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1. Scope

This guide explains how to set up data communications between the IRmadillo controller and
your plant’s Distributed Control System (DCS) using Modbus TCP. This guide requires that
Keit has already set up your controller with its chemometric models and has enabled the
Modbus connection.

Before starting, ensure that:

¢ Your IRmadillo is installed and running
o If you have an external controller, ensure that is also installed and running
o Keit has provided you with the Register Mapping Document

If you have any questions, contact Keit using: support@keit.co.uk. More detailed information
is in the following IRmadillo user manuals, found at https://keit.co.uk/user-manual/:

KeitSpec DOC0893
IRmadillo ASM0627-10-Z (internal controller) DOC0935
IRmadillo ASM0627-09-Z (external controller) DOC0945
1.1. Overview
An overview of the analyser and communications layout is shown below for both types of
controller.
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Figure 1 System schematlc for ASM0627-10 (internal controller)
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2. Implementing Modbus TCP data communications

This section will show you how to set up the Modbus TCP data communications.

21. Finding the IP address of the Modbus TCP Server

2.1.1. In KeitSpec, with a Continuous Collection project open, click the Configure
Acquisition tab, then toggle Modbus TCP Server to ON.

@ Simulated Sample (Test KetSpec KeitProject)

Configure Project Data Modbus @
Acquisition Viewer TCP Server NJ spectrometers

Project Deta

Scan Averaging Duration Chemometrics hl' Configure

Viewsr
1 197
20 Dsec | Fremeld C ont =
2Scans

Keit recommends averaging spectra for 120 seconds. The Scan Averaged
spectra can be saved in a Project File and can be published via the data
communication methods selected below. Chemometric analysis will be
performed on Scan Averaged spectra.

Data Communication Methods
Modbus RTU SIw:G\ OFF OPC-UA S:r\:ro-\ QFF
Modbus Tce server @ D ON Autosave to Felder () oFF

Background Collected At

361'01’2025

w

Frame 197

Collecting Scan Average 25cans

Figure 3 Toggle the Modbus TCP Server Tab

2.1.2. Click the Modbus TCP Server tab that appears. In the Network Adapters
box, the IP address of the controller should be listed.

@ Simulated Sample (KEIT-2602.KeitProject)

- [m] X
= | Cleanil g & — KEIT 518201
E = |Ceaning | specrometer Configure Project Data Modbus
| = (MRS isiti Viewer TCP Server Spectrometers
~

Input and Holding Registers (for reference; select to see info below)

Enable Server Address  Type Item
% Number of Metrics (=M)
Z: Nomber [usoe 0to autoassign an unused port) —O OFF b . T T T
= 1004 U2 Emitter ON Time (Days)
1006 Float Probe Temperature (*C)
Network Adapters 1008 Float Detector Temperature (C)
Ethernet adapter Ethemet 4 Media disconnected ~ 1010 Float Sagnac Temperature (°C)
"Ethernet adapter Ethernet 3 192.168.22.137 1012 Float Internal Humidity (Relative %)
1014 Float Spectral Power
= 1016 u32 Frame Number
Client Connections Frame Number 1018 16 Number of Self-Diagnostic Errors
NI 1020 u16 Number of Self-Diagnostic Warnings
1022 Float Days Connected
Messages Processed 5000 Text (ASCI) | Model Names (SON)
& 0 6000 Text (ASCIl) | Spectrometer ID
6050 Text (ASCI) | Spectrometer Info (SON)
) 7000 Text (ASCIl) | Self-Diagnostic Errors (JSON)
~ Description of Last Command-Response: 7200 Text (ASCIl) | Self-Diagnostic Warnings (JSON)
7400 Text (ASCI) | All Temperatures (JSON)
z 7950 Text (ASCI) | Timestamp (1508601)
§ 8000 Text (ASCIl) | Metric Names (JSON)
2 9000 Array of Float | Metrics (xM)
£ 9200 Arrav of Float | Metric Uncertainties (xM) £
Register (selected above) (O Showin Hex
Number of Metrics (=M) ~
Start=1000, Length=1, U16
0
v
Collecting Scan Average 75cans )

Figure 4 Identifying the IP address
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2.2, Setting a static IP address

You may need to assign a specific IP address to your controller. You can do this as follows:

2.2.1. Type "Control Panel” into the Windows search bar and press Enter to open
the control panel. In the control panel window, click Network and Internet and
then Network and Sharing Center.

2.2.2. Click Change adapter settings.
View your basic network information and set up connections
Control Panel Home

View your active networks

I Change adapter settings I
Change advanced sharing KEIT.local Access type: Internet
settings Public network Connections: [ Ethemet 3

Media streaming options

Change your networking settings

{iG¥ Set up a new connection or network
-
Set up a broadband, dial-up, or VPN connection; or set up a router or access point.

E’ Troubleshoot problems

Diagnose and repair network problems, or get troubleshooting information.

Figure 5 Network and sharing centre

2.2.3. Right-click on the relevant network connection (‘Ethernet 3’ in Figure 6,
below) and click Properties. You will need to enter the administrator password,
which can be found on the sticker on the front of your controller (or, if you have
an integrated controller, is shared with you electronically).

L" Ethernet 3
-\,Ec KEIT.local
@~ _Realtek PCle GBE Family Controll...

& Disable
Status

Diagnose

& Bridge Connections

Create Shortcut

@ Delete

& Rename

& Properties I

Figure 6 Change adapter settings
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2.2.4. Click on Internet Protocol Version 4 (TCP/IPv4), then click Properties.

Networking  Sharing
Connect using:
3P Realtek PCle GBE Family Cortroller #3

This connection uses the following items:
B3 Client for Microsoft Networks ~

U3 File and Printer Sharing for Microsoft Networks
H QoS Packet Scheduler
4 Intemet Protocol Version 4 (TCP/IPvd) <& 1
[0 s Microsoft Network Adapter Muttiplexor Protocol
4 Microsoft LLDP Protocol Driver
1 Intemet Protocol Version 6 (TCP/IPv6) v
< >
Install... Uninstall Properties Ee 2
Description

Transmission Control Protocol/Intemet Protocol. The default
wide area network protocol that provides communication
across diverse interconnected networks.

OK Cancel

Figure 7 Ethernet properties

2.2.5. Select Use the following IP address. Enter the IP address, subnet mask and
default gateway that you want to use, then click OK.

General
You can get IP settings assigned automatically if your network supports
this capability. Otherwise, you need to ask your network administrator
for the appropriate IP settings.
(O Obtain an IP address automatically
1 P (@) Use the following IP address:
P odsess: ———
- e 2
S — ]
Obtain DNS server address automatically
(®) Use the following DNS server addresses:
I e
[]validate settings upon exit Y
3 > OK Cancel

Figure 8 Setting a static IP address

2.2.6. Click Close. Your controller will now use the assigned IP address.

If needed, you may assign two different fixed IP addresses, one for each of the IRmadillo’s
ethernet ports.
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2.3. Connecting your Modbus client to KeitSpec
Returning to the Modbus TCP Server tab of KeitSpec:

2.3.1. The default port number is 502. If you need to change the port number, this
can be done when the server is disabled.

2.3.2. If your Modbus client requires a Unit ID (also called Device ID), enter 1.
This cannot be changed.

2.3.3. Toggle ‘Enable Server’ to ‘On’.

@

— | Cloani N KEIT 518201
E — Spectrometer Configure Project Data Modbus @
Ll —— (Mode (F2) Acquisition  Viewer TCP Server \/J spectrometers

Input and Holding Registers (for reference; select to see info below)

Enable Server Address | Type Item
_0 ON 000 U16 Number of Metrics (=M)
pos 1 1002 Ui6 Number of Points in Spectrum (=N)
Connected 1004 U2 Emitter ON Time (Days)
1006 Float Probe Temperature (*C)
Network Adapters 1008 Float Detector Temperature (*C)
Ethernet adapter Ethemet 4 Media disconnected A 1010 Float Sagnac Temperature (*C)
T Ethernet adapter Etheret 3 192.168.22.137 1012 Float Intemal Humidity (Relative %)
1014 Float Spectral Power
> 1016 u32 Frame Number
Client Connections Frame Number 1018 ui6 Number of Self-Diagnostic Errors
NERET 1020 ui6 Number of Self-Diagnostic Warnings
1022 Float Days Connected
Messages Processed 5000 Text (ASCIl) | Model Names (JSON)
o o 6000 Text (ASCIl) | Spectrometer ID
6050 Text (ASCIl) | Spectrometer Info (JSON)
Description of Last Command-Response: 000 Jet(ASCl) _|Seit:Disgnostic Erfors (150N)
. 7200 Text (ASCIl) | Self-Diagnostic Warnings (ISON)
7400 Text (ASCI) | All Temperatures (JSON)
® 7950 Text (ASCIl) | Timestamp (1S08601)
& 8000 Text (ASCI) | Metric Names (JSON)
s 9000 Array of Float | Metrics (xM)
2 9200 Arrav of Float | Metric Uncertainties (xM) v

Register (selected above) () show in Hex

Number of Metrics (=M) ~
Start=1000, Length=1, U16

0

Collecting Scan Average ERELE  E—)

Figure 9 Server port settings

24. Representation of data in Modbus

2.4.1. Before testing the connection, know that data is read from ‘Input Registers’
unless stated otherwise.

2.4.2. Data is encoded as follows:

Size

(Registers)

Float 2 IEEE 32-bit float in 2 Registers, Low Address=Most Significant
U16. Sometimes referred to as a “switched float” or “lIEEEFP (Big
Endian)”.

Boolean 1 U16, False=0, True=1 (or higher)

u16 1 Unsigned 16-bit integer

u32 2 32-bit unsigned integer in 2 Registers, Low Address=Most
Significant U16

Data Type Description
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2.5. Configure your client and connect

2.5.1. From your Modbus client, read two input registers starting at register 1016
(decimal). This will return the Frame Number as an unsigned 32-bit integer
(U32). This is an internal counter — it will increment regularly whether it is being
polled or not. The Modbus TCP Server tab in KeitSpec displays debug
information in the lower two panels, as shown below:

@ simulated Sample (Keit-2602KeitProject) - ] X
= o R
ol —— |Cleaning | gpectrometer Configure Project Data Modbus @
lﬁ | Mode (F2) E isitic _ Viewer TCP Server \J

Input and Holding Registers (for reference; select to see info below)

Enable Server Address | Type item ~
& 1000 U6 Number of Metrics (=M)
pe 1002 U6 Number of Points in Spectrum (=N)
Connected 1004 U2 Emitter ON Time (Days)
1006 Float Probe Temperature (*C)
Network Adapters 1008 Float Detector Temperature (*C)
Ethemet adapter Ethernet 4 Media disconnected ~ 1010 Float Sagnac Temperature (°C)
(Elieimat st Chend3 6 BT 1012 Float Internal Humidity (Relative %)
1014 Float Spectral Power
v 32 Frame Number
Client Connections Frame Number 1018 U6 Number of Self-Diagnostic Errors
192.168.22.105:59888 (KEIT-LAP-004.KEIT.local) ~ 13 1020 U6 Number of Self-Diagnostic Warnings
1022 Float Days Connected
Messages Processed 5000 Text (ASCI) | Model Names (JSON)
o 12 6000 Text (ASCIl) | Spectrometer ID
6050 Text (ASCIl) | Spectrometer Info (SON)
- 7000 Text (ASCIl) | Self-Diagnostic Errors (JSON)
] RN, s Text (ASCIl) | Self-Diagnostic Warnings (JSON)
;‘;’;;';:;ﬁ:g“:ﬂ —— 7400 Text (ASCI) | All Temperatures (ISON)
2| |U16 -210.13.0,0,00.15634 17041,0,0] 7950 Text (ASCIl) | Timestamp (1S08601)
& | | Froats > [1.8216886-44,0,00.05035645,0) 8000 Text (ASCIl) | Metric Names (SON)
S [ Tet— 9000 Array of Float | Metrics (xM)
£ =N’ 9200 Array of Float | Metric Uncertainties (xM) L
Register (selected above) () Show in Hex
Frame Number ~
Start=1016, Length=2, U32
13
v
Collecting Scan Average 6Scans )

Figure 10 Checking the correct data is read

2.5.2. The value you read should match the number shown in the Register pane
outlined in red above. If this is the case, then you have successfully
established communications.
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2.5.3. KeitSpec can handle a maximum of 254 simultaneous TCP connections,
some of which are already used by other parts of the software. Please ensure
that unused ModbusTCP connections are closed. Leaving large numbers of
TCP connections open will cause KeitSpec to crash. You can see a list of all
the ModbusTCP connections that are currently open in the ‘Network Adapters’
box.

| G Simulated Sample (IB-4610 Blank Project File.KeitProject]

E —— |Ceaning | gpectrometer Configure Project Data Madbus @
L Ll —— |Mode(F2) [ Acquisition Viewer TCP Server Y

Input and Holding Registers (for reference; select to see info below)

spectrometers

Enable Server Address | Type Item ~
. L st an areed port on 1000 Ui6 Nurnber of Metrics (=M)
. . 1002 Ut6 Number of Paints in Spectrum (=N)
Connected 1004 [IEY) Emitter ON Time (Days)
1006 Float Probe Temperature (C)
Netwrork Adapters 1008 Float Detector Temperature ('C)
| Ethernet adapter Ethernet 2 Media disconnected ~ 1010 Float Sagnac Temperature (°C)
"Ethernet adapter Ethermet Media disconnected Ei E:“at 's"tﬁ'"““';“’"““fy (Relative %)
Ethernet adapter Ethernet 3 192.168.22.175 oat pectral Power
Client Connections Frame Number 1018 Ui6 Nurnber of Self-Diagnostic Errors
127.0.0.1:52717 (KEIT-LAP-003.KEIT.local) " 102 1020 u16 Number of Self-Diagnastic Warnings
192.168.22.175:52699 (KEIT-LAP-D03.KEIT.local) 1022 Float Days Connected
Messages Processed 5000 Text(ASCH) | Model Names (JSON)
o |88 6000 Text (ASCI) | Spectrometer ID
| 8050 Text (ASCIl) | Spectrometer Info (ISON)
7000 Text (ASCI) | Self-Diagnostic Errors JSON)
X ) t11:02:42
'2“‘2”“2 "; L;i“’”’“a”d Response: : 7200 Text (ASCI) | Self-Diagnostic Warnings (50N)
unction Code
| Read input Registes 016 1025 7400 Text (ASCI) | All Temperatures USON)
| |u16-->[0,102,0,0,0,0,15694,17043,0,0] 7950 Text (ASCH) | Timestamp (I508501)
5| i Floats > [1.420324-43,0,0,0.05035646,01 000 Text (ASCH) | Metric Names (JSON)
S| fTet-> £ =NB 9000 Array of Float | Metrics (xM)
£ 9200 Arrav of Float | Metric Uncertainties (xM) 2
| Register (selected sbove) (] Show in Hex
Frame Number -
| Start=1016, Length=2, U32
102
|
v
|
Collecting Scan Average (Calibration transfer disabled) 25cans (. )
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2.6. Polling for new data using the frame number ‘heartbeat’

2.6.1. Register 1016 (decimal) is the ‘frame number’, which may be used as a
heartbeat to indicate that fresh data is being returned by the IRmadillo. The
register data are always available and will update every 120 seconds.

2.6.2. If you only want to read when there is new data, then read the frame number
from input register 1016 (decimal). This changes whenever there is new data.
It is a 32-bit unsigned integer [U32] and will increment by an integer number.
The amount it changes by each time varies. At some point it will wrap around
to zero.

2.6.3. If register 1016 does not change for >10 minutes, intervention may be
required. Set up a suitable alarm/warning to flag the user.

2.7. Configure and test the historian

2.7.1. All of the items in the Register Mapping Document must be stored in the
plant historian. They are not stored on the IRmadillo controller.

2.7.2. Check that the data recorded in the historian matches that given by the
spectrometer. Please see Section 4 Testing your DCS configuration for more
information.

2.8. Changing Settings and Performing Actions

2.8.1. If you need to change a setting in KeitSpec via Modbus, it is possible that
KeitSpec will fail to return the handshake signal that your Modbus client may
be expecting. Keit recommends reading the holding register back to confirm
that the setting has been changed correctly.

2.8.2. One of the settings that can be changed is the Emitter state, holding register
110. If you set this to 0=OFF/false, the spectrometer will cease returning
spectra and the frame counter will stop updating.

DOC0817
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2.9.

Example Register Mapping Document

Below is an example of a Register Mapping Document.

The spectrometer is shipped with a set of training models. The models are read as single
precision floating point numbers from pairs of registers from 9000 onwards.

Training models can be used to help integrate the IRmadillo into your DCS earlier in the
commissioning of the system. The models output fixed values to make setup easier and help
with troubleshooting problems. The number of registers that need to be read will depend on
what is intended to be measured by the spectrometer.

Multiple Confidence models are built to assess the health of the individual measurements and
report they can be trusted. They act as Boolean status flags and should be presented to the
end user along with the measurement data to prevent users relying on data that the model
has flagged as lower confidence values. The training Confidence models will only report O.

Register Type Name Description
1016 u16 Frame Number Heartbeat — changes when there is new data
Number of errors thrown by the spectrometer.
Number of  Self- | If this is non-zero for more than an hour when
1018 u16 . . .
Diagnostic Errors the spectrometer has been running for at least
12 hours, contact Keit.
Number of warnings thrown by the
1020 U16 Number of  Self- | spectrometer. If this is non-zero for more than
Diagnostic Warnings | an hour when the spectrometer has been
running for at least 12 hours, contact Keit.
9000 Float32 | Model 1 Fixed output 1.111111
9006 | Float32 | Confidence 1 Calibration ~confidence (0 = within
specification, 1 = Low confidence)
9008 Float32 | Model 2 Fixed output 2.222222
9014 | Float32 | Confidence 2 Calibration  confidence (0 = within
specification, 1 = Low confidence)
9016 Float32 | Model 3 Fixed output 3.333333
9022 Float32 | Confidence 3 Calibration ~ confidence (0 = within
specification, 1 = Low confidence)
9024 Float32 | Model 4 Fixed output 4.444444
9030 Float32 | Confidence 4 Calibration  confidence (0 = within
specification, 1 = Low confidence)
9032 Float32 | Model 5 Fixed output 5.555555
9038 Float32 | Confidence 5 Callb_r_atlo_n co_nfldence i (0 = within
specification, 1 = Low confidence)
9040 Float32 | Model 6 Fixed output 6.666666
9046 | Float32 | Confidence 6 Calibration  confidence (0 = within
specification, 1 = Low confidence)
9048 Float32 | Model 7 Fixed output 7.777777
9054 | Float32 | Confidence 7 Calibration  confidence (0 = within
specification, 1 = Low confidence)
9056 Float32 | Model 8 Fixed output 8.888888
9062 | Float32 | Confidence 8 Calibration ~confidence (0 = within
specification, 1 = Low confidence)
9064 Float32 | Model 9 Fixed output 9.999999
9070 Float32 | Confidence 9 Callb_r_atlo_n co_nfldence i (0 = within
specification, 1 = Low confidence)
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2.10. Handling Negative Concentration Values

The IRmadillo may occasionally report negative concentration values for some chemical
species. These values are not physically meaningful and occur due to model extrapolation or
noise when the true concentration is near zero.

Where this applies:

e These values are typically found in the chemometric model outputs, which are
labelled as Model # in your mapping document:

o Registersin the range 9002, 9010, 9018, ... (see Section 2.9 Example Register
Mapping Document).

If negative values are not desired, configure your DCS to replace any negative values with
zero before displaying or using them in control logic.

If x < Othenx' = 0

This can be implemented in most DCS systems using basic conditional logic or scripting.

2.11. Control systems

The Frame Number is the indicator from which it is possible to tell if the device is recording
spectra and upon which control systems should be based. The frame number updates with
every scan average (usually 120 seconds) whether it is being polled or not.

To minimise the risk of integral wind-up, PID systems should not expect a continuous stream
of values. Concentrations and other readings will only update when the frame number
updates, not more frequently.

In the rare event that KeitSpec loses connection with the IRmadillo, your DCS values will not
change.
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3. Troubleshooting Connectivity

If you encounter issues when setting up your Modbus TCP system, please check the following:

3.1. User Accounts

o When setting up Modbus TCP in KeitSpec you must use the Spectrometer user
account, not Administrator.

o KeitSpec must only be run from the Spectrometer user account. Concurrent instances
of KeitSpec on different accounts (e.g. the Administrator account) will cause issues.

3.2. Project setup
¢ A Continuous Collection project must be loaded in KeitSpec. DCS communications are
not available in the Manual Sample Acquisition project type.

@ Simulated Sample (Please Create or Open a Project)

n —— | Cleaning | Snertrometer 3
Create New Project using Settings from another Project on disk |
T Y - sl Acqsiton.. | —
Bac ; | Continuous Collection... Frame Time () stana_:lby Mode @
Open Project... I 10 sec (Emitter OFF)

T

Figure 11 Creating a new project

e To see updating data, the project must be running and collecting spectra. If not,
Modbus TCP will not register new information that is being collected. Make sure that
the spectrometer is not in Standby Mode; when in Standby Mode, the Standby Mode
button, highlighted below, will be red.

é - V KE'T 518201

N —— | Cleaning Spectrometer Configure Project Data Modbus

) —— | Mode (F2) e =
L Acquisition Vlﬁe\iﬂeri TCP Server spectrometers
P ——

Time to Collect Background Simulated

| | Background 9 Frame Time (s)] | Standby Mode
\ Scan 7 60 sec 10se (Emitter OFF) Spectrometer OK

Figure 12 Turning standby mode on/off

3.3. Other Communication Issues

¢ You may find it useful to install a separate Modbus server program such as WireShark
on your controller so you can test and debug the Modbus connection separately to the
KeitSpec Modbus server.

¢ You may also find it useful to install a basic Modbus client, such as ModSIM, MODScan
or Radzio!, to test and debug the connection separately to your DCS client.

¢ Communication issues may be caused by restrictive network configuration and firewall

settings. Check the controller’s firewall policy and ensure that KeitSpec has permission
to communicate over your network type (domain, private or public).
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T o = Wi > Allow.. v L P

Allow apps to communicate through Windows Defender Firewall

To add, change, or remove allowed apps and ports, click Change settings.

What are the risks of allowing an app to communicate? gCha\uqe settings
Allowed apps and features:
Name Domain  Private Public
OHomeGroup o
BHP Smart # # =]
LLiSCSI Servire o o Inl
B KeitSpectrometer Application
ORey Management Service =} =} =]
HELinkedIn =] =] =4
B Mail and Calendar ] ] B
@ mDNS # # =]
OMedia Center Extenders o o o
B Microsoft Content =] =] =]
BMicrosoft Edge = = B
EMicrosoft Fdne WehView? Runtime i i B

Details... Remove
Allow another app...
OK Cancel

Figure 13 Firewall restrictions

o KeitSpec may sometimes take several seconds to respond to a command, which can
lead to timeout errors in the Modbus client. If this is an issue, Keit recommends
increasing your Modbus client’'s Connect Timeout to at least 30 seconds and Read (or
Transaction) Timeout to at least 20 seconds. Examples are shown below.

Main |P0rt |RedundantPort I

Name ICHN_SS_KT

Description IUNIT 36 KEIT CP AMALYZER

Assoriated Asset IAD _I

Marginal Alarm Limit I25
Fail alarm Lirmit I5g

Protocol Options

Ping Holding Register:
Diagnostic Scan Rate Ignore Read Exceptions: | Mo
&0 .l secs

Wirite Delay [ milliseconds Link Type: Use Dedicated Socket hd

Connect Timeout I3g secs ICMP Ping: Enable ¥
Read Timeout Izg Secs IConnectionTimeout: 30000 = ms I

Connection Backoff: 200 = ms

£

Item Type Modbus Channel

Last Modified 9/15/2021 34243 PM  |tem Murmber [cHu11 ITransactionTimeout: 25000| = ms
Last Downloaded 91572021 £:42:43 PM

Figure 14 Timeout and read settings

e If you are experiencing intermittent communication between KeitSpec and your DCS,
or if you see a Device Name Error in either your DCS client or another program that
you are using for troubleshooting, it may be necessary to add your Modbus client to
the hosts file on the controller. The hosts file can be found in:

Windows\System32\drivers\etc
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and can be edited with WordPad, Notepad++ or a similar text editor. Add the IP
address and name of the PC running your Modbus client to the end of this file.

u‘ *CAWindows'\Systern32\drivers\etc\hosts - Notepad++ — O >
File Edit Search View Encoding Language Settings Tools Macro Run Plugins Window 7 X
sHEHB LB s Gilioc 2% EE T FEEAa=(EER >

Edhosts B | I
1 Copyright (c) 1993-2009 Microsoft Corp. A

This is a sample HOSTS file used by Microsoft TCP/IP for Windows.

#
#
¥
#
# This file contains the mappings of IP addresses to host names. Each
# entry should be kept on an individual line. The IP address should
# be placed in the first column followed by the corresponding host name.
# The IP address and the host name should be separated by at least one
9 # space.
U
# Additionally, comments (such as these) may be inserted on individual
# lines or following the machine name denoted by a '#' symbol.
$
#
i
$
#

For example:

102.54.94.97 rhino.acme.com $# source server
38.25.63.10 ¥.acme.com # ®x client host

19 # localhost name resolution is handled within DNS itself.

20 # 127.0.0.1 localhost
21 _& sa1 localbo=t
22 | 192.168. . ClientName |
v
length: 847 lines:22 Ln:22 Col:27 Pos:B848 Windows (CRLF) UTF-8 IN

Figure 15 Adding Modbus client to the controller
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4. Testing your DCS configuration

An incorrect configuration of your DCS can lead to the concentrations read by your DCS not
matching the outputs of the models in KeitSpec. If this is the case, please check the following:

4.1. Setting up a Test mode

KeitSpec can be configured with dummy chemometric models that output constant values over
Modbus TCP. This may be useful for troubleshooting.

4.1.1. Go to the ‘Configure Acquisition’ tab.

4.1.2. Click on the ‘Configure Chemometrics’ button.

@ Simuiated Somple 1 :
= — 52

E —— |Cleaning ‘Spectrometer Configure Project Data OPC-UA @
i — |Mode (F2) [ Acquisition | Viewer Server \J spectrometers

" : Project Data i
Scan Avtiraglng Duration Viewer Chemometrics 1l Configure
120 sec Frame 27 0
- - ON

7 Scans o

Keit recommends averaging spectra for 120 seconds. The Scan Averaged
spectra can be saved in a Project File and can be published via the data
communication methods selected below. Chemometric analysis will be
performed on Scan Averaged spectra.

Figure 16 Configure Acquisition

4.1.3. A ‘Chemometrics Editor’ window will appear. You may already have some
chemometric models loaded; this is OK. Add a new model by clicking on the
blue plus icon and then select ‘Add New Model >> Calculation’.

@ Chemometrics Editor a

1 Chemometric Models (add models and right-click or double-click to edit or delete)
\ | Type Name Display Filtering A

Add New Model> >Unscrambler (Prediction)
. Add New Model>>Unscrambler (Classification)
\  Add New Model>>PLS Toolbox (Exported XML)
2 \ : Add New Model>>PLS Toolbox (Solo_Predictor)
\ Add New Model> >Univariate

Add New Model> > Calculation |

Import Models from other Project

Delete All Models

I
Figure 17 Adding a Calculation model

4.1.4. Type a sensible name for your model in the ‘Name’ box and enter the value
in the ‘Expression’ box, then click ‘OK’. The ‘Expression’ box will turn green
when the syntax is correct.

@ Edit Calculation
Mame Available Names
Large number (copy and paste)
- . A
Expression E] Time Derivative
6.02214076e23

Figure 18 setting up a calculation
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4.1.5. You can add as many models as you think useful. It will be useful to ensure
that some of the numbers have a large number of decimal places. When you
have finished adding models, click the ‘Done’ button.

4.1.6. When the next averaged frame is available, the outputs of your models will
appear in the ‘Chemometrics’ window. This may take up to two minutes.

Chemometrics il: Configure

Large number: £.02214076e23 ~
Large number = 6.022141E+23

Small number: 6.62607015e-34
Small number = 6.62607E-34

one 1
one=1

Figure 19 Model output

4.1.7. These numbers will now be available over your DCS. Each of these numbers
will have its own Modbus register, appended to the end of the registers for the
models you already have. For example, if the last model listed in your DCS
mapping document is output on register 9016 and you have added three
constant models, these models will be on registers 9018, 9020 and 9022.

4.2, Checking your Outputs

This example uses QModMaster to read the Modbus registers. QModMaster is set up as in
the settings shown in the screengrab below (1): the base address is 0 (zero-based addressing)
and QModMaster is set to big-endian.

e . o —
2 Cleaning | Spectrometer Configure Project Data Modbus @
E = |[Mode(F2)] i isitic _ viewer | TCPserver
Input and Holding Registers (for reference; select to see info below)
Enable Server Address | Type Item ~
i 7200 Text (ASCI) | Self-Diagnostic Warnings JSON)
e 7400 Text (ASCH)) | All Temperatures (SON)
Connected 3 7950 Text(ASCH) | Timestamp (1508501)

Network Adapters
Ethernet adapter Ethemet 2 Media disconnected ~

"Ethernet adapter Ethemet Media disconnected
Ethernet adapter Ethemet 3 192.168.22.175 9600 Array of Float | Q-Residuals reduced (xM)
= e = ~ 9800 Array of U16 | Metric Model Index (xM)
Client Connections Frame Number 10000 | Array of Float | T2 Limit @5%
127.0.0.1:56472 (KEIT-LAP-003.KEIT.local) a 1767 10200 Array of Float | Q-residual Limit @5%
20000 Array of Float | Wavenumbers (xN)
Messages Processed 25000 | Array of Float | Absorbance (xN)
vl 1Z 30000 | Array of Float | Raw Spectrum (xN)
-
Description of Last Command-Response: atd
) [Function Code 0xd
... | [Readinput Registers 5000 - 5005 FE I C DA E 989 200
2 [ fias 22140 83162560 b hd T
2| [iFioats --> [6:022141E+23,6.526070€-34.1] 4
ST Ty 07 = —
3 - Modbus Mode ‘TGP | UnitID |13 Scan Rate (ms) [1000 [2]
kS p—
Function Code  Read Input Registers (0x04) | Start Addrest
[ Settir
1 Number of Registers [6_|3| Data Format |Float | Precision [7 |5
\ Max No Of Bus Manitor Lir 60
Response Timeout (se) 0 = 6022141623 662607€-34 1 fx  x % x % x x
Base Addr
Endian Big v
o 5
Collecting Scan Average (Calibration transfer disabled) | o wpi12z BaseAddr:0  Packets:27  Endian:Big  Ermors:0

Figure 20 Modbus TCP output of models

We are reading the outputs of chemometric models from register 9000 (2). As shown in
KeitSpec (3), this is an Array of Floats. Therefore, in the Description of Last Command-
Response tab, look at the ‘If Floats’ line (4).
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Compare these values to the values in QModMaster (5). These values should match exactly
to as many decimal places as you are reading (in this case 7). If these values do not match,
some things to check are given in the following sections.

4.3. Register Offsets

Some Modbus clients, e.g. Enron, have register offsets by default, meaning that your DCS will
read a register that is a number of registers higher or lower than those requested. Please
ensure that your DCS has no register offset. This may also be called zero-based addressing.

44. Endianness

The outputs of KeitSpec are big-endian. Each model output occupies two Modbus registers,
and the endianness defines the order in which these registers are read. Reading the model
outputs as little-endian usually gives results that are very obviously wrong, but in the situation
where the endianness is wrong and there is a single register offset, you may get readings
which are correct to three decimal places and then incorrect for the remainder.

The endianness setting in your DCS may also be called the register order.
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