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Introduction

The MoisturesPoint Probe Emulator is an encapstleiegth of
transmission line with control circuitry which opées like a
MoistureePoint type A profiling probe. The lengthtbe sections of
transmission line have been chosen to produceeaittarval
measurement which is within the range of times ¢bfam a probe in
moist soil. When the Probe Emulator is connectetth¢oMP-917, the
measured time intervals will be constant: nominlly, 4.1, 8.0, 8.0,
8.0 nsec. The known-constant time measurementbecased as a
system integrity check, as a problem-isolation wiiegic aid, and as a
time base calibration check.
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Example Probe Emulator Factory Calibration

|§ ESI Environmental

Sensors Inc.”

Probe Emulator s/n 9280A3

Segment Delay Times (in

Seq # 1 2 3 4 5
Mean | 4.026| 4.115| 7.882| 7.919| 7.920

St.pev. | 0.029] 0.024| 0.031] 0.032| 0.019

Maximum allowable error: £0.200ns

Figure 1. Probe Emulator Label showing factorytration data.

Because the MP-917 time-interval measurement ramgganying noise, a factory probe emulator calibnat
is performed by repeatedly measuring the five segtm@es (using a MP-917). Then, the segment déetass
are presented as the average of several readiggghtw with the standard deviation of the calioraget. The
behaviour the user may expect with a different MP-8hust consider the statistical nature of thisdixt
addition to the variation expected due to noisthefmeasurement, there are small differences froarRvobe
Emulator to the next resulting from uncontrollectait component variation. There will also be diffeces
caused by choosing different parameters for thed#Psignal acquisition and processing--gain, nurolber
data points, averaging time, etc. The total ofeéhesiations should fall within the range statedlmnlast line
of the label.

Generally, Probe Emulator times should measureget +/- .2 nsec for the short segments (1 anan@) 3.0
nsec +/- .2 nsec for the long segments (3, 4, and 5

Figure 2 shows a ViewePoint screen of one probae §can the set of several scans which produced the
calibration shown in Figure 1. The MP-917 is usangrobe-type selection of 2.

The Probe Emulator characteristics are expecteenhain constant. To use this fact as a diagnostjdlze
performance of a particular Probe Emulator witragtipular MP-917 (setup for its normal use) shddd
measured and recorded. A good starting point wbeltb use the MP-917 with its factory-default pastars,
obtain 15 to 20 probe scans with it connected ¢oRfobe Emulator, and record the mean and standard
deviation for the time intervals for each segmé&iien, the moisture readings which correspond th eac
segment'’s time intervals with the probe calibratamtors being used, should be noted because tlstume
values shown on the second line in figure 2 (ufactpry default calibration parameters) may notahnahe
values calculated with different probe calibratgarameters--segment lengiiyT,;,, A andB.
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Instrument ID#: 000DDOB1A459
Probe ID#: 0000D0D9Z280A3
Battery Lewvel: 220
1996/02/28 09:03:53

27.0 | =20.4 54.3 54.7 54.6 <«=——— counts
44.04  44.6H 46 . 9% 43 .64 43 . 4%
4. 031 4. 117 7.873 7.931 7.917 e—TM
F1 Ez F3 Fa ES F& E7 = F9 Fi0
COARSE | FINE |FINEos [COARSos| DIOD | GAILH BASE | PROBE | DFLTS | 10/20
ALt RAM DERU REF | DELTA |DIFFOH | PARAHS COMHENT|RLOGOFF
Cntrl CONCHS | CONFIH STATUS CONPRE
£hi ft| CONRAH | CONDER FRETYP Exit

Figure 2. Type 2 probe scan with MP-917 conneabetthé Probe Emulator.

Identifying a malfunctioning probe

To use the Probe Emulator to diagnose the souraeso$pect measurement (from among a damaged probe,
damaged MP-917, or damaged cable), the user shau@tecorded the moisture readings the test probe
produces with the probe calibration coefficientmpeised for the probe type deployed. Then latben a
suspect measurement is to be checked, the MP-%lLGadate can be connected to the test probe, anoba p
scan set of measurements taken. The MP-917/catdenlly is verified to be functioning correctly by
observing readings similar to those previously rded. Then, observing wrong readings when conneoted

the probe indicates probe damage.

For this comparison, it is not strictly necessaryise moisture values, since the MP-917 shouldrafs@duce
the recorded time interval values. However, obsgrthe correct moisture readings also checks higaptobe
calibration factors stored in the MP-917 have redrbaltered. It may also be more convenient tdlitbed the
moisture reading should be about 40% - 45% fosegiments (when probe type 2 is selected).

Identifying a malfunctioning MP-917/cable assembly

The MP-917 measures the round-trip propagation éilmeg each segment in a probe. To use the Probe
Emulator to verify that the MP-917 operation isreat and that its calibration is correct, the Pr&baulator is
used as a time interval reference--the MP-917 shigroduce the test probe time-interval measurtsmen

supplied with the Probe Emulator. The MP-917 istgatisplay time intervals for each of the segment
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measurements being checked by moving the TIME DEIM(YISTURE switch to the TIME DELAY

position (up). The readings displayed on the MP-afit panel will then be time intervals in nancseds.
Alternatively, the MP-917's time-interval measuretseare always available when using the ViewePoint
program. On the ViewePoint program's graphic digpllaring the execution of the PROBE command, tloe 3r
line of data under each segment shows the measamed-trip timesT,,, for that segment--see Figure 2.

Using the Probe Emulator with other probe-type sele  ctions

The Probe Emulator acts like a standard 5-segnmiebep However, it may be used to check the MP-
917/cable assembly for some other probe type sahsctwithout changing the probe selection, if dbieer
probe types have compatible segment arrangementgtlased below. But generally, checking the instent
calibration and operation when it is being usedh\aiprobe type other than those listed, the MPv@ll have
to be switched to select a 5-segment probe.

Probe types which are directly compatible with Bmebe Emulator:

e single-segment--type O or type 1 selected in MP-91

MP-917 reads one value -- the test probeésseg

¢ two-segment--type 5 selected in MP-917

MP-917 reads value from Probe Emulator sag deg 1 and the value from emulator seg 5 as seg 2

If other probe-type selections remain in effect wtige Probe Emulator is connected, one or morbeof t
segment values will be incorrectly measured--ugutidiplayed as an error, 1.111 moisture or 000.time

Checking the MP-917 time base calibration

The MP-917 measures time in terms of a numberepissof its internal time base, then converts tiha into a
reading in nsec by multiplying by a conversion ¢eiat/hich is normally determined at the factory. Taetor is
called the "UO calibration factor". It is availalbtg inspection and modification in the "Instrumé&faults”
sub-menu of ViewePoint's "DFLTS" (F9) menu. Thetéag calibration of this instrument characterigsic
performed using a Tektronix 1502 cable tester wisigtself calibrated by measuring known lengthsuofir-
dielectric transmission line.

The constant-time nature of the Probe Emulatore#iemethod of determining the "UO calibration datin
the field. Some care is required to reduce theaditity of error in calculating the calibration fac from
inherently noisy readings, and to avoid systenetior which may arise because of different paransstings
in the MP-917.

To illustrate the measurement of the "UO calibrafactor" with the Probe Emulator, consider théofwing
data from a pair of probe scans:
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seg # 1 2 3 4 5
counts  27.8 284 543 547 54.6
nsec  4.031 4.117 7.873 7.931 7.917

seg # 1 2 3 4 5
counts 279 284 539 548 54.3
nsec 4.045 4.117 7.815 7.946 7.873

The first set of data is from the probe scan iligtd above in Figure 2ounts line, the second set is from
another like scan. The four measurements of the segments are averaged (considered as four saoiple
the same time interval) to give:

avg counts  28.125
avg nsec 4.071 UO cal = 4.071/28.125 = 0.14£&¢/kcount

Similarly, the 6 measurements of the long segma@saveraged to give:

avg counts 54.43
avg nsec 7.907 U0 cal = 7.907/54.43 = 0.1458/osant

And the UOQ calibration factor for this MP-917 udedthe probe scans is 0.145 nsec/count = 145 qseot.

Obviously, there is a circularity to the foregoitige T,, values displayed were calculated from the couhteg
displayed--dividing eacfh,, by its corresponding count gives the same UO redidn value (within the available
arithmetic precision). But if the times measuredtfe Probe Emulator when the MP-917 is new arercksd
and taken as correct, then a subsequent check ahtibration can be done by using the origina¢srand the
check counts in the calculation. If the calibrati@s changed in the meantime, the factor calculatadd

differ from that stored in the instrument. Alsoe ttalculation shows that averaging just a few regsdis
enough to control for the measurement noise.
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