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CONTRACTUAL ORIGIN OF THE INVENTION 

.The United States Government has rights in this 

invention pursuant to Contract No. EY-7-6-C-06-1830 between 

the U.S. Department of Energy and Battelle Pacific North- 

west Laboratorie's. 

BACKGROUND OF THE INVENTION 

This invention relates to measuring instruments and, 

more particularly to an instrument for remote measuring 

of AC resistance over long lines. 

10 The control and- study of large irrigation systems 

involves monitoring changes in moisture content of soil 

in a field under test. This is generally accomplished by 

using soil moisture test cells which are located at dif- 

ferent points in the field under test.& The test cells 

behave as varying resitance in series with varying capaci- 

tance with a change in soil moisture, and variations in 

soil moisture content is monitored by periodically mea- 

suring the impedance, or AC resistance, of each test cell. 

The test cells are comprised of two' stainless steel grid 

20 .cylinders, one centered in.si.de the other, forming plates 

to which'an AC excitation signal is applied for measuring 

the impedance.' The 'cost of manually connecting an instrtl- 



ment to individual moisture cells at each test location is 

prohibitive when surveying large areas. Moreover, mea- 

suring the resistance of the test cells on an individual 

basis requires that a technician walk through the field 

under test, and it is possible that other test arrange- 

ments.may be disturbed, adversely affecting the reliabil- 

ity .of the test results. 

Measuring instruments have been proposed for the pur- 

pose of remote measuring of the 4C resistance of soil 

10 moi.sture test cells, One such instrument employed a. 

balanced bridge technique to compensate for line impedance. 

However, both resistance and capacitance balancing were 

required to qchzeve a null, and false nulls were possible 

when the approximate capacitance .was not known. Another 

instrumen't, designed to compensate for the' influence of 
. . 

excitation applitude, ,series res'istance and excitation 

freq.uency, employed a technique for rectifyzng and.. 
. . 

averagi.ng measured AC resistance, .However, this instru- 

ment provided no compensation for line capacitance. 

20 Neither one of these instruments performed entirely sat- 
. . 

isLActury. 

Therefore a need exists for a portable instrument 

capable of measuring AC resistance over long lines, typi- 

cally hundreds of feet in length, and providing reliable 

readings of the resistance measured, 

SUMMARY OF THE INVENTION 

... The present invention provides an auto-ranging AC 
:. . 

resistance measuring instrument with 'line capacitance 
, 

compensation for measuring the impedance,' or AC resis- 



tance, of a device, or circuit, over long lines, which may 
I 

be hundreds of feetin length, and providing a numerical 

display of the impedance measured. The instrument is a 

battery-operated, portable unit, suitable for field use. 

The measuring instrument .comprises a signal genera- 

ting means for generat2ng an AC excitation signal which is 

applied to the 'device through the li.ne whLch 'connect& the 

device to the instrument. A monitor.ing circuit means pro- / 

vides an output signal . . corresponding to the voltage across 

10 .the load, including the.:line and th6 device, and a' signal 

proces'sing means samples' and averages th$:s output ,over a 

period of time to provide 'an output whl'ch is indicative of . 

the 'impedance,' or AC resistance, of th.e 'device and causes 

the value of the resistance measured to be displayed on 

a numerical display. 

In accordance with 'the invention, which 'is described 

with 'reference 'to measurement .of tbe impedance of soil 

test moisture 'cells', ,during each 'measurement cycle, the 

signa.1 processing .means provides' an, auto-r'anging function 

20 by controlling . . a range resistance network to connect 

resistance in series w%th the load as a function of the 

load voltage measured, The value 'oz the sefies range 

resistance is selected, automatically, to maintain the 

amplitude of the load voltage within-a desired range. The 

signal processing means also controls a capacitance com- 

pensating network to connect capacitance in parallel with 

the.series range resistance to enable the line capacitance 

to be "pre-charged" so as to minimize distortion of the 

excitation signal. A symmetrical square wave excitation 



signal is used to reduce the accuracy requirements of the 

compensating capacitance. 

In providing th.e auto-compensating function, the 

signal processing meacs; by way of the' moni.toring circuit 

means, monitors th.e waye shape of the load voltage and 

causes binary weighted ~apaci.tors to be 'added incremen- 

tally, in parallel' w%th 'the range . . res'istance until the, 

slope of the load voltage wave form becomes zero or 

slightly negative, indicative 'that line coinpensation has 

10 been achieved, One 'advantage . . of thXs tec'hriique is that 

only compensating capacitance need be inserted in parallel 

.with 'the series range 'resistance, a technique that is 

simpler than standard bridge "null" techniques and makes 

auto ranging and auto-compensating more economically 

feasible. 

In accordance wi.th a feature of the invention, 

the signal processing means comprises a microprocessor 

operating under program control to enable the signal 

generating means to generate its excitation signal, to 

20 analyze the signal output of the monitoring circuit means 

and to control the range resistance and compensating 

capacitance netwo~ks to achieve the desired compensation, 

During each measurement operation, the first of five 

ranges is selected and an excitation signal is applied to 

the moisture cell under tes't. The values of a plurality 

of s.amples'. are averq9edl and the last value is compared 

with. an upper 1i.mi.t established for range one, If the 

measured value i.5 below.this limit, th.e 'averaged data 

are displayed. However, i f  the measured value is above 



this limit, then, th.e next higher range, range two, is 

selected by increasing the range resistance and another 

' measurement cycle is initiated. 

If the .measured value exceeds a sedond, higher limit 

establi:.shed for range , .. 'two, range 'three' 'i.s selected, ,the 

range 'reststance 'is .increased, and a furth.er measurement 
. . . . 

cycle is initiated, .and so on, until the"measured impe- 

dance is .below. th.e' 'upper limit for the 'selected range, 

Ranges one and two are used for relatively low 

10 impedances', '50K .ohms or less, ,where 'lgne capacitance is 

not'a factor $n measuri.ng th.e impedance' 'of the soil mois- 

ture cell under test, For higher'  impedance.^'., i . e. ,' when 
ranges . . three' through 'five are used, ,line 'capacitance 

becomes a factor in the measured reading, causing dis- 

tortion of the square wave signal applied to the load. 

Capacitance '4s added i.n parallel' with 'the' 'range resis- 

tance, a few microfarads at a time,' until the load voltage 

.waveform once again approximates the waveform of the 

square wave excitation signal, indicating compensation 

2 0 .  has been achieved, The load voltage is sampled near its 

leading and trailing edges in both positive and negative 

half cycles, thereby offsetting any errors that may be 

introduced by the electronic circuitry or moisture cell 

polarization, 

In accordance wlth a further feature of the inven- 

tion, the battery voltage is automatically tested at the 

start of each measurement cycle, If the battery voltage 

becomes less than, or greater' than, 'selected h.igh and 

low limits, the' measurement cycle is terminated, and a 



suitable indication is displayed .on the display unit. 

B R I E F  D E S C R I P T I O N  O F  THE DRAWINGS 

- 

F I G .  1 is a view of the AC resistance measuring 

instrument provided by the present Invention; 

F I G .  2 is a block diagram of the measuring instrument 

sho'wn in F I G .  1; . ' 

F I G . 3  is a partial schematic circuit and block 

diagram of the circuits of the measuring instrument; 

F I G .  4 illustrates typical output voltage levels 

10 for various levels of compensation; 

F I G .  5 is a control firmwave hierachy block diagram; 

and 

F I G S .  6-8 are a flow chart illustrating the operation 

of the instrument. 

D E S C R I P T I O N  O F  THE PREFERRED EMBODIMENT 

Referring to F I G .  1, the impedance or AC resistance 

measuring instrument is a portable, self-contained, 

battery operated unit. The instrument includes a housing 

10 which encloses the circuits of the instrument as well 

20 as a rechargable battery pack which energizes the cir- 

cuits. A front panel 11 of the instrument mounts a pair 
t 

of terminals 12, by which a device or circuit, the impe- 

dance of which i s  to be measured, is connected to the 

instrument. A piish-button switch 14, when operated, 

enables the circults of the instrument to measure the 

impedance 'of the' device or circuit connected to terminals 

12, ,and display'the measured value on a digital display 

16 located on the panel 14. A run indicator 28 flashes 

periodically while the readout 16 is blanked during a 



pending measurement, 

For purposes of illustration, the measuring instru- 

ment is described with reference to an application for 

measuring the impedance or AC resistance of soil moisture 

cells which 'serve as-moisture sensors in the control and/ 

or study of a large 'i-rrigation system, The moisture test 

cells are commeri.cally qvailable, or easily constructed 

and accordingly are not shown in detail. One example of 

a moisture 'test'cel'l suitable'for this purpose comprises 

10 two stainles's steel grid cylinders, one 'center'ed inside: 

the 'oth6r, The mols:ture cel'l has .two terminals each 

connected to a dzfferent one of th,e' grid cylinders. The . 

moisture cells are set in the ground at various depths 

from six inches to a few feet down, with soil filling the 

space between the walls of the concentric cylinders. . . 

Each soil moisture cell behaves primarily as a resistance 

in series with a capacitance, both of which vary in 

accordance with changes in the amount of moisture in the 

soil. 

20 To simplify the description, the instrument is 

described wi.th. 'reference to an application for measuring 

the impedance of a single moisture cell represented by 

block 32 ln FIG. 2. In use, however, the instrument 

measures. the img&da.nces of a large number of such test 

cells.each'of which j;s,located at a different location in 

the irrigation system, The test cells are individually 

connectable to the measuring instrument which is located 

at a control 1ocati.on; by way of a switching ayrangement 

(not shown), enabling the impedance of each test cell to 



be measured. 

Referring to FIG. 2 a moisture test cell, represented 

by block 32, is shown with its terminals G1 and G2 con- 

nected to the input 'terminals 12a and 12b by way of a 

suitable transmission line 31 which may be several hundred 
1 

teet in length, 

The c$.rcuits of the measuring instrument basically 

comprise a microcomputer 40 including a microprocessor, 

and associated input/output circuits 41, a program menory 

10 42 and a data,memory 44. The program memory 42 stores 

operating instructions for the microcomputer as well as 

table look-up.data which is used in converting measured 

data to engineering units. The data'memory 44 stores 

measured data, When the measure push-button 14 is oper- 

ated to initiate a measurement cycle, the microprocessor 

is enabled and causes an excitation signal generator 46, 

embodied as a dlgital/analog converter, to generate a 

square wave excitation signal which is applied to the 

load connected to input terminals 12, including the soil 

20 test cell 32 and the trqnsmission line 31. A monitoring 

circuit 52, embodied as an analog/digital co'nverter, mon- 

itors the voltage across the load and provides to the 

microcomputer, a digital signal corresponding to the 

value of the load voltage. The microcomputer uses 

this signal to determine the amplitude and wave shape of 

the load voltage, and controls a line compensation net- 

work 48, which is interposed between the output of the 

digital/analog converter 46 and the load, to compensate 

as. necessary for the effects of the transmission line 31, 



The compensation network 49 includes a series range 

resistance section 49 and a shunt compensating capacitance 

section 50. The microcomputer, under program control, 

automatically selects the values of series resitance 

and shunt capacitance as a function of the load voltage 

measured. 

The instrument has five ranges which are selected 

by auto-incrementing under microprocessor control. The 

ranges are defined as follows: 

Range Load Resistance 

1 ' 10 ohms to 5K ohms 

5K ohms to 50K ohms 

3 50K ohms to 500K ohms 

4 500K ohms to 2M ohms 

5 2M ohms to 10M ohms 

The"ser$es compensating resistance is selected to 

maintain the"peqk load voltage . . within 50% to 90% of the 

value of the signal generated by th.e digital/analog 

converter 46, In each,measuring operation, range 1 is 

selected first,,qnd if the load voltage 'is not within 

50% to 9.0% .of the: value of the excitation signal., the 

next range is selected, and then th.e 'next range until the 

1oad.vol.tage is within"50% to 90% of the excitation sig- 

nal, Shunt compensating . . capacitance i s  added under 

microprocessor control whenever ranges 3, 4 or 5 are 

selected, The composition of the compensation network 

48, as well as the auto-ranging and auto-compensation 

functions, are described in detail hereinafter. 

When the .auto-ranging and the ..auto-compens.ation 



functions have been completed, the microcomputer, via 

the analog/digital converter 52, samples the load voltage 

and averages the samples to provide an output correspond- 

. . 
ing . to the impedance of the load, i, e. the transmission 

line and the test cell. The impedance of,the moisture 

cell alone can be determined on the basis of previous 

knowledge 'of the transmission ltne impedance. 

The microproces'sor controls the digital display 16 

via associated display drivers 54 to. pr.ovi.de a four digit 

, 10 numerical display of the measured impedance, 

~n one measuring lnstrument which was constructed, 

th.e microprocessor 41 comprised the Type 'C8085A 8-bit 

microcomputer and suitable input/output circuits, The 

program memory 42 comprised a 2K x 8-bit Type 2716 pro- 

grammable read only memory, serving as instruction store, 

and a 1K x 8-bit Type 2758 programmable read only memory, 

providing storage'for table look-up data, The data stor- 

age memory 44 comprised two 256 x 4-bit Type 8561 CMOS 

random access memories. The digital display comprised 

20 a Type 7547 four-digit liquid crystal display unit which 

provides three digit resolution (except under 100 ohms) 

and one multiplier digit for readout of AC resistance. 

The display driver circuits 54 comprised four Type 4056BE 

LCD drivers. A comparator circuit 36, used for battery 

test ope~dlians, oompris~d a Type 311 H operational 

amplifier connected for operation'as a differential ampli- 

fier. The compensating.network 48, the digital/analog 

converter 46 and the' analog/digital converter are shown 

in more detail in FIG, 3 and discussed hereinbelow. 



The circuits of the measuring . . instrument are ener- 

gized by a 12 volt rechargable battery source 33 which via 

DC/DC converter circuits 55 provide voltages at levels of 

+15 VDC and 65 V D C  for the circuits. A power switch 22,. - - 

which is mounted on the control panel (FIG. 1) is operable 

to connect the DC/DC converter 55 to the battery source 

33. A fuse 31 WIG. 11, which is connected between the 

positive terminal of the battery and the power switch 22, 

affords overload protection for the circuits of the 

10 instrument, 

The power circuits include a battery charger 34, 

which is connectable to an AC source via charge switch 

24 and a connector 25, mounted on the control panel. The 

battery charger 34 enables the battery pack to be re- 

charged when the instrument is not in use. An indicator 

26 illuminates while the power pack is being charged. 

Each time a measurement is requested, the comparator 

circuit. 36 compares th.e battery voltage with a reference 

voltage and provi.des a signal at its output 36a indica- 

20 tive of the battery.voltage. If the battery voltage is 

too low, th.e microprocessor 'causes, th.e letters LLL to, be 

displayed. Similarly, if the battery voltage is too 

high,: the letter's H H H ' a r e  displayed.. In either case, 
'I : 

the hea,s~~rernent cycle i s  deni,ed, The battery voltage may 
8' 

be checked at any time by operating . .  . the battery push- 

button 18, located on the panel 11, prior to and con- 

currently with. the measure push-button 14. 

After each measurement operation, the microprocessor 

cir:cuits and display,are deenergized, and the program 



memory 42 is switched to a standy mode, i,e. powered 

down, in order to conserve power. The circuits are reac- 

tivated during an initialization operation which occurs 

each 'ti-me the' measure :push-button 14 is operated. 

, Compensation 'etwoXk: 

Referring to FIG. 3, which 'illustrates' the compensa- 

tion network 48 In detail, the microprocessor, the memo- 

ries and associated input/output circuits are represented 

.by a block 40 which'i.? labelled microcomputer control. 

10 The mi.crocomputer' communicates with 'the' D/A converter 

circuit 46 and th.e 4/D converter circuit 52 by way of a 

data bus 58, The 'meqsuxe .switch '14 i s  connected to an 

i,nput .of the microproces'so'r over an associated anti-bounce 

circuit Cnot s.hown1, A timer circuit 57, which operates 

asynchronously.of the 'microproces'sor clock, generates 

timing signals which serve as interrupts to the micro- 

processor to es'tablish. 'excitation frequen'cy. and data 

sampling rates, Th& function of this timer' circuit 57 

is degcribed in more detail hereinbelow i,n connection 

20 with'the discussion of the manner in which'the output' 

waveform. is analyzed during the auto-compensation 

operation. 

The.digi.tal/analog . . converter 46 comprises a commer- 

cially available type AD561K digi.tal/analog converter 

circuit 46a and an associated output driver circuit 46b 

which i s  a Type. 301AN operational amplifier, The micro- 

computer control provides a multi-bit control word to 

the digital/analog converter circuit 46a over a data bus 

58, However, since 'only two of theibits are 'required to 



enable the digital/analog converter 'to. provi.de. a symmetri-' 

cal square wave signal at a 15 VDC peak level, only the 

least significant bit LSB and the most.significant bit 

MSB are extended to the signal inputs of the digital/ : 

-analog converter, the unused signal inputs being commonly 

connected to the LSB input, for example.' 

The"range network 49 comprlses' five resistors R1-R5 

- .  which 'are connectable in series with'the output of the 

D/A converter 46 by way of associated switche.s SRL-SR5 

10 which are operated under the control of the microcomputer. 

The switches SR1-SR4 are reed relays which present a 

substantially open impedance to the output of the D/A 

converter 46 when all. of the' switche's are unoperated. 

Each reed switch. 'has an. associated driver (not shown) 

which receives an enabling signal from the microcomputer 

by way of associated 1/0 latches inot shown). Switch 

SR5 may be a solid state switch such as one section of 

the commericially available Type AD-1510 DI quad MOS 

analog switch, A solid state switch may be used because 

20 resistor R5, its value of 4 megohms together with the 

off -resistance 'of the analog switch, normally present a 

virtually open c$.rcui.t, In one 'circuit, ,resistors R1- 

. R5 had values' of lK, 9K, 99K, lM, ,and 4M ohms, respec- 

tively, 

Thk microcamputer . qenerateg - output9 which are stored 

in its output latch. 'circuits and are applied to inputs of 

the reed switch 'drivers for operating re@d switches SR1- 

SR4,  ,or to analog switch SR5, to select the desired range 

at th.e 'start of ea'ch 'measurement, cycle .' Range 1 is 



always selected first, and. switch S R ~  is operated to 

connect,resistor R1 in series with 'the' 'load, If the . 

output'. voltage is not within a range of 50-9U% of che 

square wave signal generated by the' D/A converter 4.6, 

then switch SR2 is' operated,.connecting resistor R2 in 

series with resistor R1 and the load, thereby selecting 

range '2, Ees'i-stor R1 'is connected in circuit for all 

five ranges .to isolate the capacitors ~ 1 - ~ 7  from the D/A 

converter output ta assure tha:t a non-capacitive load is 

10 presented to the D/A converter 46, To select range.3, 

switch. 'SR2 is di.sabled, and switch 'SR3 'is enabled. Sim- 

ilarly, switch 'SR4 Cor SR5) is operated to select range 

4 (.or 5). The range 'resistance network together with the 

load operate as a voltage divider' with 'the' 'series range 
. . 

resistalice being increased to "match'" higher values of 

load impedance thereby lowering th6 voltage at the 

mounti.ng point i,e, the junction of th.e series range 

resistance and the load, 

The compensation network 50 comprises seven binary 

20 weighted capacitors C1-C7 each having an associated 

switching device SC1-SC7 represented by switch contacts. 

Each of the switches is operated under microcomputer 

control by computer generated outputs, provided over 

inputs L2-L8, to connect selected ones of the capacitors 

in parallel with the range resistance selected. Solid 

state switch devices, such as the commercially available 

type AD 7510 DI Quad MOS analog switches, are 'used to 

minimize power requirements and afford faster switching 

speeds than provided by the reed swltches used in the 



. . 

range network. The slower speed reed switches can be 

used for range selection because during range selection 

the range is ch,anged infrequently, i.e:typically two 

or- three times. In one 'circuit wh.fch 'was constructed, 

capacitors C1-C7 h.qd values of 500 pfd, .001 ufd, .002 

ufd, .004 ufd, ,008 ufd, .016 ufd and ,032 ufd, respec- 

tively, 

A switch SC8, whi'ch may be a reed switch operated 

under computer control, normaJly connects one terminal 

10 of capacitors. ~ 1 '  and C2 to the 'output circuit, thereby 

enabling capqcitors. C1 and C2 to be 'connected in circuit 

with. 'th.e range . . 'resktance whenever switch.es SCL and SCR 

are operated. Th.e switch SC8 is operab'le to connect 

one terminal.05 capacitors C5-C7to the 'output circuit, 

and disconnect the 'capaci,tors C1 'and ~2 from the output : 

circuit,,th.ereby. enabling capacitors C5-C7 to be con- 

nected in circuit with the range res'istance. This, 

switching arrangement minimizes th.e number of capacitors 

which are connected in the output circuit of the D/A 

20 ' converter circuit to prevent loading of the D/A 'converter 

circuit 46. 

Auto-range/Auto-compensation 

The manner in which the microcomputer controls the 

selection of capacitors during an auto-compensation 

operation is described with reference to FIG. 4. At 

impedances- over lOOK ohms over several hundred feet of 
I 

transmission line, the uncompensated output signal would 

look similar t n  cnrve 64 shown in FIG. 4. Th6 addition 

of binary wei'ghted capacitors C1-C7 in series with resis- 



tor R1, which together are in parallel with selected ones 

of the range resistors R2-R5 pre-charge the transmission 

line at a rate to provide correct comperlsdlion. 

Generally, the compensated output voltage will not 

reach. 'the form of th.e square wave excitation signal, 

represented by dashed line 61. Over-compensation results 

in,a final voltage, wqveform 62, which is too high, 

whereas under-compensqtion results in reaching a final 

yoltqye waveform 63, which is too low, 

10 The microprocessor determines when the best compen- 

sation has been achieved by looking at p~ints A-B, of 

the positive half cycle of the square wave output, and 

points A'-B1 of th.e negative . . half cycle, and adding an 

increasing amount of compensating capacitance during each 

measurement cycle, Wh@n'the voltage levels at points 

A and B (.and A '  and B' j ar;e equal, i.e, zero slope, 

then correct compensation has been achieved. It is 

pointed out that in .some instances, zero slope may not be 

realized in which case a slightly negative slope is 

20 indicative of adequate compensation. 

Output Voltage Sampling 

Referring again to FIG. 3, the monitoring circuit 52 

monitors the output voltage and provides to the micro- 

processor, via data bus 58, a ten bit digital signal 

representing the oiltput voltage waveform. The monitor- 

ing circuit 52 comprises a high impedance buffer ampli- 

fier 52a, such as the Type LM 302H, operating as a 

voltage follower, and a high speed (25u sec.1 A/D 

converter 52b, such as the commercially available Type 



AD 571K converter circuit, which digitizes and stores the 

measured data. The eight lower order bits are supplied to 

the microprocessor by way of a first 1/0 latch (not shown) 

and the two most significant bits are supplied to the 

microprocessor viq a further 1/0 lqtch, The junction of 

buffer-amplifier output and the A/D converter input is 

exten'ded as a .mon&tor point to a BNC connector 29 mounted 

on the control panel 11 (.FIG. 1). 

The timer c&r.cui,t. 57 compri.ses a clock tick oscilla- 

1.0 tor, which. 'operates qsynchronously with: 'respect to the 

microprocessor clock to generate interrupt signals for 

th,e,microprocessor at a 1.6 KHz rate,' The'se interrupt 

signals provide reference for timing i.n generating the 

period of the square wave exci.tation signal and establish 

data sampling rates which 'enable the'~microprocessor to . 

.sample the load voltage near the leading and trailing 

.edges,of the'positi've and negative 'half.cycles of the 

square wave signal, 

The output voltage is sampled' synchronously with the 

20 time circuit 57 a.nd samglesare accrued at a rate of eight 

samples per half cycle during a measurement cycle. For 

ranges one and two, the frequency, of the excitation sig- 

nal is 100 Hz, and for ranges three through five, a 50Hz 

excitation signal is used, Samples are taken at the 

leading and trailing edges of each half cycle under 

microprocessor control. 

The output voltage samples are used to determine the 

total impedance, including the impedancc of the line and 

the moisture cell under test, by the equation: 



(.I) EO .RS. 
Zm = Ea-Eo 

where : 

Eo is the final output voltage (,points B, B' ) 

. . 

Rs is the series range res'istance 

Ea Is th.e peak output voltage 'applied, and 

Zrn is th.e measured ' impedance ' ' 

This relationship 2s implemented using a look-up table 

stored in th.e read only memory 42, 

The ,impedance of the moisture 'cell alone can only be 

10 determlned by. pr.evious knowledge . . of th.e 'transmission line 

impedance, This $.s calculated qt time of installation of 

the' system, The'equation for moi-sture cell impedance 

becomes 

where : 
. . 

Z1 is th.e moi.sture cell i.mpedance 

22 is the transmission line impedance 

Zm is the measured impedance (Z.1 Z 2 j  

The effects of moisture cell polarization and hard- 

20 ware 'offset voltages are minimized by sampling both the 

positive and negatLve slopes of th6 output waveform. 

Subprogram Hierach.~ 

~eferrin~ to FIG, 5, the control firmwave subprogram 

h.ierachy is illustrated to provide an overview of the 

system program, a program . , listing for which is provided 

in appendix I? The subroutines include initialization 

(.BEGIN)- 71 starting at line 68; battery voltage scanner 

CBYSCIINI. 72 beginning at line ' 9 8 4  ; auto-ranging resis- 



tance measurement (.MEASURJ 73 beginning at line 156; and 

display scanner (DISFLY) 74 beginning-at line 890. A mode 

and status scanner (STSCAN) 75, beginning at line 848, 

scans the status of panel mounted switches as well as the 

battery test flag, and a tine keeping subroutine (IENTR) 

76, generates the interrupt signals ,. at a rate o f  0.625 
milliseconds, f o r  the .microprocessor, 

The auto-ranging . . resistance 'measurement subroutine 

includes resistance range routine'(MAGAE1N) 77, starting 

10 at line 194, which controls the incrementing of the 

resistance range, and a compensating capacitance 

controller (.CAPINR) 78, beginning at line 719, which 

controls the connecti.on of the compensating capacitance 

into the'circuit. A stabilization routine (STABLS) 79, 

beginning at line 494, provides the delays during the 

measurement cycle to.permit stabilization of the measured 

voltage before data is used, An outside limit check 

routine 80, starting at line 1024, determines when the 

measured voltage is out of range,.and a binary to BCD 

20 conversion- routine (,BNBCT) 8l,.beginning at line 1046, 

controls the conversion of the' binary data output of the 

A/D converter to decimal. The voltage/resistance lookup 

table is provided beginning at line 1096, and the ADC 

voltage to'battery voltage table begins at line ,1191. 

Program Flow Chart 

FIGS. 6 7, and 8 illustrate a flow. chart for the 

program. The program consists of four'basic operations 

namely:' initialization; battery voltage check;' auto- 

ranging measurement, including range sel'ection, line 



compensati.on/and resistance calculat~on, and display, 

Referring first-to FIG. 6, the"pr0gram functions 

are initiated in.block 91 in response to the operation 

of the measure push-button 14. The initialization 

1.ncludes activating th.e circuits which 'are normally . : 

powered 'down between measurements. The program at block 

92, causes the display to be blanked, and then at block 93, 

the program pauses for 300 milliseconds, allowing the 

circuits to stabilize after application of power, 

10 At decision block 94, the status of the battery 

voltage comparator circuit 36 (FTG. 21 is read, and if 

the battery voltage is too low, th.e program advances to 

block 95 to cause the letters LLL to be displayed on dis- 

play 16 and at block 96, halts the program, terminating 

the measurement cycle. If the battery voltage is .above. 

the' minimum level, ,th.en at .block 97-99, the status of the 

battery voltage push-button 18 i.s read to determine if 

this is a measurement cycle of a battery check operation. 

If the switch 18 is operated, t,he.n the battery voltage 

26 is read and displayed at block 99. If the battery vol- 

tage is too hig11, the program advances Lo block 100 

(FIG. 8), and causes the letters HI to be displayed. 

This operation is provided both for battery test and 

during resistance measurement cycles. 

Assuming that battery test switch 18 has not been 

operated, then after the battery voltage check operation, 

the program proceeds to the auto-ranging measurement 

operations. The first aspect of the auto-ranging opera- 

tion is the selection of the range, and at block 101, 



range 1 is selected automatically at the beginning of 

each measurement operation, This causes resistor R1 to be 

connected in series with the load for the first measure- 

ment cycle, and for subsequent cycles, resistors R2, R3, 

etc. are connected In series with load until the correct 

resistance is found, At decision block 102, it is deter- 

-mined wheth@r ranges. .3; 4 or 5 h.ave been selected and at 

blockg 103 and 104, the appropriate excitation signal 

frequency is seledted as .a function of the range presently 
. . 

10 selected. A 100, Hz slgnal is used for ranges 1 and 2, 

and. a 50Hz frequen'cy s2gnal is used for ranges' 3-5. 

Referring to FIG. 7, for all ranges, the program 

waits for four stabilization cycles' at block 105 and 

then advances to block 106 to read eight samples during 

each half' cycle, ,,(.a total of sixteen samples) during the 

final ninth cycle. 

The program advances to block 107 where a test is 

made to determine if range 1 is selected. Also, the 

sixteen samples are averaged and the last value read is 

20 compar.ed with 'the upper limit 5 K ohms for range 1 to 

determine whether or. rlut the signal is over range. 

Assuming that range 1 is selected and that the signal 

is not over range, then a block 108, the sixteen samples 

are averaged and displayed. If the upper limit for range 

1 i s  exceeded, that the program returns to block 101 I 

(FIG, 6) and the resistance range is incremented by one. 

The microcomputer causes switch SW2 [FIG, 3) to be oper- 

ated, connecting resistor R2 in series with the load and 

resistor R1, 



- The program proceeds through blo-cks 102-107 as 

before, and since range 2 Is now. selected, the program 

advances to block 109. Assuming that the last value read 

is less than 50 K ohms, the upper limit for range 2, then 

the program advances to block 110 where the last four 

readings of each half cycle are used for averaging and 

display. If, on the other hand, the last value read is 

greater' than 50 I< ohms, then at block 109 the program 

returns to block 101 and selects range 3 by disabling 

10 switch SW2 and enabling switch SW3 to connect resistor 

R3 in series with the load in place of resistor R2. 

When range 3. Cor ranges 4 or 52 i s  selected, then iIC 

block 102, ,the program proceeds to block 104 to cause the 

frequency of the excitation signal to be changed from 100 

Hz.'to 50Hz.. Th.& program . . proceeds through . . hlocks 105-109 

and at block'lll the. program . . determines that range 3 has 

been presently selected and uses the data read to deter- 

mi.ne wheth.er or not the reading exceeds 500 K ohms, the 

upper limit for range. 3 .  Assuming that the value read is 

20 . less than the upper li.mit for range 3, than at blocks 111- 

113,' the program provides the auto-compensation function, 

adding an increasing amount of line .compensation capaci- 
. . 

tance across the series .limiting range resistor R3.unti.l 

the positive waveform slope is compensated to a point 

. where it becomes zero or a slightly negative slope. As 

described above with reference to FIG. 4, the slope of 

the excitation signal waveform is determined by looking 

at samples of the output voltage waveform near j t s  

leading and trailing edges in both positive and negative 



half cycles. The slope of the waveform Is determined by 

averaging the absolute value of all sixteen samples. The 

average must be greater than or equal to the average of 

the 'last set of samples, - If at any point along the way . . 

to compensating for line capacitance,' the 'final reading 

exceeds 500 K ohms, thenthe program-returns to block 101 

t o  select the next higher range, During the outer com- 

pensation operation, ,the microcomputer operates switches 

SC1-SC7 to initially increase line "compensating capaci- 

10 tance.in increments of 500pf. If proper compensation 

is not achieved by th.e' time capacitors C1-C4 are all 

connec'ted in parallel across th6 range resistance, then 

switch SC8 is,operated, disconnected capacitors C1 and 

C2 fromthe circuit, and enabling capacitors C5-C7 to be' 

connected in parallel with the range resistance when 

their associated switches SC5-SC7 are operated under 

microcomputer control. 

At block 112, the program determines when proper 

compensation has been achieved and then advances to 

20 block 110 where the last four"samp1es for each half 

cycle, (eight samples) are averaged and displayed. I t  

at block 111 the program determines that' the final 

reading exceeds 500 K ohms, then program returns to block 

101 and selects range 4, causing resistor R4 to be con- 

nected in series with the load. 

When range 4 is selected, the .program operates in 

a manner identical to that when range 3 is selected, 

providing auto-compensation by way of blocks 114-116. If 

the' final reading in any measurement cycle exceeds 2M 



ohms, t h e  f i f t h  range i s  s e l e c t e d  a t  block 1 0 1 ,  

Refer r ing  n.ow t o  F I G .  8 ,  t h e  'program o p e r a t e s  f o r  

range f i v e  i n  a manner . i d e n t i c a l  t o  t ha ' t '  f o r  ranges  3 and 

4 ,  wi th  blocks  117-119 providing auto-compensation except  

t h a t  i f  t h e  f i n a l  r ead ing . , i n  any measurement c y c l e  i s  

equa l  t o  o r  g r e a t e r  than 1 0 M  ohms, theri block 1 2 0  termi-  

n q t e s  t h e  measurement ' cyc le  and block- 1 0 0  causes .  t h e  

message "HI.! '  t o  be 'd isplayed t o  inform t h e  u s e r  t h a t  

e i t h e r  t h e  AC r e s i s t a n c e  i s  t o  high o r  l i n e  capac i tance  

i s  t o  g r e a t ,  o r  both..' When proper  compensation i s  

achieved,  then' a t  block 1 2 1 ,  the 'p rogram averages  t h e  

l a s t  fou r  samples each.. 'half c y c l e  'and d i s p l a y s  t h e  

averaged d a t a ,  



A P P E N D I X  - PROGRAM L I S T I N G  

T A R L E  O F  C O N T ~ ~ I T S  FUR P R O C H A M  A C R M  

AC R E S  I 5 T A h . C E  M E A S I J R E H E N T  
- .  H A  l V  P R O G R A M  

H E A S U Q t  R C S I S T A N C E  

' C g N V k N l  A V D  M E A n  R O U I  [ N F  
S ! ~ P I L I ~ A T I O N  R O U T ~ N E S  . .  

T w u S  C D M P L E ~ E V J  
A V E U A G E  S I ' H P ~ ~ ~  . 

C A p A C I  1 A''JCE C ~ ~ ~ E N S A ~ I ~ N  R u l J T I  

C O k a . k C l  C O ~ ~ ~ C F J S A T I U N  C H E C K  
C A L I H ' Q A T E  PnrjF P A l J S E  R O Y !  J r q ~  

V O L T A G ~ / R E S J S T A N C E  C U N V E ~ + S I O N  
S T A T U S  S ~ I T C H  S c h v  . 

b ~  r m v  L O ' W  M F S S A G E  
D 1 S P L A . V  O R I V E Q  

f l A r T k g Y . ' V o L T A G E  U E A D / D J S P L A Y  
OF R A N G E  Y E S S b G t  



ERR L I N E  

. . . . .  " 

1 

. . 

STATEMENT 

L S T O F F  
TITLE A C  R E S I S T A N C E  M E A S U R E M E N T  
#--a---w---------m--------wm-----w---mm--m--m--w----m-m- 

I 
1 MOISTURE C E L L  R E S I S T A N C E  MEASUREMENT 
I. WITH L I N E  C A P A C I T A N C E  COMPENSATION . 

I 

I FEATURING - A N  8 0 8 5  H I C R O P R ~ C E S S O R  CONTROLLED ALGORITHH 
J W I T H '  THE FOLLOWING CAPAE i1L I~T IE .S ;  
I .. 

I : AUTO-RANGING# 1 t O - S K ,  2 = 5 # - 5 n K ,  ; = 9 0 ~ - 5 0 ' 0 ~  
t U=SOOK-ZY, S=aMm99?M O H M  
I 

I - AUTO-PARALLkL L I N E  CAPACITANCE COMPENSTATION 
I TO OO2SuF (EXCEPT LOWER TWO RANGES)  
I 
1. B y  P J  HOF 
I P A T T E L L E ' - N O R T H W E S T  
J ' , AUGUST 1 9 7 9  
I R l t  N O V ,  1979 
I . . 

J ~ m m m ~ ~ - - ~ - - - - w - - - - ~ ~ - - ~ w - - - - w - m - - m - ~ m - a ~ - ~ ~ - - - w w - - m - w w m  

I 

I OEFAULT B A S E  I S  1 0  
1 M85EXT.ASM INCLUDED FOR E X T E N D E B  1NS.TRUCTION SET 
I 
J ~ - - 1 ~ ~ ~ ~ ~ - - - * - - w - - - ~ m - ~ ~ m - - - w ~ m - - ~ - . w - - . ~ - ~ - - - ~ w - e w m - - w -  

J P O W E R  UP - M E A S U R E  INITIALIZATION . 
} ~ - w - - - - - m - - w - - ~ 1 w - - ~ w - w - ~ - - ~ - - - - - m ~ ~ w - ~ ~ - ~ - - - m m m ~ w m m - m m  

ORG 0 

L X I  . . S?, lOo.77Q . I 6 2  B Y T E S  RESERVED FOR S T A C K  
JMP BE G.1.N 

J 
~ m w ~ ~ ~ e ~ ~ w ~ m ~ m w - ~ ~ ~ . ) ~ w ~ ~ w ~ w w - - ~ m - ~ w m ~ ~ C ~ . . m . ~ ~ ~ . ~ ~ - m - - - -  

I 
I TIMER. INTERRUPT t H S T  7 . 5 1  
I ( P E R I O D  APPR.QX.0 .625  ~ I L L I S E C O N D S )  
t 
j r r w r r r r r r r - r r r ~ ~ r r - ~ ~ - ~ w ~ ~ e ~ ~ - ~ ~ ~ - ~ ~ ~ w - - ~ - - - ~ ~ ~ ~ m w - - m w ~ ~  

. . 

0 R.G 740 

PUSH . PSW 
PUSH H 

L H L D  H h T c O N  
I d X  H 
SHLD R A T C O N  

H  POP ' 

POP PS w 
E I 
RET 

J 
I ~ - - - w - m - ~ - m - a - m - w - - - ~ - - - . . - - w - - - w ~ - . ) ~ ~ * . ~ ~ - m - - ~ - m - - w - - - m  

J 

B E G l N r  
CLEAR A L L  PROGRAM V A R I A H L E S  

L X I  H,RAMSTART 
-26- 



E R R .  L I N E  STATEMENT 
- .  

LX.1 0,RAMSTART-HAMEND 7 1  
7 2 L X.1 R ,  1 .. . 

7 3  L T t S t  M V I  . M , O .  . 

7 4  TNX Y 

75 XCHG 
DAD 7 6  B . . . . i 

7 7 XCHG , . 

78 .' JNC L T t e  
.79 J ENABLE I N T E R R U ~ T S . A N D  MEASUREMENT 
8 0  . t . C L E A R  RUN LEO,  TOO 
81 ' . M V I  A,113(3 

S I M  e a  
85 E I 
H U  t REMOVE E X C I T A T I O N  FROM C E L L  R E I N G  MEA.3UREDo I F  ANY 

@ 6  ST A RNGSAV 
8 7 OUT R N P o R T  

8 8  1 B L 4 N K  D I S P L A Y  
8 9  M V I  A t 1 7 0  
9 0  OUT D I S P M  

9  ! O U T  O I S P 3  
9 2  OISP7 
9 3  OUT OUT D I S P L  
94 t P A U S E  A P R O X I M A T E L Y  3 0 0 M S E C  

95 L X I  H,RATCON+1 
9 6  L T l O O t  M0V A ,  I G k T  5 1 2  B I T  I N  CARRY 
9 7 R A R  
9 9  R A P  
9 9  J N C  C T t O o  

. 1 0 0  



.. 

STATEMENT 

1 0 1  SBTTL  H A I N  PROGRAM 
1 0 2  1w----O-...)---..- .. - w w w ~ . ) o w . ) - ~ ~ - - - . ) ~ ~ . ) ~ ~ . . ) a i . . ~ ~ ~ . . . ) ~ ~ . ) ~ w , ~ m ~ ~  

1 0 3  ? 
1 0 4  t M ' A I N .  PROGRAM CONTHOLLING LOOP . 

1 0 5  t . , 

1 .  ; . ) - w ~ ~ . l . . ~ . ) w . ) - w - . ) w ~ ~ ~ ~ ~ I . ) . . ) - w . . - ~ - ~ ~ ~ ~ ( . w . . . ~ ~ ~ ~ . ) ~ ~ L ~ ~ ~ ~ ~ ~ ~  . . . 

1 0 7  LOOP1 
. . 

I O P  , J S C A N  S T A T U S  AND S W I T C H E S  . . 

1 0 9  C A L L ,  STSCAN 
1 1 0  PUSH PSw t SAVE CARRY F L l r r :  . .  

1 1 1  1 - I F  (BA,TTEHY V O L T A G E . L O w )  
1 1 2  LDA '. CNFLAG 
1 1 3  R A'L 

. 1 1 0  . 'JNC @ A t @  
115  ? - T H E N  .OIJTP~JT ' L L L '  ON D I S P L A Y  
1 1 6  CALL  V C D I S P  
1 1 7  JMP . . @ A S P  

lI(! I - E L S E  
I--IF ( C A R R Y  S E T  F R O M  S T S C A N )  THEN R E A D  B A T T ' E H Y  ' V O L T A G E  't:: .A101 POP PSw 

1 2 1  . .IN t 0 A 2 b  
1 2 2 .  C A L L  ' RVSCAN ' t BATTERY. VOLTAGE I N T O  D' rE 
1 3  I , S E T  RANGEz1,  E X C I T A T I O N t O  

. .  ' 1 2 4  WV I A',?01(3. 
1 2 5  S t A  RMGb A V  

1 Zb L X I  Y O  R C ~ R U F  I RUFFER P O I N T E R  I N T O  H r L  
1 2 7  JMP . @ A 5 @  J CARHY SET, OLITPIIT - I H I I  
1 2 8 . .  ? - - E L S E  MEASURE A C  WFSISTANCE 
1 2 9  6 A Z e l  CALL MEASlJR . . . 

. 1 3 0  ? - - E N D I F  
1 3 1  ' ? - E N D I F  
1'32 , 1  0 , ISPLAY ~ E A S U H E M E N T / M E S S A G E .  
1 3 3  0 ~ 5 6 ;  C A L L  OISPLY . . 

1 3 4  t - I F  (CAL I8RAT .E  MODE) 
1 3 5  .LO A t N F L A G  ' 

1 3 6  RAL 
1 3 7  RAC ' . 

1 3 8  JNC eA.1 0 0  . . .  

1 3 9  I - T H E N  PAUSE 2 SECONDS, 
1 4 0  . ,  .' . 

: C A L L  C N A l T  
' .  1 4 1  RST 0 . t  REPEAT 'MEASUREHENT CYCLE1 . ' 

. l U O  I F E L S E  :GO TO SLEEP 
1 4 3  t . RETURN RANGE AND E X C I T A T I O N  T O  Z E R O  

. .  1 4 4  a A 1 O O ~  Y V I  A ,  OAZERO 
. . 

1 0 5  OUT RNPORT 
l U 6  X R A  A . . 
1 4 7  OUT CNPOWT 
1 4 8  M V  I ~ , 1 b 6 ~  t HALT I N S T R U C T T O N  

. . 

1 4 9  S T &  . SLEEP I CMOS RAY ADDRESS ' 

' 1 5 0  t MASK A L L  INTERRUPTS A N O  RUN L E D  
1 S 1 M V 1  A ,  1 7 7 0  . . 

1 5 2  S I H  
1 5 3  JMP SLEEP t PROM H.EHoRY ' DESELECTEI) 
1.54 J -€NOIF 
1 5 s  
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E R R  L I N E  STATEMENT 

156 S H T T L  MEASURE R E S I S T A N C E  
157 ) - - - - - - ~ - - - - - - o - - - - w - - - - - - - - m - - - - - - - - - - p - - - - - w - - - - - - - - ~ m  

158 1 
159 I ME4SURE AC R E S I S T A N C E  W I T H  AUTO L I N E  
I b O  J -  C A P A C I T A N C E  COMPENSATION 
lbl J  
162 I 1 N P U T S l  
163 J RATE CONTHOL COUNTER (RATCON)  
I b U  I R A N G E , C O N V E H T , E # C I T A T I Q N  SAVE ( R N G S A V I  
165 I 
166 J OUTPUTSI 
lb7 I RANGE SAVE (RNGSAV)  
168 I PC0  BUFFER POINTER [ M S R I  I N  H,L 
160  I 
1 7 0  ~ ~ ~ - m ~ ~ ~ ~ ~ m - ~ ~ ~ ~ ~ ~ ~ ~ w ~ ~ ~ ~ ~ ~ a ~ m o ~ - ~ ~ ~ ~ ~ ~ ~ m w o m w  ' 

171 MEAbURa 
172 J INCREMENT R E S I S T A N C E  RANGE 
173 # - I F  (CURRENT RANGE . E Q ,  0) THEN SET RANGE ,FQ, 1 

174 L O 4  HNGSAV 
1 7 5  MOV 0,A 
176 AN1 370 t MASK HANGE 
177 C P I  0 

178 JNZ A 1 0  
179 HOV A t 8 
180 A 0 1  1 
181 S t  A HNGSAV 
182  OUT P N P O R t  

183 JMP MAGAIN  
184 J - E L S E  S H I F T  RANGE B J T  L E F T  1 

. 185 Alor RLC 
186 MOV C t A  I S 4 V E  NEW RANGE R I T  
1 8 7  MOV AIB 
188 AN1 3 4 0 0  t MASK NON-RANAGF R I T S  

189 ADO C  I AOD TU RANGE RTT 
' 1 9 0  SVA RtJGSAv 

191 OUT RNPORT 
192 1 - E N D I F  
193 I " JATT  FOR I N T E R V I L  SYNC ( 6 4  COUNT B I T )  
194 M A G A I N :  LXI  H , R A T C O N  I C O I J N T E R  POINTER ( L S B )  
195 M V I  A,Z7bQ I X X 6 4 - 2  
1 9 6  M ~ V  Me 4 
197 6 3 0 1  LOA RATCON 
198  QAL t R I T  b I N T O  CARRY ( h  OF 8 )  
199 R AL 
200 JNC A 3 0  
201 I DETERHJNE RATE STAPT P O S I T I V E  E X C I T A T I O N  
202 ; - I F  ( 9 4 V G E  ,GE. 3 )  
203 LOA HNGSAV 
204 VOV 8 ,  A 

205  A N I  370 J RANGE 8 1 1 8  
206 C P I  0 I R A N G E  3 
207 J M  A 4 b 

208 HOV A,H 
209 I - T H E N  RATE I S  50HZ 

210 OR I D'APLUS J PLUS E X C I T A T I O N  
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- ERR L I N E  . STATEMENT 

i i  i S T A  R N G S A V  
2 1 2  OUT H'EI P 0 R  T  . . 

2 1 3  M V I  A,? 
2 1 4  S . t  A' I N C R 1 2  

JMP A 5 9  . . . 2 1 5  . . 

216 . ; -ELSE RATE I S  l O O H Z  , 
2 1 7  Au@a OR1 . . DAPLIJ'S . I P L U S  E ' X C I T A T T O N  
218 . ', STA RNGSAv 
2 1 9  OU T RNPORT 
2 2 0  ' M V I  A ,  1 

. . 

22 1  S T A  I N ' C R ~  2 
2 I - E h D I F  
223 I W A I T  FOUR C Y C L F S  F'OR S T A B I L I Z A T I O N  
22u A501 c P.1 I 
2 2 5  JZ A'b 0 

Z Z b  C A L L  STAt3LS . I  SOHZ R A T E  
227. JMP A 1 0 0  
2 2 8  . ' A b e t  C A L L  S T A B L F  t 1 0 0 H Z  RATE 

9 1' WEAO AND STORE 1 6 .  SAMPLES,  8 F O R  EACH H A L F  C Y C L E  . . 

3 0  A f o o t  H v I  C,2OQ I SET NO OF SAMPI-ES COUNTER 
7 3  1  L D A .  I N C H 1 2  I GET R A T E  T O  SAMP'LE 

, 2 3 2  M O V  R,A . . 

2 3 3  L l t f  H,SAMPLE I SAMPLE R l l F F E R  P O I N T E R  
2 3 4  A l l a ' t  LDA; '  RATCON 
2 3 5  ' ANI 7 7 0  ,t MASK I Y T E R v A L  W I T S  
2 5 6  CMP R 
2 3 7  J N Z  A l l @  I WAIT'UNTIL 'S~MPLE T I M E  
238 C A L L  c o ~ v w o '  r C O N V E R T ,  AND R E A D  S A M P L E  
2.39 t MOV SAMPLE I N  D I E  TO MEMORY' RUFFER - .  . 

'. 2 4 0  YOV M,E. 
2h 1 I N X  H 
2 U'Z . Mnv M,O 
2 U 3  I N N  H 

2 0 4  ,I ' S E Y . I I P  ~ E x T  SAMPLE I N T E R V A L  COMPARE, 
. . .  ' ?US LDA I.NCH 1 2  

246 . . . A O D  e 
. . 2 u 7  MOV 8,A . ' 

2 4 8  0 C.R C 
2 4 9  . . H O V  

. . 
A,C . . 

2 5 0  J f  A l Z Q  
? S l  . . C P I '  . . I O'Q I END H A L F  CYCLE 
2.5 2 J N Z  ' A l t o  
2 5 5  LO.A . .  RNGS.AV t OUTPUT N E G A T I V F '  E X C I T A T I O N  
2 5 4  AN1 7 7 8  
2 5 5 .  ST A HNGSAV 
256 . OUT . H N P O R ~  

2 5 7  J M P  . A l l @  . I CONTINUE F O R  16 SAMPLES 
Z S 8  t S A M P L E S  TAKEN, R E A D  RUN R I T  1 0 2 ~ .  
2 5 9  . ; L l T k  RUN L E O  k H I L E  H I  ( = 1 )  
2 6 0  A 1 2 0 1  LOA R A T C O N + l  t MSR 

. Z b l  'A N .I 2 
2 6 2  ' , I N Z  A l l @  
2 b 3  Y V  I A , l 0 0 Q  I TURN L E D . O F F  
2 6 0  . S I M  
2 b 5  .JMP A ) U O .  
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- 
ERA L I N E  

A 1 3 0 1  H V I  : A,300Q 1 , T U R N  L E D  ON 
STH 

; TURN OFF E X C I T A T - I O N  . . 

A11168 LDA RNGSAV - 

7 7 0  A N I  
. . O R 1  . DA.ZERO 

S T A  R N C S A V  . . 

OUT RNPORT 
'I-IF ( C U R R E N T  R A N G E  .EQ. 1)  ' ' . . 

. . 
L.0 A WNGSAV. 
AN'I  . 370  

, . 
C P I ,  . 1 
J N Z  AZO@ 

I - - I F  ( L A S T  P O S I T I V E  SAMPLE ,NOT OVEURANGE) 
LHLD . S ' A M ~ L E + ~ ~ J  I SAMP1.E 

' . ; - - - I F  ( N E G A T I V E  VOLTAGE)  THEN S K I P  TEST , 

MOV A,H 
AN I . ' .  2 
J  z 4 1 7 e  

; - - -ELSE STR1.P S I G N  R I T  
MOV . A,H 
AN1 :1 
MOV H,  A 

- - -EN 'OIF '  

L x I  R,U27 ;  I R X 5 L I M I T  
DSUB 

JNC A 1 5 0  
I - ' - T H E N  4VER4GE ALL, 1.6 SAMPLES 
A 1 7 s t  ' . M V I .  R , l O Q  I B / H A L F  CYCLE 3 A M P L F S  

L X I  H,SAMPLE I RUFFER P O I N T E R  
C A L L  A V E l  " 
JMP A160 

I - = E i s E  INCREMENT R A N G E ' A N D  TRY A G A I N  
~ 1 5 e r  JMP ' MEA.SIJR . . 

; - - E N D I F  
I - T H E N  C O N V E R T  V O L T A G E  10 R E S I S T A N C E  
A l b o l  C A L L  VRCONV 
t MEASUREMENT COMPLETE . . 

R E 1  
, ! - E N D I F  

;= ' IF  (CURRENT RANGE. ,En, 2 )  ' ' 

A 2 0 0 1  C P I  2 
. . 

JMZ . .  6300 

;--IF ( L A S T  P O S I T I V E  SAMPLE NOT OVERDANGF) . 

L H L D  SAMPLE+. l  U I S A M P L E  
I S T R I P  S I G N  B I T  

MOV A P H  
AN1 . 1 
HOV H,A . '  
L x f  B,U27 I R X 5 L I M I T  

.DSUU 

JNC A Z l Q  
I - - T H E N  AVEHACE L A S T  8 ( 0  PER H A L F  CYCLE) 

- 9 1  - 



ERR ' L I N E  

M V I  R t 4  1 '  U / H A L F  C Y C L E  S A M P L E S  
L X I  H ,  SAMPLE I BUFFER P O I N T E R  
C A L L  A V E l  
JMP A Z Z o  

I - - E L S E  INCREMENT RANGE AND TRY A G A I N  
A Z l s a  JMP MEASUR 

1 - - E N D I F  
I-THFN CONVERT VOLTAGE TO R E S I S T A N C E  

4 2 7 9 1  C A L L  VRCONV 
t MEASUREMENT COMPLETE 

RET 
# - E N D I F  
I - I F  (CURRENT RANGE . E O ,  3 )  
A 3 0 e ;  C P I  4  

J N Z  A u O O  

# - - I F  ( L A S T  P O S I T I V E  SAMPLE NOT OVERRANGF) 

L H L O  S A M P L E +  1 4  t SAMPLE 
t S T R I P  S I G N  B I T  

HOV A # H  
AN1 1 
MOV H,A 

L x I  Y , 4 2 7  I R  X 5 L I M I T  
osue , 

JNC A3 !  O 

I.-THEN AVERAGE L A S T  8 (4 PER H A L F  C Y C L E )  

H V I  f! , 4  I U / H A L F  CYCLE E A M P L F S  
C X I  HnSAMPLE t RUFFER P O I N T E R  
C A L L  A V E l  
JMP 6 3 2 0  

# - - E L S E  INCREMENT RANGE AND T R Y  AGAIW 
A 3 1 0 1  XRA 4 

OUT CMPORT t REMOVE COHPEN3ATYON 

STA CAPSAV 
J H P  M E A S U R  

I - - E N D I F  
t - - I F  ( C O M P E N S A T I O N  CORRECT L A S T  5 0 %  L E V E L )  
A 3 Z e ;  C A L L  COHPCK 

Jc A j 3 o  
1 - - T H E N  CONVERT VOLTAGE TO R E S I S T A N C E  

C A L L  VRCONV 
1 MEASUREMENT C O H P L t T E  

RE 1 
! - - E L S E  I N C R E A S E  COMPENSATION 

A 3 3 0 1  
; - - - I F  (NOT MAXIMUM C O M P E k S A T I O N )  
 THEN 1NCPEMENT C A P A C I T A N C E  

CALL C A P I N R  

J C  A ~ U P  

t  NO RETURN TO TRY A G A I N  
,IMP M A G A I N  

# - - - E L S E  O U T S I D E  CAP RANGE, OUTPUT I H I ~  MESSAGE 
A 3 U e a  C A L L  H I  

RET 
# - - - E N D I F  



ERR L I N E  STPTEHENT 

3 7 6  ; - - E N D I F  
3 7 7  ; - E N D I F  
3 7 8  ?.IF (CURRENT RANGE ,EQ,  4) 

3 7 9  A 0 0 9 1  C P I  A 
3RO J N L  A S n @  
3 8 1  ! - - I F  ( C 4 S f  P O S I T I V E  SAMPLE NOT OVFRRANGE) 

3 8 2  L H L o  SAMPLE+I u t SAMPLE 
3 8 1  ? S T R I P  S I G N  B I T  
3 e u  M O V  A # H  
385 AN1 1  
3 8 6  M(3V H t A  
3 8 7  L x I  P,34? 1 R  X ? L I M I T  
3 8 8  DSUB 
3 9 9  
3 9 0  JNC A 4 1 0  
3 9 1  I - - T H E N  AVERAGE LAST  8 (4 PER HALF  CYCLE)  
3 9 2  HV I B # u  J U I H A L F  CVC1.E QAHPLFS 
3 9 3  L X l  H,SAMPLE 1 BUFFER P O l N T E R  
3 0 4  C A L L  A V E l  
195 J MP A U ~ D  

3 9 6  1 - - E L S E  INCREMENT RANGE AN0 TRY A G A I N  
3 9 7  A 4 1 9 1  XR4 A ; REMOVE COHPENSaTION 
3 0 8  S T 4  CAPSAV 
3 9 9  OlJ t C W O P T  
0 0 0  J Y P  MEASUR 
4 0 1  j - - I F  (COMPENSATION CORRECT - CAST 5 0 %  L E V F L )  
4 0 2  A 4 2 0 1  C A L L  COHPCK 

4 0 5  .J C A U ) @  

0  0  4 l o - T H E N  CONVERT VOLT4GE f O  R E S I S ~ A N C E  
. 0 0 s  CALL  VRCONV 

4 0 6  1 ME4SUREMENT COMPLETE 

4 0 7  R E 1  
U O P  I - -ELSE  ~ N C R E ~ S E  COMPENSATTON 
uns ~ u 3 o ;  

' 0 1 0  1 - - - I F  (NOT MAXIMUM COMPENSATIOIJ) 

4 1 1  I - - - ~ H E N  INCREMENT C h P A C I T A N C E  
u l z  CALL  CAPINR 

1 3  JC A 4 u c 
414 t AND RETURN TO TRY A G h I N  
u l q  3MP H A R A I N  
u l b  ; - - -ELSE OUTSIDE  CAP RANGE, OUTPUT I W I I  MESSAGE 
u 1 7  A U 4 @ :  C A L L H I  

LJ I e R E  1 
u 1 9  ! - - * E N D I F  
U  ? - - E N D I F  

4 2 1  ' ? - E N D I F  
2 2  ? - I F  (CURRENT RANGE GT U )  

4 2 3  A 5 0 0 1  
2 #--IF ( L A S T  P O 3 I T I V E  SAMPLE NOT OVFRRANGE) 

0 2 5  C H L D  S A M P L E + l  4  I SAMPLE 
4 2 6  t S T R I P  S I G N  R I T  
4 2 4  HOV AIH 
u2!l AN1 f 
u z 9  M O V  '+, 4 

4 3 0  L x I  P , 5 b h  t  R X 2 , 5  ( 1 f l H E f l  OHM) 
- 2 ? -  



ERR L I N E  
. . 

STATEMENT 

4 3 1  OSUB 
- 4 3 2  

JNC 4  3  3 .  . A S 1 0  
. . . .  4 3 4  , . - - T H E N A V E R A G E  L A S T  8 ( 0  PER H A L F  C Y C L E )  

4 3 5  M V I  . 8,'J 1 UIHALF. C Y C L E  S A M P L E S .  
. . . .  L X I  1436 . '  H, S,A MP'L E' 1 RUFFER P O I N T E R  . 

' 4 3 7 -  C A L L  AV.E 1 . . . . . 

JMP .AS+?@ .U38 . 

4 3 9  ) - - E L S E  OUTPUT 'HI' T O  I N D I C A T E  OUTSTDE RANGE 
uun - 6 ~ 1 0 :  C A L L  HI 
4 U 1  RET 
u U ?  ' # - - E N D I F  

I--IF  COMPENSATION CORRECT - L A S T  S ~ X  L E V E L )  
5  C A L L  COMPCK 

Jc A s 5 0  
I - - T H E N  CONVERT VOLTAGE TO R E S I S T A N C E .  

C A L L  VRCONv . 

1 MEASUREMENT COMPLETE 
RET 

I - - E L S E  I N C R E A S E  CO,YPENSAT.ION . . 

A5.5o r 
1 - w - I F  (NOT MAXIMUM C O M P E N S A T I O N ) .  
1 - - - T H E N  INCREMENT C A P A C I T A N C E  

. . C A L L  C A P I N R  
JC A 5 4 0  

I AND RETURN ,TO TRY ' ~ G A I F J  
,J M p M A G A I N  

U S 0  I . - - = E L S t  O lJTSIOE R A N G E ,  OUTPUT t ~ 1 i  M E S S A G F  
a s s  A s u e f  C A L L  H I  





E R R  L I N E  STATEMENT 

' S R T T L  S T A R I L I Z A T I O N  ROUTI rJES 
; ~ ~ m ~ ~ ~ m ~ ~ ~ ~ ~ - ~ - w ~ ~ - ~ o ~ . ) m ~ o o ~ w a - - - o o . . ) . . * ~ . ) . o m m ~ ~ ~ ~ ~ ~ ~ ~ ~  

I 1 0 0  HZ S T 4 8 I L I Z A T I O N  
; ~ - o ~ ~ ~ o w ~ - ~ ~ - - ~ - ~ ~ - ~ m - ~ - ~ ~ o - ~ ~ - - o - - ~ ~ ~ . ~ ~ ~ ~ ~ m m m ~ o o ~ ~ o ~ ~  

S T A H L F t  
r W A I T  EIGHT C Y C L E S  ~ I ~ o H Z )  
I INCREMENT. C EACH 1 .NcRk f lE .N~  OF RATCON COUNTER, 

M V I  c,o I R A T ' E  COUNTER 
M O V  ' D , C  r NU OF C Y C L E S  

H4TCON C j 0 . l  . L D A .  
" RAR 

JNC c 1 0  I W A I T  FUR LO T O  HI TRANSITION 
: I N # ,  . c . .  

c 2 @ l  L D 4  RATCON . . 

' ,  RAR 

JC C Z *  I WAIT  FOR HI, TO LO T R A N S I T I O N  
C  I NR . . 

M O V '  . A , C . .  

CP I 100 I SMSEC H A L F  CYCLE 
J ~ J Z  ' C I O .  

M V  I C, 0  I RESET .COUNTER 
r O U T P U T  N E G A T I V E  E X C I T A T I O N  F O R  ~ A M E  I N T E R V A L  

L o b  H N G S A ' V  
A N I  . 7 7 0  t N O N - E X C I T A T I O N  :DATA SAVE 

I AND N E G A T I V E  E X C I T A T I O N  
S T A  R N G S A ' V  . . 

HNPORT OUT 

c 3 @ 1  CDA . RATCON - 
RAW . . 

JNC . .  C 3 @  I , W A I T  F O R  LO TO H I  T R A N S I T I O N  

I N R  C  . . 

C 4 0 t  . LOA RATCON 
. . 

R A R  

JC C U O  ! M A I T  FOR H I  TO LO  T R 4 N S I T I O N  
I N R  c . 

. . HC)V A, C  
C P I  1 O Q  I SMSEC H A L F  CYCLE 
J N Z  'C 3 6  

I START P O S I T I V E  E X C I T A T I O N  
LDA HNGSAV 

. OR 1, . -. DAPLIJS 

S T b  RNGSA'v . . 

O U T  UfJPllRT 
( 3 T H  CYCLE)  THEN S T A B I L I Z A T I O N  COMPLETE 

I NR D  

A,D HOV 
C P I  8 

z 
I - E L S E  O U T P U T  ANOTHER C Y C L E  

M V  I c,o I RE'SET RATE COUNTER 
JMP C 1 @ 

1 - E N D I F  ' 

I 
) i ~ m i ~ ~ r ~ ~ ~ ~ ~ r r - r ~ ~ - - ~ ~ - ~ ~ ~ ~ ~ m w ~ - m o ~ ~ ' - ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ - ~  

I 5 0  HZ S T A B I L I Z A T I U N  
? I  



5 u 9  

5 5 0 ,  
5 5 1  
5 5 2  
5 5 3  

. . 5 5 4  
5 5 5  

' 5 5 6  
5 5.7 
5 5 9  

5 5 9  
5 6 0  

. . 9 6  1 ,  
5 6 2  
5 6 3  
5 6 u  
5 6 5  
5 6 6  

. . 
5 6 7  
5 6 9  
5 6 9  

5 7 0  
5 7' 1 

5 7 2  
5 7 3  
5 7 4  
5 7 5  
5 7 6 '  
5 7 7  

. 5 7 8  
5 7 0  
9 8 0  

5 8  1 
SF)? 

. . ' 5 8 3  
5 8 4  

5 8 5  

5 8 6  
5 8 7  
5 8 8  
5 8 9  
5 9 0  

5 9  1 
592 

5 9 3 ,  
5 9 u  
5 9 5  

5 9 6  

~ ~ ~ - - ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ e e - - w o w m ~ o ~ ~ ~ r o ~ e ~ e ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e w ~ ~ e w ~ ~  

s r A e u t  
I M A I T  FOUR CYCLES ( S O Y Z )  
t INCREMENT C  EACH H I  TO L O  OF RATCON L S  R I T  . ' . 

M V  I c t g  I RATE COUNTER . . 

H O V  D,C t NO O F .  C Y C L E S  
. . 

RATCON D l O t .  LDA 
RAR 
JNC D l @  r W A I T  F O R  HI , .TRANSITION FIRST 

0 2 0 1  LDA HA.TCOtJ 
9AW 
J C  D.2 0 I H A I T  FOR HI TO - L O  T H A N S I T I O N  
I N R  C  
M O V  A,, C  
C P I  100 t  l o M S E C  H A L F  CYCLE 
J N Z  D l *  

J OIJ.TPUT N E G A T I V E  E X C I T ~ T I O N  F O R  S A M E  PERIOD 
L D A  R N G S ' A V  

tJ. I 7 7 0  't N U N - E X C I T A T I O N  DATA SAVE 
I AND N E G A T I V E  E X C 1 T A T I . O N  

STA RNGSAV 
O l J T  RNPORT. 
Y V I  . c,n I RESE.T R ~ T E  C O U N T E R  

0 3 0 1  LDA R A T C O N  
RAR 
JNC , - 03.0 I . W A I T  FOR H I  T R A N S I T I O N  F I R S T  

D u e t  L D 4  . R ~ T C O N  
. :YAR 

J C  D o 0  I W A I T  FOR H I  T O  L O  T R A N S I T ' I O N  
a I tJR C 
MOV 4,c 
C P I  1 O Q  ! 1 0 M S E C  H'ALF CYCLE 
J N L  . D3.0 

I . S T A R T  ' P O S I T I V E  E X C I T A T I O N  
, L D A  , . . RN,GSAV 

O R  I. OAPLtJS 
. S T A '  RNGSA.V 

O U T  R N P O R T  
I (U.TH C Y C L E )  THEN S T A B I L 1 , Z A T I O N  CnVPLE.TE . ' . . 

I N R  0 . .  . 

M O V  At?..  . .  

CP.1 . 4 

R Z  . . 

I - E L S E :  OUTPUT ANOTHER CYCLE 
M v I  C t  0 I RESET R A T E  COUNTER : 
J,M P D l 0  . . 

t - E N D I F  



E R R  . L I N E  

. . A14 . . 

. . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  ..... -- - . . . . . . .  . . .___ i_____._ 

S T . A T E M E N T  

. . s e r n  T W O S  . C O M P L E M E N T  
' I - - -  -.- - - . . - w ~ ~ - ~ . - - . o ~ ~ ~ w - - - ~ ~ ~ ~ ~ I ~ ~ ~ . ~ ~ o o w  ' .  

I . .  P E R F O H M  2 1 s  C O M P L E M E N T  O N  9 R I T  N E G A T I V E  N U M B E R  ' 
. . 

) r ~ - - ~ - - m - ~ ~ m - ~ - m - - - - w e - - - - r ~ - - m - - - w - - - . ~ m w ~ ~ ~ ~ ~ ~ ~ - ~ ~ m ~ ~  

T R C O M P :  M o V  4 , o  t N C G A T I V E  N U M B E R  I N  D , E  . . 

. A N 1  ,. 1 . . 

R A R  
C M C  
R A L  

M O V  
M O V  

C M A  . . 

M O V  . , 

I N X .  . 

R E T  

0 ,4 
* , E  
t C O M P L E M E N T  8 LS B I T S  
E , A  ' .  

D  t ADD . I  
. . 



E R R  L I N E  ' STATEI*(ENT' 

6 1 3  SBTTL  AVERAGE SAMPLES 
. . 6 1 4  j - - - - - - - - m - - - - - - - - - - = - - - m - - - - - m - - - - - - - - w - m . - - - m - - w w - - - - - -  

6 1 5  1  
6 1 6  t AVERAGE ~ O S I T I V E  AND N E G A T I V E  SAMPLES ( 9 . B I T S )  

. . .  6 1 7  . '  t 
. 6 1 9  t I N P U T S  1 

6.1 9 t ' . NUMBER OF S A M P C E . S  P E R  . H A L F  C Y C L E  IN R E G  A 
620  . I SAMPLE B l J F F t R  P O I N T E R  I N  H,L . . . ~ .  

6 2  1 t . . 

6 2  t OlJTPUT t 
6 2 3  - 1 .AVERAGE OF V O L T A G E ~ . R E S I S T A N C E  (PSCDVR)  
62U t  . . 
6 2 5  ; w = - - - e - - - - - - - e - m - - - ' e - - - - - - e - - - - - - w - - - - - - - - - - - - - - - - - - - - -  

6 2 6  A v E l  1 

6 2 7 .  t SUM POSITIVE SAMPLES F I R S T  
6 2 8 .  . MoV C t B  t SAVE NO OF P O S I T I V E  SAMPLES 
6 2 9  M V I  A,  1 O Q  ' ' I ADJUST B ~ J F F E R  POINTER 
630 SUB B 
631 ' ~ 1 1 ~ ;  O c R  A 

, ' 6 3 2  J M  . , E l z V  
6 3 3  I NX H 

b3U ' . ' I N X .  H . . 

6 3 5  JMP, E l l @  
6 3 6  . E . 1 2 @ 1  MOV E t M  I .SAMPLES I N T O  D,E 
6 3 7  I N X  H . . 

6 3 8  HOV . O,M. 
6 3 9  x - CI 

6 4 0  ; - ' IF  ( N E G A T I V E  NUMflER) THEN 21's COHPLEMEN? . 

641 MOV A t D  
. 6UZ . ' A N T  2 

6 4 3  C Z 'TWCOMP 
6 0 4  ,. ; -ELSE S T R I P  S I G N  B I T  ONLY 
6  U 5  M O V  ; A,D 
b U 4  Ah1 1 

' 6 4 7  M o V  ' O f A  
64% ' ;-EIJOIF 
6U9 PUSH D 1 F I R S T  SAMPLE SAVED I N  TOS 
4.5 r) DCR 8 
b5 1 J E S e  
6 5  E i @ a  . M0V E , "  
$ 5 3  1 NX H 

6SU . MCJV D t H  
6 5 5  I N X ,  h 

bS6 ! - I F  ( N E G A T I V E  NUMBER) THEN ,215 COMPLEMENT 

6 5 7  .. '40V A,D , . . . 

6 5 8  . ' AN1 2 
. 65.9 c z TrtCOMP 

6 6 0  ; -ELSE S T R I P  S I G N  B I T  0 ~ L . y  
b b l  YO" * t o  
6 6 2  AN1 1 
6 6 3  ' Y O V  . DIA 
bbu 1 - E N D I F  
6 6 5  YTHL t PHE'VIOUS SUM .INTO H,L . ' 

6 6 6  DAD D  t ADD CUWRENT S A M P ' L E  TO SUM 
6 6 7  XTHL .I 'ADDRESS P O I N T E R  I N T O  H , L  i 

. . A 



€614 L I N E  STATEMENT 

6 6 9  0 
6 4 9  OCR J N z  E l r  
6 7 0  I NOW SUM 2 1 s  COMPLEMENTED N E G A T T V E  SAMPLES 
6 7 1  €Sea MUV R,C i F E T C H  NO OF SAMPLES 
6 7 2  M V  I A r l O Q  I ADJUST BUFFER POTNTER 
6 7 3  SUR B 
6 7 4  ~ l n ~ t  D C R  A 

4 7 5  JM E Z @  
6 7 6  I N X  H 
6 7 7  I N X  H 

6 7 9  JMP E l O B  

6 7 9  E a o a  M O V  EIM I S A M P L E S  INTO D,E 
6 9 0  I N X  H 

6 8 1  HOV D,M 
6 8 2  I N X  H 
6 8 3  I TAKE 2 ' s  COMPLEMENT OF 9 B I T  NUMBER 
6 8 4  ! * I F  ( P O S I T I V E  NUHBER)  S K I P  21s COMPLEMENT 
6 8 s  MOV 4,o 
6 8 6  A hi I 2 
4 8 7  C Z TWCOMP 
6 8 8  t 4ND S T R I P  S I G N  B I T  
6 8 9  . Y O V  A ~ D  
6 9 0  ~ N I  1 
b 9  1 WOv DIA 
6 9 2  ! - E N D I F  
6 9 3  X T H L  t P R E V I O U S  SUM I N T O  H,L 
69U DAD 0 

6 9 5  XTHL t ADDRESS P O I N T E R  I N T n  k,L 
. 6 9 6  0 

6 9 7  O C R  JNZ E a e  
6 9 8  POP 0 I SUM I N T O  D , E  
6 9 9  t AVERAGE T O T A L  

, 7 0 0  I O I V I O E  BY 2  

9 0 1  € 3 0 1  X R A  A 1 CLEAR CARRY 
7 0 2  MOV 
703  R AR I S H I F T  HS B Y T E  R I G H T  I N T O  CARRY 
70U MOV D t A  

7 0 5  H O V  A ,  E 
R A R. I S H I F T  L S  B Y T E  RIGHT, '  P T C K I N G ' U P  

MOV € # A  
CARRY 

X W A  A '  
MOV . A,'C I S.AMPLE COUNTER 
R A H  ; D I V I D E  HY 2 
W O V .  C,A 
C P I  0  

J N Z  E 3 0  I D I V I D E  A G A t N  I F  R E Q U I R E D  
S~TORE.AVEWAGE I N  V O L T A G E / R E S I S T A N C E  S A V E  ADDRESS 
r C H G  t DIE I N T O  H I L  
SHLD PBCDVR 
P E T  



. . .  

E R R  L I N E  STPTEMENT . 

7 l Q  S E T T L  C A P A C I T A N C F  COMPENSATION ROUTINE 
7 2 0  ; ~ w o w ~ m . ~ ~ ~ ~ ~ ~ o ~ w o m o w ~ o ~ o o ~ o ~ ~ ~ ~ ~ ~ w ~ - ~ ~ ~ . ~ ~ ~ - o - - - - - - - ~ . - - -  

7 2 1  I 
I N C R E A S E  C O M P E N S 4 T I N G  C A P A C I T A N C E  7 t 

7 2 3  1 
7 2 4  . 1 ' . . I N P U T  8 .  

. 7 2 5  1 CURRENT C A P A C I T A N C E  ( C A P S A V )  t .  

7 2 6  . t  
7 2 7  t .OUT PUTS;  

CURRENT C A P A C I T A N C E  ( C A P S A V )  7 2 8  1 
7 2 9  , t ' -  C A R R Y  B I T  ( S E T  I F  A T  UPPER L I M I T  ALREA.OY1 

. 7 3 0  1 
7 3 1  . -  ~ ~ o o o w ~ ~ ~ w ~ o w ~ ~ m ~ ~ ~ ~ ~ ~ w ~ ~ o o w o ' w o w ~ ~ ~ ~ o ~ ~ ~ ~ ~ w o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  . . 

7 3 2  CAPINPI  . . .  

7 3 3  .']-.IF (MAXIMUM C A . P A C I T A N C E )  THEN S E T  CARRY, RETURN 
CAPSAV 7 3 u   LO^ 

7 3 5  C P I  . 3 7 4 0  . t 6 'UPPER B I T S  L I M I T  
7 3 6  J N Z  o t l o  
7 3 7  ST C  
7 3 8  . RET 
7.39 j v E L S E  I N C R E M E N T  CAP,ACfTANCE 
7U0 ;--IF (BELOW L0WE.R CAP RANGE LIMIT) 
7 4 1  P E l O t  C P I  170  

JZ oE!o 7 4 2  
7 4 3  J N C  . @Err@ 
7UU I - - T H E N  I N C R E M E N T  1 
7u5  o ~ 2 o :  I N R  . A 

7 U 6  , S T  A CAPSAV 
. CNPURT 7 4 7  OUT 

.' 7U8 X R A  A t CLEAR CARRY 
7 4 9  R E 7  
7 5 0  ~ - - E N D I F  
' 7 5 1  # - - I F  ( A T  LOWER CAP RANGE L 1 M X T l  
7'52 1 - - T H E u  S E T  H I G H  RANGE, INCRF,MEHT 1 
7 5 3  O E 3 e t  OR1 ZUOQ 1 CX 8 1 1  ( H I G H . R I N G E )  

. . 

75U JMP O E Z O '  

7 5 5  ; - - E N D I F  
7 5 6  ' 1 ALREADY I N  H I G H  RANGE I N C R E M E N T  B Y  A D D I N G  lJ ; 

7 5 7  .. o E U c r  AD1 4 U  

7 5 8  STA CAPSAV 
7 5 9  our CNPORT 
7 b O  SET 
7 b l  1 . - E N D I F  . . 

7 6 2  

. . 



. . 

. . 
7 6 6  t CHECK F O R C O R R E C T  COMPENSATION D l J R I N G  C 4 S T  S O X  
7 6 7  J OF EACH CYCL.E AVER4GF. OF R E A D I N G S  YUST ' 

7 6 8  I B E  ~ Q U A L  T O  OR G R E A T E R  T H A N  FINAL S E T  
7 6 9  t ( +  AND - 1  READINGS . I 

7 7 0  1 

7'71 1 . ' .  I N P U T ;  NONE 
7 7 2  1 
7 7 3  1 OUTPUT:  C A R R Y  SET IF NOT C O ' R R E C T  C ~ M P  : 
77U ; 

t AVERAGE L A S T  S E T  OF R E A D I N G  ( t  4 N O  - )  

I S A V E  PR-EVIOlJS COMPIJTEO AVERAGE 
LHL  D  PBCDVR 
PUSH H t SAVE ON TOP OF STACK 

M V I  B t  1 J NUMBER OF SAMPLE3 
L X I  H l S A M P L E  t DATA RllFFER P O I N T E R  
C A L L  A V E l  
L H L D  PBCDVR I F I N A L  R E A D I N G  AVERAGE 
XCHG J I N T O  D,E 

POP H I COMPUTED 4VER4GE ( L A S T  S O X )  
J COMPARE SUMMED AVERAGE W I T H  F I N A L  4VERAGE 

J D o N l T  SAVE RESULT 
XRA A # CLEAR CARRY 

MOV A t  I. I DOUULE P R E C I S I O N  SUBTRACT 
SBf3 E 

J RESULT  NEGATTVE, NOT COMPENSATED 

F l @ t  3TC 



E R Q  L I N E  

S R T T L  C A L I R R A T E  MODE PAUSE R O U T I N E  
I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ w ~ ~ ~ . ~ ~ . . . ~ ~ ~ ~ ~ ~ ~ o - - ~ - . . I - ~ ~ ~ w ~ ~ ~ ~ o ~ ~ w w - o ~ w w e ~ -  

t W A I T  2 SECONDS REFOHE B L A N K I N G  D I S P L A Y  I N  
i C A L I B R A T E  YOOE 
; o w w w ~ w w ~ ~ ~ ~ o ~ ~ ~ ~ o o ~ ~ ~ ~ ~ ~ ~ ~ - ~ - w - - . . - - o w w w ~ ~ ~ ~ ~ ~ w ~ w w w w ~ e w ~  

I 

C h A I T r  L x I  H,RATCON 1 R A T E  CONTROL P O I N T E R  
X R A  A  I CLEAR COUNTER 

MOV M ,  4 
I NX H 

H 0 V  t4.A 

G l * :  LDA RATCON+1 i MSR 
C P 1  t UQ i 3 K  COUNT F O R  P SEC I N T R V C  
J Fl z GI@ 
R E 1  i T I M E O U T  COMPLETE 

I 
S B T l L  V O L t A G E / R E S I S T A N C E  C O N V E R S I O N  R O U f T N E  
; ~ ~ ~ ~ ~ w ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ w ~ o o w I w ~ ~ w - ~ w ~ - - . ~ ~ w ~ ~ ~ ~ o ~ o ~ w o o ~ ~ w * ~ ~ -  

I ADC VOLTAGE TO R E S I S T A N C E  CONVERSION 
I V I A  TARLE LOOK-UP 
; w - ~ w . ~ w ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ w ~ ~ ~ ~ w ~ w ~ - ~ ~ ~ - ~ w ~ ~ w ~ ~ ~ ~ ~ ~ ~ ~ ~ w w ~ ~ ~ w ~ ~ w  

VRCUNV r 
I ADD ( V O L T A G E  WEAOING X 2 )  TO R E S I S T A N C E  T A R L E  BASE ADDR 
I TO C A L C U L A T E  T A B L E  ADDRESS OF R E S I S T A N C E  

L X f  H,  VRTRL 
r C H G  ; T A S L E  AODRESS I N T O  D,E 
L H L O  PBCDVf? t VULTAGE R E 4 D 1 N G  T N T O  HOL 
DAD H t VOLTAGE R E A D I N G  X 2 
D A D  D  I R E S I S T A N C E  ADDR NOW I N  H,L 
YOV E t M  I R E S I S T A N C E  INTIY D,E 
I N X  H 
MOV D , M  

! - I F  (CURRENT RANGE 5 ( R S = 4 M  OHM))  
L D A  RNGSAV 
AN1 3 7 0  
C P I  2 0 0  I RANGE 5 
.J N z G l O O  

I - T H E N  M U L T I P L Y  R  I N  D,E HY 4 
XCHG ; l b  B I T  NUMBER I N  H,L 
DAD H  I X2 
DAD H 1 X;! 

XCHG ; 4 X R  NOW I N  0,E 
J CONVERT S I N A R Y  NUMBER TO BCO 
G l O e t  L X I  H,SCDHUF 

C A L L  BNRCD 
RET 

J 

S B T T L  J T A V t J S  S W I T C H  SCAN 
~ ~ - ~ 0 . ~ ~ ~ ~ ~ ~ - - 0 - ~ ~ ~ - 0 0 ~ ~ ~ ~ ~ ~ - 0 ~ ~ - ~ . ) ~ 3 ~ ~ 9 ~ 0 w 0 ~ w ~ 0 w ~ ~ ~ ~ ~ I ~  

t 
t SCAN S T A T U S  AN0 S W I T C H E S  
t 
; O u T P I J T S  I 
t C A L I F ~ ~ A T E / N O R M A L  Sw 3 C A L I R H A T E t  CNFLAG 2ND Y S R = l  
t LOW VOLTAGE F L A G I  CNFLAG M S B - 1  - 



E R R .  L I N E  ,, STATEMENT 

RATTEHY READ REQUEST; 

I READ STATUS P,ORT B'ITS 
' I N  ' 'DSTAT C*L/hlORM & L O W  B A T I E q y  . . . ,  

AN1 300Q I SAVE. ONLY STAT113 0 l f S  
3 T A 

. . 

CNFLAG 
J ' R E A D  BATTERY CHECK SWITCH 

I N  . ' ' RATCK . . 

I? AL I .  PUT 8 1 1  I N T O .  C A ' R , R ~  
RET 

8 7 4  VLOISP;  L X I '  H, BCDRUF 
8 7 5  M V I  . A13770  I BLANK 
9 7.6 MOV ' M ,  A 

.. 8 7 7  I N X  H 
A79 MOV M,  A 
8 7 9  ' I N X  H 

0 8  0 M V I  6 , 1 2 0  I L  
8 8 1  

. . 

M V T  R ,  3. 
8 8 2  @Gl@g M g V  M, A 
8 8 3  I N X  H 

884 DCR 8 . . 

. 8 8 5  JNZ.  ' ' Q G l o  
R86 I RETURN D I S P L A Y  P O I N T E R  T O  H,L 
8 8 7 .  ' L x  I H,BCDBUF 
8 8 s  

. . 

R E  T 
, 8 8 9  



ERQ L I N E  

1 .  
I D I S P L A Y  CONTENTS OF RCDBUF B A S E D  'ON 
J R E S I S T A N C E  RANGE AND S T A T U S  DATA " , 

I 
J I N P U T 1  H,L P O I N T S  T O  HCDRUF (HSD) 
I 
J w - - ~ ~ m - m ~ a - w m - o - m - ~ ~ ~ ~ ~ ~ m ~ - w - - ~ ~ ~ ~ - ~ ~ ~ . I ~ w ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ m  

D I S P L Y  I 
I F  (MSB .En, 3 7 7 )  THEN MESSAGE 7 0  R E  OIJTPUT 
J  OUTPUT MESSAGE I N  L I E U  OF DATA 

HOV A,M 

C P 1  3 7 7 0  
JNZ e a G l e  
OUT D I S P M  
TNX C( 

f NX H 
MOV A,M 
OUT D I S P 3  
I N S  H 
M O V  d t M  
OU 1 O I S P Z  
I N S  H 

YOV A I M  

O U T  ~ I S P L  
RET 

1 - E L S E  DATA T S  PRESENT FOR OLITPUT 
I O E T E R Y I N E  CURWENT R E S I S T A N C E  RANGE ( t  TUQU 5) 
e e G l o 8  X R A  A 

MO b' R t b  I CLEAR RANGF R E G I S T E R ,  R 
LOA RNGSAV 

e e G 2 e :  ~ N R  R 
R A R  

JNC OOGZe 
I - E N D I F  
1 - I F  (MEASURED R ,LT, R S E R I E S  R E F E R F N C E )  

I N X  H I GET R E S I S T A N C E  MSD ( 4 T H  OF 4) 

MOV A , "  
C P I  0 
JFJZ eoG 1 0 0  

JMP 6 6 G 3 s  
I - T H E N  M U L T I P L I E R  , t o ,  RANGE-! 

S U B T R A C T  1 FROM RANGE AN0 OUTPUT TO M U L T T P L I E R  D I S P L A Y  
o o G g o 8  MoV A,B 

OCR A 
# - - I F  ( M ! I L T I P L I E H  . € O m  0 )  THEN BLANK D I S P L A Y  DTGTT 

J N Z  ~ P G U ~  

M V I  A t 3 7 7 Q  
O U T  O I S P h  

! - - E L S E  OUTPUT M U L T I P L I E P  
@ @ G o o :  O U T  D I S P M  
1 - 0 E N D I F  
I-EFIOIF 
I O U T P V t  3 R E S I S T A N C E  D I G I T 6  

D I G I T  



A22 

.. . . . 
. . 

. : . . .. .... . . . - . . . . . . - . . . . . . . . . . .. -- - . . . . - . . . .. . - - . - - -. 
. . 

E R R  .LINE. S T A T E M E N T .  . . < . ,  

;-Ii ( H S D  OF 3 '  . E Q .  0 )  T H E W  S U P P R E S S '  L E A D I N G  ~ ~ 9 0  
, . 

9U6 l W X  H 
. . 

. 9 u 7  pov A,H 

9U8 CPT 0  
9 4 9  J N Z  O b G S o  

9 5 0  M v I  ' . -  A,377Q t BLANK . . ,  

951  . OUT D I S P t  
9 5 2  JMP OPGbe 
9 5 3  ' I-ELSE OUTPUT'  D ~ , G I ~  
9 5 u  Q @ G S O ~  O U T  D I S P 3  
9 5 5  I -ENDIF 
9 5 6  ; 0UT.PU.T ZREMAINJNG ~ 1 . ~ 1 ~ s  ' 

9 5 7  ~ o G b . . ~  f N X  H , . 
9 5 6  MOV A I M  
9 5 9  OUT D I S P Z  

. 9'6 0  I N X  . '  H 

9 6  1 MOV 
. . 

A ,  M 
9 6 2  OUT D I S P L  . . 

9 6 5  W E T  
96U 

' ) FOR MEASURED R . G E .  R S E R I E S R E F E R E N C E  . 
9 6 5  1 OUTP'JT M U L r I P L I E R  AhlO UPPER 3 O I & I T S  OF 4 

9 6 6  ' t ( H n L  C U R R E N T L Y  P0IFJT: ING 7.0 .MSD) 
, 9 6 7  @ o G l o a r  M o V .  a , t l  l RANGE 

9 0 8  ) - I F  ( 'RANGE .BQ.  5 )  THEN D E C R E M E N T  R A N G E  . ' 

9 6 9  C P I  5 
970.  J N Z  Q@G15@ 
9  7 1 D C R  A 

9 7 2  I - E N D I F  
, . 

9 7 3  . @ o G 1 5 e r  O U T  D I S P M  
97U Y O V  

975  
A,H 

OUT D I S P 3  
9 7 6  . . TNX H 

9 7 7  MOV A ,  M 
9 7 8  OUT .. D I S P Z  

' 9 7 9  1.N X IJ . I 

9 6 0  MOV A ,  M 
9 8  1 OUT D I S P L  
982 QET . . 

9 0 3  



E R R  L I ' N E  

. . . - -- . - - -. -. . . -. . . . -. . . 

STATEMENT 

S B T T L  BATTERY VOLTAGE R E A D I D I S P L A Y  
; m - - ~ . ~ ~ ~ . w ~ ~ ~ - - - ~ - - ~ ~ - ~ - - w I ~ ~ ~ - - ~ ~ ~ ~ I ~ ~ ~ ~ w ~ ~ ~ ~ ~ o ~ ~ ~ w * w a  

J READ AND D I S P L A Y  BATTERY VOLTAGE 
J ~ - ~ ~ ~ ~ ~ w ~ - - ~ ~ m - a w ~ - * ~ ~ ~ w w ~ m w ( . w o - o ~ o ~ m ~ ~ ~ w ~ o ~ ~ m m w ~ ~ ~ v v ~ ~  

RVSCANt  N u P  
C A L L  CONVRD t R E I D  R4TTERY V L T A G E / 3 5  

r S T O R E  IN D , E  T E M P  
J CALCULATE TABLE  ADDRESS WHERE BASE VOLTAGE 
J 13 3.12SV x 3,5=10,9UV (ADC READS 0 3 2 0 )  

C x I  R , 3 2 n  
X R A  A I CLEAR CARRY 

I SURTRACT TABLE BASE (320) FROM A 0 0  
t VOLTAGE R E A D I N G  

MOV 4,E I BATTERY VOLTAGE, 9 L S R  
SHR C  I BASE O F  I N T E R E S T  I N  C 

I MULTIPLY R Y  2 SINCE R Y T E S  PER W O R D  
AN1 1 7 7 0  1 CLEAR HSR 

'?LC 
I - I F  (OFFSET  PAST  END OF T A B L E )  THEN OUTPUT ! H I 1  MESS 

C P I  150 
J M  C A G l S  
C A L L  H I  
STC 
R E 1  

J - E N D I F  
r A D D  C A L C U L A T E D  O F F S E T  T O  S T A R T  OF T A B L E  
? A G ~ Q ~  MOV €,A I OFFSET I N  D , E  

X R A  A 

D,A 
L X l  'OV H,RVTRC I TABLE  P O I N T E R  
D A D  D  I ACTUAL B A T T E Y Y  VOLTAGE 4DDR P O I N T E R  
M O V  E,"'  J RATTERY VLTAGE I N T O  D , E  
I N X  H 
M O V  D # H  

I CONyFRT RATTERY VOLTAGE FROM B I N A R y  TO d C D  

LxS H, RCDBUF 
C A L L  BNRCO 
XP4 A I CLEAR CARRY 
RET 

t 
S R T T L  OUT OF RANGE I H I I  MESSAGE 
I - - - - - ~ - - ~ - - - - - - m - - - - . . - - - - - - - ~ ~ m I ~ - - ~ P i w ~ ~ ~ ~ ~ w ~ ~ - ~ o . ~ ~ ~ ~  

1 LOAD IHIl I N T U  D I S P L A Y  H U F F t R  
1 m - ~ - m ~ ~ ~ ~ - - - - w - - - - - I ~ ~ ~ - - - - ~ - w I - ~ O - ~ ~ ~ m ~ ~ ~ ~ m m v ~ ~ ~ ~ ~ w ~ w w  

H I 1  L x I  H, RCDBUF 
v v  I A,377Q ? BLANK 
M v I  9 # 3  

@ A H 1 0 8  HOV "',A 

1NX H 

DCW R 
J N z  ' Q A H l e  
M V I  A,130 1 H 
M O V  M,A 

I N Y  Y 

H V  I A, 1 J I 





E R R  L ~ N E '  S T A T E M E N T  

1045 
l o u b  S R T T L  l b  B I T  B I N A R Y  T O  RCD C O N V E R S I O N  
1047 j ~ w ~ ~ ~ - - ~ w - m ~ ~ ~ w - w - ~ ~ ~ ~ - - - - - ~ w - ~ ~ ~ ~ ~ ~ - ~ ~ ~ w ~ ~ ~ ~ ~ ~ - ~ ~ ~ o ~ ~ ~  

1648 1 
IOU9 ? 16 B I T  B I N A R Y  TO HCD C O N V E R S I O N  
iosa t 
1051 t I N P U T S  ; 
1052 1 U N S I G N E D  B I N A R Y  NUMBEH I N  D , E  
1053 t B C D  BUFFER P O I N T E R  I N  H,L (RCDSIJF)  

1054 t 
1055 1 OUTPUT I 

1056 1 5 P C 0  D I G I T S ,  ONE PER B Y T E  
1057 t H,L P O I N T S  TO MSO I N  F I R S T  L O C A I T O N  
t O S R  I 
1059 ~ w ~ w ~ ~ ~ ~ ~ ~ - w - - ~ ~ ~ ~ w ~ ~ ~ ~ ~ w ~ ~ - m ~ m - w ~ w ~ ~ ~ ~ ~ ~ ~ ~ m ~ w ~ o ~ ~ w w w ~ ~ ~  

1060 8 N 8 C D ;  PIJSH PbW SAVE V A H I A R L E g  
1061 PUSH R 
1062 PUSH 0 
1063 ~ I J S Y  H 

1064 x C H G  r B I N 4 R Y  NO I N  HC, ADDR I N  O E  
1065 L x I  B,-lo000 
lob4 CALL 1 1 0  I G E T  YSO 
1067 L X I  6,-loon 

l o b 8  CALL 1 1 0  
lob9 L x I  8,-100 
1070 C A L L  1 1 4  
1071 LXI  B,-in 
1072 C A L L  1 1 0  
1073 MOV A t L  I GET L S D  
.1(1711 STAX 0 I STORE I T  
1075 PUP H 

1076 POP D  
1077 POP 0 
107P PO" PSW 

' 1079 R E  T 
l o a n  r B C D  NLJMHER 

1OPI 1191 XR4 A t A = o  U S E  ;OH FOR A S C I I  
1082 PUSH D t SAVE AODWESS 
108s 1 2 e r  M O V  E, J S A V E  B I N A R Y  
1084 M O V  0 8 

1085 I N R  A t INCREMENT D I G I T  
1086 DAD 0 J S U B l R A C T  
1087 J C  1 2 s  I R k S U L T  N E G A T I V E ?  
1088 DCH A  t YES, RESTORE D I G I T  COUNT 
1089 . M O V  L t E  t R I N A R Y  NUVSER TO H,L 
1090 MUV H,D 4 

1091 POP 0 t G E T  A O D R E S S  
1097 0 t STORE D I G I T  
1093 1NX D  J INCREMENT P O I N T E R  
1094 RET 

1095 



I 

ERR L I N E  S T A T E M E N T  . . . . 

. . 
1 0 9 6  S B T T L  LOOK-UP T A B L E S .  . . 

1 0 9 7  . O R C  U U f l O U  E,PROY F O R  L O O H - U P  T A f l L E S  . . 

109B I CONVERT BCD W O R D S  T O  HEX B Y T E 3 ,  C S R  F I R S T  
1 0 9 9  'I------o------.I- 9.. m - - - - - - - - - - - m - - - m . . - - . I - w - - - g - - m - - - - m w -  . 

1 1 0 0  t V U L T A G E  T O  RESISTAN'CE C O N V E H S I O N  T A B L E  

, 1 1 0 1  . I  R A N G E  I N C L U D E S  Z E R O  TO, R REF x 5 
1 1 0 2  l . - - - - - - - - - - o - - - - - - - - - w - - ~ - - - - - m m - - - - - - - " - - - - - m - - . - . - - - - -  ' 

1 1 0 3  . . V R T . H L :  



. . . .. . . . . .  . -, 

E R R  L I N E  . . S T A T E M E N T  



" '  1 1 ~ ~ 1 1 1 2 ~ , 1 ' 1 3 3 , l l u ? , ~ ~ ~ ~  

o w , '  ~ 1 b 0 ~ ~ ~ 7 ~ l l ~ ~ o , i i 9 n , t ~ ~ ~  

D H  ~ ~ 1 0 , 1 ~ 2 0 , 1 2 3 0 , 1 2 ~ ~ , ~ p 5 0  

Dw ~ 2 b ~ , 1 ~ 1 f l , 1 2 ' 8 0 , 1 ~ 9 n , 1 ~ r , ~  

D W  I 3 l 0 0  l 3 2 0 , 1 ~ ~ 0 , 1 3 u n ,  1 ' 3 5 ~  

O H  1 ~ b 0 . ~ 1 3 7 1 , 1 3 R 2 , 1 ~ 9 3 , ~ ' ~ ~ ~  

O W .  , 1 4 1 5 , 1 ~ 3 ' ~ , 1 u ~ 0 , 1 4 ~ o ,  1 u b p  



E R R  L I N L  S T A T E M E N T  



. . .- --- - - . - . . . . 
. . 

. . - .. . . . - . . -- - -- 

ERR L I N E  . STATEMENT 
. . 

1 1 9 3  t A D C  VOLTAGE TO B A T T E R Y  VOLTAGE CONVERSTON TABLE 

1 1 9 4  t R A N G E  I N C L U D E S  10 .9V  T O  1 3 . 5 ~  D C  
1 1 9 5  t 

OUTSIDE T H I S  BOUNDARY RESULTS IN ERROR H F S S A C E  . . ' .  



. -- .. . . .- . - . - .. - . . . . . . . . . . . . . - . . . - . . . . . .  . . . .. - . . - - .- - 

ERA L I N E  STATEMEFJT 

S B T T L  V A R I A B L E S  
I 

ORG 1 0 1 0 r ) Q  
R A M S T A R T  EOU $ 

I 
i RATE CONTRnL COUNTER ( I N T E R R U P T  D R I V F N )  
RATCON1 0 9  2 
t RESISTANCE RANGE, A/O CONVERT CMDt E X C I T A T I O N  SAVE 
R N G S A v t  DS 1 
1 D I S P L A Y  BUFFER (MSD F I R S T )  
F\COBUF1 DS 5 
r C A L I R R A T E / N O R M A L  SN 8 LOW VOLTAGE F L A G  
C N F L A G t  0s 1  t C A L r  2NO M S 8 a 1  

t r V L O W  t H S H ~ ~  
t P A C K E D  BCD V O L T A G E / R E S I S T A N C E  DATA 
PBCDVRI D S  2 
t s o t i n o  H Z  INO ICATOR (2 L S  BITS) 
1 N C W l Z t  DS 1 I 5 0 H Z = 2 t  I O O H t k l  
r COMPENSATION S A V E  
C A P S A V ~  0 s  1 
t SAMPLE SAVE AREA ( I 6  SAMPLES X 2 B Y T E S / E A H P L E )  
S A W L E I  0s  u o o  
t PkCJCESSOR S L E E P  S T A T E  ADDRESS . 
S L E E P 1  DS 1 
R A M E N D  E ~ l l  e 



.
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0
 

P
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V
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C
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u
 

C
 



S Y M Y U L  - - - - - -  
s 
e o G l 0 ~  

@ O r , l S @  
o w l 6  

S O G Z S  
o e ~ 3 a  
e e G u e  
O@G5* 
O o G b a  

@ A 1 0 0  

o A l e  

e ~ ~ a  
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ABSTRACT OF THE DISCLOSURE 

An auto-ranging AC resistance measuring'instrument 

for remote measurement of the resistance of an electrical 

device or circuit connected to the knstrument includes a 

signal generator which . generates . an AC excitation signal 

for application to a.load, including the device and the 

transmission line, a monitoring circuit which provides a 

digitally encoded signal representing the voltage across 

the load, and a microprocessor whzch operates under pro- 

gram,control to provide an auto-ranging function by which 

range resistance is connected in circuit with the load 

to limit the load voltage to an acceptable range for the 

~nstrument, and an auto-compensating function by which 

compensating capacitance is connected in shunt with 'the 

range resistance to compensate for the effects of line 

capacitance. After the auto-ranging and auto-compensation 

functions are complete, the microprocessor calculates the 

resistance of the load from the selected range resistance, 

the excitation signal, and the load voltage signal, and 

displays of the' measured resistance on a dig=.tal display 

of th.e instrument, 
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