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SUMMARY

I. Title

A study on the development of the remote water quality monitoring system.

II. Objective and significance

— Development of the remote water quality monitoring and data telemetering
system.

— Increase the productivity of cultivating industry through the continuous ma-
nagement of water quality.

— The protection of environment of river and ocean.

— Development of one of warning system to the protection of environment of

river and ocean.

III. Contents

1. To measure water quality
— A production of the equipment of a water quality monitor which is a fixed
or portable type. (The sensors are temperature, disolved oxygen, conduc-
tivity, turbidity and pH etc.)
2. Data telemetering
— Development of the data telemetering technicque by the radio communica-

tion



— Establishment a system of the central data control station from the each

local stations

IV. Applications

1. Could be used a equipment of the protection of environment and water polu-
tion.
2. Practical use, the technicque of data telemetering method, the combined of

radio communication and computer
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Abstract

This paper describes a simple system used to measure water quality and to
monitor the open fishfarm in a river or ocean.
It consists of a small sensor package and water-tight case containing a radio trans-
mitter and power source. This system took advantage of the fact that the tempera-
ture, conductivity, D.O.,, pH and turbidity sensors were attached to the sensor mo-
dule.

Consequently, these sensors received the signals which are directly related to
water quality and characteristics. The data acquisition board has 8 single-ended analog
input and 2 digital outputs. One is CMOS voltage level and the other is EIA voltage
level for telecommunication with a computer. These two outputs are used to retrieve
data from the data acquisition board and to send the information to a computer. The
communication with the data acquisition board is through radio telecommunications.
The receive station also consists of a radio receiver, a frequency discriminator which

has a + 10[V] pulse code output, and suitable recording system for the PC.

These device are tested experimental prototypes, so it may be expected that
subsequent improvements will be made, especially to facilitate the handling of the device

in the field.

In this study, the settings of the transmitter power, power source and the freque-

ncy band used were 0.8[W], +12[V] DC and 1462 [MHz] respectably.



Ideally the design of these equipments which are used in the field, should be extremely
small for easier handling in the installing space.
In the experiment described above, the data were recorded on a printer, as

well as, digitized and recorded on the computer.
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Table 1—2. The relationship of temperature/resistance/AD converter

Constant Guildline Thermistor A/D HB3k
Temperature 9540 PRT
ath Thermometer
[c] C [(KQ]
Y) (N)
50 49.50 11.61 3696
45 4452 12.72 3329
40 - 39.58 13.88 2950
35 34.57 15.72 2576
30 29.59 17.50 2195
25 24.60 1942 1813
20 19.60 21.57 1440
15 14.68 24.05 1069
10 9.68 26.82 710
5 471 30.15 348
0 —040 33.90 26
35.00¢ 4000
3500
30.00 A1
— 3000
C
X 5
3 25.00 1 2500 3_‘
% L2000 &
g 20.00 - L1500 &
P -
£ -1000
15.00 1
500
1 0 0 0 g T T T T T O
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Temperature [°C]

— . - Thvermistor —+ - A/D Output

Fig. 1—2. Characteristic curve for the temperature sensor
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144 Y=A-N+B2 Jehld 4% Ash B: 27

A=1340X10"*

b

B=8347X10 ?olt}. olme] 2z M S Table 13, Fig. 1—30] JeERKITH

Table 1—3. Calibration data for the temperature sensor

A& A/D WHE kb QAHAZ X —HEA])
[t] [c] [c]
—0.04 26 043 047
471 348 475 0.04
968 710 9.60 —0.08
14.68 1069 1441 ~027
19.60 1440 19.38 —022
24.60 1813 24.38 —022
29,59 2195 29.50 —0.09
3457 2576 34,60 0.03
3958 2950 39.62 004
4452 3329 44.70 0.18
4950 3696 4962 0.12
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Fig. 1—3. Tolerance values as a function of temperature for the temperature sen-
sor
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Table 1—4. Calibration data for the conductivity sensor

ANAERE A/D HB i B O AH(TAR) —AZ3)
A& %} [mmho] [mmbho] [mmbho]
(Y) (N)
44.805 3441 44474 —0.331
40.561 3293 41.045 0484
29.323 2547 290.012 —0J311
20.653 1867 20.832 0.179
15.976 1483 16.061 0.085
10.754 1065 10.635 —0.119
0471 33 0484 0.013
3500 — 0.50
-0.40
3000 -
-0.30 5
2500 A -0.20 g
E * " +0.10 g
2000 * . ) E
3 - [0.00
e 1500 A - L _0.10 'g
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+ £-030 &
5007 -—0.40
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Fig. 1—5. Characteristic curve and tolerance values for the conductivity sensor



3 & MFE

w1 Bk A= Galvanic Biths BiE A2 (FAESZ B HiEo=
snfiEo] 2Ath Bidle BRI HAY 4+ JE ¢S Membraneo 2 Ao 911
2 A= g Atoldle d @7kl 8o FAsSTE FEAS AHEEA
Galvanic BithsX BHK AMe 2F-odA AAE & Bt gla, A4 zAe ¥A

al
48] o AAE ol&dd &2 VrTL ZWsuz Y WE o,

& duatA) stodok B0 HEo R NEEO] AHEE Aol do] Asheio]
susEz AN $3¢ 2AsE Fad 847 Aok

HERl e AN 2o B HRS )T, Membrane© 2 il F3 < 58
£E2 §A5P7) sto] WEHS B3 BHEY Bart Yok ol 2P A2
gz Anv} SaYTS s 23 FdA #7] sotHoz sddmz
Ma BQro] Zaste] & WRe ¥ ujsl 4717 ol
B BT BERS BEY AXY JBe won, g9 Fxd uay §F
sagpo] WaBT Kol Mol BF1 BHE MERS) BE KEMD R oL
[ppmlol] @& EEFEES W3lE Table 1-59 Fig 1—-69] YRR

AN B

o



Table 1—5. D.O.

calibration values for various temperature & Cl

EF o) -2 Kepe] S o] & % ppm]

e = 100ppm

oo} A
(] e £F 0 10000 20000 30000

A

[ppm]
0 00153 14.15 1262 11.09 9.56
1 0.0148 13.77 12.29 10.81 9.33
2 0.0144 13.40 1196 1052 9.08
3 0.0140 13.04 1164 10.24 884
4 0.0135 12.70 11.35 10.00 865
5 0.0131 12.37 11.06 975 844
6 0.0128 12,06 10.78 950 822
7 0.0124 11.75 1051 9.27 803
8 0.0120 1147 1027 9.07 787
9 00117 1119 10.02 885 7.68
10 00113 10.92 9.79 8.66 753
11 00110 1067 957 847 737
12 0.0107 1043 9.36 829 722
13 0.0104 1020 9.16 8.12 7.08
14 0.0101 997 896 795 6.94
15 0.0099 9.76 8.77 778 6.79
16 0.0096 9.56 8.60 764 6.68
17 0.0094 9.37 843 7.49 6.55
18 0.0091 9.18 827 7.36 6.45
19 0.0089 9,01 812 723 6.34
20 0.0087 884 797 7.10 6.23
21 0.0086 868 782 6.96 6.10
22 0.0084 853 769 6.85 6.01
23 0.0082 839 757 6.75 5.93
24 0.0081 825 744 6.63 5.82
25 0.0079 811 7.32 6.53 5.74
26 0.0078 799 721 6.43 5.65
27 0.0077 787 7.10 6.33 5.56
28 0.0076 775 6.99 6.23 547
29 0.0076 764 6.88 6.12 5.36
30 0.0075 753 6.78 6.03 528
31 0.0075 743 6.68 593 5.18
32 0.0074 732 6.58 584 5.10
33 0.0074 723 6.49 5.75 501
34 0.0074 713 6.39 565 491
35 0.0074 704 6.30 5.56 4.82
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Fig. 1—6. D.O. calibration curve for the temperature & Cl
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1. Data Acquist-ion Board

Data acquisition board= Clock3] 2, Fixed data®]%, 12 Bits A/D converter3| &,
Counter3]2 % Parallel to Serial converter3] 22 T4 Ho] glon 1 FARE
Fig. 2—40) Jeh}Sich

g 2a

fr

o 2 FHE VA Qi

e

Fixed Data 1 (Serial Number)
Fixed Data 2 (0000 16315)

Fixed Data 3 (FFFF 1634%%)
Fixed Data 4 (AAAA 1634)

4 bits Channel Number (0000 2%14*)+12 bits A/D Data
4 bits Channel Number (0001 2%14)+12 bits A/D Data
4 bits Channel Number (0010 2714*)+12 bits A/D Data
4 bits Channel Number (0011 2%14)+12 bits A/D Data
4 bits Channel Number (0100 2%1<7)+12 bits A/D Data
4 bits Channel Number (0000 2714)+12 bits A/D Data
4 bits Channel Number (0001 2%47)+12 bits A/D Data
4 bits Channel Number (0010 2%147)+12 bits A/D Data
4 bits Channel Number (0011 2%14)+12 bits A/D Data
4 bits Channel Number (0100 2%14*)+12 bits A/D Data



D Clock3] =

Clock®] 2= A/D converter®} Parallel to Serial converter®] ClockX3 ¢t &
718 EAse sZo|n).

1 /32 Fig 2—59 #o] 384.0[KHz] Ceramic resonator$} Inverter IC 4069(U1A)
AH8- 8 EZ1%-2} Counter IC 4017(U4), 4040(U2)E AH8-§ BF 322 T4 5 o]
Atk BRFAFE 3340[KHz]oW o8 BEFate 2400[Hz] £32 Parallel to
Serial converter®] ClockX 3.2, 600lHz] &2-2& A/D Converter?] Clock Q&0 =
AH&-3H Tt ‘

g5 F71E BEV]) 918k 4040(U2)9) Q12 £ (9375[Hz)) S 4020(U3) 2]
lock 2135 AMB-3ted Zt £3& Dip switchdl A28 M9 slsane a4},
BE FI7Ie 17%, 34%, 68%, 137%, 274%, 548%, 18%, 37, 73%, 146%,
2028 FolA Adeste A48 4 9o

I

]

w0

2) Fixed Data 3|2

Fixed data 82 R 71719 EHEHES AR E%HT veE gz 0
3|2 %% Fig 2—6% Fig. 2—79 Vb ek B 71719 BB EEE Dip switch(SW
3, SWOHE Atgste 16HE 2 £ER A9 7153t} REEHE 164 E Digital
Azz Z+ vEE RAKE7] A0z HBAS 0000(16{1—’1“-)—1:~ 3 state Hex
Inverter 4502(U6, U7, US)E Inhibit}elZ wSo] Z2e m= LowdHI & 3}
A14-3k3.01, FFFF(16 2147)9F AAAA(16 R145)%E D Flipflop 4013(U9)e] 22
o] &3t =T}

Fixed data’= HRIRF EH %%, 0000, FFFF, AAAAS . 2 A/DMS Rl 7} H4H 7

B ¥ 106.7[msec]E<r AL F)



3) A/D Converter 3=
A/D Converter 3] 2+ ADC1210(U14) 12—bit A/D Converter, 4051(U15) 8—Chan-
nel analog multiplex, 4510(U17) BCD Counter, 4089(U19) Binary rate multiplierS

ADC12102 12—bit CMOS Zx}8]:% A/D Converterolth W¥ FAL Hm
A4S Y=+ D/A Converter, 98443 A/D £3E B3+ Comparator, ¥l
A7RE 7198 Fe FAa HA2E(SAR) 2 AojREoew T4 Hol gl
T Wy
"%, b Clock(pin 24)°] Low’delol| A Highdel2 HEw ZAua YA 2EE

=

78A] 948 (START input : pin 13)°] High AEjollA] Low’ el =

ResetA] 711, QII(MSB)S LowdElZ, Q014 QO7HAIE High HEl2 e
A28 9 e W3 WA g3l Highdelzt € w74z o] Aej& x5ttt
3 70 A] 43 (pin 13)©] High A8l 2 1, Clock & ©] Low Aol A High’d el 2
sigEn wigo] AZtx o] Blal& ¥ A} (Comparator Output : pin 23)7} Highold
Q11& High 4ElZ W31, Lowold Ql1= IUE LowdHlE #A %tk 18ln
A ohe Bitdl Q102 LowdHl2 eI ymx QoY Q7HAE Iz
High Ze1& fAA1t} ole1@ 3¢ QU(LSB)7 ZAEd 712 w23} Qo9
Fej7 AR EH HE8F 822 (CONVERSION COMPLETE : pin 14)©] High’d=l
AN Lowd B & WA o] FEEHASS &k ojd &3 Complemented-
binary2 05[V] olstdwl Logic “17Fef, +5[VIYm Logic “0"AelS hehuim,
O BN Sl fgriAE o] AEHE U2 fX|s2g ojud] Data
F|Fel 7Hestd, Timing diagrame Fig. 2—1] JebliAch

ANe HEEFES +5[VIE A8t 0[V]~+5[V] Unipolar, Single-ended®
&} 4051 MultiplexerE AF&-3}ed 8 Channel7t2] 84381921 Dip switch(SW5) &

AL&-3te] Channel & WA 4 A= E 3Gt Channel A¥-& 4510 BCD Coun-



0
Clock | l

1 2 34 56 7 8 9101112 13 14

uigiviuguuyuy

sc | |

Comparator
Output

Q11

Q10

Q

Q8

Q7

Q6

Q5

Q4

Q3

Q2

Q1

Qo

CC

Fig. 2—1.

CONVERSION TIME -

Timing diagram for ADC 1210 A/D converter



terg AH2-3te] A/D Converter®] W#E 529 (pin 14)S 83, 2 288 Multi-

plexer®] Channel Control §4# 4159} Channel M52 AHE-3H3tt.

ANEEY W3S Table 2—1, Fig. 2—2¢] Uehlo] 48 548 Yehy
Rem AP AYez st 1 2xE FA JeERdh

Table 2—1. A/D Transfer characteristic and tolerance values

DR A/D ADESEE o
g AgozBY | QEAA-BAR
[V] V] [V]

0.0010 1 0012 —0.002
06250 513 0.6262 —0.0012
1.2500 1025 12512 —0.0012
1.8750 1535 1.8738 0.0012
2.5000 2046 24976 0.0024
3.1250 2558 3.1226 0.0024
3.7500 3069 3.7463 0.0037
43740 3582 4.3726 0.0014
49990 409 4.9976 0.0014




4500 " 0.0040
4000 -0.0030
35007 T F0.0020
< d + + =
3 3000 * h0.0010 =
g 25007 0.0000 3
o ru. 3
o 20007 g
- w0
S 1500 + + 0.0010 8
1000 A "'0.0020
500 1 -—0.0030
0 — T - ~—T1 —T T —T T T "0.0040
0.00 1.00 2.00 3.00 4.00 5.00
0.50 1.50 2.50 3.50 4.50
Voltage [V]
——— A/D output + Residual
Fig. 2—2. A/D Transfer characteristic curve
4) Counter 3%
Counter 3|2+ &% A7 F5 AFdd AFA0S 2A87] A% F2onh

3|2 742 Fig 2—99F 20| 4522 BCD Counter(U23, U24, U25, U26) 4748 =&z
AF8-8te] 4-Stage programmable down counter3} 2E TAJdte] 0ol A 999978 714
zage £ 49 4 AL SAT T4 AYE B2F7 YA B3

Bith N57h Bo1oHW, o ol g3l 452% Reset%sm BCD Switch(SW6, SW7,
SW8, SW9)2] 238 A tol Presetdte] 271X & H4ASHF Clock 55 FHEsHA
ZZo] “0"0] FW #Zo] FRHATE o7]A SWI7F HZ$ Afoli SW67t X8t
Aol t},

g9 v BEFVE @A FEE JYstojof an BF AHL thgA o
olste] Abg o

5 A17-=106.7[msec]+ (1333[msec] X #& A8 ] F).



5) Parallel to Serial Converter

Parallel-to-Serial Converter 3|2 16-B]E<9] ¥ Data® IEKHSZE 1N EH
£837] A% 322 1 32F Fig 2—109) JeEhAch =3 o] £3-2 Personal
computer®] ¥ XEZ 2$3}17] 913te] &9 e CMOS A EIA gd =z
HEska, 259 &8 YPE= 8B EH 5o} 8 Data bits, No parity bit, 1 Stop
bit2 Wt AFIEE FPoH, MF ST 400lbps]Z 3T 9 A8
Yl E Fig 2—30] JERRQCH, “Mark™E Signal groundol] thald —3[V.JolA]
—15[Vs] Alo]9] A<t @fol, Binary state “1"2 BAJEH, “Space”& +3[ V.l

oA +15[V,] Alo]el A<to]lil, Binary state “0"2 FA] €

DO D1 D2 D3 D4 D5 D6 D7
“Mark”

LSB MSB

“Space”

Start Bit(0) Parity Stop bit
bit (D

Fig. 2—3. Serial data waveform
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2. *1E8

A" @fE Ala"edA F43 RE RS FormatingS #iXste < dHolEHE
e g BEE S f#ifisle FECRA HolHE qAE AER iaste
FECR THFOAL 9 YL Tu") doly EiE HiEcl H7kE B
RIEE Bk

4 Az7t "gAE pEZ @ dold miEdAet 2e tX" EiEL tuA"g
gfre FIFSHY ohE f5HRE HEaAErh ohEID AsdA tAE A=
S#HE BHRE oA olED E5%S MREE wzEo] @EXdch

ZERAA o2 e UAE B%EA PCE A7 € F IES
AszAE #F4e HEAFAN(Fig 1-1 F=2).

olu] A2% #¥t @ Sk F System] HAK T oA AF ‘6‘}%1% | Al Aol A
RE olUR2I E5RE UAY VSR vlto] 1462[(MHz] # FM®4 ez dxg
B9E #fstd S8t

FRAFAM B ZEEH HAANA A9 9AF B B5%57F A= ey
olE thA T HA ERE AX 4HS dolEHe ez wrEo] Fuk

o] S A dTHLE St o,

AM %2 EnA ste B3 (Do 2slA wkeste) IRIES LA AHA
Zoldunh. 3 BATE ikE, BEE HES BEAA B F£71 ok

wuets e g —ESHA MRSt Pddle FEEEES AR E£5
f(Ool AshA WA 8 Em#t 858 (Frequency Modulation s FM)#7} o).

5, ihETe) g BEAAA BHRE XY & Jon BynR e Shd
mEhA o @ AER W Te] 2hS BHEAZ)E MZHRS 2 82 (Angle modula-
tion)e 3 —ipho 2 ZhaZFele (AA%4FH(Phase modulation : PM) 9} & 8K
#38 (Frequency modulation : FM)7} Sith.

3]
R =

rlo

_48_



uhegle] B EEB(Lo)7t #58 E5i(IMo)ol AWAstd o FEK
gy woh weEbd Ass #3ET #oXiEe] Beol B R o

O=@H K+ (1) sererrerrreesnen R EAJE T
0(t) = fwdt
=(oct+Kfff(t)dt+90 .......................................... 22 JAHLL

WA £% Acoslot+0,+K[H(DdtIE FEEE #AY #AKE JehdA fo.
71N wr YrEFIFe|n Ke AFold (e HAA 4so|th

Z FMolAdE fol ## s BHT ol EfIgth agzz HA #
FAEES BHT Tl olRoZA MRS (HEMNY BEE #HE o

tlo

F 9ok

FM %9 —#te
Yeu® =2 011 g0 =[f(v)dtel k.
Eﬁﬁ Fﬁﬁ% (.!)i“f:“

wi:d—e: ) —|—Kf—d—g-_—' (1),:+Kf * f(t)i}q

dt Cdt
olu] 12X AF3ATH

o714 &A FEE#e A B hags ¢ + Idoh

Z o] AdA K(hEe MK BEEU $4 RBEE oF FEY s
yebiar ok

IHEE A K X BERY Holxe EalEch Ko ol 2w FEiK
Hol& ztolAH wetA FM E559) Spectrum F& the & ZAEG w2
K7 2 @& 7HAA 54 oldutel AR g Fo] woixloh

)



— FM¥%9) Spectrumtti#k

FM9] Spectrum® AM®] Spectrume tt#istel B = @GR Atolol] [—g
B} kREEC dSS ¢ & Uk

T OERNE ohe] Wk KNS5 T oF RUSE T IEEAS ] de A
Y3t

2y FMelM e Sthvbe #oxgiol tisked 900 frfe] T2 Al vehda gloy
AMEol A= Sohat Ayl Aol fkakiist el

= AM EB3ES  Yal) =A cos ot+f(t)coswto]
HujHolAe] FM 2 PMEE;

Yu(t) =A cosot—A Kg(t) sinmt }

Yen(t) =A cosot—A Kf(t) sinodt

9 K ® Ke ZFolth

o
Y
flo
ok,

HY WZE7)E AHEsted Fd FM 2 PM %2 B4AAZ F U=
FHEE I doew Fig 2—-112 FMEESY #34 BE2tjolojade et

2

~ FM (B3l B4 R w9

FM {25l BtEole A4 EHEE EE MY BEKE BANE A4
RES B AR AA BHE WA HEE O o] AR EHE MANE
o she OB MRl B SiRelth



—A sin ot

; 90° / —A Kfg(t) sin @  FMEH
MG > BEwz7 %
g(t)
lac3bls
A cos ot i 2 K 7]
A cos wdt
f(t)
\
/

Fig. 2—11. Block diagram of the frequency modulation

Fig. 2—12 4 S523 3|2 qe o] B pigollA e s e —RgHS=
WislKkes L #Hel717r 8ol [ FM 858 XS FHshew MAEE

T4 BAVNE FYH & F

S T RemR WX FERE #Fo] F38] [k wei

Fig 2— 130149t o] ekl BEHS HHL 2 Urold 32 T
geRdsel WoH kiFe] Wale Vector AB~ACE 474 €tk
olepzro] 3tel L Vectorsh 90° o] ThE MkE FiE® 29 0A% 44kAA

FMEE @A €} ol ©zx% 67} AAE 37} AAA 1o #indc}
(1987, ©]%&).

3
Wt Mz E A sty pES Fud FM

2ol R AW g FHstd ¥xEE AA3

il

l:/L'g' 1‘3247] .?43]]}\-1.‘:—‘___. Flg 2"29’}‘
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E

C AP T’
Z7) [ & A l b A uf 7]

o—p| f dt 4 BEW o
ke
FM}2
90° ©]471 A
|
HEal 2717) 0
Fig. 2—13. Block diagram of the summing of vector
— AR A2
BEg vl 71 AN B BERE BfEshe vdE #FE AT szt

4 o0 HT e (DS MGE

r

e(t) =Kle(t) ]’ o™
e(D =¥ =cos [wt+K[f(t)dt]el A
e.()=1/2[1+cos(2 wt+2K[f(t)dt)] oIt}

oF 2=

5, A E9Re] kel FANESH BEd et BF 2 Hiss & F

itk
B A olSkRe] AN W0l A% Bk 7HH Aol oHeE

7hsstut.



%, BAK BERE BE B CHo2 BHIfA7Y SRK B Hhkds
IFH fisre] Wol o] Il HEE 1Fo FEF7] ) Bkl LESE v 4o
mEW Bl FMHEAY W ERE ARSSt AT BN REEE Auy
T U

Fig 2—12014¢t #Zo] XfFae REEES T3k TE AT ez
A& SRR LES FHEEE —kol e 57} W EA BERE
LE XTI H5s Au) AjAk o

VC1, C21, C22 % L1ol o3t QlollA Eiks= AT 162444[MHz]&
Q1 Emitterell A4l HIEE 4 Aok

o] E£9%E Q2 Collectorol| 4] 7] FEEES] 3 7142 SHEE 129
L39 ERE #HAsEdey CHUE A E¥c QA dAIgd 3FuE 3ty
A= 718 BEEel st oMyt @ BEEIT Bkl Q4o Earss Zolth
Fig. 2—14= F41719] A IE2xo|h ‘

Fig. 2—15% 21719] 8 23 322 #EE TF 22X /A Fdsich
%, 162444[MHZz]9] =73 &3

i

g9= 23 9L ol&skd Q1 L1, VCl,
Cle g 238 A7l 3 L2, C3, C491A 3AuiAIAH Q2 Baseo] AH=Eth

o] fE3k 139k LAol A ThAl 22} 3AHl4] =5 9Aw) 7]5 20| Ho] Mixer
@9l Q3 Based] Yt

QLo BAE OscHlHe vhe qgstoop 34w firgs W 8VI~15[VI7HA

a2 Aol Fzad

- BRE
FM #f%~ 53 22 /o] AUth
— Diode Reactance #3325
— fIF1 Reactance #iA2%
— Reactance FET #3532
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L Advance Information

LOW POWER
LOW POWER NARROW BAND FM IF FM IF
SILICON MONOUTHIC
INTEGRATED CIRCUIT
...includes Ocillator, Mixer, Limiting Amplifier, Quadrature Dis-
criminator, Active Filter, Squelich, Scan Control, and Mute Switch.
The MC3361 is designed for use in FM dual conversion com-
munications equipment.
® Operates From 1.8 V to 70V
# Low Drain Current 4.0 mA Typ @ V¢ = 4.0 Vdc
s Excellent Sensitivity: Input Limiting Voltage —
-3.0dB = 2.0 uV Typ
¢ Low Number of External Parts Required P SUFFIX
PLASTIC PACKAGE
CASE 648-05
FIGURE 1 -— FUNCTIONAL BLOCK DIAGRAM
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Fig. 2—16. A circuit of the discriminator



MAXIMUM RATINGS (T4 = 25°C, unless otherwise noted)

Rating Pin | Symbol Vatue Unit
Power Sup:)ly Voltage 4 Vccimax) 8.0 Vde
Operating Supply Voltage Range 4 Vee 1810 7.0 Vde
Detector Input Voltage 8 — 1.0 Vp-p
Input Voltage (Vce > 4.0 Volts) 16 Vig 1.0 VAMS
Mute Functlon 14 Via -0.510 5.0 Vp_k_
Junction Temporature — Ty 150 *C
Operating Ambient Temperature Range — Ta -30to +70 *C
Storage Temperature Range — Ts_(ﬂ -651t0 +1501 °C

ELECTRICAL CHARACTERISTICS (Voe = 4.0 Vdc, fo = 10.7 MHz, 8f = 3.0 kHz, finog = 1.(; kHz, :"A = 25°C
. unless otherwise noted.)

2.

Characteristic Pin Min Typ Max Unh
Drain Current 4 mA
Squelch Off —_ 4.0 -—
Squeich On —_ 6.0 —_
input Limiting Voltage 16 - 20 —_ »Y
{~-3.0 dB Limiting)
Detector Output Voltage 9 —_ 20 — Vde
Detector Output Impedance —_ — 400 —_ f
Recovered Audio Output Voltage 9 100 150 — mVrms
{Vin = 10 mV)
Filter Gain {10 kHz} _ 40 48 - dB
{Vin = 5.0 mV) .
Filter Output Voltage n — 1.5 — Vde
Trigger Hystoresis - — 50 mv
Mute Function Low 14 — 10 — 13
Mute Function High 14 — 10 — MR
Scan Function Low {Mute OH) 13 — — 0.5 Vde
(V32 = 2.0 Vde)
Scan Function High (Mute On) 13 3.0 —_ — Vde
(V42 = Gnd)
Mixer Conversion Gain 3 —_ 24 — d8
Mixer Input Resistance 16 - 3.3 — k0
Mixer input Capacitance 16 — 2.2 — pF
TVCC
10 745 Mitr ~.7 G0yt
FIGURE 2 — T1LST CINCUIT () 1 1 ( Mixor tnput
Pres g 107 MH:
_)t—I..E,,: 15
2200 B e
3 [1a}——— Audio Hiune
muRata
CFU45502 =
L‘_ 13 Scan Contro!
5] [12}———o0 50 5W 1nput
_)}.__E o Filter Amp Qut
G.1 uF uf
510
--*---?'-—-[T Tﬂ—] 4\M'—-l>|( -0 filter Amp In
Ohut ) 10 b
8.2 %
= R E}—«Z’v—t—o AF Output
Quad Coil R Y ZRO01 uF
L 1 .
Tuha Jype Al | tOuad Cotl
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Cowmimunication Telecommunications

PBX Architecture (Analog Transmission). . . ... .. 4-50

“ecpriie Voice/Data Communication {Digital .
(" el ib Transmission). . . ... .....oou. ... L. 4-52
Electronic Telephone . .. ................. 4-54
Tone Ringers. . . ..., 4-55
RF Communications Speech Networks. . .. ................ ... 4-56
Narrowband Dual Conversion Receivers. . . .. ... 4-48 Speakerphone. . .. ... ... ..o oo 4-51
AM Receiver, Medium-Short Wave . . ... ...... 4-48 Telephone Accessory . . .. ... . vv v 4-58
Wideband Data Receivers . . . .. ............ 4-48 Modem/Filter.. . ... .. PN e, 489
Narrowband IFs. . . ..................... 4-48 CVSD Modulator/Demodutator . . ... ......... 4-60
Transmilters . . .. ..o it 4-48 Phase-Locked Loop Components. . ... ......... 4-61
Balanced Modulator/Demodulator . .. .. ... .... 4-49 Package Overview .. ..................... 4-63

RF Communications
Narrowband Dual Conversion Receivers — FM/FSK — VHF

RF IF2 Max
Input 1F1 {limiter Data Case
Type Vee lcc [Sensitivity| (Max) | {Max} in) Mute | RSS! Rate Notes Package | Suffix
MC3362 2-7V I3mA| <1 uV |180 MHz|10.7 MHz{ 455 kHz — J 1.2 kb {includes 24 Pin Pr724
buffered VCO DiP, [DW/751E
output SOtC
MC3363 27V AmA] <1V 1180 MIL(10.7 MEZ| 455 kilz v J 1.2kb [includes RF 28 Pin [DW/751F
amp, mute SoIC
AM Receiver Medium/Short Wave
MC1304116.5-16.5V {25 mA| 6 uV 10 MHz | 455 kHz —_ - J — Includes scan 20 Pin P/738
stop DiP  |DW/751D;
Wideband Data (FM/FSK) Receiver — VHF
IF2 Max
3] {Himltor Data Case
Type Vee Icc [Sensitivity] (Max) in) Mute | RSSI Rate Notes Package | Suffix
MC3356 3-9V | 25mA 30 uV {200 MHz10.7 MHz J v 500 kb |Includes front end| 20 Pin P/738
mixer/L.O. DIP/PLCC | FN/775
Narrowband IF's — Wideband (FM/FSK) IF
MC3357 4-8V 5 mA 5 uV 45 MHz | 455 kHz v — -— 16 Pin P/648
DIP/SOIC | D/7518
MC3359 149V 7 mA 2 uV 4h Milz { A55 ki1, v — -— 18 Pin /o7
DILSOIC | DWIISTC
MC33061 2-8V 6 mA 2V 60 MHz | 455 kHz v _ -— 16 Pin P/648
DIP/SOIC | D/7518
MC3367 -5V 1 mA <1 pV 75 MHz | 455 kHz J — 1.2kb |1 Coll Operation 28 Pin | DW/751F
1 N SoIC
MC3371 2-8V 6 mA 2 v 60 MHz | 455 kHe v v — (3088 Intro) 16 Pin P/648
DIP/SOIC [ D/7518
MCI30LL | 312V [ 20mA | 20,V -- 40 Ml v v 2Mb  [Wideband Data IF| 16 Pin P/648
DIP/SOIC | D/751B
Transmitters — FM/FSK
Max RF Max
Freq. | Battery [ Tone Mod. . ' Case
Type Vee Icc Pout Out Check osc Freq. Notes Package | Suffix
MC2831A |3-8Vdc] 5mA { —30dBm | 50 MHz v v 5.0 kHz |includes low battery 16 Pin P/648
{xtal ctl)_ checker, tone osc. DIP/SOIC | D/751B
MC2833 3-8Vdc| 3mA 30 dBm {150 MiHz - - 5.0 kHz |includes two frequoncy 16 Pin P/648
to Otk et faaaltiplionfanaplilion DIEGOIC | DY
110t trangistors




Balanced Modulator/Demodulator

. Case
Vee icc Function Package | Suffix
. |MC1596 5-30V | 10 mA 10 Pin /603
MC1496 5-30V | 10 mA Metal
Carrier Balance >50 dB General purpose batanced modulator/ 14 Pin /632
demodulator for AM, SSB, FM Detection Ceramic

DIL, DIP, | P/646
SOIC D751A

Low Power FM Transmitter System MOSAIC™ 1.5
NC2831A —Tp = -30°to +75°C, VHF Narrowband Dual-Conversion

Case §48, 751B R .
ecelvers
* Complete VHF FM Transmitter/Exciter o _40° o
¢ Mike Preamp with Limiting MC3362/MC3363 — TA S C; tg +58 SAC‘
¢ Tone Generator for CTSS or AFSK Case 724, 751

# Crystal or L-C VCO Operation Qperation to 180 MHz
 Buffer/Multiplier Output Stage 2-8 V dc Supply

¢ Low Voltage (internal reference) Warning Circuit - >1 uV for 20 dB Quieting Sensitivity

¢ Easily Partitioned for Semicustom Applications Analog and Data Modulation Recovery

>60 dB Dynamic Range RSSI
Crystal or VCO First L.Q. Operation

MC2831A On-Chip RF Amp/MC3363
t RF Input oot
49.7 MH,
R e
vee 1 24 ¢
120 pf rom Phase
784 essiancn i 2 ol Dotec

! l 001 F
50 pF == 22
10.245 MHz TI:n pF Z’o_n uH

Al
Caramic Filer 20— To Phaso Datectar

455 kHz \Su-——lsuca:’sz‘s Ceramic Filter
e o
8 |7r—-: r—’ta' ’
0“1 g 1 h

w s w
~

0.1 5
T o "é }—110 15: T o
] 200 k l
10k To Carrier <,___r n 1 1 0.001 o vee
\ Detect 12 13 I S Recovered
ndicalor 68 Aucho
V- 660 [}
Cp - 180 pF
-
(AT capacsiars in wf unless otheiwisa statud {lesisiars o ohis dnductors in Heones |
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3‘ 124 ¥ oaneT A%
LY 44 54% MH“ J“n-". ' '7‘.-_:$D‘ ]
Low Voltage FM Narrowband A S.
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Receiver w % | moxer ”
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Fig. 2—17. Discriminator and audio circuit
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W vttt 71 Levelo] ShiftEM DataZ Al £ JHIZ =7 W&o HF FHE
AP A & Fart gk

Fig. 2—19 ¥ B% LEMLE A717] 98 Aoz IC141E A o™ pin 6
Wl M) e +12[V] Axols TP4odlA et o] &3 Pulse’t o] PCE
dgHeh

4. Data Acquisition Program
Data acquisition program$! WQMDAP.PAS+= Turbo Pascal(Borland Version 55)&

Argate] stk

23y

1]
flo

1) Data acquisition boardslA] &HE AEE ¢ojEole =2

2) ANE EEE RESI Fdd yehfe Z=233

3) Disk\} Printerd] ASE 7|E3e TEIHY

4) Z2aWE F3 AIAY, 3EY HES ZIHE 7AW, & HolA

A8E B & Yt Key B0 ZRIYPFeR FAH 3o

Data acquisition board®] £ 2 Personal computer2] COM2 : Port(RS—232C Asyn- |
chronouse serial port)Z ¢Jo] Eth COM2: PortE flf#3}7] $13ted TURBO
ASYNCH Version 102 Unit 3td2 w73t AMgstdch COM2: PortE Data
acquisition board®] &3 & FelQl 2400 [bps], 8 Data bits, No parity bit,
1 Stop bit® ZFEsIF L™, 3 7He] &HhZl 16HER FAEo] glorz gHEH
o] 2utelE FEF FHE ARE U

EREEE Ty gue ANERES BEFLRZ Sfdte AMESIAY. B
1641 E(DB15, DB14,------, DB1, DB0) 9] #HE d &5 (/3] 49 E  DB15, DBl4,
DB13, DB12)¢t A/D ##3l(DB11, DB1O, - , DB1, DBO)o.2 SrBfsted, a2

— 67—



Rz BHE s A eET, A 18 MR MWHET, “Ad 28

BEBRE, “Ad 3% % FET, A 48 BETZ dshidt. ol

AZ¥ @A Diskel 71Sshm, i, B, BAME Tkl 1 g shEel

BT, FHES 1UZ2 dehhoinh
2

i
o
o

B>
2
fo

Keyboard BWH 2 ZT211Y EfTF5 ¥ Keyol 33 3te HHE 533171
A Aoz o} Zo] 3FHFY IS AHEIAT
(PageUpy : A1 3t 18 &S A o FAA dUele 7%,
Py (EHeY W8S ZHERZ QUle 7T
(ESC> : A+EF< 3d3} COM2 : PortE Closedt i 31HE Text B2 A3
¥ ZRI¥E FEIG
z239 FF2

1) Personal Computere] @A @xet AtE AR S8A¢ol= 74, o
e |

2) “Turbo Asynch” UnitE AH§-317] 93l RAMd =2 13821 "LOCM.EXE™ &
43 Azt

3) Data acquisition program$! “WQMDAPEXE™ZE 43+t

Program WQMDAP ;
{

{ }
{ Program name : WQMDAP }
{

{ Language : TURBO Pascal Version 5.5 }



uses
Dos, Crt, Printer, Asynch, Graph, EPGraph ;
const

ADRange =4096: {12—bit A/D Converter 0~4095}

type
str80 =string[80] ;
str4 =string(4] 3
str2 =string[2] ;

DataFmt =record{Disk Data Format}
Hour : word ;
Min : word
Sec :word;
HSec ' word ;
Temp : word ; { &%}
Cond :word; (¥ %}
DsOx : word ; { &&ALA )
PeHa : word ; {pH}

Turb : word : {E%}

end ;
var
SN > word ;
OutFileName : str80 ;
OutFile . file of DataFmt :

NoOfch, NoOfData : integer :

InKey . char ;



Xmax, Ymax . integer

BackColor . interger ;
MaxColors - word ;
GrImage > array[1.5] of pointer ; {Marker 7]&}

DataPoint, DataPointl . pointer ;

MinTemp, MaxTemp, MinCond, MaxCond, MinDsOx,

MaxDsOx, MinPeHa, MaxPeHa, MinTurb, MaxTurb ; word 3
SumTemp, AvgTemp, SumCond, AvgCond, SumDsOx,

AvgDsOx, SumPeHa, AvgPeHa, SumTurb, AvgTurb © real s
AvgTempStr, MinTempStr, MaxTempStr,

AvgCondStr, MinCondStr, MaxCondStr,

AvgDsOxStr, MinDsOxStr, MaxDsOxStr,

AvgPeHaStr, MinPeHaStr, MaxPeHaStr,

AvgTurbStr, MinTurbStr, MaxTurbStr,

TempStr, CondStr, DsOxstr, PeHaStr, TurbStr . string ;
TempData, CondDate, DoData, PehaData, TurbData . integer ;
StrTime © string 5
TextHeightl, TextHeight2, TextWidthl, TextWidth2 . integer ;

TitleWnhdX1, TitleWndY1, TitleWndX2, TitleWndY2,
PlotWndX1, PlotWndY1l, PlotWndX2, PlotWnhdY2,
PltWndX1, PltWndY1, PltWndX2, PltWndY2,
TempWndX1, TempWndY1l, TempWndX2, TempWndYZ2,
CondWndX1, CondWndY1l, CondWndX2, CondWndY2,
DoWndX1, DoWndY1l, DoWndX2, DoWndY2,
pHWndX1, pHWndY1l, pHWndX2, pHWndY2,



TurbWndX1, TurbWndY1l, TurbWndX2, TurbWndY2,
XAxisX1, XAxisX2, XAxisYl, XAxisY2,
YAxisX1, YAxisX2, YAxisYl, YAxisY2 . integer 3

X1Pt, Y1Pt, X2Pt, Y2Pt . integer ;

YPoint, PTxtYPt . integer ;

MarkInt, MarkPt . integer ;

XWdth, YHght, XZero . integer 3

XScale : ‘real

MRange . integer ;

sizel . integer ;

UpPage . boolean ;

status, PorStatus, QueueSize . integer 3

AsynchQueue > array[1.1024] of char;
ChNo . byte 3

RawData . DataFmt ;

SerNo . word 3

StrSerNo > string »

ComWord - Word :

InComStr str2 s

DtBut * array[1.3000] of DataFmt ;



procedure InitVar ;

(i 271X 43|
begin
InKey L=
NoOfData =15
UpPage . =false :
YPoint =0 MarkPt :=10:

MaxTemp : =0 ; MaxCond : =0 ; MaxDsOx : =0 ;s MaxPeHa . =0
MaxTurb © =0
SumTemp : =0 ; SumCond : =03 SumDsOx . =0 ; SumPeHa : =0
SumTurb : =03
TempData : =03 CondData : =0 ; DoData : =0 ; PehaData : =0:
TurbData : =0
MinTemp . =4095 ;5 MinCond : =4095 ; MinDsOx : =4095MinPeHa : =4095 :
MinTurb : =4095 ;

end ; {InitVar}

function Int2Hex(i : word) : strd ;

{FXE BAdz W}

var
HexStr : string(8] 3
b :array[1.2] of byte absolute i;
bt . byte s



function Translate(b : byte) : char ;
begin
if b < 10 then
Translate : =Chr(b+48)
else
Translate : =Chr(b+55) ;
end ; {Translate}
begin
HexStr: ="’ ;
HexStr : =HexStr+ Translate(b[2] shr 4) ;
HexStr | =HexStr+ Translate(b[2] and 15) ;
HexStr | =HexStr + Translate(b[1] and 4) ;
HexStr : =HexStr+ Translate(b[1] and 15) ;
Int2Hex . =HexStr 3
end ; {Int2Hex}

procedure ClsComPort 5 forward ;
procedure ComPortError (AsynchQueue, PortStatus : integer ; proc : str80) ;

{Com : Port Error Message}

var
StatusWord . integer ;
LineStatus, ModemStatus . integer 3
begin
Writeln ;

Writeln(‘TURBO ASYNC’ ‘status’ ‘returned in’, proc,'=’, AsynchQueue) ;

— 73 =



case AsynchQueue of
OK : Writeln( ‘Everything is okay. Why are you calling me?’) ;
Inv__Port : Writeln( ‘Invalid port number’) ;
Port_ Not__Open : Writeln(*The port is not currently open’) ;
Inv__Parameter : Writeln( ‘Inwalid parameter. Check port address and interrt;pt
line’) ;
No_Port_ Found : Writeln(‘No serial port found at specified address’) ;
Out__Q_ Full : Writeln( ‘The output queue is full’) ;
Port_ Open__Already : Writeln( ‘The port is already open’) ;
In_Q Empty : Writeln(‘The input queue was empty’) :
Internal__Error . Writeln( ‘Internal TURBO ASYNCH level zero error’) ;
end ;
writeln(“TURBO ASYNC port status word’, Int2Hex(PortStatus)) :
statusWord : =statal(com2, LineStatus, ModemStatus) ;
writeln( ‘BIOS interrup hex 14 line/modem status word=", Int2Hex(Status-
Word)) ;
ClsComPort ;
halt(1) ;
end ; {ComPortError}

Procedure CisComPort ;
{Close Com2 : Port}
begin

status . =closeal (com2) ;



if not(status in [OK, Port_Not_Openl)then
ComPortError(status, 0, ‘Close—Port’) ;
end . {ClsComPort}

procedure SetUpComPort ;
procedurei OpenComPort ;
{Open Com2 : Port}

const
InSize =1000;
OutSize =24 ;
irq3 =3;

Portaddr= $ 02F8 ;
begin
status . =openal(com2, InSize, OutSize, irq3, Portaddr, addr(AsynchQueue)) ;
if status=Port_ Open__Already then
begin
ClsComPort ;
status=openal(com2, InSize, OutSize, irq3, Portaddr, addr(AsynchQueue)) ;
if status=Port Open__ Already then
begin
ClsComPort ;
status : =openal (com2, InSize, OutSize, irq3, Portaddr, addr(AsynchQueue)) ;
end

else



if not(status=0K) then ComPortError(status, 0, ‘OpenComPort’) ;
end 5 {OpenComPort}

Procedure SetComPrmt ;
{COM2 : Port Parameter 273 }

{2400 BPS, 8 data bits, No Parity, 1 Stop Bit }

const
SetBaudRate =1
SetParityBite =23
SetDataBits =3;
SetStpBits =43
Baud2400 =53
NoParity =03
EghtDtBits =3
OneStopBits =0;

begin

status . =setopal (com2, SetBaudRate, Baud2400) ;
if not(status=O0K)then

ComPortError(status, 0, ‘SetComPrmt(1)’) ;
status . =setopal (com2, SetParityBits, NoParity) :
if not(status=OK) then

ComPortError(status, 0, ‘SetComPrmt(2)’) ;
status : =setopal (com2, SetBaudRate, Baud2400) ;

if not(status=0K) then



ComPortError(status, 0, ‘SetComPrmt(3)’) ;
status . =setopal (com2, SetStpBits, OneStopBits) ;
if not(status=O0K)then

ComPortError(status, 0, ‘SetComPrmt(4)’) ;

end . {SetComPrmt}

begin
PorStatus © =03
OpenComPort 5
SetComPrmt ;

end : {SetUpComPort}

Procedure DsplnitMsg :
{Serial Number, ¥& 719 Data A5 ¢}
begin
write(‘Enter the serial number :’) ;
readn(SN) ;
write(‘Enter the number of data:’) ;
readln(NoOfCh) ;
end ; {DsplnitMsg}
Procedure OpenOutFile ;
begin
write( ‘Enter output File name:’);

readln(OutFileName) ;



assign(OutFile, OutFileName) ;
{$1—} reset(OutFile) ; { $1+}
if IOResult=0 then
begin
repeat
writeln(OutFileName, ‘already exists!’) ;
writeln( ‘Press “R” to replace this file or’) ;
write(*  “S” to skip this file(R/S) ")
InKey . =readkey ;
InKey : =upcase(InKey) ;
until(InKey in [‘R’, ‘S’]:
if(InKey= ‘S’ )then
begin
close(OutFile) ;
ClrSer ;
OpenQutFile ;
end ;
end ;
rewrite(OutFile) ;
writeln 3
write( ‘Strike any key to start ———");
InKey . =readkey ;

end ;



Procedure FlshInQueue 3
begin
status : =iflshal(com2) 3
if not(status=O0K) then
ComPortError(status, 0, ‘FlshInQueue’) 3

end ; {FishInQueue}

Procedure WaitForMsg(len : integer) 3
begin
repeat
status . =gsizeal(com2, QueueSize, PortStatus) ;
if not(status=OK)then
ComPortError(status, PortStatus, ‘WaitForMsg’) 3
if KeyPressed then
begin
InKey : =ReadKey 3
if InKey= $#112 then PrintGraph(6, Portrait) ;
if InKey=#0 then
begin
Inkey . =ReadKey ;
if InKey=#73 then Putlmage(PltWndX1, PltWndY1, DataPointl, XOrPut) ;
end ;
end :

until(QueueSize>=len) or (InKey= #27) ;



if InKey=#27 then
begin
CloseGraph 3
RestoreCrtMode
ClsComPort 5
close(OutFile) ;
end ; |

end 5 {WaitForMsg}

procedure MinMax(var dataset  : word ;
var minval - word 5
var maxval - word ;
var sum real s
var avg - real) ;
var
i: integer ;

min, max - - word ;

begin
min . =minval ;
max . =maxval ;
sum . =sum+ dataset ;

avg . =sum/NoOfData ;



if dataset <« min then minval | =dataset ;
if dataset > max then maxval . =dataset ;

end ; {MinMax}

Procedure RdStrComPrt ;
{COM2: Port2%El #xd )2 DataE o =7
{FAE 9] =7] . 2—Byte}
const
UpBound=2 ;
var
NoRead . integer ;
begin
status . =rdstal(com2, UpBound, addr(InComstr[1]), NoRead,. QueueSize, PortSta-
tus)
if not(status=OK) then
ComPortError(status, O, ‘RdStrComPrt’) ;
InComStr[O] : =chr(NoRead) ;
end ; {RdStrComPet}

procedure ComStr2Word 3

{Com2 : portoll A} Y E FAE T Datad -z W}

{16—bitZF 9] 4—bit 1 A/D HE o] Ad WF}
(YA 12—bit :A/D HE 27}
var

msbl . byte ;

msb, Isb . word ;



begin
FlshInQueue ;
WaitForMsg(2) ;
RdStrComPrt ;

msbl | =ord(InComStr[1]) ;

ChNo : =msbl shr 4 {(Ad¥z AL

msb . =msbl shl 8;

Isb : =ord(InComStr[2]) 3

ComWord : =msb+Isb ; {16—bit BFE A4H

end ; {ComStr2Word}

procedure ValToStr ; forward ;
Procedure ArngComWord ;
{(AdWs 2= EFst HAd, L, BTA AL
(A0 2%, Al I=x, ANd2: §844%
{3 :pH, Hd4: &}
var

mshl . byte 3

msb, Isb : word 5

index . integer ;

begin{ ArngComWord}
ComWord : =ComWord and $OFFF ; {16—bit5] A 12—bit A/D Data¥ A &i}
‘with RawData do



begin v
case ChNo of
0 : begin
GetTime(Hour, Min, Sec, HSec) ;
Tem : =ComWord ;
MinMax(Temp, MinTemp, MaxTemp, SumTemp, AvgTemp)
end ; -
1 begin
Cond : =ComWord ;
MinMax(Cond, MinCond, MaxCond, SumCond, AvgCond)
end ;
2 . begin
DsOx : =ComWord ;
MinMax(DsOx, MinDsOx, MaxDsOx, SumDsOx, AvgDsOx) ;
end ;
3 : begin
Peha : =ComWord ;
MinMax(PeHa, MinPeHa, MaxPeHa, SumPeHa, AvgPeHa) ;
end ;
4 : begin
Turb : =ComWord ;
MinMax(Turb, MinTurb, MaxTurb, SumTurb, AvgTurb) :
{Diskell APz ATFA AD HE A8 7=}
DtBuf[ NoOfData] : =RawData ;
inc(NoOfData) ;



if NoOfData=NoOfCh+1 then
begin
for index : =1 to NoOfData—1 do
write(OutFile, DtBuflindex]) ;
colse(OutFile) ;
reset(OutFile) ;
seek(OutFile, Filesize(OutFile)) 3
(=2 @& BEREE e

ValToStr ;

{ Ad, &, &9 27|12 AA}
MinTemp : =4095 ; MinCond . =4095 ; MinDsOx : =4095 ;
MinPeHa . =4095 ; MinTurb : =4095 :
MaxTemp . =05 MaxCond : =03 MaxDsOx : =0
MaxPeHa . =0 ; MaxTurb : =0
SumTemp : =03 SumCond . =035 SumDsOx . =03
SumPeHa : =03 SumTurb : =0
end ;
end ;
end ;
end ;

end ; {ArngComWord}



procedure HeadDtChk 3

{Header Data Check : Header Data 1: serial number}

{ Header Data 2 : 65535 }
{ Header Data 3: 0 }
{ Header Data 4 : 21845 }
var

i integer ;
begin

NoOfData : =1

SerNo . =ComWord ;
str(SerNo : 5, StrSerNo) ;
for i =1 to 3 do
begin
ComStr2Word ;
case i of
1 begin
if ComWord <> 65535 then
begin
sound (2000) ;
delay(100) ;
nosound ;
end ;

end



2 . begin
it ComWord{> 0 then
begin
sound(2000) ;
delay(100) ;
nosound ;
end :
end ;
3 . begin
if Comword <> 21845 then
begin
sound(2000) :
delay(100) ;
nosound ;
end ;
end ;
end ;
end ;

- end ; {HeadDtChk}

procedure TestGraphError(Grapherr ; integer) »
begin
if GraphErr <) grOk then begin
Writeln( ‘Graphics error : °, GrapherrorMsg(GraphErr)) ;

repeat until keypressed ;



InKey : =readkey ;
Halt(1) 3
end ;

end ; { TestGraphError}

proceaure InitGrph 3
var
GraphDriver, GraphMode ; integer ;
begin
GraphDriver : =Detect »
InitGraph(GraphDriver, GraphMode, *’) ;
TestGraphError(GraphResult) ;
MaxColors . =GetmaxColor, ;
Xmax @ =GetMaxX ;
Ymax @ =GetMaxy :
end ; {InitGrph}

Procedure MarkSymbis 3

{Graphic Symbol® 84 Grlmage[1] pointer ®Fo] 712}

{Symbol 1:“+”, Grlmage[1], &% }
{Symbol 2:“[0]", Grlmage[2], =% }
{Symbol 3: “@”, GrImage[3], &&A4g }
{Symbol 4 : “X”, Grlmage[4], pH }
{Symbol 5: “A”, Grlmage[5], 8% }



const
figurel . array[1.8] of integer=(3, 0, 6, 6, 0, 6, 3, 0) ;
var
i . integer ;
begin
SetFillStyle(EmptyFill, 0) -
if MaxColors > 4 then Setcolor(10) ;
Line(3, 0, 3, 6) 3
Line(0, 3, 6, 3)
GetMem(GrImage[ 1], ImageSize(0, 0, 6, 6)) 5
GetImage(0, 0, 6, 6, Grlmage[1]) :
PutImage(0, 0, Grimage[1], XOrPut) ;

if MaxColors > 4 then SetColor(11) ;
Rectangle(0, 0, 6, 6) ;

GetMem(Grlmage[2], ImageSize(0, 0, 6, 6)) ;
Getlmage(0, 0, 6, 6, GrImage[2]) ;
PutImage(0, 0, GrImage[2], XOrPut) ;

if MaxColors > 4then SetColor(12) ;
Circle(3, 3, 3) 3

SetFillStyle(SolidFill, GetColor) ;

FloodFill(3, 3, GetColor) ;
GetMem(GrImage[3], ImageSize(0, 0, 6, 6)) ;
GetImage(0, 0, 6, 6, Grimage[3]) ;
Putlmage(0, 0, Grlmage[3], XOrPut) ;
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if MaxColors > 4 then SetColor(13) ;
Line(0, 0, 6, 6) ;

Line(6, 0, 0, 6) ;

GetMem(GRImage[4], ImageSize(0, 0, 6, 6)) ;
GetImage(0, 0, 6, 6, Grlmage[4]) ;
Putlmage(0, 0, Grlmage[4], XOrPut) ;

if MaxColors > then SetColor(14) ;
FillPoly(4, figurel) ;
GetMem(GRImage[5], ImageSize(0, 0, 6, 6)) ;
GetImage(0, 0, 6, 6, GrImage[5]) ;-
PutImage(0, 0, GrImage[4], XOrPut) ;

end ; {MarkSymbls}

procedure FullPort ;
begin

SetViewPort(0, 0, Xmax, Ymax, ClipOn) ;
end ; {FullPort}

procedure Frame ;

{3lHE 43 B2 UFo] Title Window, Command Window}
{Data Plotting Window, Data Display Window® =% }
var

CmdWndX1, CmdWndY1l, CmdWndX2, CmdWndY2 '@ integer ;



DtWndX1, DtWndY1, DtWndX2, DtWndY2 . integer ;

MsgStPt . integer

TickX1, TickInc, i, WndInc, WndDiv . integer ;
procedure TitleWnd ;
(Title Window : =% 9o wpxgt #2 A7 Uehg)
begin

TitleWndX1 : =1:

TitleWndY1 : =1;

TitleWndX2 . =TextWidthl * 69,

TitleWndY2 '@ =TextHeight2 + 5

SetBkColor (Blue)

SetColor(MaxColors) ;

SetLineStyle(SolidLn, 0, NormWidth) ;

Rectangle(0, 0, Xmax, TitleWndY2) ;

SetViewPort(TitleWndX1, TitleWndY1, TitleWndX2, TitleWndY2—1, ClipOn) ;

SetColor(white) ;

SetTextJustify(LeftText, TopText) ;

SeTextWtyle(DefaultFont, HorizDir, 1) ;

OutTextXy(5, TextHeightl, ‘KORDI’) ;

SetColor(yellow) ;

SetTextStyle(TriplexFont, HorizDir, 2) ;

OutTextXY(Textwidth2 * 5, TitleWndY1—2, ‘WATER QUALITY MONITORING SY-

STEM’) ;

SetTextStyle(DefaultFont, HorizDir, 1) 3



SetColor(white) ;
FullPort ;
end ; {TitleWnd}

procedure CmdWnd ;

{Command Window : (Esc) ——— Z 21388 Zduj }
{ (P) ———— 3} J&-& EPSON Printer 2 Screen Dump  }
{ (PageUpy — #iglH & B9 }

begin

CmdWndX1 @ =0;
CmdWndY1 : =Ymax— TextHeightl—5:
CmdWndX2 @ =Xmax
CmdWndY2 @ =Ymax;
Rectangle(CmdWndX1, CmdWndY1, CmdWndX2, CmdWndY2) ;
SetViewPort(CmdWndX1+1, CmdWndY1+1, CmdWndX2—1, CmdWndY2—1, Cli-
pOn)
OutTextXY(1, 1, ‘CEsc)—quit {P)—PrintScreen {PgUp)—UpPage’) ;
FullPort ;
end ; {CmdWnd}

procedure PlotWnd ;
Procedure DrawAxis 3
procedure XAxis ;

var



i integer :
procedure DrawTick(Para, Tickl, Tick2, Tick3, Tick4, Tick5 : string) ;
var
1. integer :
TickLabelY : integer ;
begin
TickX1 . =XAxisX1 ;
TickInc : = (XAxisX2—XAxisX1) div 4
TickLabelY . =XAxisY1—5—TextHeight1 3
for i =0 to 4 do
begin ’
bar(TickX1, XAxisY1—5, TickX1, XAsisY1) 5 {Tick}
case i of
0 : OutTextXY(TickX1, TickLabelY, Tickl) ;
1 OutTextXY(TickX1, TickWidth2, TickLableY, Tick2) ;
2 OutTextXY(TickX1, TickWidth2, TickLableY, Tick3) ;
3. OutTextXY(TickX1, TickWidth2, TickLableY, Tick4) ;
4 : OutTextXY(TickX1, TickWidth2, TickLableY, Tick5) ;
end ;
TickX1 ! =TickX1 + TickInc s
end 3
OutTextXY(5, TickLabelY, Para) ;
end 5 {DrawTick}



begin{ XAxis}

XAxisX1 © =TextWidth2 shl 2+ TextWidthl ;

Inc(XAxisX1 PlotWndX1) ;

XAxisY1 . =TextHeight2 ;

Inc(XAxisY1, PlotWndYD) ;

XAxisX2 . =PlotWndX2— TextWidth2 ;

XAxisY2 . =XAxisY1 ;

for i1 =0 to 4 do

begin

bar(XAxisX1, XAxisYl, XAxisX2, XAxisY2) ;
case i of
0 : begin
DrawTick(“TEMP : °, ‘000", ‘125°, ‘250°, 37.5°, ‘500');
PutImage(55, XAxisY1—TextHeight1—3, Grlmage[1], XOrPut) ;
Inc(XAxisY1, TextHeight2) ;
XAxisY2 . =XAxisY1 ;
end ;
1 begin

DrawTick("COND : °, “0.00°, ‘125°, *250°, ‘37.5', ‘500');
PutImage(55, XAxisY1—TextHeight1—3, Grlmage[2], XOrPut) ;
Inc(XAxisY1, TextHeight2) ;
XAxisY2 . =XAxisY1 ;

end ;



2 . begin
DrawTick(‘DsOx : *, ‘0.00’, ‘250°, ‘500°, ‘750°, ‘100°) :
PutImage(55, XAxisY1—TextHeightl—3, Grlmage[3], XOrPut) ;
Inc(XAxisY1, TextHeight2) ;
XAxisY2 : =XAxisY1 ;
end ;
3 . begin
DrawTick(‘PeHa : °, ‘200°, ‘450°, ‘7.00°, ‘950°, ‘120):
PutImage(55, XAxisY1—TextHeightl—3, Grlmage[4], XOrPut) ;
Inc(XAxisY1, TextHeight2) ;
XAxisY2 : =XAxisY1 ;
end ;
4 . begin
DrawTick(‘“Turb : °, ‘0.00°, ‘250°, ‘500’, ‘750°, ‘100’) :
PutImage(55, XAxisY1— TextHeightl—3, Grlmage[5], XOrPut) :
end ;
end ;
end ;

end ; {XAxis}

procedure YAxis ;

begin
YAxisX1 :© =TextWidth2 shl 2+ TestWidthl ;
Inc(YAxisX1, PlotWndX1) ;
YAxisY1 @ =TextHeight2 ;



Inc(YAxisY1, PlotWndY1) 3

YAxisX2 : =YAxisX1

YAxisY2 | =PlotWndY2— TextHeight2 ;

bar(YAxisX1, YAxisY1l, YAxisX2, YAxisY2) ;
end ; {YAxis}

begin{ DrawAxis}
XAxis ;
YAxis »
PlitWndX1 : =XAxisX1+13;
PitWndY1 : =XAxisY1+1;
PitWndX2 : =XAxisX2 ;
PitWndY2 @ =XAxisY2;
end ; {DrawAxis}

begin{ PlotWnd}
PlotWndX1 @ =0
PlotWndY1l @ =TitleWndY2+2
PlotWndX2 : =Xmax— (Xmax div 3) ;
PlotWndY2 @ =CmdWndY1—-2:
Rectangle(PlotWndX1, PlotWndY1, PlotWndX2, PlotWndY2) ;
DrawAxis :
FullPort :
end 5 {PlotWnd}



procedure DtWnd ;
var
1. integer ;
begin
DtWndX1 : =PlotWndX2 + 2.
DtWndX1 : =PlotWndY1 ;
DtWndX2 : =Xmax;
DtWndY2 : =PlotWndY2 :
Rectangle(DtWndX1, DtWndY1, DtWndX2, DtWndY2) ;
SetViewPort(DtWndX1+1, DtWndY1+1, DtWndX2—1, DtWndY2—1, ClipOn) :
SetColor(yellow) ;
OutTextXY(TextWidth2+2, 5, ‘Average. Minimum. Maximum’) ;
bar(1, TextHeight2, DtWndX2, TextHeight2+1) ;
bar(TextWidth2, 1, TextWidth2+1, CmdWndY1—DtWndY1— TextHeightl) ;

FullPort :
SetViewPort(DtWndX1, DtWndY1+ TextHeight2+ 2, DtWndX2, DtWndY2, ClipOn) ;
SetTextStyle(DefaultFont, VertDir, 1) :
SetTextJustify(RightText, CenterText) ;
WndInc | =(DtWndY2—DtWndY1— TextHeight2—2) Div 5
WndDiv =03
for i 1=0to 4 do
begin
Inc(WndDiv, WndInc) ;
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PTxtYPt . =WndDiv—WndInc Div 2
case i of

0 © begin
OutTextXY(TextHeight2, PTxtYpt, ‘Temp’) ;
TempWndX1 : =DtWndX1l + TextWidth2 +3:
TempWndY1 . =DtWndYl + TextHeight 2 +33
TempWndX2 : =DtWndX2—2;
TempWndY2 : =TempWndYl + WndDiv — 23

end ; |

1: begin
OutTextXY(TextHeight2, PTxtYpt, ‘Cond’) ;
CondWndX1 @ =TempWndX1
CondWndY1l | =TempWndY2 +2;
CondWndX2 : =TempWndX2 ;
CondWndY2 =TempWﬁdY1 + WndDiv—2;

end ;

2 : begin
OutTextXY(TextHeight2, PTxtYpt, ‘DisOx’) :
DoWndX1 : =TempWndX1 :
DoWndYl @ =CondWndY2 +2:
DoWndX2 @ =TempWndX2 :
DoWndY2 : =TempWndYl + WndDiv—2:

end ;
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3 begin
OutTextXY(TextHeight2, PTxtYpt, ‘PeHa’) ;
pHWndX1 ' =TempWndX1 :
pHWndY1l : =DoWndY2 +2:
pHWndX2 @ =TempWndX2 ;
pHWndY2 @ =TempWndYl + WndDiv—2;
end :
4 . begin
OutTextXY(TextHeight2, PTxtYpt, ‘Turb’) ;
TurbWndX1 : =TempWndX1
TurbWndY1l : =DoWndY2 +2;
TurbWndX2 : =TempWndX2 ;
TurbWndY2  =TempWndYl + WndDiv—2;
end ;
end »
bar(1, WndDiv, Xmax—DtwndX1, WndDiv) ;
end ;
FullPort ;
end ; {DtWnd}

begin{ Frame}
TextHeightl : =TextHeight(‘M’) ;
TextHeightl . =TextHeightl shl 1

TextWidthl . =TextWidth(‘M’) ;



TextWidth2 @ =TextWidthl shl 1

FullPort ;

TitleWnd ;

CmdWnd ;

PlotWnd ;

DtWnd

SetColor(white) ;

SetTextStyle(DefaultFont, HorizDir, 1) ;
SetTextJustify(LeftText, TopText) :

end ; {Frame}

procedure GetYData 3
begin

Y1Pt  Ypoint 3

Inc(Ypoint)

Y2pt : =Ypoint 3
end ; {GetYdata}

procedure PltData(Par : byte) :
begin
SetViewPort (P1tWndX1, PltWndY1, PltWndX2, PltWndY2, ClipOn) :
MoveTo(X1Pt, YIPt) 3
LineTo(X2Pt, Y2Pt) 3
if Y2Pt=MarkPt then



begin
case Par of
1 : Putlmage(X2Pt—3, Y2Pt—3, Grlmage[1], XOrPut) :
2 ! Putlmage(X2Pt—3, Y2Pt—3, Grimage[2], XOrPut) :
3 ! Putlmage(X2Pt—3, Y2Pt—3, Grlmage[3], XOrPut) ;
4 : Putlmage(X2Pt—3, Y2Pt—3, Grlmage[4], XOrPut) ;
5 : Putlmage(X2Pt—3, Y2Pt—3, Grlmage[5], XOrPut) :
end ;
SetViewPort(PlotWndX1+1. PltWndY1+MarkPt,
XaxisX1—1, PitWndY1+MarkPt+ TextHeightl+3, ClipOn) :
ClearViewPort ;
OutTextXY(1, 1, StrTime) ;
end :
SetColor(White) 3
FullPort ;
end ; {PltData}

procedure TextOutGpMode
var
ErrCode : integer ;
size . integer ;
procedure Temp(TempStr : string) ;
begin
SetViewPort(TempWndX1, TempWndY1, TempWndX2, TempWndY2, ClipOn) ;
GetMem(DataPoint, size) ;



GetImage(0, 10, 190, 82, DataPoint) :
ClearViewPort ;

PutImage(0, 0, DataPoint, XOrPut) ;
OutTextXY(0, 72, TempStr) :
FreeMem(DataPoint, size)

X1Pt : =TempData ;

TempData  =trunc(AvgTemp * XScale) ;
X2Pt . =TempData ;

PltData(1) ;

FullPort 5

end ; { Temp}

procedure Cond(CondStr : string)
begin

setViewPort(CondWndX1, CondWndY1, CondWndX2, CondWndY2, ClipOn) ;
GetMen(DataPoint, size) ;

GetImage(0, 10, 190, 82, DataPoint) ;
ClearViewPort ;

PutImage(0, 0, DataPoint, XOrPut) ;
OutTextXY(0, 72, CondStr) ;
FreeMem(DataPoint, size)

X1Pt : =CondData ;

CondData . =trunc(AvgCond * XScale) ;
X2Pt @ =CondData ;
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PltData(2) :
FullPort ;
end 5 {Cond}
procedure DisOx(DsOxStr : string)
begin
SetViewPort(DoWndX1, DoWndY1, DoWndX2, ClipOn) ;
GetMem(DataPoint, size)
GetImage(0, 10, 190, 82, DataPoint) ;
ClearViewPort :
Putlmage(0, 0, DataPoint, XOrPut) ;
OutTextXY(0, 72, DsOxStr) ;
FreeMem(DataPoint, size) ;
X1Pt : =DoData :
DoData : =trunc(AvgDsOx * XScale) ;
X2Pt : =DoData ;
PitData(3) :
FullPort ;
end : {DisOx}

procedure PeHa(PeHaStr : string) ;
begin
‘SetViewPort(pHWndX1, pHWndY1, pHWndX2, pHWndY2, ClipOn) ;

GetMem(DataPoint, size) ;
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GetImage(0, 10, 190, 82, DataPoint) ;
ClearViewPort ;
PutImage(0, 0, DataPoint, XOrPut) ;
OutTextXY(0, 72, PeHaStr) :
FreeMem(DataPoint, size)
X1Pt . =PeHaData ;
PeHaData : =trunc(AvgPeHa * XScale) ;
X2Pt . =PeHaData ;
PltData(4) ;
FullPort :

end : {PeHa}

procedure Turb(TurbStr : string) ;

begin
SetViewPort(TurbWndX1, TurbWndY1, TurbWndX2, TurbWndY2, ClipOn) ;
GetMem(DataPoint, size)
GetImage(0, 10, 190, 82, DataPoint) ;
ClearViewPort :
Purlmage(0, 0, DataPoint, XOrPut) :
OutTextXY(0, 72, TurbStr) ;
FreeMem(DataPoint, size)
X1Pt . =TurbData ;
TurbData © =trunc(AvgTurb * XScale) ;
X2Pt : =TurbData ;
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PltData(5) ;
FullPort :
end 5 {Turb}

begin{ TextOutGpMode}

size . =ImageSize(0, 10, 190, 82) ;

Temp(Temf)Str) ;

Cond(CondStr) 3

DisOx(DsOxStr) 3

PeHa(PeHaStr) ;

Turb(TurbStr) ;

if Y2Pt = MarkPt then
MarkPt @ =MarkPt + Markint ;

if MarkPt >=YHght then
MarkPt © =10;

if Y2Pt >=YHght then

begin
Ypoint : =03
SetViewPort(PltWndX1, PltWndY1, PltWndX2, PltWndY2, ClipOn) ;
sizel . =ImageSize(0, 0, XWdth, YHght) :
if UpPage = true then FreeMem(DataPointl, sizel) :
GetMem(DataPointl, sizel) ;
Getlmage(0, 0, XWdth, YHght, DataPointl) :

ClearViewPort ;



UpPage . = true;
FullPort 5
end ;

end ; { TextOutGpMode}

procedure DspTime 3
function LeadingZero(w : word) : String s
var

S . string »
begin

Str(w: 0, S

if Length(s) = 1 then

s = 0 + s

LeadingZero ' = s}

end ; {LeadingZero}

begin{DspTime}
with RawData do
StrTime : = LeadingZero(Hour) + ‘:° + LeadingZero(Min)
+ '’ + LeadingZero(Sec) ;
SetViewPort(TitleWndX2, TitleWndY1, Xmax—1, TitleWndY2—1, ClipOn) ;
ClearViewPort ;
OutTextXY(5, TextHeightl, StrTime) :
FullPort :
end ; {DspTime}
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procedure ValToStr ;
begin
str(AvgTemp : 7 : 1, AvgTempStr) ; str(MinTemp : 7, MinTempStr) ;
str(MaxTemp : 7, MaxTempStr) :
str(AvgCond : 7 1, AvgCondStr) ; Str(MinCond : 7, MinCondStr) ;
- str(MaxCond : 7, MaxCondStr) ;
str(AvgDsOx : 7 1, AvgDsOxStr) s str(MinDsOx : 7, MinDsOxStr) 3
str(MaxDsOx : 7, MaxDsOxStr) 3
str(AvgPeHa : 7 : 1, AvgPeHaStr) ; str(MinPeHa : 7, MinPeHaStr) :
str(MaxPeHa : 7, MaxPeHaStr) ;
str(AvgTurb : 7 : 1, AvgTurbStr) 5 str(minTurb : 7, MinTurbStr) ;
str(MaxTurb : 7, MaxTurbStr) ;
GetYData ;
TempStr . =concat(AvgTempStr, MinTempStr, MaxTempStr) :
CondStr . =concat(AvgCondStr, MinCondStr, MaxCondStr) ;
DsOxStr . = concat(AvgDsOxStr, MinDsOxStr, MaxDsOxStr) ;
PeHaStr : =concat(AvgPeHaStr, MinPeHaStr, MaxPeHaStr) ;
TurbStr : =concat(AvgTurbStr, MinTurbStr, MaxTurbStr) ;
TextOutGpmode ;
DspTime ;
end 5 {ValToStr}

procedure RdDtPIt ;

begin



repeat
ComStr2Word
if ComWord=SN then
HeadDtChk ;
ArngComWord ;
If KeyPressed then
begin
InKey . =ReadKey :
if InKey=#112 then PrintGraph(6, Portrait) :
if InKey=#0 then
begin
InKey . =ReadKey ;
if InKey= # 73 then PutImage(PitWndX1, PlitWndY1, DataPointl, XOrPut) ;
end :
end ;
until InKey = #27;
CloseGraph
RestoreCrtMode :
end ; {RdDtPIt}

procedure InitGrphMode :
begin

InitGrph :

MarkSymbils 3
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ClearViewPort ;
Frame ;

~ XWdth : =PltWndX2—PitWndX1 ;
XScale . =XWdth/ADRange :
YHght @ =PitWndY2—PltWndY1 :
Markint : =YHght div 10

end ; {InitGrphmode}

begin{Main}
InitVar 5 {¥Ha 271%] AA}
SetUpComPort ; {RS232C Com2 : Port 27}
DsplnitMsg 5 {Keyboard ¥3 =}&}
OpenOutFile ; {Disk file}
ClrSer :
InitGrphMode ; {Graph =& 2 A}
RADtPIt ;s {Com2 : o4 =& ¢17] & A}
ClsComPort ; {Close Com : port}
close(OutFile) ; {Close disk file}
end. {Main}
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APPENDIX I (Photography)

Photo 1—1 Inside of sensors

‘\%Vg\w

Photo 1—2 Outside of sensors
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Photo 1—3 A/D Convertor

Photo 1—4 Transmitter
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Photo 1—5 Receiver

Photo 1—6 Receiver and data terminal(PC)
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Photo 1—7 Transmitter antenna

Photo 1—8 Receiver antenna
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APPENDIX 1I

(A EXIE)
1991. 4.

Time Ch. 0 Ch. 1 Ch. 2 Ch. 3 Ch. 4
9:45: 26 2045 2047 2045 2047 2047
9:45:27 2045 2045 2045 2045 2047
9:45:29 2047 2047 2045 2047 2047
9:45: 31 2045 2045 2047 2045 2045
9:45:32 2047 2049 2047 2047 2049
9:45:34 2049 2049 2049 2049 2049
9:45:36 2049 2049 2049 2049 2049
9:45:37 2049 2049 2049 2049 2049
9:45: 39 2049 2049 2049 2049 2049
9:45:41 2049 2049 2049 2049 2049
9:45: 43 2049 2049 2049 2049 2049
9:45: 44 2049 2049 2049 2049 2049
9:45: 46 2049 2049 2049 2049 2049
9:45: 48 2487 2487 2487 2487 2487
9:45: 49 2035 2935 2937 2037 2939
9:45:51 3125 3125 3125 3125 3125
9:45:53 3105 3103 3099 3103 3099
9:45:55 3085 3087 3087 3087 3085
9:45:56 3077 3075 3077 3075 3077
9:45:58 3073 3073 3075 3075 3073
9:46: 0 3073 3071 3071 3073 3071
9:46: 1 3073 3073 3071 3073 3073
9:46: 3 3069 3069 3069 3069 3069
9:46: 5 3069 3069 3069 3067 3067
9:46: 6 3069 3067 3069 3067 3069
9:46: 8 3069 3067 3067 3067 3069
9:46: 10 3069 3069 3069 3067 3069
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Time Ch. 0 Ch. 1 Ch. 2 Ch. 3 Ch. 4
9:46: 12 3069 3069 3069 3069 3069
9:46: 13 3067 3067 3067 3069 3067
9:46: 15 3069 3069 3069 3069 3067
9:46:17 3071 3069 3067 3067 3071
9:46: 18 3069 3069 3067 3069 3069
9:46: 20 3069 3071 3067 3069 3067
9:46: 22 3069 3069 3069 3069 3071
904624 3261 3263 3263 3261 3263
9:46: 925 3517 3517 3517 3517 3517
9:46: 27 3771 3771 3771 3771 3771
9:46:29 3897 3897 3897 3899 3899
9:46:30 4087 4087 4087 4085 4087
914632 4095 4095 4095 4093 4093

9146134 4093 4093 4093 4093 4093
9:46:36 4093 4093 4093 4093 4093
94637 4093 4093 4093 4093 4093
9:46:39 4093 4093 4093 4093 4091
9746 41 4093 4091 4093 4091 4091
946 42 4093 4093 4091 4093 4093
946 44 4093 4001 4091 4091 4093
946 46 4091 4091 4093 4091 4093
904648 4093 4093 4091 4093 4001
9746149 4093 4091 4093 4093 4093
9:46:51 4093 4093 4091 4093 4091
9:46: 53 4093 4093 4093 4091 4093
9:46: 54 4001 4093 4093 4093 4093
94656 4093 4093 4093 4093 4091
946 58 4093 4093 4093 4093 4093
9:46: 59 4093 4093 4093 4093 4093
9:47: 1 4093 4093 4093 4093 4093
9:47: 3 4093 4093 4093 4001 4093
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Time Ch. 0 Ch. 1 Ch. 2 Ch. 3 Ch. 4
9:47: 5 4093 4093 4093 4093 4093
9:47: 6 4001 4091 4093 4001 4001
9:47: 8 4093 4093 4093 4093 4093
9:47:10 4001 4093 4091 4093 4091
9:47: 11 4093 4093 4093 4091 4093
9:47:13 4093 4093 4093 4093 4093
9:47:15 4003 4093 4093 4093 4093
9:47:17 4093 4093 4093 4093 4093
9:47:18 4003 4093 4093 4093 4093
9:47:20 4091 4091 4003 4093 4001
9:47:22 4001 4093 4001 4093 4001
9:47:23 4001 4091 4087 4001 4001
9:47:25 4001 4091 4091 4091 4093
9:47:27 4091 4091 4093 4091 4091
9:47: 28 4001 4091 4089 4001 4091
9:47:30 4091 4001 4093 4091 4001
9:47:32 4091 4091 4091 4093 4091
9:47:34 4091 4093 4091 4091 4091
9:47:35 4091 4001 4091 4093 4091
9:47:37 4091 4001 4091 4091 4093
9:47:39 4089 4093 4091 4091 4091
9:47:40 4091 4091 4091 4091 4093
9:47: 42 4091 4001 4091 4091 4091
9:47: 4 4091 4091 4091 4001 4091
9:47: 46 4091 4091 4091 4093 4001
9:47: 47 4093 4091 4093 4001 4091
9:47: 49 4093 4091 4001 4093 4093
9:47:51 4093 4001 4093 4093 4091
9:47:52 4091 4093 4001 4091 4001
9:47: 54 4003 4093 4093 4093 4093
9:47:56 4091 4093 4093 4001 4093




Ch.

3

Ch.

2

Time Ch. Ch. Ch.

9147158
9147159

4093

4093

4093

4093

4093

4093

4093

4093

4091

4093

4093

4093

4093

4093

4093
4093
4093

4093

4093

4093

4093
4093

4093
4093

4093

3

148

9

4093
4093

48

4093

4093
4001

4093
4093
4093
4093

4091

48 :

4093

4093

4091

4093 4093 4093

4093

9:48°10

4093 4093 4091

4093

9:48°'11

4093 4093 4093
4093

4091

9:48°13

4001 4093 4093 4093
4093

9:48:15

4093
4091
4093

4091

4093 4091

4091

9:48:16

4093
4093
4093

4003
4093

4001

9:48:18

4093 4093 4093

9:48:20

4093

4093 4091 4001

9:48:21

4093

4093

4093
4093

23 4091
4091

9:48125

48 :

4093

4093

4093

4093

4093

4091 4091 4093

9:48:27

4093 4093 4093 4093 4091
4091

9:48:28

4093

4093

4093 4091

9:48:30

4093 4091 4093 4091 4091

9:48:32

4091 4091 4091 4089

4091

4091

9:49:49
9:49:50
9:49:52
9:49:%4
9:49:55
914957

4091 4093 4089
4091

4091

4091

4091

4091

4091

4091 4091 4001

4091

4093

4091

4091
4091
4091

4091

4091

4091
4091

4091

4091

4091 4001 4091 4091 4089
4091

4091

9149159

4091
4091

4093

4091

4091

1

2950

4089

4091

4091

4089 4091 4091 4089 4089

4

9:50:
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Time Ch. 0 Ch 1 Ch. 2 Ch. 3 Ch. 4
9:50: 6 4091 4091 4089 4089 4089
9:50: 7 4091 4091 4089 4091 4091
9:50: 9 4089 4089 4091 4089 4089
9:50:11 4091 4091 4089 4089 4091
9:50:12 4091 4091 4091 4091 4001
9:50: 14 4089 4091 4091 4091 4091
9:50:16 4089 4091 4091 4091 4091
9:50:18 4091 4089 4091 4091 4091
9:50:19 4089 4091 4091 4089 4091
9:50:21 4091 4091 4091 4091 4089
9:50:23 4091 4089 4001 4091 4089
9:50:24 4091 4089 4091 4091 4089
9:50:26 4089 4091 4089 4089 4089
9:50:28 4091 4091 4089 4091 4091
9:50:30 4091 4089 4089 4091 4091
9:50:31 4089 4091 4089 4091 4091
9:50:33 4091 4091 4089 4091 4091
9:50:35 4089 4091 4091 4091 4091
9:50: 36 4091 4089 4089 4091 4091
9:50:38 4089 4091 4089 4089 4089
9:50:40 4091 4089 4089 4091 4089
9:50:41 4091 4091 4089 4089 4089
9:50:43 4089 4089 4091 4091 4091
9:50:45 4091 4091 4091 4089 4091
9:50:47 4091 4089 4091 4091 4089
9:50:48 4089 4001 4091 4089 4091
9:50:50 4091 4089 4089 4091 4091
9:50: 52 4091 4089 4089 4089 4091
9:50:53 4089 4091 4091 4091 4089
9:50:55 4089 4091 4091 4091 4089
9:50:57 4091 4089 4091 4091 4091




Time Ch. 0 Ch 1 Ch. 2 Ch. 3 Ch. 4
9:50: 59 4091 4089 4091 4091 4091
9:51: 0 4089 4089 - 4091 4089 4091
9:51: 2 4091 4091 4089 4091 4091
9:51: 4 4091 4089 4091 4091 4091
9:51: 5 4091 4091 4089 4091 4091
9:51: 7 4091 4091 4091 4089 4091
9:51: 9 4089 4091 4091 4089 4091
9:51:11 4089 4091 4091 4091 4091
9:51:12 4091 4089 4091 4091 4091
9:51:14 4089 4089 4089 4091 4091
9:51:16 4091 4091 4089 4089 4091
9:51:17 4091 4089 4091 4089 4091
9:51:19 4089 4089 4091 4089 4091
9:51:21 4091 4091 4091 4091 4091
9:51:23 4091 4091 4089 4089 4091
9:51:24 4091 4091 4089 4089 4091
9:51:26 4091 4089 4089 4089 4091
9:51:28 4091 4089 4091 4091 4091
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