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In the summer season "free cooling™ is utilized at night .
as well as duting occupied hours, reducing cooling energy

consumption and often demand load charges,
v

In contraét to many other conservation techniqﬁes, the
absolute sayings from Predictive Control are enhanced by
most other conservation techniques. Reduction of
infiltration increases the savingsbpossible with controlled
predictive ventilation, by lowering the minimum ventilation
achievable when ventilation inéreases energy usage,
Increased insulation or glazing resistance increases the .
thermal inertia time censtant, and the separation between
the cooling and heating balance tempetatures, so more time

. ?

is available to store heat or cold in the available thermal

mass, and it can be utilized over a longer period. Delamping

reduces the internal heat gains that can be utilized in

winter, but has a greater impact on the summer cooling

regquirements because the indoor outdoor temperature.

.differences are much smaller in summer, in most climates.

Anjthing that reduces the temperature differences beteeen
different zones of a building will enhance the savings with
Predictive Control because the effective temperature band of
operation will be widened. Complaints from the colder rooms
limit the amount of pre-cooling possible, and’complaints
from the warmer rooms limit the amounts- of pre-heating
possible. As an example, judicious amounts of phase change

- 4
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p ' CHAPTER 2
)
TEMPERATURE PREDICTION ROUTINE

i "/ '
g.o Introduction

.Since the start of human civilization, weather
prediction has been an important factor for men,
particularly. for farmers and sailors. The prediction process
was crude, and sudden changeé were not usualiy foreseen.,
Nowadays, with detailed weather records for several decades,

and low cost micro-computers available, we can do better.

In this chapter we describe the develop@ent of a micro-
computef program which is capable of forecasting hourly
;mbient temperatufes 24 hours in advance fbr normal weather
and of sensing the'a;rival of abnormal weather, using
ambient temperatures measured gn site for the 12 previous
hours and three constants derived from historical weather
data. In normal yeather, the daily variation Sf ambient
temperature is similar to the‘historical'pattern, whatever

¥

the daily mean temperature. Abnormal weather occurs during a

cﬁange of weather system:- i.e. the daily mean temperature

changes suddenly. A weather front is the boundary between a
high pressure system and a low pressure system. Wﬁen a high

pressure‘system arrives the temperature will drop rapidly

(5 L un
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fundamentgl and the first and second overtones of the
Foutief/geries. It was found that the second overtone 4id

not improve the accuracy of the fit sufficiently to warrant

‘its use. Thus, the equation used for the fits shown in Fig.

,\f'2.2 - 2.13 was the equivalent of:-

CUUTA(E) = A(L) + A(2) * SIN(WAE) + A(3) * COS(wAt) + A(4)
*SIN(2*w*t)+A(5)*COS (2*w*t) (2.1)

Where &A(t) is the ambient temperature, and w is the
angular frequency of the fundamental, w = 2 * %/ 24

(rad./hr.)

In order to speed up the calculation, the cosine.
functions were replaced by two phase angles, ©6; and 9{,

in the sine terms. Therefore, equation (2.1) becomes:~-

TA(t) = C(1)+C(2)*SIN(w*t+ 6; )+C(3)*
SIN (2*w*t+ 6,) (2.2)

Where : C(l1) A(l)

C(2) = JA(2)2 + A(3)2

c(3) = /a(4)2 + a(5)?
'8y = TAN-1l [A(3)/A(2)]
8, = TAN-1 [A(5)/A(4)]
w= 2 * 1 / 24

t = Time

e B I Ll e e T S D P}

e
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TE“PERATURE VARIATION CURVE FITTING FOR JUNE

POWER REGRESSION: -
Y = C(L)+C(2) *SIN (w*t+3% 0 ) +C(3) *SIN (2*w*t+0 )
' WHERE w = 2%T/24

6 = 1.2951
~C(1) THROUGH C (M) ,
C(l) = 0,7938E+91
C(2) =- 0,7115E+01
C(3) = 0.5883E+00
ACTUAL ACTUAL CALCULATED ' ABSOLUTE
t Y Y DIFFERENCE
0.00 4.0 - 3.7 0.3
1.99 3.0 2.5 0.5
2.09 2.0 1.6 0.4
3.00 1.0 1.0 0.9
4.90 9.0 0.8 0.8 R
5.00 1.0 1.2 0.2
6.00. 2.0 2.1 0.1
.7.00 3.0 3.6 0.6
8.00 6.9 5.4 0.6
9.00 . - 8.0 7.5 0.5
19.00 10.0 9,6 0.4
11.00 12.0 11.6 0.4
12.00 13.0 13.3 0.3
©13,00 14.0 14.5 0.5
14.09 15.9 15.1 0.1
15.00 15.0 15.2 . 0.2
16.99 . 14.5 14.7 0.2
17.00  ° . 14,0 13.8 0.2
18.00 13.90 12,6 0,4
19.00 12.0 11,2 0.8
29.00 9.0 9.6 0.6
21.00 8.0 8.1 0.1
22.00 6.9 6.5 0.5
5.0 5.1 0.1

23.90

t

' Table 2.6 Temperature variation curve fitting for June
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TEMPERATURE VARIATION CURVE FITTING FOR DECEMBER

POWER REGRESSION:-

.Y = C(1)+C(2) *SIN(w*t+3% 08 )+C(3) *SIN(2*w*t+ ©)

WHERE w = 2%T/24
g = 1.2422

. C(1) THROUGH C (M)

C(l) = 0.2217E+01
C(2) = 0.1979E+01
C(3) = 0.71B6E+0)

ACTU ACTUAL CALCULATED ABSOLUTE
-t Y Y DIFFERENCE
0.00 0.3
1.02
2.90
3.9
4.00
5.90
6.92
7.00
8.00
9.02
10.00

"11.00
12.00
13.22
14.00
15.00
16.00
17.00
18.090
19.00
22.00
21.09
22.90
23.90
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with “an Analogue/Digital converter card and a battery

“a

operated clock. Suitable filters to prevent signals induced
by elevator switch sparks-or T.V. stations from changing the

switch channel were installed. The data collection is

controlled through a program which will be discussed later.

Wires are used to connect the joystick soéket (Fig.
2.14, Table 2.13) [5] of the computer to the switch control.
Within the joystick socket, there are 4 annunciators, ANO,
AN1, AN2 and AN3. When AN2 is triggered, the switch scanner
is reset to the first sensor connection. The scanner is
switched to the next sensor each time ANO is triggered, to

read the desired measurement.

The A/D converter [6] transforms the electric voltage
received through the amplifier into Binary Coded Decimal

numbers for storage by the Apple II+ computer.‘

"o

The data acquisition program as well as the program to
retrieve data are listed in Appendix B. The time interval
between each reading is user selectable. The B.C.D. data is
traﬁslated into~simp1e binary eq?e and sorted into(separate“
files, periodically stored on\disk. The retrieve data
program is used to transfer data from disk for calculation

or display.‘
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TEMPERATURE. VARTATION CURVE FITTING FOR 20th October, 1983

"' ' POWER REGRESSION:-
Y = C(1)4C(2)SIN(w*t+3*%9 )+C(3)*SIN (2*w*t+ o)  —— ——
3 . . 7

WHERE w = 2%:;/24
9 = 1,2862

C(l) THROUGH C(M)

C(l) = 0.5073E+01
C(2) = 0.5528E+01
.C(3) = 0.2003E+01

ACTUAL . ACTUAL CALCULATED  ABSOLUTE
t - Y DIFFERENCE
9.00 | |
19.00
11.00
12.00
13.00
14.00
15.00
16.00
17.00
18.00
19.00
, 20,00
21.00
22.00
23.00
24.00
' 25.00 N
26.00 \
27. 00
28.00 -
29.00
30.00
31,00
32.00 -

<

* - L] . L]
s ® s & o
s ® e

ey
DOOONAW
. L ]

* [ 3

L ]

s

s MO HOOoOHMNMNWARBUVLDUVLVOAINANJOVOOHHRHFOOWVMW

r L * o & o o o

e e o &8 8 8 ¢ @& s ¢
.

AR WNOUDWOUNIORAINUVORANATDANDNRAOWEH O
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"
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' -Table 2.15 Tempe:aturéfvatiption~cutve fitt;ng for
' 20th -October, 1983" ‘ feee
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TEMPERATURE VARIATION CURVE FITTING FOR 9th November, 1983

POWER REGRESSION:- . .
Y = C(1)+C(2)SIN(w*t+3%8 )+C(3) *SIN(2*w*t+ 6 )
WHERE w = 2%7/24

el ‘ N .) e i 113884
C(l) THROUGH C (M) \
B \. * C(l) = 0.8408E+01,- .
C(2) = 0.3287E+01 S T

~C(3) = 0.1808E+01 "

ACTUAL ACTUAL CALCULATED ABSOLUTE
t Y. Y DIFFERENCE
9.00 12.0 o 8.9 3.1
e 10.00 13.6 " 10.6 3.0
11.00 ., 12.5 : 12.1 0.5
12.00 13.6 13.0 0.7
13.00 12.0 13.3 1.3 .
14.00 \ 11.8 12.9 1.1
15.00 10.2 11.9 « 17 .
16.00 9.5 19.7 1.2 b
17.00 9.1 9.4 . 0.3 .
18.00 8.6° 8.3 0.3
19.00 8.3 7.6 0.6
20.00 8.2 7.3 0.9
. 21.00 8.6 7.3 1.3
22.00 8.1 7.4 0.6 ‘
23.00 7.9 7.5 0.4
24.00 6.8 7.4 0.5
25,00 6.8 7.0 . 0.2
. 26.00 6.0 6.3 . 0.3
27.00 3.9 5.5 y 1.7
28.00 . 5.2 4.9 0.3
< 29,00 4.7 4.7 0.1
30.00 4.8 4.9 0.1
31.00 4.5 5.8 1.3
32.00 5.1 7.2 2.1

" Table 2.18 Temperature variation curve fitting for .
: 9th November, 1983
.
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4

responds too slowly to fast moving weather fronts, which are
typicallyof 3 to 4 hours duration in Montreal. To sense the
weather front, we generate a 24 hour experimental curve from
the first six of the twelve observations, and shift the
historic .curve to match the average of that experimental
curve. The last six observations are then compared
statistically to thé shifted historic cm;rve. The boundary
between normal and abnormal weather is taken at a standard
deviation of 1.6. This corresponds to an error of .l.5 OC for
each of the 6 points. For higher standard deviations, we
sﬂwitch to the weather front strategy subroutine. For
étandard deviations less than 1.6, we shift the historic
curve to a mean derived from all 12 observations and proceed
with the predictions for purcilased energy. The results of
this process for a slowly moving weather front are shown in
Fig. 2.23 to 2.25. The arrival qf the weather front is

sensed at time 20:00 in Fig. 2.24, 4 hours after it began.

The weather front strategy subroutine contains a éectior_x

to cheak at each hour whether or not normal temperature

. patterns have been reestablished. This is done in two

A} .
different ways consecutively. First, it may happen that the
new normal temperature pattern has the same 24 hour average

temperature as the pattern before the arrival of the weather

—

front. To examine this possibility, we compare the last six

observations statistically with the extension in time of the
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-

installed, which will change periodicdll)dtThus we need a

. A . .
model for the losses and inertia of the building which can.

" be updated according to meashreme?gs of the actual

-~

situation, as built and as operated. We prefer a8 model where
the update can he handled automatica%}y by the computer,
with' low cost sensors. This led us to investigate models

where the inertia and loss parameters can ye inferred from

¢
v

the periodic temperature measurements requﬂjed in any case

for the control function of the computer program, i.e. from

a series of measurements of room and ambient temperatures.

-

3

The metpod chosen also helps to alleviate another
problem. For simple buildings, we would like to use only one

indoor thermometer, ¢to minimize calculation ¢time and

computer memory requirements, as well as sensor costs., Ih

0 ¥

: ;
general, it will be impossible to *locate that thermometer so
that it reads the average temperature for the indoor air in
contact with every exterior wall of the building. In most

buildings, both vertical and horizontal temperature

gradients are larger than S degree Celsuis on many days 6f

the year. The ;herﬁometer cannot be placed where it will

interfere - -with occupant traffic. In addition, that

t

. thermometer may be‘ﬁborly‘éqiibrated. However, iifall of the
h

control decisions are taken in terms of e attuasl

-temperatures read, wherever the indoor and outdoor

thermometers are placed, we can éd?ust the irnertia and loss.
) ‘ . . \

, ' ;
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constants of the model to compensate for the difference
between those readings and the average temperature that
would be used.in a priori-calculations of the heat losses.
In any case, we can only check the calculations against the
recorded temperatures. Thus we need to predict the
temperatures atlthe position of the sensors used, not at
some arbibrary spot corfesponding to average room or ambient
temperature over all the walls and roof of the building. The
inertia and loss constants derived from the temperature
measurements and our model will not be "accurate" in . terms
of the average room temperature. That is of little
consequence here, because the ‘control decisions are to be
made according té measurements by the actual thermometers ‘as
set in place. There is no need to predict average room
temperature at all: we nee% only to ensure that our
predictéd temperatures match later mesurements, by varying
parameters in the model until they do.\After a few weeks-of
monitoring, parameters accurate enou%P for ﬁhe control

program are obtained. 4 |

4

The model used is a simplified version of the one used

by Kerr [13], [14], [15] and by Shapiro [22] ta analyse the

' measurements taken at the La Macaza solar house and the B.P.

S
greenhouse. The .analogy between Ohm's Law,-4V = IR-and the

linear heat f£low eguation AT = gR, which forms the basis

for the definition of "thprmal resistance" is showh in Table
‘- .

3


















' average ambient temperature to the nightime average
temperdture.- fn addition, a program (S.UJ@N.Y.) was
developed to calculate the extreme dawn and dusk
temperatures for clear day. That program requires the
orientation and area .of the glazing for input, to calculate
the sola; iqtensity. By using this square wave input to
predict the extreme temperatures for clear-design days,
designers can quickly decide whgther overheating will occur,
and chahge theis glazing or .storage design as required,
since the éolutions for 'the temperatures are simple single
exponential buildups or decays. The main diéadvantages for
- the present task are that the times when maximum and minimum
temperatures occur are shifted by several hours, and that

several iterations are required before a stationary solution

is reached.

In order to predict room temperature accurately as a
. function of time, realistic solar intensities and ambient
temperatures must ‘be used. Square wave approximations are

not useful for predictive control. ' ‘ ‘

/

The time dependent ambient temperature is expressed in

the Fourier series form which was discussed in Chapter 2.

a

TA(t) = C(l) + C(2) * SIN(w*t + 3% ) + C(3) *

SIN(2*w*t + ©)

Where: ‘TA(t) = Ambient temperatufe at time t.



















.‘ | ‘ <
, room temperatuig remains constant. If the 1nterna1 source 13
;arg4} than the heat loss, charging will oqcur. Otherwise,.
,/the capacitor will discharge, keeping room temperature

higher than ambient temperature. All these states are

represented by the following equations:

For loop ABDE, IV = 0 S

1
-/ 12 * at + Rc * 12 4+ RLS * 12 + RAL * I3
C
+ TA(t) = 0 : (3.4)
Constraint:

I3(t) = IG + I2(t)

With I2 negative when the capacitor is being charged by

part of IG, and I2 = 0 when IG = I3, at equilibrium.

The heat flow out of the capacitor with no solar input

is found to be:

C(2) * SIN(w*t + 3%*0 + ¢3)

Iz-A*e"’"-w*c*c*{ +

(a€ + w*)

2 % C(3) * SIN(2*w*t +0 + ¢4
} (3.5)
@ + (2*%w)“)

Room temperature is expressed as:

TR(t) = (I2(t) + IG) *,RAL + TA(t) (3.6)

==



| n
f‘ -
| -
- e
(
».
|
1l .
|
 § -
& <.
Y wt— — — — - ] — - — —.—.1
T : external
| woll .
L
€ oo
mm'q}n uir govity /
|
' Inlernel
: well
“ O - ——— Gm— —
¢ <
a+— - csms Gl Guad ——
T e
d £
-1 T

WINDOWS TESTING CHAMBER: STCTION AA

Figure 4.2 Vertical section through the test hut -
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was’ supplied by a 1465 Watt (5000 BTU/hr) window air
conditioner. The model used was a Mastercraft-5000,

manufactured by Canadian Tire Limited.

'The heater for the test room was a 1500 Watt Mastercraft
‘baseboard heater. The éooling equipment was an air-
conditioner identical to that placed in the cavity,

previously calibrated by E1 Diasty [6].

[

4.3 The On Line Control Program

N

\ Because of the RAM memory lxmitations of the Apple II+
computer, t e Predictive ControL,PrOgram is organized as
five separate programs on a disk, written to RAM
sequentially as required, and linked by common memory files,
kept on the same disk. Files of all the monitored
temperatures and the changes in the modes of operation of
the H.V.A.C. system were kept on a,secona disk, to be used
for analysis. The five major programs are : (a) The
Initialization routine, ‘used to reserve space for the common
memory files bn the disk, apd to collect values for ambient
témperature\for the first 12 hours, for use in the first
prediction (c.f. flow charts and program listings in
ARppendix E); (b) The Prediction routine , used to calculate

‘the coefficient C(1l) from the 12 hours of recorded ambient

temperature, '‘and to decide if the recent temperatures are
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control is resumed with a new C(l) corresponding to ambient
temperature after the weather front. In most‘cases, this
Abnormal Control strategy will amount to opposing the change
induced by'the weather front with free heat or coocl: i.e. we
heat du;:ing a cold front and cool during a warm front. The
compensation (if any) at the restart . of Normal Control will
also usually be done with free heat or cool. Occasiocnally,
however, this Abnormal Control strategy will not be optimal
and will result in some purchased heai: or cool. However,
this cannot be predicted in advance, fegcause we don't know
in advance what the 24 hour average ambient temperature
after the weather front will be. More complex control
étrategies would also miss the optimal action occasionally,
so a simple strategy was chosen. The .steps taken in Abnorml
~Coﬁrtrol are correspondingly simple. Code 4 is stored in

OPER, and the Time Control program is called from disk 1 to

create the appropriate signals to turn the fan on and off.

4.2.5 Time Control

Signals to operate the data acquisition system and to
turn the appliances on and off are generated in this
routine; at five minute intervals. The first step is to read
the OPER file, which contains the operation codes and
durations selected during the Normal and Abnorm&l Control

routines. Next the nine temperatures are read from the

\
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D.A.S. and the time is taken from the Apple Clock board in
the Apple. Every 15 minutes, the temperatures are averaged
and stored on disk 2, and the prediction routine is called

at the end of each hour.

If room temperature is outside the comfort range, either
the baseboard heater or.the air conditioner is”turned on for
five minutes, and either Code 2 or Code 3, plus the time are
files on disk 2. This action has first priority, and
continues until either room temperature reaches the comfort
zone or the hour is up. With room temperature in the comfort
zone, and Code 0 (fan, baseboard heater, and air conditioner
off, internal gains on), the appliances are turned off, Code
0 and the time are filed on disk 2. Ig room temperature is
still within the comfort zone at the next five minute check,
this process is fepeated for another five minutes, unless
the hour is up. For Code 1 (fan precooling) the fan is
turned on for 5 minutes, if TR > TA, Code 1 and the time are
filed on disk 2, and the duration in RAM is reduced by five
minutes. If ambient temperature is too high for pre-cooling,
no action is taken until the next five minute readings for
TA and TR. for simplicity, the escapes from (10) and (12) to
(8) when the reguested 'duration for pre-cool has been met
are not shown on the flow chart. For Code 4, (neither pre-
heat nor pre-cool required) the fan is turned on or off to

move room temperature to within a degree of the middle of
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Rp, = 212 °C/kW corresponds to an R value i({'x British
Units of R7.5 (hr.ft2.F/Btu). An A.S.H.R.A.E. [1]
calculation using constants for the materials quoted in El
Diasty's thesis gave R1l. Since the fan and exit damper
openings prov'ide extra infiltrai:ion and the test hut
materials and seals have had four years of deterioration
exposed on the roof, and since the effective R value should

be reduced by losses to the cavity, R7.5 is a reasonable

value.

To check the magnitude of the losses to the cavity when
room temperature was ahove 25 ©°C on Nov. 8, a subsidiary
calculgtion ;:as done with Rpr, reduced by a factor of 4/9 for
the last six points of the predicted hourly room temperature
curve, The value 4/9 was obtained from A.S.H.R.A.E.
calculations for the heat losses through the front panel and
the cavity walls at hour 33, with room temperature at 27 °c,
ambient at 5°C, and the cavity at 20 ©C. As shown in Fig.
5.2: the fit is better than the thermometer errors. For on
line predictive control in real buildings there is no need
to change Rp; as a function of room temperature, since the
neighbouring rooms will generally be at the same
temperatures as the control room. A single Rp; was used for
this experiment as well, because the appliances were

controlled to keep room temperature between 18 °C and 24 °cC.
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-However, warmer weeks, witb a weekly average ambient
temperature near 10 ©C would show much larger savings. If we
assume an average savings on cooling of $50 per week for 35
weeks, plus ‘equal savings for heating, a rough estimate for
the yearly total savings is something over $3000. When the
fast morning warmup routine is added to the control program,
fur ther large‘savings will result. For buildings with demand
loaé charges, prevention of chiller or heater operation at
peak load times during most billing periods would likely
triple the cash savings. The capital cost of such a systenm

produced in reasonable quantities . .should not exceed $6000.

Three room air temperatufes measured in the veréical
midplane of the test room are shown for the first four days
of the expefiment in Fig. 5.5. One thermometer was close to
floor level, just behind the front panel, another was at the
centre of the room, and the third was close to the ceiling
at the back of the room. Evidently, in this temperature
range, the relative error between these particular three
thermistor thermometers is much less than the absolute
difference of 2 ©C found for all 9 thermometers at 40 ©C.
The temperature gradient observed is always in the expected
direction, w}th the back ceiling warmer than the front
floor, even though the maximum apparent temperature
difference is onl& 2 °C (hour 41). A small temperature

4

gradient was expect, for two reasons: the cavity had a very
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temperature £0“the centre of the comfort zone

should be added. This will involve a comparisonyv

both of energy usage and of comfort attained in .the
two cases of faét or normal warm up.

For summer use, calculation of dehumidification
strategies should bé addéd. This will involve the
addit;on of ambient and indoaqr humidity sensors.
Extra savings will sometimes be availéﬁle f;om
ventilation begoﬁd that required for pre-cooling,
to keep the moigture content of the-indoor building
materials as low as possiﬁle.

A prediction of maximum and minimum solar gains 24

~

hours in advance should be added. On many days, a

single pre-heating or pre-cooling strategy will
cover both cases, with predicted room temperatures

never oﬁts de the comfort zone for either extreme

of solar’gains. On the other days, however, what
amounts to ‘a predictioqéof solar.gains will have to
be madeé. One possibility is sihply to use the
historical average solar gains. Another is to

install a solarimete; to monitor, say‘sunlightyon a

‘horizontal plane, and extract probabilities for

strings of sunny and cloudy days in a row for each
week from the weather records. In November in

Montreal, one can predict with good certainty that

"after 3 sunny days in a row, the foq_rth day will be

"
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BASIC o ' 05/01 13:07:34

APPLESOFT BASIC u PAGE 1
0010 REL -

0020 REM THIS IS A DATA ACQUISITION PROGRAM WEICH IS USED
0030 REM FOR DATA COLLECTION OF AN INTERVAL OF TIME. THIS
0040 REM  DATA ®ILL STORE IN DISK B.

0050 REM .
0050 REWN
0070 REM RWTS SUBROUTINE
0080 REL. To ACESS DISK WITBOUT THE USE OF DISK OPERATING SYSTEM
0090 REF  (DOS). 2
0100 REM
0110 FOR X = 896 TO 927
0120 READ P
0130 POKE X,P :
oisg gﬁ%ﬁ 166.3.160,136.32,217.3,96.0,0.1,96.2,0,0,0,155.3,0,56 0,0, 2

Yy 3 30,32, ) Py y ’ ’

6 1 6 1 é39’é16, 1%' y ? H ’. ? ] H ? ? ] H 1 1]
0160 it AD 123,14 (70 40) .
0170 REM
0150 REM  SYMEOLS
0190 REL, AD = NUMBER OF DAY OF EACH MONTH.
0200 REM TI = TELPORARY STORAGE OF DATA BEFORE ACCESS TO LISK.
0210 REM ST = SECTOR NUMBER
0220 REM TR = TRACK KUMBER.
0230 REM IN = NUMBER OF TRACK PER CHANNEL.
0240 REM SC = TIME INTERVAL BETWEEN EACH READING IN SECOND.
0250 REM
0260 REM .
0270 REM INITIAL VARIABLES
0280 REM
0290 D¢ = CHR{ (4)
0300 LL = 1
0310 LD = O
320 ST = 0
330 FORI = 170 12
03ko READ AD(I)
320 Daah 314 28 1,30,31,30,31,31, 30,31, 30 31
b}

0370 HOME : ? ? ' '
0380 INPUT IVPLT NUMBER OF CHANNEL(S) "eNC
0390 INPUT v TIME INTERVAL BETHWEEN EACH READING (SEC) ":SC
0400 I = INT (35 7 NC)

0420 REM STORE LUMBER OF CHANNELS AND READING'S INTERVAL BETWEEN
0430 REM EACH CEANNEL IN MEMORY. CALL SUBROUTINE TO SIORE THIS
OuL0 REN  INFOEMATION, AS PELL AS TITLE, UNIT, AND FACTOR IN LAST
0450 REM TRACK OF THE DISK E

0470 POKE 24576 ,NC

0460 TP = 1IN lsc / 10000)

0490 POKE zu

0500 TP = ((sc - TP * 10000) / 100)

8 20 poxs zus stéc INT (SC 7 100) * 100)

8238 boKE 255@6

0530 GOSUB 2130

0550 TR = 0

056C ST = 0

0570 FEM

05t0 RE!. LOAD ASSENTLY LANGUAGE AA/DD IN LELORY, THIS
GgeC FEY  PROCEAK RCCEPT AUD. TER.IPnTE OuLY ONE SEY OF DATA
0600 PREM I« VLI ORY A7 A TIVE -

€ ey
o .,
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EASIC S ‘ 05/01 12:57:55
APPLESOFT BASIQ : PAGE 2
8’;8 IF ( PEEK ézuszs) = 0 AND PEEK (24577) = 0) THEN EMD

0630 A$ = CH $ ( PEEK 2u575 + 1))

0550 If (I = 3 EN A§ = man

0650 T2¢ = T2 + A

0650 NEXT

0670 D(1) = VAL $ (T2$,2))

0680 D(2) = VAL bHD 124,14, 23

0690 D{3) = VAL ( MID$ (T23.7.2

0700 DILS = VAL { NID ,16,2

0710 b(5) = VAL ( NIDE ,13,2

0720 REM _

0;38 EEﬁ READ IN ALL THE DATA IN THE TRACK

0750 FOR I = 0 TO 3¢

0760 E(K,I) = 0

G170 TP 270

0760 Jo = 10

0750 FOR-J = 2 TO

0800 A = PEEK (2 591 + 1 %6 +J)

0610 A=A - 170

0E20 IF (3 - 39 “THEN NEXT J

0630 Jd = Jd 710

0840 B(K,I) = B(K,I) + A % JJ ’

0850 nexi

0680 B(K,I) = B(K,I) * C(K) ‘

0670 NExt

088¢ HEXT

0890 REM

0900 REl: PRIGT THE TITLE, THE TIME AND ALL THE DATA RECORDED

0610 REk  Ii EACH CHARMEL.

0520 REM

0336 PRINT

09L0 PRINT CKRS (12)

0550 PRINT TAB({ 3)

. 0960 PRINT "FIPST READING'S TIME : ".T2¢
oggo PRINT gg ‘
0960 PRIKT "TIME ThEEN EACH READING : n.SC;" SEC."

0590 PRIAT

FOR K = 1 70 NC .

PRINT TAB( 3)

PRIM "1TLE-OF CHANNEL n; USR.(K)'2,0';" :
"BS(K) ;" (";C8(K) ;! ‘

NEXT,

PRINT

psxnr "TIHE "

FGR

PglgT e n) PRINT USR (K)'Y, o'

PRIKT

FOR I =.0 TO ?

PRLG‘I LSR (D(3))'2,0";":"; USR (D(4));
FCR 1 TO NC

PEILT USR (B(K,I))'7,1';

NEXT

%:\EA DETERMIKE THE WEXT READING TIME OF THE DATA/

prpRyrrYryr el el eleleleolalc MR olele ]
VOO EWINN S OWVCOIOVWIELW NNad
CCOOOO00O0OODOO0OO0O0 OO

INT (D(5) 7/ 60):
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05/01 12:57:55

BASIC
APPLESOFT BASIC : 4 PAGE 3
1200 (4) > = 60) THEN P(3) 3 D(3) + INT (D(4) / 60 e
5 E ) o) OOkl BY3) D¢ ( ( ) ): -.
1210 Ig((£(3) ?) “2u) THEN DéZ} Eu?ei)zf INT (D(3) /7 24):
. 1220 IF AD(D ‘E) é% D(2) = 1:D(1) = D(1) + 1
e 10 Aeogih Bl o)
1250 PRINT
1250 WEXT
1260 ST = ST + 1
1270 NEXT ,
1280 END ‘ »
1290 REN,
1300 REH READ IN NUMBER OF CHANNEE AND CHECK WHETHER THE DISK
1310 KEM IS FOR DATA ACQUISITION STORAGE.
1320 REX ,
1330 I=1
2LQ ST =0
350 POKE T, 34
360 POKE S 35T
0 B e
NC =
350 € = 9ggax ézusgug ¥ 10000 + PEEK (24585) # 100 +- PEEK (24586)
510 IF (KC < = 0 OR LC > 10) THEN PRINT "WRONG DISK": END
420 FOR II = 1 TO KC !
ugc FOR J = 1 TO 32
450 TPS = .CHR$ ( PEEK (24591 + (I - 1) % 64 + J))
450 IF (TP = %) THEN GOTO 1480
450 B&(11) = B$(II) + TP¢
ugo NEXT
doo  ron d = heT0 Bee (34623 + (T = 1) % 64 + D))
TP$ = CHR + (I - +
580 F$(TP$ = “"S lﬂs' co 6
510 Ce(11) = c$(I1) + TPS
£20 REXT
530 c§11)1§ JPEEK (2 (24635 + (I -~ 1) % 64 + 1) * 100 + PEEK (24639 + (
. - +
540 IF ( INT (II / 3 ®*3 <> II) THEN I = I + 1: GOTO 1590
550 T 2 ST + 1
560 POKE 911,T
570 CALL £3
580 I =
90 NEXT
00 HOME , «
10 . PRILT "NUMBER OF CHANNEL ";NC ;
€20 RLCTURN
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. wl
$y = TAN‘ll—;—]

a
¢3 = TAN"1[—]
' W

-1, ¢
¢y = TAN ~[~—]
. 2%y ./

&

wl = ¥/ (tsr - tss)
w = 2 * T /24 ' :

IG = Heat gains or losses from other sources

9

I2 = Heat flow through the room.

A is obtained by substituting equation D.8 in D.2 and I3

» e
iy

can be expressed as:
' SIN[wl* (t-tsr)+¢; -92 ]
I3 = IG + A e %t + oxg1ep| } -
J{ at + wlz)
C(2) *SIN[w*t+3% + ¢3]

J(92+w2) '

2%C(3) *SIN[2%w*t+ 0 + ¢y ] -

el 2w :

From figure 3.3

wta *C {

] a

TR - TA
13 =

RAL‘
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Read - the
operation
code & period

—

Read times &
temperatures

Y

File avérnqc
temperatures
every 15 mins

Code =0

171

Read the chosen operation
code & time period from
OPER (0, 1 or 4)

Read time from the clock
& 9 temperatures from
data acquisition

Branch to Prediction

every hour

L4

Normal thermostat action:
If room temperature is

. outside the comfort zone,

turn on heater or air-
condiFioner for 5 mins.

i

{
For-Code 0, heat with
internal dains for §
minutes

For Code 1, cool with
fan, if possible for
5 minutes ’

“ e



For Code 1, turn on
farlo for 5 minutes unless
ambient temperature is

too high
'\
Wait for 5 , 'Turn fan on
ninutes © | for 5 minutes A .
Y
File Code l File far operation Code
on digk 2 on disk 2 & reduce
duration ih OPER and
RAM *
- .

-
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THIS PROBRAN ACTIVATES THE NECESSARY DEVICES WHICH CONTR

THE ROOM TEMPERATURE WITHIN THE MIDDLE OF THE COMFORT 10

[ ] .
ABNORMAL CONTROL PROBRAM

APPLEBOFT BASIC
oL
0030 REM
NE.
0080 PRINT

~PAsIC

0090 BU =

5.

0.035:1R1 = {5
1380 = 0

1 TO 100: NEXT Ki.NEXT J
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WRITE OPER"1 PRINT T$

$"PR#4"; INPUT T#: PRINT DS1"INSO":

NT Ds

RUN TINE CONTROL PROGRA

0200 FOR J
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where: . r’;_)’

1

a =

- (Rap,+Rr,g+Re) *C

From eq. F.2 & eq. F.4 |

Ay

TR - TA

= A*ewut 4 IG
- Rar ‘
also from eircuit N
"
o) ™ - TR o
" LS = A* e -at ‘

_From Fts_wiéh 2 data points tj;, t2

3

(TR; - TA;) - IG

*RAL

(TR2 ~ TA2) - IG

From F.5 with another

.

(TR3 = TA3) - IG

= e~ a(tl-tz)
*RAL '

2 data pointé_tB;_t4\ﬁ

\ &

(TRg - TAy) - IG

3

*RAL

= e~ 0 (t3=ty) -

(F.5)










