PRODUCT MANUAL =

CR1000X/CR1000Xe

Measurement and Control Datalogger

0 v+

— m (css Campbell
| - SCIENTIFICH
Pwern  CRIO0OOXe

DATALOGGER -

Act Eject

MicroSD’

Made in USA
Campbell Scientific, Inc.

OLKCEE T s

Revision: 02/2025
Copyright © 2017 — 2025 Campbe“

Campbell Scientific, Inc. SCIENTIFIC®




Please read first

About this manual

Please note that this manual was produced by Campbell Scientific Inc. primarily for the North
American market. Some spellings, weights and measures may reflect this. In addition, while most
of the information in the manual is correct for all countries, certain information is specific to the
North American market and so may not be applicable to European users. Differences include the
U.S. standard external power supply details where some information (for example the AC
transformer input voltage) will not be applicable for British/European use. Please note, however,
that when a power supply adapter is ordered from Campbell Scientific it will be suitable for use in
your country.

Reference to some radio transmitters, digital cell phones and aerials (antennas) may also not be
applicable according to your locality. Some brackets, shields and enclosure options, including
wiring, are not sold as standard items in the European market; in some cases alternatives are
offered.

Recycling information for countries subject to WEEE regulations 2012/19/EU

At the end of this product’s life it should not be put in commercial or domestic refuse
but sent for recycling. Any batteries contained within the product or used during the
products life should be removed from the product and also be sent to an appropriate
recycling facility, per The Waste Electrical and Electronic Equipment (WEEE)
Regulations 2012/19/EU. Campbell Scientific can advise on the recycling of the

B covipment and in some cases arrange collection and the correct disposal of it,
although charges may apply for some items or territories. For further support, please
contact Campbell Scientific, or your local agent.


https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32012L0019
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32012L0019
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1. Introduction

The CR1000X and CR1000Xe are our flagship data loggers that provide measurement and control
for a wide variety of applications. Their reliability and ruggedness make them excellent choices
for remote environmental applications, including weather stations, mesonet systems, wind
profiling, air quality monitoring, hydrological systems, water quality monitoring, and
hydrometeorological stations.

The CR1000X and CR1000Xe are low-powered devices that measure sensors, drive direct
communications and telecommunications, analyze data, control external devices, and store data
and programs in onboard, nonvolatile storage. The electronics are RF-shielded by a unique
sealed, stainless-steel canister. A battery-backed clock assures accurate timekeeping. The
onboard, BASIC-like programming language supports data processing and analysis routines.

The Getting Started Guide [ provides an introduction to data acquisition and walks you
through a procedure to set up a simple system. You may not find it necessary to progress beyond
this. However, should you want to dig deeper into the complexity of the data logger functions or
quickly look for details, extensive information is available in this and other Campbell Scientific
manuals.

Additional Campbell Scientific publications are available online at www.campbellsci.com .

Video tutorials are available at www.campbellsci.com/videos > | Generally, if a particular feature
of the data logger requires a peripheral hardware device, more information is available in the
manual written for that device.

2. Precautions

READ AND UNDERSTAND the Safety section at the back of this manual.

An authorized technician shall verify that the installation and use of this product is in accordance
to the manufacturer’s instructions, recommendations and intended use.

Although the CR1000X/CR1000Xe is rugged, it should be handled as a precision scientific
instrument.

Maintain a level of calibration appropriate to the application. Campbell Scientific recommends
factory recalibration every three years.
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3. Initial inspection

Upon receiving the CR1000X/CR1000Xe, inspect the packaging and contents for damage. File
damage claims with the shipping company.

Immediately check package contents. Thoroughly check all packaging material for product that
may be concealed. Check model numbers, part numbers, and product descriptions against the
shipping documents. Model or part numbers are found on each product. Report any
discrepancies to Campbell Scientific.

Check the CR1000X/CR1000Xe operating system version as outlined in Updating the operating
system (p. 158), and update as needed. CR1000X data loggers with Serial Numbers 34000 and
newer have hardware requiring the use of OS version 5.02 or newer.

3. Initial inspection 2



4. CR1000X/CR1000Xe data
acquisition system components

A basic data acquisition system consists of sensors, measurement hardware, and a computer with
programmable software. The objective of a data acquisition system should be high accuracy,
high precision, and resolution as high as appropriate for a given application.

The components of a basic data acquisition system are shown in the following figure.

Following is a list of typical data acquisition system components:

 Sensors - Electronic sensors convert the state of a phenomenon to an electrical signal (see
Sensors (p. 5) for more information).

» Data logger - The data logger measures electrical signals or reads serial characters. It
converts the measurement or reading to engineering units, performs calculations, and
reduces data to statistical values. Data is stored in memory to await transfer to a computer
by way of an external storage device or a communications link.
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 Data Retrieval and Communications - Data is copied (not moved) from the data logger,
usually to a computer, by one or more methods using data logger support software. Most
communications options are bi-directional, which allows programs and settings to be sent
to the data logger. For more information, see Sending a program to the data logger (p. 32).

 Datalogger Support Software - Software retrieves data, sends programs, and sets settings.
The software manages the communications link and has options for data display.

» Programmable Logic Control - Some data acquisition systems require the control of
external devices to facilitate a measurement or to control a device based on
measurements. This data logger is adept at programmable logic control. See
Programmable logic control (p. 19) for more information.

» Measurement and Control Peripherals - Sometimes, system requirements exceed the
capacity of the data logger. The excess can usually be handled by addition of input and
output expansion modules.

4.1 The CR1000X/CR1000Xe Datalogger

The CR1000X/CR1000Xe is used in a broad range of measurement and control projects. Rugged
enough for extreme conditions and reliable enough for remote environments, it plays a critical
role in numerous complex applications. Used in applications all over the world, it is a powerful
core component for your data acquisition system.

4.1.1 Overview

The CR1000X/CR1000Xe data logger is the main part of a data acquisition system (see
CR1000X/CR1000Xe data acquisition system components (p. 3) for more information). It has a
central-processing unit (CPU), analog and digital measurement inputs, analog and digital
outputs, and memory. An operating system (firmware) coordinates the functions of these parts in
conjunction with the onboard clock and the CRBasic application program.

The CR1000X/CR1000Xe can simultaneously provide measurement and communications
functions. Low power consumption allows the data logger to operate for extended time on a
battery recharged with a solar panel, eliminating the need for ac power. The CR1000X/CR1000Xe
temporarily suspends operations when primary power drops below 9.6 V, reducing the possibility
of inaccurate measurements.

The electronics are RF shielded and protected by the sealed, stainless-steel canister, making the
CR1000X/CR1000Xe economical, small, and very rugged. A battery-backed clock assures accurate
timekeeping.
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4.1.2 Operations

The CR1000X/CR1000Xe measures almost any sensor with an electrical response, drives direct
communications and telecommunications, reduces data to statistical values, performs
calculations, and controls external devices. After measurements are made, data is stored in
onboard, nonvolatile memory. Because most applications do not require that every
measurement be recorded, the program usually combines several measurements into
computational or statistical summaries, such as averages and standard deviations.

4.1.3 Programs

A program directs the data logger on how and when sensors are measured, calculations are
made, data is stored, and devices are controlled. The application program for the
CR1000X/CR1000Xe is written in CRBasic, a programming language that includes measurement,
data processing, and analysis routines, as well as the standard BASIC instruction set. For simple
applications, Short Cut, a user-friendly program generator, can be used to generate the program.
See also:

 Creating a Short Cut data logger program (p. 29)
. https://www.campbelIsci.com/videos/dataIogger—programmingn

For more demanding programs, use the full-featured CRBasic Editor. The CRBasic Editor help
contains program structure details, instruction information and program examples:

https://help.campbeIIsci.com/crbasic/cr1000x/E7JI.

4.2 Sensors

Sensors transduce phenomena into measurable electrical forms by modulating voltage, current,
resistance, status, or pulse output signals. Suitable sensors do this with accuracy and precision.
Smart sensors have internal measurement and processing components and simply output a
digital value in binary, hexadecimal, or ASCII character form.

Most electronic sensors, regardless of manufacturer, will interface with the data logger. Some
sensors require external signal conditioning. The performance of some sensors is enhanced with
specialized input modules. The data logger, sometimes with the assistance of various peripheral
devices, can measure or read nearly all electronic sensor output types.

4. CR1000X/CR1000Xe data acquisition system components
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The following list may not be comprehensive. A library of sensor manuals and application notes is
available at www.campbellsci.com/support ' to assist in measuring many sensor types.

Analog

° Voltage

° Current

° Strain

° Thermocouple

° Resistive bridge
Pulse

° High frequency

o Switch-closure

o Low-level AC

° Quadrature
Period average
Vibrating wire (through interface modules)
Smart sensors

o SDI-12

° RS-232

° Modbus

° DNP3

o TCP/IP

o RS-422

° RS-485
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5. Wiring panel and terminal
functions

The CR1000X/CR1000Xe wiring panel provides ports and removable terminals for connecting
sensors, power, and communications devices. It is protected against surge, over-voltage, over-
current, and reverse power. The wiring panel is the interface to most data logger functions so
studying it is a good way to get acquainted with the data logger. Functions of the terminals are
broken down into the following categories:

e Analog input
 Pulse counting
» Analog output

e Communications
« Digital I/O

e Power input

e Power output

» Power ground
 Signal ground

Removable power input

Signal ground (+
gnal g () terminal (10-36 VDC)

Pulse counters (P

Analog input (H/L o B B ViicroSD card

SE) storage

Switched excitation
outputs (VX)

10/100 Ethernet

QR (scan for UID)
5V power out

power out (SW12)
12 V power ou ommunications, controkResistive ground .
12V Power ground (G) and digital /0 (C) (RG) RS-232/CPI

Figure 5-1. CR1000Xe wiring panel
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Removable power

Signal ground(+) Pulse counters (P) i N

Analog input (H/L

oo | JGE Y VicrosD card
: +: : storage

Switched excitation
outputs (VX)

10/100 Ethernet
USB

5V power out
CSIyo

Switched 12 V
power out (SW12)

RS-232/CPI

12 V power ou Control and digital Resistive ground
12V Power ground (G) /0 (©) (RG)

Figure 5-2. CR1000X Wiring panel

Table 5-1: Analog input terminal functions

12 34 56 78 910 15 16
rh ré 31 réh 1 & RGl RG2
HL HL HL HL HL
Single-Ended JivivivivivivivivivivivivivIiv]v
Voltage
Differential
HlLlwulLlulelnlolalolnleluwlLlrlL
Voltage

Ratiometric/Bridge | v |V |V

Thermocouple VIVIVIVIVIVIVIVIVIVIVIVIVIVI|Y

Current Loop v v

Period Average VIVIVIVIVIVIVIVIVIVIVIVIVIVIVI|VY

Table 5-2: Pulse counting terminal functions

P1 P2 C1-C8
Switch-Closure v v v
High Frequency v v v
Low-level AC v v
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NOTE:

Conflicts can occur when a control port pair is used for different instructions (TimerInput(),
PulseCount(), SDI12Recorder(),WaitDigTrig()). For example, if C1is used for
SDI12Recorder (), C2 cannot be used for TimerInput(), PulseCount(), or
WaitDigTrig(Q).

Table 5-3: Analog output terminal functions

Switched Voltage Excitation v

Table 5-4: Voltage Output

C1-c8! VX1-VX4 5V 12V SW12-1 SW12-2 s
CSIO
5VDC v v v
3.3VDC v v
v
12 VDC N v v (CR1000Xe
only)

1C terminal voltage levels are configured in pairs. The default voltage output from C terminals is 5 V. Use the
PortPairConfig instruction in CRBasic to configure a C terminal pair to output 3.3 V.

Table 5-5: Communications terminal functions

RS-
232/CPI
SDI-12 v v v v
GPS PPS Rx Tx Rx Tx Rx Tx Rx
TTLO-5 V! Tx Rx Tx Rx Tx Rx Tx Rx
LVTTL 0-3.3 V' Tx Rx Tx Rx Tx Rx Tx Rx
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Table 5-5: Communications terminal functions

RS-
232/CPI
Tx Rx Tx Rx
RS-232 Tx Rx Tx Rx v
(CR1000Xe only)
_ A- B+ A- B+
RS-485 (Half " " " -
Duplex) (CR1000Xe only)
_ 2 Tx- Tx+ Rx- Rx+
RS-485¢ (Full Tx- Tx+ Rx- Rx+
Duplex) (CR1000Xe only)
12C SCL | SDA | SCL | SDA | SCL | SDA | SCL | SDA
SPI SCLK | COPI | CIPO SCLK | COPI | CIPO
SDM3 Data | Clk | Enabl Data | Clk | Enabl
CPI/CDM V4

TTTL and LVTTL are configured with the CommsMode option of the SerialOpen instruction in CRBasic.
2 RS-422 compatible.

3 SDM can be on either C1-C3 or C5-C7, but not both at the same time.

Communications functions also include Ethernet and USB.

Table 5-6: Digital I/O terminal functions

C1-C8

General 1/0 v
Pulse-Width Modulation Output

Timer Input

Interrupt

NIEN BN EN

Quadrature

5.1 Power input

The data logger requires a power supply. It can receive power from a variety of sources, operate
for several months on non-rechargeable batteries, and supply power to many sensors and
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devices. The data logger operates with external power connected to the green POWER IN port
on the face of the wiring panel. See Wiring panel and terminal functions (p. 7). The positive power
wire connects to the 12V terminal. The negative wire connects to G. The power terminals are
internally protected against polarity reversal and high voltage transients. If the voltage on the
POWER IN terminals exceeds 19 V, power is shut off to certain parts of the data logger to prevent
damaging connected sensors or peripherals.

The primary power source, which is often a transformer, power converter, or solar panel,
connects to the charging regulator, as does a nominal 12 VDC sealed rechargeable battery. A
third connection connects the charging regulator to the 12V and G terminals of the POWER IN
port. UPS (uninterruptible power supply) is often the best power source for long-term
installations. If external alkaline power is used, the alkaline battery pack is connected directly to
the POWER IN port. External UPS consists of a primary-power source, a charging regulator
external to the data logger, and an external battery.

WARNING:
Sustained supply (input) voltages in excess of those listed in the Power requirements (p. 253),
can damage the transient voltage suppression.

Ensure that power supply components match the specifications of the device to which they are
connected.

NOTE: To prevent voltage input issues with sensors and peripherals, do not use more than
16 V when powering them through the 12V, SW12-1, SW12-2, or CS I/O port on the data
logger.

When connecting power, switch off the power supply, insert the connector, then turn the power
supply on. See Troubleshooting power supplies (p. 175) for more information.

The CR1000X/CR1000Xe can receive power via the POWER IN port as well as 5 VDC via a USB
connection. If both POWER IN and USB are connected, power will be supplied by whichever has
the highest voltage. If USB is the only power source, then the CS I/O port and the 12V, SW12, and
5V terminals will not be operational. When powered by USB (no other power supplies connected)
Status field Battery = 0. Functions that will be active with a 5 VDC source ( USB) include sending
programs, adjusting data logger settings, and making some measurements.

NOTE:

The Status field Battery value and the destination variable from the Battery () instruction
(often called batt_volt in the Public table) reference the external battery voltage. For
information about the internal battery, see Internal battery (p. 155).
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5.1.1 Powering a data logger with a vehicle

If a data logger is powered by a motor-vehicle power supply, a second power supply may be
needed. When starting the motor of the vehicle, battery voltage often drops below the voltage
required for data logger operation. This may cause the data logger to stop measurements until
the voltage again equals or exceeds the lower limit. A second supply or charge regulator can be
provided to prevent measurement lapses during vehicle starting.

In vehicle applications, the earth ground lug should be firmly attached to the vehicle chassis with
12 AWG wire or larger.

5.1.2 Power LED indicator

When the data logger is powered, the Power LED will turn on according to power and program
states:

» Off: No power, no program running.

« 1flash every 10 seconds: Powered from BAT, program running.
+ 3 flashes every 10 seconds: Powered via USB, program running.
 Always on: Powered, no program running.

5.2 Power output

The data logger can be used as a power source for communications devices, sensors and
peripherals. Take precautions to prevent damage to these external devices due to over- or
under-voltage conditions, and to minimize errors. Additionally, exceeding current limits causes
voltage output to become unstable. Voltage should stabilize once current is again reduced to
within stated limits.

The 12V power outputs differ between the CR1000X and CR1000Xe models. Unlike the CR1000X,
the CR1000Xe provides a regulated 12V power output. See 12V Power output comparison
between CR1000X and CR1000Xe (p. 13) for details.
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Table 5-7:12V Power output comparison between CR1000X and CR1000Xe

CR1000X

CR1000Xe

Benefits of
CR1000Xe

Unregulated 12V power

Regulated 12 Vdc power;

Guarantees 12V output to

measurement peripherals
and radios

via pin 8 of the CS I/O port

12v irectly f h ;
' directly from the battery; 12V outputs allow up to 2A |power sensors and
SW12-1, |12V outputs allow up to .
per channel at 3.5A per peripherals even when a
SWiz-2 | ~1A per channel, up to 3A system 24V power supply is used
per system 12V Y P PRy
Unregulated 12V power Allows for a hard power
over CS I/O port via battery |Regulated 12V power and  [reset on external CS
12V over : - . .
S 1/0 for simpler wiring of CS SW12 control are accessible [modems without the

requirement for an inline
device

Additional power outputs include:

» 5V:regulated 5 VDC. The 5 VDC supply is regulated to within a few millivolts of 5 VDC as
long as the main power supply for the data logger does not drop below the minimum
supply voltage. It is intended to power sensors or devices requiring a 5 VDC power supply.
It is not intended as an excitation source for bridge measurements. Current output is
shared with the CS I/O port; so, the total current must be within the current limit. See 5V
fixed output (p. 255) specifications.

CAUTION:
For the CR1000X (not CR1000Xe), the voltage levels at the 12V and switched SW12 terminals,
as well as pin 8 on the CS I/O port, are tied closely to the voltage levels of the main power
supply. Therefore, if 16 VDC is supplied to the POWER IN 12V and G terminals, the 12V, SW12
terminals, and pin 8 on the CS I/O port will also supply 16 VDC to connected peripherals. This
could damage any connected peripheral or sensor not designed to handle that voltage.

» VXterminals: supply precise output voltage used by analog sensors to generate high
resolution and accurate signals. In this case, these terminals are regularly used with
resistive-bridge measurements (see Resistance measurements (p. 61) for more
information). Using the SWVX () instruction, VX terminals can also supply a selectable,
switched, regulated 3.3 or 5 VDC power source to power digital sensors and toggle control

lines.
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» Cterminals: can be set low or high as output terminals . With limited drive capacity, digital
output terminals are normally used to operate external relay-driver circuits. See also Digital
input/output specifications (p. 261).

See also Power output specifications (p. 254).

5.3 Grounds

Proper grounding lends stability and protection to a data acquisition system. Grounding the data
logger with its peripheral devices and sensors is critical in all applications. Proper grounding will
ensure maximum ESD protection and measurement accuracy. It is the easiest and least expensive
insurance against data loss, and often the most neglected. The following terminals are provided
for connection of sensor and data logger grounds:

« Signal Ground (&) - reference for single-ended analog inputs, excitation returns, and a
ground for sensor shield wires.

° 11 common terminals
° sometimes called analog ground (AG)

» Power Ground (G) - return for 3.3V, 5V, 12V, and digital sensors. Use of G grounds for
these outputs minimizes potentially large current flow through the analog-voltage-
measurement section of the wiring panel, which can cause single-ended voltage
measurement errors.

° 4 common terminals

* Resistive Ground (RG) - used for non-isolated 0-20 mA and 4-20 mA current loop
measurements (see Current-loop measurements (p. 59) for more information). Also used
for decoupling ground on RS-485 signals. Includes 100 Q resistance to ground. Maximum
voltage for RG terminals is +16 V.

° 2 common terminals

 Earth Ground Lug (&) - connection point for heavy-gauge earth-ground wire. A good
earth connection is necessary to secure the ground potential of the data logger and shunt
transients away from electronics. Campbell Scientific recommends 14 AWG wire, minimum.

NOTE:
Several ground wires can be connected to the same ground terminal.

A good earth (chassis) ground will minimize damage to the data logger and sensors by providing
a low-resistance path around the system to a point of low potential. Campbell Scientific
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recommends that all data loggers be earth grounded. All components of the system (data
loggers, sensors, external power supplies, mounts, housings) should be referenced to one
common earth ground.

In the field, at a minimum, a proper earth ground will consist of a 5-foot copper-sheathed
grounding rod driven into the earth and connected to the large brass ground lug on the wiring
panel with a 14 AWG wire. In low-conductive substrates, such as sand, very dry soil, ice, or rock, a
single ground rod will probably not provide an adequate earth ground. For these situations,
search for published literature on lightning protection or contact a qualified lightning-protection
consultant.

In laboratory applications, locating a stable earth ground is challenging, but still necessary. In
older buildings, new VAC receptacles on older VAC wiring may indicate that a safety ground
exists when, in fact, the socket is not grounded. If a safety ground does exist, good practice
dictates to verify that it carries no current. If the integrity of the VAC power ground is in doubt,
also ground the system through the building plumbing, or use another verified connection to
earth ground.

See also:

» Ground loops (p. 187)
e Minimizing ground potential differences (p. 187)

5.4 Communications ports

The data logger is equipped with ports that allow communications with other devices and
networks, such as:

e Computers

e Smart sensors

» Modbus and DNP3 networks

e Ethernet

» Modems

» Campbell Scientific PakBus® networks
» Other Campbell Scientific data loggers

Campbell Scientific data logger communications ports include:

e CS1/O
RS-232/CPI
USB Device
Ethernet

C terminals

5. Wiring panel and terminal functions
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5.4.1 USB device port

The USB device port supports communicating with a computer through data logger support
software or through virtual Ethernet (RNDIS), and provides 5 VDC power to the data logger
(powering through the USB port has limitations - details are available in the specifications). The
data logger USB device port does not support USB flash or thumb drives. Although the USB
connection supplies 5V power, a 12 VDC battery will be needed for field deployment.

5.4.2 Ethernet port

The RJ45 10/100 Ethernet port is used for IP communications.

5.4.3 C terminals for communications

C terminals are configurable for the following communications types:

e SDI-12

e RS-232

e RS-422

e RS-485

e TTL(Oto5V)

e LVITL(0to3.3V)
« SDM

Some communications types require more than one terminal, and some are only available on
specific terminals. See Communications specifications (p. 263) for more information.

5.4.3.1SDI-12 ports

SDI-12 is a 1200 baud protocol that supports many smart sensors. C1, C3, C5, and C7 can be
configured as SDI-12 ports. Maximum cable lengths depend on the number of sensors
connected, the type of cable used, and the environment of the application. Refer to the sensor
manual for guidance.

For more information, see SDI-12 communications (p. 117).

5.4.3.2 RS-232, RS-422, RS-485, TTL, and LVTTL ports
RS-232, RS-422, RS-485, TTL, and LVTTL communications are typically used for the following:

e Reading sensors with serial output
e Creating a multi-drop network
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o Communications with other data loggers or devices over long cables

Configure C terminals as serial ports using Device Configuration Utility or by using the
SerialOpen() CRBasicinstruction. Terminals are configured in pairs for TTL, LVTTL, RS-232,
and half-duplex RS-422 and RS-485 communications. For full-duplex RS-422 and RS-485, four
terminals are required. See also Communications protocols (p. 81).

5.4.3.3 SDM ports

SDM is a protocol proprietary to Campbell Scientific that supports several Campbell Scientific
digital sensor and communications input and output expansion peripherals and select smart
sensors. It uses a common bus and addresses each node. CRBasic SDM device and sensor
instructions configure terminals C1, C2, and C3 together to create an SDM port. Alternatively,
terminals C5, C6, and C7 can be configured together to be used as the SDM port by using the
SDMBeginPort () instruction.

See also Communications specifications (p. 263).

5.4.4 CS /O port

One nine-pin port, labeled CS I/O, is available for communicating with a computer through
Campbell Scientific communications interfaces, modems, and peripherals. Campbell Scientific
recommends keeping CS I/O cables short (maximum of a few feet). See also Communications
specifications (p. 263).

Table 5-8: CS 1/0 pinout

Pin . Input (1) .
ct t
number Function Output (O) Description
1 5VDC @) 5VDC: sources 5 VDC, used to power peripherals.
5 G Signal ground: provides a power return for pin 1(5V),
and is used as a reference for voltage levels.
3 RING Ring: raised by a peripheral to put the
CR1000X/CR1000Xe in the telecom mode.
Receive data: serial data transmitted by a peripheral are
4 RXD : .
received on pin 4.
Modem enable: raised when the CR1000X/CR1000Xe
5 ME @) . . S
determines that a modem raised the ring line.
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Table 5-8: CS 1/O pinout

Pin Input (1)

Function Description

number Output (O)

Synchronous device enable: addresses synchronous
devices (SD); used as an enable line for printers.

Clock/handshake: with the SDE and TXD lines addresses
and transfers data to SDs. When not used as a clock, pin
7 can be used as a handshake line; during printer output,
high enables, low disables.

Nominal 12 VDC power. Same power as 12V and SW12
terminals.

6 SDE @)

7 CLK/HS /O

8 12 VDC

Transmit data: transmits serial data from the data logger
to peripherals on pin 9; logic-low marking (0V), logic-
high spacing (5V), standard-asynchronous ASCII: eight
data bits, no parity, one start bit, one stop bit. User
selectable baud rates: 300, 1200, 2400, 4800, 9600,
19200, 38400, 115200.

9 XD O

5.4.5 RS-232/CPI port

The data logger includes one RJ45 module jack labeled RS-232/CPI. CPl is a proprietary interface
for communications between Campbell Scientific data loggers and Campbell Scientific CDM
peripheral devices and smart sensors. It consists of a physical layer definition and a data protocol.
CDM devices are similar to Campbell Scientific SDM devices in concept, but the CPI bus enables
higher data-throughput rates and use of longer cables. CDM devices require more power to
operate in general than do SDM devices. CPI ports also enable networking between compatible
Campbell Scientific data loggers. Consult the manuals for CDM modules for more information.

CPI port power levels are controlled automatically by the CR1000X/CR1000Xe:

» Off: Not used.

» High power: Fully active.

» Low-power standby: Used whenever possible.

» Low-power bus: Sets bus and modules to low power.

When used with a Campbell Scientific RJ45-to-DB9 converter cable, the RS-232/CPI port can be
used as an RS-232 port. It defaults to 115200 bps (in autobaud mode), 8 data bits, no parity, and 1
stop bit. Use Device Configuration Utility or the SerialOpen () CRBasic instruction to change
these options.
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Table 5-9: RS-232/CPI pinout
1 RS-232: Transmit (Tx)
RS-232: Receive (Rx)
100 Q Res Ground
CPI: Data
CPI: Data
100 Q Res Ground
RS-232 CTS CPI: Sync
RS-232 DTR CPI: Sync
Not Used

Ol | N|[oojlu | ™MW

5.5 Programmable logic control

The data logger can control instruments and devices such as:

» Controlling cellular modem or GPS receiver to conserve power.
 Triggering a water sampler to collect a sample.

 Triggering a camera to take a picture.

e Activating an audio or visual alarm.

» Moving a head gate to regulate water flows in a canal system.

» Controlling pH dosing and aeration for water quality purposes.

» Controlling a gas analyzer to stop operation when temperature is too low.

» Controlling irrigation scheduling.

Control decisions can be based on time, an event, or a measured condition. Controlled devices
can be physically connected to C, VX, or SW12 terminals. Short Cut has provisions for simple
on/off control. Control modules and relay drivers are available to expand and augment data
logger control capacity.

o Cterminals are selectable as binary inputs, control outputs, or communications ports.
These terminals can be set low (0 VDC) or high (3.3 or 5 VDC) using the PortSet () or
WriteIO() instructions. See the CRBasic Editor help for detailed instruction information and
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program examples: https://help.campbellsci.com/crbasic/cri000x/ . Other functions
include device-driven interrupts, asynchronous communications and SDI-12
communications. The high voltage for these terminals defaults to 5V, but it can be
changed to 3.3 V using the PortPairConfig() instruction. Terminals C4, C5, and C7
can also be configured for pulse width modulation with a maximum period of 36.4s. AC
terminal configured for digital I/O is normally used to operate an external relay-driver
circuit because the terminal itself has limited drive capacity.

« VX terminals can be set low or high using the PortSet () or SWVX() instruction. For
more information on these instructions, see the CRBasic help.

» SW12 terminals can be set low (0 V) or high (12 V) using the SW12 () instruction (see the
CRBasic help for more information).

The following image illustrates a simple application wherein a C terminal configured for digital
input, and another configured for control output are used to control a device (turn it on or off)
and monitor the state of the device (whether the device is on or off).

In the case of a cell modem, control is based on time. The modem requires 12 VDC power, so
connect its power wire to a data logger SW12 terminal. The following code snip turns the modem
on for the first ten minutes of every hour using the TimeIsBetween () instruction embedded
inan If/Then logic statement:
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If TimeIsBetween (0,10,60,Min)Then
SW12(Sw12_1,1,1) 'Turn phone on.
Else
SW12(Sw12_1,0,1) 'Turn phone off.
EndIf
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6. Setting up the
CR1000X/CR1000Xe

The basic steps for setting up your data logger to take measurements and store data are
included in the following sections:

6.1 Setting up communications with the datalogger ... 22
6.2 Testing communications with EZSetup ... 28
6.3 Making the software connection ... 29
6.4 Creating a Short Cut data logger program ... 29
6.5 Sending a program to the datalogger ... ... 32

6.1 Setting up communications with the data
logger

The first step in setting up and communicating with your data logger is to configure your
connection. Communications peripherals, data loggers, and software must all be configured for
communications.

You can configure your connection using any of the following options. The simplest is via USB.
For detailed instruction, see:

6.1.1 USB or RS-232 communications ... 23
6.1.2 Ethernet communications option ... 25

For other configurations, see the LoggerNet EZSetup Wizard help. Context-specific help is given
in each step of the wizard by clicking the Help button in the bottom right corner of the window.
For complex data logger networks, use Network Planner. For more information on using the
Network Planner, watch a video at https://www.campbellsci.com/videos/loggernet-software-
network-planner >

Additional information is found in your specific peripheral manual, and the data logger support
software manual and help. See also:
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« www.campbellsci.com/cellular-communications 7 for links to CELL200-series, RV50X,
cellular data services, Konect PakBus router, and other cellular products
o www.campbellsci.com/wi-fi-communications for links to the NL241, and other Wi-Fi

products

» www.campbellsci.com/spread-spectrum-radios# for links to the RF452 and RF407-series
spread spectrum radios

» www.campbellsci.com/satellite-communications i for links to the TX325, TX326,
HUGHES9502, and other satellite products

» www.campbellsci.com/loggernet

o www.campbellsci.com/pc400&F

Manuals for retired products are found at: www.campbellsci.com/manuals . These include, but
are not limited to: RF401, RV50, TX321, TX320, and TX312.

6.1.1 USB or RS-232 communications

Setting up a USB or RS-232 connection is a good way to begin communicating with your data
logger. Because these connections do not require configuration (like an IP address), you need
only set up the communications between your computer and the data logger. Use the following
instructions or watch the Quickstart videos at https://www.campbellsci.com/videos >}

TIP:
You will physically connect your data logger to your computer in step 6.

Follow these steps to get started. These settings can be revisited using the data logger support
software Edit Datalogger Setup option =

1. Using data logger support software, launch the EZSetup Wizard.

NOTE:
New software installations automatically open the EZSetup Wizard the first time they
run.

* LoggerNet users, click Setupm, select the View menu and ensure you are in the EZ
(Simplified) view, then click Add Datalogger’h‘}

* PC400 users, click Add Datalogger-h‘;.
2. Click Next.

3. Select your data logger from the list. In the Datalogger Name field, type a meaningful
name for your data logger (for example, a site identifier or project name), and click Next.

4. Select the Direct Connect connection type and click Next.
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5.

10.

1.

12.
13.
14.

If this is the first time connecting this computer to a CR1000X/CR1000Xe via USB, click Install
USB Driver, select your data logger, click Install, and follow the prompts to install the
USB driver.

Plug the data logger into your computer using a USB or RS-232 cable. The USB connection
supplies 5 V power as well as a communications link, which is adequate for setup. A12 V
battery will be needed for field deployment. If using RS-232, external power must be
provided to the data logger, and a CPI/RS-232 RJ45 to DB9 cable is required to connect to
the computer.

NOTE:

The Power LED on the data logger indicates the program and power states. Because
the data logger ships with a program set to run on power-up, the Power LED flashes
three times every 10 seconds when powered over USB. When powered with a 12 V
battery, it flashes once every 10 seconds. When no program is running, the LED is
always on.

From the COM Port list, select the COM port used for your data logger. It will appear as
CR1000X/CR1000Xe (COM number).

USB and RS-232 connections do not typically require a COM Port Communication Delay;
this type of delay allows time for hardware devices to "wake up" and negotiate a
communications link. Accept the default value of 00 seconds and click Next.

You must match the baud rate and PakBus address hardware settings of your data logger.
A USB connection does not require a baud rate selection, keep the default. RS-232
connections default to 115200 baud. The default PakBus address is 1.

Set an Extra Response Time if you have a difficult or marginal connection and you want the
data logger support software to wait a certain amount of time before returning a
communications failure error. Accept the default value of 00 seconds.

Set a Max Time On-Line to limit the amount of time the data logger remains connected.
When the data logger is connected, communications with it are terminated when this time
limit is exceeded. A value of 0 in this field indicates that there is no time limit for
maintaining a connection to the data logger.

Leave the Neighbor PakBus Address as the default of 0.
Click Next.

By default, the data logger does not use a security code. Therefore, the Security Code can
be left at 0. If the code has been changed in the data logger, enter the new code.

The PakBus Encryption Key can be left blank for direct USB connections.
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15.
16.

17.

Click Next.

Review the Setup Summary. If you need to make changes, click Previous to return to a
previous window and change the settings.

Setup is now complete. The EZSetup Wizard allows you to Finish, or you may click Next to
test communications, set the data logger clock, and send a program to the data logger. See
Testing communications with EZSetup (p. 28) for more information.

6.1.2 Ethernet communications option

The CR1000X/CR1000Xe offers a 10/100 Ethernet connection. Use Device Configuration Utility to
enter the data logger IP Address, Subnet Mask, and IP Gateway address. After this, use the
EZSetup Wizard to set up communications with the data logger. If you already have the data
logger IP information, you can skip these steps and go directly to Setting up Ethernet
communications between the data logger and computer (p. 26). Watch a video at
https://www.campbellsci.com/videos/datalogger-ethernet-configuration = or use the following
instructions.

6.1.2.1 Configuring data logger Ethernet settings

1.

Supply power to the data logger. If connecting via USB for the first time, you must first
install USB drivers by using Device Configuration Utility (select your data logger, then on
the main page, click Install USB Driver). Alternatively, you can install the USB drivers using
EZ Setup. A USB connection supplies 5 V power (as well as a communications link), which is
adequate for setup, but a 12 V battery will be needed for field deployment.

Connect an Ethernet cable to the 10/100 Ethernet port on the data logger. The yellow and
green Ethernet port LEDs display activity approximately one minute after connecting. If you
do not see activity, contact your network administrator. For more information, see Ethernet
LEDs (p. 26).

Using data logger support software (LoggerNet, or PC400), open Device Configuration
Utility ©.
Select the CR1000X Series data logger from the list

Select the port assigned to the data logger from the Communication Port list. If connecting
via Ethernet, select Use IP Connection.

Beginning with operating system 8.00, the data logger is configured to be secure by
default. Therefore, For data loggers that have a UID, PakBus Encryption is enabled by
default. The default PakBus Encryption Key is the UID. Enter the data logger UID or, if the
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setting has been changed, enter the new key. See Data logger security (p. 126) for more
information.

7. Click Connect.
8. On the Deployment tab, click the Ethernet subtab.

9. The Ethernet Power setting allows you to reduce the power consumption of the data
logger. If there is no Ethernet connection, the data logger will turn off its Ethernet interface
for the time specified before turning it back on to check for a connection. Select Always On,
1 Minute, or Disable.

10. Enter the IP Address, Subnet Mask, and IP Gateway. These values should be provided by
your network administrator. A static IP address is recommended. If you are using DHCP,
note the IP address assigned to the data logger on the right side of the window. When the
IP Address is set to the default, 0.0.0.0, the information displayed on the right side of the
window updates with the information obtained from the DHCP server. Note, however, that
this address is not static and may change. An IP address here of 169.254. ### ### means
the data logger was not able to obtain an address from the DHCP server. Contact your
network administrator for help.

11. Apply to save your changes.

6.1.2.2 Ethernet LEDs

When the data logger is powered, and Ethernet Power setting is not disabled, the 10/100 Ethernet
LEDs will show the Ethernet activity:

 Solid Yellow: Valid Ethernet link.
No Yellow: Invalid Ethernet link.
Flashing Yellow: Ethernet activity.
Solid Green: 100 Mbps link.

No Green: 10 Mbps link.

6.1.2.3 Setting up Ethernet communications between the data
logger and computer

Once you have configured the Ethernet settings or obtained the IP information for your data
logger, you can set up communications between your computer and the data logger over
Ethernet. Watch a video at https://www.campbellsci.com/videos/ezsetup-ethernet-connection
or use the following instructions.

This procedure only needs to be followed once per data logger. However, these settings can be
revised using the data logger support software Edit Datalogger Setup option -
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1. Using data logger support software, open EZSetup.
* LoggerNet users, select Setup from the Main category on the toolbar, click the
View menu to ensure you are in the EZ (Simplified) view, then click Add Datalogger.
* PC400 users, click Add Datalogger n+}

2. Click Next.

3. Select the CR1000X Series from the list, enter a name for your station (for example, a site or
project name), Next.

4. Select the IP Port connection type and click Next.

5. Type the data logger IP address followed by a colon, then the port number of the data
logger in the Internet IP Address box. These were set up through the Ethernet
communications option (p. 25) step. They can be accessed in Device Configuration Utility
on the Ethernet subtab. Leading Os must be omitted. For example:

e |Pv4 addresses are entered as 7192.168.1.2:6785

» |Pv6 addresses must be enclosed in square brackets. They are entered as
[2001:db8::1234:5678]:6785

6. The PakBus address must match the hardware settings for your data logger. The default
PakBus address is 1.

» Set an Extra Response Time if you want the data logger support software to wait a
certain amount of time before returning a communications failure error.

» LoggerNet and PC400 users can set a Max Time On-Line to limit the amount of time
the data logger remains connected. When the data logger is contacted,
communications with it is terminated when this time limit is exceeded. A value of 0 in
this field indicates that there is no time limit for maintaining a connection to the data
logger. Next.

7. By default, the data logger does not use a security code or a PakBus encryption key.
Therefore the Security Code can be set to 0 and the PakBus Encryption Key can be left
blank. If either setting has been changed, enter the new code or key. See Data logger
security (p. 126). Next.

8. Review the Communication Setup Summary. If you need to make changes, click Previous to
return to a previous window and change the settings.

Setup is now complete, and the EZSetup Wizard allows you Finish or select Next. The Next steps
take you through testing communications, setting the data logger clock, and sending a program
to the data logger. See Testing communications with EZSetup (p. 28) for more information.
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6.2 Testing communications with EZSetup

1. Advance to, or select, the Communication Test step in EZ Setup. See USB or RS-232
communications (p. 23) for more information.

Progress Communication Test

Introduction You now have the option of testing communication with the datalogger.

This will ensure that the datalogger has been set up correctly, The
connection will be kept online so that other setup tasks can be
performed {i.e, check/set clock, program send).

Communication Setup
Datalogger Settings

Setup Sumrmary

Test Communication?
% Communication Test

(@) Yes
Datalogger Clock (I Mo

Send Program

2. Ensure the data logger is physically connected to the computer, select Yes to test
communications, then click Next to initiate the test. To troubleshoot an unsuccessful test,
see Tips and troubleshooting (p. 166).

3. With a successful connection, the Connection Time with the data logger is displayed in the
lower-left corner of the wizard. Click Next.

4. The Datalogger Clock window displays the time for both the data logger and the computer
(server).

» The Adjusted Server Date/Time displays the current reading of the clock for the
computer running your data logger support software. If the Datalogger Date/Time
and Adjusted Server Date/Time do not match, click Set Datalogger Clock to set the
data logger clock to the computer clock.

 Optionally, specify a positive or negative Time Zone Offset to apply when setting the
data logger clock. This offset allows you to set the clock for a data logger thatisin a
different time zone than the computer (or to accommodate for changes in daylight
saving time).

5. Click Next.

6. The data logger ships with a default GettingStarted program. If the data logger does not
have a program, you can choose to send one by clicking Select and Send Program. Click
Next.

7. LoggerNet only - Use the following instructions or watch the Scheduled/Automatic Data
Collection video I&:
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» The Datalogger Table Output Files window displays the data tables available to be
collected from the data logger and the output file name. By default, all data tables set
up in the data logger program will be included for collection. Make note of the
Output File Name and location. Click Next.

» Check Scheduled Collection Enabled to have LoggerNet automatically collect data
from the data logger on the Collection Interval entered. When the Base Date and
Time are in the past, scheduled collection will begin immediately after finishing the
EZSetup wizard. Do not set up a scheduled collection during this tutorial. Click Next.

8. Click Finish, or you may click Next to test communications, set the data logger clock, and
send a program to the data logger.

6.3 Making the software connection

Once you have configured your hardware connection (see Setting up communications with the
data logger [p. 22]), your data logger and computer can communicate. Use the Connect screen
to send a program, set the clock, view real-time data, and manually collect data.

* LoggerNet users, select Main and Connect B on the LoggerNet toolbar, select the data
logger from the Stations list, then Connect Y

* PC400 users, select the data logger from the list and click Connect Va.

To disconnect, click Disconnect L Y

For more information, see the Connect Window Tutorial > |

6.4 Creating a Short Cut data logger program

You must provide a program for the data logger in order for it to make measurements, store
data, or control external devices. There are several ways to write a program. The simplest is to use
the program generator called Short Cut. For more complex programming, CRBasic Editor is used.
The program file may use the extension .CR1X, . CRB, or .DLD.

Data logger programs are executed on a precise schedule termed the scan interval, based on the
data logger internal clock.

Measurements are first stored in temporary memory called variables in the Public table. Data
stored in variables is usually overwritten each scan. Periodically, generally on a time interval, the
data logger stores data in tables. The data tables are later copied to a computer using your data
logger support software.
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Use Short Cut software to generate a program for your data logger. Short Cut is included with
your data logger support software.

This section guides you through programming a CR1000X/CR1000Xe data logger to measure the
voltage of the data logger power supply, the internal temperature of the data logger, and a
thermocouple. With minor changes, these steps can apply to other measurements. Use the
following instructions or watch the Quickstart part 3 video I

1. Using data logger support software, launch Short Cut.
* LoggerNet users, click Program then Short Cut @
* PC400 users, click Short Cut © .

2. Click Create New Program.

3. Select CR1000X Series and click Next.

NOTE:

The first time Short Cut is run, a prompt asks for a noise rejection choice. Select 60 Hz
Noise Rejection for North America and areas using 60 Hz ac voltage. Select 50 Hz Noise
Rejection for most of the Eastern Hemisphere and areas that operate at 50 Hz.

A second prompt lists sensor support options. Campbell Scientific, Inc. (US) is usually
the best fit outside of Europe.

To change the noise rejection or sensor support option for future programs, use the
Program menu.

4. Lists of Available Sensors and Devices and Selected Measurements Available for Output are
displayed. Battery voltage BattV and internal temperature PTemp_C are selected by
default. During operation, battery and temperature should be recorded at least daily to
assist in monitoring system status.

5. Use the Search feature or expand folders to locate your sensor or device. Double-click on a
sensor or measurement in the Available Sensors and Devices list to configure the device (if
needed) and add it to the Selected list. For the example program, expand the Sensors and
Temperature folders and double-click Type T Thermocouple.

6. If the sensor or device requires configuration, a window displays with configuration
options. Click Help at the bottom of the window to learn more about any field or option.
For the example program, accept the default options:

» 1Type T TC sensor

» Temp_C as the Temperature label, and set the units to Deg C
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10.

1.

12.
13.
14.
15.

16.
17.

» PTemp_C as the Reference Temperature Measurement

Click the Wiring tab at the top of the page to see how to wire the sensor to the data logger.
With the power disconnected from the data logger, insert the wires as directed in the
diagram. Ensure you clamp the terminal on the wire, not the colored insulation. Use the
included flat-blade screwdriver to open and close the terminals.

Click OK.
Click Next.

Use the Output Setup options to specify how often to make measurements and how often
outputs are to be stored. Type 1in the How often should the data logger measure its
sensor(s)? box. Leave the units as Seconds.

Multiple output intervals can be specified, one for each output table (Table1 and Table2
tabs). For the example program, only one table is needed. Click the Table2 tab and click
Delete Table.

In the Table Name box, type a name for the table. For example: OneMin.
Select a Data Output Storage Interval. For example: 1 minute.
Click Next.

Select a measurement from the Selected Measurements Available for Output list, then click
an output processing option to add the measurement to the Selected Measurements for
Output list. For the example program, select BattV and click the Minimum button to add it
to the Selected Measurements for Output list. Do not store the exact time that the
minimum occurred. Repeat this procedure for an Average PTemp_C and Average Temp_C.

Selected Measurements Available for Selected Measurements for Output
Output
Sensor Measurement Average |1 OneMin
4 CR350 ETo Sensor  Jeasuremen Processing Output Labe Units
¢ Default Battv Maximum Default Battv Minimum BattV_ MIN  Volts
Plemp.C Minamin Default PTempC  Average PTemp_C_AV Deg C

Type T TC

Sample Type T TC Temp_C Average Temp_C_AVC Deg C

el |

Iota)

Click Finish and give the program a meaningful name such as a site identifier. Click Save.

If LoggerNet or other data logger support software is running on your computer, and the
data logger is connected to the computer (see Making the software connection (p. 29) for
more information), you can choose to send the program. Generally it is best to collect data
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first; so, we recommend sending the program using the instructions in Sending a program
to the data logger (p. 32). Click No, do not send the program to the data logger.

TIP:

It is good practice to always retrieve data from the data logger before sending a
program; otherwise, data may be lost. See Collecting data (p. 35) for detailed
instruction.

18. Make note of the newly generated program location and filename. By default, programs
created with Short Cut are stored in C: \Campbel1sci\SCW1in\.

19. Close Short Cut.

If your data acquisition requirements are simple, you can probably create and maintain a data
logger program exclusively with Short Cut. If your data acquisition needs are more complex, the
files that Short Cut creates are a great source for programming code to start a new program or
add to an existing custom program using CRBasic. See the CRBasic Editor help for detailed
information on program structure, syntax, and each instruction available to the data logger
https://help.campbelIsci.com/crbasic/cHOOOx/E7JI.

NOTE:
Once a Short Cut generated program has been edited with CRBasic Editor, it can no longer be

modified with Short Cut.

6.5 Sending a program to the data logger

TIP:
It is good practice to always retrieve data from the data logger before sending a program;
otherwise, data may be lost. See Collecting data (p. 35) for detailed instruction.

Some methods of sending a program give the option to retain data when possible. Regardless of
the program upload tool used, data will be erased when a new program is sent if any change
occurs to one or more data table structures in the following list:

 Data table name(s) » Number of bytes per field
« Data output interval or offset  Field type, size, name, or position
e Number of fields per record » Number of records in table

Use the following instructions or watch the Quickstart part 4 video >
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1. Connect the data logger to your computer (see Making the software connection (p. 29) for

more information).

* LoggerNet users, select Main and Connect B on the LoggerNet toolbar, select the
data logger from the Stations list, then Connect Va,

* PC400 users, select the data logger from the list and click Connect Yo

2. LoggerNet users, click Send New... (located in the Current Program section on the right side

of the window).

PC400 users, click Send Program... (located in the Datalogger Program section on the right

side of the window).

3. PC400 users, confirm that you would like to proceed and erase all data tables saved on the
data logger. Click Yes.

4. Navigate to the program, select it, and click Open. For example: navigate to
C:\Campbellsc\SCWin and select MyTemperature.CR1X. Click Open.

5. LoggerNet users, confirm that you would like to proceed and erase all data tables saved on
the data logger. Click Yes.

6. The program is sent and compiled.

7. Review the Compile Results window for errors, messages and warnings.

8. LoggerNet users, click Details, select the Table Fill Times tab.
PC400 user click OK then click Station Status , select the Table Fill Times tab.

Ensure that the times shown are expected for your application. Click OK.

Table Fill Times

Table Information

Table Name
Fifteeniin
Hourly
OneMin
RefTable

# of Records
31575

2040

471760
47585

Table Fill Time

328 days 21 hours 45 mins 0.0 secs
335 days 0 hours 0 mins 0.0 secs

327 days 14 hours 40 mins 0,293 secs
330 days 10 hours 49 mins 39,707 se...

After sending a program, it is a good idea to monitor the Public table to make sure sensors are
taking good measurements. See Working with data (p. 34) for more information.
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/. Working with data

7.1 Default data tables

By default, the data logger includes three tables: Public, Status, and DataTablelnfo. Each of these
tables only contains the most recent measurements and information.

 The Public table is configured by the data logger program, and updated at the scan interval
set within the data logger program. It shows measurement and calculation results as they
are made.

» The Status table includes information about the health of the data logger and is updated
only when viewed.

» The DataTablelnfo table reports statistics related to data tables. It also only updates when
viewed.

» User-defined data tables update at the schedule set within the program.

For information on collecting your data, see Collecting data (p. 35).
Use these instructions or follow the Connect Window tutorial I8 to monitor real-time data.

LoggerNet users, select the Main category and Connect B on the LoggerNet toolbar, then select
the data logger from the Stations list, then click Connect ¥a. Once connected, select a table to
view in the Table Monitor.

Stations Table Monitor: Real Time Monitaring

StationOne Public « | B Show Units
DataTablelnfo 1
Status
Test [:25 P
PTemp 26.82343
batt_volt 0

PC400 users, click Connect ¥, then Monitor Data. When this tab is first opened for a data logger,
values from the Public table are displayed. To view data from other tables, click Add [#], select a
table or field from the list, then drag it into a cell on the Monitor Data tab.

7.Working with data 34


https://www.campbellsci.com/videos/connect-window-tutorial
https://www.campbellsci.com/videos/connect-window-tutorial

=w= QD BGSE

Clock/Prograrn  Monitor Data  Collect Data

E = o |
Add [ielete  Po Add Selection
RecNum Tables Fields
TimeSta mp DataTablelnfo Fechum
it FifteenMin TirneStamp
FTEH"IFJ Hourl Logger
batt_volt OneMin B[ SN
F = —1 | Public batt_ volt_Min
:T1 Dg—c | |RefTable PTemp
Status T109 C
Diff2
Diff2_Avg
Diff2_5td
SES
SE5 Awvg

7.2 Collecting data

The data logger writes to data tables based on intervals and conditions set in the CRBasic
program (see Creating data tables in a program (p. 43) for more information). After the program
has been running for enough time to generate data records, data may be collected by using data
logger support software. During data collection, data is copied to the computer and still remains
on the data logger. Collections may be done manually, or automatically through scheduled
collections set in LoggerNet Setup. Use these instruction or follow the Collect Data Tutorial >}

7.2.1 Collecting data using LoggerNet

1. From the LoggerNet toolbar, click Main and Connect B2 select the data logger from the
Stations list, then Connect “4.

2. Click Collect Now .

3. After the data is collected, the Data Collection Results window displays the tables collected
and where they are stored on the computer.

4. Select a data file, then View File to view the data. See Viewing historic data (p. 36).

7.2.2 Collecting data using PC400

1. Click Connect ¥& on the main PC400 window.

2. Go to the Collect Data tab.
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By default, all output tables set up in the data logger program are selected for collection.
Typically, the default tables (DataTableInfo, Public, and Status) are not collected.

Select an option for What to Collect. Either option creates a new file if one does not already
exist.

» New data from data logger (Append to data files): This is the default, and most often
used option. Collect only the data, in the selected tables, stored since the last data
collection from this instance of PC400 and append this data to the end of the existing
files on the computer.

« All data from data logger (Overwrite data files): Collects all of the data in the selected
tables and overwrites (or replaces) the existing data files on the computer.

Click Start Data Collection.

After the data is collected, the Data Collection Results window displays the tables collected
and where they are stored on the computer.

Select a data file, then View File to view the data. See Viewing historic data (p. 36).

7.3 Viewing historic data

View Pro B contains tools for reviewing data in tabular form as well as several graphical layouts
for visualization. Use these instructions or follow the View Data Tutorial I'!.

Once the data logger has had enough time to store multiple records collect and review the data.

1.

To view the most recent data, connect the data logger to your computer and collect your
data (see Collecting data (p. 35) for more information).

Open View Pro:
* LoggerNet users click Data then View Pro B on the LoggerNet toolbar.
* PC400 users click View Data Files via View Pro .

Click Open ?}, navigate to the directory where you saved your tables (the default directory
is C:\Campbellsci\[your data logger software application]). For example: navigate to the
C\Campbellsci\LoggerNet folder and select OneMin.dat.

Click Open.
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7.4 Data types and formats

Data takes different formats as it is created and manipulated in the data logger, as it is displayed
through software, and as it is retrieved to a computer file. It is important to understand the
different data types, formats and ranges, and where they are used.

See the CRBasic Editor help for additional data types and formats, and program examples:
https://help.campbeIIsci.com/crbasic/cHOOOx/ljl.

Table 7-1: Data types, ranges and resolutions
Data type Description Resolution Where used
Float IEEE four-byte +/-1.8 *10"-38 to 24 bits Variables
floating point +/-3.4*10738 (about 7 digits)
Lon four-byte ~2147,483,648 to 1 bit variables, output
9 signed integer +2,147,483,647 F OUP
four-byte True (1) or variables,
Boolean . ) -1,0
signed integer False (0) sample output
iabl
String ASCII String variables,
sample output
EEE4 IEEE four-byte +/-1.8 *10"-38 to 24 bits internal calculations,
floating point +/-3.4*10738 (about 7 digits) output
EEES IEEE eight-byte +/-2.23 *10"-308 to 53 bits internal calculations,
floating point +/-1.8*107308 | (about 16 digits) output
Campbell Scientific 13 bits
FP2 —7 7
two-byte floating point 999 to +7999 (about 4 digits) output
NSEC | eight-byte time stamp nanoseconds | variables, output

7.4.1Variables

In CRBasic, the declaration of variables (via the DIM or the PUBLIC statement) allows an optional
type descriptor As that specifies the data type. The data types are Float, Long, Boolean, and
String. The default type is Float.

Example variables declared with optional data types
Public PTemp As Float, Batt_volt

Public Counter As Long

Public SiteName As String * 24
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As Float specifies the default data type. If no data type is explicitly specified with the As
statement, then Float is assumed. Measurement variables are stored and calculations are
performed internally in IEEE 4 byte floating point with some operations calculated in double
precision. A good rule of thumb is that resolution will be better than 1in the seventh digit.

As Long specifies the variable as a 32 bit integer. There are two possible reasons a user would
do this: (1) speed, since the CR1000X/CR1000Xe Operating System can do math on integers faster
than with FToats, and (2) resolution, since the Long has 31 bits compared to the 24 bits in the
Float. A good application of the As Long declaration is a counter that is expected to get very
large.

As Boolean specifies the variable as a 4 byte Boolean. Boolean variables are typically used for
flags and to represent conditions or hardware that have only 2 states (e.g., On/Off, High/Low). A
Boolean variable uses the same 32 bit long integer format as a Long but can set to only one of
two values: True, which is represented as -1, and false, which is represented with 0. When a
Float or Long integer is converted to a Boolean, zero is False (0), any non-zero value will set
the Boolean to True (-1). The Boolean data type allows application software to display it as an
On/Off, True/False, Red/Blue, etc.

The CR1000X/CR1000Xe uses —1 rather than some other non-zero number because the AND and
OR operators are the same for logical statements and binary bitwise comparisons. The number -
1is expressed in binary with all bits equal to 1, the number 0 has all bits equal to 0. When -1 s
anded with any other number the result is the other number, ensuring that if the other number is
non-zero (true), the result will be non-zero.

As String * size specifies the variable as a string of ASCII characters, NULL terminated,
with an optional size specifying the maximum number of characters in the string. A string is
convenient in handling serial sensors, dial strings, text messages, etc. When size is not specified, a
default of 24 characters will be used (23 usable bytes and 1 terminating byte).

As a special case, a string can be declared As String * 1. This allows the efficient storage of a
single character. The string will take up 4 bytes in memory and when stored in a data table, but it
will hold only one character.

Structures (StructureType/EndStructureType) are an advanced technique used to
organize variables and display data in a structured manner. They can significantly shorten
program code, especially for instructions that output an array of values, such as AMW2000), GPSQ,
and SDI12Recorder (). For example, a single StructureType may be used to organize and
display data for multiple vibrating wire sensors or many SDI-12 sensors without creating aliases
for each sensor. See the CRBasic Editor help for detailed instruction information and program
examples: https://help.campbeIIsci.com/crbasic/cHOOOx/E7JI.
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7.4.2 Constants

The Const declaration is used to assign a name that can be used in place of a value in the data
logger CRBasic program. Once a value is assigned to a constant, each time the value is needed in
the program, the programmer can type in the constant name instead of the value itself. The use
of the Const declaration can make the program easier to follow, easier to modify, and more
secure against unintended changes. Unlike variables, constants cannot be changed while the
program is running.

Constants must be defined before they are used in the program. Constants can be defined in a
ConstTable/EndConstTable construct allowing them to be changed using the keyboard
display, the C command in terminal mode, or via a custom menu.

Constants can also be typed For example: Const A as Long = 9999, and Const B as String =
"MyString”. Valid data types for constants are: Long, Float, Double, and String. Other data
types return a compile error.

When the CRBasic program compiles, the compiler determines the type of the constant (Long,
Float, Double, or String) from the expression. This data type is communicated to the
software. The software formats or restricts the input based on the data type communicated to it
by the data logger.

You can declare a constant with or without specifying a data type. If a data type is not specified,
the compiler determines the data type from the expression. For example: Const A = 9999 will
use the Long data type. Const A = 9999.0 will use the F1oatdata type.

7.4.3 Data storage

Data can be stored in IEEE4 or FP2 formats. The format is selected in the program instruction that
outputs the data, such asMinimum() and Maximum().

Additionally, data can be stored in IEEE8 format when high precision is needed. For more
information on double-precision math, watch an instructional video

at: http://www.campbellsci.com/videos/double-precision > |

While Float (IEEE 4 byte floating point) is used for variables and internal calculations, FP2 is
adequate for most stored data. Campbell Scientific 2 byte floating point (FP2) provides 3 or 4
significant digits of resolution, and requires half the memory space as TEEE4 (2 bytes per value
vs 4).

Table 7-2: Resolution and range limits of FP2 data

Zero Minimum magnitude Maximum magnitude
0.000 +0.001 +7999.
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The resolution of FP2 is reduced to 3 significant digits when the first (left most) digit is 8 or
greater. Thus, it may be necessary to use IEEE4 output or an offset to maintain the desired
resolution of a measurement. For example, if water level is to be measured and output to the
nearest 0.01 foot, the level must be less than 80 feet for FP2 output to display the 0.01 foot
increment. If the water level is expected to range from 50 to 90 feet the data could either be
output in TEEE4 or could be offset by 20 feet (transforming the range to 30 to 70 feet).

Table 7-3: FP2 decimal location
Absolute value  Decimal location ‘
0-7.999 X XXX
8—-79.99 XX XX
80-7999 XXX.X
800 —7999. XXXX.
NOTE:

String and Boo'lean variables can be output with the SampTe () instruction. Results of
Sampling a Boolean variable will be either -1 or 0 in the collected Data Table. A Boolean
displays in the Numeric Monitor Public and Data Tables as true or false.

7.5 About data tables

A data table is essentially a file that resides in data logger memory (for information on data table
storage. See Data memory (p. 46). The file consists of five or more rows. Each row consists of
columns, or fields. The first four rows constitute the file header. Subsequent rows contain data
records. Data tables may store individual measurements, individual calculated values, or
summary data such as averages, maximums, or minimums.

Typically, files are written to based on time or event. The number of data tables is limited to 250,
which includes the Public, Status, DataTablelnfo, and ConstTable. You can retrieve data based on
a schedule or by manually choosing to collect data using data logger support software. See
Collecting data (p. 35).
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Table 7-4: Example data

TOAS5, MyStation, CR1000X, 1142, CR1000X.Std.01, CPU:MyTemperature.CR1X, 1958, OneMin
TIMESTAMP RECORD BattV_Avg PTemp_C_Avg |Temp_C_Avg
TS RN Volts Deg C Deg C

Avg Avg Avg

2019-03-08 14:24:00 0 13.68 21.84 20.71
2019-03-08 14:25:00 1 13.65 21.84 20.63
2019-03-08 14:26:00 2 13.66 21.84 20.63
2019-03-08 14:27:00 3 13.58 21.85 20.62
2019-03-08 14:28:00 4 13.64 21.85 20.52
2019-03-08 14:29:00 5 13.65 21.85 20.64

7.5.1Table definitions

Each data table is associated with descriptive information, referred to as a“table definition,” that
becomes part of the file header (first few lines of the file) when data is downloaded to a
computer. Table definitions include the data logger type and OS version, name of the CRBasic
program associated with the data, name of the data table (limited to 20 characters), and

alphanumeric field names.

7.5.1.1 Header rows

The first header row of the data table is the environment line, which consists of eight fields. The
following list describes the fields using the previous table entries as an example:

* TOAS - Table output format. Changed via LoggerNet Setup Standard View, Data Files
tab. Other formats include: TOB1and TOACIN.
» MysStation - Station name. Changed via LoggerNet Setup, Device Configuration Utility, or

CRBasic program.

» CR1000X - Data logger model.

» 1142 - Data logger serial number.

» CR1000X.5td.01 - Data logger OS version.

o CPU:MyTemperature.CR1X - Data logger program name. Changed by sending a new
program (see Sending a program to the data logger (p. 32) for more information).

» 1958 - Data logger program signature. Changed by revising a program or sending a new
program (see Sending a program to the data logger (p. 32) for more information).
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* OneMin - Table name as declared in the running program (see Creating data tables in a
program (p. 43) for more information).

The second header row reports field names. Default field names are a combination of the
variable names (or aliases) from which data is derived, and a three-letter suffix. The suffix is an
abbreviation of the data process that outputs the data to storage. A list of these abbreviations
follows in Data processing abbreviations (p. 42).

If a field is an element of an array, the field name will be followed by a indices within parentheses
that identify the element in the array. For example, a variable named Values, which is declared
as a two-by-two array in the data logger program, will be represented by four field names:
Values(1l,1),Values(1,2),Values(2,1),andValues(2,2). There will be one value in
the second header row for each scalar value defined by the table.

If the default field names are not acceptable to the programmer, the FieldNames () instruction
can be used in the CRBasic program to customize the names. TIMESTAMP, RECORD, BattV_
Avg, PTemp_C_Avg, and Temp_C_Avg are the default field names in the previous Example
data (p. 41).

The third header row identifies engineering units for that field. These units are declared at the
beginning of a CRBasic program using the optional Units () declaration. In Short Cut, units are
chosen when sensors or measurements are added. Units are strictly for documentation. The data
logger does not make use of declared units, nor does it check their accuracy.

The fourth header row reports abbreviations of the data process used to produce the field of
data.

Table 7-5: Data processing abbreviations
Data processing name Abbreviation ‘
Totalize Tot
Average Avg
Maximum Max
Minimum Min
Sample at Max or Min SMM
Standard Deviation Std
Moment MMT
Sample No abbreviation
Histogram Hst
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Table 7-5: Data processing abbreviations
Data processing name Abbreviation ‘
Histogram4D H4D
FFT FFT
Covariance Cov
Level Crossing LCr
WindVector WVc
Median Med
ET ETsz
Solar Radiation (from ET) RSo
Time of Max TMx
Time of Min TMn
7.5.1.2 Data records

Subsequent rows are called data records. They include observed data and associated record
keeping. The first field is a time stamp (TS), and the second field is the record number (RN).

The time stamp shown represents the time at the beginning of the scan in which the data is
written. Therefore, in record number 3 in the previous Example data (p. 41), Temp_C_Avg shows
the average of the measurements taken over the minute beginning at 14:26:01 and ending at
14:27:00. As another example, consider rainfall measured every second with a daily total rainfall
recorded in a data table written at midnight. The record time stamped 2019-03-08 00:00:00 will
contain the total rainfall beginning at 2019-03-07 00:00:01 and ending at 2019-03-08 00:00:00.

NOTE:

TableName.Timestamp syntax can be used to return the timestamp of a data table record,
expressed either as a time into an interval (for example seconds since 1970 or seconds since
1990) or as a date/time string. For more information,

see: https://www.campbellsci.com/blog/programmatically-access-stored-data-values o

7.6 Creating data tables in a program

Data is stored in tables as directed by the CRBasic program. In Short Cut, data tables are created
in the Output steps. See Creating a Short Cut data logger program (p. 29) Data tables are created
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within the CRBasic data logger program using the DataTable () /EndTabe instructions. They
are placed after variable declarations and before the BeginProg instruction.

Public 'Declare Public Variables

DataTable()
"Output Trigger Condition(s)
"Output Processing Instructions
EndTable

'"Main Program
BeginProg

Between DataTable() and EndTable () are instructions that define what data to store and
under what conditions data is stored. A data table must be called by the CRBasic program for
data processing and storage to occur. Typically, data tables are called by the Cal1Table()
instruction once each program scan.

See the CRBasic Editor help for detailed instruction information and program examples:
https://help.campbelIsci.com/crbasic/cr1000x/Ijl.

Use the DataTable () instruction to define the number of records, or rows, allocated to a data
table. You can set a specific number of records, which is recommended for conditional tables, or
allow your data logger to auto-allocate table size. With auto-allocation, the data logger balances
the memory so the tables “fill up” (newest data starts to overwrite the oldest data) at about the
same time. It is recommended you reserve the use of auto-allocation for data tables that store
data based only on time (tables that store data based on the DataInterval () instruction).
Event or conditional tables are usually set to a fixed number of records. View data table fill times
for your program on the Station Status > Table Fill Times tab (see Checking station status (p. 167)
for more information). An example of the Table Fill Times tab follows. For information on data
table storage see Data memory (p. 46).
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Station Status - CRNEEIE e 0

® & B O

Refresh Print  Save Help
Summary TableFill Times  Status Table
Table Information

Table Name % of Records
[ Daily 205,247

(] Hourly 4925948
[] Rain_Intensity 1,000

Table Fill Time
205247 days 0 hours 0 mins 0.0 secs

0 days 0 hours 50 mins 0.0 secs

205247 days 20 hours 15 mins 0.0 se...

[] Select All Reset Tables

Table Fill Times: TR "

‘ Hal.rrlyl l Da.ilyl

220,000
200,000 -
180,000 -
160,000 |
140,000 -

£ 120,000

© 100,000
80,000 -
60,000 -
40,000
20,000

o_'

Rain_Intensity

For additional information on data logger memory, visit the Campbell Scientific blog article, How

to Know when Your Datalogger Memory is Getting Full of

7. Working with data

45


https://www.campbellsci.com/blog/datalogger-memory-getting-full
https://www.campbellsci.com/blog/datalogger-memory-getting-full
https://www.campbellsci.com/blog/datalogger-memory-getting-full

8. Data memory

The data logger includes three types of memory: SRAM, Flash, and Serial Flash. A memory card
slot is also available for an optional microSD card. Note that the data logger USB port does not
support USB flash or thumb drives (see Communications ports (p. 15) for more information).

» Total onboard: 128 MB of flash + 4 MB battery-backed SRAM
o Data storage: 4 MB SRAM + 72 MB flash (extended data storage automatically used
for auto-allocated Data Tables not being written to a card)
° CPU drive: 30 MB flash
° OS load: 8 MB flash
o Settings: 1 MB flash
o Reserved (not accessible): 10 MB flash
» Data storage expansion: Removable microSD flash memory, up to 16 GB

8.1 Data tables

Measurement data is primarily stored in data tables within SRAM. Data is usually erased from this
area when a program is sent to the data logger.

During data table initialization, memory sectors are assigned to each data table according to the
parameters set in the program. Program options that affect the allocation of memory include the
Size parameter of the DataTable () instruction, the Interval and Units parameters of
the DataInterval () instruction. The data logger uses those parameters to assign sectorsin a
way that maximizes the life of its memory. See the CRBasic Editor help for detailed instruction
information and program examples: https://help.campbellsci.com/crbasic/cr1i000x/ iy

By default, data memory sectors are organized as ring memory. When the ring is full, oldest data
is overwritten by newest data. Using the F111Stop statement sets a program to stop writing to
the data table when it is full, and no more data is stored until the table is reset. To see the total
number of records that can be stored before the oldest data is overwritten, or to reset tables, go
to Station Status > Table Fill Times in your data logger support software.

Data concerning the data logger memory are posted in the Status and DataTablelnfo tables. For
additional information on these tables, see Information tables and settings (advanced) (p. 203).

For additional information on data logger memory, visit the Campbell Scientific blog article, How
to Know when Your Datalogger Memory is Getting Full o
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8.2 Memory allocation

Data table SRAM and the CPU drive are automatically partitioned by the data logger. The USR
drive can be partitioned as needed. The CRD drive is automatically partitioned when a memory
card is installed.

The CPU and USR drives use the FAT file system. There is no limit, beyond practicality and
available memory, to the number of files that can be stored. While a FAT file system is subject to
fragmentation, performance degradation is not likely to be noticed since the drive has a relatively
small amount of solid state RAM and is accessed very quickly.

8.3 SRAM

SRAM holds program variables, communications buffers, final-data memory, and, if allocated,
the USR drive. An internal lithium battery retains this memory when primary power is removed.

The structure of the data logger SRAM memory is as follows:

« Static Memory: This is memory used by the operating system, regardless of the running
program. This sector is rebuilt at power-up, program recompile, and watchdog events.

» Operating Settings and Properties: Also known as the "Keep" memory, this memory is used
to store settings such as PakBus address, station name, beacon intervals, and allowed
neighbor lists. This memory also stores dynamic properties such as known routes and
communications timeouts.

» CRBasic Program Operating Memory: This memory stores the currently compiled and
running user program. This sector is rebuilt on power-up, recompile, and watchdog events.

» Variables & Constants: This memory stores constants and public variables used by the
CRBasic program. Variables may persist through power-up, recompile, and watchdog
events if the PreserveVariables instruction is in the running program.

« Final-Data Memory: This memory stores data. Auto-allocated tables fill whatever memory
remains after all other demands are satisfied. A compile error occurs if insufficient memory
is available for user-allocated data tables. This memory is given lowest priority in SRAM
memory allocation.

» Communication Memory 1: Memory used for construction and temporary storage of
PakBus packets.

» Communication Memory 2: Memory used to store the list of known nodes and routes to
nodes. Routers use more memory than leaf nodes because routes store information about
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other routers in the network. You can increase the Communication Allocation field in
Device Configuration Utility to increase this memory allocation.

Depioyment  Settrgs Editor

Datalogoer Com Ports Settings Ethernet CSIOIP PRP Metwork Services  TLS Advanied

Is Router: Falts o R5-232 Power Mandshaies
Communicabon ASocation: Slt:’,\j Port Abways On: False
Max Packet Sipe: | 1000 |15 Handshake Buffer Soe: |0 =
USR: Drive Sze: |0 3 Hamdshake Tmeout: 0 =

» USR drive: Optionally allocated. Holds image files. Holds a copy of final-data memory when
TableFile() instruction used. Provides memory for FileRead() and FileWrite()
operations. Managed in File Control. Status reported in Status table fields USRDriveSize
and USRDriveFree.

8.3.1 USR drive

Battery-backed SRAM can be partitioned to create a FAT USR drive, analogous to partitioning a
second drive on a computer hard disk. Certain types of files are stored to USR to reserve limited
CPU drive memory for data logger programs and calibration files. Partitioning also helps prevent
interference from data table SRAM. The USR drive holds any file type within the constraints of the
size of the drive and the limitations on filenames. Files typically stored include image files from
cameras, certain configuration files, files written for FTP retrieval, HTML files for viewing with web
access, and files created with the TabTeF1iTe () instruction. Measurement data can also be
stored on USR as discrete files by using the TabTeFile () instruction. Files on USR can be
collected using data logger support software Retrieve command in File Control, or automatically
using the LoggerNet Setup > File Retrieval tab functions.

USR is not affected by program recompilation or formatting of other drives. It will only be reset if
the USR drive is formatted, a new operating system is loaded, or the size of USR is changed. USR
size is set manually by accessing it in the Settings Editor, or programmatically by loading a
CRBasic program with a USR drive size entered in a SetSetting() instruction. Partition the
USR drive to at least 11264 bytes in 512-byte increments. If the value entered is not a multiple of
512 bytes, the size is rounded up. Maximum size of USR 2990080 bytes.
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WARNING:
Partitioning or changing the size of the USR drive will delete stored data from tables. Collect
data first.

NOTE:

Placing an optional USR size setting in the CRBasic program overrides manual changes to
USR size. When USR size is changed manually, the CRBasic program restarts and the
programmed size for USR takes immediate effect.

Files in the USR drive can be managed through data logger support software File Control or
through the FileManage () instruction in CRBasic program.

8.4 Flash memory

The data logger operating system is stored in a separate section of flash memory. To update the
operating system, see Updating the operating system (p. 158).

Serial flash memory holds the CPU drive, web page, and data logger settings. Because flash
memory has a limited number of write/erase cycles, care must be taken to avoid continuously
writing to files on the CPU drive.

8.4.1 CPU drive

The serial flash memory CPU drive contains data logger programs and other files. This memory is
managed in File Control.

NOTE:

When writing to files under program control, take care to write infrequently to prevent
premature failure of serial flash memory. Internal chip manufacturers specify the flash
technology used in Campbell Scientific CPU: drives at about 100,000 write/erase cycles. While
Campbell Scientific's in-house testing has found the manufacturers' specifications to be very
conservative, it is prudent to note the risk associated with repeated file writes via program
control.

Also, see System specifications (p. 252) for information on data logger memory.

8.5 MicroSD (CRD: drive)

The data logger has a microSD card slot for removable, supplemental memory. The card can be
configured as an extension of the data logger final-data memory or as a repository of discrete
data files.
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When storing high-frequency data, or when storing data to cards greater than 2 GB, TableFile
() with Option 64 is recommended to write final storage data to a card. In other applications
CardOut () can be used to store data to a card.

NOTE:
Sub-folders are not supported.

See the CRBasic Editor help for detailed instruction information and program examples:
https://help.campbeIIsci.com/crbasic/cr1000x/E7JI.

The CRD: drive uses microSD cards exclusively. Campbell Scientific recommends and supports
only the use of microSD cards obtained from Campbell Scientific. These cards are industrial-
grade and have passed Campbell Scientific hardware testing. Use of consumer-grade cards
substantially increases the risk of data loss. Following are advantages Campbell Scientific cards
have over less expensive commercial-grade cards:

 Verified compatibility with Campbell Scientific data loggers
* Less susceptible to failure and data loss

» Match the data logger operating temperature range

» Provide faster read/write times

* Include vibration and shock resistance

» Have longer life spans (more read/write cycles)

A "card controller error" indicates that the data logger has failed to communicate with the card. It
is an error caused by the micro-controller built into the microSD card. Sometimes this error may
be resolved by reformatting the card. If the error repeats itself, try an industrial-grade card. For
more information on errors, see File system error codes (p. 200).

A maximum of 30 data tables can be created using CardOut () on a microSD card. When a data
table is sent to a microSD card, a data table of the same name in SRAM is used as a buffer for
transferring data to the card. Note that with TableFile (), the number of files stored on the
card is controlled by the MaxFiles parameter.

When a new program is compiled that sends data to the card, the data logger checks if a card is
present and if the card has adequate space for the data tables. If no card is present, or if space is
inadequate, the data logger will warn that the card is not being used. However, the CRBasic
program runs anyway and data is stored to SRAM. When a card is inserted later, data
accumulated in the SRAM table is copied to the card.

NOTE:
A card must be exchanged before it fills, or the oldest data will be overwritten, by incoming
new records, and lost. During the card exchange, once the old card is removed, the new card
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must be inserted before the data table in data logger CPU memory rings, or data will be
overwritten and lost.

A microSD card can also facilitate the use of powerup.ini (see File management via powerup.ini
(p. 162) for more information).

8.5.1 Formatting microSD cards

The data logger accepts microSD cards formatted as FAT16 or FAT32; however, FAT32 is
recommended. Otherwise, some functionality, such as the ability to manage large numbers of
files (>254) is lost. There are several ways to format cards such as using: File Control, CR1000KD,
and Windows. Formatting on the data logger is recommended because this ensures correct
FAT32 format.

8.5.2 MicroSD card precautions

Observe the following precautions when using optional memory cards:

 Before removing a card from the data logger, disable the card by pressing the Eject button
and wait for the green LED. You then have 15 seconds to remove the card before normal
operations resume.

» Do not remove a memory card while the drive is active, or data corruption and damage to
the card may result.

» Prevent data loss by collecting data before sending a program. Sending a program to the
data logger often erases all data.

» See System specifications (p. 252) for information on maximum card size.

8.5.3 Act LED indicator

When the data logger is powered and a microSD card installed, the Act (Activity) LED will turn on
according to card activity or status:

 Red flash: Card read/write activity

» Solid green: This LED indicates it is OK to remove card. The Eject button must be pressed
before removing a card to allow the data logger to store buffered data to the card and then
power it off.

 Solid orange: Error

» Dim/flashing orange: Card has been removed and has been out long enough that CPU
memory has wrapped and data is being overwritten without being stored to the card.
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8.5.4 Card data retrieval

Data stored on cards can be retrieved through a communications link to the data logger or by
removing the card and carrying it to a computer with a card adapter. With large files, transferring
the card to a computer may be faster than collecting the data over a communications link.

CAUTION:

Removing a card while it is active can cause corrupted data and can damage the card. Always
press the Eject button and wait for a green light before removing card. Do not switch off the
data logger power if a card is present and active.

CAUTION:

File Control (in LoggerNet or PC400) should not be used to retrieve an open file (for example,
a file created by using CardOut () or the latest file created by Tab1eFi1e (), Option 64)
from a card. Using File Control to retrieve the data can result in a corrupted data file.
However, File Control can be used to retrieve closed files such as JPEG images or files (other
than the latest) created by TableFile(), Option 64.

8.5.4.1 Via a communications link

Data can be copied to a computer via a communications link by using one of Campbell Scientific
data logger support software packages (for example, LoggerNet or PC400). There is no need to
distinguish whether the data is to be collected from the CPU memaory or a card. The software
package will look for data in both the CPU memory and the card.

The data logger manages data on a card as final-storage data, accessing the card as needed to
fill data-collection requests initiated with the Collect button in data logger support software. If
desired, binary data can be collected by using the File Control utility in data logger support
software. Before collecting data this way, stop the data logger program to ensure data is not
written to the card while data is retrieved; this will avoid data corruption.

Fast storage/data-collection constraints

Factors affecting how fast the data logger stores data include the data storage rate, number of
table values, and number of tables. For more information, see Creating data tables in a program

(p. 43).

When data logger support software collects data from ring tables that have filled, there is the
possibility of missing records due to the collection process. When a ring table has filled, the
oldest data is overwritten by the newest data. LoggerNet and PC400 use a collection algorithm
that collects data from multiple tables in small blocks as they collect from all the tables. Collection
starts with the oldest data for each table.
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With filled ring tables, as collection begins, the data collection software queries the data logger
for the oldest data starting with the first table. When this data block is returned, the software
goes to the next table and so on until all of the tables are initially collected. By the time LoggerNet
or PC400 make the second pass requesting more data from the tables, the possibility exists that
some of that data may have been overwritten.

Normally, data is collected without gaps; however, if the data logger is storing data fast enough,
itis possible to get into an always-behind scenario where the data collection never catches up
and the data logger repeatedly overwrites uncollected data.

CAUTION:

The possibility of missing records is greater when collecting data over high-latency
communications links, such as RF or busy IP networks. This is due to the high demand of
communications on processor time.

8.5.4.2 Card transport to computer

With large files, transferring the card to a computer may be faster than collecting the data over a
communications link.

CAUTION:

Removing a card while it is active can cause corrupted data and can damage the card. Always
press the Eject button and wait for a green light before removing card. Do not switch off the
data logger power if a card is present and active.

To remove a card, first press the Eject button. The data logger will copy any buffered data to the
card and then power the card off. The Act LED will turn green when it is OK to physically remove
the card. The card will be reactivated after 15 seconds if it is not removed.

When the card is inserted into a computer, the data files can be copied to another drive or used
directly from the card just as one would from any other disk. In most cases, however, it will be
necessary to convert the file format before using the data.

Note that for both CardOut () and TableFile() Option 64, data is stored on the card in
binary (TOB3) format. TOB3 is a binary format that incorporates features to improve reliability of
cards. TOB3 format is different from the data file formats created when data is collected via a
communications link, which is ASCII (TOA5) format. Hence, data files that are read directly from
the card need to be converted into another format to be human readable. You can convert files
from binary or other formats using CardConvert software that is included in your data logger
support software.

Converting file formats

Use CardConvert to convert data to a different format.
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1. Open CardConvert.

» On the LoggerNet toolbar select the Data category.

e In PC400 select the Tools menu.

ok~ W

Click Select Card Drive.

Select where the files to be converted are stored and press OK.

Click Change Output Dir and select where to store the converted files.

Place check marks next to the files to be converted. A default destination filename is given.
It can be changed by right-clicking with the filename highlighted.

6. Press Destination File Options to select what file format to convert to and other options.

7. Press Start Conversion to begin converting files. Green check marks will appear next to
each filename as conversion is complete. Refer to the data logger support software manual
or built-in CardConvert help for more information.

I3 CardConvert

File Options Help

Sowrce Filename

I Destination Filename ]

Select Card Dive

Change Output D

Drestination File Ophions. .

Start Conversion

o HATestTwodd dat
¥ J HATestTwod5.dat
o H\TestTwodB.dat
[ HATestTwod7. dat
o HATestTwod8, dat
o HATestTwod9 dal
o HATestTwoS0.dat
JH:\TestTwnET.da!
o HATestTwo52 dat
¥/ HA\TestTwoS3.dat
o HATestTwoS4. dat
(H:'\T estTwo55 dat
o HATestTwoS6.dat
o Hi\TestTwoS7. dat
o HATestTwo58. dat

CACampbellzc\CardConvert\TOAS_TestTwodd dat
C:ACampbellsci\CardConvert\ TOAS_ TestTwod5 dat
C:ACampbellsc\CardConvet\ TOAS_TestTwodb dat
CACampbellsci\CardConvert\TOAS_TestTwod? dat
CACampbellsci\CardConvert\ TOAS_T estTwodf.dat
CACampbellsci\CardConvert\TOAS_TestT wodS.dat
CACampbellzciCardConvert\ TOAS_TestTwaS0 dat
C:ACampbellscivCardConvert\TOAS_TestTwo51.dat
C:\Campbellse\CardConvert\ TOAS_ TesTwaob2 dat
CACampbellscihCardConvet\TOAS_TestTwoS3 dat
C:ACampbellzcih\CardConvert\ TOAS_TestTwo54. dat
CACampbellzci\CardConverth TOAS TestTwobh dat
CACampbellsci\CardConvert, TOAS_TestTwo5SE dat
C-\Campbellsc\CandConverth TOAS_TestTwaob7. dat
C:ACampbellsci\CardConvert\TOAS_TestTwoSE dat

Yiew Files..

Actual Number of Fecods: 3
Convert H:\TestTwo56 dat

Delets Source Files

| Estimated Mumber of Records: B

File Created: C:\CampbelzchCardConverth TOAS_TextTwoS6 dat
Estimated Number of Records: B
Achual Number of Records: 3

Corvert: H:\TestTwo57 dat
File Created: C:\Campbellscit\CardConver\TOAS_T estTwa57. dat
Estimated Mumber of Records: B
Achual Nurnber of Records: 3

Convert: H:\TestTwo58 dat
Fite Created: C:\Campbelzci\CardConverth TOAS_TestTwoS8 dat
Estimated Number of Records: B
Actual Number of Recosds: 2

Done

Figure 8-1. CardConvert

Reinserting the card

If the same card is inserted again into the data logger, the data logger will store all data to the
card that has been generated since the card was removed that is still in the CPU memory. If the

8. Data memory 54



data tables have been left on the card, new data will be appended to the end of the old files. If
the data tables have been deleted, new ones will be created.

CAUTION:

Check the status of the card before leaving the data logger. If a card was not properly
accepted, the LED will flash orange. In that case, reformat and erase all data contained on the
card. Formatting or erasing a card might be done on a computer or data logger. See MicroSD
(CRD: drive) (p. 49) for information on formatting a card.

Card swapping
When transporting a card to a computer to retrieve data, most users will want to use a second

card to ensure that no data is lost. For this method of collection, use the following steps.

1. Insert formatted card (“card-A") into the data logger card slot. See Formatting microSD
cards (p. 51).

2. Send program containing TableFile() or CardOut () instruction(s).

3. When ready to retrieve data (hours, days, or months later), press the Eject button. The LED
will be red while the most-current data is stored to the card and then turn green. Remove
the card while the LED is green.

4. Insert the clean card (“card-B").

5. Use CardConvert to copy data from card-A to computer and convert. The default
CardConvert filename will be TOA5_stationname_tablename.dat. Once the data is copied,
use Windows Explorer to delete all data files from the card.

6. Atthe next card swap, eject card-B, press the Eject button. The LED will be red while the
most-current data is stored to the card and then turn green. Remove the card while the
LED is green.

7. Insert the clean card-A.

8. Running CardConvert on card-B will result in separate data files containing records since
card-A was ejected. CardConvert can increment the filename to TOAS5_stationname_
tablename_0.dat.
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9. The data files can be joined by using text editing software such as WordPad or a
spreadsheet such as Excel.

CardConvertfile  Card-A record numbers Card-B record numbers

TOAS _tablename.dat

0-100

TOAGS _tablename.dat

101-1234

TOAGS _tablename.dat

1235-....
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9.1 Voltage measurements

Voltage measurements are made using an Analog-to-Digital Converter (ADC). A high-

impedance Programmable-Gain Amplifier (PGA) amplifies the signal. Internal multiplexers route
individual terminals within the amplifier. The CRBasic measurement instruction controls the ADC
gain and configuration — either single-ended or differential input. Information on the differences
between single-ended and differential measurements can be found here: Deciding between

single-ended or differential measurements (p. 186).

A voltage measurement proceeds as follows:

1.

N oo oA~ W

Set PGA gain for the voltage range selected with the CRBasic measurement instruction

parameter Range. Set the ADC for the first notch frequency selected with fN1.

If used, such as with bridge measurements, turn on excitation to the level selected with

ExmV.

Multiplex selected terminals (SEChan or DiffChan).

Delay for the entered settling time (Sett1ingTime).

Perform the analog-to-digital conversion.

Repeat for input reversal as determined by parameters RevEx and RevD1 ff.

Apply multiplier (Mu1t) and offset (Offset) to measured result.
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Conceptually, analog voltage sensors output two signals: high and low. For example, a sensor

that outputs 1000 mV on the high signal and 0 mV on the low has an overall output of 1000 mV. A

sensor that outputs 2000 mV on the high signal and 1000 mV on the low also has an overall
output of 1000 mV. Sometimes, the low signal is simply sensor ground (0 mV). A single-ended
measurement measures the high signal with reference to ground; the low signal is tied to
ground. A differential measurement measures the high signal with reference to the low signal.
Each configuration has a purpose, but the differential configuration is usually preferred.

In general, use the smallest input range that accommodates the full-scale output of the sensor.
This results in the best measurement accuracy and resolution (see Analog measurement
specifications (p. 256) for more information).

A set overhead reduces the chance of overrange. Overrange limits are available in the
specifications. The data logger indicates a measurement overrange by returning a NAN for the
measurement.

WARNING:
Sustained voltages in excess of £20 V applied to terminals configured for analog input will
damage CR1000X/CR1000Xe circuitry.

9.1.1 Single-ended measurements

A single-ended measurement measures the difference in voltage between the terminal

configured for single-ended input and the reference ground. For example, single-ended channel

1is comprised of terminals SE 1 and ==. Single-ended terminals are labeled in blue. For more
information, see Wiring panel and terminal functions (p. 7). The single-ended configuration is
used with the following CRBasic instructions:

e VO1tSEQ)

e BrHalf()

e BrHalf3w(Q)
e TCSEQ

e Therml07()
e Therm1l08()
e Therm1l09()

See the CRBasic Editor help for detailed instruction information and program examples:
https://help.campbelIsci.com/crbasic/cr1OOOx/E7l'.
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9.1.2 Differential measurements

A differential measurement measures the difference in voltage between two input terminals. For
example, DIFF channel 1is comprised of terminals TH and 1L, with TH as high and 1L as low. For
more information, see Wiring panel and terminal functions (p. 7). The differential configuration is
used with the following CRBasic instructions:

e VO1tDiff()
BrFull()
BrFullew()
BrHalf4w()
TCDiffO

9.1.2.1 Reverse differential

Differential measurements have the advantage of an input reversal option, RevDi ff. When
RevDiff issetto True, two differential measurements are made, the first with a positive
polarity and the second reversed. Subtraction of opposite polarity measurements cancels some
offset voltages associated with the measurement.

For more information on voltage measurements, see Improving voltage measurement quality (p.
186) and Analog measurement specifications (p. 256).

9.2 Current-loop measurements

RG terminals can be configured to make analog current measurements using the CurrentSE(Q)
instruction. When configured to measure current, terminals each have an internal resistance of
101 Q in the current measurement loop. The return path of the sensor must be connected directly
to the RG terminal. The following image shows a simplified schematic of a current measurement.

Datalogger

100
(0.25W)

&
i"Illlu"lr

Il
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9.2.1 Example current-loop measurement connections

The following table shows example schematics for connecting typical current sensors and
devices. See also Current-loop measurement specifications (p. 260).

Sensor type Connection example
Sensor Datalogger
Signal Out RG
2-wire transmitter using data logger power
Fawer 12V
Sensor Datalogger

2-wire transmitter using external power

Signal Culg

Fower:

3-wire transmitter using data logger power

Sensor Datalogger
Signal Out RG
Return (]
Power 12
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Sensor type Connection example

Sensor Datalogger
Signal Cut o) 0 RG
Retum o O G

Power

3-wire transmitter using external power

Sensor Datalogger
Signal Out RG
4-wire transmitter using data logger power Retum G
Power 12v
Ground G

4-wire transmitter using external power

9.3 Resistance measurements

Bridge resistance is determined by measuring the difference between a known voltage applied to
the excitation (input) of a resistor bridge and the voltage measured on the output arm. The data
logger supplies a precise voltage excitation via VX terminals. Return voltage is measured on
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analog input terminals configured for single-ended (SE) or differential (DIFF) input. The result of
the measurement is a ratio of measured voltages.

See also Resistance measurement specifications (p. 258).

9.3.1 Resistance measurements with voltage excitation

CRBasic instructions for measuring resistance with voltage excitation include:

e BrHalf() - half bridge

e BrHalf3W() - three-wire half bridge
e BrHalf4W() - four-wire half bridge
e BrFull() - four-wire full bridge

e BrFull6W() - six-wire full bridge

See the CRBasic Editor help for detailed instruction information and program examples:
https://help.campbeIIsci.com/crbasic/cﬂOOOx/Dﬂ.

Resistive-bridge type and CRBasic instruction and :
. : . Relational formulas
circuit diagram fundamental relationship
Half Bridge'
Vi CRBasic Instruction:
BrHalf X
R, rHalf (O Ry = Re——
Vi Fundamental Relationship: B
X = result w/mult = 1, offset =0 = Ry(1—X)
Re| yoVa_ R ' X
Vy RS+Rf
Three Wire Half Bridge2
V.
CRBasic Instruction:
R
r BrHalf3w() Re = ReX
V, ® : Fundamental Relationship:
g @ X = result w/mult = 1, offset =0 Rf e
% V,-V, R X
=] x =
s Ve—Vy Ry
'_'L_'
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Resistive-bridge type and

CRBasic instruction and

Relational formulas

circuit diagram

fundamental relationship

Ry

BrFull(Q

Fundamental Relationship:

X = result w/mult = 1, offset =0

- 1000 %2 = Rs __ R
K—lﬂﬂﬂvk—lﬂﬂﬂ{ﬂﬂﬂ* R, 4R,

)

Six Wire Full Bridge'
V.o
—H®

Vy
L

—H
VLL“

CRBasic Instruction:
BrFullew()
Fundamental Relationship:

X = result w/mult = 1, offset =0

- 10002 = R R
X =1000 v, " 1000 {R=+R4 R AR,

)

Four Wire Half Bridge'2
Ve
—H . CRBasic Instruction:

o gﬂ“ BrHalf4w() o _Rs
| i g Fundamental Relationship: f X
—H ® X = result w/mult = 1, offset =0

x =ﬁ L H-_S RS o Rr.:{

v R LS.

—L
Full Bridge'-2
b CRBasic Instruction:

These relationships apply

to
BrFull()
and BrFullew()
R,(1 - X;)
e X,
RiXy
== X
B o i
where X; = i RIR,
RyX5
ey %
_Rs(1-X%3)
£ xz
ol Rz
where x"'_mna + AT

or sensing resistor.

2 Campbell Scientific offers terminal input modules to facilitate this measurement.

TKey: V, = excitation voltage; V;, V, = sensor return voltages; R¢ = fixed, bridge or completion resistor; R, = variable

Offset voltage compensation applies to bridge measurements. In addition to RevDiff and
MeasOff parameters discussed in Minimizing offset voltages (p. 196), CRBasic bridge
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measurement instructions include the RevEx parameter that provides the option to program a
second set of measurements with the excitation polarity reversed. Much of the offset error
inherent in bridge measurements is canceled out by setting RevD1i ff, RevEx, and MeasOff to
True.

Measurement speed may be reduced when using RevD1i ff, MeasOff, and RevEx. When more
than one measurement per sensor is necessary, such as occurs with the BrHa1f3w(),
BrHalf4W(), and BrFul16W() instructions, input and excitation reversal are applied
separately to each measurement. For example, in the four-wire half-bridge (BrHa1f4w()),
when excitation is reversed, the differential measurement of the voltage drop across the sensor is
made with excitation at both polarities and then excitation is again applied and reversed for the
measurement of the voltage drop across the fixed resistor. The results of the measurements (X)
must then be processed further to obtain the resistance value, which requires additional program
execution time.

CRBasic Example 1: Four-wire full-bridge measurement and processing

'"This program example demonstrates the measurement and
'processing of a four-wire resistive full bridge.
'"In this example, the default measurement stored
"in variable X is deconstructed to determine the
'resistance of the R1 resistor, which is the variable
'resistor in most sensors that have a four-wire
"full-bridge as the active element.
'Declare Variables
Public X
Public X_1
Public R_1
Public R_2 = 1000 'Resistance of fixed resistor R2
Public R_3 = 1000 'Resistance of fixed resistor R3
Public R_4 = 1000 'Resistance of fixed resistor R4
'"Main Program
BeginProg
Scan(500,mSec,1,0)
"Full Bridge Measurement:
BrFull(X,1,mv250,1,vx1,1,4000,True,True,0,60,1.0,0.0)
X1=(C-1*X) / 1000) + (R_3 / (R_3 + R_4))
RL1 = (RL2 * (1 - X_1)) / X1
NextScan
EndProg
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9.3.2 RTD and PRT

RTDs (resistance temperature detectors) are resistive devices made of platinum, nickel, copper,
or other material. Platinum RTDs, known as PRTs (platinum resistance thermometers) are very
accurate temperature measurement sensors.

A PRT element is a specialized resistor with two connection points. Most PRTs are either 100 Q or
1000 Q. This number is the resistance the PRT has at 0 °C. The resistance of a PRT increases as it is
warmed. Industry standards define how PRTs respond to temperature.

BrHalf4W() or CDM_BrHalf4W() in combination with PRTCalc () are the recommended
CRBasic instructions for measuring RTDs.

See the CRBasic Editor help for detailed instruction information and program examples:
https://help.campbelIsci.com/crbasic/cHOOOx/[7JI.

9.3.3 Strain measurements

A principal use of the four-wire full bridge is the measurement of strain gages in structural stress
analysis. StrainCalc () calculates microstrain (ue) from the formula for the specific bridge

configuration used. All strain gages supported by StrainCalc() use the full-bridge schematic.

'Quarter-bridge’, 'half-bridge’ and 'full-bridge’ refer to the number of active elements in the
bridge schematic. In other words, a quarter-bridge strain gage has one active element, a half-
bridge has two, and a full-bridge has four.

StrainCalc() requires a bridge-configuration code. The following table shows the equation
used by each configuration code. Each code can be preceded by a dash (-). Use a code without
the dash when the bridge is configured so the output decreases with increasing strain. Use a
dashed code when the bridge is configured so the output increases with increasing strain. A
dashed code sets the polarity of V, to negative.
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Table 9-1: StrainCalc() configuration codes

BrConfig code Configuration

Quarter-bridge strain gage:

1 —4 % 10%V,.
& =
b= GFO +21)
Half-bridge strain gage. One gage parallel to strain, the other at 90°
to strain:
2 —4 % 10V,
UE

TGF[(A+v) = 2V(v - 1]

Half-bridge strain gage. One gage parallel to +¢, the other parallel

to -&:
3 —2 % 10V,
HE=TGF
Full-bridge strain gage. Two gages parallel to +¢, the other two
parallel to -&:
4 _ 106Vr
HE= TGF
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Table 9-1: StrainCalc() configuration codes

BrConfig code Configuration

Full-bridge strain gage. Half the bridge has two gages parallel to +€
and -¢, and the other half to +ve and -ve

> —2 % 10°V,
g =
e = GFw + 1)

Full-bridge strain gage. Half the bridge has two gages parallel to +&
and -ve, and the other half to -ve and +¢:

6 —2 %100V,
pe =
GF[(v+ 1) —V.(v—-1)]

Where:
v : Poisson's Ratio (0 if not applicable).
GF: Gage Factor.
V,:0.001 (Source-Zero) if BRConf1ig code is positive (+).
V,:=0.001 (Source-Zero) if BRConf1ig code is negative (-).

and where:
"source": the result of the full-bridge measurement (X = 1000 « 1/ Vx) when multiplier = 1and offset = 0.

"zero": gage offset to establish an arbitrary zero.

9.3.4 AC excitation

Some resistive sensors require AC excitation. AC excitation is defined as excitation with equal
positive (+) and negative (-) duration and magnitude. These include electrolytic tilt sensors, soil
moisture blocks, water-conductivity sensors, and wetness-sensing grids. The use of single
polarity DC excitation with these sensors can result in polarization of sensor materials and the
substance measured. Polarization may cause erroneous measurement, calibration changes, or
rapid sensor decay.

Other sensors, for example, LVDTs (linear variable differential transformers), require AC excitation
because they require inductive coupling to provide a signal. DC excitation in an LVDT will result in
Nno measurement.

CRBasic bridge-measurement instructions have the option to reverse polarity to provide AC
excitation by setting the RevEx parameter to True.
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NOTE:
Take precautions against ground loops when measuring sensors that require AC excitation.
See also Ground loops (p. 181).

For more information, see Accuracy for resistance measurements (p. 68).

9.3.5 Accuracy for resistance measurements

Consult the following technical papers for in-depth treatments of several topics addressing
voltage measurement quality:

* Preventing and Attacking Measurement Noise Problems
* Benefits of Input Reversal and Excitation Reversal for Voltage Measurements [
* Voltage Measurement Accuracy, Self- Calibration, and Ratiometric Measurements [

NOTE:

Error discussed in this section and error-related specifications of the CR1000X/CR1000Xe do
not include error introduced by the sensor, or by the transmission of the sensor signal to the
data logger.

For accuracy specifications of ratiometric resistance measurements, see Resistance measurement
specifications (p. 258). Voltage measurement is variable V, or V, in resistance measurements.
Offset is the same as that for simple analog voltage measurements.

Assumptions that support the ratiometric-accuracy specification include:

» Data logger is within factory calibration specification.
* Input reversal for differential measurements and excitation reversal for excitation voltage
are within specifications.
» Effects due to the following are not included in the specification:
° Bridge-resistor errors
° Sensor noise
° Measurement noise

9.4 Thermocouple Measurements

Thermocouple measurements are special case voltage measurements.

NOTE:Thermocouples are inexpensive and easy to use. However, they pose several
challenges to the acquisition of accurate temperature data, particularly when using external
reference junctions.
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A thermocouple consists of two wires, each of a different metal or alloy, joined at one end to
form the measurement junction. At the opposite end, each wire connects to terminals of a
voltage measurement device, such as the data logger. These connections form the reference
junction. If the two junctions (measurement and reference) are at different temperatures, a
voltage proportional to the difference is induced in the wires. This phenomenon is known as the
Seebeck effect.

Measurement of the voltage between the positive and negative terminals of the voltage-
measurement device provides a direct measure of the temperature difference between the
measurement and reference junctions. A third metal (for example, solder or data logger
terminals) between the two dissimilar-metal wires form parasitic-thermocouple junctions, the
effects of which cancel if the two wires are at the same temperature. Consequently, the two wires
at the reference junction are placed in close proximity so they remain at the same temperature.

Knowledge of the reference junction temperature provides the determination of a reference
junction compensation voltage, corresponding to the temperature difference between the
reference junction and 0°C. This compensation voltage, combined with the measured
thermocouple voltage, can be used to compute the absolute temperature of the thermocouple
junction.

TCD1ff () and TCSE () thermocouple instructions determine thermocouple temperatures
using the following sequence. First, the temperature (°C) of the reference junction is determined.
Next, a reference junction compensation voltage is computed based on the temperature
difference between the reference junction and 0°C. If the reference junction is the data logger
analog-input terminals, the temperature is conveniently measured with the PanelTemp ()
instruction. The actual thermocouple voltage is measured and combined with the reference
junction compensation voltage. It is then used to determine the thermocouple-junction
temperature based on a polynomial approximation of NIST thermocouple calibrations.

See the CRBasic Editor help for detailed instruction information and program examples:
https://help.campbeIIsci.com/crbasic/cHOOOx/E7JI.

9.5 Period-averaging measurements

Use PeriodAvg () to measure the period (in microseconds) or the frequency (in Hz) of a signal
on a single-ended channel. For these measurements, the data logger uses a high-frequency
digital clock to measure time differences between signal transitions, whereas pulse-count
measurements simply accumulate the number of counts. As a result, period-average
measurements offer much better frequency resolution per measurement interval than pulse-
count measurements. See also Pulse measurements (p. 70).

SE terminals on the data logger are configurable for measuring the period of a signal.
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The measurement is performed as follows: low-level signals are amplified prior to a voltage
comparator. The internal voltage comparator is referenced to the programmed threshold. The
threshold parameter allows referencing the internal voltage comparator to voltages other than
0 V. For example, a threshold of 2500 mV allows a 0 to 5 VDC digital signal to be sensed by the
internal comparator without the need for additional input conditioning circuitry. The threshold
allows direct connection of standard digital signals, but it is not recommended for small-
amplitude sensor signals.

A threshold other than zero results in offset voltage drift, limited accuracy (approximately
+10 mV) and limited resolution (approximately 1.2 mV).

See also Period-averaging measurement specifications (p. 259).

TIP:

Both pulse count and period-average measurements are used to measure frequency output
sensors. However, their measurement methods are different. Pulse count measurements use
dedicated hardware - pulse count accumulators, which are always monitoring the input
signal, even when the data logger is between program scans. In contrast, period-average
measurements use program instructions that only monitor the input signal during a program
scan. Consequently, pulse count scans can occur less frequently than period-average scans.
Pulse counters may be more susceptible to low-frequency noise because they are always
"listening", whereas period-averaging measurements may filter the noise by reason of being
"asleep" most of the time.

Pulse count measurements are not appropriate for sensors that are powered off between
scans, whereas period-average measurements work well since they can be placed in the scan
to execute only when the sensor is powered and transmitting the signal.

9.6 Pulse measurements

The output signal generated by a pulse sensor is a series of voltage waves. The sensor couples its
output signal to the measured phenomenon by modulating wave frequency. The data logger
detects the state transition as each wave varies between voltage extremes (high-to-low or low-
to-high). Measurements are processed and presented as counts, frequency, or timing data. Both
pulse count and period-average measurements are used to measure frequency-output sensors.
For more information, see Period-averaging measurements (p. 69).
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The data logger includes terminals that are configurable for pulse input as shown in the following
image.

Wda H H H H H High-frequency square-wave
o
f

Vac ﬁjﬂuﬁuﬁuﬁk Low-laval ac sine-wave
f

- r
Cimand

Vdo Switch-closure series

Dy

Table 9-2: Pulse input terminals and the input types they can measure
Input type Pulse input terminal
P1
P2
High-frequency C(all)
P1
Low-level AC P2
P1
: P2
Switch-closure C all

Using the PulseCount () instruction, P C terminals are configurable for pulse input to measure
counts or frequency. Maximum input frequency is dependent on signal voltage. If pulse input
voltages exceed the maximum voltage, third-party external-signal conditioners should be
employed. Do not measure voltages greater than 2019 V.
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NOTE:

Conflicts can occur when a control port pair is used for different instructions (TimerInput(),
PulseCount(), SDI12Recorder(),WaitDigTrig()). For example, if C1is used for
SDI12Recorder(), C2 cannot be used for TimerInput (), PulseCount(), or
WaitDigTrig().

Terminals configured for pulse input have internal filters that reduce electronic noise, and thus
reduce false counts. Internal AC coupling is used to eliminate DC offset voltages. For tips on
working with pulse measurements, see Pulse measurement tips (p. 77).

Output can be recorded as counts, frequency or a running average of frequency.
For more information, see Pulse measurement specifications (p. 260).

See the CRBasic Editor help for detailed instruction information and program examples:
https://help.campbel|sci.com/crbasic/cHOOOx/E7JI.

9.6.1 Low-level AC measurements

Low-level AC (alternating current or sine-wave) signals can be measured on P terminals. AC
generator anemometers typically output low-level AC.

Measurement output options include the following:

e Counts
e Frequency (Hz)
e Running average

Rotating magnetic-pickup sensors commonly generate AC voltage ranging from millivolts at
low-rotational speeds to several volts at high-rotational speeds.

CRBasic instruction: PulseCount (). See the CRBasic Editor help for detailed instruction
information and program examples: https://help.campbellsci.com/crbasic/cr1000x/ o

Low-level AC signals cannot be measured directly by C terminals. Peripheral terminal expansion
modules, such as the Campbell Scientific LLAC4, are available for converting low-level AC signals
to square-wave signals measurable by C terminals.

For more information, see Pulse measurement specifications (p. 260).

9.6.2 High-frequency measurements

High-frequency (square-wave) signals can be measured on terminals:

e PorC
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Common sensors that output high-frequency pulses include:

» Photo-chopper anemometers
» Flow meters

Measurement output optionss include counts, frequency in hertz, and running average. Note
that the resolution of a frequency measurement can be different depending on the terminal used
in the PulseCount () instruction. See the CRBasic help for more information.

The data logger has built-in pull-up and pull-down resistors for different pulse measurements
which can be accessed using the PulseCount () instruction. Note that pull down options are
usually used for sensors that source their own power.

9.6.2.1 P terminals

e CRBasic instruction: PulseCount ()

High-frequency pulse inputs are routed to an inverting CMOS input buffer with input hysteresis.
See Pulse measurement specifications (p. 260) for more information.

9.6.2.2 C terminals

e CRBasicinstructions: PulseCount ()

See Pulse measurement specifications (p. 260) for more information.

9.6.3 Switch-closure and open-collector measurements

Switch-closure and open-collector (also called current-sinking) signals can be measured on
terminals:

e PorC

Mechanical switch-closures have a tendency to bounce before solidly closing. Unless filtered,
bounces can cause multiple counts per event. The data logger automatically filters bounce.
Because of the filtering, the maximum switch-closure frequency is less than the maximum high-
frequency measurement frequency. Sensors that commonly output a switch-closure or an open-
collector signal include:

 Tipping-bucket rain gages
o Switch-closure anemometers
e Flow meters
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The data logger has built-in pull-up and pull-down resistors for different pulse measurements
which can be accessed using the PulseCount () instruction. Note that pull down options are
usually used for sensors that source their own power.

Data output options include counts, frequency (Hz), and running average.

9.6.3.1P Terminals

An internal 100 kQ pull-up resistor pulls an input to 5 VDC with the switch open, whereas a
switch-closure to ground pulls the input to 0 V.

» CRBasic instruction: PulseCount (). See the CRBasic Editor help for detailed instruction
information and program examples: https://help.campbellsci.com/crbasic/cri000x/ i

Switch Closure on P Terminal Open Collector on P Terminal
Datalogger
Terminals Datalogger
“ Terminals
‘
G pulse-input output
: Open
Switch- Collector
Closure Sensor
Sensor I
—— c l R grovnd
— ground

9.6.3.2 C terminals

Switch-closure mode is a special case edge-count function that measures dry-contact switch-
closures or open collectors. The operating system filters bounces.

e CRBasic instruction: PulseCount ().

See also Pulse measurement specifications (p. 260).

9.6.4 Edge timing and edge counting

Edge time, period, and counts can be measured on P or C terminals. Feedback control using
pulse-width modulation (PWM) is an example of an edge timing application.
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9.6.4.1Single edge timing

A single edge or state transition can be measured on C terminals. Measurements can be
expressed as a time (us), frequency (Hz) or period (us).

CRBasic instruction: TimerInput ()

9.6.4.2 Multiple edge counting

Time between edges, time from an edge on the previous terminal, and edges that span the scan
interval can be measured on C terminals. Measurements can be expressed as a time (us),
frequency (Hz) or period (us).

e CRBasic instruction: TimerInput()

9.6.4.3 Timer input NAN conditions

NAN is the result of a TimerInput () measurement if one of the following occurs:

e Measurement timer expires
e The signal frequency is too fast

For more information, see:

» Pulse measurement specifications (p. 260)
« Digital input/output specifications (p. 261)
» Period-averaging measurement specifications (p. 259)

9.6.5 Quadrature measurements

The Quadrature() instruction is used to measure shaft or rotary encoders. A shaft encoder
outputs a signal to represent the angular position or motion of the shaft. Each encoder will have
two output signals, an A line and a B line. As the shaft rotates the A and B lines will generate
digital pulses that can be read, or counted, by the data logger.

In the following example, channel A leads channel B, therefore the encoder is determined to be
moving in a clockwise direction. If channel B led channel A, it would be determined that the
encoder was moving in a counterclockwise direction.
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Terminals C1-C8 can be configured as digital pairs to monitor the two channels of an encoder.
The Quadrature() instruction can return:

e The accumulated number of counts from channel A and channel B. Count will increase if
channel A leads channel B. Count will decrease if channel B leads channel A.

» The net direction.
» Number of counts in the A-leading-B direction.

» Number of counts in the B-leading-A direction.
Counting modes:

» Counting the increase on rising edge of channel A when channel A leads channel B.
Counting the decrease on falling edge of channel A when channel B leads channel A.

» Counting the increase at each rising and falling edge of channel A when channel A leads
channel B. Counting the decrease at each rising and falling edge of channel A when
channel A leads channel B.

» Counting the increase at each rising and falling edge of both channels when channel A
leads channel B. Counting the decrease at each rising and falling edge of both channels
when channel B leads channel A.

For more information, see Digital input/output specifications (p. 261).
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9.6.6 Pulse measurement tips

The PulseCount () instruction uses dedicated 24-bit counters to accumulate all counts over
the programmed scan interval. The resolution of pulse counters is one count. Counters are read
at the beginning of each scan and then cleared. Counters will overflow if accumulated counts
exceed 16,777,216 (224), resulting in erroneous measurements. See the CRBasic Editor help for
detailed instruction information and program examples:
https://help.campbeIIsci.com/crbasic/cHOOOx/E7JI.

Counts are the preferred PulseCount () output option when measuring the number of tips
from a tipping-bucket rain gage or the number of times a door opens. Many pulse-output
sensors, such as anemometers and flow meters, are calibrated in terms of frequency (Hz) so are
usually measured using the PulseCount () frequency-output option.

Use the LLAC4 module to convert non-TTL-level signals, including low-level AC signals, to TTL
levels for input to C terminals

Conflicts can occur when a control port pair is used for different instructions (TimerInput(),
PulseCount(), SDI12Recorder(),WaitDigTrig()). For example, if C1is used for
SDI12Recorder(), C2 cannot be used for TimerInput(), PulseCount(), or
WaitDigTrigQ).

Understanding the signal to be measured and compatible input terminals and CRBasic
instructions is helpful. See Pulse input terminals and the input types they can measure (p. 71).

9.6.6.1 Input filters and signal attenuation

Terminals configured for pulse input have internal filters that reduce electronic noise. The
electronic noise can result in false counts. However, input filters attenuate (reduce) the amplitude
(voltage) of the signal. Attenuation is a function of the frequency of the signal. Higher-frequency
signals are attenuated more. If a signal is attenuated too much, it may not pass the detection
thresholds required by the pulse count circuitry. See Pulse measurement specifications (p. 260)
for more information. The listed pulse measurement specifications account for attenuation due
to input filtering.

9.6.6.2 Pulse count resolution

Longer scan intervals result in better resolution. PulseCount () resolution is 1 pulse per scan.
On a 1second scan, the resolution is 1 pulse per second. The resolution on a 10 second scan
interval is 1 pulse per 10 seconds, which is 0.1 pulses per second. The resolution on a 100
millisecond interval is 10 pulses per second.
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For example, if a flow sensor outputs 4.5 pulses per second and you use a 1second scan, one
scan will have 4 pulses and the next 5 pulses. Scan to scan, the flow number will bounce back and
forth. If you did a 10 second scan (or saved a total to a 10 second table), you would get 45 pulses.
The total is 45 pulses for every 10 seconds. An average will correctly show 4.5 pulses per second.
You wouldn't see the reading bounce on the longer time interval.

9.7 Vibrating wire measurements

The data logger can measure vibrating wire sensors through vibrating-wire interface modules.
Vibrating wire sensors are the sensor of choice in many environmental and industrial applications
that need sensor stability over very long periods, such as years or even decades. A thermistor
included in most sensors can be measured to compensate for temperature errors.

9.71VSPECT®

Measuring the resonant frequency by means of period averaging is the classic technique, but
Campbell Scientific has developed static and dynamic spectral-analysis techniques (VSPECT) that
produce superior noise rejection, higher resolution, diagnostic data, and, in the case of dynamic
VSPECT, measurements up to 333.3 Hz. For detailed information on VSPECT, see Vibrating Wire
Spectral Analysis Technology o

9.8 Sequential and pipeline processing modes

The data logger has two processing modes: sequential mode and pipeline mode. In sequential
mode, data logger tasks run more or less in sequence. In pipeline mode, data logger tasks run
more or less in parallel. Mode information is included in a message returned by the data logger,
which is displayed by software when the program is sent and compiled, and it is found in the
Status Table, CompileResults field. The CRBasic Editor pre-compiler returns a similar message.

The default mode of operation is pipeline mode. However, when the data logger program is
compiled, the data logger analyzes the program instructions and automatically determines which
mode to use. The data logger can be forced to run in either mode by placing the
PipelLineMode or SequentialMode instruction at the beginning of the program (before the
BeginProg instruction).

For additional information, visit the Campbell Scientific blog article, "Understanding CRBasic
Program Compile Modes: Sequential and Pipeline [ Or watch an instructional video
at: http://www.campbellsci.com/videos/pipeline-sequential >}

9. Measurements 78


https://s.campbellsci.com/documents/us/category-brochures/b_vspect.pdf
https://s.campbellsci.com/documents/us/category-brochures/b_vspect.pdf
https://s.campbellsci.com/documents/us/category-brochures/b_vspect.pdf
https://www.campbellsci.com/blog/crbasic-program-compile-modes
https://www.campbellsci.com/blog/crbasic-program-compile-modes
https://www.campbellsci.com/blog/crbasic-program-compile-modes
https://www.campbellsci.com/blog/crbasic-program-compile-modes
https://www.campbellsci.com/videos/pipeline-sequential

9.8.1 Sequential mode

Sequential mode executes instructions in the sequence in which they are written in the program.
After a measurement is made, the result is converted to a value determined by processing
arguments that are included in the measurement instruction, and then program execution
proceeds to the next instruction. This line-by-line execution allows writing conditional
measurements into the program.

NOTE:

The exact time at which measurements are made in sequential mode may vary if other
measurements or processing are made conditionally, if there is heavy communications
activity, or if other interrupts occur (such as accessing a Campbell Scientific memory card).

9.8.2 Pipeline mode

Pipeline mode handles measurement, most digital, and processing tasks separately, and, in many
cases, simultaneously. Measurements are scheduled to execute at exact times and with the
highest priority, resulting in more precise timing of measurements, and usually more efficient
processing and power consumption.

In pipeline mode, it will take less time for the data logger to execute each scan of the program.
However, because processing can lag behind measurements, there could be instances, such as
when turning on a sensor using the SW12 () instruction, that the sensor might not be on at the
correct time to make the measurement.

Pipeline scheduling requires that the program be written such that measurements are executed
every scan. Because multiple tasks are taking place at the same time, the sequence in which the
instructions are executed may not be in the order in which they appear in the program.
Therefore, conditional measurements are not allowed in pipeline mode. Because of the precise
execution of measurement instructions, processing in the current scan (including updating public
variables and data storage) is delayed until all measurements are complete. Some processing,
such as transferring variables to control instructions, like PortSet () and ExciteV (), may not
be completed until the next scan.

When a condition is true for a task to start, it is put in a queue. Because all tasks are given the
same priority, the task is put at the back of the queue. Every 1 ms (or faster if a new task is
triggered) the task currently running is paused and put at the back of the queue, and the next
task in the queue begins running. In this way, all tasks are given equal processing time by the
data logger.
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9.8.3 Slow Sequences

Priority of a slow sequence (STowSequence) in the data logger will vary, depending upon
whether the data logger is executing its program in pipeline mode or sequential mode. With the
important exception of measurements, when running in pipeline mode all sequences in the
program have the same priority. When running in sequential mode, the main scan has the
highest priority for measurements, followed by background calibration (which is automatically
run in a slow sequence), then the first slow sequence, the second slow sequence, and so on. The
effects of this priority are negligible; however, since, once the tasks begin running, each task is
allotted a 1 msec time slice, after which, the next task in the queue runs for 1 msec. The data
logger cycles through the queue until all instructions for all sequences are complete.
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10. Communications protocols

Data loggers communicate with data logger support software, other Campbell Scientific data
loggers, and other hardware and software using a number of protocols including PakBus,
Modbus, DNP3, CPI, SPI, and TCP/IP. Several industry-specific protocols are also supported.
CAN-bus is supported when using the Campbell Scientific SDM-CAN communications module.
See also Communications specifications (p. 263).

10.1 General serial communications ... 82
10.2 Modbus communications ... 88
10.3 Internet communications ... 97
10.4 Onboarding a data logger to CampbellCloud ... 100
10,5 MQT T 103
10.6 DNP3 communications ... 115
10.7 Serial peripheral interface (SPl) and 12C ... 116
10.8 PakBus communications ... 116
10.9 SDI-12 communications ... 117

Some communications services, such as satellite networks, can be expensive to send and receive
information. Best practices for reducing expense include:

» Declare Pub11c only those variables that need to be public. Other variables should be
declared as Dim.

» Be conservative with use of string variables and string variable sizes. Make string variables
as big as they need to be and no more. The default size, if not specified, is 24 bytes, but the
minimum is 4 bytes. Declare string variables Pub 11 c and sample string variables into data
tables only as needed.

» Whenusing GetVariables() /SendVariables() to send values between data
loggers, put the data in an array and use one command to get the multiple values. Using
one command to get 10 values from an array and swath of 10 is more efficient (requires
only 1transaction) than using 10 commands to get 10 single values (requires 10
transactions). See the CRBasic Editor help for detailed instruction information and program
examples: https://help.campbelIsci.com/crbasic/cr1OOOx/[7l|.
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» Set the data logger to be a PakBus router only as needed. When the data logger is a router,
and it connects to another router like LoggerNet, it exchanges routing information with that

router and, possibly (depending on your settings), with other routers in the network.
Network Planner set this appropriately when it is used. This is also set through the IsRouter
setting in the Settings Editor. For more information, see the Device Configuration Settings
Editor IsRouter (p. 222).

 Set PakBus beacons and verify intervals properly. For example, there is no need to verify
routes every five minutes if communications are expected only every 6 hours. Network
Planner will set this appropriately when it is used. This is also set through the Beacon and
Verify settings in the Settings Editor. For more information, see the Device Configuration
Settings Editor Beacon() and Verify() settings.

For information on Designing a PakBus network using the Network Planner tool in LoggerNet,
watch the following video: https://www.campbellsci.com/videos/loggernet-software-network-
plannern.

10.1 General serial communications

The data logger supports two-way serial communications. These communications ports can be
used with smart sensors that deliver measurement data through serial-data protocols, or with
devices such as modems, that communicate using serial data protocols.

CRBasic instructions for general serial communications include:

o SerialOpen() o SerialOut()

e SerialClose() e SerialOutBlock()
e SerialIn() e SerialBrk()

e SerialInRecord() e SerialFlush()

e SerialInBlock()
e SerialInChk()

See the CRBasic Editor help for detailed instruction information and program examples:
https://help.campbelIsci.com/crbasic/cr1000x/[7ll.

To communicate over a serial port, it is important to be familiar with the protocol used by the
device with which you will be communicating. Refer to the manual of the sensor or device to find
its protocol and then select the appropriate options for each CRBasic parameter. See the
application note Interfacing Serial Sensors with Campbell Scientific Dataloggersl:;lI for more
programming details and examples.
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Configure C terminals as serial ports using Device Configuration Utility or by using the
SerialOpen() CRBasic instruction. Terminals are configured in pairs for TTL, LVTTL, RS-232,
and half-duplex RS-422 and RS-485 communications. For full-duplex RS-422 and RS-485, four

terminals are required.

CR1000X/CR1000Xe

Tx
Rx

GND

External device

Rx
Tx

GND

Figure 10-1. RS-232 single-ended full-duplex communications

CR1000X/CR1000Xe

~ COM2 (Rx) B+
Tx Pair
COM2 (Tx) A-

~ COM3 (Rx) B+

Rx Pair
COM3 (Tx) A-

GND

External device

RxB+
RxA-

TxB+
TxA-

GND

Figure 10-2. RS-485/RS-422 differential-pair full-duplex communications
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CR1000X/CR1000Xe External device

COM2 or COM3 (Rx) B+ |[4———P{ B+
COM2 or COM3 (Tx) A-|g¢——p| A-

GND GND

Figure 10-3. RS-485 differential-pair half-duplex communications

10.1.1 RS-232

RS-232 supports point-to-point communications between one base (usually the data logger) and
one external device. See Figure 10-1 (p. 83). Data bits are sent from the base to external devices
across the transmit (Tx) line with respect to DC ground. The Tx line idle state is between 25V
and -3V, depending on the transmitter. The transition from negative voltage to above 3V
begins data transmission.

NOTE:
Most RS-232 devices are also compatible with the data logger using TTL-inverted

communications.

NOTE:
The data logger uses about -7 V to represent logic 1, and about 5.8 V to represent logic 0.

3Vto25V :
Logic 0
AL N S
-25Vto-3V Logic 1
Idle state . Begin data transmission

Figure 10-4. RS-232 Tx voltage with respect to GND
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10.1.2 RS-485

RS-485 supports communications between 32 base and 32 external devices. See Figure 10-3 (p.
84) and Figure 10-2 (p. 83). Differential voltage between two lines (A & B) transmit data. When the
voltage of B with respect to A is between -0.2 V and -5 V that is interpreted as logic 0. When the
differential voltage in the range of positive 0.2 V to 5 V that is interpreted as logic 1.

NOTE:
The CR1000X/CR1000Xe uses about -1V to represent logic 0, and about 1V to represent logic

1.

02Vto5V i

Logic 1
RS S S
-02Vto-5V Logic 0
dle state { Begin data transmission

Figure 10-5. RS-485 Voltage B with respect to A

10.1.3 RS-422

RS-422 communications protocol is similar to RS-485. The difference is that RS-422 ranges from
-6 V1o 6 Vinstead of -5V to 5 V. Also, RS-422 only supports communications from 1 base to 10
external devices, but not return communications from all 10 external devices. In full-duplex point-
to-point (1 base, 1 external) RS-422 communications, both devices can transmit and receive. Half-
duplex can be used in cases where sensors broadcast data to a receiving data logger. See Figure
10-3 (p. 84) and Figure 10-2 (p. 83).

NOTE:
Use the RS-485 communications type when setting up the data logger for RS-422
communications. Most RS-422 sensors will work with RS-485 protocol.
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02VtoeV

Logic 1
0V (GND) o
-02Vto -6V Eogield
Idle state : Begin data transmission

Figure 10-6. RS-422 Voltage B with respect to A

10.1.4 TTL

TTL supports point-to-point communications between one base and one external device. See
Figure 10-1 (p. 83). Data bits are sent from base to external device with a voltage between
transmit (Tx) and ground. The transmit line idle state is 5 V (logic 1). Data is sent after one clock
cycle once the voltage is pulled low (to 0 V).

5V Logic 1
0V (GND) Logic 0
Idle state Begin data transmission

Figure 10-7. TTL Tx voltage with respect to GND

10.1.5 LVTTL

The only difference between low-voltage TTL (LVTTL) and TTL is that the voltage range is 0 V to
3.3 V. See Figure 10-1 (p. 83).
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0V (GND) Logic 0

Idle state ; Begin data transmission

Figure 10-8. LVTTL Tx voltage with respect to GND

10.1.6 TTL-Inverted

The only difference between TTL-inverted and TTL is that the logic is inverted. The idle state for
TTL-inverted is 0 V instead of 5 V. See Figure 10-1 (p. 83). Data is sent after the voltage is pulled
high (to 5 V).

NOTE:
Many RS-232 devices are compatible with this communications protocol.

5V Logic 1
oV Logic 0
Idle state Begin data transmission

Figure 10-9. TTL-inverted Tx voltage with respect to GND

10.1.7 LVTTL-Inverted

The only difference between LVTTL-inverted and TTL-inverted is that the voltage range is 0 V to
3.3 V. See Figure 10-1 (p. 83).
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Idle state ; Begin data transmission

Figure 10-10. LVTTL-inverted Tx voltage with respect to GND

10.2 Modbus communications

The data logger supports Modbus RTU, Modbus ASCII, and Modbus TCP protocols and can be
programmed as a Modbus client (master) or Modbus server (slave). These protocols are often
used in SCADA networks. Data loggers can communicate using Modbus on all available
communications ports. The data logger conducts Modbus over TCP using an Ethernet or

Wireless connection. The data logger supports RTU and ASCIl communications modes on RS-232

and RS-485 connections.

CRBasic Modbus instructions include:

e ModbusClient()
e ModbusServer()
e MoveBytes()

See the CRBasic Editor help for detailed instruction information and program examples:
https://help.campbeIIsci.com/crbasic/cr1000x/ﬂ.

For additional information on Modbus, see:

» About Modbus (p. 89)

* Why Modbus Matters: An Introduction f

* How to Access Live Measurement Data Using Modbus f

* Using Campbell Scientific Dataloggers as Modbus Slave Devices in a SCADA Network (]

Because Modbus has a set command structure, programming the data logger to get data from
field instruments can be much simpler than from some other serial sensors. Because Modbus
uses a common bus and addresses each node, field instruments are effectively multiplexed to a
data logger without additional hardware.

When doing Modbus communications over RS-232, the data logger, through Device
Configuration Utility or the Settings editor, can be set to keep communications ports open and
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awake, but at higher power usage. Set RS-232Power to Always on. Otherwise, the data logger
goes into sleep mode after 40 seconds of communications inactivity. Once asleep, two packets
are required before it will respond. The first packet awakens the data logger; the second packet is
received as data. This would make a Modbus client fail to poll the data logger, if not using retries.

More information on Modbus can be found at:

. www.simplyl\/lodbus.ca/FAQ.htmE7J1
. www.l\/lodbus..org/tec:h.phpE7jI
o www.lammertbies.nI/comm/info/modbus.htmlE7JI

10.2.1 About Modbus

Modbus is a communications protocol that enables communications among many devices
connected to the same network. Modbus is often used in supervisory control and data
acquisition (SCADA) systems to connect remote terminal units (RTUs) with a supervisory
computer - allowing them to relay measurement data, device status, control commands, and
configuration information.

The popularity of Modbus has grown because it is freely available and because its messaging
structure is independent of the type of physical interface or connection that is used. Modbus can
coexist with other types of connections on the same physical interface at the same time. You can
operate the protocol over several data links and physical layers.

Modbus is supported by many industrial devices, including those offered by Campbell Scientific.
Not only can intelligent devices such as microcontrollers and programmable logic controllers
(PLCs) communicate using Modbus, but many intelligent sensors have a Modbus interface that
enables them to send their data to host systems. Examples of using Modbus with Campbell
Scientific data loggers include:

* Interfacing data loggers and Modbus-enabled sensors.

» Sending and retrieving data between data loggers and other industrial devices.

» Delivering environmental data to SCADA systems.

* Integrating Modbus data into PakBus networks, or PakBus data into Modbus networks.
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10.2.2 Modbus protocols

There are three standard variants of Modbus protocols:

* Modbus RTU — Modbus RTU is the most common implementation available for Modbus.
Used in serial communications, data is transmitted in a binary format. The RTU format
follows the commands/data with a cyclic redundancy check checksum.

NOTE:

The Modbus RTU protocol standard does not allow a delay between characters of 1.5
times or more the length of time normally required to receive a character. This is
analogous to “pizza” being understood, and “piz za" being gibberish. It's important to
note that communications hardware used for Modbus RTU, such as radios, must
transfer data as entire packets without injecting delays in the middle of Modbus
messages.

» Modbus ASCIl — Used in serial communications, data is transmitted as an ASCII
representation of the hexadecimal values. Timing requirements are loosened, and a simpler
longitudinal redundancy check checksum is used.

» Modbus TCP/IP or Modbus TCP — Used for communications over TCP/IP networks. The
TCP/IP format does not require a checksum calculation, as lower layers already provide

10. Communications protocols 90



checksum protection. The packet structure is similar to RTU, but uses a different header.
Devices labeled as Modbus gateways will convert from Modbus TCP to Modbus RTU.

Campbell Scientific data loggers support Modbus RTU, Modbus ASCII, and Modbus TCP
protocols. If the connection is over IP, Campbell Scientific data loggers always use Modbus TCP.
Modbus server functionality over other comports use RTU. When acting as a client, the data
logger can be switched between ASCIl and RTU protocols using an option in the
ModbusCTient() instruction. See the CRBasic Editor help for detailed instruction information
and program examples: https://help.campbelIsci.com/crbasic/cr1OOOX/E7JI.

10.2.3 Understanding Modbus Terminology

Many of the object types are named from using Modbus in driving relays: a single-bit physical
output is called a coil, and a single-bit physical input is called a discrete input or a contact.

Information is stored in the server device in up to four different tables. Two tables store on/off
discrete values (coils) and two store numerical values (registers). The coils and registers each have
a read-only table and read/write table.

10.2.4 Connecting Modbus devices

Data loggers can communicate with Modbus on all available communications ports.
Consideration should be given to proper surge protection of any cabled connection. Between
systems of significantly different ground potential, optical isolation may be appropriate. For
additional information on grounds, see Grounds (p. 14).

The common serial interface used for Modbus RTU connections is RS-485 half-duplex, or two-
wire RS-485. This connection uses one differential pair for data, and another wire for a signal
ground. When twisted pair cable is used, the signal can travel long distances. Resistors are often
used to reduce noise. Bias resistors are used to give a clean default state on the signal lines. For
long cable lengths, termination resistors, which are usually 120 ohms, are needed to stop data
corruption due to reflections. Signal grounds are terminated to earth ground with resistors to
prevent ground loops, but allow a common mode signal. The resistors to ground are usually
integral to the equipment. The resistive ground is labeled as RG on Campbell Scientific
equipment.

10.2.5 Modbus client-server protocol

Modbus is a client-server protocol. The device requesting the information is called the Modbus
client, and the devices supplying information are Modbus servers. In a standard Modbus
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network, there is one client and up to 247 servers. A client does not have a Modbus address.
However, each Modbus server on a shared network has a unique address from 1to 247.

A single Modbus client device initiates commands (requests for information), sending them to
one or more Modbus server devices on the same network. Only the Modbus client can initiate
communications. Modbus servers, in turn, remain silent, communicating only when responding
to requests from the Modbus client.

Every message from the client will begin with the server address, followed by the function code,
function parameters, and a checksum. The server will respond with a message beginning with its
address, followed by the function code, data, and a checksum. The amount of data in the packet
will vary, depending on the command sent to the server. Server devices only process one
command at a time. So, the client needs to wait for a response, or timeout before sending the
next command.

A broadcast address is specified to allow simultaneous communications with all servers. Because
response time of server devices is not specified by the standard, and device manufacturers also
rarely specify a maximum response time, broadcast features are rarely used. When implementing
a system, timeouts in the client will need to be adjusted to account for the observed response
time of the servers.

Campbell Scientific data loggers can be programmed to be a Modbus client or Modbus server -
or even both at the same time! This proves particularly helpful when your data logger is a part of
two wider area networks. In one it uses Modbus to query data (as a client) from localized sensors
or other data sources, and then in the other, it serves that data up (as a server) to another
Modbus client.

10.2.6 About Modbus programming

Modbus capability of the data logger must be enabled through configuration or programming.
See the CRBasic Editor help for detailed information on program structure, syntax, and each
instruction available to the data logger.

CRBasic Modbus instructions include:

e ModbusClient()
e ModbusServer()
e MoveBytes()

See the CRBasic Editor help for detailed instruction information and program examples:
https://help.campbel|sci.com/crbasic/cHOOOx/E7JI.
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10.2.6.1 Endianness

Endianness refers to the sequential order in which bytes are arranged into larger numerical
values when stored in memory. Words may be represented in big-endian or little-endian format,
depending on whether bits or bytes or other components are ordered from the big end (most
significant bit) or the little end (least significant bit).

In big-endian format, the byte containing the most significant bit is stored first, then the
following bytes are stored in decreasing significance order, with the byte containing the least
significant bit stored last. Little-endian format reverses this order: the sequence stores the least
significant byte first and the most significant byte last. Endianness is used in some Modbus
programming so it is important to note that the CR1000X/CR1000Xe is a big-endian instrument.

10.2.6.2 Function codes

A function code tells the server which storage entity to access and whether to read from or write
to that entity. Different devices support different functions (consult the device documentation for
support information). The most commonly used functions (codes 01, 02, 03, 04, 05, 15, and 16 )
are supported by Campbell Scientific data loggers.

Most users only require the read- register functions. Holding registers are read with function
code 03. Input registers are read with function code 04. This can be confusing, because holding
registers are usually listed with an offset of 40,000 and input registers with an offset of 30,000.
Don't mix up the function codes. Double check the register type in the device documentation.

Function code Action Entity
01 (01 hex) Read Discrete Output Coils

(05 hex) | Write single | Discrete Output Coill

05
15 (OF hex) |Write multiple [ Discrete Output Coils

02 (02 hex) Read Discrete Input
04 (04 hex) Read Input Registers
03 (03 hex) Read Holding Registers
06 (06 hex) | Write single Holding Register
16 (10 hex) |Write multiple| Holding Registers

The write-register functions will only work on holding registers. Function 06 only changes one 16-
bit register, whereas function 16, changes multiple registers. Note, when writing registers, the
Variable parameter for the ModbusCT1ient () instruction refers to a source, not a
destination.
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10.2.7 Modbus information storage

With the Modbus protocol, most of the data values you want to transmit or receive are stored in
registers. Information is stored in the server device in four different entities. Two store on/off
discrete values (coils) and two store numerical values (registers). The four entities include:

» Coils —1-bit registers, used to control discrete outputs (including Boolean values),
read/write.

 Discrete Input - 1-bit registers, used as inputs, read only.
 Input Registers — 16-bit registers, used as inputs, read only.

» Holding Registers — 16-bit registers; used for inputs, output, configuration data, or any
requirement for “holding” data; read/write.

See the CRBasic Editor help for detailed instruction information and program examples:
https://help.campbeIIsci.com/crbasic/cr1000x/E7JI.

10.2.7.1 Registers

In a 16-bit memory location, a 4-byte value takes up two registers. The Modbus protocol always
refers to data registers with a starting address number, and a length to indicate how many
registers to transfer.

Campbell Scientific uses 1-based numbering (a common convention for numbering registers in
equipment) in the ModbusC11ient () instruction. With 1-based numbering, the first data
location is referred to as register number 1. Some equipment uses 0-based numbering (check the
equipment documentation). With 0-based numbering, the first register is referred to as 0.

Reading register numbers can be complicated by the fact that register numbers are often written
with an offset added. Input registers are written with an offset of 30000. So, the first input register
is written as 30001, with 1-based numbering. Holding registers are numbered with an offset of
40000. You must remove the offset before writing the number as the Start parameter of
ModbusClient().

There are rare instances when equipment is designed with the registers mapped including the
offset. That means 40001 in the documentation is really register number 40001. Those are rare
instances, and the equipment is deviating from standards. If 1 or 2 don't work for the Start
parameter, try 40001 and 40002.

10.2.7.2 Coils

Discrete digital I/O channels in Modbus are referred to as coils. The term coil has its roots in
digital outputs operating solenoid coils in an industrial environment. Coils may be read only or
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read/write. A read only coil would be a digital input. A read/write coil is used as an output. Coils
are read and manipulated with their own function codes, apart from the registers. Many modern
devices do not use coils at all.

When working with coils, the data logger requires Boolean variables. When reading coils, each
Boolean in an array will hold the state of one coil. A value of True will set the coil, a value of False
will unset the coil.

10.2.7.3 Data Types

Modbus does not restrict what data types may be contained within holding and input registers.
Equipment manufacturers need to indicate what binary data types they are using to store data.
Registers are 16-bit, so 32-bit data types use 2 registers each. Some devices combine more
registers together to support longer data types like strings. The ModbusClient () instruction
has aModbusOption parameter that supports several different data types.

When data types use more than 1register per value, the register order within the data value is
important. Some devices will swap the high and low bytes between registers. You can
compensate for this by selecting the appropriate ModbusOption.

Byte order is also important when communicating data over Modbus. Big Endian byte order is
the reverse of Little Endian byte order. It may not always be apparent which a device uses. If you
receive garbled data, try reversing the byte order. Reversing byte order is done using the
MoveBytes () instruction. There is an example in CRBasic help for reversing the bytes order of a
32-bit variable.

After properly reading in a value from a Modbus device, you might have to convert the value to
proper engineering units. With integer data types, it is common to have the value transmitted in
hundredths or thousandths.

Unsigned 16-bit integer

The most basic data type used with Modbus is unsigned 16-bit integers. It is the original Modbus
data type with 1register per value. On the data logger, declare your destination variable as type
Long. A Long is a 32-bit signed integer that contains the value received. Select the appropriate
ModbusOption to avoid post-processing.

Signed 16-bit integer

Signed 16-bit integers use 1register per value. On the data logger, declare your destination
variable as type Long. A Long is a 32-bit signed integer that contains the value received . Select
the appropriate ModbusOption to avoid post-processing.
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Signed 32-bit integer

Signed 32-bit integers require two registers per value. This data type corresponds to the native
Long variable type in Campbell data loggers. Declare your variables as type Long before using
them as the Variable parameter in ModbusClient (). Select the appropriate ModbusOption
to avoid post-processing.

Unsigned 32-bit integer

Unsigned 32-bit integers require two registers per value. Declare your variables as type Long
before using them as the Variable parameterin ModbusClient(). The Long data typeis a
signed integer, and does not have a range equal to that of an unsigned integer. If the integer
value exceeds 2,147,483,647 it will display incorrectly as a negative number. If the value does not
exceed that number, there are no issues with a variable of type Long holding it.

32-Bit floating point

32-bit floating point values use 2 registers each. This is the default FLOAT data type in Campbell
Scientific data loggers. Select the appropriate ModbusOption to avoid post-processing.

10.2.8 Modbus tips and troubleshooting

Most of the difficulties with Modbus communications arise from deviations from the standards,
which are not enforced within Modbus. Whether you are connecting via Modbus to a solar
inverter, power meter, or flow meter, the information provided here can help you overcome the
challenges, and successfully gather data into a Campbell data logger. Further information on
Modbus can be found at:

. www.simplyl\/lodbus.ca/FAQ.htmE7JI
. www.Modbus.org/tech.phpE7jI
. Www.lammertbies.nI/comm/irnco/modbus.htmlE7JI

10.2.8.1 Error codes

Modbus defines several error codes, which are reported back to a client from a server.
ModbusClient () displays these codes as a negative number. A positive result code indicates
no response was received.

Result code -01: illegal function

The illegal function error is reported back by a Modbus server when either it does not support
the function at all, or does not support that function code on the requested registers. Different
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devices support different functions (consult the device documentation). If the function code is
supported, make sure you are not trying to write to a register labeled as read-only. It is common
for devices to have holding registers where read-only and read/write registers are mapped next
to each other.

An uncommon cause for the -01 result is a device with an incomplete implementation of
Modbus. Some devices do not fully implement parsing Modbus commands. Instead, they are
hardcoded to respond to certain Modbus messages. The result is that the device will report an
error when you try selectively polling registers. Try requesting all of the registers together.

Result code -02: illegal data address

The illegal data address error occurs if the server rejects the combination of starting register and
length used. One possibility, is a mistake in your program on the starting register number. Refer
to the earlier section about register number and consult the device documentation for support
information. Also, too long of a length can trigger this error. The ModbusC1ient () instruction
uses length as the number of values to poll. With 32-bit data types, it requests twice as many
registers as the length.

An uncommon cause for the -02 result is a device with an incomplete implementation of
Modbus. Some devices do not fully implement parsing Modbus commands. Instead, they are
hard coded to respond to certain Modbus messages. The result is that the device will report an
error when you try selectively polling registers. Try requesting all of the registers together.

Result code -11: COM port error

Result code -11 occurs when the data logger is unable to open the COM port specified. For serial
connections, this error may indicate an invalid COM port number. For Modbus TCP, it indicates a
failed socket connection.

If you have a failed socket connection for Modbus TCP, check your TCPOpen () instruction. The
socket returned from TCPOpen () should be a number less than 99. Provided the data logger
has a working network connection, further troubleshooting can be done with a computer
running Modbus software. Connect the computer to the same network and attempt to open a
Modbus TCP connection to the problem server device. Once you resolve the connection
between the computer and the server device, the connection from the data logger should work.

10.3 Internet communications

See the Communications specifications (p. 263) for a list of the internet protocols supported by
the data logger. The most up-to-date information on implementing these protocols is contained
in CRBasic Editor help.
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CRBasic instructions for internet communications include:

o« EmailRelay() HTTPPut
e EmailSend() IPInfo()
e EmailRecv() e PPPOpen()

e FTPClient() e PPPClose()
e HTTPGet () e« TCPOpen()
e HTTPOUt() e TCPClose()

e HTTPPost()

Once the hardware has been configured, PakBus communications over TCP/IP are possible.
These functions include the following:

» Sending programs

Retrieving programs

Setting the data logger clock

Collecting data

Displaying the current record in a data table

Data logger callback to LoggerNet and data logger-to-data logger communications are also
possible over TCP/IP. For details and example programs see the CRBasic help.

See the FTP streaming technical paper[7lI for information on using FTPC1ient () or HTTPPut
() to stream data.

10.3.1IP address

When connected to a server with a list of IP addresses available for assignment, the data logger
will automatically request and obtain an IP address through DHCP. Once the address is assigned,
look in the Settings Editor > Ethernet > {information box} to see the assigned IP address.

The CR1000X/CR1000Xe provides a DNS client that can query a DNS server to determine if an IP
address has been mapped to a hostname. If it has, then the hostname can be used
interchangeably with the IP address in some data logger instructions.

NOTE:
When setting a static IP address, first manually set a DNS Server Address in Settings Editor >
Advanced.

10.3.2 HTTPS server

Use Device Configuration Utility to configure the data logger to act as an HTTPS server.
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10.3.3 FTP server

An FTP server facilitates file transfers. Use Device Configuration Utility to configure the data
logger to act as an FTP server. This is useful when receiving and storing images from an Ethernet
enabled device such as a camera.

Select FTPEnabled (p. 218) and assign a User Name and Password.

NOTE:
FTP is disabled by default. However, when enabled, the UID will be the default FTP password.

CAUTION:
Passwords may be changed from the default UID. However, when the data logger is reset to
factory defaults or a new OS is sent, the default password will revert to the UID.

Deployment

Datalogger Com Ports Settings  PPP GOEH Metwork Services s Advanced

[ |HTTF Enabled PakBus/TCP Clients

Address

Edit .csipasswd File
[ |HTTPS Enabled

FTP Enabled |
FTF User Mame: |anonymnus |

FTP Password: | . |

Confirm FTP Password! |l' |

[ ] Telnet Enabled
[ ]Ping {ICMF) Enabled

PakBus/TCP Port: |6?85 | =

Allocate memory where the received files will be stored. Often this is on the USR drive. Data
memory (p. 46)
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Deployment §ogger Control  Data Monitor  Data Collection  File Control  Manage 03 VWi Dizgnostics  Settings Editor  Termi

Datalogger Com Ports Settings Ethernet CSIJOIP  PPP GOES  WiF  Metwork Services  TLS Advanced

e Rl A R5-232 Power Handshake

Communication Allocation: |_50 = Port Always On: |False ~

=
4k

Max Packet Size: |1D[J|:| | s Handshake Buffer Size:

IJSR: Drive Size: = Handshake Timeout: |0

SDC Baud Rate: | 115200 Fixed

4

Files Manager
PakBus Address  Files Manager File Name

1 L |

WARNING:
Partitioning or changing the size of the USR drive will delete stored data from tables. Collect
data first.

Specify the memory drive in the path when putting or getting files. For example, to put a file
named image.jpg on the USR drive, use a command similar to put image,jpg /USR/image.jpg.

NOTE:
Use FTPcTient () to send files to a remote server. This is different than setting up the data

logger to act as an FTP server. See the FTP Streaming technical paperljI and FTP
Troubleshooting technical paperljI for more information.

10.4 Onboarding a data logger to CampbellCloud

A Campbell Scientific data logger with a UID can be configured to publish to CampbellCloud.

NOTE:
If your data logger was not configured with a UID from the factory, see: Obtaining a Unique
Identification Number (UID) (p. 127)

Follow these steps to prepare your data logger for CampbellCloud:

1. Ensure the data logger has the latest operating system installed. Operating systems are
available from the Campbell Scientific

website: https://www.campbelIsci.com/downIoads/operating—systems—dataIoggerIjl.
2. Ensure that your data logger has internet access.

3. Connect to your data logger with Device Configuration Utility.
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4. Navigate to the Cloud Connection tab.
5. Select the CampbellCloud Enabled checkbox.

D DewConfig 231

File Language Backup Options Help

Device Type Deployment | Sequrty Check  Logger Control  DataMoniter Data Colecton  File Control  Manage OS5 VW Diagnostics  Settings Editor  Terminal
Q ST X
BF . Datafogger = Com Ports Settings Ethemet CSIOIP PPP GOES  Nebwork Services ns Advanced

Favorites
& Camera 8 CampbeliCloud Ensbled

Cellulsr Modem

Dat=iogger Dewice LED:
) ¥ =5

& patalogger (Other)

6. Apply the settings. The data logger will then restart and begin connecting to

CampbellCloud, including authentication with the platform. This process may take a few
minutes.

Reconnect to your data logger with Device Confguration Utility. Navigate to the Cloud
Connection tab. The Datalogger CampbellCloud Status box on this tab displays the status

of MQTT communications. Once the device is successfully connected, you should see
MQTT session established in this box.

eiet
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| Dataiogger CamabaiCioud Stanss
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The above steps will configure the device for communications with CampbellCloud. To start
publishing data to CampbellCloud, you will need to follow the steps below and refer to the
associated topics in the CampbellCloud Help:

* Onboard the data logger to CampbellCloud: Refer to Adding an asset [ for detailed
instructions on onboarding your data logger.

« Link the data logger to a station: Use the process described in Adding a station to a
network [ to connect the data logger to a station.

» Activate a subscription: Ensure the data logger has an active subscription by following the
steps in Ordering and activating subscriptions .

» Select the data to be published: See MQTT Auto Publish Data or MQTTPublishTable() (p.
102) for more information.

10.4.1 MQTT Auto Publish Data or MQTTPublishTable()

The data logger has a feature that enables automatic publishing to CampbellCloud. To enable
this feature:

On the MQTT tab, set MQTT Auto-Publish Data to Enabled. Data tables intended for publishing
must include a DataInterval () instruction. By default, the fastest auto-publish interval is 10
minutes. Data is published as follows:

o Ifthe DataInterval() isless than 1 minute, the table is excluded from publishing.

e IftheDataInterval () is between 1and 10 minutes, data stored in the data table is
published every 10 minutes.

o IfDataInterval () is greater than 10 minutes, data is published at the specified interval.

e To publish data more frequently than the 10-minute auto-publish interval, use the
MQTTPubTishTable() instruction in the data table and set the desired publish rate. The
OutputFormat parameterin the MQTTPubl1ishTable () instruction must be set to 2,
GeoJSON.

NOTE:
Once MQTTPublishTable() isincluded in a data table in a CRBasic program, Auto-
Publish is no longer applicable.

The auto-publish feature is not available for these data loggers. To publish data, use the
MQTTPubTishTable() instruction in the data table and set the desired publish rate. The
OutputFormat parameter in the MQTTPub1ishTabl1e () instruction must be set to 2,
GeoJSON.
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10.5 MQTT

MQTT is an open communications protocol often used in the Internet of Things (loT). It uses a
publish/subscribe architecture to send and receive data. A broker facilitates the communications
between publishers and subscribers by receiving published messages and distributing them to
subscribers. One advantage of MQTT is that communications are initiated by the
CR1000X/CR1000Xe so firewalls do not cause problems.

For full MQTT specifications see: https://mqtt.org/ .

NOTE:

MQTT only provides a protocol for message transport; users must build their own database
and visualization stack. CampbellCloud is often a better choice because it provides a ready-
to-use cloud solution specifically designed for Campbell Scientific devices. No need for
custom configurations, servers, or managing MQTT brokers. CampbellCloud also offers built-
in dashboards, data storage, and visualization tools, making it easy to analyze and monitor
device data. Refer to Onboarding a data logger to CampbellCloud (p. 100) for details on
onboarding a data logger to CampbellCloud. See CampbellCloud Demo to experience
CampbellCloud.

10.5.1 Sending data to an MQTT broker

MQTT communications require a broker configured for data logger communications. There are
many available; it is recommended that you consult with an IT professional.

10.5.1.1 Mosquitto

This example uses the public Mosquitto test broker https://test. mosquitto.org/ I for testing. This
section is provided as a convenience; Campbell Scientific does not provide technical support for
Mosquitto.

Configure the data logger

1. Ensure your data logger is connected to the internet.

2. Using Device Configuration Utility, connect to the data logger.
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3. (Recommended) On the Logger Control tab, set the Reference Clock Setting to UTC.

Deployment] Logger Control  Diats Monitor  Data Collection  File Control  Manage OS  Settings Editor  Terminal
Datalogger Clock

Reference Time: |EIS,|"Z?,|'21 14:37:43.027 |

Station Time: [08/27/21 14:37:42.925 |

Difference: |D. 10 seconds |

Reference Clock Setting: |UTC (Greenwich Mean Time)

Local Standard Time
Set Clock T T g T
S

Logger Program

4. On the Settings Editor tab, click the MQTT sub-tab.

File Language Backup Options Help
DEQMETW:E 5 Dieﬂo'w.ent Logoer Control  Diata Monitsr  Data Collection  Fie Cantral Marug:O!mlnal N
| ] o e
a. Enable MQTT.
b. Enter the Broker URL. Enter test.mosquitto.org for this example.
c. Select Persistent for MQTT Connection type.
d. Enter 1883 for the Port Number.
e. Write down the MQTT Base Topic; it is case sensitive. By default itis cs/v1/.
f. Keep all other MQTT settings as their defaults.
5. Click Apply.

Program the data logger

Use MQTTPubl1ishTable() withinaDataTable/EndTab1e declaration to publish stored
data via MQTT. See the CRBasic Editor help for detailed instruction information and program
examples: https://help.campbeIIsci.com/crbasic/cr1000x/[ﬁl.

DataTable(Five_Min,True,-1)
DataInterval(0,5,Min,10)
Average(l,Temp_C,FP2,False)
Minimum(1l,BattV,FP2,False,False)

Publish every 5 min in CSJSON format. The last three
parameters are optional to specify longitude, Tlatitude, and
altitude. Here we use NaN as placeholders for these values.
MQTTPublishTable(0,0,5,Min,1,NaN,NaN,NaN)

EndTable
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Five minutes is the fastest recommended publishing interval in order to ensure that ingestion and
processing of data sent to the MQTT broker are completed before new data is received.

10.5.1.2 AWS

This example uses the public Amazon Web Services (AWS) loT test broker
https://aws.amazon.com/free/iot/ ' for testing. This section is provided as a convenience;
Campbell Scientific does not provide technical support for AWS.

Setup AWS loT

1. Open a web browser and set up an account at https://aws.amazon.com/free/iot/ .

2. Go to https://us-west-2.console.aws.amazon.com/iot/ ',

A AT

How it works

i ey bt

AW e T e ad Veen Yutmiial

AW e T vifan FERser T

M e | Dreritpes Gt
- s @ W €

=

3. Near the bottom of the left menu select Settings. Copy the Endpoint address. It will end in
something like i0t.us-west-2.amazonaws . com. You will need this later to configure

the data logger.
Go to Manage> All Devices > Things. In this case the CR1000X/CR1000Xe is the Thing.

5. Click the Create Things button.
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WA T

6. Select Create single thing.
7. Click Next.

Create things ws

A thing resource is a digital representation of a physical device or logical entity in AWS loT. Your device or entity needs a thing

resource in the registry to'use AWS loT features such as Device Shadows, events, jobs, and device management features.

Number of things to create

© Create single thing
rate & thing reiource to refisted 3 device. Proviuion the cortificate and palicy necessary to allow the devite ©
o T

() Create many things
Create a task that create

it A T
mect e AWTS lo

multiple thing resources to register devices and provision the resounes those devices reguine 1o

Cancel . Next |

8. Give your Thing a name in the Thing name field. Make note of this value, it will also be the
MQTT Client ID in the data logger configuration later.

NOTE:
Thing name cannot contain spaces.

CAUTION:

Each data logger in the network must have a unique MQTT Client ID. Duplicate Client
IDs can cause unstable connections, and high data usage over a cellular connection
when only a small amount of data is being published.
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AWS 1T 3 Manegs ) Thingy 3 (reats thingy ) Create singls thing

Bie=

Al Specify thing properties ..
& thing resownce s a digital reprosertstion of & physecal device o logicsl entity in AWS 16T, Yoor device or entity nesdy a thing
S i resownce in the neglstry to wme A5 o T featunes such 2 Device Shadows, events, jobs, and devior management featunes.

Configure device tortificaty
Thing properties

e 3 pptloal

ATLEER polk et 1o ertificate

Thing ruamse
CREQDOK_My Dtk

ENTHET @ e N Oaei e  BTIETE, TR TR COR0E. OF W HMTRDOOES. A 1PN P LT OO AR B AR

Additional configurations

Wity [ e el TOndapurartaent to SO0 Grmid Fhat i Peige pin 00 oQanas, Mansgs. @ 1S i g
B Thing typ+ - aptiona!
* Searchable thing stiributes - sptinsl

* Thing yraugs - spriond|

9. Click Next.

10. On the Configure device certificate screen, select Auto-generate a new certificate. Click
Next.

AWSIaT » Managy > Thingy > Ceeate thingy > Create single thisg

Vien ¥

A % Configure device certificate - optional ..

) A g feguine 3 cortifcate to cannsct 19 AWS 16T, You can chooie how Bt megister s cortificate for your devite non, o youd

St il can craate and negister a certificate for your device later. Your device won't b able to connact to AWS kaT until It has a0 sctive
I- Enrtificatn with an sppeopriate policy

S 1 - oyl Device certificate

Attach policl 10 certificase

Q Aoto-generate a new certificate (recommended)

Grrarstn o eericats, pubik by, and privess ey g A kTl s mahamy

) Use my cortificate

e 3 cortifcarte sigred iy your mwe cortfoats maharity

) Uptaad CSR
Bemgaier pd LA a0 uom v oaen [ ATy o) one B mary (e

3 Skip cresting a certificate #1 this time

i €A EAEMe b ceriiSaty Ron thiy ifvng and BEacH 2 peliey 12 the reeibesle o n laae e

el [ evien | [
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11. On the Attach policies to certificate screen, click Create policy. This will open a new tab.

EWE T % Mamsge 3 Thingy ¥ Creste thiogs 3 Creste singls thing

e
SpocHly thing properTiey

Corshayrs evicn Derdicare

Sivm 1 - opeianl

Attach poliches (o oivtificate

Attach policies to certificate - optional ..

AWE LT policied grant of deny 300kt 10 AWS 0T resdurcrs. ATachng policiss 10 the diviee Dertifcate applse this e0oes to

LT ]
Policies () | @ J| creavepsicy B |
el up i 10 poic iy in ptimch in this et —

1 1 @
Mame
Bo poliche
No polticres could be foumd i os-wesli-2

Caneal Pravious

12. On the Create policy screen enter a Policy name. Ensure that Allow is set for the Policy
effect. In the Policy action and Policy resource fields enter an asterisk * for a wild card. Click

Create.
Create policy «
Pelicy prepenie.

i Teu Py

R Fuia § gaampian

Policy Ao .

sy P

Pt wE
Bemay

L) e sl
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13. On the Attach policies to certificate screen, select the Policy you created and click Create
thing.

K5 loT > Manags ¥ Things » Cooatethings > Create single thing

a1 =ie - -
Sasiibe s aronardcs Attach policies to certificate - optional ..
AWSE a7 policies grent oF deny Soors 1o AWS BT resouross. AtTadhing polies to e device cbriificabe sppliey tha scoes (o
the devarn
e I« pprionad
Condigurn devics corfificate
e Policies (1/1) [@ ][ conatepaicy 2 |
o Eetert ugr lo 10 psllet bk 10 L B WV Gt A e
o] 1 ®
] Hame

[ /] CR1D00K_ Test_Policy |
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14. On the Download certificates and keys screen save all your certificates and keys. This is the
only time you can download the key files for this device. In a secure location, save the
device certificate, Public key file, Private key file, and Root CA certificate. They'll be needed
for setting up the data logger. Click Done.

Download certificates and keys

X

Download certificate and key files to install on your device so that it can connect to
AWS,

Device certificate

You can activate the certificate now, or later, The certificate must be active for a device to connect to
AWS |oT.

Device certificate Deactivate certificate ¥ Download
b4B842c63d01...te.pem.crt

Key files
The key files are unique to this certificate and can't be downloaded after you leave this page.
Downtoad them now and save them in a secure place.

[\ This is the only time you can download the key files for this certificate,

Public key file
b4842c69d010fb25ab0al4e...3abdb7c-public.pem.key ¥ pownload

Private key file
b4842c69d010fb25ab0a04e...abdb7c-private.pem.key M pownload

Root CA certificates

Download the root CA certificate file that corresponds to the type of data erdpoint and cipher suite
you're using. You can also download the root CA certificates later.

Amazon trust services endpoint ¥ Download
RSA 2048 bit key: Amazon Root CA 1

Amazon trust services endpoint ¥ pownload
ECC 256 bit key: Amazon Root CA 3

If you don't see the root CA certificate that you need here, AWS loT supports additional
root CA certificates, These root CA certificates and others are available in our developer
guides. Learn more [

10. Communications protocols

110



Configure the data logger

1. Onyour computer, navigate to the location your certificates and keys are saved.

2. Rename the AmazonRootCAl. pem file to CAroot.pem.

3. Connect to your data logger via USB.
NOTE:
For a secure TLS setup the certificates and key must be sent over a direct connection.
They cannot be sent over IP.

4. Using Device Configuration Utility, connect to the data logger.

5. Select the File Control tab and click Send.

Ceevice Tyoe Sepicyrers .m.rﬂ.m Ligget Contral Dt Merstor ,—.rchh-rmi Fig Contral }Anuou Settngn dier  Termeral
) e o

! Py & .
| [ ——— e Rt

- v . LT

Srrw  Frew Firkiase & QueOpbors Tse Lot Madfnd
e JLateE

6. Browse to the CAroot. pemfile. Click Open.

Q) Select the files to send
I =
Look in: | == MQTT AWS Tutorial - v| @ F 2 B
/\ [] Mame Status Date modified
A | AmazonRootCAZ.pem )] 911/2043 10:52 A
Home | b4842¢69d010fb25ab0a04e52a079ab63dd... () 9/11/2023 10:32 A
. | '] b4842c69d010fb25ab0a04e52a079ab63dg... () 9/11/2023 10:52 &
- () 9/11/2023 10:52 A
Desktop B CArcot.pem () 9/11/2023 10:52 A
. ) 9/11/2023 11:11 &
Libraries
This PC
Netu_mrk
File name: | CAmot pem w Open

Files of type: Al Files (=) w Cancel
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7. Select Deployment > TLS.

Device Tyoe oot Secry et Logger Corsrl  Data Monitor  Oals Collecton Fie Contrd Manage 06 Settnga Bdior  Termral

Ll = (M
a . Detslaaoer Comborts Spivrgs Efwrmed OS1O W0 WY [ 3 ."ﬁ!irl't:'-n..'_rr_n‘!
¥ yaritry

TLE Gindase Piok nitatied
ooz | S —

Lot Prronte Wy Owar rocate Koy Prvads iy folbse

| Provafe ey Pemssond:

8. Set Max TLS connections to 5.

St Can e Oew Cerpfesie  Cernfente mol sl

9. Click Set Private Key and upload the Private key file by browsing to it and clicking Open.
The file name willend in private.pem.key.

10. Click Set Certificate and upload the Certificate by browsing to it and clicking Open. The file
name willend in certificate.pem.crt.

11. Click Apply to save the changes.
12. Click Connect to reconnect to your data logger.
13. On the Settings Editor tab, click the MQTT sub-tab.

File Language Backup Options Help

Deiice Type Depioyment  Logger Control  Data Monitor  Data Collection  Fie Control = Manage O!rnind

PS
v PPP  GOES Rado aduanmi MQTT aab'ogg!r ComPorts Settings  Metwork Services  TLS Wi
MJTT Enable ~
Enable MQTT ~

MOTT Broker URL

14. On the MQTT tab set the following:

a. MQTT Enable to Enable with TLS or Enable with TLS-Mutual Authentication

b. MQTT Broker URL to the Endpoint address that you copied, saved, or noted. See
Setup AWS loT (p. 105) step 3.

c. Enter 8883 for the Port Number.

d. MQTT Client ID to the Thing name set in Setup AWS IoT (p. 105) step 8.

e. MQTT Base Topic is the Publish Policy set in Setup AWS IoT (p. 105) step 10.

15. Click Apply to save the changes.

Program the data logger

Use MQTTPublishTabTle() withinaDataTable/EndTable declaration to publish stored
data via MQTT. See the CRBasic Editor help for detailed instruction information and program

examples: https://help.campbeIIsci.com/crbasic/cr1000x/ljl.
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DataTable(Five_Min,True,-1)
DataInterval(0,5,Min,10)
Average(1l,Temp_C,FP2,False)
Minimum(1l,BattV,FP2,False,False)

Publish every 5 min in CSJSON format. The last three
parameters are optional to specify longitude, Tlatitude, and
altitude. Here we use NaN as placeholders for these values.
MQTTPublishTable(0,0,5,Min,1,NaN,NaN,NaN)

EndTable

Five minutes is the fastest recommended publishing interval in order to ensure that ingestion and
processing of data sent to the MQTT broker are completed before new data is received.

Verify data in AWS loT

1. In AWS IoT click MQTT test client > Subscribe to a topic.
2. Enter a # symbol (wildcard) in the Topic filter field. Click Subscribe.

Ao i

MOTT test client

® Cpancrtion detaiby

[ ]

el UL

@ P P S R p—

3. Confirm data is being received in the Subscription area at the bottom of the screen.

10.5.2 Check broker for incoming data

To subscribe to MQTT topics an MQTT client is required. There are many available; it is

recommended that you consult with an IT professional. This example uses the Google Chrome
extension MQTTBox [
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1. Launch MQTTBox.

£~ chrome web store £ sionin

Hame > Apps > MQTTBox

2. NGTTBoy

L]
Offered by: workswithweb.com

L S & B o Extensions & 30,000+ users

2. Configure the client.

= Menu 4 MQTTCLIENT SETTINGS

MQTT Client Name MQTT Client Id

TesIMQTTClient =
Protocol Host

mitt / tep v test mosquitio |_r|tJ|
Username Password
Reconnect Period (milliseconds) Connect Timeout (m