which the occupancy
sensor 12 has detected the presence of a human being.
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It should be noted that the system 10 of the present
invention is directed to the regulation of the fluid flow,
such as air, to rooms that are occupied as determined by
the occupancy sensor 12. The system 10 of the present
invention does not regulate the fan speed or the pressure
of the forced air generated by the central heating/cool-
ing apparatus 26. The system 10 of the present invention
delivers conditioned air, i.e., heated or cooled air, to
heat or cool people, as detected by the occupancy sen-
sor, and not to heat or cool empty spaces. However,
since the system 10 of the present invention does not
control the fan speed or the pressure of the central
forced air heating/cooling unit 26, in the event only a
few persons occupy the dwelling, only a few damper
control regulators 16 would be on or open. This could
cause a back pressure within the central heating/cool-
ing unit 26. Therefore, to alleviate the back pressure,
the computer 14 can send a control signal to the damper
control regulators 16 (A-I) to open the ducts 28 to the
unoccupied rooms to alleviate the back pressure. Of
course, the heating or cooling of the unoccupied room
or rooms is accomplished only after the requirements of
the occupied room have been fulfilled first. The direct-
ing of the conditioned air into unoccupied rooms is
simply to alleviate the back pressure upon the central
heating/cooling unit.

As previously described, the occupancy sensors
12(a-g) are of conventional design, such as passive in-
frared intrusion detectors. Each damper control regula-
tor 16 (a-i) is also of conventional design, such as low
voltage servo-motor actuated damper. The computer 14
can be any suitable microprocessor, such as Zilog Z-80.
In addition, of course, hardwire logic, such as the occu-
pancy sensor 12 triggering a relay to energize the par-
ticular damper control regulator 16, can be used instead
of the computer 14. For safety reasons, it is desirable to
have the control regulators 16.left normally open. In
response to an occupancy signal from the occupancy
sensors 12, the computer 14 will do nothing with re-
spect to that particular regulator.16.

Referring to FIG. 3, there is shown a plane view of a
dwelling having two zones: A daytime zone, as shown
in FIG. 3A; and a nighttime zone, as shown in FIG. 3B.

Referring to FIG. 4, there is shown a system 110,
which is another embodiment of the present invention.
The system 110 comprises, as described heretofore, a
plurality of occupancy sensors 112, with each occu-
pancy sensor 112 detecting the presence of a human
being in a room. The output of each occupancy sensor
112 is connected to the computer 114 through a delay
113. The computer 114 sends a control signal to the
plurality of damper control regulator 116, each of
which regulates the amount of air passing through the
air duct 28 in which it is located, in response to the
control signal from the computer 114. The system 110
also comprises a plurality of temperature sensing means
118 (A-G) with each temperature sensing means 118
measuring the temperature of each room and producing
a temperature signal in response thereto. The output of
each temperature sensing means 118 is connected to the
computer 114. A clock 120 is connected to the com-
puter 114. A thermostat set point 122, which is a tem-
perature value set by the user and is used to activate the
operation of the central heating/cooling unit 26, is also
connected to the computer 114. Finally, an outside
temperature sensor 124 is also connected to the com-
puter 114. The operation of the system 110 may be
understood as follows.
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The clock 120 sets the time of day from which the
type of zone, each room is in, is determined. For exam-
ple, the living room, as shown in FIG. 3A, during the
day is in the primary zone; whereas during the night,
the living room, as shown in FIG. 3B, is in a secondary
zone. The term “‘primary zone” is used to denote the
zone of primary importance to the central heating/cool-
ing unit 26 during that time of the 24-hour day. Simi-
larly, the bedrooms, during the day are in the secondary
zone, whereas during the night, they are in the primary
zone. The plurality of temperature sensing means 118
(A-G) measure the temperature of the respective room
each temperature sensing means 118 is in, and send that
information to the computer 114. The thermostat set-
point 122 is the user-set temperature, to which the tem-
parature as measured by the temparature sensing means
118 are compared. Finally, the outside temperature
sensing means 124 measures the temperature of the air
outside of the dwelling in order to provide the com-
puter 114 with a measure.of the capacity of the heating-
/cooling capability of the central forced air unit 26.

In the operation of the system 110 of the present
invention, as previously described, the occupancy sen-
sors 112(A-G) determine the presence or absence of a
human being within each room by generating occu-
pancy signals. These occupancy signals are sent to the
computer 114 after passing through the delay 113. Typi-
cally, the delay 113 is on the order of three (3) minutes.
This delay is to permit occupants to enter into a room,
stay briefly, and then to leave the room without activat-
ing the system 110. At the same time, the temperature
from the temperature sensing means 118 of all the rooms
are also sent to the computer 114. The temperature of
the occupied room, as determined by the temperature
sensing means 118, is compared to the temperature from
the thermostat set-point 122. In the event the tempera-
ture, as sensed by the temperature sensing means 118,
indicates that the temperature of that occupied room is
sufficient, as compared to the thermostat set-point 122,
the computer 114 activates the control regulator 116 to
close the air flow into that room. By sufficient, it is
meant that in the event the central heating/cooling
apparatus 26 is in the heating mode and the temperature
sensed by the temperature sensing means 118 is substan-
tially at or above the temperature set by the thermostat
set-point 122, then the temperature of the occupied
room is sufficient. Conversely, if the central heating-
/cooling apparatus 26 is in the cooling mode, and the
temperature as sensed by the temperature sensing means
118 of the occupied room is substantially at or below the
temperature set by the thermostat set-point 122, then
that occupied room is also sufficient. In the event the
temperature sensed by the temperature sensing means
118 as compared to the thermostat set-point 122 is insuf-
ficient, the computer 114 would then send a control
signal to that particular damper control regulator 116 to
regulate opening of the air regulator of that air duct
leading into that occupied room. The computer 114
would first satisfy the air flow to all the rooms which
are occupied and which are insufficient as determined
by the temperature in that room compared to the ther-
mostat set-point 122. In the event the central heating-
/cooling apparatus 26 has more capacity than the de-
mand of the occupied rooms that are insufficient, then
the computer 114 sends control signals to the damper
control regulators 116 to regulate opening of the air
ducts to the unoccupied rooms in order to alleviate any
back pressure on the central heating/cooling unit. The
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prlorlty of delivering conditioned air into unoccupied
rooms is determined as follows. First, the computer 114
attempts to deliver air into unoccupied rooms in the
primary zone which are temperature insufficient. More-
over, within those unoccupied rooms in the primary
zone which are temperature insufficient, the system 110
satisfies the temperature demand of those rooms in the
order of priority of first to those rooms which have the
highest differential in temperature between the temper-
ature of that room and the thermostat set-point 122.
Thus, the excess capacity is first delivered to all the
unoccupied rooms which are temperature insufficient
within the primary zone. In the event there is still ca-
pacity leftover from the central heating/cooling unit,
the computer 114 would direct control signals to the
damper control regulator 116 regulating the opening of
the air ducts to unoccupied rooms in the other zones.
The above-outlined priority of delivery of air can be
implemented by a computer program in the computer
114.

As is well known, the capacity of any central heating-
/cooling unit is determined by its BTU output. The
amount of space or volume of air which the central
heating/cooling unit 26 can heat or cool within a dwell-
ing is determined in part by the outside temperature, by
the insulation of the dwelling, and by the particular
activities within the dwelling, such as the number of
occupants and heating and cooking, etc. However, the
largest component of the above which determires the
capacity of the central heating/cooling unit is deter-
mined by the outside temperature. Thus, an outside
temperature sensing means 124 provides a measurement
of the temperature outside the dwelling and this infor-
mation is entered into the computer 114. Based on the
outside temperature sensing means 124, the computer
114 also determines the capacity of the central heating-
/cooling unit 26 and regulates the damper control regu-
lators 116 in response thereto. If there is a large capac-
ity, and all the occupied rooms are temperature satis-
fied, then the computer 114 would control the damper
control regulator 116 to open the air ducts to the tem-
perature insufficient unoccupied rooms, first to those in
the prlmary zone, and secondarily to other unoccupled
rooms in other zones.

Referring to FIG. 5, there is shown yet another use
for the system 110 of the present invention. A plurahty
of temperature sensing means 118 have output§,which
are entered into the computer 114. The clock 120 and
the thermostat set-point 122 are also connected to the
computer 114 and are as previously described. The
computer 114 is connected to the central heating/cool-
ing apparatus 126. However, in the embodiment shown
in FIG. 5, the thermostat set-point 122 does not activate
directly the central heating/cooling apparatus 126. In-
stead, the computer 114 determines the temperature, as
detected by the temperature sensing means 118 of each
of the rooms in the primary zone based on the time of
the day as supplied by the clock 120. In the event a
majority of the temperature sensing means 118 in the
primary zone as compared to the thermostat set-point
122 indicates that the temperature in those rooms are
insufficient, the computer 114 would then activate the
central heating/cooling unit 126. Insofar as the user is
concerned the operation of the thermostat set-point 122
is the same as. previously.

The occupancy sensor 112, damper control regulator
116 and computer 114 are all as previously described.
The delay 113 can be an adjustable solid state delay.
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6

Each of the temperature 118 is of well known design,
such as thermocoupler or voltage type reader. The
thermostat set-point 122 and the outside temperature
124 are temperature sensing devices and can be of the
same design as the temperature sensors 118.

There are many advantages of the system of the pres-
ent invention. First and foremost is that, with the system
of the present invention, the system does not control the
speed of the fan of the central heating/cooling unit.
Thus, the control system is much simpler in operation.
Furthermore, the system of the present invention is
directed to heating or cooling rooms which are occu-
pied by human beings—not empty rooms. Moreover,
since the present system is directed to supplying condi-
tioned air to rooms which are occupied, and not all the
rooms of the dwelling are occupied one hundred per-

cent (100%) of the time, a much smaller central heating- -

/cooling: unit than a conventional unit can be used in
such a dwelling. Thus, there will be considerable sav-
ings in the size of the central heating/cooling unit. Of
course, comfort is still maintained, and to the user, the
system of the present invention is the same as the prior
art operation ‘

What is claimed is:

1. A fluid ¢ontrol system for regulating the dehvery
of a fluid to a region to control the temperature of said
region, wherein said region having a plurality of con-
fined spaces, said fluid generated by a generating means
in response to a thermostat, and delivered to said con-
fined spaces in a plurality of delivery channel means,
said control system comprising:

a plurality of occiipancy sensing means, with each
occupancy sensing means for detecting the pres-
ence of a human being in a confined space, and to
produce an occupancy signal in response thereto;

a plurality of valve control means with one valve
control means in“each of said delivery channel
means, each of said valve control means for regu-
lating the amourit: of fluid passing through said
delivery channel means in response to a control
signal;

a plurality of temperature sensing means, with each
temperature sensing.means for measuring the tem-
perature of each confined space and for producing
a temperature signal in response thereto; and

logic means for receiving said plurality of occupancy
signals and temperature signals and for producing
control signals to activate the valve control means
to direct the delivery of said fluid to the confined
spaces in accordance with the following priority
until the capacity of said generating means is
reached:

(a) all occupied confined spaces as detected by the
occupancy sensing means, wherein the tempera-
ture signal of each: occupied confined space is
compared to said thermostat and in the event the
temperature of said -occupied confined space is
insufficient, said logic means is adapted to con-
trol the valve control means to deliver said fluid
to said occupied confined spaces until the tem-
perature of said space is sufficient; and

(b) unoccupied confined spaces in accordance with
the following priority, wherein the temperature
signal of each unoccupied confined space is com-
pared to said thermostat, and said logic means is
adapted to control the valve control means to
deliver the fluid to the confined space which is
insufficient and which has the highest differential
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7
between the temperature of said confined space
and said thermostat.
2. The system of claim 1, wherein said region is a
‘hwelling; and each confined space is a room.
3. The system of claim 2, wherein
said fluid is air;
said genérating means is a central heating or cooling
forced air apparatus;
each delivery channel means is an air duct; and
each valve control means is an air damper means.
4. The system of claim 3 further comprising
a plurality of delay means; and
each of said occupancy signal is passed through a
delay means to said logic means;
said system for delivering air to an occupied room as
detected by said occupancy sensing means after a
period of time set by said delay means and said
room is still occupied.
5. The system of claim 4, wherein each of said occu-
pancy sensing means is an infrared detector.
6. The system of claim 4 wherein each of said occu-
pancy sensing means is an ultrasonic detector.
7. The system of claim 4, wherein each room is cate-
gorized into a plurality of time dependent zones.

8

8. The system of claim 7, wherein said system is
adapted to produce control signals to said air damper
means to direct the air flow to the rooms in accordance
with the following priority:

5 (a) occupied rooms as detected by the occupancy
sensing means that are temperature insufficient;

(b) unoccupied rooms in the primary zone, in accor-

dance with the priority of rooms which are temper-
ature insufficient and.which have the highest dif-

10 ferential between the temperature of said room and
said thermostat; and

(©) unoccupled rooms that are temperature insuffi-

cient in other zones.

9. The system of claim 8, wherein said loglc means is

15 further adapted to activate said central forced air appa-
ratus in the event a percentage of the temperature of the
rooms in the primary zone, as compared to said thermo-
stat is insufficient.

10. The system of claim 9, wherein said percentage is

20 at least a majority of the temperature sensing means.
11. The system of claim 10, further comprising
an outside temperature sensing means adapted to
measure the temperature outside of said dwelling;
said outside temperature sensing means connected to
25 said logic means.
x % * * *
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