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1 Introductions

UT-ONES16Bis an accurate and versatile system-style thermometer readout. UT-ONES16Bis capable
of measuring platinum resistance thermometers, thermistors and thermocouples. UT-ONE S16B is a
very compact and efficient solution for multi -channel high-accuracy temperature measurements, as it
combines a high accuracy thermometer readout and a 16 channel scanner in a single housing. The user
interface is realized using the acquisition software on a personal computer. LabVIEW drivers and sample
applications are provided free of charge and enable fast and efficient implementation of any
measurement procedure according to end-user requirements.
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Figure 1. UT-ONE S12B with 12 Pt -100 probes and acquisition software
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2 Getting Started

2.1 Warnings and cautions

Use the instrument only as specified in this manual. Keep a copy of this manual for future reference.
Besides the general good practice for handling electronic equipment, follow these particular warnings
and cautions:

1 Read user manual before starting the UT-ONE operation!

1 UT-ONE is designed for indoor use only. Prevent the use of instrument in wet or damp

conditions, prolonged direct sunshine, vibrations, dust, water vapor, fumes and chemical

residues.

Use and store UT-ONE according to environmental conditions as listed in Specifications.

When moving the unit from a cold to wa rm and humid ambient, take measures to prevent

condensation on and inside the instrument. If condensation occurs, do not start the instrument.

Condensation may damage the instrument or cause drift of calibration values.

1 Do not connect any of the connectors to electric potential, which is lower than -0.3 V or higher
than 3 V referred to system ground. Higher voltages may damage the instrument or cause
personal injury.

1 Avoid using the instrument in environments prone to electrostatic discharges (ESD). ESD may
disturb the normal operation of the instrument, and may cause permanent damage to electronic
components, which may in long term cause instrument failure.

1 Prevent electric contact between probes, cable leads and cable shields and the conductors which

are electrically energized. This may result in severe shock, personal injury or death, fire hazard

and damage to instruments.

Connect probes only in floating configuration (not electrically referenced to ground).

Use only a CE certified external USB power adaptor with low voltage ripple and low leakage

current. Use the USB power adaptor only with mains power supply as specified on its rating

plate.

1 The instrument may be used to measure extremely high or low temperatures. Extreme care
must be taken when handling thermometer probes, otherwise personal injury, and damage to
equipment or fire may occur. Always allow the thermometer probe to reach ambient
temperature in a controlled and supervised manner.

1 If instrument or external USB power adaptor is dama ged, do not use it. Secure the instrument
and contact support for further instructions.

1 Clean only with a damp cloth. Do not wet or allow water to penetrate the instrument. Do not
use chemical solvents to clean the instrument.

1 Do not place objects, liquid containers or other instrumentation on top of the UT -ONE. Handle
the instrument carefully to prevent mechanical damage.

1 When ambient probe is disconnected, always attach the plastic protective plug in order to
protect the interface from dirt and ESD damage.

E ]

E ]
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2.2 Power supply

UT-ONE S16B can be powered directly from the USB cable, connected to the computer, USB hub or
external USB power adaptor. Note that UT-ONE S16B may draw up to 200 mA DC. This current may
not be available on some portable devices or USB hubs so consult the documentation of the USB host
device before connecting it to UT-ONES16B

2.3 Starting and stopping the UT-ONE S16B

UT-ONES16Bis started by connection to the active USB interface. There are no additional switches or
remote-interface commands for starting and stopping UT-ONE S16B As an indication of successful
initialization, UT-ONE S16B will sequentially enable each of the active-channel indicators, first in
ascending order and then in descending order. This procedure takes approximately two seconds. After
it is completed, channel C1 will remain active.

If UT-ONE S16Biis fitted with internal flash memory and logging is enabled at startup, this setting is
indicated by quickly enabling all channels in ascending order three times. This enables the operator to
use the device in standalone mode and be sure that logging to internal memory is enabled.

UT-ONE S16B can be stopped by disconnecting the USB interface cable. There is no need to stop the

acquisition in software or perform any other software procedure before the disconnection of USB cable.

You al so donodt need to use fiSafely remove har
device. UT-ONE S16B will internally detect the disconnection and automatically perform the internal
shut-down procedures. However, it is recommended that the acquisition software is stopped before the
UT-ONE S16B otherwise communication errors may cause the software to become irresponsive and
corrupted results may be recorded.

measurement solutions
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2.4 USB device drivers

UT-ONE thermometer readouts are shipped with a set of USB device drivers, which support MS
Windows 7 and later. USB device drivers are located on the installation CD, in the UT-ONE application
folder and are also available for download in the Downloads section on www.batemika.com.

Depending on your operating system, installation of USB device drivers may require administrator
rights.

After you connect your UT-ONE thermometer readout using the USB interface to a computer for the
first time, Windows will automatically try to search for the appropriate drivers. After the automatic
search fails, the Windows will prompt you to locate the drivers. Manually select the location of the USB
drivers on the installation CD or local directory.

Alternatively, you can install the USB device drivers for UT-ONE thermometer readout manually before
the connection of the UT-ONE thermometer readout. Locate the U7-ONE.inf file and use right click to
activate the context menu. Select the /nstal/ menu command. Confirm the installation in the driver

installation dialog. After a few seconds, install ati
completed successfully. o
= ut-one.cat
] UT-ONE.]
Open
Print
Install
Figure 2. Manual installation using the command in context menu

After the USB device drivers are successfully installed, the UFONE device becomes visible in the
Windows Device Manager. You may now start using the UT-ONE with USB communication interface.
When the UT-ONE USB interface is reconnected after successful first installation, Windows will
automatically detect and recognize your UT-ONE device and load appropriate drivers, without the need
for user intervention.

UT-ONE LabVIEW drivers require NI VISA runtime engine to be installed on target computer. NI VISA
runtime engine is part of the UT -ONE Applications installer, but a newer version can be manually
downloaded from www.ni.com and installed on your computer.

2.5 Isolated input option

UT-ONES16Bfeatures the isolated input option, which is separately indicated on the product label on
the back side of the device. This feature provides galvanic isolation between main channel inputs and
the device system ground. The device is normally grounded to system ground via the USB or RS232
communication cable.

Note that individual channels are not galvanically isolated from each other.

Isolated input option provides only functional isolation, which improves device immunity to
electromagnetic interference and leakage currents. This is not a safety isolation. Regardless of the
isolated input option, always connect thermometer probes in floating configuration and never make
electrical contact between any connector and the conductors that are electrically energized.

www.batemika.com



http://www.batemika.com/
http://www.batemika.com/
http://www.ni.com/

UT-ONE S16B BATEMIKA

measurement solutions
16-Channel Thermometer Readout -

2.6 Connection of thermometer probes

UT-ONES16B has 16 independent channels for the connection of thermometer probes. Connection of
different probe types on different channels is acceptable. Probes can be connected with the UT-ONE
switched on, however it is recommended that the acquisition sequence is stopped during connection in
order to avoid out-of-range readings.

Figure 3. Connectors for the connection of 16 thermometer probes on main channels

Connectors for one channel (Cx) consist of five banana-style connectors (two for current leads, two for
voltage leads and one for optional shield connection). Banana-style connectors accept bare wires, spade
lugs and banana connectors.

Active channel indicatqr
hield

+ I = + V = js

>
OO O0O0s
A A A o AN
Current Voltage Probe shield
connectors connectors connector

Figure 4. Connector s for one channel

System ground connector (GND) may be used to connect the shield of the probe connection cable with
the aim of reducing the noise and interference. Please note that there is no general rule regarding the
shielding and grounding connections, so this should be evaluated for each particular case. Note that in
some cases ground connection of the cable shield may actually deteriorate measurement performance
and cause measurement errors, so it should be used with caution.

www.batemika.com
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2.6.1 Connection of platinum resistance thermometers and thermistors

Platinum resistance thermometers and thermistors (RTDs) are by default connected using the 4-wire
(Kelvin) connection. RTD is connected using a pair of current wires and a pair of voltage wires. This
connection produces best measurement results and is applicable to UTONE accuracy specification.

If the RTD has only three connecting wires, connect one pair of wires to current connectors and the
remaining wire to the positive voltage connector. Make sure you select 3-WIRE connection during
channel configuration.

If the RTD has only two connecting wires, connect it to current connectors. Make sure you select
2-WIRE connection during channel configuration. Note that in this case, the resistance of connecting
wires represents a measurement error, so this connection is acceptable only for thermistor
measurements, where wire resistance is usually negligible compared to sensor resistance

RTD lead wires must be connected in floating configuration, with no electrical connection to system
ground or any other electrical potential.

I \ Shield

oJoNoJoXeok
)

Figure 5. Default 4 -wire connection of a RTD

N\

I VvV . Shield

Figure 6. 3-wire connection of a RTD

L . Shield

OO0 O0-0Os

Figure 7. 2-wire connection of a RTD
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2.6.2 Connection of thermocouples

Thermocouples are by default connected to voltage connectors. Note that red connector is the positive
and black connector is the negative pole.

Alternatively, thermocouples can also be connected to current connectors. In this case, make sure you
select the auxiliary thermocouple connection during channel configuration. This auxiliary connection is
independent from the default connection on voltage connector, so you can connect a thermocouple in
the auxiliary connection and in the default connection at the same channel.

Thermocouple wires must be connected in a floating configuration (not electrically connected to system
ground or any other electrical potential). In order to provide optimum measurement conditions, one of
the leads is internally connected to voltage bias of 2 V.

. Shield

OO Q"cp-os

Thermocouple

e

Figure 8. Default thermocouple connection using the voltage connectors

P VA Shield
(P O O:0Os
| Thermocouple

e

Figure 9. Auxiliary thermocouple connection using the current connectors

2.6.3 Internal cold-junction compensation

UT-ONE has an additional internal digital thermometer probe, which can be used for internal
cold-junction compensation for thermocouple measurements. This thermometer probe is located directly
under the connector plate between channels C6 and C7. The connector plate has significant thermal
inertia and the UT-ONE implements extensive digital filtering, so the response to rapid changes in
ambient temperature is slow, possibly resulting in significant dynamic errors. To obtain best accuracy,
always use UT-ONE in ambient with constant temperature and wait at least 30 minutes after a significant
change in ambient conditions. Current value of the internal thermo meter, as well as temperature trends,
can be observed in channel TJ.

www.batemika.com
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2.6.4 Connection of ambient probe

Optional ambient probe is used for the measurement of ambient conditions (air temperature and
relative humidity).

Ambient probe is connected to the 4-pole circular connector located on the side panel, near the USB
connector. If connector is protected by the plastic protective plug, unscrew it first. Then, gently push
the probe into the connector and screw it in until it is firmly attached. Ambient probe can b e used with
or without the extension cable. To use it without the extension cable, unscrew the probe from the cable
and connect it directly to UT-ONES16B

It is recommended that you switch off the UT -ONE S1Bwhile connecting or disconnecting the ambient
probe.

When ambient probe is disconnected, always attach the plastic protective plug in order to protect the
interface from dirt and ESD damage.

Figure 10. Ambient probe conn  ector with plastic protective plug, direct connection of
ambient probe

Figure 11. Connection of ambient probe using 2 m extension cable

www.batemika.com
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2.7 Channels

UT-ONES16Bmeasurement system consists of several measurement channels. The main diannels are
C1, C2to C16, which correspond to 16 main channels for the connection of thermometer probes. TJ is
the temperature of the internal thermometer, which is used for the internal compensation of the cold
junction of thermocouples.

UT-ONE supportstwo formats for channel names. Short format consists of two characters and a space,
for examplwehiilC& Rong format consists of three charact
remote-interface commands, channel name always consist of three characters, but both short and long
format may be used.

Table 1:List of channel names  (channel names in long format are given in parenthesis)

Channel Description

RT (RT) Real time clock

Cl1 (C01) Corrected temperature reading from temperature probe on main channel 1
C2 (C02) Corrected temperature reading from temperature probe on main channel 2
C3 (C03) Corrected temperature reading from temperature probe on main channel 3

C4 (C04) Corrected temperature reading from temperature probe on main channel 4
C5 (CO05) Corrected temperature reading from temperature probe on main channel 5
C6 (CO06) Corrected temperature reading from temperature probe on main channel 6
C7 (C07) Corrected temperature reading from temperature probe on main channel 7
C8 (C08) Corrected temperature reading from temperature probe on main channel 8
C9 (C09) Corrected temperature reading from temperature probe on main channel 9
C10 (C10) Corrected temperature reading from temperature probe on main channel 10
Cl1l1 (C11) Corrected temperature reading from temperature probe on main channel 11

Cl12 (C12) Corrected temperature reading from temperature probe on channel 12

C13 (C13) Corrected temperature reading from temperature probe on channel 13

C14 (C14) Corrected temperature reading from temperature probe on channel 14

C15 (C15) Corrected temperature reading from temperature probe on channel 15

C16 (C16) Corrected temperature reading from temperature probe on channel 16

RH (CRH) Corrected reading of relative humidity from external ambient -conditions probe
TA (CTA) Corrected reading of air temperature from external ambient -conditions probe

TD (CTD) | Corrected reading of dew-point temperature from external ambient -conditions
probe. This reading is calculated from values in channels RH and TA

TJ (CTJ) Corrected temperature reading of internal thermometer for cold -junction
compensation

T (CTI) Corrected temperature of the A/D converter. Used for internal correction of
temperature coefficients

B1 (B0O1) Raw reading (resistance or emf) of the temperature probe on main channel 1
B2 (B02) Raw reading (resistance or emf) of the temperature probe on main channel 2
B3 (B03) Raw reading (resistance or emf) of the temperature probe on main channel 3

B4 (B04) Raw reading (resistance or emf) of the temperature probe on main channel 4
B5 (B05) Raw reading (resistance or emf) of the temperature probe on main channel 5
B6 (B06) Raw reading (resistance or emf) of the temperature probe on main channel 6
B7 (BO7) Raw reading (resistance or emf) of the temperature probe on main channel 7
B8 (B08) Raw reading (resistance or emf) of the temperature probe on main channel 8
B9 (B09) Raw reading (resistance or emf) of the temperature probe on main channel 9
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B10 (B10) | Raw reading (resistance or emf) of the temperature probe on main channel 10
B11 (B11) @ Raw reading (resistance or emf) of the temperature probe on main channel 11
B12 (B12) Raw reading (resistance or emf) of the temperature probe on main channel 12
B13 (B13) Raw reading (resistance or emf) of the temperature probe on main channel 13
B14 (B14) Raw reading (resistance or emf) of the temperature probe on main channel 14
B15 (B15) Raw reading (resistance or emf) of the temperature probe on main channel 15
B16 (B16) Raw reading (resistance or emf) of the temperature probe on main channel 16
BH (BRH) Uncorrected reading of relative humidity from external ambient -conditions probe
BA (BTA) Uncorrected reading of air temperature from external ambient -conditions probe

BD (BTD) Uncorrected reading of dew-point temperature from external ambient -conditions
probe. This reading is calculated from values in channels BH and BA

BJ (BTJ) Uncorrected temperature reading of internal thermometer for cold -junction
compensation
BI (BTI) Uncorrected temperature of A/D converter

2.8 Measurement ranges

UT-ONE measurement subsystem consists of 31 physical measurement ranges, which allow the user
to perform the measurements with best accuracy and efficiency. Measurement ranges are divided in
three range groups, namely the PRT, thermistor and thermocouple ranges. Range h7 is an auxiliary
range, which allows the extension of measurement range up to 200 kY at reduced measurement
current, but this range is not part of the UT -ONE specifications and should be used with caution.

Table 2: List of physical measurement ranges for main channels

Nominal Over range Measurement Range g roup

range current
R1 25Y 31.25Y 1 mA PRT ranges
R2 50 Y 62.5Y 1 mA PRT ranges
R3 100 Y 125 Y 1 mA PRT ranges
R4 200 Y 250 Y 1 mA PRT ranges
R5 400 Y 500 Y 1 mA PRT ranges
R6 800 Y 1000 Y 1 mA PRT ranges
rl 25Y 31.25Y 0.707 mA PRT ranges
r2 50 Y 62.5Y 0.707 mA PRT ranges
r3 100 Y 125 Y 0.707 mA PRT ranges
r4 200 Y 250 Y 0.707 mA PRT ranges
r5 400 Y 500 Y 0.707 mA PRT ranges
r6 800 Y 1000 Y 0.707 mA PRT ranges
H1 2500 Y 3125 Y 10 A Thermistor ranges
H2 5000 Y 6250 Y 10 A Thermistor ranges
H3 10000 Y 12500 Y 10 A Thermistor ranges
H4 20000 Y 25000 Y 10 A Thermistor ranges
H5 40000 Y 50000 Y 10 A Thermistor ranges
H6 80000 Y 100000 Y 10 A Thermistor ranges
h1 2500 Y 3125 Y 7.07 A Thermistor ranges
h2 5000 Y 6250 Y 7.07 A Thermistor ranges
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h3 10000 Y 12500 Y 7.07 A Thermistor ranges
h4 20000 Y 25000 Y 7.07 A Thermistor ranges
h5 40000 Y 50000 Y 7.07 A Thermistor ranges
h6 80000 Y 100000 Y 7.07 A Thermistor ranges
h7 160000 Y 200000 Y 7.07 A Auxiliary range

El 15 mV 18.28125 mV Not applicable Thermocouple ranges
E2 30 mV 36.5625 mV Not applicable Thermocouple ranges
E3 60 mV 73.125 mV Not applicable Thermocouple ranges
E4 125 mV 146.25 mV Not applicable Thermocouple ranges
E5 250 mV 292.5 mV Not applicable Thermocouple ranges
E6 500 mV 585 mV Not applicable Thermocouple ranges

Each physical range has nominal range limit. Specifications are applicable only to measurements up
to nominal range limit. Each physical range features also some over range, which is approximately 25%
higher than nominal range limit. Measurements can be normally performed in the over range, but
significantly higher linearity error should be expected and taken into account in the uncertainty budget.

Apart from the 31 physical ranges, UT-ONE measurement subsystem implements also 5 virtual
autoranges. Autoranges are implemented to simplify configuration of acquisition channels, so the user
doesnoét need to know the expected resistance or e ms
autoranging, UT-ONE first samples the approximate value of prober resistance or emf and then selects
the optimal physical measurement range accordingly. Note that there is no difference in accuracy or
measurement speed between autorange and equivalent manually-selected physical range.

Table 3. Listof virtual autoranges for main channels

Over range Measurement Range group
current
RA 0to 800 Y 1000 Y 1 mA PRT ranges
rA 0to 800 Y 1000 Y 0.707 mA PRT ranges
HA 0 to 80000 Y 100000 Y 10 A Thermistor ranges
hA 0 to 80000 Y 100000 Y 7.07 A Thermistor ranges
EA 0 to 500 mV 585 mV Not applicable Thermocouple ranges
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3 User Interface

UT-ONE S16Bhas no built-in user interface for direct reading of measurement results and controlling
the acquisition. The only element of the user interface are the active -channel indicators, which are
illuminated when the channel becomes active. Note that after a single measurement on the selected
channel is completed, the channel remains active until the next measurement is started.

Control of acquisition and displaying of results is displayed exclusively in the acquisition software on a
personal computer, which is connected to UT-ONE using the communication interface.
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4 Probe Characterization

UT-ONE provides all commonly used coefficients and equations to convert measured resistance or emf
to temperature. UT-ONE has internal non-volatile memory for storage of coefficients for up to twenty
user-defined probes and has 29 predefined coefficients for standard probe types.

User-defined probes and their coefficients can be reviewed and changed in the Probes List configuration
window in the UT-ONE user interface. Alternatively, user-defined probes can be managed using the
remote interface commands.

Alternatively, user may choose to ignore the internal conversion functions and use retrieve the raw
values of resistance or emf via the remote interface. In this case, conversion to temperature is
performed in dedicated software on a computer, independently of the UT -ONE.

4.1 Data structure

Probe characterization for both user-defined and predefined probe coefficients are stored in a data
structure in binary format. Size of the data structure is 128 bytes. Data structure for probe coefficients
consists of:

1 Probe name (20 bytes)
Probe name describes the probe in unique and userfriendly manner. Probe name may consist
of probe model, manufacturer, serial number, certificate number, or it can be a functional
description of the probe. If probe name is less than 20 characters long, append space
characters up to the size of 20. There is no terminating zero character.

1 Probe type (2 bytes)
Probe type describes the type of the conversion equation used for calculation of the true
temperature. Available probe types are PP, PC, PI, NS, NE, TK, TJ, TT, TE, TN, TS, TR and TB.

1 Coefficients (6 * 8 bytes)
Coefficients are the numeric parameters of the conversion equation for the particular probe
type. Data structure supports up to six numeric parameters, but some of them may be fixed to
zero and ignored, depending on the selected probe type. Coefficients are stored as floating-
point numbers in packed binary-coded-decimal format (BCD format). Each BCD number
consists of a mantissa with 12 decimal digits, a sign character and an exponent in the range
from -99 to 99.

1 Reserved(56 bytes)
This section is reserved for future upgrades.

1 Cyclic redundancycode CRQ2 bytes)
This is an error checking signature, which ensures data integrity of the entire data structure.
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4.2 Probe types

UT-ONE supports the measurement with platinum resistance thermometers, thermistors and
thermocouples by measuring their resistance or emf. The conversion of resistance/emf to temperature
is performed using the conversion equation. Note that there can be several different types of conversion
equation available for a particular probe and the users may choose which fits their purpose.

4.2.1 PP:PRT polynomial

PRT polynomial is a simple polynomial equation that converts the resistance of a platinum resistance
thermometer to temperature. This type of conversion equation is commonly used for industrial -grade
PRTs. R coefficient is also knownas t he resi stance of a PRT at ice poir
measure of PRT stability between the successive calibrations. Conversion equation supports polynomials
up to fifth order, but often the coefficients of up to second or third order are suffi cient. In this case, set
the rest of the coefficients to 0.

PP: PRT Polynomial
R(t)=Ro(1+a, t+ay £+ay '+
+a, t'rag )

Figure 12: Conversion equation for PP probe type

4.2.2 PC:PRTCVD

PRT CVD is a Callendaivan Dusen equation that converts the resistance of a platinum resistance
thermometer to temperature. This type of conversion equation is commonly used for industrial -grade

PRTSs. This equation is similar to PRT polynomial equation, but it has an additional conditional parameter
for temperatures below 0 AC. dtf ttemepgeamoaneurea dbsovceal d b
coefficient Cto0. Rocoef fi ci ent is also known as the resistance
used as a measure of PRT stability between the successive calibrations. Coefficient D is rarely used, but
it improves the accuracy at high temperatures. If D is not used, set it to 0.

PC: PRT CVD
R(t)=Ro-(1+A-t +B-£+C-(£-100)-
-P-(t<0)+D )

Figure 13. Conversion equation for PC probe type

4.2.3 PI: SPRTITS-90

SPRT ITS90 is a set of equations, defined by the International Temperature Scale of 1990 (ITS -90),
which converts the resistance of a standard platinum resistance thermometer (SPRT) to temperature.
Consult the ITS-90 definition for applicability and usage of this equation type. ITS -90 defines several
conversion equations for particular temperature ranges, but UT-ONE supports only two of the most
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commonly used temperature ranges. The low temperature range is used for temperatures from the

triple pointofargon (-189. 3442 AC) up to the triple point of wat
rangeisused f or temperatures from triple point of water (
(660.323 AcC). Note that the thermometer can also be
the appropriate coefficients to zero. Rtpw coefficient is the resistance of the SPRT in the triple point of

water and can be used as a measure of SPRT stability between the successive calibrations.

UT-ONE does not perform any internal self-heating correction procedure. It is recommended, that
during calibration coefficients are calculated for resistance at 1 mA current (and not for 0 mA current).
If coefficients are available only for 0 mA current, a reasonable approximation is to add the value of
self-heating for 1 mA at triple point of water to the R tpw coefficient.

Pl: SPRT ITS-90

W=R(t)/Rrerw

W-W=a, (WA )+b, (1) In(W)

W-W, =ay (1) +by (A1) 2+
+cg(Me1)?

Figure 14. Conversion equations for Pl probe type

4.2.4 NS: NTC Steinhart-Hart

NTC SteinhartHart is a standard conversion equation for negative-temperature-coefficients
thermistors. Note that temperature 7in the equation has the unit kelvin.

NS: NTC SH
1/T=A+B1n(R)+CIn(R)?

Figure 15.: Conversion equation for NS probe type

4.2.5 NP:NTC Polynomial

NTC polynomial is a generalized form of the Steinhart-Hart equation. It features polynomial of up to
fifth order which permits better fitting accuracy than Steinhart -Hart equation. Note that temperature 7
in the equation has the unit kelvin.

NP: NTC Polynomial

1/T =ap+a;-In(R)+a,- In(R)’+
+ayIn(R)*+a, In(R)*+as-In(R)*

Figure 16. Conversion equation for N P probe type
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4.2.6 NE: NTC exponential

This is the simplified version of the Steinhart-Hart equation, where coefficient C is equal to zero. This
equation is useful only for relatively narrow temperature ranges, otherwise the conversion error may
become too large.

NE: NTC exponential
R=alphaexp(beta/T)

Figure 17.: Conversion equation for NE probe type

4.2.7 TK: Thermocouple Type K

TK is a deviation function for the thermocouple of type K. Deviation function is given as the difference
between the measured emf and the emf reference function according to IEC 60584-1 for the particular

thermocouple type. Cold junction of measured and ref
measured thermocouple is not at O AC, measured emf is
cold junction temperature . Conversion is valid in the temperature range from -200 AC to 1370 AC

TK: TC Type K
E(t)*E,(ty)-E, (1) =

=a,+a, f+ay ﬁ"ﬂa'fs

Figure 18. Conversion equation for TK probe type

4.2.8 TJ: Thermocouple Type J

TJ is a deviation function for the thermocouple of type J. Deviation function is giv en as the difference

between the measured emf and the emf reference function according to IEC 60584 -1 for the particular
thermocouple type. Cold junction of measured and ref
measured thermocoupmeassr eodtemt i0s A€Corrected for the
cold junction temperature. Conversion is valid in the temperature range from -200 AC to 1200 AC.

TJ: TC Type J
E(t)*E,(ty)-E, (1) =

=a,+a, f+ay ﬁ"ﬂa'fs

Figure 19.: Conversion equation for TJ probe type
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4.2.9 TT: Thermocouple Type T

TT is a deviation function for the thermocouple of type T. Deviation function is given as the difference

between the measured emf and the emf reference function according to IEC 60584 -1 for the particular

thermocouple type. Cold junction of measured and r ef erence emf is at 0 AC. I
measured thermocouple is not at O AC, measured emf is
cold junction temperature. Conversion is valid in the temperature range from -200 AC t o 400 AC.

TT.:TC Type T
E(t)+E,(t) -En(1) =

=a,+a, f+ay ﬁﬂa'tg

Figur e 20. Conversion equation for TK probe type

4.2.10 TE: Thermocouple Type E

TE is a deviation function for the thermocouple of type E. Deviation function is given as the difference
between the measured emf and the emf reference function ac cording to IEC 60584-1 for the particular
thermocouple type. Cold junction of measured and ref
measured thermocouple is not at O AC, measured emf is
cold junction temperature. Conversion is valid in the temperature rangefrom -200 AC to 1000 AC.

TE: TC Type E

Eft)+E,(ty)-Ep()=
=a,+a, f+ay ﬁﬂa'tg

Figure 21 . Conversion equation for TE probe type

4.2.11TN: Thermocouple Type N

TN is a deviation function for the thermocouple of type N. Deviation function is given as the difference
between the measured emf and the emf reference function according to IEC 60584 -1 for the particular

thermocouple type. Cold junction of measured and ref
measured thermocouplei s not at 0 AC, measured emf is corrected
cold junction temperature. Conversion is valid in the temperature range from -200 AC to 1300 AC

TN: TC Type N
E(t)+E,(t) -En(1) =

=a,+a, f+ay ﬁﬂa'tg

Figure 22. Conversion equation for TN probe type
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4.2.12TS: Thermocouple Type S

TS is a deviation function for the thermocouple of type S. Deviation function is given as the difference

between the measured emf and the emf reference function according to IEC 60584 -1 for the particular

thermocouple type. Cold juncton of measured and reference emf s at
measured thermocouple is not at O AC, measured emf is
cold junction temperature. Conversion is valid in the temperature range from -5 0 A C7 668 AlC.

TS: TC Type S
E(t) +Ey(ts)-Ex(t)=

=a,+a, f+ay ﬁﬂa'tg

Figure 23.: Conversion equation for TS probe type

4.2.13 TR: Thermocouple Type R

TR is a deviation function for the thermocouple of type R. Deviation function is given as the difference

between the measured emf and the emf refere nce function according to IEC 60584-1 for the particular
thermocouple type. Cold junction of measured and ref
measured thermocouple is not at O AC, measured emf s
cold junction temperature. Conversion is valid in the temperature range from -50 AC to 1768 AC.

TR: TC Type R

E(t)+Eq(ty)-En(t)=
=agtay t+ay t'+ay £

Figure 24 . Conversion equation for TS probe type

4.2.14 TB: Thermocouple Type B

TB is a deviation function for the thermocouple of type B. D eviation function is given as the difference
between the measured emf and the emf reference function according to IEC 60584 -1 for the particular

thermocouple type. Cold junction of measured and ref

measuredther mocoupl e is not at O AC, measured emf is corre

cold junction temperature. Conversion is valid in the
TB: TC Type B

E() +Ey(t,)-E,(t)=

=a,+a, f+ay ﬁﬂa'tg

Figure 25. Conversion equation for TB probe t ype

www.batemika.com



http://www.batemika.com/

UT-ONE S16B BATEMIKA

measurement solutions
16-Channel Thermometer Readout R

4.3 Ambient probes

UT-ONE features three additional ambient probes. The internal thermometer on channel TJ is used for
the cold-junction compensation for thermocouple measurements. The internal thermometer on channel
Tl is used for the temperature compensation of resistance and emf readings. The optional external
combined probe for relative humidity and air temperature on channels RH and TA is used primarily for
monitoring ambient conditions. All ambient probes have a direct indication in temperatur e or relative
humidity, but to improve the accuracy, a deviation function obtained in calibration can be entered in
UT-ONE.

4.3.1 Relative humidity deviation function

Relative humidity deviation function is applicable to channel RH of the external combined probe. UT-
ONE implements the relative humidity function with up to six coefficients, which can provide excellent
accuracy over wide temperature and relative humidity range. In most applications, especially if the
combined probe is used only for monitoring ambient conditions in a laboratory, a linear deviation
function with coefficients ao and az is sufficient. In this case, set the unused coefficients to zero.

RH- RHquy =@, +8, RH +a, (RH” +a,@+a, AQRH +a, OQRH?

4.3.2 Temperature deviation function

Temperature deviation function is applicable to channels TA of the external combined probe, TJ of the
internal CJC thermometer and Tl of the internal ADC thermometer. UT-ONE implements the temperature
deviation function with up to four coefficients, which can provide excellent accuracy over wide
temperature range. In most applications, especially for monitoring ambient conditions in a laboratory
or for cold junction compensation, a linear deviation function with coefficients a o and au is sufficient. In
this case, set the unused coefficients to zero.

t- tRAW:aO+ai®+aQ®2+aS®3
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5 Remote Communication Interface

Remote communication interface can be used to control the device from a computer using the USB
interface and optional GPIB/RS232 interface Remote interface operation has no effect on the device
measurement capabilities and both interfaces can be accessed independently at maximum supported
speed.

5.1 USB interface

USB interface is a fast and reliable communication protocol, readily available on most personal
computers. UT-ONE USB interface is compatible with USB 2.0 standard and implements Full speed
communication (12 Mbits/s).

For communication over the USB interface it is recommended to use the LabVIEW drivers provided by
Batemika. These drivers internally implement the USB protocol, so the user can directly write and read
messages from the UT-ONEdevice.

In case the user chooses to implement the USB driver in another programming language, use the
following protocol parameters:

1 Vendor ID: Ox03EB
1 Product ID: 0xC147
1 Manufacturer name: Batemika
1 Model name: UT-ONE
1 Serial number: unique for each device
1 Transfer type: bulk transfer on endpoint 1
USB connector is located in the front side of the UT-ONEBO3B. Connector is a standard

Connection cable must be a dedicated double screened USB 2.0c ompat i bl e cabl e with ¢
plug on computer side and standard 6B6 plug on device
is recommended. Never use unshielded USB 1.1 compatible cables or cables exceeding 3 meters in
length.
USB remote interface requires device driver installation after the device is connected to the computer
for the first time. Use the *.inf file provided by the manufacturer to install support for LabVIEW drivers.
USB interface can also be used to powerthe UT-ONEdevice. Note that UT-ONEcan require up to 500
mA of supply current, which is the standard limit for a single USB port. Note that some USB ports
(especially on some laptop computers) may not be able to provide sufficient power. In this case, use
an external USB hub with a separate power supply. Use of external hubs without separate power supply
(bus powered) is not recommended.
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Figure 26. USB connector on the side  panel of UT-ONE

Figure 27.:USB cable
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5.2 GPIB Interface

GPIB interface is an optional accessory for UFONE S16B Note that even if you are using GPIB
interface for communication, you still have to power the UT -ONE S16B using the USB interface.

GPIB interface (also known as HPIB and IEEE488) is anindustry-standard communication interface
for the connection of measurement instruments with a personal computer. GPIB interface is fast and
reliable with transfer rates of up to 1 Mbyte per second. GPIB allows the connection of up to 15
instruments in a single measurement system. Each instrument must have a unique GPIB address in
range from 1 to 30.

UT-ONE GPIB interface is fully compatible with IEEE 488.1 standard. The interface supports the
following interface functions according to IEEE 488.1: SH1, AH1, T6, L4, SR1, RLO, DC1, DTO, CO and
E2. The interface supports serial polling, but it will never generate a serial poll request and will always
return a constant status byte. Recommended settling time for multiline messages (T1) is 1100 ns.

GPIB address can be set only via the remote communication interface using the GA command or the
UT-ONE Interface application. Optionally, if GPIB interface is not used, you may disable it and
consequentially reduce the power consumption.

Changes to GPIB address and  enabl e status will become valid only after you restart the
UT-ONE by cycling the power supply.

Figure 28. RS232+ GPIB connector on the side  panel of UT -ONE

5.3 RS232 interface

RS232 is a lowspeed serial communication interface, popular in measurement devices due to its
simplicity, robustness and reliability. Although RS232 interface is becoming less common on personal
computers and especially laptops, low-cost USBRS232 adapters are available.

RS232 inteface settings:

1  Odd parity (configurable to none or even parity)

1 8 data bits

1 1 or2stop bit

1 Baud rate is software selectable (300, 600, 1200, 4800, 9600, 19200, 38400, 56000, 57600,
115200, 128000, 230400 and 25000 baud)

Connection cable is a straight cable (not crossed or null-modem cable), also known as extension cable.
Note that only pins 2, 3 and 5 are internally connected. Note that GND connection effectively connects
the computer ground and the device digital ground. Use of dedicated cable with proper shielding and
reasonable length is recommended. If a long cable is required, only three lines (2, 3 and 5) are
mandatory.
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1NC c 071D'CD' ' o—oRequired
. 2TxD o o 2RxD 0---0 Optional
23 3RxD o o 3TxD ©
g5 4NC o o 4DTR %9
we 5GND o o 5GND ;32
€ 6NC o o 6DSR 8&
52 7NC o o 7RTS 3
© 8NC o o 8CTS &
9NC o o 9RI

Figure 29. RS232 Cable wiring diagram

RS232 connector is located on the side panel of UT-ONE. Connector is the standard DB9 female
connector. Computers and most USBRS232 adapters have a standard DB9 male connector. The
connection cable must therefore have one male and one female DB-9 connector. It is possible to connect
several connection cables in series. Alternatively, a compatible USB-RS232 adapter may be connected
directly to UT-ONE without the use of additional connection cable.

Figure 30: RS232 connector on the side  panel of UT -ONE

Figure 31:RS232 connection cable

Figure 32.:USB-RS232 adapter (notincluded with UT  -ONE)
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5.4 HyperTerminal

HyperTerminal is an industry-standard tool for testing the communication via serial interface. UT -ONE
supports HyperTerminal operation using a modified communication protocol. UT-ONE can automatically
detect the use of HyperTerminal and change the termination character from LF to CR+LF. It also
removes the timeout between the individual received characters, so user can type commands at any
pace. Note that the first comma nd over HyperTerminal is ignored, so that UT-ONE can internally switch
to modified communication protocol.

HyperTerminal must be configured using the following settings:

COMS3 Properties ? X ¢ Properties 7 x ASCI Setup ? X
Port Settings Connect To  Settings ASCIl Sendi
endin
Function, amaw, and ctf keys act as .
@ Teminalkeys () Windows keys Send line ends with line feeds
Bits per second Echo typed characters locally
Backspace key sends
Cu+H O Del Cu+H, Space, Cti+H i . il
Databie ® O @] pace Line delay: EI miliseconds.
Emulation: Character delay: EI milliseconds.
Party. [0dd - Teminal Setup
e ASCl Receing
Backscrol bufferines Append line feeds to incoming line ends
Flow control [ Play sound when connecting or disconnecting D s incoming data to 7bit ASCII
Wrap lines that exceed terminal width
ok | [ cae | [ my | P [ ok ]| canca |
Figure 33. HyperTerminal settings for communication with UT — -ONE
- ] X

W7 ¢ - HyperTerminal
File Edit View Call Transfer Help
D @& 05

I?

I?

OKBatemika, UT-OME $12B
Iv?

0K2.07.85r

MI?
OKRT : 08652817330 RH :+5.47.00000000E+01,TA :+2.72600000000E+01,TD :+1.737000000
BBE+01,TJ :+2.62021520000E+01,TI :+2.86558640000E+01

Connected 00:00:32

Auto detect 38400 8-M-1 SCROLL CAPS |NUM | Capture | Print echo

Figure 34. HyperTerminal example
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5.5 MODBUS Protocol Support

UT-ONE thermometer readout provides a limited support for communication using the MODBUS
protocol via serial interface. This feature is primarily intended for connecting UT-ONE to PLC industrial
controllers. MODBUS support is limited to basic configuration of communication parameters and reading
of acquired measurements in continuous measurement mode. Use U7T-ONE Command Setor UT-ONE
Applications software to access full configuration and acquisition capabilities of the UT-ONE device.

This user manual provides only a basic description of the MODBUS protocol. For detailed description
r e f e MODRBUS Application Protocol Specificatiod a v a i |fraebdbwaloaid at wwww.modbus.org.

5.5.1 MODBUS message structure

MODBUS defines a digital communication network to have one MASTER device (PLC or computer) and
one or more SLAVE devices (UTONE). Note that when using RS232 canmunication interface, only one
SLAVE device can be connected. Communication is always initiated by the MASTER device and only the
addressed SLAVE device will reply.

UT-ONE only supports RTU mode of transmission.

Message frame format is presented in the following table:

Frame start | Device address | Function code Data CRC End of transmision
1 byte 1 byte n bytes 2 bytes

1 Frame Startis a period of inactivity at least 3.5 times the single character transmission time

1 Device addressis a single-byte (8 bits) identifier unique to each slave device. Default UT-ONE
device address is 1, but it can be changed to any value between 1 and 247. Device address 0
is a special case that will broadcast a message to all slave device and slave device will not
respond.

1 Function codeis a single-byte (8 bits) instruction to the slave describing the action to perform.
UT-ONE supports function codes 3, 4, 6 and 16.

1 Data segment if the message depends on the function code. Typically it will contain a
parameter address, number of parameters and parameter data.

1 CRC(Cyclic Redundancy Check) is an errorcheck code and is two bytes (16 bits) long. CRC
polynomial is 0xA001 and initial value is OXFFFF.

1 End of transmissionis a period of inactivity 3.5 times the single -character transmission time.
The EOT segment at the end of a message indicates to the listening device that the next
transmission will be a new message.
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UT-ONE supports a minimal set of MODBUS function codes which enable writing and reading
parameter values in the UT-ONE parameter table. Parameter values are 16bit integer words, however
more than one consecutive 16-bit parameter value can be combined to represent one data value.

17 READ N WORDS (3 or 4)
Reads specified number of parameter values starting at specified parameter address.
Maximum of 32 16-bit parameter values can be read in a single message.

Command:
Device | Function code Starting Number of words to CRC
address 3or4 address read
1 byte 1 byte MSB ‘ LSB MSB LSB MSB LSB
Response:
Device | Function code | Number of Value of | €| Value of last CRC
address 3or4 bytesread | first word word
1 byte 1 byte 1 byte MSB | LSB| é| MSB | LSB | MSB | LSB

1 WRITE A WORD (6)
Writes a single parameter value to the specified parameter address. Using a device address
0 will broadcast parameter value to all devices regardless of their device address.

Command:
Device Function code Parameter Parameter value CRC
address 6 address
1 byte 1 byte MSB LSB MSB LSB MSB LSB
Response:
Device Function code Parameter Parameter value CRC
address 6 address
1 byte 1 byte MSB LSB MSB LSB MSB LSB

1 WRITE N WORDS (16)
Writes N parameter values starting at the specified parameter address. Using a device
address 0 will broadcast parameter values to all devices regardless of their device address.
Maximum of 32 16-bit parameter values can be written in a single message.

Command:
Device | Function code Starting Number Number of Data CRC
address 10 address of words bytes (N)
1 byte 1 byte MSB | LSB [MSB | LSB 1 byte N bytes |MSB | LSB
Response:
Device | Function code Starting Number of words CRC
address 10 address written
1 byte 1 byte MSB | LSB MSB LSB MSB LSB
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5.5.3 MODBUS Parameter Table

MODBUS protocol is based on reading and writing parameter values in an addressable parameter
table. Each parameter is a 16-bit integer word (signed or unsigned). Several consecutive parameter
words can be combined in a larger data type.

The following table lists all addressable parameters supported by UT-ONE. Parameters with R/W

access can be read and written while parameters with R access can only be read (writing to the
parameter will result in an error).

Address | Address | Description Size Access
DEC HEX
1 0x0001 Continuous acquisition status (0=Idle, 1=Acquiring) 1 word R/W
16 0x0010 Device address 1 word R/W
17 0x0011 Baud rate (0=300, 1=600, 2=1200, 3=2400, 4=4800, 5=9600, 1 word R/W
6=19200, 7=38400, 8=56000, 9=57600, 10=115200, 11=128000,
12=23400, 13=250000)

18 0x0012 Parity (0O=No parity, 1=0dd parity, 2=Even parity) 1 word R/W
256 0x0100 C1ltemperature value in 16-bit integer format 1 word R
257 0x0101 C2 temperature value in 16-bit integer format 1 word R
258 0x0102 C3 temperature value in 16-bit integer format 1 word R
259 0x0103 C4 temperature value in 16-bit integer format 1 word R
260 0x0104 C5 temperature value in 16-bit integer format 1 word R
261 0x0105 C6 temperature value in 16-bit integer format 1 word R
262 0x0106 C7 temperature value in 16-bit integer format 1 word R
263 0x0107 C8 temperature value in 16-bit integer format 1 word R
264 0x0108 C9 temperature value in 16-bit integer format 1 word R
265 0x0109 C10 temperature value in 16-bit integer format 1 word R
266 0x010A C11 temperature value in 16-bit integer format 1 word R
267 0x010B C12 temperature value in 16-bit integer format 1 word R
320 0x0140 B1 raw value in 16-bit integer format 1 word R
321 0x0141 B2 raw value in 16-bit integer format 1 word R
322 0x0142 B3 raw value in 16-bit integer format 1 word R
323 0x0143 B4 raw value in 16-bit integer format 1 word R
324 0x0144 B5 raw value in 16-bit integer format 1 word R
325 0x0145 B6 raw value in 16-bit integer format 1 word R
326 0x0146 B7 raw value in 16-bit integer format 1 word R
327 0x0147 B8 raw value in 16-bit integer format 1 word R
328 0x0148 B9 raw value in 16-bit integer format 1 word R
329 0x0149 B10 raw value in 16-bit integer format 1 word R
330 0x014A B11 raw value in 16-bit integer format 1 word R
331 0x014B B12 raw value in 16-bit integer format 1 word R
384 0x0180 RH relative humidity value in 16 -bit integer format 1 word R
385 0x0181 TA temperature value in 16-bit integer format 1 word R
386 0x0182 TD temperature value in 16-bit integer format 1 word R
387 0x0183 TJ temperature value in 16-bit integer format 1 word R
388 0x0184 TI temperature value in 16 -bit integer format 1 word R
448 0x01C0 BH relative humidity raw value in 16 -bit integer format 1 word R
449 0x01C1 BA temperature raw value in 16-bit integer format 1 word R
450 0x01C2 BD temperature raw value in 16-bit integer format 1 word R
451 0x01C3 BJ temperature raw value in 16-bit integer format 1 word R
452 0x01C4 Bl temperature raw value in 16 -bit integer format 1 word R
512 0x0200 C1 temperature value in 32-bit integer format 2words | R
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514 0x0202 C2 temperature value in 32-bit integer format 2words | R
516 0x0204 C3 temperature value in 32-bit integer format 2words | R
518 0x0206 C4 temperature value in 32-bit integer format 2words | R
520 0x0208 C5 temperature value in 32-bit integer format 2words | R
522 0x020A C6 temperature value in 32-bit integer format 2words | R
524 0x020C C7 temperature value in 32-bit integer format 2words | R
526 0x020E C8 temperature value in 32-bit integer format 2words | R
528 0x0210 C9 temperature value in 32-bit integer format 2words | R
530 0x0212 C10 temperature value in 32-bit integer format 2words | R
532 0x0214 C11 temperature value in 32-bit integer format 2words | R
534 0x0216 C12 temperature value in 32-bit integer format 2words | R
640 0x0280 B1 raw value in 32-bit integer format 2words | R
642 0x0282 B2 raw value in 32-bit integer format 2words | R
644 0x0284 B3 raw value in 32-bit integer format 2 words R
646 0x0286 B4 raw value in 32-bit integer format 2 words R
648 0x0288 B5 raw value in 32-bit integer format 2words | R
650 0x028A B6 raw value in 32-bit integer format 2words | R
652 0x028C B7 raw value in 32-bit integer format 2words | R
654 0x028E B8 raw value in 32-bit integer format 2 words R
656 0x0230 B9 raw value in 32-bit integer format 2words | R
658 0x0232 B10 raw value in 32-bit integer format 2words | R
660 0x0234 B11 raw value in 32-bit integer format 2words | R
662 0x0236 B12 raw value in 32-bit integer format 2words | R
768 0x0300 RH relative humidity value in 32-bit integer format 2words | R
770 0x0302 TA temperature value in 32-bit integer format 2words | R
772 0x0304 TD temperature value in 32-bit integer format 2words | R
774 0x0306 TJ temperature value in 32-bit integer format 2words | R
776 0x0308 TI temperature value in 32 -bit integer format 2words | R
896 0x0380 BH relative humidity raw value in 32-bit integer format 2words | R
898 0x0382 BA temperature raw value in 32-bit integer format 2words | R
900 0x0384 BD temperature raw value in 32-bit integer format 2words | R
902 0x0386 BJ temperature raw value in 32-bit integer format 2words | R
904 0x0388 Bl temperature raw value in 32 -bit integer format 2words | R
512 0x0400 C1 temperature value in Float32 format 2words | R
514 0x0402 C2 temperature value in Float32 format 2words | R
516 0x0404 C3 temperature value in Float32 format 2words | R
518 0x0406 C4 temperature value in Float32 format 2words | R
520 0x0408 C5 temperature value in Float32 format 2words | R
522 0x040A C6 temperature value in Float32 format 2words | R
524 0x040C C7 temperature value in Float32 format 2words | R
526 0x040E C8 temperature value in Float32 format 2words | R
528 0x0410 C9 temperature value in Float32 format 2words | R
530 0x0412 C10 temperature value in Float32 format 2words | R
532 0x0414 C11 temperature value in Float32 format 2words | R
534 0x0416 C12 temperature value in Float32 format 2words | R
640 0x0480 B1 raw value in Float32 format 2words | R
642 0x0482 B2 raw value in Float32 format 2words | R
644 0x0484 B3 raw value in Float32 format 2words | R
646 0x0486 B4 raw value in Float32 format 2words | R
648 0x0488 B5 raw value in Float32 format 2words | R
650 0x048A B6 raw value in Float32 format 2words | R
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652 0x048C B7 raw value in Float32 format 2words | R
654 0x048E B8 raw value in Float32 format 2words | R
656 0x0430 B9 raw value in Float32 format 2words | R
658 0x0432 B10 raw value in Float32 format 2 words R
660 0x0434 B11 raw value in Float32 format 2words | R
662 0x0436 B12 raw value in Float32 format 2words | R
768 0x0500 RH relative humidity value in Float32 format 2words | R
770 0x0502 TA temperature value in Float32 format 2 words R
772 0x0504 TD temperature value in Float32 format 2words | R
774 0x0506 TJ temperature value in Float32 format 2words | R
776 0x0508 Tl temperature value in 32 Float32 format 2words | R
896 0x0580 BH relative humidity raw value in Float32 format 2words | R
898 0x0582 BA temperature raw value in Float32 format 2words | R
900 0x0584 BD temperature raw value in Float32 format 2words | R
902 0x0586 BJ temperature raw value in Float32 format 2words | R
904 0x0588 Bl temperature raw value in Float32 format 2words | R

5.5.4 Dataformats

UT-ONE supports reading of temperature and raw-data values in three different numeric formats.

1 16-bit integer format is the simplest data format that stores the value in a single 16 -bit word
with reduced accuracy and range. Numeric resolution is 0.01 and range is -327.67 to
+327.67. Values out of ranges are truncated to range limits. Readings are caverted directly
to numeric values regardless of unit.

Examples:
12412 (0x307C) = +124.12

-2334 (OXF6E2) = -23.34
0  (0x0000) = 0.00
32767 (OX7TFFF) = +327.67
-32767 (0x8001) = -327.67

-32768 (0x8000) =ERROR or EMPTY
1 32-bit integer format is the data format that UT -ONE uses to store readings to internal flash
memory. The value in the 3 least significant bits determines the unit and resolution:
0 = temperature in kelvin with resolution 0.000001 K
1 =ERROR or EMPTY
2 = relative humidity in %rh with resolution 0.000001 %rh
3=emfin OV with resolution 0.001 OV
4 = resistance in ohm with resolution 0.0001 ohm
5 = resistance in ohm with resolution 0.00001 ohm
6 = resistance in ohm with resolution 0.000001 ohm
7 = resistance in ohm with resolution 0.0000001 ohm

Examples:
(0) 0728273456 (0x2B689230) = 728.273456 K = 455. 123456 AC
(0) 0268026544 (OXOFF9C2B) = 268.026544K=-5. 123456 AC

(2) 0055120002 (0x03491082) = 55.120000 %rh

(3) 0032566123 (0XO1FOEB6B = 32566.120 OV

(3) 4294151811 (OXFFF38E83 = -815.488 OV

(4) 1554441244 (0x5CABE41G = 155444.1240 ohm
(7) 1011234575 (0x3C46370P = 101.1234568 ohm
(1) 0016843009 (0x01010101) = EMPTY

(1) 0033686017 (0x02020201) = ERROR
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1 Float32 is a single-precision floating-point format as defined in IEEE 754 standard. Float32
represents all UT-ONE temperature and raw-data readings with full precision and entire
range. Float32 is most commonly used for advanced floating-point calculations in industrial
controllers. Float32 is stored in 32 bits:

Sign Exponent Fraction
31 30 23 | 22 0
The Float32 is stored in two consecutive words (example value 20.91):

Lower MODBUS address | Higher MODBUS address
MSB LSB MSB LSB
0x41 OxA7 0x47 OXAE

Examples:

O0x41A747AE= 20.91

OxC2FAE969= -125.45588
0x4879AF8E= 255678.22

0x42C83F35= 100.12345

OXFFFFFFFF = NaN (EMPTY or ERROR)

5.5.5 MODBUS Examples

Start acquisition by writing 1 to parameter at address 0x0001, device address 1:
Command: 01 06 00 01 00 01 19CA
Response: 01 06 00 01 00 01 19 CA
Stop acquisition by writing 0 to parameter at address 0x0001, device address 1:
Command: 0106 00 01 0000 D8O0A
Response: 01 06 00 01 00 00 D8 OA
Set communication parameters (device address = 22, baud rate = 96 00, parity=odd) by writing to
three consecutive parameters starting at address 0x0001, device address 0 (broadcast to all connected
devices regardless of device address):
Command: 00 10 00 10 00 03 06 00 16 00 05 00 01 7D 96
Response:
Read temperature value of channels C1 and C2 in 16 bit integer fgrmat. Device address is 1. quuired
temperature values are 22.23 AC and 21.95 AC.
Command: 01 03 01 00 00 02 C5 F7
Response: 010304 O08AF0893 8FDF
Read temperature value of channels C1 and C2 in 32bit integer format. Dg:vice address is 1. Acquired )
temperature values are 22.237344 AC and 21.951616 AC.
Command: 01 03 02 00 00 04 45 B1
Response: 010308 119B40DO0 1196 E4 BO 1F 68
Read temperature value of channels C1 and C2 in Float32 format. Deyice address is 1. Acquired )
temperature values are 22.237345 AC and 21.951616 AC.
Command: 01 03 04 00 00 04 45 39
Response: 010308 41B1E6 1541 AF9C E9 66 76
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5.5.6 QModMaster Test Software

QModMaster is an industry-standard free-of-charge software for communication between a computer
and a MODBUS serial device such as UTONE. QModMaster can be used for testing MODBUS
communications and is a good starting point for troubleshooting or developing your own applications.

QModMaster is available for download at https://sourceforge.net/projects/gmodmaster/ .

& OModMaster - *

File Options Commands VYiew Help

ORI KEOSCEC S DAE TEED OO
Modbus Mode RTU  Slave Addr Scan Rate (ms)
Function Code |Read Holding Registers (1x03) | Start Address

Mumber of Registers [12 |2 Data Format |Hex! «

X X X X X X X X 4244 1478

41A7 EB85 411E 3D71 4189 45D3 4197 5BD1 FFFF FFFF

@ RIU:\\WA\COM18 | 9600,8,1,0dd Base Addr: 0 Packets : 14 Errors ; O

Figure 35. QModMaster software

[-] Modbus RTU Set... ? >
Serial device Com w
Serial port |1B E"
Baud 9600 v|
Data Bits E |
Stop Bits [1 |
Parity \Odd |
RTS 'Disable v|
ok [ cancel |
Figure 36. QModMaster communication configuration (UT -ONE set to 9 600 baud)
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5.6 Command set

UT-ONE command set is the default command set used for communication with UT-ONE devices over
communication interfaces. This command set is recommended for developing user applications and
provides a complete interface to UT-ONE fundionality.

UT-ONE command setis the same for all thermometer readouts from the UT -ONE family, but note that
some commands are applicable only to particular UT-ONE models. For example, commands for
streaming readings from the SD card are applicable only to models with a display, commands for setting
GPIB parameters are applicable only to devices with GPIB option installed, etc.

Command set is identical for USB, RS232 and GPIB communication interfaces. However, RS232 and
GPIBis considerably slower than USB, so commands involving transfer of large blocks of data are more
suitable for USB communication interface.

Input and output communication buffers are 255 bytes long, so messages exciding 255 characters will
result in a communication error.

USB interface can be used independently at the same time as the GPIB or RS232 interface. GPIB and
RS232 share the same resources, so you can only use one of them at the same time. If you perform
communication over one of them, make a communication pause of at least 200 ms before resuming
communication with the other interface. UT -ONE will automatically start the communication on the
activated communication interface.

Messagescan be sent at any rate without affecting the device operation or accuracy of measurements.
Always read the response message before starting the next command. Sending several concatenated
command messages together is not allowed. When using USB interface, always send the entire message
in a single data block.

Commands never wait for some operation to complete, they always return the current status or data.
The command processing time is typically a few ms and always less than 100 ms. Note that this does
not include the data transfer time, which may be considerable for long message s and low baud rates
with RS232 interface.

5.6.1 Command syntax

Command and response messages are constructed exclusively of printable ASCII characters. Messages
are case sensitive, so use only capital letters.

Communication protocol is based strictly on the client-server architecture. The computer starts the
command by sending the command message and the device always replies with the response message.

Each message is terminated with the line feed character (hexadecimal value Ox0A).

Response message is constructed of obligatory satus message and optional data message. Status
message is defined by the first two characters of the response message. Status message are:

OKsignals that the command was correctly executed

E1signals a syntax error in the command message

EZsignals invalid parameter value or format

E3signals invalid CRC value in a data block

E4signals communication error on the interface level

E5signals that the communication buffer for data transfer to display is full

E6'signals that command is valid, but cannot be accepted at this time

E7 signals that command is valid, but it is not supported by the particular device configuration
E8to E9are reserved values

=4 =4 8 _8_9_8_-42_-42_-2

5.6.1.1 Binary blocks

Binary data of any value can be sent using a binary block structure. This allows you to send non-
printable characters without interfering with the communication protocol. Binary block is always placed
in the beginning of the command message and after status in the response message. Binary block
syntax is:
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#ddd{ binary data of size ddat

The hash character # marks the beginning of the binary block. Three decimal digits ddd specify the
length of binary data. This length does not include the characters #ddd{ and }, it includes only the
net length of binary data. The opening brac es character { marks the beginning of the binary data and
the closing braces character} marks the end of the binary data. Binary data consists of ddd characters
of any value, including line feed, zero character and braces. Note that the end of binary data is defined
by the length ddd, the closing braces is just a syntax element. A closing braces character within the
binary data will not signal the end of binary block.

Example:

Binary block: #010{ 3366 AF 3020 2049 53 }

5.6.1.2 BCD numeric format

UT-ONE stores floating-point numbers using a signed BCD (Binary Coded Decimal) numeric format with
12 digits and exponent in range from -99 to +99:

Nd.dddddddddddEN e e

BCD numbers are often used in command and response messages in ASCII format, which mustfollow
exact syntax defined above. If the first digit of mantissa is equal to zero, the whole number is treated
as zero. Adjust the exponent so that the first digit of mantissa is not equal to zero.

Examples:

Valid ASCII BCD numbers: - 1.23456789012E - 34

+3.14159265359E+00
+1.00185000000E+02
+0.00000000000E+00
+9.99999999999E+99

Invalid ASCII BCD numbers: - 1.23452E - 34
+3.14159265359
100.00185
0
0.000123

BCD numbers can also be stored in packed BCD format which stores one floating-point BCD in 8 eight
bytes of memory. 6 bytes are used for decimal digits dd (two digits in each byte), one is used for sign
ss (0x0C for positive sign and 0x0D for negative sign). Exponent ee in range from -99 to 99 is stored in
signed twobs complement binary format (one byt

dd dd dd dd dd dd ss ee

Packed BCD numbers are often used in commands that store data directly to UT-ONE nonvolatile
memory. Packed BCD number format includes nonprintable characters, so they can only be used in a
message inside a binary block.

Examples:

Packed BCD numbers: 12 34 56 78 90 12 OD DE

31415926 5359 0C 00
10 01 85 00 00 00 OC 02

00 00 00 00 00 00 00 00
99 99 99 99 99 99 0C 63

5.6.1.3 Time format
UT-ONE stores time information in 32-bit integer format, which represents the number of seconds
elapsed since 2000-01-01 00:00:00. Resolution of time values is 1 second.

UT-ONE does not support automatic time-zone and daylight-saving-time correction. If required, correct
this by manually setting the correct time.

Time values are normally used in messages inASCII text format. It is a fixed length string consisting
of a positive sign and 10 decimal digits:

+dddddddddd

measurement solutions
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Alternatively, when transferring readings in binary format using binary blocks, time values can be
stored in as unsigned 32-bit integer. Least significant byte is stored first.

Examples:
Date and time ASCII time format Binary time format
2000-01-01 00:00:00 +0000000000 00 00 00 00
2021-08-23 12:34:56 +0683037296 7052 B6 28
2021-09-16 17:39:52 +0685129192 E8 3D D6 28
2035-12-20 22:08:51 +1135116531 F3 80 A8 43

5.6.1.4 Readings binary format

Temperature, relative humidity, emf and resistance readings are stored in UT-ONE internal memory in
readings binary format. Readings binary format is a 32-bit integer with flexible resolution. Least

significant byte is stored first.

Readings binary format represent readings in full accuracy in least number of characters, so it is very
useful for quickly transferring large blocks of rea dings from UT-ONE internal memory to a computer.

The value in the 3 least significant bits determines the unit and resolution:

0 = temperature in kelvin with resolution 0.000001 K
1 = ERROR or EMPTY

2 = relative humidity in %rh with re solution 0.000001 %rh
3 =emfin OV with resolution 0.001 &v

4 = resistance in ohm with resolution 0.0001 ohm
5 = resistance in ohm with resolution 0.00001 ohm

6 = resistance in ohm with resolution 0.000001 ohm
7 = resistance in ohm with resolution 0.0000001 ohm

Examples:
Unit | Value ASCII number format | Binary number format

0 728.273456 K +0728273456 3092 68 2B

0 268.026544 K +0268026544 BO C2 F9 OF

2 55.120000 %rh +0055120002 82104903

3 | 32566.120 O +0032566123 6B EB FO0 01

3 -815.488 Ov - 0000815485 83 8E F3 FF

4 155444.1240 ohm +1554441244 1C E4 A6 5C
7 101.1234568 ohm +1011234575 OF 37 46 3C

1 EMPTY +0016843009 0101 01 01
1 ERROR +0033686017 01 02 02 02
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5.6.2 Channel configuration commands

This group of commands enables you to configure acquisition settings for each of the main channels.
This configuration is applicable only to acquistion in continuous measurement mode, acquisition in other
measurement mode is configured for each individual reading. Channel configuration includes probe
index, measurement range, averaging time, status, measurement current and connection.

5.6.2.1 CPccc?

Return the currently selected probe index for main channel ccc. ccc is the channel name in short or
long format (for example €1 6 B3 6 ,C016 02é BQ14g. Refer to table 1 for full list of applicable
channel names. Probe index can be any probe index according to probe list from 0 to 4 8.

Command message: CRecc?
Response message: OK<Probe index>

Example:

Command message: CPC1 ?

Response message: OK21

LabVIEW driver. UT-ONE Channel Driver.vi

5.6.2.2 CPccc <Probe index>

Set the new probe index for main channel ccc. ccc is the channel name in short or long format (for
example €1 6 B3 6 ,0016 02é& BQ19. Refer to table 1 for full list of applicable channel names.
Probe index can be any probe index according to probe list from 0 to 4 8.

Command message: CPccc< Probe index>
Response message: OK

Example:

Command message: CPBl1 23

Response message: OK

LabVIEW driver: UT-ONE Channel Driver.vi

5.6.2.3 CRccc?

Return the currently selected measurement range label for main channel ccc. cccis the channel name
in short or long format (for example &1 6 B3 & ,0016 02& BQ1J). Refer to table 1 for full list of
applicable channel names.Valid measurement range labels are RA, R1, R2, R3, R4, R5, R6, HA, H1, H2,
H3, H4, H5, H6, EA, E1, E2, E3, E4, E5,E6, rA, 11, 12, r3, r4, 15, r6, hA, hl, h2, h3, h4, h5 and heé.

Command message: CRcec?
Response message: OK<Measurement range label>

Example:

Command message: CRC1?

Response message: OKR3

LabVIEW driver. UT-ONE Channel Driver.vi

5.6.2.4 CRccc <Measurement range label>

Set the new measurement range label for main channel ccc. cccis the channel name in short or long
format (for example &1 6 B3 & ,C016 C02& BO1g. Befer to table 1 for full list of applicable channel
names. Valid measurement range labels are RA, R1, R2, R3, R4, R5, R6, HA, H1, H2, H3, H4, H5, H6,
EA, E1, E2, E3,E4, E5,E6, rA, 11, r2, 13, r4, 15, r6, hA, hl, h2, h3, h4, h5 and hé.
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Command message: CRccc < Measurement range label>
Response message: OK

Example:

Command message: CRC2 E1

Response message: OK

LabVIEW driver. UT-ONE Channel Driver.vi

5.6.2.5 CAccc?

Return the averaging time in seconds for main channel ccc. ccc is the channel name in short or long
format (for example €1 6 B3 @& ,0016 C02& BO19g. Refer to table 1 for full list of applicable channel
names. Averaging time is the time it takes t o acquire the particular channel in the acquisition sequence.
Averaging time can be set in steps of 2 seconds from 2 seconds to 240 seconds. Increasing averaging
time will reduce measurement noise and decrease acquisition rate.

Command message: CAccc?
Response message: OK< Averaging time>

Example:

Command message: CA®@1?

Response message: OKO010

LabVIEW driver. UT-ONE Channel Driver.vi

5.6.2.6 CAccc <Averaging time>

Set the averaging time for main channel ccc. ccc is the channel name in short or long format (fo r
example €1 6 B3 6 C01d CO2& BQ1g. Refer to table 1 for full list of applicable channel names.
Averaging time is the time it takes to acquire the particular channel in the acquisition sequence.
Averaging time can be set in steps of 2 seconds from 2 seconds to 240 seconds. Increasing averaging
time will reduce measurement noise and decrease acquisiton rate.

Command message: CAccc <Averaging time>
Response message: OK

Example:

Command message: CAC1 012

Response message: OK

LabVIEW driver. UT-ONE Channel Driver.vi

5.6.2.7 CCccc?

Return the measurement current setting for main channel ccc. cccis the channel name in short or long
format (for example &€1 6 B3 @& ,0016 C02& BO1g. Refer to table 1 for full list of applicable channel
names. Measurement current can be set to either NR or RD setting. Normal setting is NR and this setting
should be used for all measurements. At RD setting, the measurement current for the selected channel
is reduced by & 2. Use this feature to estimate the self -heating error.

Command message: CQccc?
Response message: OK< Measurement current setting>

Example:

Command message: CCC1?

Response message: OKNR

LabVIEW driver. UT-ONE Channel Driver.vi
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5.6.2.8 CCccc <Measurement current setting>

Set the measurement current for main channel ccc. ccc is the channel name in short or long format
(for example €1 6 B3 & ,0C016 ¢02dp rBO1d). Refer to table 1 for full list of applicable channel names.
Measurement current can be set to either NR or RD setting. Normal setting is NR and this setting should
be used for all measurements. At RD setting, the measurement current for the sele cted channel is
reduced by & 2. Use this feature to estimate the self -heating error.

Command message: CQcc < Measurement current setting>
Response message: OK

Example:

Command message: CCC2 RD

Response message: OK

LabVIEW driver. UT-ONE ChannelDriver.vi

5.6.2.9 CWccc <Connection>
Set the new connection type for main channel ccc. cccis the channel name in short or long format (for

-

example €1 6 B3 6 ,C016 @02& BQ1J. Refer to table 1 for full list of applicable channel names.
Valid connection types for PRTs and thermistors are DF (default 4-wire connection), 3W (3-wire
connection) and 2W (2-wire connection).

Valid connection types for thermocouples are DF (default thermocouple connection to thermocouple
connector or voltage connectors) and AX (thermocouple auxiliary connection on current connectors).

If you set an invalid connection type for a particular probe type, acquisition will be performed using
the default connection type.

Command message: CWccc < Connection type>
Response message: OK

Example:

Command message: CWCO033W

Response message: OK

LabVIEW driver. UT-ONE Channel Driver.vi

5.6.2.10 CWeccc?

Returns the connection type for main channel ccc. ccc is the channel name in short or long format (for
example €1 6 B3 6 ,C016 @026 BQ1J. Refer to table 1 for full list of applicable channel names.
Valid connection types for PRTs and thermistors are DF (default 4-wire connection), 3W (3-wire
connection) and 2W (2-wire connection).

Valid connection types for thermocouples are DF (default thermocouple connection to thermocouple
connector or voltage connectors) and AX (thermocouple auxiliary connection on current connectors).

Command message: CWccc?
Response message: OK<Connection type>

Example:

Command message: CWCO03

Response message: OKAX

LabVIEW driver. UT-ONE Channel Driver.vi

5.6.2.11CEccc?

Return the channel status for main channel ccc. ccc is the channel name in short or long format (for
example €1 6 B3 6 ,C016 @02& BQ1J. Refer to table 1 for full list of applicable channel names.
Channel status determines if the channel is included in the acquisition sequence. Channel status can be
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either ON (enabled channel, included in the acquisition sequence) or OF (disabled channel, excluded
from the acquisition sequence).

Command message: CEcc?
Response message: OK<Channel status>

Example:

Command message: CEC1 ?

Response message: OKON

LabVIEW driver. UT-ONE Channel Driver.vi

5.6.2.12 CEccc <Channel Status>

Set the new channel status for main channel ccc. cccis the channel name in short or long format (for
example €1 6 B3 6 ,C016 02& BQO1g. Refer to table 1 for full list of applicable channel names.
Channel status determines if the channel is included in the acquisition sequence. Channel status can be
either ON (enabled channel, included in the acquisition sequence) or OF (disabled channel, excluded
from the acquisition sequence).

Command message: CSccc < Channel status>
Response message: OK

Example:

Command message: CS@1 OF

Response message: OK

LabVIEW driver. UT-ONE Channel Driver.vi

5.6.3 Parameter configuration commands

This group of commands enables you to read or write various parameters related to UT-ONE operation.

5.6.3.1 DA?

Return current setting for auto-start continuous measurement. This setting allows you to control if the
UT-ONE will immediately start with acquisition in continuous measurement mode after UT-ONE is
started. Available settings are:

1 OF= UT-ONE will start without starting continuous measurement
1 ON= UT-ONE will start with started continuous measurement
1 AU = UT-ONE will start with started continuous measurement if it was shutdown with started
continuous measurement
Command message: DA?

Response message: OK< Aufo-start setting>

Example:

Command message: DA?

Response message: OKON

LabVIEW driver. UT-ONE Acquisition Status Driver.vi

5.6.3.2 DA <Auto-start setting>
Set new setting for auto-start continuous measurement.

Command message: DA < Auto-start setting>
Response message: OK
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Example:
Command message: DA AU
Response message: OK

LabVIEW driver. UT-ONE Acquisition Status Driver.vi
5.6.3.3 DB?
Return current baud rate setting for RS232 communication interface. Baud rate settings are:
1 BO =300 baud
1 B1=600 baud
T B2=1200 baud
1 B3 =2400 baud
1 B4 =4800 baud
1 B5=9600 baud
1 B6=19200 baud
1 B7 =38400 baud (default)
1 B8 =56000 baud
1 B9 =57600 baud
T BA=115200 baud
1 BB =128000 baud
1 BC =230400 baud
1 BD = 250000 baud
1 BE =reserved
1 BF =reserved

Command message: DB?
Response message: OK< Baud rate setting>

Example:

Command message: DB?
Response message: OKB7
LabVIEW driver. Not available

5.6.3.4 DB <Baud rate setting>

Set new baud rate setting for RS232 communication interface. New setting will become active after
you restart UT-ONE. This command will also set parity setting to default odd parity.

Command message: DB < Baud rate setting>
Response message: OK

Example:

Command message: DB B5
Response message: OK
LabVIEW driver. Not available

5.6.3.5 DP?

Return current parity setting for RS232 communication interface. Parity settings are:
1 N= none
1 E= even parity
;l] O = odd parity (default)

Command message: DP?

Response message: OK< Parity setting>

Example:
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Command message: DP?
Response message: OKO
LabVIEW driver. Not available

5.6.3.6 DP <Parity setting>

Set new parity setting for RS232 communication interface. New setting will become active after you
restart UT-ONE. Note that default parity setting is odd parity. UT -ONE LabVIEW drivers and UTONE
Applications software always use odd parity. Use different parity setting only for other external
applications. Note that setting baud rate will also reset parity to default odd parity.

Command message: DP < Parity setting>
Response message: OK

Example:

Command message: DP E
Response message: OK
LabVIEW driver. Not available

5.6.4 Device control commands

This group of commands enables you to set the UT-ONE device in a particular operating mode. This
includes starting various acquisition modes and switching the UT-ONE device off.

5.6.4.1 DS?
Return current acquisition status. UT-ONE supports four different acquisition statuses:
OF = UT-ONE is currently not acquiring and is in idle state
ON = UT-ONE is currently acquiring in continuous measurement mode
SR = UT-ONE is currently acquiring in single-reading mode
DG = UT-ONE is currently acquiring in digitizing mode

Command message: DS?
Response message: OK< Acquisition status>

Example:

Command message: DS?

Response message: OKON

LabVIEW driver. UT-ONE Acquisition Status Driver.vi

5.6.4.2 DS <Acquisition status>

Set new acquisition status. You can only change acquisition status for the continuous measurement
mode: Available options are:

OF = stop acquiring in continuous measurement mode and enter idle state
ON = start acquiring in continuous measurement mode

Command message: DS <Acquisition status>
Response message: OK

Example:

Command message: DS OF

Response message: OK

LabVIEW driver. UT-ONE Acquisition Status Driver.vi
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5.6.4.3 DX OF

Start the shutdown sequence. UT-ONE will stop acquisition, store non-volatile settings, release
resources and shut down the power supply. Starting the UT-ONE using the communication interface is
not possible.

Command message: DX OF
Response message: OK

Example:

Command message: DX OF

Response message: OK

LabVIEW driver. UT-ONE Acquisition Status Driver.vi

5.6.4.4 DDccc< Measurement range label >< Frequency index >

Start acquisition on main channel ccc in fast digitizing mode with specified measurement range and
using specified sampling frequency. cccis the channel name in short or long format (for example &1 6 ,
B3 6 ,C016 @02& BQLY. RKefer to table 1 for full list of applicable channel names. Fast digitizing
mode will stop normal acquisition sequence. Valid measurement range labels are R1, R2, R3, R4, R5,
R6, H1, H2, H3, H4, H5, H6, E1, E2, E3, E4, E5,E6, r1, 12, r3, r4, 15, r6, hl, h2, h3, h4, h5, h6 and h7.
Note that auto ranging is not supp orted. Sampling frequency is set according to specified frequency
index:

470 Hz

242 Hz

123 Hz

62 Hz

50 Hz

39 Hz

33.2Hz

19.6 Hz (60 Hz line rejection)

16.7 Hz (50 Hz line rejection)

16.7 Hz (50 Hz and 60 Hz line rejection)
12.5 Hz (50 Hz and 60 Hz line rejection)
10 Hz (50 Hz and 60 Hz line rejection)
8.33 Hz (50 Hz and 60 Hz line rejection)
6.25 Hz (50 Hz and 60 Hz line rejection)
4.17 Hz (50 Hz and 60 Hz line rejection)

T T G G i i S S g g g g g
MTMOUOW>O©O~NDUDMWNPR

Command message: DDcce< Measurementrange label>< Frequency index>
Response message: OK

Example:

Command message: DDC1 R3A

Response message: OK

LabVIEW driver. UT-ONE Digitizing Driver.vi

Acquisition of samples is continuous and there is no current reversal. Note that absolute accuracy is
significantly worse in fast digitizing mode and readings may be subject to interference and drift.

After the command is successfully processed, UFONE enters in fast digitizing mode and starts
automatic acquisition of ADC reading at specified sampling frequency. Note that the data throughput at
high sampling frequencies is considerable, so the use of U interface is recommended in order to avoid
missing samples. ADC readings can be read using the B? command. Refer to the sample application UT
ONE Digitizing for more information.
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5.6.5 Probe managementcommands

This group of commands is used to read, write and list probe data, which can be used to convert
acquired raw readings to temperature.

5.6.5.1 EP<Probe index>?

Return probe data for given probe index. Probe data is stored in a binary structure specified in the
Probe coefficients chapter. Probe data is 128 bytes long and is terminated with two CRC characters,
which ensure data integrity. Probe data is transferred in a binary block.

Command message:
Response message:

Example:

Command message:
Response message:

LabVIEW driver.

EP<Probe index>?
#128{ Probe data} OK

EP21?

#128{ 5074 2D31 3030 2020 4953 4F2F 4945 4337 3531 2020 5043
1000 0000 0000 0C02 3908 3000 0000 OCFD 5775 0000 0000 ODF9
4183 0000 0000 ODF4 0000 0000 0000 0000 0000 0000 0000 0000
0000 0000 3132 3334 3536 3738 3930 3132 3334 3536 3738 3930

3132 3334 3536 3738 3930 3132 3334 3536 3738 39303132 3334
3536 3738 3930 3132 4716 JOK
UT-ONE Probe Driver.vi

5.6.5.2 EP<Probe index>
Set new user-defined probe data for given probe index. Note that probe index must be between 1 and

20 in order to store a new user -defined probe data. Probe data is stored in a binary structure specified
in the Probe coefficients chapter. Probe data is 128 bytes long and is terminated with two CRC
characters, which ensure data integrity. Probe data is transferred in a binary block.

Command message:
Response message:

Example:

Command message:

Response message:

LabVIEW driver.

< Binary block with probe data >EP< Probe index>
OK

#128{ 5074 2D31 3030 2020 4953 4F2F 4945 4337 3531 2020
5043 1000 0000 0000 0C02 3908 3000 0000 OCFD 5775 0000 0000
ODF9 4183 0000 0000 ODF4 0000 0000 0000 0000 0000 0000 0000

0000 0000 0000 3132 3334 3536 3738 3930 3132 3334 3536 3738

3930 3132 3334 3536 3738 3930 3132 3334 3536 3738 3930 3132
3334 3536 3738 3930 3132 4716 JEP14

OK
UT-ONE Probe Driver.vi

5.6.5.3 EPN<Probe index>?

Returns probe name for given probe index, as defined in probe data structure . Probe data is stored in
a binary structure specified in the Probe coefficientschapter. Probe name is 20 characters long (shorter
probe names are filled with trailing spaces).

Command message:
Response message:

Example:
Command message:

Response message:

LabVIEW driver.

EPN< Probe index>7?
OK

EPN21?
OKPt- 100 ISO/IEC751
UT-ONE Probe Driver.vi

www.batemika.com



http://www.batemika.com/

UT-ONE S16B

16-Channel Thermometer Readout

5.6.6

BATEMIKA

measurement solutions

Internal flash memory commands

This group of commands is used to manage the readings stored in the internal flash memory. Internal
flash memory is an optional feature and is not available on all UT-ONE devices. The size of the internal
flash memory is 32 MB and can store up to 2 million readings. When the flash memory is full, new
readings will automatically overwrite the oldest readings.

If optional internal fl ash memory is not available, UT-ONE will reply with E7 response message.

5.6.6.1 FB?

Get a block of binary data from the internal flash memory at specified memory address and with
specified size This command is applicable only for UT-ONE devices with optional internal flash memory.

Memory address is given as first four byte address in the binary block (least significant byte first). Block
size is given as fifth byte. Block size is limited to 240 bytes.

Command message:
Response message:

Example:

< Binary block with memory address and block size>FB?
< Binary block with flash memory data} OK

Read 32 bytes (2 readings) from memory address 784.

Command message:
Response message:

LabVIEW driver.

#005{10 0300 00 20}FB?

#032{A3 47E9 2620 44E9 1120 44E9 1181 0081 DEA3 47
E9 26 60 D559 1160 D559 1182 0000 2D}OK

UT-ONE Flash Memory Driver.vi

5.6.6.2 FR <Reading Index>?

Get reading data at given reading index in text format . This command is applicable only for UT-ONE
devices with optional internal flash memory.

Command message:
Response message:

Example:
Command message:
Response message:

LabVIEW driver.

5.6.6.3 FA?

FR <Reading Index>?

OKRT :< Real time value >,< Raw channel name >.< Raw channel value
> UNB:<Raw channel unit,< Channel name >.< Channel value
>, UNC:<Channel unit,\RNG:< Measurement range label>,CON:< Connection
Configuration>,PRB:< Probe index>

FR 000000000 8?

OKRT : 0652822763,B3 :+2.50017968000E+01,UNB:OHM,C3
:+2.80160000000E - 02,UNC:DEG,RNG:R1,CON:DF,PRB:22

UT-ONE Flash Memory Driver.vi

Get memory address of first reading, last reading and total memory size. This command is applicable
only for UT-ONE devices with optional internal flash memory.

Memory address is returned in a binary block as 32-bit integer (least significant byte first).

Command message:
Response message:

Example:

Command message:
Response message:
LabVIEW driver.

FA?
< Binary block with memory address data } OK

FA?
#012{00 0000 0050 F100 0000 0000 02 }OK
UT-ONE Flash Memory Driver.vi
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Get reading index of first reading, last reading and total number of reading locations . This command
is applicable only for UT-ONE devices with optional internal flash memory.

Memory address is returned in a binary block as 32-bit integer (least significant byte first).

Command message:
Response message:

Example:

Command message:
Response message:

LabVIEW driver.

5.6.6.5 FW?

Fl?
OKSTA< Reading index of first reading>, END< Reading index of last
reading> ,SIZ:< Number of reading locations>

FA?
OKSTA: 0000000000,END: 0000003944,S1Z: 0002097152
UT-ONE Flash Memory Driver.vi

Get status of write to flash memory flag . This command is applicable only for UT-ONE devices with
optional internal flash memory.

Command message:
Response message:

Example:

Command message:
Response message:

LabVIEW driver.

FwW?
OK< Write to memory flag>

Fwp
OKON
UT-ONE Flash Memory Driver.vi

5.6.6.6 FW <Write to Memory flag>

Set status of write to flash memory flag . This command is applicable only for UT-ONE devices with
optional internal flash memory.

Command message:
Response message:

Example:

Command message:
Response message:

LabVIEW driver.

5.6.6.7 FS?

FW < Write to memory flag>
OK

FW OF
OK
UT-ONE Flash Memory Driver.vi

Get startup status of write to flash memory flag . This command is applicable only for UT-ONE devices
with optional internal flash memory.

Command message:
Response message:

Example:

Command message:
Response message:

LabVIEW driver.

FS?
OK< Startup Write to Memory flag>

FS?
OKOF
UT-ONE Flash Memory Driver.vi

5.6.6.8 FS <Startup Write to Memory flag>

Set status of startup write to flash memory flag . This command is applicable only for UT-ONE devices
with optional internal flash memory.
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Command message:
Response message:

Example:
Command message:
Response message:

BATEMIKA
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FS<Startup Write to memory flag>
OK

FS OF
OK

LabVIEW driver. UT-ONE Flash Memory Driver.vi

5.6.6.9 FE <Erase Password>

Erase entire flashmemory. Thi s operation candét be undone. Erasi
Make sure that UT-ONE remains powered during erasing. This command is applicable only for UT-ONE
devices with optional internal flash memory.

Erasing is protected with erase memory password: ROgl1lmaH

ng

Command message:
Response message:

Example:

Command message:
Response message:
LabVIEW driver.

5.6.6.10 FE?

FE <Erase Password>
OK

FE ROgllimaH
OK
UT-ONE Flash Memory Driver.vi

Get erase memory status. This command is applicable only for UT-ONE devices with optional internal

flash memory.

This command is used in software to check when the erase command is completed.

Command message:
Response message:

Example:

Command message:
Response message:
LabVIEW driver.

FE?
OK< Erase status>

FE?
OKBUSY
UT-ONE Flash Memory Driver.vi

5.6.7 GPIBinterface configuration commands

This group of commands enables you to set the parameters of the GPIB communication interface,
including setting the GPIB address and enabling the GPIB interface. GPIB is an optional communication
interface and is not available on all UT-ONE devices. Communication via GBIB interface uses the same
command set as communication via the default USB interface.

If optional GPIB interface is not present, UT-ONE will reply with E7 response message to all commands

in this group.

5.6.7.1 GA?

Return current GPIB address.

Command message:
Response message:

Example:
Command message:

GA?
OK< GPIB Address

GA?
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Response message: OKO7
LabVIEW driver. UT-ONE GPIBConfiguration Driver.vi

5.6.7.2 GA <GPIB Address>
Set new GPIB address. Valid GPIB addresses are in range from 1 to 30.

Command message: GA < GPI/B Address
Response message: OK

Example:

Command message: GA 05

Response message: OK

LabVIEW driver. UT-ONE GPIBConfiguration Driver.vi

5.6.7.3 GE?
Return the enable status of the GPIB and RS232 interface.

Command message: GE?
Response message: OK< GPIB enable status>,< RS232 enable status>

Example:

Command message: GE?

Response message: OKON,OF

LabVIEW driver. UT-ONE GPIBConfiguration Driver.vi

5.6.7.4 GE <Enable status>

Set new enable status for the GPIB and RS232 interface. This command is applicable only for UFONE
devices with optional GPIB+RS232 interface. Valid status is ON (interface enabled), OF (interface
disabled) and OK (no changes to current setting).

If GPIB interface is installed, but it is not used, it is recommended to set the GPIB enabled status to
OF. This will reduce device power consumption.

Command message: GE < GPIB enable status>,< RS232 enable status>
Response message: OK

Example:

Command message: GE ON,OK

Response message: OK

LabVIEW driver. UT-ONE GPIB Configuration Driveni

5.6.8 Identification stringcommands

5.6.8.1 1?
Return identification string from UT -ONE.

Command message: 1?
Response message: OK< /dentification string >

Example:

Command message: 1?

Response message: OKBatemika, UT - ONE
LabVIEW driver. UT-ONE ID Strings Drivervi
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5.6.8.2 IS?
Return serial number from UT-ONE.

Command message: IS?
Response message: OK< serial number >

Example:

Command message: IS?

Response message: OKB01010915

LabVIEW driver. UT-ONE ID Strings Drivervi

5.6.8.3 IP?
Return production number from UT-ONE.

Command message: IP?
Response message: OK< production number >

Example:

Command message: IP?

Response message: OKUTONE 020150813 - 04020402
LabVIEW driver. UT-ONE ID Strings Drivervi

5.6.8.4 IM?
Return measurement modul number from UT-ONE.

Command message: [IM?
Response message: OK< measurement modul number >

Example:

Command message: [IM?

Response message: OKA3010 0003150314 - 0603010
LabVIEW driver. UT-ONE ID Strings Drivervi

5.6.8.5 IV?
Return firmware version from UT-ONE.

Command message: IV?
Response message: OK< firmware version >

Example:

Command message: IV?

Response message: 0OK2.07.0 Or

LabVIEW driver. UT-ONE ID Strings Drivervi

5.6.8.6 IC?
Return firmware CRC (cyclic redundancy code)from UT-ONE.

Command message: [C?
Response message: OK< application firmware CRC > < bootloader firmware CRC >

Example:
Command message: | C?
Response message: OK532EA4 D20BF4
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LabVIEW driver. UT-ONE ID Strings Driver.vi

5.6.9 Display data streaming commands

5.6.9.1 L?

Return data sent directly from display. Data is returned within the binary block. If there is no data
available, this command returns status OK only and no binary block

Command message: L?
Responsemessage: OK< binary block with display data>

Example:
Command message: L?

Response message:  #040{ 0001 0000 0001 0C0O0 0000 0000 0000 OCO0 0000 0000
0000 0C0O0 0000 0000 0000 O0C0O0 0000 0000 0000 OCO0 }OK

LabVIEW driver. UT-ONE SD Streaming Driver.vi

5.6.9.2 LW

Send data directly to display. If the buffer for transfer to display is full, command will return error E5.
In this case, resend the command.

Command message: < binary block with display data>LW
Response message: OK

Example:
Command message:  #040{ 0001 0 000 0001 0COO 0000 0000 0000 OC0O0 0000 0000
0000 0C00 0000 0000 0000 0CO0 0000 0000 0000 OCO0 Lw
Response message: OK
LabVIEW driver. UT-ONE SD Streaming Driver.vi

5.6.10 Continuos measurement commands

5.6.10.1M< Channel name >?

Return the current measurement for the given channel. Channel name can be any channel name except
real time value RT, which is returned by default. Channel name can be in either short or long format.
Channel values are updated after the end of the acquisition sequence. If acquisition status is OF, channel
values are not updated. Real time value is given as unsigned integer, which specifies the number of
seconds elapsed since 01.01.2000. Channel value is given as a BCD numeric.

Command message: M< Channel name>?
Response message: OKRT :< Real time value >,< Channel name>:< Channel value>

Example:

Command message: MTA ?

Response message: OKRT : 0457638877, TA :+2.45400060000E+01
LabVIEW driver. UT-ONE Continuous MeasurementDriver. vi
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5.6.10.2 MA< Channel name >?

Return the current measurement for the given channel including real time value, raw channel value,
channel value, measurement range, connection configuration and probe index. Channel nhame can be
any channel name except real time value RT, which is returned by default. Channel name can be in
either short or long format. Channel values are updated after the end of the acquisition sequence.

Command message: MA< Channel name>?

Response message: OKRT :< Real time value >,< Raw channel name >.< Raw channel value
> ,UNB:<Raw channel unit-,< Channel name >.< Channel value
> UNC:<Channel unit\RNG:< Measurement range label>,CON:< Connection
Configuratiorr>,PRB:< Probe index>

Example:

Command message: MACO01?

Response message: OKRT : 0659553013,B01:+9.99537256000E+01,UNB:OHM,CO01: -
1.18400000000E - 01,UNC:DEG,RNG:R3,CON:DF,PRB:21

LabVIEW driver. UT-ONE Continuous MeasurementDriver.vi

5.6.10.3 MT?

Return the current measurements for seven main channels, which are also displayed on the display
(C1,C2,C3,RH, TA, TD and TJ). Channel values are updated after the end of the acquisition sequence.

If acquisition status is OF, channel values are not updated. Real time value is given as unsigned integer,
which specifies the number of seconds elapsed sine 01.01.2000. Channel value is given as a BCD
numeric. | f the channel is disabled, the channel wvalu

Command message: MT?

Response message: OKRT < Real time value>,Cl :< Channel C1 value>,C2 :< Channel C2 value
>,C3 < Channel C3 value>,RH < Channel RH value>TA < Channel TA
value >, TD :< Channel TD value>,TJ :< Channel TJ value>

Example:
Command message: MT?

Response message: OKRT : 0457639129,C1 :+8.61986654000E+02,C2

shkkkkkkkkkkkkkkkkk shkkkkkkkkkkkkkkkk *
: ,C3 : ,RH

:+6.03755100000E+01,TA :+2.45400060000E+01,TD
:+1.63703740000E+01,TJ :+2.50272300000E+01

LabVIEW driver. UT-ONE Continuous MeasurementDriver.vi

5.6.10.4 MR?

Return the current measurements for seven raw-data channels (B1, B2, B2, BH, BA, BD and BJ).
Channelvalues are updated after the end of the acquisition sequence. If acquisition status is OF, channel
values are not updated. Real time value is given as unsigned integer, which specifies the number of
seconds elapsed since 01.01.2000. Channel value is giveras a BCD numeric. If the channel is disabled,
the channel wvalue is returned as f*****x % & %% %% *x%*x%*g

Command message: MR?

Response message: OKRT :< Real time value>,B1 < Channel B1 value>,B2 :< Channel B2 value
> B3 :< Channel B3 value>BH < Channel BH value>BA < Channel BA
value >,BD < Channel TD value>,BJ :< Channel BJ value>

Example:

Command message: MR?

Response message: OKRT : 0457656074,B1 :+9.99297740000E+01,B2
:******************’ Bs :******************, B H
:+5.82529820000E+01,BA :+2.43200060000E+01,BD
:+1.56051900000E+01,BJ '+2.44171180000E+01

www.batemika.com



http://www.batemika.com/

UT-ONE S16B BATEMIKA

measurement solutions
16-Channel Thermometer Readout -

LabVIEW driver. UT-ONE Continuous MeasurementDriver.vi

5.6.10.5 ML?

Return the value of the last measured channel in the acquisition sequence (channels C1, C2 or C3).
Channel values are normally updated simultaneously after the end of the acquisition sequence, but this
command allows the reading of channel value immediately after channel acquisition is completed. This
allows a smoother adding of values to the graph and assigns the exact time to each channel.

If acquisition status is OF, channel values are not updated. Real time value is given as unsigned integer,
which specifies the number of seconds elapsed since 01.01.2000. Channel value is given as a BCD.

Command message: ML?
Response message: OKRT :< Real time value>,< Last channel name>.< Last channel value>

Example:

Command message: ML?

Response message: OKRT : 0457656194,C1 :+8.61990734000E+02
LabVIEW driver. UT-ONE Continuous MeasurementDriver. vi

5.6.10.6 Mi?

Returns the immediate measurement values for channels that are not acquired within acquisition
sequence (RH, TA, TD, TJ and TI). The values are not synchronized to the end of the acquisition
sequence. Values are updated regardless of the acquisition status. Real time value is given as unsgned
integer, which specifies the number of seconds elapsed since 01.01.2000. Channel value is given as a
BCD numeric.

Command message: MI?
Response message: OKRT:< Real time value>,RH < Channel RH value>,TA :< Channel TA value
>TD :< Channel TD value>,TJ :< Channel TJ value>T| :< Channel Tl value>

Example:
Command message: MI?

Response message: OKRT : 0457656600,RH :+5.80266700000E+01,TA
:+2.43900060000E+01,TD :+1.56097260000E+01,TJ
'+2.43244460000E+01,TI :+2.13098540000E+01

LabVIEW(driver: UT-ONE Continuous MeasurementDriver.vi

5.6.10.7 MI< Channel name >?

Return the immediate measurement for the given channel. Channel name can be in either short or
long format. Channel name can be any channel name except real time value RT, which is returned by
default. This command returns the immediate value for the channel and is not synchronized with the
acquisition sequence Note that if acquisition status is OF, main channels are not updated, but ambient
channels are updated. Real time value is given as unsigned integer, which specifies the number of
seconds elapsed since 01.01.2000. Channel value is given as a BCD numeric.

Command message: MI< Channel name>?
Response message: OKRT < Real time value>,< Channel name>:< Channel value>

Example:

Command message: M TA ?

Response message: OKRT : 0457638877, TA :+2.45400060000E+01
LabVIEW driver. UT-ONE Continuous MeasurementDriver. vi

5.6.10.8 MB?

Returns the current values of LiPo battery monitoring channels (VB, SC and ES). VB monitors battery
voltage, SC monitors state of charge in %, ESgives extended battery/charger status and BC in count
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of battery charge cycles. The values are not synchronized to the end of the acquisition se quence. Values
are updated regardless of the acquisition status. Real time value is given as unsigned integer, which
specifies the number of seconds elapsed since 01.01.2000. Channel valus are given as a BCD numeric.

Command message: MB?

Response message OKRT:< Real time value>\NB < Channel VB value>,SC :< Channel SC value
> ES :< Channel ES value>

Example:
Command message: MB?

Response message: OKRT : 0659553560,VB :+4.17360000000E+00,SC
:+9.59120000000E+01,ES :+5.20000000000E+01,BC
:+3.00000000000E+00

LabVIEW driver. UT-ONE Battery Driver.vi

5.6.11 Single measurement commands

5.6.11.1 S<Channel> <Reference Channel> <Range> <Samples> <Connection>
<Probeindex>

Starts a single reading with selected settings. Channel name can be in either short or long format.
Channelis the channel name on which reading is acquired (valid channel names are B1, B2 and B3, or
equivalently C1, C2 and C3). Reference Channelfis the channel name on which a compatible external
standard is connected (valid reference channel names are 00, B1, B2 and B3, or equivalently 00, C1,
C2 and C3). Note that this feature is optional, if external standard is not used, enter 00 for reference
channel name. Rangeis the label of the range, which will be used for acquiring the single reading. You
may use both manual and auto ranges (valid range labels are RA, R1, R2, R3, R4, R5, R6, HA, H1, H2,
H3, H4, H5, H6, EA, E1, E2, E3, E4, E5,E6, rA, r1, 12, r3, r4 15, 16, hA, hl, h2, h3, h4, h5 , h6 and h7).
Samplesis the number of samples that are acquired during acquisition of a single reading. Increasing
the number of samples will increase acquisition time and improve noise levels and effective resolution.
Valid number of samples is between 2 and 40. Default number of samples is 15, resulting in the same
acquisition sequence as in continuous measurement. Connectionis the connection configuration, valid
values are DF (default 4 wire connection for resistance measurement and voltage connectors for emf
measurement), 3W (3-wire connection for resistance measurement), 2W (2-wire connection for
resistance measurement) and AX (auxiliary connection on current connectors for emf measurement).
Note that some UT-ONE modelssupport only default connection. Probe index specifies the probe that
is used to convert raw value to corrected value. Valid values are 0 to 48.

Command returns immediately and does not wait for the single reading to be completed. The result of
single reading can be retrieved with the S? command. The response message returns the real time value
and channel label of the measurement result, which can be used to synchronize single reading retrieval.

If reference channel is specified, a compatible external standard must be defined using configuration
window 8. External standards and connected to the specified channel, otherwise error E2 will be
reported.

If UT-ONE is making continuous measurements, they will be stopped immediately and single reading
acquisition will start. Note that continuous measurement will not be automatically restarted after single
reading is complete. If UT-ONE is already acquiring a single reading, ongoing single reading operation
will not be interrupted and command will return error E6.

Command message: S<Channel><Reference Channel><Range><Samples>
Response message: OKRT:< Real time value >,Bx

Example:

Command message: SB1 B3 R315DF21

Response message: OKRT : 0457654321,B1
LabVIEW driver. UT-ONE Single ReadingDriver.vi
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5.6.11.25?

Returns the result for the last completed single reading. Note that the command returns data
immediately and does not wait for any ongoing single -reading measurement to complete. You may
compare the timestamp and channel in the command response that started the singl e reading to avoid
reading the older value. Result of single reading is valid until next single reading is completed, so it is
possible to start a new reading before the results of previous single reading are read.

This command always returns raw value expressed in ohms for resistance or OV for emf.

Command message: S?
Response message: OKRT :< Real time value >,Bx.< Channel Bx raw value>

Example:

Command message: S?

Response message: RT : 0652829943,B1 :+1.99996088000E+04
LabVIEW driver. UT-ONE Single Reading Driver.vi

5.6.11.3SV?

Returns the result for the last completed single reading. Note that the command returns data
immediately and does not wait for any ongoing single -reading measurement to complete. You may
compare the timestamp and channel in the command response that started the single reading to avoid
reading the older value. Result of single reading is valid until next single reading is completed, so it is
possible to start a new reading before the results of previous single reading are read.

This command always returns raw value expressed in ohms for resistance or OV for emf. Temperature
value is converted using the probe index specified in the command used to initiate single reading.

Command message: SV?

Response message: OKRT :< Real time value >,Bx:< Channel Bx raw value > Cx:< Channel Cx
temperature value >

Example:
Command message: SV?

Response message: RT : 0652829943,B1 :+1.99996088000E+04,C1
:+9.89901600000E+00

LabVIEW driver. UT-ONE Single ReadingDriver.vi

5.6.11.4SA?

Return all data for the last completed single reading including real time value, raw channel value,
channel value, measurement range, connection configuration and probe index. Note that the command
returns data immediately and does not wait for any ongoing single -reading measurement to complete.
You may compare the timestamp and channel in the command response that started the single reading
to avoid reading the older value. Result of single reading is valid until next single reading is completed,
so it is possible to start a new reading before the results of previous single reading are read.

Command message: SA?

Response message: OKRT < Real time value >,< Raw channel name >< Raw channel value
> ,UNB:<Raw channel unit,< Channel name ><  Channel value
> UNC:<Channelunit>,RNG:< Measurement range labe/>,CON:< Connection
Configuratiorr>,PRB:< Probe index>

Example:
Command message: SA?

Response message: OKRT : 0659554014,B1 :+9.99537104000E+01,,UNB:OHM,C1 : -
1.18440000000E - 01,UNC:DEG,RNG:R3,CON:DF,PRB:21

LabVIEW driver. UT-ONE Continuous MeasurementDriver.vi
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5.6.11.5S<Probe index>?

Returns the result for the last completed single reading and converts it to temperature using specified
probe data. Note that the command returns data immediately and does not wait for any ongoing sin gle-
reading measurement to complete. You may compare the timestamp and channel in the command
response that started the single reading to avoid reading the older value. Result of single reading is
valid until next single reading is completed, so it is possible to start a new reading before the results of
previous single reading are read.

This command returns raw value expressed in ohms for resistance or OV for emf and a temperature
value in AC, as converted usi ng tohuedefngd@robefcommdndpr obe .
does not perform any conversion and returns raw data for both Bx and Cx channels. You may specify
standard and user-defined probes.

Command message: S<Probe Index>?
Response message: OKRT :< Real time value >,Bx :< Channel Bx raw value >,Cx :< Channel Cx
temperature value >

Example:
Command message: S217?

Response message: OKRT : 0496406082,B1 :+9.99996000000E+01,C1 D -
1.02346273190E - 03

LabVIEW driver. UT-ONE Single Reading Driver.vi

5.6.12 Real time clock commands

5.6.12.1T?

Returns the current value of real time. Real time value is given as unsigned integer, which specifies
the number of seconds elapsed since 01.01.2000.

Command message: T?
Response message: OK< Real time value >

Example:

Command message: T?

Response message: OK+0457659060

LabVIEW driver. UT-ONE RealTimeClockDriver. vi

5.6.12.2 T< Real time value >

Sets the new value of real time. Real time value is given as unsigned integer, which specifies the
number of seconds elapsed since 01.01.2000.

Command message: T< Real time value >
Response message: OK

Example:

Command message: T+0457659065

Response message: OK

LabVIEW driver. UT-ONE RealTimeClockDriver.vi

5.6.13 Raw ADC commands

This group of commands provides direct access to the acquired raw ADC binary values prior to any
linearization or characterization procedures. It is primarily used for fast digitizing procedure and for
advanced validation purposes.

www.batemika.com



http://www.batemika.com/

UT-ONE S16B BATEMIKA

16-Channel Thermometer Readout

measurement solutions

5.6.13.1B?

Return the binary block with binary values directly from analog to digital converter (ADC). Each block
contains up to 40 ADC readings This command is useful only for troubleshooting and advanced
applications, as well as for reading the data in digitizing acquisition mode .

Command message: B?
Response message: #< binary block size>{< binary block data>}0OK< Measurement range label>

Binary block data consists of:

1 ADC buffer index (0x00 or 0x80) (1 byte)
1 Channel index (0x00 = C1, 0x01 = C2 and 0x02 = C3, etc) (1 byte)
1 Real time clock in binary format, expressed as number of seconds since 1.1.2000 (4 bytes)
1 Cold junction temperature in displaced binary format (4 bytes)
1 N uncorrected ADC readings in displaced binary format (N * 3 bytes)
Example:

Command message: B?
Response message: #055{ 8000 AB88 451B F6F4 7C01 B7D6 4CB9 D64C B3D6 4CB4

D64C B1D6 4CAE D64C BBD6 4CB6 D64C B5D6 4CBF D64C BEDG6
4CB8 D64C B5D6 4CB3 D64C A8D6 4C  } OKR4

LabVIEW driver. UT-ONE Digitizing Driver.vi

5.6.14 Validation commands

5.6.14.1Xx< BCD numeric >

Sets the new value of BCD numericin BCD buffer Xx. Xx can be X1, X2 or X3. BCD buffers are used
for testing of arithmetic and conversion functions.

Command message: Xx< BCD numeric>
Response message: OK

Example:

Command message: X1+1.23456789012E - 34
Response message: OK

LabVIEW driver. Not available

5.6.14.2 X< Operation >?

Perform an arithmetic operation or conversion function with arguments in BCD buffers and return the
result. This command is used for testing arithmetic operations and conversion functions. Before
executing this command, store the argument in the BCD buffers X1 and/or X2. Available operations are:

A -—a—_a_-8_98_9_98_92_-9_2_-29._-2_-12

M multiplication X3 =X1*X2
D division X3 =X1/X2
A addition X3 =X1+X2
S subtraction X3=X1171 X2
R decrement X1=X17i1

I increment X1=X1+1
L natural logarithm X3 = In(X2)
E exponential function X3 = exp(X2)
H dew point X3 = Sonntag function(X1, X2)
K square root X3 = sqrt(X2)
1 return X1 X1=X1

2 return X2 X2 = X2

3 return X3 X3 =X3
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Command message: X< gperation >
Response message: OK< BCD result>

Example:

Command message: XR?

Response message: Ok 1.00000000000E+00
LabVIEW driver. Not available

5.6.14.3 XC< Channel name >?

Performs a conversion to corrected temperature or relative humidity for the specified channel. Note
that the same probe coefficients and settings are used as for the real conversion in acquisition sequence.
Before executing this command, store the raw value (resistance, emf, uncorrected temperature or
uncorrected relative humidity) for the channel in the BCD buffer X1. If internal CJC temperature is
applicable, store it in the BCD buffer X2. Channel names can be in either short or long format.

Command message: XC< Channel name>?
Response message: OK< BCD result>

Example:

Command message: XQC01?

Response message: Ok 1.02500000000E+01
LabVIEW driver. Not available

5.6.14.4 XP< Probe index >?

Performs a conversion to corrected temperature for specified probe. Note that the same probe
coefficients and settings are used as for the real conversion in acquisition sequence. Before executing
this command, store the raw value (resistance or emf) in the BCD buffer X1. If internal CJC temperature
is applicable, store it in the BCD buffer X2. If probe is invalid or undefined, no conversion is performed
and command returns the unchanged raw value.

Command message: XP< Probe index>?
Response message: OK< BCD result>

Example:

Command message: XP21?

Response message: OK+1.1450 0000000E+02
LabVIEW driver. Not available
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6 Measurement Modes

UT-ONE is designed to provide the user with greatest possible flexibility, so it provides four different
measurement modes for measurement on three main channels. Note that only one measurement mode
can be active at any given time. Also, some measurement modes can only be activated using the remote
communication interface and computer software.

Ambient channels are continuously acquired in the background, independently of the measurement
mode of main channels. Tl channel is acquired only in combination with an acquisition of a main channel,
so its refresh rate is not guaranteed.

6.1 Continuous measurement mode

Continuous measurement mode is the basic measurement mode, which supports the operation via
user interface and remote communication interface. User must first configure the channels using the 1.
Main Channels Configurationwindow or equivalent remote communication interface commands. Note
that you may enable any number of main channels, including none.

The acquisition starts after you touch the green START button in the measurement window. Channels
are acquired sequentially from the lowest channel index to the highest channel index. Disabled channels
are skipped without any additional delay. If a Il main channels are disabled, only ambient channels are
acquired at 4 second acquisition rate.

Measurement result in continuous measurement mode is assembled after the last main channel in
acquisition sequence is completed. Current values of ambient chanrels are appended and the combined
result is displayed in user interface, logged to the internal SD card and is available on remote
communication interface.

Continuous measurement mode can be stopped manually using the red STOP button in the
measurement window. The ongoing measurement is discarded and UT-ONE enters idle mode
immediately. Also, initializing any other measurement mode will stop continuous measurement.

Auto-start setting can be used to specify the state of the continuous measurement mode at UT-ONE
startup. UT-UNE can be configured to start with continuous measurement mode started, stopped or the
same as during the last UT-ONE shutdown.

6.2 Single-reading mode

Single-reading mode is a measurement mode, used primarily for creating computer applications for
automation of calibration and test procedures. Single-reading mode can only be initialized using the
remote communication interface.

Single reading is initialized remotely wusing
channels, the measurement range and the number of samples. Refer to the command description for
more details. This command only initializes the single-reading measurement, it does not wait for
acquisition to complete. The returned value gives the timestamp and channel label of the incoming
single-reading result.

The result of the single reading i&Ye O acomnuri NAL
that this command returns the last result of a single reading acquisition. Use the timestamp and channel
information obtained during the single -reading initialization to synchronize single-reading initialization
and result retrieval.

Alternatively, ywheindexR commaad, whitlkewillfalSo<convert the acquired raw
reading using the specified probe.
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Initializing a single reading will stop the continuous and digitizing measurement mode. However, if
there is an ongoing single-reading acquisition, initializing another single-reading acquisition will fail with
E6 error. The previously initialized single-reading acquisition will complete normally.

The result of a single reading is valid until the next single reading is completed. This means that
initializing a single reading before reading the previous result is valid. This is important in multi -
application environment.

After the single reading is completed, UT-ONE returns to idle measurement mode.

Measurement obtained in single-reading mode are not displayed on UT-ONE display and are not logged
in the internal UT-ONE SD card.

Single reading measurement mode isparticularly useful for creating computer applications that acquire
measurements from UT-ONE channels according to any custom measurement procedure. Also, single
reading mode can be used to effectively expand the number of input channels using an external
multiplexer. In this case, use the following procedure:

Stop any ongoing measurements or wait for them to complete

Set the external multiplexer to requested channel and wait for it to settle
Initialize a single reading

Wait for the single reading to complete

Read the result of a single reading

Release the channel on the external multiplexer

E ]

6.3 Single-reading mode with external standard

Accuracy of the UT-ONE measurement can be improved using the external standard, which is
connected to one of the three main channels. Application of external standard is available only as an
option in the single reading measurements. Continuous and digitizing measurements do not support
application of external standard.

Single readings with external standard are initialized and read using the same procedure as normal
single reading. In the initialization command, you have to specify the channel on which the external
reference is connected. A compatible external reference must be defined in the 8. External Standards
configuration window.

Single reading with external standard is performed in three steps:

1 A normal single reading on measured channel is performed and result is stored internally.

1 Another single reading is performed on specified reference channel and result is stored
internally. If applicable, temperature coefficient of the external standard is automatically
implemented to correct any temperature drifts.

1 The reading of the external standard is compared to its reference value and the difference is
used to correct the reading on the measured channel. This removes any short-term and long-
term drifts. The resulting reading on measured channel is made available for reading over
communication interface.

The application of external standard requires two internal single readi ngs, so the total acquisition time
is doubled. Also, the reading of external standard will introduce additional noise into the combined
measurement result, so noisier measurements can be expected. To compensate for this increase in
noise, you may choose to increase the number of samples per single reading, thus increasing acquisition
time.

Optimal result in measurements with external standard can be achieved when a manual measurement
range is specified and the value of the external reference is close to the range nominal limit. For
example, when using Pt-25 probes over entire range, it is recommended to use manual measurement

range R3 (100 Y, 1 mA) and an external reference resistor with nominal value of 100 VY . As anot her
example, for Pt-100 probe up to 250 A C, it is recommended to (200sYel measur e
mA) and external reference resistor with nominal value 200 Y . Using reference resist

that are considerably lower than the nominal limit of measurement range will result in higher in crease
in measurement noise. Use of reference resistors with value less than 25% of the nominal limit of the
measurement range is not recommended.
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Alternatively, you may also use auto ranging feature with measurements with external standard. In

this case auto ranging is performed independently for measured and reference channel, so optimal

range is selected for each reading. This will result in optimal noise performance regardless of the
reference resistor value (any val ufer PRTenieaser@amentsi 5 Y an
However, when different measurement ranges are chosen for the measured and reference channel, this

results in only partial elimination of drift errors.

External standard feature is supported for PRT, thermistor and thermocouple measurements, but it is
primarily advantageous for PRT measurement, where short-term and long-term drifts are the dominant
source of error for the thermometer readout. For thermistors, external standard will reduce the drift
error as well, but even without the external resistor, accuracy on the level of 1 mK is achievable, so
further reduction is meaningless in most practical cases. For thermocouples, application of external
standard may not be straightforward, as parasitic emf may obscure any potential benefit s. Although
Batemika does not promote the use of external standards for thermocouples, we live this option open
for user investigation.

6.4 Digitizing measurement mode

UT-ONE supports a special measurement mode, which allows fast digitizing with a fixed measurement
range on one main channel. This mode is applicable only using commands via remote communication
interface. In this mode, you can take from 4 to 470 raw samples per second directly from the ADC
output. In this mode, there is no current reversal for re sistance measurements, no temperature
coefficient correction and no linearity correction. For sampling rates above 50 Hz, there is also no
suppression of mains frequency interference. The resulting accuracy is therefore significantly worse
than accuracy specified for other measurement modes and this results should never be used to make
absolute temperature measurements.

Digitizing measurement mode has two possible applications:

1 Observation of very fast temperature phenomena, where general behaviour is of in terest, while
absolute accuracy is not so relevant
1 Using high sampling rates, existence of interference signals with mains frequency can be
evaluated on probe inputs. This interference is normally filtered out by the UT -ONE algorithms,
but it may have some residual effects. This is especially useful for troubleshooting on suspicious
measurement results.
Digitizing mode can be programmed with commands described in the UT-ONE command set, but for
convenience we recommend the use of digitizing application, available for free download from our
website.
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7 Batteries

UT-ONES16Bhas no internal lithium ion batteries.
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8 UT-ONE Applications Software

UT-ONE Applications is a software package for control and configuration of the UT-ONE thermometer
readout via the remote communication interface. The aim of the UT-ONE Applications software is to
provide a convenient general-purpose interface to the UT-ONE functionality from computer screen.
UT-ONE Applications also demonstrate the capabilities of the UTFONE thermometer readout and may
be used as the starting point for developing user applications, covering a specific measurement solution.

UT-ONE Applications software is applicable to all models of the UTFONE family of thermometer
readouts, so certain features may not be available for your particular UT-ONE model.

UT-ONE Applications is based on LabVIEW platform and is distributed asan executable installer, so
LabVIEW development environment or any other additional licenses are not required.

UT-ONE Applications software packaye is available for free-of-charge download at
www.batemika.com. UT-ONE Applications is licensed for use only with the UT-ONE thermometer
readouts. LabVIEW source code for selected applications and drivers is availalbe on request for qualified
customers. Development of derivative applications by the end-user is allowed only for use with UT-ONE
thermometer readout. Commercial distribution of derivative applications to third parties is not allowed
without a written perm ission from the Batemika.

S5 UT-ONE Applications _ %
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This sofftware is licensed for use with UT-ONE thermometer readout. LabVIEW source code for selected
applications is available on request for qualified customers. Lipgrades available at www.batermika.com

Figure 37.:UT-ONE Applications launch panel

UT-ONE Applications starts with the launch panel, which enables the launching of individual
applications. Applications may safely run in parallel, however some of the UT-ONE operations may
interfere with each other, so some caution is required. After you | aunch the applications, you may safely
close the launch panel and continue to use the launched applications. Launch panel can be reopened
from the applications using the UT-ONE Applicationsbutton.

Interface, Probe Calibration Demo, Climatic Chamber Validation and Temperature Monitoring
applications allow you to start and execute more than one instance of the application at the same time.
To start another instance of the application, use the associated button in the UT -ONE Applications
launch panel.

This user manual can be accessed in pdf format by clicking the User Manua/button.
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After you launch one of the UT-ONE applications using the launch panel, the application will first try
to automatically establish the communication with UT-ONE using the last successfully used
communication interface. If communication interface has not been selected before, or the
communication with UT-ONE canét be established, the a@ppPOMECati on
page and paintthe UT-ONE Communication interface control to red. Use the right -click button to activate

the popup menu with the list of available communication interfaces, which include USB interfaces, serial
interfaces and GPIB interfaces.

After you select a communication interface from the list, the application will attempt to establish
communication with UT-ONE over the selected interface. If communication is successfully established,
the UT-ONE Communication interface control is painted grey and UT-ONE information is retrieved and
displayed.

If communication is not established over the selected interface, UT-ONE Communication interface
control will remain red and UT-ONE information will not be displayed. Check that communication cables
are properly attached and that UT-ONE is switched. Also, check f any other application (outside UT7-

ONE Applicationy is currently communicating with UT-ONE and has consequently locked the
communication interface.

To change the interface or UT-ONE device after the communication was already established using the
default interface, click the Change Interface button. The application will restart with blank
Communication Interface box and you will be able to reselect it. Note that any data acquired so far
using this application will be lost.

Acquisition DataAnaIvsi5| Probes | External Standards UT-ONE | UT-ONE Applcations

UT-OME Communication interfsce Use right-elick ta select interface from the popup menu!

Serial Number ‘ ”

Production Number ‘ ”

Measurement Modul Number ‘ ”

TR & it r - version 2.07.00r |

Figure 38.: UT-ONE page before communication with UT -ONE is established

Acquisition DataAnaIysis| Probes | External Standards UT-ONE | UT-ONE Appications
r—— _
USB0::0x03EB::0xC147::UTONE S06060217::RAW || swoobme )| e aace |

Serial Number | SO6060217 |

Prodtction Aumber |UTONE 0606230217-06020500 |

Measurement Modul Number ‘A3012 0606230217-08120102 “

Firmware Version |2.07.00r |

T =~ version 2.07.00r

Figure 39. UT-ONE page after communication with UT -ONE Is established
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UT-ONE Interface is the application that implements the UT-ONE user interface on computer screen.
The pages and views are organized in a similar way as in the UT-ONE BO3x display, so the use is
intuitive. UT-ONE Interface application is also applicable to models without display, but in this case
functions that are related to UT -ONE display, internal logging and battery are not applicable.

Measurement can be controlled from the UT-ONE BO03x display and from the UT-ONE Interface
application at the same time, and both will adapt to the changes in the other interface.

You can choose between the Measurement and Configuration page using the tab selectors on the
right-hand side of the window. You can choose between different views using the tab selectors on the
top of the window. Measurements in continuous mode can be started and stopped using the green/red
button in the bottom of the window. Clearing the readings will clear the readings from the graph, but
not from the UT-ONE BO03x display. You can download the readngs that were logged in the UT-ONE
BO3x display memory using the Download Measurementsbutton. Measurements in the graph can be
exported to the text file, which is formatted for direct import in MS Excel.
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Figure 40: UT-ONE Inter face mixed measurement view
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Figure 41.UT-ONE Interface selection of temperature unit
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Temperature values on the graph «c¢an -bliektoddisgay theay e d
popup-menu and select the menu command for required unit. You can also choose to display raw values
of main channels (resistance or emf) in units of Y or OV, or the relative humidity. You can also display
All values on the graph, regardless of the unit (for example you can display temperature, relative
humidity, resistance and emf values). In this case, the scale is just a numeric value without a particular
unit designation.

Temperature units on the numeric indicators can al so be changed between
Units button.

UT-ONE Interface application by default displays the last measured values. Note that values are
updated only if the continuous measurement is started. You can also choose to display the measurement
statistics, which include minimum measured value, maximum measured value and the difference
between the maximum and minimum measured value. Statistics is calculated from all values displayed
on the graph. Statistics can be reinitialized by clicking the Clearbutton, which will also clear all data on
the graph.
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Figure 42.: UT-ONE Interface statistics display

Measurement values from the main channels can be presented as the temperature difference between
the channel value and the reference channel value. Reference channel can be selected using the
command in the popup menu. Reference channel is marked with label Cxx and displays actual
temperature value, difference channels are marked with label Dxx and display temperature difference
in selected temperature unit. This is not applicable to ambient probe and TJ channels.
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Figure 43:UT-ONE Interface channel difference display
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Figure 44. UT-ONE Interface Raw Reading display

UT-ONE Interface can display raw readings for the last acquired measurement. Note that this does
not apply to readings on the graph, just to t he displayed numeric values in Mixed View. For main
channels the raw reading is the acquired probe resistance or emf in ohm or OV. For ambient probe, raw
reading is displayed in %rh or AC, but before the pr.
used for diagnostics and validation, and also during the probe recalibration procedure.

UT-ONE Interface application can display readings on a large graph in the Graph Viewdisplay. All
graph settings can be configured in the Mixed View display and are automatically applied after you
change the view.
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Figure 45:UT-ONE Interface Graph View

UT-ONE Interface application can display readings just as numeric values with a large font for easy
reading. Values of up to four channels can be observed at the same time and you can use the vertical
slider to view more channels if available. You can choose between observing the values of main channels
and ambient probe readings using the page selector.
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Figure 46.: UT-ONE Interface Numeric View

UT-ONE Interface application can also display measurement results for each channel separately and
with all associated information, including the last measured value, raw value, statistics, probe
information and measurement range. You can use page selectors to choose between available channels.
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Figure 47.:UT-ONE Interface Channel View
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Configuration page has similar views as in the UT-ONE B03x user interface. User can change channel
configuration, check the battery status and version information, synchronize UT -ONE time with the
computer time, manage probe and range data, and take a snapshot of the UT -ONE display.

Channelsview allows you to configure main channels in the continuous-measurement mode. It is
recommended to select the probe first and the application will automatically select the default
measurement range. Alternatively, you may also select a Not Defined empty probe and in this case you
can select any measurement range with results presented without conversion to temperature. When
you make the changes to UT-ONE channel configuration, a green Savebutton and a red Cance/button
are displayed. Note that changes are applied only after you click the Save button. If you change chan nels
or views, changes will be lost without warning.
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Figure 48.:UT-ONE Interface Channels view

Powerview present the information about the battery status (if available) and the power source. There
are no configurable options available in this view.
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Figure 49.:UT-ONE Interface Power view
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Time view allows you to compare internal UT-ONE realtime clock with the computer clock. Internal
clock may drift for a few seconds per day, so by clicking the Syrnchronize Timebutton you can set the
device time to the computer time. The time and date format is determined by your computer Region al
Settings, so the application window may look slightly different than the figure bellow.
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Figure 50: UT-ONE Interface Times view

User probes can be conveniently reviewed, deleted and edited in the Probesview. This enables you
to use copy/paste operation to enter coefficient, therefore reducing the possibility of typing errors.
Commands for probe manipulation are available in the popup menu. You can also save the probe data
in a file, so it can be used as a backup or to be distributed to another UT -ONE device. Probe data can
be saved as individual probes or as a group of all probes. Saving all probes in as single file provides a
convenient way to use the same UT-ONE device with different probe sets.
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Figure 51.:UT-ONE Interface Probes view with probe editing dialog
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Rangesview can be used for reviewing UT-ONE internal calibration constants.
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Figure 52:UT-ONE Interface Ranges view

Screenview can be used to acquire a screenshot of the image currently displayed on the UT-ONE
built-in display. This feature is only applicable for UT-ONE models with screen. Acquired image can be
saved in an image file and can be used for diagnostics or achieving purposes.
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Figure 53. UT-ONE Interface Screen view
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External Standardsview is used to manage the properties of external standards that can be used to
improve the accuracy of measurements in single-reading measurement mode. Use buttons in this view
to store that to and from internal UT -ONE nonvolatile memory and to store them in files on a computer.
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Figure 54. UT-ONE Interface External Standards view

UT-ONEview is used to select the UT-ONE communication interface and consequentially the particular
UT-ONE device, if more UT-ONE devices are connected to a computer. After the communication is
established, the application retrieves serial number and other device information from the device.
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Figure 55:UT-ONE Interface UT-ONE view
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8.2 UT-ONE Probe Calibration Demo

UT-ONE Probe Calibration Demo application is a simple and convenient tool for calibration by
comparison of platinum-resistance, thermistor and thermocouple probes. This application performs the
acquisition, data analysis and optionally stores the results to the UT-ONE nonvolatile memory.

This application is a limited demo version of the Batemika calibration software, as it enables the
calibration of only one probe at the same time, it has no uncertainty calculation and no printing of
calibration certificates. Contact Batemika to get more information about the full version of our custom -
made calibration software.

Calibration by comparison of a temperature probe is performed by placing a reference thermometer
and a unit under test in stable and homogeneous calibration medium, typically a calibration bath,
furnace or climatic chamber. The reading of the unit under test is then associated with the temperature
measured with the reference thermometer. This is repeated at several calibration points within the
required temperature range. Calibration points are then used to calculate calibration coefficients for the
particular probe characterization.

The reference thermometer must be connected to one of the UT -ONE main channels and must be
properly configured to measure true temperature. Make sure that probe data for the reference
thermometer is valid.

Unit under test must be connected to one of the remaining UT -ONE main channels and must be
configured to measure the resistance or emf. In most cases, it is most conven ient to use the auto range
for the Pt-100, thermistor or thermocouple. Selecting the UUT probe is recommended, as it will be used
to indicate approximate UUT temperature and it is used in the visualization of results in data analysis.
Note that UUT probe selection has no direct effect on final calibration results. If you are recalibrating
the UUT, and the results of the previous calibration are stored in UT -ONE probe list, you can select the
existing probe characterization, otherwise select one of the predefined probe characterizations that best
fits your probe.
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Figure 56: Acquisition window

Calibration uncertainty can be improved by using the external standard, which must be connected to
one of the remaining UT-ONE main channels C1, C2 or C3). To enable the use of external standards,
go to the External Standardspage and check the Enable External Standardscheckbox. Verify that the
correct external standards are set up and saved to the UT-ONE internal memory. You can now select
the external standards in the channel configuration for the reference and UUT probe. Note that external
standards must be enabled and set up before you make the first measurement.

Acquisition can be started using the Start/Stop button in the bottom of the wi ndow. Measurements
are acquired in the single-reading mode. If there is a problem with the acquisition, the Status box will

www.batemika.com


http://www.batemika.com/

UT-ONE S16B BATEMIKA

measurement solutions
16-Channel Thermometer Readout

display the error message. Readings can be cleared from the graph using the Clearbutton. Application
uses the specified number of readings to calculate the mean value and standard deviations. Specify the
calibration point (nominal temperature) in the Calibration Pointinput box for each calibration medium
setting. After the application acquires the specified number of readings, Save Glibration Point button
becomes active and you can manually save the current measurement to the calibration point list.

After you save the calibration point, the application automatically displays it in the Calibration Points
list, so you can review it. N ote that you can make several calibration points at on temperature. You can
later select/deselect each calibration point or even delete it from the list. Note that only selected
calibration points (with the checkmark in the calibration point list) are used in the data analysis.

Calibration points can be selected/deselected and deleted using the popup menu on the calibration
points list.

After you acquire all calibration points, you can start with the data analysis. First select one of the
available probe types for your probe characterization. If applicable, select the function order for the
fitting procedure. Application will automatically calculate the probe coefficients and display them in the
New Probe Databox.

If you would like to save the probe data to UT-ONE nonvolatile memory, enter the Probe Nameand
select an empty user-defined probe location. Note that any previous probe data at selected location will
be overwritten. Click the Save fo UT-ONEbutton to save the results to UT -ONE nonvolatile memory.
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Acquisition Data Analysis | Probes = External Standards = Manual Calculation | Testing UT-ONE | UT-ONE Appications |
Cabratin ponts

Tmestamp Calbvaton poit  REF range REF temperature REF STD UUT range UUT vabe UUT STD it temperature Averaging D
+ 28. 09. 2015 19:48:1 23 °C RS 23,2421 °C 487u°C RS 109,10885 ohm 1860 ohm 22,00 °C 20 readngs
423, 09. 2015 00:13:4 26 °C RS 27,5804 °C 42u°C RS 110,78985 ohm  146u ohm 21,87 °C 20 readngs
4 29.09. 2015 07:27:5 32 °C RS 31,9073 °C 372u°C RS 112,46545 ohm | 167u chm 21,63 °C 20 readngs
4 28, 09. 2015 11:29:4 36 °C RS 36,2316 °C 346u°C RS 114,13741 chm | 140u chm 22,16 °C 20 readings
< 29.09. 2015 15:05:% 23 °C RS 23,2445 °C 507u °C | RS 109,11152 ohm  13luohm 22,08 °C 20 readngs
4 29 09. 2015 18:36:4 19 °C RS 18,8055 °C 35u°C RS 107,38908 ohm  192u ohm 22,19 °C 20 readngs v

Corrections i °C | [ 2 Acqustion A Gl ots [l 2 FECuve

0,134 e
e o rome{ o PridD

New Brobe Duta

0,138
-0,140-] S
0,142 A2 | 1D0,061766968 ohm 2,51m °C
0,144 i 1B
0,146

proe Tyoe | [2)[PC: PRT CVD

A |10,00390560143148 C*-1

0,148}

5| |-6,44581825464-7 C~-2

0,150 —_
0,152+ cloc~4
»|0crs

Wike Probe to Fie

UT-ONE Probe Location

Terpentuen -t 8 B % cneconsnc @ 10 HE® | \
o 03: ( NOT DEFINED ) 0 Save to UT-ONE

VTEW. Copyeghe 1 nar wversion 2.07.03r

Figure 57: Data Analysis window with results of Pt -100 calibration

Calibration results can be conveniently visualized on a data analysis graph. The graph displays the
currently acquired point as an orange ring, the selected calibration points as blue circles and the
resulting probe characteristic as the light blue curve. You can view the data as the raw value (resistance
or emf) against temperature, as fitting residuals or as a correction. Correction is calculated as the
difference between actual values and nominal values according to selected UUT probe. Data
visualization allows better evaluation of calibration results and detection of any faulty measurements.
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Figure 58: Visualization of dat  a analysis results for NTC 3k calibration
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If calibration results are obtained externally and are presented as a set of temperature and
resistance/emf pairs, you can use the Manual Calculationtab to calculate the calibration coefficients and
store them directly to the UT-ONE nonvolatile memory.

Calibration data can be entered by typing in the values for reference temperature and UUT
resistance/emf directly to the /nput Data. Alternatively, you can copy and paste data directly from Excel
(one column of data for reference temperature and one column of data for UUT resistance/emf). After
you entered the data, check the values in the /mported input data indicator to verify that data was
entered and imported correctly.

Note that this feature can be used even wit hout the UT-ONE unit connected to the computer. To start
calculation without UT-ONE unit, select OFFLINE option in the /nferface selection.

To start with data analysis, first select the Probe Template. This will enable more convenient data
presentation in the graph and will limit the available probe types to applicable values only. Alternatively,
you can also select No probe template option, which will allow you to select any probe type for data
analysis.

Next, select one of the available probe types for th e selected probe template. If applicable, set the
function order of the equation used in the fitting procedure. Check calculated fitting residual error and
verify on the graph that the fit curve traces the calibration points. If some of the points signific antly
deviate from the fit curve, check for typing errors and verify your calibration procedure.

If you would like to store the calculated probe data to UT -ONE nonvolatile memory, you will have to
enter the Probe Nameand click the Write Probe to File button. This will store the probe data in a *.prb
file. If UT -ONE unit is connected to the computer, you can now select the Probestab and read probe
data from file and save it to the selected location in the UT -ONE non-volatile memory.
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Figure 59. Manual Calculation window with results of Pt -100 calibration
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UT-ONE internal calculation of temperature from probe resistance or emf can be verified inthe T7esting
tab. This allows the user to check the accuracy of the calibration coefficients and to validate the internal
conversions.

Probe coefficients must be first stored in one of the probe locations in the UT -ONE nontvolatile
memory. Select the probe in the Probe testing dropdown list and review its data.

You can now enter raw value (resistance or emf) in the Raw Value inand the application will send it
to the UT-ONE unit and return the converted temperature value. The application will also calculate the
temperature in the application software (computer), so you can check if there are any differences.

The calculation in the UT-ONE unit is possible only from raw value to temperature. The inverse
calculation from temperature to raw value is possible only in application software.

Additional check can be performed by generating 1000 random measurement points in the specified
calibration range and observing the difference between the UT-ONE and application calculations for the
selected probe. This will give you a good indication of the numeric error that can be e xpected from
calculations in the UT-ONE firmware.

Equations for conversion of temperature probes tend to be simple in one direction and more
complicated in the inverse direction. For example, CVD equation is very simple for calculation of
resistance from temperature, but is complicated for calculation of temperature from resistance. The
validity of conversion in both directions can be checked by selecting Difference between Forward and
Backward Calculation This is applicable only to conversions in the application software.
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Figure 60: Testing window with results of Pt -100 calculation
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8.3 UT-ONE Range Readjustment

UT-ONE Range Readjustment application is a tool for checking the internal drift of the UT-ONE
measurement circuits and optional adjustment of the reference value for each measurement range.
Note that adjustment removes the drift error, but it may also invalidate the traceability obtained from a
UT-ONE calibration certificate, so depending on your requirements, a recalibration may also be required
after readjustment procedure. If measured drift errors are within specified accuracy, it may therefore
not be optimal to store them to UT -ONE nonvolatile memory.

UT-ONE Range Readjustment application also feature a manual mode, which just measures and
averages the raw value (resistance or DC voltage) on selected channel. The results are just recorded
and there is no adjustment performed. This is a useful tool for the calibration of UT -ONE in an external
calibration laboratory, especially for UT-ONE units with no display.

Range readjustment requires the connection of calibration standards, typically reference resistors or
DC voltage sources. Calibration standards must be connected to lowestfour main channels and
configured in the Calibration Standardspage before adjustment can start.

Range adjustment is always performed in three distinct levels:

1 In the first level the value of configured calibration standards is measured and displayed in
the list, together with the drift error in  ppm. At this point there are no changes to UT -ONE
and procedure may be stopped at any time. If you want just to check the drift of the UT -ONE,
you should stop at this point

1 Inthe second level, all or selected ranges with the READY TO SAVE status are stord to UT-
ONE volatile memory. Changes take effect immediately, so the results of the adjustment can
be observed. Note that at this point, if the UT -ONE is shut down, all changes will be lost and
UT-ONE will return to original state

1 In the third level, you m ay choose to save changes to nonvolatile EEPROM memory in UT
ONE. Note that at this point changes are permanently stored and previous values may not be
recovered.

. UT-ONE Range Readjustmens (B30030520) - o x
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Figure 61. Calibration Standards page

The first step is the confi guration of the calibration standards. For each calibration standard, you must
specify the name, range set, reference value and temperature coefficient. Standard nameis used just
for the user convenience and has no effect on adjustment. Rangesselects the set of ranges for which
the calibration standard is applicable. If calibration standard is not connected, you should select the Aot
usedoption. Reference Values peci fi es the true value of 7empertureal i br at
coefficient specifies the temperature coefficient of the calibration standard, which allows the automatic
temperature compensation of the calibration standard. If temperature compensation is not applicable,
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use 0. The source of temperature for automatic compensation can be selected in Calibration Standard
Temperature Compensation You may choose between no compensation, internal TJ thermometer,
optional ambient conditions probe TA and manual entry.

Calibration standards configuration has the same file format as the external standards configuration
usedinUT-ONE t o i mprove measurement accuracy, but it is
write external standards to UT-ONE memory to become active for the scope of adjustment.

After the calibration standards are configured, you may proceed to Adjustment page to start the
adjustment. First select the set of ranges (Pt-100 ranges, thermistor ranges or thermocouple ranges)
that you wish to adjust. The range list will be automatically populated with applicable measurement
ranges. Note that range set must match the range set selected in the calibration standard configuration,
ot herwise calibration standard wondt be used.

Next select the number of readings that are acquired and averaged for each range adjustment. The
default value is 40, which gives good results, but you may wish to choose higher or lower value
according to your time and accuracy constraints.

Next select how the calibration standards are selected for each measurement range. You have three
options:

1 Auto-select calibration standards will select all calibration standards that are between 15%
and 90% of the range reference value

1 Use all applicable calibration standards will select all select all calibration standards that are
less than 100% of the range reference value

1 Use highest applicable calibration standard will select only the largest calibration standard,
which is less than 90% of the range reference value

Adjustment for a particular range will make measurements on one or more applicable calibration
standards and use the weighted mean of all results, where calibration standards with higher value have
a higher weight. If there is no applicable calibration standard for the particular range, an error will be
reported and adjustment for the particular range will be sto pped.
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Figure 62. Adjustment page

Adjustment can be controlled using the popup menu on the range list. Popup menu consists of nine
commands:

1 Monitor Selected Range starts the acquisition for the selected range using the applicable
calibration standards. Acquisition must be stopped manually using the popup menu command.

1 Adjust Selected Rangeclears any existing data for the selected range, starts the acquisition

using the applicable calibration standards and acquires specified number of readings. After

the acquisition is completed, adjusted range is ready to be saved to UT-ONE memory.

Adjust ALL Rangesschedules all ranges for adjustment procedure.

Stop Acquisitionstops the acquisition and clears and scheduled ranges

Clear Selected Rangeclears the readings and status for the selected range

E ]
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1 Clear ALL Rangeglears the readings and status for all ranges

1 Save Selected Rangesends the adjusted reference value for the selected range to UT-ONE
volatile memory

1 Save ALL Rangessends the adjusted reference value for all applicable ranges to UT-ONE
volatile memory

1 Export Data to Clipboard copies data presented in the range list to clipboard. Data is available
for pasting to applications such as Notepad, MS Excel or MS word.

Measurements for the selected range are presented in graph and in numeric indicator.

Measurement Rangespage displays the information about calibration coefficients for all available
ranges that are stored in the UT-ONE volatile memory. You can manually change the reference value
for the selected range by double-clicking it or by using the popup menu command.

Measurement ranges can bewritten or read from a *.rng file on your local computer using the popup
menu commands. It is recommended that you make a backup copy of the coefficients before you make
the adjustment, so you can restore the previous state in case of a failed adjustment. Range coefficients
in the *.rng file can also be used to evaluate the drift between consecutive adjustments.

Use the Export Data to Clipboardcommand in the popup menu to copy the data in the list to clipboard.

After you make any changes to range coefficients in the UT-ONE volatile memory (either manually or
using the adjustment procedure), the green Save to EEPROMutton and red Discard Changesbutton
will appear. Use the Save fo EEPROMbutton to permanently save the changes to UT-ONE nonvolatile
EEPROMmemory. Use the Discard Changesbutton to restore the range coefficients from the non -
volatile memory and therefore discard any changes in the volatile memory.

Figure 63. Measurement Ranges page

Drift page allows you to review the drift between the adjustments for the selected ranges. Use the
popup menu to load range coefficients from the older *.rng files.
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