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1 Introduction

Hydro-Cal is an easy to use utility which enables the user to perform material calibrations for
Hydronix moisture sensors. This process is required when the user wishes to determine the
true % moisture of a material.

The process of calibration simply scales the raw sensor readings to real-life moisture for the
specific material. In order to simplify the calibration procedure the Hydro-Cal utility has the
ability to check input calibration values against a set of rules (see appendix A), which then
informs the user when it suspects that these values may result in an abnormal moisture
calibration. Note that the rules developed in Hydro-Cal have been developed from
knowledge derived from the aggregate industry and is therefore most accurate for sands
and small stone (less than 10mm). Although Hydro-Cal may also be used for other
materials these set of rules may result in a less accurate calibration. If this is the case
another Hydronix utility, Hydro-Com, may be used to performed material calibrations
without the inbuilt rules.

The utility, shown below, can communicate with sensors and update the calibration values
internally, in which case the conversion to moisture % can be made internally and ‘true’
moisture is then available at the analogue output. Alternatively it may be used as a stand-alone
utility if the calibration data is to be used elsewhere; for example, when the conversion to %
moisture is made in the control system (in this case the raw unscaled output would be required).
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Notes:
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2 What is Material Calibration?

When a Hydronix sensor is to be used for measuring moisture of a single material such as sand
or gravel, a process known as material calibration needs to be performed. This would apply to
bin/hopper or conveyor installations using a Hydro-Probe II or Hydro-Probe Orbiter,  but not a
mixer-type sensor such as the Hydro-Mix V.

Each different material has its own unique electrical characteristic and it is not possible to
produce a microwave moisture sensor that will give water content for all materials under all
conditions. The raw output of a Hydronix sensor is an unscaled value ranging from 0 to 100.
Each sensor is set so that a zero unscaled value relates to the measurement in air and 100
relates to water. The unscaled reading for example from a sensor measuring fine sand at 10%
moisture content will be different from the unscaled reading (from the same sensor) when
measuring coarse sand at 10% moisture content. In some cases the results may be close
enough for practical purposes, but in general and for highest accuracy it is necessary to
‘calibrate’ the sensors for different materials. A calibration simply correlates the unscaled
reading to ‘real’ moisture values which have to be determined in the laboratory using a method
called ‘bake-out’ or ‘desiccation’ (see Chapter 6).

The range in moisture for normal sand can vary from typically 0.5% (the absorbed moisture
value or Surface Saturated Dry value (SSD) which is obtained from material suppliers) to
approximately 20% (saturated). Other materials can have an even greater range. Over this
moisture range for most materials, the reading from a Hydronix sensor is linear. For linear
relationships a calibration can be performed from only two points. Once these points are made
a straight line can be defined, as shown below.

The equation of the line through the calibration points is used to calculate ‘true’ moisture from
the unscaled reading. This equation is defined by a slope (B) and offset (C). These values are
therefore calibration coefficients and can be stored inside the sensor if required. The
conversion to %moisture is therefore:

% Moisture = B*(unscaled reading) + C – SSD

The SSD value is included in case it is required to output moisture values in excess of the
material’s absorbed moisture. In most cases this is set to zero.

20 %

0 %
0 100

Moisture vs Unscaled reading

= calibration point

Measured
point

Calculated
moisture from

calibration
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A good calibration is made by performing samples and taking readings over the full working
moisture range of the material. As many points as practical should be made as more points
provides higher accuracy. Shown below is a good calibration which clearly shows high linearity.

Calibration inaccuracy is likely to result if:

ð· A small sample is used for ‘baking-out’. See Chapter 6 for more information.

ð· A very small number of samples are used (in particular 1 or 2 points).

ð· Samples are taken close to the same moisture content, like the calibration graph
shown below. A good range is necessary.

ð· There is a large ‘scatter’ in the readings as shown in the calibration graph below. (This
generally implies an unreliable or inconsistent approach to taking ‘bake-out’ samples
or poor sensor positioning with inadequate material flow over the sensor.)

The Hydro-Cal utility incorporates certain calibration rules to aid the user in obtaining
reasonable and accurate results despite any problems such as those mentioned above.
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3 Hydro-Cal Overview

Hydro-Cal is an easy to use utility where calibrations are entered in terms of the unscaled value
(recorded from the sensor at the time of taking the sample) and the corresponding % moisture
value derived from the ‘bake-out’ test.

The utility is divided in to three areas. One area is used for entering calibration data into the
table. All calibrations are stored in a database. A second area displays the calibration points
from the selected calibration on a graph and displays the best fit line* through those points. The
third area displays information on the sensors currently connected to the computer along with
live output readings.

Menu Bar

Com Port: All available serial communication ports are detected automatically and
listed here.
Language: The default language is English, but other languages may be selected.
Help: The user is provided with a brief description of how the utility works

* A best fit line is a line that mathematically best ‘fits’ through a series of points, as shown above.
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3.1 Active sensors connected to the PC

Filtered unscaled:
This is a continuous output which has been filtered using the filtering parameters in the sensor
configuration (slew rates and filtering time).

- OR -

Average unscaled:
The ‘Filtered Unscaled’ is averaged over a selected period which is useful if the readings vary
considerably during the time material is flowing. The averaging period is start/stopped by
switching the digital input or by using ‘Remote Averaging’.

AND

Filtered Moisture%:
This output is derived from the ‘Filtered Unscaled’ output and scaled using the B, C and SSD
calibration coefficients stored in the sensor. %moisture = B*(unscaled) + C – SSD

- OR -

Average Moisture%:
The ‘Filtered Moisture%’ is averaged over a selected period which is useful if the readings vary
considerably during the time material is flowing. The averaging period is start/stopped by
switching the digital input or by using ‘Remote Averaging’.

NOTE: The moisture % value displayed here (‘Filtered’ or ‘Average’) should not be entered
into the calibration data. This output is only displayed to verify the calibration is ok. Once a
sensor is calibrated a sample of material can be taken and the sensor moisture output (and
unscaled output) read. Once the sample is dried the true moisture and the sensor moisture
reading should be the same or very close. If this is true then the calibration is good.
If they are not close then there is the possibility of using this point (the unscaled reading
and the true moisture) to modify the calibration if necessary.

Sensor List Pull-down Box:
The sensor name and sensor address
number will be displayed for each sensor.

Search Button: Will locate all sensors
connected to the PC.

For the selected
sensor, the current
calibration-coefficients
stored in its
configuration will be
displayed.

Sensor output:
For the selected sensor the unscaled output and the moisture output can be selected from the pull-down
lists. The unscaled and moisture readings are displayed in the adjacent boxes (see below for definitions).
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3.2 Remote Averaging

Averaging the output of a sensor over a period of time can be useful if the readings are varying.
In the case of a Hydro-Probe II mounted in a sand bin, once the gate opens the sand starts to
flow until the gate closes. During this time a single unscaled reading is required. If the readings
are varying it might be difficult to obtain a representative unscaled value when the material is
flowing. Therefore having an average value and hence a period in which to average can be
vital in obtaining more accurate readings.

Hydronix sensors make use of an input which can be used to determine when to average. For
example in a bin installation as above, this input could be generated from the bin-gate switch.
In this case the configuration of the sensor has to be set so that this input is used for this
purpose.

If however, the installation is without an input that can switch to control the averaging function,
Hydro-Cal has the facility to manually select the start and stop period of averaging. This is
called ‘Remote Averaging’. ‘Remote Averaging’ is only possible if the input in the sensor’s
internal configuration is set to ‘Unused’. When a search is made of the sensors connected to
the PC, the use of the input is checked. If the first input is set to anything other than ‘Unused’ a
message will appear as shown below:

If the first digital input is set to ‘Unused’ then a ‘Start Remote Averaging’ box will appear as
shown below:

As soon as the ‘Start Remote Averaging’ box is pressed the two sensor outputs ‘Filtered
Unscaled’ and ‘Filtered Moisture%’ automatically change to ‘Average’, as shown below:

What happens when the ‘Stop Remote Averaging’ box is pressed is dependant upon the type of
sensor. For the Hydro-Probe II sensor once averaging is stopped the average value is held
enabling the user to read the unscaled output during that period for the calibration.
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3.3 Calibration

3.4 Calibration data values

ð· The user may enter up to 20 sets of unscaled and corresponding moisture% values
for each calibration in the text boxes provided.

ð· When the user enters a text box the corresponding point on the graph is highlighted.

ð· Note that the first column titled ‘Note’ is a general information box – this may be left
blank or could be used for entering the date or operators name etc.

Delete button:
Deletes the current calibration.

New Calibration button:
A new calibration can be started
by pressing the ‘New
Calibration’ button and typing a
new calibration name into the
text box and pressing ‘OK’.

Calibration List Pull-down
Box:
All calibrations stored will be
displayed in a pull-down box
from which the user can
select a calibration.

Calibration Coefficients:
This shows the calibration coefficients
(B and C) resulting from the selected
calibration. A linear regression is
performed on the data to provide the
best-fit straight line through the data.

Write button:
To send the calibration
coefficients to the chosen
sensor. SSD field:

The Saturated Surface Dry value for the
material. This is used if it is intended that
the sensor is to output moisture values
above SSD. SSD values will normally be
found in the specification for the material. 
If total moisture values are required this
field should be set to zero.

The user can switch between the first
and second set of 10 values.

Data Values Selection:
The user can select which of the
20 sets of values (points) should
be used in drawing the graph and
the calculation of the calibration
coefficients.
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3.5 Calibration graph

Moisture % vs. Unscaled Calibration Graph: The calibration data is displayed in a graphical
form together with two default sand calibrations and the maximum and minimum calibration
slopes defined by Hydronix.
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Notes:
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4 Software installation

The Hydro-Cal sensor calibration software can be downloaded from the Hydronix Website at
http://www.hydronix.com/

The utility installation file is a self-extracting executable (.exe). Once downloaded the software
can be installed onto the user’s computer by selecting the file, which once prompted will extract
the installation files needed.

It is advisable to close down any applications before software installation, as instructed below.

Depending on the PC Operating System, the warning message as shown below might appear
which instructs the user that a system reboot is required to complete the installation.
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The following box will then appear prompting the user to select the location for the install files.
The default location on the computer is:

C:\Program Files\Hydro-Cal\

If required the location can be altered by using the ‘Change Directory’ button.

The software can then be installed in the selected directory by pressing the button as shown.

At the end of the installation a shortcut is created in the ‘Start’ menu. The title of this can be
changed here if required in the ‘Program Group:’ field. The default shortcut group is ‘Hydro-
Cal’. Pressing ‘Continue’ will complete the installation.

Install
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5 Using Hydro-Cal

Start Hydro-Cal on the PC. Refer to Engineering Note EN0040 for assistance on connecting
Hydronix sensors to a PC, available for download at http://www.hydronix.com

5.1 Menu Bar

ð· The current language and com port can be selected from the menu bar.

ð· If the com port selected is incorrect it is likely that the ‘Filtered Unscaled’ and ‘Filtered
Moisture %’ values in the ‘Sensor’ box will show -99. Make sure to select the
appropriate com port and language before progressing.

5.2 Active Sensors

ð· Hydro-Cal searches for all sensors on the network, the ID and name of each sensor
found are displayed in the sensor pull-down list. Note that there is a short delay whilst
the network is searched.

ð· When each sensor is selected in the sensor pull-down list, Hydro-Cal first determines
how the digital input is configured to see if ‘Remote Averaging’ can be used. If for the
selected sensor the digital input is set to ‘Unused’ the ‘Start Remote Averaging’ box
will appear. For sensors configured with the digital input set to ‘Average/Hold’, the
following warning box will appear instructing users that ‘Remote Averaging’ is
unavailable.

ð· The address, calibration data (B, C and SSD), ‘Filtered Unscaled’ and ‘Filtered
Moisture %’ for the first sensor in the list are then displayed.

ð· If a new sensor is connected to the PC press ‘Search’ to add this sensor to the pull-
down list.

ð· The type of unscaled and moisture readings (‘Filtered’ or ‘Average’) displayed in the
‘Sensor’ box can be changed simply by selecting the different output variable from the
pull-down lists.

5.3 Calibrations

ð· Stored calibrations are shown in the pull-down list at the left side of the form –
otherwise the user is informed that there is ‘No calibration’.

ð· Each calibration can be selected, viewed and updated in turn by selecting them from
the calibration list.

ð· New calibrations can be entered with the ‘New Calibration’ button. After typing a name
and pressing ‘OK’ the name of the new calibration will appear in the calibration pull-
down list.

ð· New calibration values of unscaled and moisture % can be entered into the text
boxes. To include points on the graph tick the check box.
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ð· If invalid data is entered into the ‘Unscaled’ or ‘Moisture%’ boxes then the number
turns red and it will not be possible to tick the check box to add this point to the graph.

ð· Each point on the graph can be highlighted by selecting the corresponding data in the
text box (the ‘Unscaled’, ‘Moisture’ or ‘Note’).

ð· The calibration slope (B) and intercept (C) values are displayed in the text boxes
under the calibration pull-down list along with any SSD value.

ð· When a change is made to the calibration data values the B and C are recalculated
using the values entered (as long as the corresponding tick box is filled).

5.4 Writing calibration to a sensor

ð· Select the sensor from the sensor pull-down list.

ð· Select the calibration from the calibration pull-down list.

ð· Press the ‘Write’ button located below the calibration pull-down list.

ð· When the write has completed the B, C and SSD values shown in the ‘Sensor’ box will
match those displayed under the calibration pull-down list.
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6 Calibration Routine and Bake-Out Test

Hints:

ð· Wear safety glasses and protective clothing to guard against expulsion of material
during the drying process.

ð· Do not attempt to calibrate the sensor by packing material on the face. The
readings obtained will not be representative of those from a real application.

ð· Whilst recording the sensor unscaled output, always sample where the sensor is
located.

ð· When calibrating coarse aggregates, do not use a calibration method that uses
very small samples, for example ‘Speedy’ or infra-red balance.

ð· Never assume that material flowing out of two gates in the same bin is the same
moisture content and do not attempt to take samples from the flow in both gates
to get an average value – always use two sensors

Equipment:

ð· Weighing scales - to weigh up to 2kg, accurate to 0.1g

ð· Heat source – for drying samples, such as electric hot plate.

ð· Container – with resealable lid for storing samples.

ð· Polythene bags – for storing samples prior to drying

ð· Scoop – for collecting samples
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Taking samples:

1. Start the flow. Using the scoop, collect a series of small samples from the flow to
yield around 5-10kg of material in the container. The material MUST be collected
at a position close to the sensor and therefore the sensor reading is observed for
that proportion of material.

2. Record the Hydro-Cal ‘Unscaled’ output.
3. Mix the samples, remove approximately 1kg, dry it and calculate the moisture

content (see below). Take care not to lose any of the samples during the drying
process.

4. Repeat step 3 for another 1Kg sample. If the moisture differs by more than 0.3%,
the one of the samples was not dried out completely and the test has to be
restarted.

5. Record the average moisture of the two samples in Hydro-Cal. This ‘Moisture’
and ‘Unscaled’ value make up one calibration point. Tick this point to include the
values in the calibration.

6. Repeat steps 1-5 for additional calibration points. Choose a different time of day
or different time of the year to ensure a wide range of moistures are sampled.

A good calibration is one where the calibration points cover the complete working
moisture range of the material, and all points lie on or near to a straight line. If any
calibration points are suspected to be wrong then they can be excluded from
calibration by deselecting their corresponding tick box.

7. When the calibration is finished, update the new calibration coefficients to the
correct sensor by pressing the ‘Write’ button. The A, B and SSD values in the
‘Sensor’ box will then match those values in the ‘Calibration’ box. The %moisture
output from the sensor should represent true moisture of the material. This can
be verified by taking further samples and checking the laboratory moisture against
the sensor output.

Calculating the moisture content

(B - C)Moisture =
content = (C - A)

x 100%

Example

(1.288 – 1.236)Moisture =
content = (1.236 – 0.320)

x 100% = 5.7%
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7 Frequently asked questions

Q: Hydro-Cal doesn’t detect any sensor when I press search.

A: Ensure the sensor is correctly connected, that it is powered from a suitable 15-30VDC
source and the RS485 wires are connected through a RS232-485 converter in to the serial
port of a PC. On Hydro-Cal ensure the correct COM port is selected.
_ _ _

Q: How often should I calibrate the sensor?

A: Recalibration is not necessary unless the gradation of the material changes significantly or
a new source is used. However it is a good idea to take samples (see Chapter 6) regularly
on site to confirm the calibration is still valid and accurate. Put this data in a list and
compare them with the results of the sensor. If the points lie near to or on the calibration
line then the calibration is still good. If there is a continuous difference you have to
recalibrate. There are applications where customers have not had to recalibrate in 5 years.
_ _ _

Q: If I have to exchange the sensor in my sand bin do I have to calibrate my new sensor?

A: Normally no, assuming the sensor is mounted in exactly the same position. Write the
calibration data for the material to the new sensor and the moisture readings will be the
same. It would be wise to verify the calibration by taking a sample as shown in Chapter 6,
and checking this calibration point. If it lies near to or on the line then the calibration is still
good.
_ _ _

Q: What should I do if there is little variation of moisture in my sand/gravel on the day I
calibrate?

A: If you have performed a number of bake out tests and there is little variation in moisture (1-
2%), then settle for one good calibration point by averaging the unscaled readings and
bake-out moistures. Hydro-Cal will allow you to produce a valid calibration (using the
calibration rules in appendix A) until further points can be made. When the moisture
changes at by least 2% then sample again and enhance the calibration by adding more
points.
_ _ _

Q: If I change the type of sand I am using do I need to recalibrate?

A: Depending on the sand type, recalibration may or may not be necessary as many of them
work on the same calibration. The calibration rules contain two standard sand calibrations
sets, fine and normal grade sand.  It would be wise to verify the calibration by taking a
sample as shown in Chapter 6, and checking this calibration point. If it lies near to or on the
line then the calibration is still good.
_ _ _

Q: What output type should I set my sensor to after calibration?

A: This depends on the system requirements. In most cases the sensor analogue output is
connected to the control system PLC. For a calibrated sensor, this analogue output should
be set for either ‘Filtered Moisture%’ or when the digital input is used for averaging, set to
‘Average Moisture%’.
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Q: Can I scale the unscaled output in my own control system? If so what are the advantages
or disadvantages?

A: This depends on the system requirements. One advantage is that when the material is
changed (hence different calibration required scaling the moisture), instead of now updating
the calibration in the sensor itself, you could select the calibration within the PLC. There are
no disadvantages with scaling the output in your own control system.
_ _ _

Q: There seems to be wide spread in the points I have made in my calibration, is this a
problem and is there something I can do to improve the calibration result?

A: If you have a cloud of points through which you are trying to fit a line, then there is a
problem with your sampling technique. Concentrate on what you do while you take samples
and check if the sensor is mounted properly in the flow. If the sensor position is correct and
the sampling is done as explained in Chapter 6, then this should not happen. Try to use an
‘Average Unscaled’ value for your calibration. The averaging period can be set either with
the ‘Average/Hold’ input or using ‘Remote Averaging’.
_ _ _

Q: I want to use Remote Averaging but the box does not appear for my sensor

A: ‘Remote Averaging’ is only available when the digital input is set to ‘Unused’. If the input is
set to ‘Average/Hold’ then it is not possible to use ‘Remote Averaging’. In this case if the
digital input is wired into the plant the averaging should be carried out and so you may not
need to use ‘Remote Averaging’. The only way to make use of this facility would be to alter
the configuration using a Hydronix configuration utility, for example Hydro-Link or Hydro-
Com.
_ _ _

Q: What range of moisture values should I aim for in my calibration?

A: It is recommended that the final calibration should use values that represent the driest and
wettest material that you encounter. This makes the measurement very accurate over the
range you are working with.
_ _ _

Q: The sensor readings are changing erratically, not consistent with the changes in moisture in
the material. Is there a reason for this?

A: It is possible that some material is building up on the sensor face during the flow, and so
despite there being a change in moisture of the material, the sensor only ‘sees’ the material
in front of it and so the reading could stay reasonably constant; then after some time, the
old material could fall off and new material is flowing over the sensor face giving a big
erratic change. To check if this is the case, try hitting the sides of the bin/silo to knock off
any fouling material and see if the readings change. Also check the mounting angle of the
sensor. The ceramic should be mounted at an angle which allows material to pass
continuously. The Hydro-Probe II sensor has two lines, A and B, on the rear plate-label.
Correct alignment is where either line A or B is horizontal, indicating the ceramic is at the
correct angle as suggested in the Hydro-Probe II User Guide (HD0127).
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Appendix A

Calibration rules
ð· Limiting slopes (B) for any calibration will be a maximum of 2.0 and a minimum of

0.06.

ð· Default sand calibration will have a slope of 0.2857 and an intercept (C) of -4.

ð· Default fine sand calibration will have a slope of 0.1515 and an intercept of -1.5151.

ð· One-point calibrations:

o The calibration slope will be set to be the average of the two known sand
calibrations.

o If the unscaled value at zero moisture is less than 5 the unscaled value at zero
moisture will be set to be 5 and a new calibration slope calculated through this
point and the single point entered.

o If the unscaled value at zero moisture is greater than 50 the unscaled value at
zero moisture will be set to be 50 and a new calibration slope calculated through
this point and the single point entered.

o If the resulting slope is greater than the maximum or less than the minimum
calibration slopes then no calibration will be carried out and the user will be
informed of this.

ð· More than 1 point calibration – spread in points: Moisture < 1% or unscaled < 2

o A single point calibration will be carried out.

ð· More than 1 point calibration – spread in points: Moisture < 3% or unscaled < 6

o If the calculated slope is greater than the sand calibration slope set the
calculated slope to the sand calibration slope - If the calculated slope is less
than the fine sand calibration slope set the calculated slope to the fine sand
calibration slope – otherwise leave the slope as it is. (Recalculate intercept
value from average from all points)

o If the unscaled value at zero moisture is less than 5 the unscaled value at zero
moisture will be set to be 5 and a new calibration slope calculated through this
point and the average of the points entered.

o If the unscaled value at zero moisture is greater than 50 the unscaled value at
zero moisture will be set to be 50 and a new calibration slope calculated through
this point and the average of the points entered.

o If the resulting slope is greater than the maximum or less than the minimum
calibration slopes then no calibration will be carried out and the user will be
informed of this.

ð· More than 1 point calibration – spread in points: Moisture > 3% and unscaled > 6

o Calibration slope is calculated and the user is warned if:

ð· If the unscaled value at zero moisture is less than 5.

ð· If the unscaled value at zero moisture is greater than 50.

ð· If the resulting slope is greater than the maximum or less than the minimum
calibration.
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