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Abstract

This thesis presents a project in which a PLC was used to control the indoor brightness
in such a way that the luminance level was kept in a desired range. The control scheme was
based on adjustments of curtains and luminaire brightness. The project was inspired by an
attempt to reduce the electricity cost due to the space lighting as well as to improve exploitation
of the natural light. In this project, a model of indoor lighting control was built, in which
compact fluorescents were chosen to light up the space and a light dependent resistor (LDR)
served as a light measuring device. The brightness measured in the model was converted into a
small voltage which was then amplified by a 324N op-amp based circuit before fed inio a
comparator and, in turn, given fto the PLC. The luminosity level was then analyzed so that a
proper control pattern would be implemented to keep the space brightness in the desired range:
Hereby, a DC motor adjusted the curtain position and a dimmer circuit dictaled the brightness

level of the compact fluorescents.
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©NIO AN

LD
OR
AND
AND
ouT
LD
LD
AND
OR

. AND

. AND

. LD

. AND

. LD

. OR

. LATCH

LD

. AND
. LD

. OR

. TIM

. DATA
. LD

. AND
. TIM

. DATA
. LD

. LD

. LATCH
. LD

. LD

. CNT
. CNT
. LD

. AND
. OUT
. LD

. TIM

. DATA
. LD

. OUT
. LD

. AND
. TIM

. DATA
. LD

. AND
. TIM

. DATA
. LD

. LD

. LATCH
. LD

. AND
. AND
. AND
. LD

. OR

NOT
NOT
NOT
LD

NOT
NOT
NOT

LD
0706

NOT

NOT

NOT

TIM
TIM
0901

DATA

CNT

NOT

TIM

NOT

NOT

TIM
TIM
0904

NOT

LD

0002
0900

1001
0900 -
0900
0001 \
0003

0707
0ace
0901
0903
0904

0706
0902
0902

00
#0016
0706
0902
01
#0020
00

o

0901~
0002
00

#0006 >

00

1001
0902
0902
02

| = o1 2 o
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#0020 > AIUNMUIISINDUSTURINST RTINS

02

0903
0706
0903

03
#0016
0706
0903

04
#0020
03

04

0000
1000
0706
0903
1001

-
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59.
60.
61.
62.
63,
64.
65.
66.
67.
68.
69.
70,
71.
72,
73.
74.
75.
76.
T7.
78.
79.
80,
81.
82.
83.
84,
85,
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.

AND
LD
LATCH
LD
LD
OR
AND
TIM
DATA
LD
LD
CR
AND
TIM
DATA
LD
LD
LATCH
LD
LD
LD
OR
CNTR
DATA
LD
ouT
LD
LD
LD
CNTR
DATA
LD
ouT
LD
AND
LD
AND
LATCH
LD
AND
AND

100. LD
101.AND
102.AND
103.CR
104.AND
105.AND
106.AND
107.AND
108.AND
109.TIM
110.DATA
111.LD
112.LD
113.AND
114.AND
115.LD
116.AND

NOT

0707

LD

NOT

LD

TIM
TIM
0905

CNT

CNT

1001

NOT
NOT
NOT

LD

NOT
NOT
NOT

TiM

NOT
NOT
NOT

0907
0905

0707
1001
0903

05
#0016
0707
1001
0903

06
#0020
05
06

6706
0707
0907
0002
01
#0005
01
0906
0707
0706
0906
02
#0005
02
0907
0003
0803
0002
0907

0000
0701
0705
0001
0701
0705

0702
0703
0704
0803
0906
07
#0050
07
0000
0701
0705
0001
0701

59

1 o o o A ] k1 1
> AIudamItauveuamesioai e (na)

J
3

> daunsnaeudnuziaueonIuga

> dauarnaeugniuslanmidnuga

' = CAl o
> ﬁiuﬂiU%ﬁBUﬁJﬂWﬂMﬂQﬂﬂ1TWN1H

AIATIVEDVADIUSUALHU I INDUFINIT N9

> IOIAD ATV INa0A TWIZdUAN 1

AIUFINTTNIIUVOIFDIUTANINT VNV

naoa lWs=dUN 1 vaaInriuawan




117.AND
118.0R
119.AND
120.LD
121.AND
122.AND
123.0R
124.AND
125.AND
126.AND
127.AND
128.AND
129.0UT
130.LD
131.AND
132.AND
133.LD
134.AND
135.AND
136.0R
137.AND
138.AND
139.AND
140.AND
141.AND
142.TIM
143.DATA
144.LD
145.LD
146.AND
147.AND
148.LD
T149.AND
150.AND
151.0R
152.AND
153.LD
164.AND
155.AND
156.0R
157.AND
158.AND
159.AND
160.AND
161.AND
162.0UT
163.LD
164.AND
165.AND
166.LD
167.AND
168.AND
169.0R
170.AND
171.AND
172.AND
173.AND
174.AND

LD
LD

NOT

NOT
LD

NOT
NOT
NOT

NOT

NOT

NOT
LD

NOT
NOT
NOT

TIM

NOT

NOT

NOT
LD
LD
NOT

NOT
LD

NOT
NOT
NOT

NOT

NOT

NOT
LD

NOT
NOT
NOT

0705

0700
0701
0705

0702
0703
0704
0903
0906
0700
0000
0700
0702
0001
0700
0702

0703
0704
0705
0903
0906
08

#0050 /

08

0000
0700
0702
0001
0700
0702

0700
0701
0702

0703
0704
0705
0803
0906
0701
0000
0701
0703
0001
0701
0703

0700
0704
0705
0903
0906
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175.TIM
176.DATA
177.LD
178.LD
179.AND
180.AND
181.LD
182.AND
183.AND
184.0R
185.AND
186.LD
187.AND
188.AND
189.0R
180.AND
191.AND
192.AND
193.AND
194 AND
195.0UT
196.LD
197.AND
198.AND
199.LD
200.AND
201.AND
202.0R
203.AND
204.AND
205.AND
206.AND
207.AND
208.TIM
209.DATA
210.LD
211.LD
212.AND
213.AND
214.LD
215.AND
216.AND
217.0R
218.AND
219.LD
220.AND
221.AND
222.0R
223.AND
224 AND
225.AND
226.AND
227.AND
228.0UT
229.LD
230.AND
231.AND
232.AND

TIM

NOT

NOT

NOT

" LD

LD
NOT

NOT
LD

NOT
NOT
NOT

NOT
NOT
NOT
LD

NOT

NOT
NOT

TIM
NOT
NOT

NOT
LD
LD
NOT

NOT
LD

NOT
NOT
NOT

NOT
NOT
NOT
NOT
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233.AND
234 AND
235.AND
236.AND
237.TIM
238.DATA
239.LD
240.AND
241 AND
242.LD
243.AND
244.0R
245 AND
246.AND
247 AND
248.AND
249.AND
250.AND
251.0UT
252.LD
253.AND
254.AND
255.AND
256.AND
257.AND
258.AND
259.TIM
260.DATA
261.1L.D
262.AND
263.AND
264.LD
265.0R
266.AND
267 AND
268.AND
269.AND
270.AND
271.0UT
272.LD
273.TIM
274.DATA
275.LD
276.0UT
277.END

NOT

TIM
NOT

NOT

LD

NOT
NOT
NOT
NOT

NOT
NOT
NOT
NOT

TiM

NOT
LD

NOT
NOT
NOT
NOT

TM

0703
0705
0903
0906
1
#0050
1"
0001
0703
0703
0704

0700
0701
0702
0705
0903
0906
0704
oo
0700
0701
0702
0703
0704
09203
12
#0050
12
0000
0700
0700

0701
0702
0703
0704
0903
0705
0705
13
#0020
13
1000

J
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LM124
LM224 - LM324

LOW POWER QUAD OPERATIONAL AMPLIFIERS

» WIDE GAIN BANDWIDTH : 1,3MHz
» INPUT COMMON-MODE VOLTAGE RANGE
INCLUDES GROUND
LARGE VOLTAGE GAIN : 100dB
VERY LOW SUPPLY CURRENT/AMPLI ; 37501A
LOW INPUT BIAS CURRENT : 20nA,
LOW INPUT OFFSET VOLTAGE : 5mV max.
(for more accurale applations, use tha equivakent parts
LM124A [M224 AL MI4A which [gatre 3mV max)
s LOWINPUT OFFSET CURRENT : 2nA
» WIDE POWER SUPPLY RANGE :
SINGLE SUPPLY ; +3V TO +30V
DUAL SUPPLIES : £1.5V TO +15V

W .

P
TSSOP14

"

D
DIP14 5014
{Plastic Package) (Plastic Micropackage)

(Thin Shrink Small Qulline Packaga)

DESCRIPTION ORDER CODES
These circuils consist of four independent, 'high Part Temperature Package
gain, internally frequencycompansaled operaticnal Number Range N o p
amphﬁer_s . They operatefromasmgle;?owersupply 124 55°C. 1125 R . "
over awide range of voltages. Operation from split L2594 AG°C. #105°C .
power suppliesis also possible and the low power ~d iy, B
supply current drain is Independent of the magni- Liv324 0°C, +70°C ’ * *
tude of the power supply voltage. Example : LM224N
PIN CONNECTIONS (top view)
N
Output 1 1 E ! :I 14 Ourput 4
Inverting Input T 2 I: j 13 lovening Input 4
Non-inveriing Input 1 3 E :I 12 Non-inverting Input 4
veet 4 [ ] 11 vees
Non-inverting Input 2 5 E :l 10 Non-inverting Input 3
[nverting Input2 6 E :l 9 Invening Input3

Oulput 2 7

Ouput 3

June 1989

114
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LM124 - LM224 - LM324

SCHEMATIC DIAGRAM (1/4 LM124)

lhve rting
inpui Q1 Q4

Non-nveriing
input L

6pa

Q2 Q3

i

apA 100pA

Outpui

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter LM124 LM2z24 L34 Unlt
Vee Supply Voltage 118 or 32 v
Vi Input Vollage -0.3 to +32 v
Vis Differential Input Voltage - (*) +32 +32 +32 v
Pt Power Dissipailon N Suffix 500 500 500 mw
D Suffix - 400 400 mwW
- QOutput Shert-circuil Duration - (nole 1) Infinite
I Input Current — {note 6) 50 50 50 mA
Toper Oparating Free Air Temperature Range -55 to +125 | -40to +105 Q1o +70 °c
Teg Slorage Temperature Range -850 +150 | -B5to +150 | -65 16 +150 °c
2014 &7
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LM124 - LM224 - LM324

ELECTRICAL CHARACTERISTICS
Vee! = +5Y, Voo™ = Ground, Vo = 1.4V, Tams = +25°C (unless olherwise specified)

Symbo)

Parameter

1M124 - LM224 -LM324

Min.

Unit
TYp. Max.

Vi

Input Offset Voltage {note 3)
Tamp = +25°
LM324

LM324

Trmin. € Tams £ Trnax.

my
2

W=~

Input Offsal Curent
Tamn = +2
Tmin & Tamd = Trnax.

nA
100

Inpul Bias Current {note 2)
Tamb = +25OC
Trin < Tamb < Trmax.

nA
20 150
300

Large Signal Voltaga Gain

(Vec' = +15V, RL = 2kD), Vo = 1.4V 1o 11.4V)
Tarms = +25°C
Teoin. & Tamb £ Tmax.

50
25

Vimv
100

SVR

Supply Voltage Rejection Ratio (Rs < 10k}
(Vg = 5V to 30V)

Tamp = +25°C

Tmin < Tamb S Trnax.

dB
110

Clee

Supply Current, all Amp, no load
Tarmn = +25°C Vee = +6V
Voo & +30V
Veo = #5V
Vee = +30V

Tmin 5 Tamb £ Tmax.

= =)
o~

1.2
3

Vi:rn

Input Cemmon Mode Vollage Range
(Vee = +30V) - (note 4)

Tamp = +25°C

Toin. S Temb £ Tman.

Vee -1.5
Veo -2

Common-mode Rejection Ratio (Rs < 10k()
Tamb = +25°C
Trin. £ Tamb £ Trnax

70
60

dB
80

Qulput Current Source &V'ﬂ = +1V)
co = +15V, V= +2V

20

40 70

Qulput Sink Current (Vg = -1V}
o = 18V, V= +2

Vee = #+15V, Vo = +0.2V

10
12

20

53

50

314
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LM124 -

LM224 - LM324

ELECTRICAL CHARACTERISTICS (conlinued)

LM124 - LM224 - L3244 .
Symbol Parameter Unit
Min. Typ. Max.
Vou High Leval Oulput Vollage v
{Vce = +30V
Tamp = +26°C Ry =2kQ 26 27
Tmin. S Tgmaa < Trman: 26
Tamn = +25°C R = 10k 27 28
Tmin- € Tamb < Tmax. 27
(Voo = +5V, Rgb 2ke)
Tamb = +25°C 3.5
Teréne € Tamb < Trar. 3
Voo Low Level Oulgul Vollage (R = 10k02}) mv
Tamb = +2 5 20
Trin. £ Tamh £ Trax. 20
SR Slew Rate Vs
Vee = 18V, Vi = 0.5 10 3V, Ry = 2k, G = 100pF,
unity gain) 0.4
GBFP Gain Bandwidih Product MHz
Vee =30V, f= 1DﬂkHz Vin = 10mV
Re = 2k0), Q_ =100 1.3
THD Tolal Harmonic Dlslorhon %
1= 1kHz, Ay = 20dB, Ry = 2kf}, Vio = 2V
G = 100pF, Voo = 30V 0015
€n Equivalent Input Nolse Vollage nv
= 1kHz, R; = 1000}, Vige = 30V 40 WAz
DVi, Input Offset Voltage Drift 7 30 uwvrec
Dl Input Offsel Cumrent Drilt 10 200 pAPC
VolNp2 | Channsl SePamhon {note 5) dB
1kHz = f < 20kHz 120
MNotes ;1. Short-circuils [rem the oulput to Vee can cause excessive haating if Vec > 15V, The maximum outpul current
is approximaltaly 40mA independent of the magnitude of Vee. Deslroclive dissipalion can resull from simulta-
neous short-circuil en all amplifiers,

2_The diraction of lhe input currant is oul of Lhe IC. This curranl is esssnlially constant, Independent of the slate
of tha gulpul $o0 no loading change exisis on the input lines.

A Ve =14V, R, =0£1, 5V < Vee" <30V, 0 < Vi <Veg' - 1.5V

4. The inpul commeon-mode votlage of eilthsr Input slgnal voltage should not be allowed lo go negallve by more
than 0.3V. The upper end of the comman-mode vallage range is Vec' - 1.5V, bul eithar or both inputs can go
to +32V withoul damage.

5. Due to the proximily of exlernal compenenls fnsure Lhat coupling Is not originallng via siray cepacitance be-
Iween Ihase extarnal parts. This lyplcally can be detected as this lype of capacitance increases al higher Ire-
quences.

8. This input current only exists whan the vottage at any of the input leads is driven negalive. It is due to the
collector-base Junctlon of the tnput PNP iransistor becoming forward biased and thereby actlng as input di-
odes clamps. In addillon 1o thig diode aclion, there is also PN paresllic aclian on the +C chip. 1his Lranslstor
acllon can causa the gulpu! voltages of tha Op-amps lo go ko the Vec vollage leval (or lo ground tor a large
averdrive) for the time duratian than an inpul is driven nsgative.

This |s not deslruclive and normal aulpul will sel up agaln for Input vellage higher than -0.3V.
414 ‘Yl
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