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INTRODUCTION 

The detachment of bed material and lowering of bed, 

known as scour, is being studied in hydraulics section of 

Civil Engineering Department. To study the rate of scour, 

profile indicator is being used. The data from the profile 

bed indicator is being recorded on graph through graphical 

plotter. This graphical plotter is very slow. For further 

calculations, this graphical value is converted into decimal 

value which is strenuous. Moreover many readings are nece-

ssary in •the first few seconds to record scour accurately. 

To avoid the sluggishness and the strain to read data 

from graph, an attempt is made in this dissertation to read 

data from profile indicator and T)rint the decimal value uito 

third decimal much faster. A single channel :ADC interface 

and a parallel printer interface have been developed for the 

purpose. In the continuous mode of recording data., about 7 

readings/second rate has been achieved. 

Chapter-1 deals with the simulated model and the instru-

ment to convert the scour value into analog eruivalent, 

profile indicator. 

Chapter-2 deals with the VMC 85/9 micro computer which 

controls the operation of ADC and the parallel printer. 

The details of the parallel printer and the associated 

selective switches are given in Chapter--A. 
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The hardware circuit to interface the printer and the 

ALC are discus sed in Chapter-4. Here a me-thod. is or.ovided 

for selecting the scan intervals along with indicating 

lamps 

Chapter-5 deals with the development of subroutines. 

A total of seven subroutines have been developed for read-

ing in data conversion to decimal values, decimal to ASCII, 

print routine etc. The main software progra,rrune is also 

given in this chapter. 

The last chapter as usual contains the conclusion and 

suggestions for further development. 
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CHAPTER-1 

SCOUR MEASURE iNT 

INTRODUCTION 

The flow in an alluvial river causes detachment of the 

bed materials which may be carried away. by the •.rater in the 

form of silt. The detachment of bed material, particularly 

around the structures such as bridge piers etc. constructed 

across the river causes lowering of the bed. The lowering of 

river bed around such structures is called LOCAL SCOUR. For 

the same flow conditions lowering of river bed around the 

obstructions is considerably more than that for general river 

bed. The depth of scour depends upon - 

1. Bed material characteristics 

2. Flow and fluid characteristics 

3, 	Geometry of obstruction and its orientation to flow. 

The study of local scour of river bed is particularly 

important in design of the structures. Whenever there•is obs-

truction to the flow in the centre of the river such as piles, 

there will be eddy currents around the obstructions resulting 

in the scouring of the river bed. Because of scouring the 

river bed around the structure part or whole of the structure 

may get exposed to flow. This may result in decrease of the 

structure strength. This makes the structure unsafe, Knowledge 

of the rate of scouring enables the designer to select a sui-

table factor of safety in the design of the structure. Scour 

studies are made by setting up simulated models of rivers in 

the laboratory. 
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1.2 EXISTING SETUP 

Simulated model of the river used in the present work is 

a fixed bed masonry frame 30 m long, 1 m wide and 1.5 m deer. 

It has a slope of 6.q x 10-4  and. glass panel sides. The diagram 

of the simulated model is shown in Appendix A-1. Transparent 

flume sides enables one to note the level of water. Railinrrs 

are provided with level adjusting screws to enable the mounting 

of a wooden plank which supports the measuring instrument of 

scour at different points of the model. The measurement setup 

can be moved on the railings along the bed length. The o'-s true-

tions (piers) to flow in rivers is simulated by the use of hallow 

pipes in the river model. 

Water is made to flow from an overhead tank. To .avoid 

eddy- currents, grids made of bricks and guide vanes are provided. 

This also results in damning of turbulence present in the flow. 

The flow of water can be regulated by the wheel valve. The level 

of water in the model can also be controlled by the outlet ;ate. 

The out flow from the model goes into sump tank from where the 

water is pumped to the overhead tank for recycling. This portion 

is not shown in the diagram Appendix-Al. The pumping rate is 

such that the overhead tank always overflows so that head is 

always maintained. 

The scour of the river bed is studied by the use of the 

profile bed indicator. Electrodes from the profile bed indica-

tor is placed near the pile, but not touching it, to measure 

the depth of scour. The detailed description of the profile 

indicator, and the working principle are given in the next 

section to follow. 
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1.3 ELECTRONIC PROFILE INDICATOR(l)  

Electronic profile bed indicator is the instrument used 

to measure bed levels in hydraulic models continuously. This 

instrument converts the difference in levels into equivalent 

Analog voltage. 

1.3.1 Description 

The instrument consists of a probe, that is, a needle 

placed vertically in the water. A servomechanism maintains the 

tip of the probe at a constant distance ( adjustable to 0.5 -2.5mm) 

above the bed. A potentiometer,  attached to the probe enables the. 

position of the probe to be indicated in the form of the analog 

equivalent. The technical specifications of the particular pro-

file bed indicator are given below - 

Maximum depth to be measured 	- 108 cm. 

Minimum depth to be measured 	-- 3 	cm. 

Maximum vertical probe speed 	- 50 cm/sec. 

Distance from bed to tip of 	- 0.5 to 2.5 mm 
probe (adjustable) 

Sensitivity to bed level variations - 0.2 mm 

Applicable in fluids with a con- 	- 0.05 to l ms/cm. 
ductivity varying between'  
Volta;e 	 - 24 V 

Current  2A 

Frequency 	 - 50/60 Hz. 

Read out of 10-turn potentiometer 	- 2 k 

Resolution 	 - 0.03 percent 

Linearity 	 - 0.5 percent 

Calibration 	 - 0.05 V/cm 
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1.4 PRINCIPLES OF OPERATION 

PROBE - Probe is a stainless steel tube completely insulated.. 

At a distance of approximately 15 mm from its tip a stainless 

steel rin interrupts the insulation. This is the compensation 

electrode. Fid :.1.1 shows the probe of the profile be=d indicator. 

t PLAie 
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At the tip of the tube is the measuring electrode con 

pletely insulated. The probe is placed in the fluid with the 

plate electrode in its vicinity. The electrical resistance bet-

ween the measuring electrode or compensation electrode and the 

plate electrode ( in the fluid) is a function of the area of 

the electrodes and the conductivity of the fluids. As soon 
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as the measuring electrode is in the vicinity of a non-conductive 

bed, the resistance of the measuring electrode increases rapidly. 

The resistance of the compensation electrode remains almost cons-

taut. The ratio of the resistance of measuring electrode to the 

resistance of compensation electrode appears to be independent 

of the specific conductivity of the fluid. Fig.1.2 shows the 

relation between the ratio of resistance of measuring electrode 

to the resistance of compensation electrode (Rm/Rc) and' the 

distance from the bed to the pick-up hQ. The ratio Rm/Rc appears 

to be independent of the specific conductivity of the fluid. 



Circuit description 

The electrodes are placed in a resistance bridge, which 

is fed by an a.c. voltage of 9 volts and a frequency of 5 KHz 
as shown in Fig.1.3. The current throuh the compensation elec-

trode can be adjusted within certain limits by potentiometer 

R3  . The resistance of R4  and R5  have been chosen in such a way, 

that for distances varying from 0.5 -2.5 mm above the bed, the 

voltage of the electrode can be adjusted to the same value by R3. 

MEAS'a-S WA 
EkRC TRO DE 	 4  
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To 1`H E 
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The a.c. volta4e of the electrodes are rectified in the detec-

tor circuit. The difference between these two voltages is am-

plified about 100 times and is directed to the output attentuator. 

0 • 
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Figure 1.4 shows the relation between the output voltage of the 

detector and tIse isxoe from, the measuring electrode to the 
operating point. 
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In this graph the potentiometer balance has 3 values, 

resulting in operation having values of 0.5 mm, 1 mm and 2 mm, 

The graph shoes that sensitivity decreases from increasing opera-

tion distance. The detector signal passes the output attenua-. 

for and is d~.~ ected to the input of the servo amplifier. The 

input circuit is such. that negative voltages are amplified more 

than the positive voltages.. This creates a correction of the 

non-linear behaviour of the detector. 
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A d.c. motor is connected to the output of the servo 

amplifier. The motion of the probe is governed by this motor 

by way of gear transmission. A tacho generator is connected 

directly to the motor. Voltage from this tacho generator is fed 

back through a resistor to the second input of the servo 

amplifier. This feedback creates a damning effect preventing 

the system to oscillate. 

If a voltage occurs at the input of the servo-amplifier, 

due to the fact that the distance from the measuring electrode 

to the bed is not equal to the operation distance, the servo 

motor will move the probe in the direction of the operation 

point. The servo motor stops its action as soon as this point 

has been attained. A ten-turns potentiometer is connected to 

the probe, enablin the position of the probe to be indicated, 

System Description 

Figure 1.5 shows the block diagram of the profile indica-

tor. Blocks indicate corresponding parts as well as their trans-

for functions. The transfer function is -- 

h (s) 	1 
H(s) - fl (s) - m s 	S 2 	T 	 l*A. Kg. Km 

A. K n. K d. Kc 	A..Kn. Kd. Kc 

In practice A, Km, Kg appears >>> 1, so we can state - 

H(s) _ 	— 	1 	K ._._. 
S A. Km. K d. K~ S Kd Kc 	1 
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The frenuency response can be derived by substituting jw for S 

in equation (2) 

Let us state 

A.K .K .K wo  _ 	T  d c 	 ...(3) 

or 
Kw 

d  = K¢ 
0 
 2 	( darping ratio)  

d'K  c• 

we find 

H(jw) = 	 1 	 — 

1 - (w/wo )2  * 2dj(w/wo) 

In ecuations (3) and (4) K and Kg  are the only variables. 

This magnitudes depends on sensitivity. Moreover Kd  depends on 

h.o 'in minor degree. The other factors depend on the properties 

of the parts used. 

2E-r& rog 

?: Rd f- 	Hris) 

Al  = 30 	Kms  = 56 
T = 
Kc= 

30 x 10-3  
2.1 x 10-3  

Kg= 0-10 x10-3  

K= 0 _ 104  a 

Depending on sensitivity and 
h 

0 
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-CHAPT ER- 2 

VMC-85/9 

MICROPROCESSOR TRAIN ING/DE~TELOPMT KIT 

INTRODUCTION 

VMC-85/9 is a single board microprocessor Training/ 

Development kit based on 8085 Microprocessor. The man machine 

interface is through Hex key board having 28 keys and seven 

segment hexadecimal display interfaced through 8279. VMC-85/9 

provides 2k byte of RAM and 4k byte of EPROM, The total on 

board memory can be easily exnand.ed to 64k bytes in an appro-

priate combination of RAM and RCM. The monitor is incorphrated 

from 0000 Hexa to OFFF and the necessary 2k Bytes of RAM has an 

address of 2000-27FF. The input/output structure of VMC-85/9 

provides 24 programmable I/O lines expandable to 48 I/O on 

board expansion. It has got 16 bit programmable Timer/counter 

for generating any type of counting etc. The on board 8255 

provides 8 level of interrupts, The on board battery back up 

for RAN retains the memory contents in case of power failure. 

The on board resident system monitor software is very powerful 

and provides various software utilities. The kit provides 

various powerful software commands like S.11yD,RECEIVE,li1SERT, 

DELETE, BLOCK MOVE, RELOCATE, STRING, FILL and ME1v1ORY COMPARE 

etc, which are helpful in debugging/developing the software. 

VMC-85/9 is configured around the internationally adopted 

STD Bus, which is the most •popular bus for process 'control 

and real time applications. All the Address, Data 9,nd. Control 
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lines are available at the edge connector through buffers. 

The kit is fully expandable for any kind of apnlic ation. The 

System Specifications of VMC 85/9 is given in Appendix-B-1 and 

system capabilities is given in ppend.ix-8-2. 

2.2 MEMORY 

TMC-85/9 provides 2k bytes of CMOS RAM using 6116 chip 

and 4 k byte of EPROM using 2732. The tot=al on board memory 

ca.n be e.xn:.nded upto 64 k bytes. The various chips which can 

be used are 2716, 2732, 264, 27128 and 6116. There are ,six 

memory provided on VMC-85/9. These six spaces are divided into 

three blocks of two memory spaces each. Each memory srace can, 

be defined any address slots from 0000-FF'FF depending upon the 

size of the memory chin.. The memory decoding technique is ex-

plained next. 

2.2.1 Memory Decoding Technique 

The total memory which can be supported by 8085 is 64 k 

bytes. This 64 k is divided into eight blocks of 8 k bytes each 

by using 3 line to 8 line decoder using 74-LS-156 chip. Each slot, 

is of 8 k each as shown in Fi:.2.2. 

P5 j !% 	Coco—Ii~F1' 
 ~aa~. 3FF F 

A~3   6000•iFFIF .37 L  ~ 
iS . 	 ., 	govo-9FrF~F 

 Aoa.o • BFFF 
______ oq 

04 
& 

E000 - FFFf . 

Fig. 2.2 
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Another decoder 74-LS-l56 converts s. block of 8 k Byte 

into four 'blocks of 2 k each. .r'ig.2-3 shows that any two blocks 

of 8 k can be converted into blocks of 2 k byte. 

A1,,  
3 to 

T 	 rti 7 
Lf- 
L 7,  
5 6 

i5 5L 5 5 
4 

Fig. 2-3 

Pin named I and J can be connected to any block of 8 k 

each. 

The chips select points of all the=. six sockets are 

connected to points CO to CEM5 as shown in Fie .2-4. The signal 

points S to X are buffered using 74LS503 to generate CEMO to 

EM5. 

U 
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Points 8 to X can be connected to any of the Points 

IL to H or K to R at the black box provided depending upon the 

size of the memory chip selected for eech socket0  All these 

points from to X are brought .t the block box—1 for select.-

in:;  the proper jumper as shown in F ig. 2.5. 

Fig. 2. 5 

The selection of chip for any of the socket is done 

by Proper jumper connection in block box II. IOS 2'l6 and 

6116 requires ddress lines from AO upto AlO, 2732 upto ,11, 

2764 upto x_.12 and 27128 upto J.I3. For 2716 tin 1NJo.21 should be 

connected to +5V, for 6116 this should be connected to 1n1Fi. and 

for 2 q3 2 this pin 21 should be connected to All. Each memory 
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space has a pin socket with the connections as shown in 

the } i:?. 2.6. 

.._._ 
SLr 

A3  7 

A10 

- ce t'1 (0  'Sa 
t
; 

%b 'D 4 

Fig. 2.6 

Pin i! o.1, 26 s.nc?. 23 of memory are named S, S2  and 53 . 

These pins are brought to black box II with the following 

connO cti.ons. In number 1, of memory space 0 
 and memory space 1 

are shor
ted, memory space . 2 and 3 are shorted and memory space 

4 and 3 are shorted and br: ught respectively to pin number 1,2 

and 3 of bl:ick box-II. Pin number 26, of memory space 0 and 1, 

are shorted., memory space 2 and 3 are shorted and memory space 

4 and 5 are shorted and brought respectively to Din no.4, 5 and 
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6 of black box II. Pin no.23 of, memory space of 1, are shorted, 

memory space 2 and 3 are shorted and memory space 4 and 5 are 

shorted and brought respectively to pin 7,8 and 9 of black 

box-II. The various signals brought at black box-TI are shown 

in Fi Z. 2. 7. 

Y 

Fig., 2. 7  

Addresses are defined to different memory spaces which 

is explained below. The chips connected to the memory space 

and the address defines? are tabulated in the table 2.1. 
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Table 2.1 

Memory space 	( 	0 	1 	2 	3 	4 	5 

AeV.Tes s dc- 	j 0000 to 4000 to 2000 to 2800 3000 to 3800 
fined 	 OFFF 5FFF 27FF to 37FF to 

2FF ' 	3;FFF 

Chip to. be 	 6116 	6116 2 716 	2 716 
defined 

By changing the connections in the black box I and II 

it is possible to change the addresses to different memory 

chips spaces and different chips can be used. By using certain 

combinations of memory chips it Is possible to have Rl maximum 

of 64 k bytes. 

2.2.2 Battery Back up 

VMC-85/9 provides 'a battery back up for the on board 

RJ vi area.. The battery back up circuitry is based around LM-393, 

It also provides a L.ED indication for low battery. The Lj'~ 

turns ON when the battery voltage goes low and needs to be 

replaced. Since each socket can be defined to have 6116 chip 

also, the VCC to each memory socket is 'given through black box-II, 

It is named. as VCC Mo to VCC M5, Any RAM area to be backed up 

by battery, its corresponding Vcc M point must be connected 

to CMOS + 5V point in the black box-II* 
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The various I/ 0 chips used in VMC-85/9 are 8279, 8255, 

8253, 8251 and 8259. The functional role of all these chips 

is explained here under. 

2.3.1 8279 - is a . eneral purpose programmable keyboard and 

display 1/) interface device designed for use with the 8085iiP. 

It provides a scanned interface to 28 contact key matrix pro-

vided in kit and scanned display interface for the six seven 

segment displays. Port addresses and fold back address are 

18 and 1C Mode sector 19 and 1D control word. 

2.3.2 8255 - is a programmable peripheral interface (PPI) 

designed to use with 8085 uuP. This basically acts as a general 

purpose I/O component to interface peripheral equipments to the 

system bus, To interface peripheral equipment, VMC 85/9 has 

made use of two 8255 PPI. There three ports Port A, Port 'B and 

Port C are brought out to the connectors J2 and J The details 

of these ports are shown in Appendix 3--3. To select 8255 PPI 

control word has been assigned and any input/output combinations 

of Port A, Port B, Port C upper and Port C lower can be defined 

using appropriate software commands. Various port addresses 

for different port numbers 8255 chips .re given below. 
Active range 	. 	Port No. 	I 	Selpeted .devices 

00 and 04 Port A  8255-1 
01 and 05 1 	Port B -do- 
02 and 06 Port C -do- 
03 and 97  Control word -do- 
08 and OC Port A 8255-I1 
09 and OD ' 	Port B -do- 
OA and OB Port C -do-- 

OB and OF Control word -do- 
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Using these port numbers 8255 PPI can be used to interface any 

equipment 

Port A in - Mode 0, Mode 1 and Mode 2 

Port B in - Mode 0, Muds 1- 

Port C in - Mode 0. 

2.3.3 8253 - This chip is a programmable interval timer/counter 

and can be used for the generation of accurate time delays 

under software control. Various other functions that can be 

implemented with this chip are programmable rate generator, 

event counter, Binary rate multiplier, real time clock etc. 

This chip has got'3 independent 16 bit counters each having 

a count rate of upto 2 Til iz. The first - timer/counter ( i.e. 

counter 0) is used for single step operation in VMC 85/9 chip. 

The second timer/counter ( i.e. counter 1) is being used  for 

generating programmable band rate while using 8251. Its 

connections are brought out at junction J1  which is shown in 

.Appendix-B-4. The third timer counter (counter-2) is also 

brought out a junction J1. 1. 53 5 	z clock is available on the 

VAMC-85/9 to the user at the socket A from pin 37 of 8085 

through 74LS74 chip. To facilitate the use of timer/counter-2 

of 8253, CLK-2, GL T f--2 are brought out of the board of VMC-

85/9 ( just above 8253) along with clock-0, GATE-0 VCC and GND. 

The signal positions of these sockets is shown in Fig,2.8. 

Using jumper connection the 1.535 Y;1Hz clock can be assigned 

GAT F-1 GATE-. 2 VCC 
D E 
0 0 0 

0 © 
A B C 

CLO-0 CLK-2 GND 

Fig. 2.8 
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from CLO-0 to Clock-2. The port, addresses and fold back address- 

es of 8253 are 	- 
10 and. 14 Counter 0 

11 and 15 Counter 1 

12 and 16 Counter 2 

13 and 17 	Control word 

A digital clock has been implemented using this 8253 

I.C. timer chip for use in the system. The progrim is shown 

in Appendix B-5. Whenever time of scanning has to be printed 

out this digital clock outputs can be made use of. However, 

in the software programme developed axed discussed in Chanter-5 
thus has not been included to increase the number of readings 

that can be taken per second. 

2.3.4 8251  - It is a pro remmablr corriunica,tion interface chip 

used as peripheral device. This device accepts data characters 

from, the CPU in parallel format and then converts them into a. 

continuous serial data stre'ixn for transmission. 8251 has been 

utilised in VMC-85/9 for CRT terminal and TTY interface. The 

addresses and fold back afc.resses for this I/O device are - 

20 and 24 	Data In/Outward 

21 and 25 	' Command/Status word. 

2.3.5 8259 - It is a device designed. for use in real time, 

interrupt driven microcomputer system. It manages &-levels of 

requests and has built-in features for expandability to other 

8259' s. The -addresses and fold back addresses are - 

28 and 8C 	Data word. 

29 and 21) 	Cormiand. word 
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The connections of. these I/O devices and memory inter-

face to 8085 ii? in VMC 85/9 chip is given in , ppendix-B-5. 

B-4 Buffers - Buffers have been provided on the VMC 85/9 for 

buffering, the data, a,'dress and control lines, All these add-

ress, data and control lines ( TTL compatible) are available to 

the uses at the PCB edge connector in the STD bus configuration. 

Th(: buffers used. in VIAC-85/9 are 74LS245 and 74LS240 in order 

to facilitate the multi processing operation. 

2.5 INTERFACE 

2.5.1 Cassette Recorder Interface 

VMC-85/9 provides an interface for Audio Cassette Record- 

or. The user can store his nrogr3m into the 'recorder and can 

load back the program into the system memory as and when re-

quired. The system uses two I/O lines out of the 24 I/O lines 

provided by the first 8255 PPI chin on the board. Each byte 

of information loaded serially onto the cassette is preceeded 

by ,:.I start bit ( low) and is followed by one and a half stop 

bit ( High). 

2.5.2 EPROM Programmer Interface 

EPROM Programmer Interface is provided on the board of 

kit to facilitate the programming of. the 2716/273 2/273 2-_A/ 

2764/27128 EPROMS. The on board EPROM Programmer provides 

the following useful commands - 

(1) BLANK CHECK (2) DUPLICATE (3) VERIFY (4) UST 
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For each type of EPROM, a separate module is available which 

is to be plugged? in the black bcx-3 position while using the 

EPROh + 24V/ +21V is annlied to the EPROM through the switch 

SW 1, provided on the board., during, programming and is switched 

Old' as soon as the programming is over. 

The EPROM nrogr .miner is selected by pressing the 9 key. 

Thc.: selection is indicated by glowing of LED named PRG IND 

(Pro ramrnins indicator). This LED remains ON as long as the 

EtROii Pro ;r Ammer ( mode) remains selected.. To bring VMC-85/9 

to the normal mode ( i. e, out of EPROM pro ;rammer mode) press 

the i►ESET key. During DUPLICATE command the, programming is 

indicated by the blinking of the PRG IND L. 

2.5.3 Additional Serial Interface 

Additional serial interface ( RS-232-C) is -Provic.eci 

throu4h 8251. The required signals for this interface are 

c ming, at connector space J5. The details of this connector 

is zivcn in npendix-B.6. 8251  has been used here in ,,synchronous 

moc.i_e, fny serial device like Printer, floppy drive or CRT ter-

minal can be connected through this interface.. 



25 

CHAPTER.-3 

PRIiaTEP A 	P(NrER 'INTERFACE 

INTRCDUCTIO11~ 

Printers are used for obtaining hard copies of the outputs 

of the equipment to which the printers are interfaced. Printers 

have possibilities of giving the hard copies using different 

letters and numeral types. Printers may be classified into 

two main types, viz. (1) Serial printer and (2) Line printer. 

Based on the method of character generation printers may also 

be classified as impact printers and non impact printers. Impact 

printer strike the medium with the printing element to form a 

character. Non impact printer generally use thermal or electro,-

static techniques that do not require impact. Character forma-

tion techni;jues provide another way of classifying printers. 

Character printers use fully formed characters, whereas matrix 

printers use combinations of either dots or lines to form com-

plete characters. 

Serial printers are also called Dot matrix printers. 

Print speed in case of dot matrix printers is normally specified 

in terms of characters per second (CPS). The common speeds are 

50 to 200 cps. These printers are not preferred for use with 

word processors because of their poor print quality. 

Line printer is the term normally used to denote a band, 

chain or drum printer. Here, printing is done line by line in-

stead of character by character. These printers are faster 

than serial printers. 
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3  CP-80 TYPE-I PERIPHERAL PRINTER 

CP-80 Type-I printer is designed to operate through soft-

ware control supplied from any general purpose computer. It 

can be used for RS-232C or 20mA neutral current loon and stan-

dard centronics parallel interface. RS-232C or 20mA neutral 

current loop can be used because\ of interface board which is 

housed in the .printer above the mother card. This card converts 

the serial bits into byte and then through the parallel inter-

face card the data is printed. 

CP-80 Type I has character set if 96 in normal front, 

96 in italic front and control words. All these can be accessed 

by a particular control code. Apart from software control codes, 

some h:erdwave facilities are provided in the form of DIP switches. 

Details of DIP switches are as follows - 

3.2. INTERNAL DIP SWITCHES 

DIP switches are mounted on the mother card. There are 

two sets of switches. In the first set of switches there are 

8-switches and in the second set there are.4 switches. The 

functions of each switch is explained below.' 

3.2.1 First Set of Switches SW1 

SW]-]- - When this switch is in the OFF position, it 

gives normal character width of 10.7 C.P.I. and when in ON it 

gives compressed characters width of 19.2 CPI. In the inter-

facing of printer, in this dissertation this switch is in OFF 

position. 
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S;d1-2 - This switch has no function. It may be either in 

the ON or OFF position, 

SWl-3 - This switch when in OFF position detects the 

absence of paper in the printer and stops Printing. When the 

switch is in the ON position, the printer does not detect the 

presence or absence of the paper, but continuous to print. In 

this dissertation work this switch is in OFF position. 

S41-4 - When this switch is in OFF position, printer 

prints normal characters and Italic characters when in ON posi-

tion. In this dissertation work this switch is in OFF position. 

SW1-5 - When this switch is OFF, the printer prints nor- 

mal characters. when ON, it prints emphasized characters. Em-

phasized mode has priority over compressed mode I SW1-11 . In 
this dissertation work this switch is in OFF position. 

Sv,41--6 - When this switch is ON, paper out signal is 

indicated by a buzzer. If the switch is OFF the printer will 

not give an Audio buzzing sound.. In this dissertation work this 

switch is in ON position. 

SWl-7 - When this switch is ON, the ZERO is printed with 

a slash in the middle as it is printed on computer terminal to 

distinguish between letter 101  and numeric I ZERO'. If the 

switch is OFF, zero without slash is printed. in this disser-

tation work this switch is in OFF position. 

; Wl-8 - The printer can be permanently selected when this 

switch is in the. ON position. In the OFF position the printer 

can be selected only when pin PNo.36 is made LOW by software. 

In this dissertation work this switch is in ON positi3n. 
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3.2.2. SW2-1 and SW2--E- -- are not used. These may be either in 

ON or OFF position, 

Si42-3 - The LITE FJD and CARRIAGE RETURN can be obtain-

ed when the switch is in ON position after 80 column of data 

is -printed. When the switch is in the OFF position, LINE FEED 

is possible either by software or by making AU1'0 FED XlT 

(Pin No. 14) LOW. If all 80 columns of data are space,. the 

CARRIAGE RLTUPLN assembly does not operate. Under this condition, 

if AUTO FEED XT is at LOGWi level, or if the LIP switch pin 2-3 

on the main circuit board is ON, only parer feed is performed, 

In this dissertation work this switch is in the OFF position. 

SW2-4 - When the switch is ON, automatic one inch skip 

takes place over perforation. This one inch skip enables readable 

program listings to be obtained. When OFF, skip is not given 

over performation. In this dissertation work this ;witch is in 

OFF position. 

3,3 PIN ASSIGNMENT 

To interface the -printer, there are 36 pins connector oit 

of which only 13 pins are used for interface. The use of each 

pin is given next. 

PIi.-1 

STROBE signal is received by the printer from this pin. 

This signal is Active LOW. The width of the -pulse must be more 

then 0.5v. sec. This signal is sent after the data has been sent 

to tell the printer to accept the data sent. 
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PIN 2 to 9 

These 8-pins are used to receive data from the uP. These 

signals represent information of the Ist to 8th bits or parallel 

data respectively. Each signal is at HIGH level when data is 

logical Ill and LO~d when logical 0, 

PIN 10 

This pin sends ACKNOLODGE SIGNAL from the printer to the 

computer. This signal indicates that data has been received and 

the printer is ready to accept other data when ACTIVE LOW sig-

nal is sent. The approximate width of the pulse is 5u sec. 

PIN 11 

This pin sends BUSY signal from the printer to cuP. It is 

-active HIGH signal, which indicates that printers cannot re-

ceive data. The signal becomes 'HIGH' in the following cases - 

i) During DATA entry 

ii) During printing operation 

iii) In OFF-LINE State 

iv) During printer error status 

PIN 19 to 30 - Are useful for grounding. 

PIN 31 

This pin receives INT signal from the ruP. When the level 

of this signal becomes LOW, the printer controller is reset'to 

its initial state '.1nd the printer buffer is cleaved, This sig-

nal is normally HIGH, and its pulse width must be more than 

50 rr sec. 

The printer connector details are given in Appendix 

C- 1. 
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3.4 SWITCHES AND INDICATORS 

CP-80 Type-I has 3 switches and four indicators on the 

control panel ,and .one .power switch on the right side of the 

printer case. Power switch controls primary AC power to the 

printer. 

i) ON LINE SWITCH 

When the power switch is turned on the printer enters 

the On-line mode and can be utilized in conjunction with a host 

computer, Depressing the ON-LINE switch will set the printer 

in the Off-line mode and causes the green light to go out, it 

toggle the mode from ON-Line to Off-Line and Off-Line to ON-Line 

altern-.~.tely. The switch does not function while the printer is 

actively engaged in printing. The ?printer is automatically 

placed off-line if the paper supply is exhausted or if a mech-

anical error occurs ( blocking the movement of head) in the 

printer. The operation of the Line feed and form feed switches 

are effective only while the printer is Off-line Mode, 

ii) Form Feed (FF) Switch 

When this switch is depressed once, the paper is advanced 

vertically to the next top of form position. This switch must 

be depressed while the printer is off-line mode. The top of form 

position is initialized when the power switch is turned on, 

when INIT signal is applied to the interface connector, or when 

the ;;C (a) code is input. Therefore, before turning the power 

switch ON to start operation, paper has to be set at the- 

appropriate top of form position. 
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The paper advances while this switch is being depressed. 

The line feed operation is prohibited while the printer is 

actively engaged in printing. 

i) Power Indicator - This indicator illuminates while the AC 

power is ON. 

ii) Ready Indicator - This indicator illuminates when the 

printer is ready to accept data. 

iii) On Line Indicator - Illuminates when the printer is in the 

0N-line mode. 

iv) Paper out - Illuminates when the paper supply is near its 

end. 

3 . 5 SERIAL INN T E' FAC E 

R5-232/current loop interface board is an optional inter-

face that fits inside the CP-80 TYPE--I printer. With this inter-

face, CP-80 Type-I can be used for RS-232C or 20mA neutral 

current loop interfacing for asynchronous serial data trans-

mission at speeds of 75 to 9600 band. rate. 

The Serial interface board is equipped with 2k-byte 

buffer memory, Data transmission can be received at any allowed 

bit rate with buffering upto its capacity. 

3.5.1 Specification 

The basic specification of the serial bca.rd are - 



i)  PRIIT 	• - 	C-0 Type-I 

ii)  Synchronization - 	Asynchronous 

iii)  Bit Rate - 	134.5, 150, 	200,300, 

600, 	1200, 	2400 and 4800. 

iv)  W.rd length - 	i) Start bit - 1 bit 

ii) Data bits - 7 or 8 bits 

iii) Parity bits - Even, odd or 
omission. 

3.5.2 Pin Assignment 

The pin assignment of the common BIA Spec. 25 pin connec-

tion is as follows - 

Pin No. 	Signal 	Source 	Fuiction 

1. GND 	- 	Protective Ground 

2. Transmission Data 	Printer 	Normally in mark 
(TxD) 	 status 

3. Receiving Data 	Host 	Serial input data 
(RxD) 

6. 	Data set ready 
(DSR) 

Signal GND 

8, 	Carrier Detect(DCD)' 

11 

 

Reverse channel 

20 	Data Terminal Ready 

Host Should be space 
status when trans- 
mitting  data is 
printer 

- j 
Common Ground 

Host Must be in space 
status when trans- 
mitting data to 
printer 

Printer Both. signals indi- 
I 	the nrinter is 
in busy status. 

Printer When those are in 
space status (EIA 
level +ve) the 
printer can receive 
data 
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3.5.3 Operation 

Before the printer is used the computer must be set 

for serial data transmission. If parity checking is specified 

and a parity error is detected. ' ,- ' mark is printed instead 

•f the expected character. 

There are two sets of DIP switches on the serial 

board, which are used for selection of functions. The first 

set of DIP switches ( SW1--1 to SWl-8) has 8 poles and the 

second set of DIP switches ( S142--1 to SW2-4) has 4 poles, These 

DIP switch sets are used for changing (1) Band Rate, (2) Reverse 

Channel Control, and (3) Word length. Table-1 shows the Band 

rate setting. 

0 
	 Table 3-1 

Bit speed 

75 
110 
134.5 

150 

200 

300 
6o0 
1200 
1800 
2400 
4800 

SW1 2 	j Sial-3 	S141-4 

OFF OFF ON 
ON ON OFF 
OFF Ory OFF 
ON 0 F OFF 
OFF , 	OFF OFF 
ON ON ON 
OFF ON ON 
ON  OFF ON 
OFF OFF ON 
01l ON OFF 
OFF ON I 	OFF 

ON 
ON 
ON 
ON 
ON 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 

9600 	On 	OFF 	i OFF 	OFF 
} 
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Table 3-2 

Remind Space in 	 l 	 sw6 
Buffer 

162 ON ON 
304 OFF ON 
583 ON OFF 
1866 OFF O FF  

Table 3-3 

Pin 1'.o. 	 Function 

ON 

5W2-3 	OFF 

Reverse channel at 	I OFF 
input block on RS-232C 

I ON Mark TTY-TXD on current 1. 

Reverse channel at 
input block on 
RS-232-C space 
TTY-TTD on current 
loor-space. 

--- 
• ON 	Reverse channel is active SW2-4 	 ••, 	 ________ 

OFF FReverse  chnel in freeze- Free for data input 

5W2-2 and SW2-3 should not be kept in the, ON position. 

Table 3-4 - 	-- 
ON 

-- 
PARITY CHECK - NO -________ -_-- 
PARITY CHECK - YES OFF 

ON EVEN PARITY 
SW1-8 -- 

OFF ODD PARITY 

ON WORD LENGTH - 7 BITS 
8W2-1 

OFF WORD LENGTH - 8 BITS 
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The DIP switches SWI-1,2,3,4 are used to select the 

band rate as shown in Table 3.1. These switches are also used 

for Self Test. For Self-test, all the four switches should be 

in the ON position. The self test;  tests serial interface card 

and the printer data transmission. This test prints all the 

characters. 

DIP switches SW1-5 and S'1Jl-6 are used as timing switches 

for flag reset, The flags are Fe-set after the buffer is full. 

The various capacities of buffer at different switch combina-

tions are shown in Table 3-2. These switches enable adjust-

ment of the buffer capacity. 

DIP switches SW2-2, SW2-3 and S142-4 show the signal 

polarity explained in Table 3,3 DIP switch SW1-1, SW1-8 and 

SW2-1 show the parity check explained in Table 3--4, 

In the present work serial interface is not preferred 

as the rate of printing is very slow, It takes data bit by bit 

and converts it into byte either by even parity or odd parity 

with 7 bits word or 8 bits words depending on the user's wish, 

Serial interface card can be dismounted whenever it is not 

used. 

3,6  PRINTER INTERFACE WITH 85/9 

Printer can be interfaced with 85/9 trainer kit either in 

serial or line mode. Because of slug jishness in serial mode, 

line mode is preferred. Printer can be interfaced through the 

I/O parts that are available for interfacing, The procedure 

used to interface the printer is given as follows - 



8255 Programmable peripheral interface is used as the 

I/O chip in the 85/9 kit. This chip can be used either in 

MODE-0 or MODE-1 for interfacing the printer. MODE-i enables 

one to shorten the software program as it has the strobe hand-

shaking signal. To make the printer work successfully it is 

necessary to include some buffers in the interfacing circuit. 

The figure shows the buffer 7407  used for this purpose. 7407 

is a hexa open collector, high voltage output bu77fer. For open 

collectors, pull up resistors are necessary. Therefore, output 

of each buffer of. 7407  is connected to 300 	resistor in series 

with 5V supply, Fi.3.3 shows the circuit diagram. 

The Busy signal from the printer is connected to PCo of 

8255 through the buffer. PC7 and PC4  are connected to STROBE 

and INIT of printer. Th-1 remaining 8 bits PAO to PA7 are 

connected to data lines of printer. 

Printer prints using a software program written for the 

purpose. The sc.ftware is written taking into view the following 

points. 

i) To nrint, the printer has to receive I1,1IT signal which is 

ACTIVE LOtid. This pulse width has to be more than than 501rS, 

until this pulse is received printer will not be initialized. 

ii) Data has to be sent through the 8 data lines after sending 

INIT signal. Each data signal is at HIGH 'level when data 

is logical 1 and LOW when logical zero. 

iii) To accept the data a STROBE signal, which is active LOW, 

has to be sent through the pin 1. 
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iv) Before the next data is sent the BUSY signal is studied 

from Pin No.11. As soon as this signal becomes LOW, the 

next signal can be sent. 

The,  time diagram in fi .3.2 explains the points mentioned 

above. 

3.7 PRINTED'. 11`JTLH.FACE WITH Av102 - EIDS SYSTEM+  

Printer can be interfaced with AM )2 system by parallel 

interfacing printer card with the bus. Printer card is housed 

-long with other cards in the card cage. All these cards are 

based on the international STD Bus. All address, data and con-. 

trol signals are buffered and are available at the STD Bus 

connector. The print:-:r card has the following chips for 

parallel interface -.long with other chips for serial and 

buzzer. 

1, 74LS245 - 1  

2. 74LS2q 4 	- 2 

3. 74LS3 73 - 2 

4. 2716 	- 1 
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74.LS3 73 are Octal D-type Transparent latches and ed;e-

triggered flip-flops. These 8-bit registers feature To-Tem-Pole 

3-state outputs designed especially for driving; highly capa-

citive or relatively low impedance loads. 741-5373-I Provides 

a data latch for the output, 74 LS3 73-II provides the control 

si-snals, INPUT PRIME and DATA STROBE si_n .ls.  

7 LS244 and Octal Buffers and line drivers with 3-state 

outputs. These octal buffers and line drivers are designed to 

improve both the performance and density of 3-state memory 

address drives, clock drives, and bus-oriented receivers and 

transmitters. These devices feature high fan-out, improved 

fanin, and 400 mV noise margin. 74LS244 is used to receive 

AC { and INPUT BUSY si nal from the printer. 

74L03 73-1, 471-53 73-2 and 74LS244 can be selected by 

CSI-0, CSI-1 and CSI-2. These chips are I/O manped rand, can be 

defined in any area from 00-FF issuing P1ROi'1 decoding tech-

ninue, 

2716 EPROM is used for the decoding. 

Fig.3.4 shows the circuit diagram. To select only I/O 

device the particular output line should be low along with the 

card select line at the desired port address location. Table 

3.6 shows how to arrive at a code number to select the desired 

I/O device. 
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Table 3-6 

07 06 05 04 0 	$ 02 01  00 ! Code for 

1 l 1 1 l 1 0 CSO 

0 1 1 1 1 1 0 1 CS1  

0 1 1 1 1 0 1 1 CS2 

PROM has following chip select address which is given 

in Table 3-7, 

Table 3~-7 

Location Content Code 

60 7E C5-0 

61 7D CS-i 

62 713 CS-2  

To make the printer work it is necessary to write soft-

ware pro. ram. 

3 .8 SOJA  RE STD BUS BASED FOR P.tB LLEL INTERFACE JITH VS 

For tirri tin,T the program we assume that the Data is 

available in the memory location OC200, the, RAM area available 

is from 00000 to OC7FF(2k). Before running the program the 

printer interfacing card is placed in the cage. The required 

adjustments are made in the printer. After the adjustments, 

executingthe program, the print subroutine is cgll.=d nd the 

data that is .available in OC200 memory location is printed. 

This pro{;rarn can be modified such that the data is direct-

ly available in the accumulator and is output to port 60, 



42 

ENTER 

PRINTER IS I.ITIALIZEflD 
BY SEIZING ACTIVE LO'd SIGNAL 

DATA IS MOVED FROM MEMORY 
TO AccuMuL:/ToR 

TO ACCEPT 
THE DATA SENT 	 I 

4 na19j- 

NO 

RET 
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CONTENTS 	III EMONICS 
OPERAND 

21 O0C2 	I LXI I1 C200 

3E 12 MVI Al2 

D3 61. OUT 61 

3D DCR A 

D3 61 OUT 61 

30 INR A t 

D3 61 OUT 61 

7E ' NiOV 11, M 

D3 60 OUT 60 

3E 01 MVI, A, 01 

D3 , 61 	► OUT 61 

31) DCR .4 

D3 61 	I OUT 61 	r 

3C 
_ 

INR11 

D3 61 OUT 61 s ~ 
DB  IN 62 

IF RAR 

IF  

D2 11 co I JlVC WAIT 

09 
 

RET 

S.T ,FsT 

ABEL 

'WAIT 

ADDRES 

0000 

C003 

coo  

C007 

C008 

COOA 

COOB 

GOOD 

CO OE 

C0010 

C0012 

C0014 

COO 15 

C0017 

C0018 

Cole 

C 01B 

Colc 

CO1D 

0020 

COMMENTS 

Initialize with 
data. ..c?dress 
Initialization 
pulse is given to 
the printer through 
741Z3 73-1 

Data is moved from 
memory 

i Data is moved to 
the printer through 
74LS3 73-I 
Strobe signal 
('active low) is 
sent through 

( 74LS373-II 

Busy signal is 
studied 
Has busy signal 

i become low 

No - Read busy 
signal 

Return 

II 



CHAPTER- 4 

HIARDW RL DEN ELOPMENT 

I NTRODUCT ISN 

,-,ihile in the previous chapters the associated equipment 

such as printer, micro computer and electronic nr.ofile indicator 

have been explained, in this chapter, the unit developed as part 

of. this dis,seta.tion to link the profile bed indicator with 

micro computer and printer is explained. 

As explained in Chapter-1, the ,scouring of"`the river bed 

is converted into the equivalent voltage in the profile indica-

tor. The: output of the profile indicator is further converted 

into its digital equivalent using an ADC 0808 chip.. The output 

of the chin is read by the micro computer through input port-B, 

8255_-I and is converted into its decimal equivalent using soft-

.ware. The software converts the decimal values to their corres-

ponding ASCII codes and transmits these codes to the nrinter 

for printing. 

The interfacing unit developed consists of a power supply 

unit, analo4 to. digital converter, ,buffer circuit for interfacing 

printer with micro processor and scan interval controller cir- 

cuit. Appendix D--15 shows all these units. 

4.2 POWER SUPPLY UNIT 

Power sunnily •f: 5 volts is necessary to . enable the I.C. 

chips to work effectively. The power supply unit is built for 

this purpose. The power supply unit consists of a transformer, 

4 diodes a capacitor and a. regulator. The transformer is 
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230V/9V, 30VA. 5402 diode is made use of rectify the a.c, voltage. 

Bridge circuit with 500 1r {, 50 V capacitor gives satisfactory 

d.c. supply. To have the regulated voltage 7805 regulator, 'which 

has 4.98  V and 0.98 Amps, output is made use off. The power 

supply unit circuit i, shown in Fig.4.I. 

4.3 A1NALOG TO DIGITAL CONVERTER 

0808 ADC chip is made use for converting the analog 

signal into equivalent digital value. The details of AUC 0808 

is given in Appendix D-2. ADC 0808 is monolithic CMOS device 

with an 8 channel multiplexer, 8-bit analog to digital convert-

er and microprocessor control logic. The 8-channel multiplexer 

can be controlled by a microcomputer through a 3-bit address at 

pin number 23, 24 and 25. Only one analog signal needs to be 

converted to digital signal, all these 3-bits address pins 

23,24 and 25 are connected to ground ( address 000) select 

only, INPUT-0 at pin no.2.6 as .Analog input. This 8-bit Analog 
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to digital converter uses the successive apnroxim=3.tion technioue. 

Clock signal necessary for 0808 is derived from 7493 4-bit 

Sin ,ry counter, The necessary circuit diagram .is shown in 

Fig.4.2. The details of 7493 appears as Appendix D-3. 

A.rL.fr VbetAt~~ 

w4 ~~ 
1•S3S MWS ~Y.~,  

~.r 	w 	 0 

p Ti 

VcC

.- 

4.3.1 Operation 

To start 0808 ADC, the supply and clock have to be applied 

and START OF CONV. FLSION pulse. has to be applied through Pin No, 6, 

START OF CONVERSION pulse is Active High Signal, Before this sig-

nal is applied the analog voltage must be made available at the 

input pin, After START OF COD V + ` IO , the END OF CONVERSION can 

be monitored from Pin 7, END OF CONVERSION signal is normally 

HIGH goes low when the conversion process starts, remain LOW 

as long as the conversion is in progress and then goes back 

High when the conversion is complete. This conversion period is 

around 100 micro seconds. As soon as this pin becomes High, it 

indicates that the conversion is over and the digital equivalent 

is availsbl c to be read, without monitoring the 1D OF CONVERSION 
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the data can be read by giving a Delong of 100u srec t after the 

START OF CONVER,SIO1 Signal has been applied. The time diagram 

of 0808 ADC is given in Fi?.4,.3. 

5{ ft P r 	CON V'r f2Sa ON 

AiJM.oG ZNP rr 

r"NA of COMW 
1N P I T SMA" 

0 

LATcm E o,t,pv 
	

>- 
F&, 4-3 TTAW& Dta&,ahM 

ADC 0808 is interfaced to micro computer through 8255-I 

PPI. The data is read into Port-B of 8255-T. Start of conversion 

signal is applied to A,DC 0808 from PC2 of 8255-7. The clock of 

1.535 I z from the trainer kit which is available at jumper A 

is applied to, clock terminal of 74LS93. 

4.4 BUFFER FOR PRIKEE INTERFACE 

Printer is interfaced to V~1C 85/9 microcomputer to print 

the di ital data available after readin from ADC :ind, convert-

ing to ASCII. To enable the printer to be interfaced effectively, 

buffers are necessary. 7407, Hex Buffers/drivers with open 

collector Hi h voltage output are used, for the -purpose. The 

details of 7407 is given in Appendix D-3. The hand shaking sig-

nals and Data lines Care buffered, before they are interfaced, 



through port-A of 8255-I PPI chip to the microprocessor. The 

port-A of 8255-1 PPI chip is used as output port in Mode-i 

for 'hand shake control. The data lines are connected to Port-A 

signal 0B ,f~ from PC7 is connected to STROB input si ,nal of the 

printer. Group-B is prorammed in NODE-0 with PCO, PCl and PC2 

as input lines, While PC4- and PC5 from Group-! ( which is in 

Mode-1) is made as output port. .PC4. generates the renuired 

initialization' signal I:NIT at pin No.31 of printers. Busy 

signal BUSY from the printer is monitored through PCO for polled 

I/O transfer, 

Software program enables the printer to start printing. 

Before executing the program, printer is initialized by the 

following procedure. 
S 

1) ON-OFF OF DIP switches are adjusted as renured by the 

USF.. 

2) Paper is fixed to the printer 

3) Interfacing flat cable is connected between the printer 

and the unit. 

4) Power is switched ON 

5) Printer is brow ;ht to UftN-LIMI mode. 

For use in this dissertation the switch positions are - 

S41-1 - OFF Sia1-2 - OFF S1'11-3 - 	OFF 

S~,i 1r-4 - OFF sWl- 5 -- oFF swi-6 - 	on 

SWl- 7 - OFF 	SW1-8 - ON 

In the continuous mode of scanning 7 data print out 

per second could be achieved. To enable the user to adjust the 

other scan interval, three- switches are provided on the 
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interfacin unit. These three switches can have 8 different 

combinations of scan intervals as riven in Table 4.1. 

4.5 SCIN INTERVAL CONTROL AND INDICATION 

Scan interval is indicated by the hird ware circuit. 

74L;;138 decodes one of ci_;ht lines dependinL, on the conditions 

at the 3 bin=ary select inputs. Details of 74LS138 is given 

in Appendix D-4, 

1 'K 
;tJ ___ ___ __ 

~ 1 

y1 L_z 
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When the switches are off all the three bits will be 

High and results in the Y7  line output LOW, Function Table 4-1 

gives. tho different switch positions and, the corresponding 

output lines," 

Li-ht emitting diodes are used to indicate the scan 

interval to the user. LED is a• diode with a voltage drop of 

1.2 to 2.4 volts depond.ng on the type of diode, It is a d:eviee 

that emit-s a narrow wave length band of visible or infr .rpd 

light. Infrared light emitting diodes are connected to the 

output of 74LS138 through the buffer 7407. The other end of 

the LED's are connected through current limitting resistors 

of 80 -4- to 5 volts supply. When all the switches are off, 

no LF2 glows and it indicates that the scannin.g interval is 

zero and the printer prints in continuous mode. When any one 

of the 3 switches is ON, the corresponding bit becomes Low and 

7407 will have the capacity to sink 40 m.A, of current, For 

different combinations of switch positions, different LED 

glows indicating to the user, the scan interval. The different 

combinations of scan interval and LID glow, numbering from 

Ri. ht to Left is given in the Table 4.1. 

Hardware circuit helps in indicating the scanning inter-

val through LED glow. The actual scanning interval is controlled 

by the software. The user's wish of scan interval is read into 

the micro processor through port-B of 8255-II. Since the 3-

switches controls the indication of interval, these 3 bits are 

read into PBO, PB1, and. PB2 of 8255 and the rest of the 

bits of Port-B are grounded. This is also shown in Fig.4,4. 
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The software program is monitor the scan interval and operate 

according to the switch position is explained, in the next chap-

ter. 

4.6 OPEHATIN G PROCEDURE 

To start the experiment the lead from the profile indicator 

is connected to the unit developed d with correct polarity. The 

flat cable is -connected from the interfacing unit to the printer. 

The two flat cables named. I and II are connected. to J2  and X73  

connectors of 82/9 kit. Another wire is connected to bring the 

clock signal of 1.535 MHz from the microprocessor 85/9 trainer 

kit to the interfacin {T unit. This clock is available on the kit 

at the junction named A. After this connection the Hower switch 

in the interfacing unit is switched ON. 

Parer is fixed to the printer and the printer is than 

switched ON and brought to the ON-line mode. Now the printer 

indics.tinr green lamps should glow. If any one of the three 

lamps does not ;low, it means that the system is in the OFF 

line mode or the power switch in the interf_acin7 unit is not 

switched ON When all the 3 lamps glow, it indicates that the 

printer is ready to print, in ON-line' mode, 

The wheel valve of the simulated model is rotated to 

make the water flow in the river model setup. As soon as you 

knew that the scour is about to start near the 'profile bed 

indictor, pro ramme is executed, with switch in LLL position. 

This results in continuous printing at a speed of 7 datas per 

second. The various scan interval that can be adjusted are 

indicated by 7 LLD's placed on the interface unit. his soon as 
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the RESET knob is pressed the printer stops printing; and micro 

processor stops reading the data from profile bed indicator. 

4. 7 TR2721A MU LII CHANNEL DIGITAL RLCJRDER6  

Multi channel recorder is an readily available equipment 

which can be used for d.c. voltage measurement, temperature 

measurement and record the measured result on a built in ther-

mal printer. This unit was used in the be'rinnincz stages of this 

dissertation to record the -profile indicator voltage at different 

scan intervals, This has the facility of getting the print out 

alon:; with time either in normal mode or trend mode, Appendix 

D-5 gives the details of TR2721A multi channel digital recorder. 
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CHAPTER- 5 

SOFTv~.AREDCV GLOP MEN1 

In Chapter-4 the hardware unit built for interfacing -oro-

file indicator with microprocessor and, printer with micro-

processor are explLd.ined..,As is very well known thr-, inferf ,cing 

circuits along with the microcomputer unit is just a useless 

piece of enuipment if it is not supported by the corresponding 

software. This chapter deals with the software subroutine to 

read the data from the profile indicator, convert it into a 

correct form to print and also to change the scan intervel de- 

pending upon 3 switches. There is one main program and seven 

subroutines. Each subroutine has been explained with the flow 

chart and documented as per standard practice. 

MAIN FLOW CHART 

(START)  

8255-I and 8255-II is 
• initialized 	I 

IPrinter is i.nitis.lizec 

Initialize and read ou fl j 	] 
put of ADC  

 all the re- 
Find corresponding`? 	quired 
DECIMAL VOLTAGE 	j 	delay 

-Convert this voltage int i 	"' 
,_corresponding ASCII 

Print to voltage valvej! 

Read the scan periodic 
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MAIN PROGRAMME 

CALLS 	- IDC RED, CODE, COASC, PRINT, DELAY 
INPUTS 	- 
OUTPUTS 	- 
DESTROYS - ALL 
DESCRIPTION-- 8255-I is initialized with Port-A in Mode 1 and Port- 

B in Mode 0 and 8256-II is initialized with Port-B in 
Mode 0. Printer is initialized and calls subroutines 
for conversion and prints, The scan period is moni-
toried and the required delay is called, 

LIBEL ADDRESS CONTENT 1vli\lEivIO MICS 
AND OPEft.LND 

COMMENTS 

START 2000 3E A3 MVI A, 	A3 lInitialize 8255-I 
2002 D3 03 OUT 03 A- Output in Mode 1 and 1Port 

+Port B - Input in Mode 0 
(Port C -(L) - Input 

2004 3E 82 MVI A, 82 lInitialize 825--II 
2006 D3 05 OUT QB !Port B - Input Moce 0 

• 2008 3E 09 MVI A,09 Printer is initialized by 
200A D3 03 OUT 03 giving active low signal 
200C 3D DCR A through rin PC4 

• 200D D3 03 OUT 03 
ADCIN I 	200F CD 50 20  C ALL ADORED To read the analog signal from 

n.I  2012 CD 7020 CALL CODE( The digital value is converted 
into Analog enuivalent 

2015 CD Al 20 CALL COASC The value is converted into 
ISCII 

2018 CD EO 20 CALL PRINT The data is printed 
201B OE 07 MVI 0,07 C register is initialized 
201D De09 IN 09 The required scan period is 

monitored 
201E B9 C11ral C Is continuous printing regd, 
2020 C.A Of 20 JZ ADCIN Yes, go to read data from ADC 
2023 CD 0021 CALL DELS No 	check for read; delay 
2026 C$ or 20 + JIB ADC IN 	f Continue reading next data 

The software subroutines are - 

1. AADCRED Subroutine - (ADCRE1D) This routine initializes the 

DO 0808 by applying START CONVERSION PULSE and reads in the 

digital equivalent of the analog voltage from the profile bed 

indicator, 

2. CODEEC Subroutine ( Conversion into Decimal equivalent) - 
This subroutine converts the digital value into decimal 

enuivalent and stores it in D.E. rp. 

3, 	COASC Subroutine ( Convert into ASCII Equivalent) - 

The decimal equivalent value that is available is. converted 

into corresponding ASCII Code and is stored back in the same 

rp. 
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4 	Print Subroutine - The ASCII Code is sent from the micro- 

processor into the printer to print after monitoring 

the scan period. 

5, DELAY Subroutine - Delay subroutine monitors the scan 

period necessary and stores the number in the required 

register nd calls Delay-i, 

6, 

 

DELAY-1 Subroutine - This routine decrements the number 

loaded in the registers and gives needed delay. 

FLOW CHART FOR ADC RED SUBROUTINE 

ENTER ] 

Initialize ADO by 
sending .Ictive High 
3 i,nal through P05 

r100j,  sec Delay 

Read 

Diital eauivalentj 	I 
value from ADO 

1II-T_ _J 

IIIli. 
Store it in B-register I 

( Ret 



SUBROUTIN E 
CALLS 

OUTPUTS 

IN POTS 
DESTROIS 
DESCRIPTION 

57 
-- .IDC RED 
- 	DELAY 
-- 	Digital equivalent value from 

B-register 

- 	.A, B 
A start pulse is given through PC5 of 

8255-1 to start .!:DC and the digital 
value is read and stored in B reg. 

EL i I DDR .;SS I 	CONTENTS 

2050 3E O.i 

2052 D3 03 

2054 3 C 

2055 D3 03 
2057 3D 
2058 D3 03 
2051 11 05 00 

205D CD BC 03 

2060 DB 01 

2062 47 

2063 	1 09 

n%TEi~ONICS CQNNENTS 
AND 0PE'J NDS 

MVI 	i, 	0I ADC is intiaiized 
OUT03 

to start conversion 
by givin  active 

INR A high signal from 
OUT 03 Pin 	No. PC5 of 

8255--I 
DCR A 

OUT 03 
LX1D 00 05 100 ms delay is gi- 
CsALL DEL Y given for the con- 

version 

TN 01 Digital value is 
red through Port-B 

MOV B,..! and stored in 
RET B--register 



CON\IE-RT 0EC MA'L EQUIVALENT 
'Lc+i CNART 

Er,TaR 

C -Rba~L'TtR tS -EWITTLI ZED WITI-f 8, 

lH,L) WITN Lookup TA86 AR-ESS AND 
( C) IJ TH O 

l EACH C3►T FROM I-SB 25 	 I 

THC L•J -r. 'LS ADVANGC~ 
.SNNE J  

BIT 	
To NEkT ST of 

Hi~rH 	 SZ~s Ab ING,S 

y6' S 

LOvNaA -DEc(MAL VALUES ARE 
&RouCnHT FPtoM E RGGt TcR ANS 
FGju2VALENT DEL,MAC. W61Cnt*TAG+E 

-15 ADDED AND $Tol.GD SAC-` 1M 
l RE&tsTtiR 

<M,L) (.S A~VANCE3 To THC NEXT 

MKf o RY A R€ A O F L• V• "J' 

 VAt.'J 	S 	ftp..6' 

6 oJ4iFFT FROM D-RG. ANy 	tQu(vALENT 
•DELI,MA... 	WE1GnHTl,1CnLr 	LS 	AD'>CD 4rfz 

ToRR 	OAc..r. 	V4 To 	AtiECsItS rra. 

'Jr 
(HSL,) 	i-S 	A3)VA 4c 	-D 	Tb 	 POiN7 T E 

NEXT 	VALUE 	IN 	THe 	L-•V •"'~' 

/ HAs 
ALL THc 
f31T.s MONI T 

\
FRQN1 'c. ' 

R-bcr•~~ 

R`T 
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NV I C 08 

11 00 00 LXID 00 00 

21 91 20 LXI H 2091 

78 XOV ,B 

07 RLC 

47 t 	10V B, A 
DA 82 20 JC CONT 

23 

 

£1'I. H 

C3 8B 20 Jr,1,P LAST 

7B MOV 

86 
	

/WI) IJ1 

27 
	

DAA 

MOV E, A 

23 
	

INX H 

71, 
	

MOV II, D 

8E 

27 

57 

23 
OD 

02 78 20 
09 

ADC M 

)AA 

1I0V D, A 

_.[vXH 
)CRC 

ri `L LOOP 

LLT 

SUBROUTINE  -  CODEC Ccnve rt Decimal Equivalent)  

CALLS 

OUTPUTS  !analog equivalent in (D,E)r.p, 

INPUTS 	 - 	Digital value in B-register 
DESTROYS 	 -- 	ALL 
DESCRIPTION  -  The diYital value is converted into 

decimal equivalent by addinr the 
equivalent value from the Look un? 
Table which is in the memory location. 

' L BEL IWDRLuS3 CONTENTS I IVIEMONICS T 	Comments 

2070 
2072 
2075 

2078 

2079 
207A 
20 7B 

207E 

207F 
2082 

2083 

J 2085 
2086 

2087 

2088 

2089 

208A 
208 B 
208C 

208D 
2090  

Initialize C--register to 
convert all the 8-bits 
Initialize (D, E) r, p, 
Initialize (H, L) with 
L.U.T. .Address 

Digital value is brought 
to .PCC. 
Is the LSB high 

Store after rotate ri zht 
Yes,Jm;p to calculate 
decimal eouivalent 

No Jump to next valve in 
the look un table 
Jump to find the next bit. 
Hi_ her decimal values is 
brought to :SCC. 
Equivalent decimal equiva-
lent 
Value is added and deci-
mal adjusted 
It is stored. back in Er-reg. 
(H,L)points to lower deci-
mal 
Lower dec.value is brou,zht 
to ACC 

Equivalent decimal equiva.-
let 
Value is added with carry 
and decimal adjusted 
The value is stored back. 

(H,L)points to next memory. 
Has all the 8 bits con-
verted 
No jump to study next loop 

LOOP 

CO11T 

LAST 



LOOK UP T'f LE 



F"LO\nl CT 1`'oR SVT3R& 	l_QASC 

C N T E'72 

ASc-T -I L ouly EI`1T OF 9OtiT AN& FIVE 

5pAC6 ARE SToRSD tN M6MORy 

________ 	 .1 
HIG+HE$k BYTE of pec\MRL- LIRUtV$LC-NT 

OF ANPLOfn VoL.TA("f "LS Q,R.dvtn HT 	TV A<c• 

HIGtke0. 1VIB,6!-E of NlCnHE? . aYT6 ZS 

Cco191~ EREp AND alkotJC- 4T Tb LOWCR 
N1~[3L5 	'pos► Tt oN 

	

3 0 ZS 	ED To C.or+Vbl2-T 1 

TN -ro ASC-.t2 ~aDt 

Ps SC- t 	ECGkV I V A LF rv-r 1 	S To ca ED t N 
M~'MoS3~y 

Lown-P, N\t3bLE 0R Hlc„NER 13YTa 
33A1A '1.S ~~S►D EKED 

I 	 F 

3Cr iS PD 	To CONVERT 1T I ry TO 
SG1 Z 	C.O 3 E 

Lovdcf- Dy TE 2S Tl~K6ry AaND_ HUnHE 

	

N1C3B 	is 	Ccris 1DC@b 

IT 2-S 13Ro'&\{T 'fib Low6RZ N?L T LE PoSi -r 

C_orvVERTE. To ASc.-t STORED 
ZN rnaMoR-r 

CoNV5R1'6J To ASC I-1 AND SToaE.D 

L. 
SPACE 	$C-2 T -tS ?ToAQQ.E.b  

timeMoRy 

`Rt T' 
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SUBROUTINE - COASC ( CONVERT TO ASCII EOUIV; LENT ) 
CALLS 	-  
OUTPUTS 	- ASCII equivalent in memory 
INPUTS 	- Decimal Equivalent value in (D, E) r. r. 
DESTROYS 	- ALE. 
DESCRIPTION - Decimal equivalent value is converted into ASCII 

by taking nibble and adding 30. This value is stored 
in the memory location alon7 with decimal point. 
At the end of the ';SCII data ASCII for 5 spaces is 
stored. 

EL ADDRESS CONTENTS 
- ---- ------- 

MNEMONICS 	{ 	COT ENTS 
1U.`iD . OPE 'i 	NDS 

2011 01 2E 09 LXI B 09 2E ASCII equivalent of dot and 
space is stored in (B,C) r,n. 

20.4 21 DO 20 LXI H 1 SL'~DA Memory address for ASCII 
equivalent 

20A7 7A MOV A,D Hi her byte of data is 
! I brought to ACC 

20A8 E6 F0 ANI FO Hi:her nibble value is retain- 
ed 

2O AA OF TRC l Higher nibble value is 
2010 OF RRC protected to bring, it to th.e 

lower position 
20AC { 	OF RRC 

20AD OF RRC It 
201E I 	C6 30 ADI 30 Converted to ASCII value 
20B0 77 NOV M,A It is stored in memory area 
2081 23 INX H Decimal point is moved to 

{ 20E 2 s 71 rIOV 	r7 . , C the memory area 

20-83 23 INX H Lower nibble of the higher 
2•4 i 17A MOV A,D byte of the decimal equiva.-  

lent data is Converted to 
2085 E6 OF ANI OF ASCII and stored in the 

20137 C6 30 ADI 30 memory 

'2 0B9 77 MOV M,A 

20B 1 23 INX H Points to next memory loca-+ 
tion 

20BB 7B MOV A,E Lower decimal value brought 
to ACC 

20BC  Ti, 	FO .'aI 	FO Higher nibble value is 
choosen 

20BE OF EEC It is brought to the 

20BF 1 OF IEC Lower value position 
2000 I OF EEC 

^_ 	4 20C1~-I OF c RRC  



fj)P 

2102  
2004.  

2005 

63 

g vEfr 	I"" 

Lower nibble is converted  
77 	 NOV Ni , 	to ASCII by adding 30 and 

i 	moved to memory 
23 	 INX H 	(H P L) point next memory 

location 
2006 I 7B 
2007 I E6 OF 

1410 	,E 

ANI OF 
Lower nibble of the data 
is taken 

20C9 
200B 
20CC 
200D 
20CJ 

C6 30 

77 

23 

C9 

ADI 30 
NOV lvi, A 
INX H 
MOV M, B 
RET 

Converted into ASCII 
Stored in memory 
Point to next address 
Space ASCII is moved 
to memory 

ASCII EUIVLEMT OF D1.714,(ALcD 	-.-.----..---..- 
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FLOW CHART FcYR SuaROLiTtr/e PI-r 

Er4-' LiR 

'PULSE TO 	ZNZT%L~ ZE 1̀ QINTE"R 

LOMPLE Tt 

C RGn• "T S Z~T 1̀ L1ZCD WITH 

Nv ' c t R of 	CTR. PNTt~ 

CNI~RAcTER IS ouTPUT - ro  
'pR -1NT6R 

STa.nVSE S\CnNHL T S G,1V1rtr 
AS1c~r Cs j7RIrvTGci -To ALc_6PT 

~vSy 5~CrrvALI-S STU-D►ETD 

HQs\ 
No 	hi BATA 

ErN 
#cc.EPTLD 

ps N 
t4 t) 	ALL cwA 

pQIN,L y?. 

yeS 

RCT 
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SUByzOUTITUUL 	 -. PRINT 
C1 LLS 	 - 
OUlTPUTS 	 - D JTI, TO PRINTER 
INPUTS 	 - ASCII value from memory 
D C'li10aS 	 - H, L, A 
DCRIPTION 	- The .ASCII data stored in memory is 

sent to printer and strobe signal is 
applied. Busy signal is monitored 
to send the next data. 

f 	c 	 i 	1 	r 
3 L :BI;L ~~DDf~~~,, COidTEi~T 	~~dLl_O1dICS 	COMNETvTS 

iIND OP1 RANDS 

PRINT 20,EO 3£ 09 'WI .A, 	09 To make PC4 high 09 is 
20E2 r 	L3 03 OUT 03 output to port-C 

20F4 OE 06 	z MVI, C, 	06 	I No. of characters that 
I has to be printed 

20E6 21 D020 LXI H 45qDi Address of the data stored 

CONT 20E9 I 	7E MOV 1, iv  Data sent to printer to 
mint 

20Ei } 	D3 00 OUT 00 

WAIT 20FC  DB 02 I1`N  02 Busy signal is monitored 

20EE lF RAR Is the bit high 
20EF D1d EC 20 JC WAIT Yes. Wait till it is low 

20F2 ( 	OD DCRC No. Has all be chart printed 
20F3 I 	CA Fi:. 20 	3 JZ REI Yes. Return to main program 

• 20F6 ( 	23 INX H No Point to next chat 
20F7 03 E9 20 JiQ CONT Continue to print 
20F. 09 i ItE Return 



Flow C..HFii.T fao-R "tea L Ay 

ENTER 

ZN?VT TNC" SLPn~ IPER , 
rel=CC;sS~Qy 

/SrIoQLD \ 
j 	' 	SCAN I'Tta 

yF y 	or+L S~c~Np 

7 / 

'RtQU 	Nur~ger Ts 

ANj cpa) 
R'P• FRcM McMok 

D LAy 	IS c.ALL~~ 

l 4.0 
-r i- .a .i aL 



SUBhOUTINE - 	DELI~YS 
CALLS DLLffY-1 
OUTPUTS - 	Values equivalent for delays in 

B,C,D,E 
INPUTS - 	The rate of nrintinrg in A re ister 

and study from ACC 
DETt1OYS - 	B,C,D,E,~.,H,L 
DESCRIPTION - 	The required scanning interval is 

monitored through Port-C and the 
delays subroutines are called to 
match the required scan period. The 
value necessary for the delay is 
moved in (B,C) and.(D,E) r.n. 	from 
memory and delay is called. 

J14BEL jiDDR + 'S 	CONTENTS 	f MNEMONICS COMMENTS 
AND OPE~..AiZS 

2106 	' OD DCR C No, indicate to next scan 
period 

2107 B9 CM? C Should II scan, data per sec. 

2108 CA 30 21 JZ 1SEC Yes, 	jump to call one second 
ti delay 

210B OD DGR C No, indicate to next scan 
-period 

210C B9 CM? C Should it scan 1 data after 
2 second 

210D CA 3E 21 JZ 2 SEC Yes, 	j1.mp to call two second 
delay 

2110 OD DCH C No, indicate next scan period 
2111 B9 CTAP C Should it scan 1 data 

after 5 second 

2112 Cab 44 21 JZ 5 SEC Yes, 	jump to call 5 sec delay 
2115 OD DCII C No, 	indicate next scan Period 
2116 B9 CMP C Should it scan 1 data after 

30 second 
2117 C 44 21 JZ 30 SEC Yes, 	call 30 sec. 	delay' 
211: OD DCR C No, indicate next scan period 

211B B9 CMP C Should it scan 1 data fter 
1 minute 

211C CA 50 21 JZ 1 TUN Yes, call 1 min, delay 
211F OD DCI C No, indicate next scan period 
2120 B9 CMP C Should it scan on data 

after 2 minute 
2121 CA 56 21 JZ 2 MIN Yes, call one min, delay 

2124 C3 58 21 JM? 5 MIN No, 	call 5 min. to scan 
data after. 	5 minute 



21 70 21 LXIH 'LUT-1 Look un Table-1 address is 
loaded 

46 MOV B, M B is loaded with delay no. 

23 j INX H Points to next address 

4H NOV C,N C is loaded with delay no. 
23 IINX H Points to next aedress 

56 NOV D, M (D, E)  rep.  is loaded with 
23 I IN H 

the required from the conse- 
cutive memory 

5E  MOV . E, ISI 

CD 61 21 CALL DELAY- , Subroutine of delay is called 

C9 tET Return to main program 

21 74 21 LXI H LUT-2 LUT-2 address is loaded 

C3 33 21 Jif' LSR Jumns to load the reqd.number 

21 78 21 LXI H LUT-3 LUT-3 address is loaded 

03 33 21 JUMP LSR Jumps to load the regd.number 

21 71 21 LXI H LUT-4 LUT_4 address is loaded 

C3 33 21 J,IP LSI Jumns to load the regd.number 

21 7C 21 LXI H LUT-5 LUT-5 address is loaded 

C3 33 21 JMP LSR i Jumns to load the "regd.number 

21 80 21 LXI H LUT-6 I 	Address is loaded 

C3 33 21 JJ a LSR Jumps to load the reqd.number 

21 84. 21 LXI H LUT-6 ' LUT-6 address is loaded 

C3 33 21 JIVIP LSL. ;Jumps to load the reqd.number 

SEC 2130 

2133 

2134 

?135  

2136 

213 7 

213 8 

2139 

213, 

213D 

SEC 213E 

2141 

i SEC 2144 

2147  

0SEC ! 214A 

214D 

MI l' 2150 

2153 

MIN 2156 

2159 

MIN 2150 

1215E 

COMMENTS ADDRESS CONTENTS C0MIiENTS ADDRESS CONTENTS 

LUT-1 2170 00 LUT-4 217-. 84 
2171 01 21'7B 20 
2172 C2 LUT-5 2170 00 
2173 10 217D 22 

LUT-2 2174 00. 217E 
217r 

21 
00 2175 2176  02 3D  LUT-6 2180 00 

2177 ll0 2181 44 
2182 42 

LUT-3 2178 00 2183 00 
2179 06 LUT-7 2184 00 

2185 88 
2186 84 
2187 00 



FLO 4/1 -ç FOR  
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SUBROUTINI E 
C A~.LL$ 
OUTPUTS 
INPUTS 
DEST1hOY i 
DP.SC1JPTI0N 

— 	DELAY-1 

— D,E,B and C values to decrement 

_  D,E,B,C, A 

— D,E, 'r;p. is decremented for the 
delay and then. B,C, r.n. is stucied. 
If further delay is required these 
values are decremented till the 
desired delay is obtained. 

iL iBEL , DDRLSS CONTENTS I d] HONICS 
AND OPEB.ANTS 

COMMENTS 

CDY 2161 1B DCX D (B,E) is decrement to zero 

2162 7j MOV .A, D D is brought to 11CC 
2163 B3 OR At E Check D and E are equalled 
2164 C2 60 21 JNZ CDY No, continue decrementing 

2167 78 MOV .A,B Yes decrement innut counter 

2168 B1 Oi{.,C LCC has C—register 
2169 08 hZ B,C, r.p. contains zero 

Yes, J14P to continue decrement 
21611. OI; DCX B 	.. No, DEC (B, C) r. n, 	and again 

216B C3 60 21 JMJP CDY Decrement (D, C) r. p. 



CHAPTER-6 

CONCLUSION MD SUGGESTION FOR FURTHER DEVELOPMENT 

The interfacing unit developed to interface printer 

and ADC with microcomputer and the different scanning 

period with the indicating lamps has been achieved. Any 

analog voltage upto 5 volts can be read and recorded upto 

the third decimal place satisfactorily. The printer paper 

used can be any ordinary paper. Three copies can be obtain-

ed by CP-80 Type-I printer. In continuous mode of scanning 

seven datas per second has been achieved. The other scann-

ing periods are one sec/data, 2 seconds/data, 5 seconds/data, 

30 seconds/ data, I min/data, 2 minutes/data, and 5 minutes/ 

data as reciuired in scour measurement. The required scann-

ini, period can be controlled by the 3 switches. The data 

read is printed in decimal value which can be used for fur-

ther calculations. 

Some of the suggestions for further development are -. 

1. The data along with time can be printed. The time soft-

ware using 8253 developed as in Appendix B-5 can be used 

to store the time in one memory location and output to print 

when necessary. 

2. The rate of scanning can be increased to a very large 

value by storing the data in a memory location instead of 

printing it directly. The on-board capecity of RAM available 

is 10 k along with the monitor ROM of 4 k. The data once 
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stored can be printed whenever needed. If the on-board 

capacity is not sufficient then floppy disc drive can be 

interfaced to the system 85/9 trainer kit and store the 

data on they floppy disc. This will enhance the capacity 

of memory for storin large number of data. At a later 

convenient time data can be printed out from the floppy. 

3. The unit can be modified to have the multiplex input, 

Then data from different places can then be monitored and 

. . recorded. 
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WHEEL VALVE 

SIMULATED MODEL OF THE RIVER TO STUDY THE ERROSION 

SUPPLY TRANSFORMER 
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APPENDIX- B-1 

SYSTEM SPECIFICATIONS 

CPU 	- 	8 bit microprocessor, the 8085 

MEMORY 	- 	Total on board capacity - 64 k Bytes 

RiUei 	 - 	2 k bytes (6116), space for further expan- 
sion 	, 

ROM 	- 	4 k bytes of EPROM loaded with Dowerful 
monitor program ( 2732), space for further 
expansion using 2716/2'3 2/2764/2128. 

TIMER 	-- 	16 bit programmable timer/counter using 
8253. 

I/O 	- 	24 I/O lines expandable to 48 I/O using; 
8255 PI . 

INTERRUPTS 	- 	8 different level interrupts through 8259. 

Key Board 	-- 	10 keys for command, 16 keys for Hexa- 
decimal data entry, 1 key for Vector 
interrupt and 1 key for reset. 

LLD Display - 	6 seven segment displays, 4 for address 
field, 2 for data field. 

BUS 	- 	All data, address and control signals 
(TTL compatable) available at edge connector. 

INTERFACE 	- 	1) Audio Cassette Recorder 

2) 20 mil.. current loop through SID/SOD lines 

3) RS-232-C through SID/SOD lines with 
auto band rate 

4) One RS-23 2-C through 8251 with a pro-
grammable band rate 

5) EPROM Programmer 

Power supply - 	+5V, l.5A for the kit 
requirements 	+ 12V, + 5 percent, 250 mA for CRT and TTY 

124V, t 5 percent, 100 m for EPROM 
i rocrammer Interface 
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APPENDIX B-2 

SYSTEM CAPABILITIES, 

1.  Examine the contents of any memory location, 

2.  Examine/modify the contents of any of the rrP internal 

Re' gister, 

3. Modify the contents of any of the RAM Location, 

4. Move a black of data from one location to another location 

5,  Insert one or more instructions in the user program 

6. Delete one or more instructions from the user program. 

7. Relocate a program written for some memory area to some 
other memory area. 

8. Find out a string of data lying at a pirticul.r address 

9. Fill a particular memory area with a constant, 

10. Compare two blocks of memory 

Il.  Insert one or more data bytes in the user's nrram/ 

Data area, 

12.  Delete one or more data bytes from the User's nrozr ,m/ 

Data area. 

13.  Transmit a program from memory to audio cassette recorder 

14.  Receive ? program into memory from audio cassette recorder 

15, Check the contents of an &PROM for blank 

16. List the contents of an E R0M into RAM area 

17, Verify the contents of an EPROM with any memory area 

18.  Program an EPROM 

19.  Execute a program at full clock speed 

20.  Execute a program in single stcns i.e. instruction,  by 

instruction. 
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APPENLIX B--3 

SIGNALS AT JUNCTION CONNECTOR J2 ' 

The 24 lines I/O of 8255-I are brought out at this connector. 

They are - 

Pin 	Signal 	lin 	Signal 	Pin j 	Signal 	~ T 

1 x104 	I 10 P1_ 5 19 
2 2105 	1 t 11 ?1 B2  20 
3  P1C2 12 P l'B3 21 
A 2103 13 P 1B0 22 
5 2100 14 .P 1B 1 23 
6 7101  15 

1 	
P].6 24 

~ 
7 	? P1B6 16  r'17 

r 
1 	25 

8 2lB7 17 2 1A4 ; 	26. 
g 7 1B 	1 18 P1A5 

71A2 
P 113 
P lAO 
P1a1 
„l~ 6 	j 

GNU  

1 

2 

3 

4 
5 

6 
7 

SIGNALS AT JUNCTION   CONNECTOR J3 

The 24 I/O lines of 8255-I1 are brought out at this connector. 

They are - 

'in 	Signal 
	

Pin 	Sin a1 ` Pin 

2204 10 P2B5 19 22A2 
2205  11 P2B2 20 P2-A3 
P202 12 P2B3 21 ,P2A0 
2203 13  * P2B0 22  P2A1 
2200 14 } 	P2B1 2.3 :2C6 
2201 15 i 	22A6 24 2207 
P2B6 16 P2A7 25 GNU 
22B7 17 t 	P2A4 26 GNU 
2234 18 P2A5 

i ; 



APPENDIX- B-4 

SIGNALS aT CONNECTOR Jl 

The various signals provided at the connE~ctor are the interrupts 
levels of 8259, timer/counter channels points and other interrupt 
signals of 8085. 

yin 

1 	C ';SO 	(cascade line) 
2 	C;`ASI 	(Cascade line) 
3 	1 	CAS2 	(Cascade line) 
4 	E SP/]VT Slave Program/Enable buffers 

5 ! 	IRO 13 CLKO 21 OUT-2 
6 IRI 14 GAT E'0 22 RST-7.5 
7 IR2 15 OUTO 23 RST-6.5 

8 1113 16 CLK1 24 mr 
9 1R4 17 GATE 1 25 GD 
10 1 	IR5 18 OUT1 26 GIN 
11 IR6 19 CLK-2 
12 1117 20 GATE 2 

SIGNALS AT CONNECTOR JLL 

The various power sup 1y signals and the signals for various 
interfaces are brought out at this connector. They are - 

:yin Signal  	Pin Sinal  

01 CRT IN  08 EAR OUT 

02 CRT OUT 	09 GILD 
03 Tx 	 10 +24V/21V 
04 Tx+ 	 11 --12V 
05 I 	Rx 	 12  +12V 
06 Rx# 	 13 +5V 

L°7_L 
 MIC Iii 
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SUBROUTINE 	TIME 

INPUT 	- 

OUTPUT 	- 

CALLS 	- 

DESTROYS 	H,L,A 

DESCRIPTION . 	EXPECTS DATE and time in Memory 2300. Clock 

and GATE SIGNAL is given through hardware. Loads 8253 counter-2 

and after enabling interrupt RST 6.5 Counter counts down. After 

is counts down the seconds is incremented. After 60 seconds 

Mint is incremented and henceforth hours and then days are 

incremented. 

Load THE CONTROL WORD, OUTPUT 

TO CONTROL REGISTER WITH COUNTER-2 

LOAD LOWER AND HIGHER BYTE COUNTER 

WITH REQUIRET. NUMBER 

2200 3E BO MVT A,BO 

2202 D3 13 OUT 13 

2204 3E E9 MVI A,08 

2206 D3 12  OUT 12 

2208  3E 07 MVI A, EF 

200A I)3 12 OUT 12 

200C 3E OD MVI A, OD 

200 E 30 SIM 

200F E3 EI 

HLT 2210 76 HLT 

2211 C3 10 22 JMP HLT 

27B7 03 20 22 

LOAD ACC .W ITh DATA TO ENABLE 
RST.6.5 ONLY 

ENABLE THE INTERRUPT 

HALT 

JUMP BACK TO HALT 

FROM INTERRUPT JNM TO PROC THE 



PROD 	2220 21 23 00 LXI H. 2304 S 'C.LOADED ADDRESS IS LOADED 

2223 7E MOV A, M SECOND IS BROUGHT AND INCREMENTED 

2224 06 01 ADI 01 

2226  27 DAA ADJUSTED TO DEC IM. ;L VALUE 

2227 FE 60 CPI 60 IS IT 60 SEC? 

2229 02 54 22 JN 2 SECO NO, JUMP TO LOAD REG .OF 8253 

222C ;AAF XRA A YES o MAKE IT ZERO AND 

222D 77 MOV M,A STORE ZERO 

222E 2B DCX H 	' POINT TO MINS . 'DDRESS 

222F 7E MOV 1.,M BRING , MINS. 

2230 06 01 ADI 01 INCREMENT MINS 

2232 27 DAA ADJUST IT TO DECIMAL 

2233 FE 60 CPS 60 IS IT 60 MIN? 

2235 02 60 22 JNZ MIN NO, JUMP TO LOAD 8253 REG. 

2238 IVF XRA A YES, MAKE MINS.ZERO 

2239 77 MOV M,l. STORE IT BACK IN MEMORY 

223' 2E DCX H POINT(H,L) TO HOURS ADDRESS 

223B 7E MOV A, M BRING HOURS TO ACO. 

2230  =6 01 ADI 01 INCREMENT HOURS 

223F 27 DA ADJUST TO DECIMAL 

2240 FE 24 CPI 24 IS IT ALREADY 24 HRS? 

2242 02 6C 22 JN2 HOUR NO, JUMP TO LOAD 8253 REG. 

2245 ASF XRA Aa YES, START FRESH HOUR 

2246 77 MOV M,j.i INITILIZE HOURS IN MEM. 

2247 2B ACX H POINT TO DAYS 

2248 34 INR M INCREMENT NUMBER OF DAYS 



2249 3E 08 MVI A,08 

224E D3 12 OUT 12 

224D 3E LF MVI A, EF 

224E D3 12 OUT 12 

2251 C3 75 22 JMP EN I 

SECO 2254 77 MOV M,A 

STT 2255 3E E9 MVI 1.,E9 

2257 DB 12 OUT 12 

2259 3E 07 MVi A,07 

225B D3 12 OUT 12 

225D C3 75 22 JMP ENI 

MIS 2260 77 MOV M,Zh. 

2261 3E B6 MVI -;,Bu 

2263 D3 12 OUT 12 

2265 3E 07 MVI Al, 07 

2257 D3 12 OUT 12 

2269 03 75 	22 JIM ENI 

HOUR 2260  7 7 MOV M, A~ 

226D 3E 83 MVI A, B6 

226E v3 12 OUT 12 

2 271 3E 07 MVI A, 07 

2273 D3 12 OUT 12 

ENT 2275 FB EI 

C9 

LOAD RP OF 8253 WITH 

NUMBER FOR SECONDS 

JMP TO INS RRUP T 

STORE BACK IN MEMORY 

LOAD 8253 R.P. TO START 

SECONDS COUNT DOWN 

JUMP TO ENABLE INTER_<UPT 

STORE BACK IN MEMORY 

LOAD 8253  r. p .4W11'iH NUMBER 

TO START SECONDS COUNT DOi7N 

JUMP TO ENABLE INTERRUPT 

SAVE HOURS 

LOAD 8253 R.P.WITH NUMBERS 

TO START SECONDS COUNT DOWN 

ENABLE 6.5 RST 

RETURN 



IPPEi DI -13-6 

SIGNSU T CONNECTOR SPJaCL, J 5  - ( BUY, RS-23 2-C) 

The various sinals provided at the connector spice J5  are the 
signals of the programmable communication interface 8251, The 
details are - 

±n 	► w 
 Signal 

01 GND ( iR1,11 E GROTJND ) 

02 t 	Tx (Transmit Data) 

03 I 	Rx (Recr_-,ive data) 

004 ? 	RTS (Renuest, to send) 

05 CTS ( clear to send) 

06 DST (Data set ready)  

07  1 	GND (Signal ground) 

08-19 s 	Ti,o connection 

20 1 	DTR ( Data Terminal Ready) 

21 to 25 No connection 
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APPENDIX C-1 

CONNECTOR DETAILS 

Connector Pin Chart 

Dire.c- 
n.al T o,1 	Ition 

Description 

1 	SThOBL IN 	STROBE pulse of read data in. Pulse width 
must be more than 0.5Hs at receivinn ter-
minal. The signal level is normally 'Hight 
read-in of data is performed at the 'low' 
level of this signal. 

2 to 	DAM 	I •IN 
9 

10 	I CKN LG 	OUT 

11 	BUSY 	OUT 

12 	PE 	OUT 

13 	SLCT 	OUT 

14 	LUTU EII) Ilv 

These signals represent information of the 
Ist to 8th bits of 11th data respectively. 
Each si ureal is at 'high' level when data is 
logical '1' and ' low' when logical 0. 

I Approx. Sus pulse. 'Low' indicates that data 
has been received and that the printer is 
read to accept other data 

A 'High' signal indicates that the printer 
cannot receive data. The signal becomes 
'High' in the following ce.ses -l.) during 
data entry, 2) during printing, operation, 
3) In Off-line. station, 4) during printing 
error station 

sJ 'High' signal indicates that the printer 
is out of papers. 

This signal indicates that the printer is 
out of paper. 

When this signal being at 'low' level, the 
paper is automatically fed one line after 
printing, ( The signal level cn.n be, fixed 
to 'low' with DIP SW Pin 2-3 nrovid_ed on the 
control circuit board). 

15 	1 N C 

16 	GH;; SbIb 
GNU 

17 and NC 
18 

Not used 

Printers ch,isi s GTN. In the printers, the 
} 	chassis GND and the logic GNU are isolated. 

~frem each other. 

L Not used 

Cont rd. 
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Appenc'ix-C-1 (cont!,) 

19to 
30 

31 	Ita IT 

32 

3 	 4 

- 	Twisted pair return signal r'r'TD level 

IN 	When the level of this signal becomes 'low', 
the printing controller is reset to its 
initial state and the print buffer is cleared. 
This signal is normally at thigh' level, and 
its pulse width must be more than 50►►s at 
the receiving terminal. 

OUT 	The lovel of this signal becomes 'low' when 
the printer is in - 1) paper end state, 
2) 0ff-line state, 3) Error state 

33 	GD 	- 	Same is with Pin N.,,s, 19 to 30 
34 	NC 	- 	i Not used  
35 	VCC 	j - 	Pulled up to + 5V through 3.3 kR resistor 

36 	SLCTI1J 4 Iii 	Data entry to the printer is possible only 
when the level of this signal is 'low'. 

Note - 1) Direction refers to the direction of signal as viewed 
from the printer. 

2) X411 interface conditions are based on TTL level. '3oth the 
rise and fall tim=es of each signal must be less than 0.2os. 

3) Data transfer must not be carried out by ignoring the 
AC -NLG OR BUSY signal. 

 PIN Ceti ivy "~ : 



AM 

APP11,4DIX D--1 

EQUIPMENT MULTI CffiVN STEL DIGITAL RECORDER 

Type  - 

Power  - 

Power consumption - 
No. of channel 	- 
Extendable 	- 
D. C. volta.fe mea- 	- 
surement 

Temperature mea- 	- 
surement sensor 

Maximum resolutions -- 

PRI ~sTER 

'R 2 721A 
100 V, 50/60 Hz 

30VA or less without printing operation 
12 USVA with printing operation. 
24 

50 mV, - 200 V, ± 2V, + 20V, l 
to 5V 	 ' 

JIST(CC), J(IC), E(CRC),K(CA),R(PR) 
Thermocouples 

0.10 C/T(CC) range 
1°C/J(IC), E(CRC), K(CA),R(PR) ranges 

Printer - 	Thermal type 

Print output - 	Printin , after data fetched up to 
the last channel 

Printin g; speed. - 	Approx. 1 line/ sec. 
Paper - 	Roll type heat-sensitive recording 

paper. 
Paper length - 	Sapp. 30 m, 6000 data ( Normal mode 

Approx. 6 cm/ 12 channels) 
App, 12000 data ( TREND Mode, 
Approx. 	cm./l to 12 channels) 

Paper width - 	App, 6 cm. 

G. . ERAL 
Input system 	- 
A./D conversion system-
Measurement Speed - 

SCAN period 	-- 

SCANi.Ii G RANGE 

2-wire 
Dual slope interation 
Min ( app. 0.2 to 0.5 sec) , 0.5 sec, 
1 sec. 

CONTINUOUS, 30 sec, 112,5,10t 30 Mins. 
1, 2 hrs, 

01 to 12 selectable ( channels 13 to 
24 with extender). 
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Appendix D-l(Contd.) 

CLOCK 	 - 	Time bound sinal stability 

L p prox. + 15 sec/ day ( at 230  C 	5°C) 

Max. time display - 	23 hrs, 59 mins. 

Display 	 - 	7 se.;ment LED display 

Ch-Annel number - 2 digits 

Measurement value - 4 digits 

Units - V, mV, °C 

[farm - LLLiRM (I-x ' indication) 

External dimension - 	300 x 132 x 400 mm 
(wide) (high) (deep) 

deight 	 - 	9 kg. 
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APP 1HJIX D-5 

TR2 2̀21A MULTI CHANNEL DIGITAL RECORDER 

T112723.A multi channel digital recorder has 12 channels 

which can be extended to 24 channels with the channel exten-

der. The required extender cable has to be connected for this 

nurposee. The input termin;.l board has 12 channel si?ne.l line 

connection can be accessed by removing the rear pane terminal 

covers. After removing the cover the signal input terminals can 

be seen numbered from 01 to 12. These numbers indicate the 

channel numbers. The ( ) leg of the thermcouple or compensation 

conductor connects the (+) terminal and the (-) leg connects to 

the (--) terminal. The external terminal and D/A terminals are 

also available along with the 12 signal input terminals. The 

r.xternal terminal is for the extc rna.l reference junction when 

making, teemperature measurement, The D/A terminal outputs the 

analog signal when the optional D/A converter is installed. 

The extended terminals (13 to 24) another panel which is seen 

on the 	side has to be. removed. 

Series of switches are avails.ble at the rare side. They 

are - 

1) 	Function switches 	2) Rango switches 

There are two function switches. The first one is for 

selecting the measurement function. Pressing this switch mea-

sure the temperature and releasing it measured P.C. voltage. 

The second switch is for temperature measurement. Pressing 

this switch enable; use of a cold-contact reference junction or 

other external reference junctions. Releasing this switch 
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enables temperature measurement with the interval computation 

reference junction. Ran.se switch selects the DC volt 	measure- 

ment range or the temperature measurement thermocouple. The 

ran. e switches are interlocked and only one switch can bE= 

selected. 

Digital recorder has a display panel adjustable switches 

for monitor, scan start, scan interval, scan steps, LAST channel 

and print mode. The display panel has 7 segment Led display, 

two di7its for channel number and 4 digits for the measured 

value. Few LEDs are provided to indicate the decimal point, 

polarity, aloram and units. The details of the switches are 

explained. next. 

Monitor Switch - 

This switch is -also called as monitor channel and print 

time (hour, minute) set switch. This switch can be used to 

specify the most important channel as the monitor channel. The 

TR2721A digital recorder repeatedly measures the monitor channel 

between the end of deta nrintin.q and the start of the next mea --

surement. When the SCAB STJ RT switch is set to the stop posi-

tion, the monitor channel is displayed. Monitor channel can be 

selected by pressing CH-SE monitor switch. Each time this 

switch is pressed the channel number increments and is dis.--

played on the display panel. The required channel number can 

be selected pressing thin switch. The channel number can be 

selected from channel 01 to channel 12 without rerd. to the 

last channel. When the optional channel extended is installed, 

the monitor channel can be selected from channel 01 to 
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channel 24. When the monitor channel is not specified, the 

channel 01 is automatically selected. Monitor switch can also 

be used for set of time, To set the time, SCAN INTERVAL switch 

has to be set to time set position. Then the hour and minute 

can be set by pressing the monitor switches. Each time hour 

switch is pressed, the hour display is incremented by 1, The 

hour display counts up consecutively when this switch is 

pressed. continuously. Minutes setting is similar to the hour 

setting, Setting the printmode switch at the MIN x 101  position, 

the minute increments multiple of terms as the minute monitor 

switch is pressed. When the scan interval switch is switched 

from the time set position to another position, the second dis-

play is cleared to 00 second. Therefore, to check the time 

after time setting, set the SCAN INTERVAL switch from the CONT 

to 211 positions to the TIME SET position. There is a maximum 

delay of 1 minute when the switch is subsequently returned to 

its or.i;final position. When the time is not specified, the time 

display indicates the time that has elapsed from the time the 

power switch was set to ON. 

SCAN START 

This switch is also called as measurement time interval 

switch. This switch has 3 positions DIFF,,,   STOP and NORM. Whether 

switch is set in Diff. ( DIFFEREdCE) position, the difference 

between measured channel and channel ')1 is computed. with the 

internal microcomputer and displays the computed result. When 

in STOP position, it repeatedly measures and prints the m-asured 

results of the channel indicated on the channel no, display. 
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The switch in the NORM(NOMIAL) position results in repeatedly 

measurinflT all the channels from first channel to last channel 

at the time interval selected by the Scan internal switch. 

It repeatedly measures the monitor channel from the end of one 

scan to the start of th next scan. 

SCAN INTERVAL 

This switch is also called as measurement time interval 

switch. It determines the time from the start of measurement 

of one channel 01 to the start of measurement of next channel 

01. This switch can be set to 10 different Position. They are 

time SKP, CONT. (CONTINUOUS), 30S, 1M, 2M, 5fi, 10111, 30K., 1H, 

and 2H. Time set position is used when the time setting is 

necessary. Settin- the switch to the CONT(CONTIUUOUS) -position 

results in immediately scans of all the channels from first 

channel to last channel and the monitor channel ( on display), 

then scans from the next channel 01. To take data in different 

time interval is also possible. By adjusting; this switch against 

any time indicated from 30 sec, to 2 H(Hours), it is possible 

to read the data with that time interval. Scanning is restarted 

each time thR measurement time interval is changed with the 

SCAN-Start switch is in the diff, or Norm, position to avoid 

this, SCAN START switch is moved to STOP position and the re-

quired measurement intervel is set and. the SCZ STimT position 

is moved to the required Point. All the channels will be 

scanned once, then measurement will be performed at the set 

interval. 
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SCAN STEP 

This switch sets the channel switching time. There are 

3 position indicating MIN. (MMINII4UiVI) , 0.5s and 1 sec. In the Mm. 

position, cht;.nnels are switched at the minimum measurable 

time interval. When the input signal is near OV or 0°C, the 

channels are switched every 0.2 seconds and when the input 

si.rna 1 is maximum ( full scale) , the channels are switched. 

every 0.5 seconds. When the switch is in 0.5s position, the 

chenne l switching time is fixed to 0.5 seconds. When the switch 

is in 1 s position, the channel switching time is fixed to 

1 second, 

LAST CHANNEL 

This switch has provision for setting the last channel. 

The desired last channel can be set from 01 to 12, When the 

optional channel extender is installed., the last channel can be 

selected from between channel 13 and channel 24. When the 

(TENDER switch of the channel extender is set to the OFF 

position, the last channel setting is from channel 01 to 

channel 12. 

PRINT MODE 

This switchL3 positions OFF, NORM. (NORMAL) and TRE JID. 

This switch determines the measured result printing format 

and printing ON/OFF. The printer can be made to print in nor-

mal mo !e by setting the switch in NORM, position. In these 

position results are printed in all digits parallel. This is 

shown in Fi;g,4—a. This typo of printing is convenient when 
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takinT nnd comparjn data in time units, When the switch is 

in TREAD Dositiofl measured result are printed all di7jtg 

serial. It is shown in FIZ.4—b.  This print format is especially 

convenient in checking the chanes in the data of each channel 

with elapsed time. When the switch is in OFF position, the 

printer does not print, 

k L 	r'e' ' 	 ifi i"' 



PRINTER 

PRINTER is built-in TR272l multi channel recorder. 

Th pa.ner used for printing is thermal tyre. A roll of printing 

r, ,nor can be mounted. in the paner holder. The pager should be 

loaded ed before use, If used without the pager the rrinter will 

be denla: cd. When red mark aponars at both ends of the na.per, 

then the pa.oer has to be chnnged. Before chin ing the printer 

nanner, printing; operation is stepped by settin7 the PRINT MODE 

to the OFF nosition, The remaining paper is forced out by 

turnin:7 the gaper feed wheel. Paper roll is inserted into the 

gaper holder. Parer is inserted into the paper slot turning; the 

naner feed wheel in the arrow direction shown on TR2721A. If 

the printing head tears or clo--s the paper during printing, 

FREE knob is pushed in the arrow direction to release the 

viper. Free knob should not be touched while the printer is 

printing. 

USING TR2721A FOR SCOUR MNf°~SUR Hv1 T 

The leads from the profile bed indicator is brought to 

01 of the TR2721A multi channel recorder and connected, to the 

correct polarity. 

Before switching ON the Power supply, switches are adjust-

eci to the following position. 

SCAN START 
SCAN li,TLRVAL 
SCAN STEP 
LAST CHANNEL 
PRINT MODE 

CHANNEL EXTENDER 
EXT. START 
FUN CTI ON 
RANGE 

- 	STOP position 

- 	CONT. n )sition 
- 	MIN position 

- 	01 
- OFF 
- 	OFF position 

-- 	OFF 
- 	D.C. volt'..;e 
- 	l-5 Volts 
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WORKI G OPERATION 

ffter this adjustment rower cable is connected and power 

switch is Pressed to ON-position. After TR272111 is switched 

ON the time is adjusted brinTin SC./N INTERVAL switch to TIME 

SF7. Position and again browht back to CONT. positinn Now 

TR2721144. is ready to rcd 'and record the volta:e fromn.rofile 

bed. indicator. The valve wheel is turned and the water starts 

flowin resultin-  in scour. Immediately SCAN SiT is positioned 

to NORM and. PRINT MODE TO NORM-position. The nrintcr starts 

printinr the measured voltage alon. with the time at the rate of 

1 line/second. To print the whole data it takes 2 seconds as it 

prints the time in the first line and the measured value in 

the second. The rate of printing can be varied by chaning SCAN 

interval. 
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