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1. INTRODUCTION 

The Sentinel DTS is the most advanced optical fibre distributed temperature sensor available on 
the market today. Packaged in a 19” rack mountable chassis with an optional high resolution 
monitor and keyboard, the Sentinel DTS offers a truly mobile temperature measurement solution. 

Capable of measuring temperature distribution along optical fibres up to 25km in length (depending 
on model) with a resolution down to 0.05ºC at 0.5m intervals, the Sentinel DTS is suitable for 
various applications from oil well monitoring to dam surveillance and fire detection. 

The fundamental advantage of distributed sensing technology is the ability to obtain sensing data 
at all points throughout the installation which reduces uncertainty, improves safety and optimises 
control of critical operations and processes. 

The exact positioning of every sensor is no longer a factor so system design and installation costs 
are dramatically reduced. The fibre contains no moving parts and has a long design life keeping 
maintenance costs down. These attributes make distributed sensing an extremely versatile, low 
cost of ownership solution, helping operators maximise their return on investment. 

In addition, fibre optic sensing offers the following advantages: 

• Sensors made from low cost standard optical fibre. 

• Measurements provided along the entire length of the cable with minimal planning of sensor 
locations which leads to low installation costs. 

• No electronics or moving parts. 

• 30 year design lives (for the optical fibre). 

• Low maintenance costs. 

• Immune to shock/vibration and electromagnetic interference. 

• Survive harsh environments at temperatures up to 650°C. 

• Safe for use in hazardous zones - cannot ignite. 

The following user guide has been written to fully explain connection, configuration and use of the 
Sentinel DTS system. The user guide aims to explain the measuring principles and optical fibre 
technology used within the Sentinel DTS system. 
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2. AFTER SALES SERVICE 

Sensornet Ltd offers a variety of after sales services ranging from fibre health checking and data 
monitoring to diagnostics and repair. For more information on these services, contact Sensornet 
Ltd on one of the contact details below. When requesting after sales services, please quote the 
system serial number complete with hardware model number and software version. These can be 
obtained from the Sentinel DTS information window. 

NOTE: 
It is recommended that the current system information is stored in a safe place in case of a system 
failure. 

Sensornet Ltd 
198 Providence Square 
Jacob Street 
London 
SE1 2DZ 
United Kingdom 
 
Tel: +44 (0)20 7394 3555 
Fax: +44 (0)20 7394 0555 
 
E-mail: enquires@sensornet.co.uk 
Website: www.sensornet.co.uk 
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3. WARRANTY 

SENSORNET 12 MONTH WARRANTY (SUPPORT LEVEL 1) 

For support level 1, Sensornet offers a return to factory warranty. Sensornet Ltd. will cover costs 
associated with repairing the Sentinel DTS in the event of a system fault within 12 months of 
manufacture. This includes the cost of all components and the associated man hours required to 
repair the Sentinel DTS. 

Upon receiving the Sentinel DTS, Sensornet will endeavour to diagnose and repair the fault within 
a 3 week period. Sensornet will not hold spare components in stock - so in the event that spare 
components need to be ordered the customer will have to wait the appropriate lead time (typically 
4-8 weeks). 

A technical support line is available, whereby the customer can contact Sensornet via e-mail or 
telephone and Sensornet will aim for an initial response within 48 hours. This hotline is limited to 
technical fault enquiries and does not include data interpretation and management issues. 

During the Warranty period, the customer will be eligible for all available upgrades to the Sentinel 
DTS operating system and software at no charge. 

An annual calibration service is included in this fee. It is assumed that the system calibration will be 
carried out remotely (e.g. over a network connection). If for any reason the customer has to ship 
the Sentinel DTS to Sensornet, all delivery costs will be covered by the customer. 

NOTES: 
1. The above guarantee only covers faults that occur during normal Sentinel DTS operation. Any 
faults due to abnormal operation (e.g. mechanical damage to the system, operating system outside 
specifications) are not included in this guarantee. 

2. The customer will bear costs for delivering the Sentinel DTS to Sensornet and Sensornet will 
cover delivery costs associated with returning the Sentinel DTS. 

3. The 3 week return period is not a guarantee but will be based on a 'best effort' approach - this 
will be dependent on the severity of the fault. 

EXTENDED WARRANTY (SUPPORT LEVEL 2) 

A more comprehensive warranty is available which incorporates level 1 and also covers the 
following aspects: 

Sensornet will carry reserve Sentinel DTS systems in stock so that in the event of a system fault, 
Sensornet will send a replacement Sentinel DTS to the customer site within 72 hours. The 
customer will keep this Sentinel DTS until the faulty system is repaired and returned to the 
customer. 

Please contact Sensornet for additional information. 
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4. DECLARATION OF CONFORMITY 

The Sentinel DTS has been designed with the tightest safety specifications in mind both from an 
electrical safety and laser safety viewpoint. The system has undergone a series of independent 
third party testing and has been classified with the following standards. 

Laser Safety EMC CE Mark 

The Sentinel DTS has been 
independently classified to EN 
60825-1 (2001-03) as a Class 1M 
laser product. 

EN61326:1997/A1:1998 
Conducted Emissions: Class B 
Radiated Emissions: Class A 
 
EN 61000-4-3:1996 
EN 61000-4-6:1996 
EN 61000-4-4:1995 
EN 61000-4-
2:1995/A1:1998/A2:2001 
EN 61000-4-11:1994 
EN 61000-4-5:1995 
EN 61000-3-2:1995 
EN 61000-3-2:2000 
EN 61000-3-3:1995 

Accordance with 89/336 
EEC EMC Directive 
 
Accordance with LVD 
72/23 EEC Directive: 
EN 41003 
EN 50178 
EN 60065 
EN 60825-1 
EN 60950 
EN 61010-1 
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Declaration of Conformity 

 
We, the manufacturer, 

 
Sensornet Ltd 

198 Providence Square 
Jacob Street 

London, SE1 2DZ 
United Kingdom 

 
declare that the product 

 
Sentinel DTS - Distributed Temperature Sensor 

 
is in conformity with the following standards in accordance with 89/336 EEC EMC Directive: 

 
 

EN 61326:1997/A1:1998 Conducted Emissions Class B 
EN 61326:1997/A1:1998 Radiated Emissions Class A 
EN 61000-4-3:1996 Radiated Susceptibility Class A 
EN 61000-4-6:1996 Conducted Susceptibility Class A 
EN 61000-4-4:1995 Electrical Fast Transients Class A 
EN 61000-4-11:1994 Voltage Dips & Interrupts Class A 

EN 61000-4-2:1995/A1:1998/A2:2001 ESD – Enclosure Class A 
EN 61000-4-5:1995 Voltage Surges Class A 
EN 61000-4-8:1993 Power Frequency Magnetic Field 
EN 61000-3-2:1995 Harmonics Class A & D 
EN 61000-3-2:2000 Harmonics Class A & D 
EN 61000-3-3:1995 Flicker

 
The manufacturer also declares the conformity of above mentioned product with the actual required safety 

standards in accordance with LVD 72/23 EEC Directive: 
 

 
EN 60825-1:1994/A1:2002/A2:2001 Safety of laser products 
 
 

 
EN 61010-1:1997 Safety requirements for electrical 

equipment for measurement control 
and laboratory use

 
 
 
 
 
C.E.O.:  Technical Director: 
 
 Mahmoud Farhadiroushan Tom Parker  
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5. SAFETY 

GENERAL SAFETY 

The following section provides Warnings, Cautions and Notes covering general safety aspects for 
the Sentinel DTS. Please read all of the safety and operational warnings before connecting and 
operating this product. 

 

WARNING! THIS IS A WARNING SYMBOL. THIS SYMBOL IS USED 
THROUGHOUT THE USER GUIDE WHENEVER THERE IS A RISK OF 
PERSONAL INJURY. ENSURE THAT THESE WARNINGS ARE READ AND 
UNDERSTOOD AT ALL TIMES. 

 

 

CAUTION! This is a Caution symbol. This symbol is used throughout the 
user guide whenever there is a risk of damaging the Sentinel DTS system. 
Ensure that these warnings are read and understood at all times. 

NOTES:  
Used throughout the user guide to provide additional information, hints and tips. 

 

WARNING! THE SENTINEL DTS IS HEAVY. ENSURE ADEQUATE CARE IS 
TAKEN WHEN LIFTING AND MOVING THE SENTINEL DTS. THE SENTINEL 
DTS SHOULD BE MOUNTED ON A SUITABLE SURFACE OR RACK MOUNT 
CAPABLE OF SUPPORTING THE SENTINEL DTS WEIGHT. THE SENTINEL 
DTS WEIGHS 23KG. 

 

 

WARNING! THE SENTINEL DTS IS FITTED WITH COOLING VENTS AND 
FANS. UNDER NO CIRCUMSTANCES SHOULD THESE VENTS BE 
BLOCKED. FAILURE TO OBSERVE THIS WARNING MAY PRESENT A RISK 
OF FIRE.  

 

 

CAUTION! Ensure the Sentinel DTS is connected to a suitable electrical 
supply. The Sentinel DTS should be connected to a 230VAC supply. 

 

 

WARNING! ENSURE THE SENTINEL DTS IS ADEQUATELY EARTHED. 
FAILURE TO OBSERVE THIS WARNING MAY PRESENT A RISK OF 
ELECTRIC SHOCK. 

 

 

WARNING! DO NOT EXPOSE THE SENTINEL DTS TO DAMP, HUMID OR 
WET CONDITIONS. FAILURE TO OBSERVE THIS WARNING MAY PRESENT 
A RISK OF ELECTRIC SHOCK. 
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WARNING! THERE ARE NO USER SERVICEABLE PARTS IN THE SENTINEL 
DTS. UNDER NO CIRCUMSTANCES SHOULD THE OUTER CASING OF THE 
SENTINEL DTS BE REMOVED. FAILURE TO OBSERVE THIS WARNING MAY 
PRESENT A RISK OF ELECTRIC SHOCK. 

 

 

WARNING! DO NOT OPERATE THE SENTINEL DTS IN AN EXPLOSIVE OR 
FLAMMABLE ATMOSPHERE. FAILURE TO OBSERVE THIS WARNING MAY 
PRESENT A RISK OF EXPLOSION. 

 

 

CAUTION! The Sentinel DTS should only be operated by suitably qualified 
personnel. 

 

 

CAUTION! Never operate the Sentinel DTS if any damage is observed. 
Contact Sensornet Ltd for advice. 

 

 

CAUTION! Do not expose the Sentinel DTS to adverse temperatures. This 
may seriously interfere with the correct operation of the Sentinel DTS. 

 

LASER SAFETY 

The Sentinel DTS distributed sensing system incorporates a pulsed laser device whose invisible 
output radiation is potentially hazardous if viewed directly by eye. The laser radiation emission from 
the laser within the Sentinel DTS is permanently coupled into a 50/125 multimode optical fibre 
whose end is terminated with a E2000 angled optical fibre connector. An integral feature of the 
E2000 connector system is a shuttering mechanism that prevents laser radiation from being 
emitted when the connectors are disconnected or otherwise not in use. 

The Sentinel DTS should be interfaced to a test fibre, using patch cord or pigtail assembly, fitted 
with a E2000 connector. The far end of the test fibre should be terminated to prevent free-space 
emission of laser radiation from the fibre end. It is recommended that where possible, E2000 
connectors be utilized throughout the optical sensing network. 

Because of the potential hazard posed by laser radiation being emitted from an exposed fibre end, 
the following safety warnings, cautions and notices should be observed. 

 

WARNING! DO NOT LOOK AT OR EXAMINE EXPOSED FIBRE OR 
CONNECTOR ENDS WHENEVER THE DTS IS IN OPERATION. 
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WARNING! AVOID EYE EXPOSURE TO THE INVISIBLE LASER RADIATION 
EMITTED FROM FIBRE CONNECTORS OR EXPOSED FIBRE ENDS. 

 

 

WARNING! DO NOT EXAMINE OR INSPECT EXPOSED FIBRE OR 
CONNECTOR ENDS USING A VIEWING AID SUCH AS AN EYE LOUPE OR 
MICROSCOPE. 

 

 

WARNING! DO NOT UNDERTAKE FUSION SPLICING OR SIMILAR FIBRE 
JOINTING WHEN THE DTS IS IN OPERATION. 

 

 

WARNING! THE SENTINEL DTS CONTAINS NO USER SERVICEABLE 
PARTS AND THE PROTECTIVE HOUSING FULLY ENCLOSES A CLASS 3B 
(EMBEDDED) LASER DEVICE. UNDER NO CIRCUMSTANCES SHOULD THE 
PROTECTIVE HOUSING BE REMOVED. 

LASER CLASSIFICATION 

The laser radiation from the DTS laser system has been classified in accordance with International 
Standard IEC 60825-1 Edition 1.2 E2001-03, with the following classification outcome: 

Sentinel DTS Laser System Classification = Class 1M 

In accordance with the international standard document for Class 1M laser radiation: 

Class 1M lasers are safe under reasonably foreseeable conditions of operation, but may be 
hazardous if the user employs optics within the beam. 

 

WARNING! THE LASER RADIATION EMITTED FROM THE ENDS OF 
OPTICAL FIBRES CONNECTED TO THE DTS IS NOT DIRECTLY 
HAZARDOUS, HOWEVER THE RADIATION MUST NOT UNDER ANY 
CIRCUMSTANCES BE VIEWED USING OPTICAL INSTRUMENTS SUCH AS 
INSPECTION MICROSCOPES OR EYE LOUPES. 
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LASER OUTPUT AND CLASSIFICATION LABELS 

The following laser radiation warning label and Class 1M laser product explanatory label are 
located on the Sentinel DTS: 
 
On the front panel: 
 
 
 
 
On the rear panel: 

INVISIBLE LASER RADIATION 
DO NOT VIEW DIRECTLY WITH OPTICAL 

INSTRUMENTS (MAGNIFIERS) 

CLASS 1M LASER PRODUCT 

CLASS 1M LASER PRODUCT 
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6. TYPICAL APPLICATIONS 

Distributed temperature sensing using the Sentinel DTS system can be applied to various 
applications covering many industries. 

Below are just some of the examples where these sensors are already providing solutions: 

OIL AND GAS WELLS 

• Flow measurements. 

• Flow allocation. 

• Condition monitoring of downhole components (ESP’s, valves). 

• Hydrate prevention in pipelines. 

PIPELINE LEAK DETECTION 

• Pinpoint exact location of leak in oil and gas transport pipelines, LNG terminals, water 
pipelines and subsea pipelines. 

DAM MONITORING 

• Structural and seepage monitoring using both temperature and strain monitoring. 

PROCESS MONITORING 

• Thermal map of vessels, tanks and stacks enabling optimization of the process. 

• Condition monitoring (hotspot detection) of the vessel. 

FIRE DETECTION 

• Linear heat detection systems for cable tunnels, car parks, road & rail tunnels, escalators, 
buildings, mine shafts, server farms, offshore platforms and other hazardous environments. 

POWER CABLE MONITORING 

• Condition monitoring and hotspot detection in cables, dynamic thermal circuit rating, 
monitoring of transformers and switchgear, and strain monitoring in overhead transmission 
lines. 
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STRUCTURAL MONITORING 

• Strain monitoring for structural changes in buildings, bridges, power cables, roads and rail, oil 
wells and pipelines. 

SECURITY 

• Perimeter fence monitoring, border control, buried cable and pipeline integrity can locate 
security events to within 1m of the infiltration. 
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7. SYSTEM OVERVIEW 

Once the Sentinel DTS has been connected correctly as described in Basic Operation of the 
Sentinel DTS System section on page 18, the system may be powered up using the power 
isolation switch. The Sentinel DTS is usually shipped with a USB style keyboard/mouse which is 
easily removed to prevent access once the Sentinel DTS is configured and has begun logging 
temperature data. On boot-up, the system will automatically log onto the operating system (OS) as 
USER=DTS as described in the User Access Levels and Remote Access on page 98. The Sentinel 
DTS software will then automatically run and begin to log temperature data using the last 
configuration file. This ensures that if a power outage is experienced, the Sentinel DTS will 
automatically resume logging once power is restored. The Sentinel DTS is shipped with a default 
configuration file from the factory. The user will most likely need to adjust this file either by using 
the configuration wizard or simply editing the configuration directly as described in The Sensornet 
DTS Sentinel Main Menu section on page 27. If no previous configuration file can be found or is 
incompatible with the current setup, the Sentinel DTS will wait for the user to create a new 
configuration. 

Temperature data is stored on the on-board disk drive under two directories: “C:\sensornet 
DTS\data\full data set\<Installation name>” and “C:\sensornet DTS\data\Temperature 
only\<Installation name>” where <Installation name> is a name supplied by the user. Files in the 
full data set directory have a header containing some configuration and calibration parameters, 
temperature data and raw Stokes and Anti-Stokes data. Files in the temperature only directory 
contain a simplified header structure and temperature data, making them smaller files for ease of 
data transfer over slow communications links. Data files can be copied to USB flash memory, CD 
using the on-board CD-writer and accessed over a network. The C:\sensornet DTS\ directory is a 
shared directory which can be accessed over the network. Remote access and full control of the 
instrument is also available via VNC as described in the User Access Levels and Remote Access 
on page 98. 

The Sentinel DTS is capable of very fine temperature resolution measurements. Because of the 
weak signal levels received back from the sensing fibre (especially at long range), the Sentinel 
DTS performs signal averaging to achieve these resolutions. The user may enter a measurement 
time over which to average the data from 10 seconds upwards. Note that for long measurement 
times (e.g. 3600s or 1 hour), the environment which is being measured will need to be stable over 
this period to provide an accurate measurement. (If this is not the case, the Sentinel DTS will 
report an average temperature of the fibre cable over the measurement period). 

NOTE: 
Temperature resolution is related to the level of noise on the data and determines the minimum 
temperature change that can be detected. Temperature accuracy defines how well the Sentinel 
DTS and sensing cable are calibrated to absolute values. 
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8. DISTRIBUTED TEMPERATURE SENSING BASICS 

The Sentinel DTS is capable of taking temperature measurements every 0.5m over 25km length of 
optical fibre (model dependent) with a resolution of 0.05ºC. The principles of measurement and the 
technology the Sentinel DTS uses to do this is explained in the following sections. 

PRINCIPLES OF MEASUREMENT 

The Sentinel DTS system uses a 10 nanosecond optical pulse to illuminate the glass core of an 
optical fibre. As the optical pulse moves down the glass core of the optical fibre, it is subjected to 
two types of radiation scattering.  

The majority of the scattered radiation is because of naturally occurring density fluctuations frozen 
in the glass core and is known as Rayleigh scattering. Since Rayleigh scattering is completely 
random, it cannot be usefully analyzed to provide measurement information, but must be 
considered when calibrating a system.  

The remaining scattered radiation is Raman scattering. Raman scattering occurs when the original 
optical pulse energy is modified by vibrational transition energy. Changes in a given environment, 
for example temperature can create vibrational transition energy along the length of an optical 
fibre. When the original optical pulse energy is reduced by the vibrational transition energy, Stokes 
are observed. When the original optical pulse energy is increased by the vibrational transition 
energy, anti-stokes are observed. The ratio of anti-stokes to stokes from a constant optical pulse 
can be used to calculate temperature. The Sentinel DTS system uses the anti-stokes to stokes 
ratio in conjunction with the time of flight of the optical pulse to determine the temperature of the 
fibre at a given point. This is shown in the Figure 1. 
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Figure 1 - The Principle of Measurement. 

OPTICAL FIBRE TECHNOLOGY 

The Sentinel DTS system uses a length of optical fibre as the sensing element for distributed 
temperature measurement. The following sections explain the construction and properties of the 
optical fibres used. 

OPTICAL FIBRE CONSTRUCTION 

The Sentinel DTS system uses a type of optical fibre designed for data communication purposes. 
This optical fibre is referred to as 50/125 multimode optical fibre. The optical fibre construction is 
shown in Figure 2. 
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Figure 2 - The Optical Fibre Construction. 

THE CORE AND CLADDING 

An optical fibre consists of a cylindrically symmetric strand of glass composed of a central core 
which is surrounded by an outer cladding. The core guides the light travelling down the fibre and 
the cladding helps to reduce any losses in the guided signal. The Sentinel DTS system is 
optimised to use a 50/125 optical fibre which has a core diameter of 50 microns and a cladding 
diameter of 125 microns. 

The Primary Coating 

The central core and outer cladding are surrounded by the primary coating. The primary coating 
allows the optical fibre to be physically handled while preventing mechanical damage to the central 
core and cladding. The primary coating is commonly made from acrylate and has a diameter of 
250 microns. 

Graded Index Multimode Fibre 

The 50/125 optical fibre used with Sentinel DTS system is categorised as Graded Index Multimode 
Fibre. The term ‘graded index’ is used to explain the glass core which is constructed to have a 
parabolic refractive index gradient which increases smoothly from a uniform value in the cladding 
to a maximum value at the centre of the core. This is shown in Figure 3. 

 

Figure 3 - The Refractive Index Profile for Graded Index Multimode Fibre. 
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The term ‘multimode’ is used to explain the fact that the optical fibre can guide multiple rays of light 
or modes down the optical fibre. Graded Index Multimode Fibre is used to focus multiple modes at 
periodic locations along the length of fibre as shown in Figure 4. 

 

Figure 4 - Light Modes Propagating Down Graded Index Multimode Fibre. 

THE EFFECT OF OPTICAL FIBRE CABLES ON THE SENTINEL DTS SYSTEM 

It is common practice to place optical fibres into cables. These cables offer increased protection 
from environmental, mechanical and electrical damage and interference. When placing optical 
fibres in cables, there are a number of factors to consider which will affect the choice of cable to 
use. These are summarised below. 

• The cable will insulate the optical fibre from the environment being measured. This will 
reduce the response time to fast temperature changes. 

• The cable design can drastically increase or decrease the bend sensitivity of the optical fibre. 
Increased bend sensitivity can lead to increased noise levels being observed. 

• The cable environment should be considered. If one side of the cable is exposed to a 
different temperature than that of the other side increased noise levels may be observed. 

• The measurable temperature range of the optical fibres can be hampered by the temperature 
performance of the cable. 

For more advice or information on cable selection for specific applications and environments, 
please contact Sensornet Ltd. 
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SIGNAL LOSS IN OPTICAL FIBRES 

All optical fibres experience a marginal loss of signal owing to absorption, radiation scattering and 
reflection. The loss of signal is most common on or around joins or breaks in the optical fibre. The 
overall loss of the signal within a length of optical fibre is expressed by its attenuation coefficient, 
which is wavelength dependent. The signal loss typically has a value of 1.0 to 1.5dB/km at a 
wavelength of 1064nm. This is the wavelength of the light used by the Sentinel DTS system. Signal 
loss is an important consideration when designing and calibrating an optical fibre network. The 
known signal losses of the optical fibre are used to optimise the Sentinel DTS system. 

NOTE: 
The light signal propagates along the length of the optical fibre from the Sentinel DTS system to 
the end of the optical fibre and back again. This means the system will experience a signal loss 
between 2.0 to 3dB/km. 

NOTE: 
The Sentinel DTS product range use different launch wavelengths depending on the particular 
model. 

CHROMATIC DISPERSION IN OPTICAL FIBRES 

The Sentinel DTS system uses multiple guided light signals within the optical fibre to perform 
distributed temperature sensing. The time taken for a group of guided light signals to propagate the 
length of the optical fibre is approximately the same, but the individual time taken for each guided 
light signal will differ as this is wavelength dependent. This property is known as chromatic 
dispersion and is an important consideration when optimising the Sentinel DTS system. 

JOINING AND CONNECTING OPTICAL FIBRES 

 

WARNING! DO NOT MAKE ATTEMPT TO PERFORMING JOINS OR 
CONNECTIONS WHILE THE SENTINEL DTS SYSTEM IS SWITCHED ON, AS 
THIS COULD DAMAGE THE SYSTEM. 

The Sentinel DTS system requires low loss joins and connections of the optical fibres used in the 
system to maintain optimal performance. This is achieved by utilizing specific joining methods and 
connector types. 

Joining Optical Fibres 

If during connection and installation of the Sentinel DTS system, there are optical fibres that need 
joining, Sensornet Ltd recommends using a low loss fusion splice. In some cases for example in 
harsh or hazardous environments this may not always be possible. Contact Sensornet Ltd for 
alternative joining options. 

Optical Fibre Connectors 

Optical fibre connectors are designed around a common principle. The optical fibre runs through a 
guide ferrule within the connector which provides a more rugged connection surface than just bare 
fibre cladding. The cladding of the optical fibre is precisely glued within the bore of the ferrule. The 
fibre and the guide ferrule are then polished together. 
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The Sentinel DTS system uses an E2000 connector. The E2000 connector features a thumb latch 
system which ensures that the connecter cannot become loose owing to vibration. The E2000 
connector can be easily connected by simply pushing into the mating socket. To remove the E2000 
connector, depress the thumb latch and pull the connector from the mating socket. This is shown in 
Figure 5. 

 

Figure 5 - Inserting or Removing the E2000 Connector. 

Another feature of the E2000 connector is the spring loaded dust cover. This protects the guide 
ferrule and optical fibre end from foreign matter when the connector is removed from the mating 
socket. The spring loaded dust cover also has the added advantage of preventing stray laser light 
from being emitted from the end of the connector thus acting as a laser safety shutter. 

The E2000 connectors are colour coded green for ease of identification. The green E2000 is an 
angled type connector which protects the Sentinel DTS system from damaging back reflections. 
The connector has quoted insertion losses typically of 0.2dB and a maximum value of 0.4dB. 

 

WARNING! ONLY E2000 CONNECTORS AND COUPLINGS SHOULD BE 
USED WITH THE SENTINEL DTS SYSTEM. 

Connector Care and Maintenance 

The E2000 optical connectors and couplings should be cleaned and/or inspected before attaching 
to the Sentinel DTS system. Failure to ensure connectors and couplings are clean and free of 
foreign matter can severely compromise the performance of the system and may possibly damage 
the integral system connector. 

 

CAUTION! Do not attempt to clean or repair the integral system connector. 
Please contact Sensornet Ltd for further details.  
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There are two methods for cleaning connectors and couplings which are approved by Sensornet 
Ltd. The technique used is dependent on the type of contamination. If the connector has been 
exposed to slight dust contamination, the preferred method is using a ‘cassette style’ cleaning 
tape. If the connector has been exposed to grease, lint free tissues wetted with alcohol or pre-
soaked wet wipes should be used.  

NOTE: 
When using pre-soaked wet wipes, excess residue should be removed using dry lint free tissues. 

Inspecting connectors 

Specialist connector inspection microscopes are useful for verifying that connectors are clean and 
free of foreign material. To ensure safe inspection, a video inspection scope should be used to 
view the condition of connectors. Video inspection scopes are the only approved method for 
inspecting the inside of the Sentinel DTS system. 

 

WARNING! UNDER NO CIRCUMSTANCES SHOULD CONNECTIONS BE 
INSPECTED WHILE THE SENTINEL DTS SYSTEM IS LIVE AND OPERATING. 
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9. BASIC OPERATION OF THE SENTINEL DTS SYSTEM 

The Sentinel DTS system will typically contain a Sentinel DTS unit connected to a single 50/125 
graded index multimode optical fibre along the length of a site of interest as shown in Figure 6. 
Using the advanced software, the Sentinel DTS system can be used to monitor real time 
temperature fluctuations with great precision. 

 

Figure 6 - The Sentinel DTS System in a Typical Installation. 

The Sentinel DTS system must be installed, connected and configured before measurements can 
be taken. The following section will explain how to connect the Sentinel DTS system to an optical 
fibre installation and how to perform a basic system configuration. 
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THE SENSORNET CONNECTIONS AND CONTROLS 

Figures 7 and 8 show the front and rear views of the Sentinel DTS system. 

 

Figure 7 - The Front View of the Sentinel DTS System. 

 



Page 22  Sentinal DTS User Guide SEN2-UM1.0 

ON/STANDBY LIGHT 

When illuminated, this indicates that the Sentinel DTS system is in operation. 

INTERLOCK OPEN LIGHT 

When illuminated, this indicates that the safety interlock has been activated and the laser has been 
disabled. 

LASER ON LIGHT 

When illuminated, this indicates that the laser is operational and is emitting. 

LASER ENABLE SWITCH 

The Laser Enable Switch is a safety device and is used to manually prevent laser operation. To 
enable laser operation, insert the key and turn to the horizontal position. To disable laser operation, 
turn the key to the vertical position. 

CD-RW DRIVE 

The CD-RW drive can be used to load and save important configuration and measurement data. 

FLASH DISK READER / WRITER 

The Flash Disk Reader / Writer can be used to load and save important configuration and 
measurement data. 

USB PORT 

The USB Port can be used to insert a keyboard or USB Flash Memory Stick. 
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Figure 8 - The Rear View of the Sentinel DTS System. 

IEC POWER INLET 

The IEC Power Inlet is used to connect the Sentinel DTS system to the local power supply. 

POWER ISOLATION SWITCH 

The Power Isolation Switch is used to turn the Sentinel DTS system on or off. 
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POWER SUPPLY EXHAUST FAN 

The Power Supply Exhaust Fan is used to remove excess heat generated by the power supply 
unit. 

LASER HEATSINK ASSEMBLY 

The Laser Heatsink Assembly is used to remove excess heat generated by the laser. 

EXHAUST FAN AIR OUT 

The Exhaust Fan Air Out is used to exhaust the excess heat generated by the laser and power 
supply. 

E2000 COUPLING 

The E2000 coupling is used to connect a 50/125 graded index multimode optical fibre to the 
Sentinel DTS system. 

TEMPERATURE PROBE 1 SOCKET 

The Temperature Probe 1 socket is used to connect a standard platinum resistance thermometer 
for temperature verification. 

TEMPERATURE PROBE 2 SOCKET 

The Temperature Probe 2 socket is used to connect a standard platinum resistance thermometer 
for temperature verification. 

INTERLOCK PORT 

The Interlock Port is used to connect a remote interlock device. 

EXPANSION PORT 

The Expansion Port is reserved for future hardware upgrades by Sensornet Ltd. This port should 
not be used. 

USB 2.0 PORT 

The USB 2.0 Port is for general use. A keyboard or USB Flash Memory Stick may be inserted. 

COM 1 SERIAL PORT 

The COM 1 Serial Port is reserved for Sensornet use. Please contact Sensornet Ltd should you 
wish to attach any serial device. 

100BT NETWORK PORT 

The 100bT Network Port is used to connect the Sentinel DTS to external networks. 
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SVGA MONITOR PORT 

The SVGA Monitor Port is used to connect a SVGA monitor. 

KEYBOARD / MOUSE PORT 

The Keyboard / Mouse Port is used to connect PS2 type keyboards or mice.  

CONNECTING AN OPTICAL FIBRE TO THE SENTINEL DTS SYSTEM 

 

WARNING! BEFORE ATTEMPTING TO CONNECT THE OPTICAL FIBRE TO 
THE SENTINEL DTS SYSTEM, ENSURE YOU HAVE READ AND FULLY 
UNDERSTOOD THE SAFETY SECTION. 

 

 

WARNING! UNDER NO CIRCUMSTANCES SHOULD CONNECTIONS BE 
MADE, BROKEN OR INSPECTED WHILE THE SENTINEL DTS SYSTEM IS 
LIVE AND OPERATING. 

 

 

WARNING! DO NOT LOOK AT OR EXAMINE EXPOSED FIBRE OR 
CONNECTOR ENDS WHENEVER THE DTS IS IN OPERATION. 

 

 

WARNING! DO NOT EXAMINE OR INSPECT EXPOSED FIBRE OR 
CONNECTOR ENDS USING A VIEWING AID SUCH AS AN EYE LOUPE OR 
MICROSCOPE. 
 

PREPARING OPTICAL FIBRES FOR CONNECTION 

For the correct operation, the end of the optical fibre to be inserted into the Sentinel DTS system 
must be terminated with a E2000 connector. 

 

WARNING! ONLY A E2000 ANGLED CONNECTOR SHOULD BE USED TO 
TERMINATE OPTICAL FIBRES FOR CONNECTION TO THE SENTINEL DTS 
SYSTEM. DO NOT ATTEMPT TO USE GENERIC OR BARE FIBRE 
ADAPTERS. 

In addition, the furthest end of the optical fibre should be terminated in such a way as to minimise 
end reflections and to prevent inadvertent viewing of the laser light. There are three approved 
methods for doing this. They are: 

• To splice a E2000 Angled connector onto the end of the optical fibre. 

• To roughly break the end of the optical fibre and cover the end. 

• To tie a knot of approximately 5mm in diameter at the end of the optical fibre. 
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In some cases separate lengths of optical fibre may be joined together to build a temperature 
sensing fibre network or to make repairs. If this is the case, optical fibres must be joined using one 
of the two following methods: 

• A mated pair of E2000 Angled connectors. 

• A Fusion splice using suitable fusion splice hardware. 

For further information on optical fibre jointing and termination, please contact Sensornet Ltd. 

CONNECTING THE OPTICAL FIBRE 

Before connecting the optical fibre to the Sentinel DTS system, ensure that the ends of the optical 
fibre are clean and free of foreign matter. For more information on cleaning optical fibres refer to 
the Optical Fibre Technology section on page 16. 

 

WARNING! UNDER NO CIRCUMSTANCES SHOULD CONNECTIONS BE 
MADE, BROKEN OR INSPECTED WHILE THE SENTINEL DTS SYSTEM IS 
LIVE AND OPERATING. 

Ensuring the Sentinel DTS system in turned off; remove the masking plug from the coupling 
bulkhead and insert the E2000 Angled connector into the E2000 Angled coupling on the rear panel 
of the Sentinel DTS system as shown in Figure 9. Ensure that the connector is pushed firmly into 
the coupling to ensure a low loss optical connection. 

NOTE: 
If the optical fibre is disconnected from the Sentinel DTS system, the masking plug should be 
replaced to prevent contamination of the coupling bulkhead and to prevent any laser light being 
emitted. 
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Figure 9 - Inserting the E2000 Connector to the Sentinel DTS System. 

CONNECTING THE LASER SAFETY REMOTE INTERLOCK 

The Sentinel DTS can be connected to a laser safety remote interlock to remotely shut down the 
laser. This facility may be required for certain temperature sensing installations as an additional 
laser safety device. 

Up to two separate remote interlocks, for example a door or container can be wired into a 
compatible 5 pin DIN connector. Figure 10 shows the pin identification for the interlock port on the 
rear panel of the Sentinel DTS. 

NOTE: The remote interlock feature is not required for class 1M laser devices and may be 
removed in future. 
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Figure 10 - Pin Identification of the Interlock Connector. 

Ensuring the Sentinel DTS is switched off, insert the 5 pin DIN remote interlock connector into the 
interlock port in the rear panel of the Sentinel DTS. Note that the Sentinel DTS comes with a ready 
shorted interlock connector in place. 

For further information on the use of the laser safety remote interlock, please contact Sensornet 
Ltd. 

OPERATING THE SENTINEL DTS 

Once connections to the optical fibre and laser safety interlock have been made, the Sentinel DTS 
is ready to use. Before operating the Sentinel DTS, ensure all users have read and fully 
understood the safety sections of this user guide. 

LAUNCHING THE SENSORNET SENTINEL DTS SOFTWARE 

Turn on the Sentinel DTS system by switching the power isolation switch on the rear panel to the 
ON position. The Sentinel DTS is configured to automatically load and run the DTS measurement 
software. However if the software is not running, once the operating system has loaded and the 
desktop appears, double click on the Sentinel DTS Icon as shown in Figure 11 or alternatively click 
on Start / Programs / Sentinel DTS. 

 

Figure 11 - The Sensornet DTS Software Icon. 
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When first run, a hardware initialisation screen will briefly appear while the Sentinel DTS system 
performs a pre-programmed initialisation sequence. 

NOTE: 
Hardware Initialisation may take up to 60 seconds to perform. 

Once the hardware has initialised, the Sensornet DTS Sentinel Main Menu will appear. 

THE SENSORNET DTS SENTINEL MAIN MENU 

The Sensornet DTS Sentinel Main Menu allows the user to select or create configuration files, 
access general system information or start sensing distributed temperature. The Sensornet DTS 
Sentinel Main Menu is shown in Figure 12. 

 

Figure 12 -  Sensornet DTS Sentinel Main Menu. 
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Configuration Files 

NOTE: 
If no option is selected from the Sensornet DTS Sentinel Main Menu after 60 seconds, the Sentinel 
DTS will begin measuring using the last configuration file loaded. 

Configuration files contain control parameters that help to optimise the performance of the Sentinel 
DTS for an individual installation and controls items such as the measurement time, measurement 
range etc. A unique configuration file must be created every time the Sentinel DTS is used on a 
new installation by either running the Configuration Wizard or by manually editing an existing 
configuration. Configuration files allow the user to monitor many different installations using a 
single Sentinel DTS system. The user simply needs to load the correct configuration file for a 
specific installation. 

Selecting a Configuration File 

To enable the Sentinel DTS system to accurately sense distributed temperature, it is important that 
the correct configuration file is chosen. First time users should use the last configuration file 
loaded. This allows the user to gain experience and become familiar with making temperature 
measurements using the Sentinel DTS. To load the last configuration file and begin 
measurements, click the Start Measurement button. 

If no configuration file is present a new one may be created using the configuration wizard which 
guides users through generating a suitable configuration file. More experienced users can load and 
edit a previous configuration file in the configuration editor.  

To launch the Configuration Wizard, click on the Edit Configuration button in the Sensornet DTS 
Sentinel Main Menu. The Choose Configuration Setup screen will appear as shown in Figure 13. 

 

Figure 13 - Choose Configuration Setup Screen. 
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There are three options available from the pull-down menu in the Choose Configuration screen. 
These are: 

• Load last configuration file and go to editor. 

• Go straight to editor. 

• Run configuration wizard. 

Selecting option 1 opens the last loaded configuration file in the Edit Configuration screen. This 
allows the user to review and if required modify the specific settings for the installation. 

Selecting option 2 opens the Edit Configuration screen without loading a configuration file. This 
allows the user to create a configuration file by entering known settings for the installation. This is 
for advanced users only. 

Selecting option 3 opens and runs the Configuration Wizard. The user follows the on-screen 
prompts to detect and create specific settings for the installation. This is for experienced users 
only. For more information on the configuration wizard, see the Configuration Wizard. 

To begin sensing distributed temperature, click the Start Measurement button. The Sensornet DTS 
Sentinel Data Display Screen is displayed. 

THE SENSORNET DTS SENTINEL DATA DISPLAY SCREEN 

The Sensornet DTS Sentinel Data Display screen is the main control screen for the Sentinel DTS. 
The screen is divided into 6 different sections which allow the user to view and manipulate 
individual functions. The Sensornet DTS Sentinel Data Display screen is shown in Figure 14. 
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Figure 14 - The Sensornet DTS Sentinel Data Display Screen. 

The Temperature Sensing Trace Display Field 

The Temperature Sensing Trace Display Field shows the distributed temperature trace of the 
optical fibre being measured in a graphical format. The default display type is Distributed 
Temperature, which displays the trace data as temperature verses distance in the selected units. 
Using the graphical controls, the user can zoom in and take accurate measurements of specific 
points of interest. The Temperature Sensing Trace Display Field can be seen in Figure 15. 
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Figure 15 - The Temperature Sensing Trace Display Field. 

Figure 15 shows a typical distributed temperature trace along a length of optical fibre. Using the 
trace selection field, the user can select to view the distributed temperature, raw data or points 
data. 

NOTE: 
For more information on the graphical controls and manipulating the graphical display, please refer 
to the Software Interface section. 

The Trace Selection Field 

The Trace Selection Field allows the user to select the channel (if a Multiplexer is attached), the 
way in which the distributed trace data is displayed and the units of measure for the axes. The 
Trace Selection Field is shown in Figure 16. 

 

Figure 16 - The Trace Selection Field 

The Trace Selection Field contains pull down menus for selecting the display type, the temperature 
units and the length units. In addition there are two channel buttons to select a channel to display 
when a multiplexer is connected. 

The Display pull down menu gives the user three different types of trace data to display. Selecting 
Distributed Temperature displays the trace data as temperature verses length and can be seen in 
Figure 15. This is the default display type. 
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Selecting Raw Data displays the raw data collected by the Sentinel DTS in the form of stokes and 
anti-stokes and can be seen in Figure 17. These are ultimately used to calculate distributed 
temperature. 

 

Figure 17 - The Raw Data Display. 

Selecting Points Data displays the temperature verses time and date for specified points of interest 
and can be seen in Figure 18. These points of interest are defined in the configuration file. 

 

Figure 18 - The Points Data Display. 

• The Temperature Display pull down menu allows the user to display the temperature units in 
Centigrade or Fahrenheit. 

• The Length Display pull down menu allows the user to display the distance units in metres or 
feet. 

• The Channel buttons allow the user to choose which channel to display within the 
Temperature Sensing Trace Display Field. 
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NOTE: 
The Sentinel DTS saves all data to the hard disk in SI units only regardless of the on screen 
display. 

The Spatial Averaging Adjustment Control 

The Spatial Averaging Adjustment Control allows the user to set the amount of spatial averaging 
applied to the trace data and is shown in Figure 19. 

 

Figure 19 - The Spatial Averaging Adjustment Control 

Spatial averaging is a technique for smoothing out data that is subject to a certain degree of 
random variability, often referred to as noise. The spatial averaging process defines the extent to 
which the temperature data at any one point should include adjacent temperature trace data. 

Spatial Averaging is defined by the distance in metres or feet over which the averaging process is 
applied. By increasing the spatial averaging, the noise level is reduced at the expense of increased 
spatial resolution. Experience of using the Sentinel DTS system will help the user find the optimal 
distance to apply spatial averaging over. 

NOTE: 
Applying spatial averaging has no effect of the raw data collected by the Sentinel DTS system or 
data saved to the *.ddf data files. 

An example of spatial averaging to reduce noise is shown in Figures 20 & 21. 

 

Figure 20 - Sample Distributed Temperature Trace with a Spatial Average of 0.5m. 
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Figure 21 - Sample Distributed Temperature Trace with a Spatial Average of 5m. 

This region of the window also shows the temperatures recorded by the PT100 probes. T_int is the 
internal reference oven temperature of the Sentinel DTS,  while T_ext1 and T_ext2 are the 
temperatures recorded by the external probes (if connected). 

The Data Recording Information Field 

The Data Recording Information Field displays information regarding the distributed temperature 
sensing data determined by the configuration file. The Data Recording Information Field is shown 
in Figure 22. 

 

Figure 22 - The Data Recording Information Field. 

• The Start Time and Start Date indicators display the start time and date for the current 
distributed temperature measurement. 

• The Current Rep. indicator displays the current repetition number in measurement cycles. 

• The Time Remaining indicator displays the amount of time remaining for the current 
measurement cycle. 

• The Time Elapsed indicator displays the amount of time remaining for the current 
measurement cycle. 

• The Measurement Status indicator displays the current status of the measurement cycle, for 
example Collecting Data, Laser On. 
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• The View Configuration button opens the View Configuration window. This allows the user to 
review the current configuration file. It is not possible to edit the configuration file from this 
window. 

The Program Control Field 

The Program Control Field allows the user to view and control the execution status of the program. 
The Program Control Field is displayed in Figure 23. 

 

Figure 23 - The Program Control Field 

• The Stop After Current Repetition button allows the user to halt the execution of the Sentinel 
DTS control program. The user can then exit to the Sensornet DTS Sentinel Main Menu. 

Alternatively, the measurement can be immediately stopped by pressing Ctrl, Shift and the F10 key 
simultaneously. Data collected up to this point will be saved, provided that the measurement lasted 
more than 30 seconds. A note will be made in the data file and the Sentinel DTS error log to inform 
the user that the measurement cycle was stopped prematurely. 

NOTE: 
Once the Sentinel DTS system is requested to stop performing measurements, the Program 
Stopping indicator will illuminate. 

• The Data Saving On indicator informs the user if the Sentinel DTS system is actively 
measuring and saving the distributed sensing data to the hard drive. 

• The Program Stopping indicator informs the user that the Sentinel DTS system is about to 
terminate temperature measurements. 

Raw data display and Loss Measurements 

Selecting “Raw data” from the display selection menu (located in the trace selection field – see 
figure 16), shows the raw Stokes and Anti-Stokes data from the sensing fibre. Below this graph 
window and the Spatial Averaging slide control, are the fibre loss values. The fibre loss between 
two vertical cursors is displayed in units of dB and dB/km for both the Stokes and Anti-Stokes 
signals. By clicking on the cross hair cursor button, the user is then able to click-and-drag each of 
the two vertical cursors to immediately determine the approximate loss between two points. These 
values can be used to estimate the loss of the fibre path, or to check the loss at specific points 
such as a fusion splice or connector. This is the typical function of an OTDR (Optical Time Domain 
Reflectometer). 
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Note that the Anti-Stokes loss measurement is very sensitive to temperature and even small 
temperature changes across the region of measurement may give misleading results. It is 
therefore best to use the Stokes loss data for this purpose which is much less temperature 
sensitive. However, there is still some temperature dependence with the Stokes signal and 
misleading results can arise if there is a significant temperature change across the measurement 
region. The loss measurements determined should be used as a guide to the overall quality of the 
fibre and connectors etc. but for accurate measurements a true OTDR measurement should be 
performed. This function is available in certain Sentinel DTS models; please contact Sensornet Ltd 
for further information. 

NOTE: 
A drop down selection box switches the displayed loss between one-way and two-way 
measurement. The Sentinel DTS instrument experiences two-way loss since the signal travels both 
ways. However the usual way of reporting fibre and connector loss is one-way. The user is 
recommended to select one way measurements for consistency. 
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10. THE SOFTWARE INTERFACE 

The Software Interface allows the user to operate the Sentinel DTS as a virtual instrument. 
Through the software interface, the user can adjust key control parameters, configure the system 
and manipulate graphical information. 

The Software Interface allows control and graphical fields to be modified in a number of different 
ways. These are described in the following section. 

ENTERING DATA INTO THE SOFTWARE INTERFACE 

During operation, you will be required to enter values to configure or control the Sentinel DTS. This 
can be done in one of two ways, either using Digital Controls or Slide Controls. 

DIGITAL CONTROLS 

Digital Controls permit data entry by simply typing the required information in a box. This is useful 
for absolute data entry. A Digital Control is shown in Figure 24. 

 

Figure 24 - A Digital Control 

To enter data using a Digital Control, click in the box and type the required information, for 
example a numeric value. Information in the Digital Control can be modified in much the same way 
as text in a word processor. Once the information in the box is correct, press the return key or click 
outside the box to accept the value. 

SLIDE CONTROLS 

Slide Controls permit data entry by adjusting the position of a pointer on a slide. This is useful to 
adjust values in real-time and monitor the results. A Slide Control is shown in Figure 25. 

 

Figure 25 - A Slide Control 
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To modify a value using a Slide Control, click on the pointer and drag it left or right until the desired 
value is shown. Release the pointer to accept the value. 

NOTE: 
Slide Controls move in increments set by the software. To enter values between these increments, 
use the Digital Controls. 

DATA COERCION 

When entering data that relates to a distance along the optical fibre, values will often be coerced to 
the nearest spatial point allowed by the software interface. For example, if 100 metres was entered 
into a Digital Control, the software interface may coerce to 99.66 metres. 

DIGITAL INDICATORS 

Digital Indicators are visually the same as Digital Controls except they are used to display data 
instead of entering data. Digital Indicators can be identified by their grey background. 

LED INDICATORS 

LED Indicators display the operational status of functions within the software. In some cases 
buttons may contain LED Indicators which illuminate to show an ‘ON’ status and dim to show an 
‘OFF’ status. 

DROP DOWN MENUS 

Drop Down Menus allow a number of options to be selected from a list. Clicking on the Drop Down 
Menu reveals the list of available options. They can be easily identified by the arrow head on the 
right hand side of the button. A Drop Down Menu is shown in Figure 26. 

 

Figure 26 - A Drop Down Menu 
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THE GRAPHICAL INTERFACE 

The Graphical Interface is a sophisticated display tool which the software utilises to display and 
manipulate the distributed temperature sensing data. The Graphical Interface is shown in 
Figure 27. 

 

Figure 27 - The Graphical Interface. 

THE SCALE LEGEND 

It is important for the user to format the Graphical Interface so that the distributed temperature 
sensing trace data can be easily analysed and understood. The Scale Legend allows the user to 
manipulate and control the X and Y axis of the Graphical Interface.  The Scale Legend is shown in 
Figure 28. 

 

Figure 28 - The Scale Legend 

The Axis Label 

The Axis Labels describe the graphical display and the units used. 
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The Auto Scale Activation Button 

The Auto Scale Activation Button allows the user to automatically scale the axis to display the 
complete data trace for the selected axis at the touch of a single button. Every time the data values 
change, the graphical display will rescale. 

The Auto Scale Padlock 

The Auto Scale Padlock allows the user to switch auto scaling permanently on or off. If the padlock 
is locked, the auto scaling is turned on. If the padlock is open, then auto scaling is turned off. When 
auto scaling is turned on, the LED Indicator on the Auto Scale Activation button will illuminate. 

The Format Button 

The Format Button allows the user to control the general display characteristics of an axis. The 
user can select to change any of the following options. 

• Format – Sets the numerical format for the scale value. 

• Precision – Sets the precision for the scale value. 

• Mapping Mode – Sets the axis scale type. Choose either linear or logarithmic. 

• Visible Scale – Turns the axis scale on or off. 

• Visible Scale Label – Turns the axis scale label on or off. 

• Grid Colour – Sets the grid line colour. 
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THE CURSOR LEGEND 

Cursors are useful tools for highlighting and identifying points on the graphical display. The Cursor 
Legend allows the user to set the visual appearance and positional control of the cursors. The 
Cursor Legend is shown in Figure 29. 

 

Figure 29 - The Cursor Legend 

The Cursor Label 

The Cursor Label is a digital control which displays the name of the cursor. 

The X Axis Position Digital Control 

The X Axis Position Digital Control allows the user to manually position the cursor along the X axis. 
In addition, the current position of the x axis is displayed in real time. 

The Y Axis Position Digital Control 

The Y Axis Position Digital Control allows the user to manually position the cursor along the Y axis. 
In addition, the current position of the Y axis is displayed in real time. 

The Cursor Visual Control Button 

The Cursor Visual Control Button allows the user to control the general display characteristics of 
the cursor. The user can select to change any of the following options. 

• Colour – Sets the cursor colour. 

• Cursor Style – Sets the cursor style. 

• Point Style – Sets the cursor point style. 

• Line Style – Sets the line style of the cursor. 

• Line Width – Sets the line width of the cursor. 

• Show Name – Choose to display the cursor name. 

• Bring to Centre – Moves the cursor to the centre of the graphical display. 

• Go to Cursor – Centre the graphical display around the cursor. 
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The Cursor Positional Control Button 

The Cursor Positional Control Buttons allows the user to control how the cursor behaves on the 
graphical display. The user can select from any of the following options. 

• Free – Setting the cursor to free allows the user to move the cursor freely. 

• Snap to Point – Setting the cursor to Snap to Point will ensure that the cursor will always be 
positioned on the nearest spatial point. 

• Lock to Plot – Setting the cursor to Lock to Plot will ensure that the cursor will always be 
positioned along the plot line. 

• Last Full Meas. – Setting the cursor to Last Full Meas. will ensure that the cursor will always 
be positioned along the last measurement plot line. 

• Current Meas. – Setting the cursor to Current Meas. Will ensure that the cursor will always 
be positioned along the current measurement plot line. 

THE PLOT LEGEND 

The Graphical Interface displays the distributed temperature sensing trace data in the form of a 
graph allowing easy analysis. The Plot Legend allows the user to control the way the graph is 
displayed. The Plot Legend in shown in Figure 30. 

 

Figure 30 - The Plot Legend 

The Last Full Meas. Button 

The Last Full Meas. Button allows the user to set the plot style and appearance for the last full 
measure taken by the Sentinel DTS. The user can select from any of the following options. 

• Common Plots – Sets the plot type from a list of common plots. 

• Colour – Sets the plot line colour. 

• Line Style – Sets the plot line style. 

• Line Width – Sets the plot line width. 
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• Anti-Aliased – Turns anti aliasing on or off. 

• Bar Plots – Sets the plot type to a bar plot. The type of bar plots can be selected from a list of 
common bar plots. 

• Fill Base line – Sets the base line fill style. 

• Interpolation – Sets the interpolation style. 

• Point Style – Sets the spatial point style. 

• X Scale – This is preset within the software and cannot be altered. 

• Y Scale – This is preset within the software and cannot be altered. 

The Current Meas. Button 

The Current Meas. Button allows the user to set the plot style and appearance for the current 
measure taken by the Sentinel DTS. The user can select from the same options as the Last Full 
Meas. Button. 

THE GRAPH PALETTE 

While analysing the distributed temperature sensing data displayed on the graphical interface, the 
user may wish to analyse the data in more detail. The Graph Palette allows the user to zoom and 
select features in the graphical display to enhance the analysis process. The Graph Palette is 
shown in Figure 31. 

 

Figure 31 - The Graph Palette. 

The Cross Hair Cursor 

The Cross Hair Cursor is the standard cursor used to enter data into Digital Controls or to move 
the cursors. 

The Advanced Zoom Control 

The advanced zoom control allows the user to zoom in and out of the graphical display to analyse 
data in detail. Clicking on the Advanced Zoom Control displays a sub palette containing various 
zoom options. Users should experiment with the available zoom types to find the most suitable 
zooming method for their needs. 
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The Hand Cursor 

The Hand Cursor allows the user to move the entire trace in any direction. Simply click and hold 
the Hand Cursor within the graphical display and move in the desired direction. 
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11. THE CONFIGURATION WIZARD 

The Configuration Wizard is used to create a new configuration file whenever the Sentinel DTS 
system is connected to a new installation. Configuration files contain important calibration 
information for an individual installation ensuring the Sentinel DTS can accurately measure 
temperature. 

The Sentinel DTS system is pre-calibrated for use with the most common types of 50/125 graded 
index multimode optical fibre. As such, it is not essential to run the Configuration Wizard but is 
recommended to fine tune the Sentinel DTS system for a specific installation. 

THE STAGES OF THE CONFIGURATION WIZARD 

The Configuration Wizard contains 12 key stages. Each stage of the Configuration Wizard must be 
completed for the accurate calibration of the Sentinel DTS system. Figure 32 shows the key stages 
of the Configuration Wizard. 
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Figure 32 - The Key Stages of the Configuration Wizard. 

STARTING THE CONFIGURATION WIZARD 

To start the Configuration Wizard, double click on the Sensornet DTS software icon on the 
windows desktop. Once the Sensornet DTS Sentinel Main Menu appears, click the Edit 
Configuration button. The Choose Configuration Setup window will appear as shown in Figure 33. 
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Figure 33 - The Choose Configuration Setup Window. 

There are three options available from the Configuration Options pull down menu, to start the 
Configuration Wizard select the third option – Run Configuration Wizard. Click the OK button and 
The Configuration Wizard will begin. 

THE CONFIGURATION WIZARD FORMAT 

The Configuration Wizard has a distinctive format which has been designed to guide the user 
through the configuration process. The Configuration Wizard window is divided into three main 
panes as shown in Figure 34. There are also three navigation buttons which are used to progress 
through the configuration process. 
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Figure 34 - The Configuration Wizard Format. 

THE DATA ENTRY PANE 

The Data Entry Pane is used to enter configuration data into the Configuration Wizard. During the 
configuration process, digital controls and sliders will appear to allow the user to enter and modify 
configuration information. In addition, an information bar appears at the top of the Data Entry Pane 
to prompt users with stage specific information. 

THE GRAPHICAL DISPLAY PANE 

The Graphical Display Pane displays the effect of data entered using the Data Entry Pane on the 
distributed temperature sensing data. This pane is essential when adjusting the length correction 
and measurement range. 

THE USER INSTRUCTIONS PANE 

The User Instruction Pane contains brief information on each specific stage of the Configuration 
Wizard. This is useful when running the Configuration Wizard without the user guide to hand. 
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THE NAVIGATION BUTTONS 

The three Navigation Buttons at the bottom of the Data Entry Pane are used to progress through 
the Configuration Wizard. 

• The Next Button – Pressing the Next button advances the user to the next stage of the 
Configuration Wizard. 

• The Back Button - Pressing the Back button allows the user to go back to the previous stage. 
This is useful if incorrect data has been entered. 

• The Cancel Button – The Cancel button can be used to exit the Configuration Wizard at any 
time. Pressing the Cancel button will cause a confirmation screen to appear as shown in 
Figure 35. 

 

Figure 35 - The Exit Confirmation Screen. 

To exit the Configuration Wizard, press the OK button. Pressing Cancel will return the user to the 
previous stage window of the Configuration Wizard. 

THE CONFIGURATION WIZARD STAGE 1 – LOADING A CONFIGURATION 
FILE 

The first stage of the Configuration Wizard is an optional stage. It allows the user to load an 
existing configuration file for editing and review. This option is particularly useful when installing the 
Sentinel DTS system at a new installation whose characteristics and optical fibres are similar to a 
previous installation. 

The First Stage of the Configuration Wizard is shown in Figure 36. 
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Figure 36 - The First Stage of the Configuration Wizard. 

LOADING AN EXISTING CONFIGURATION FILE 

If an existing configuration file is to be loaded, click on the Load File button and browse for the file. 

To progress to the next stage of the Configuration Wizard, click the next button. 

THE CONFIGURATION WIZARD STAGE 2 – ENTERING INSTALLATION 
INFORMATION 

The second stage of the Configuration Wizard is to enter an installation name and any pertinent 
installation information, for example location and size. This allows users to create a series of 
configuration files which follow the installation as modifications and improvements are made. 

The Second Stage of the Configuration Wizard is shown in Figure 37. 
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Figure 37 - The Second Stage of the Configuration Wizard. 

ENTERING AN INSTALLATION NAME 

To enter an installation name, click in the Installation digital control and type the installation name. 
Press the Enter key to accept the installation name. The name entered here will be used to create 
the configuration and data file names. For further information on the configuration and data file 
name structures, please refer to The Data File Structure. 

ENTERING INSTALLATION NOTES 

To enter installation notes, click in the notes digital control and type the required information. 
Examples of the type of information to enter would be optical fibre cable type, installation type and 
type of analysis being performed. 

THE SAVE DATA BUTTON 

The Save Data button allows the user to switch on or off data saving. Switching data saving on will 
ensure all configuration and data files are saved to the Sentinel DTS hard drive. To turn data 
saving on, ensure the LED is illuminated on the Save Data button. 

To progress to the next stage of the Configuration Wizard click the next button. 
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THE CONFIGURATION WIZARD STAGE 3 – ACQUISITION TIME 

The third stage of the Configuration Wizard is to enter an acquisition time. The acquisition time 
specifies the time over which distributed temperature sensing data is averaged. Averaging of 
distributed temperature sensing data is essential for high resolution measurements with the 
Sentinel DTS. 

NOTE: 
The acquisition time only applies to the Configuration Wizard. While running the Sensornet 
software to perform actual temperature measurements this value is referred to as Measurement 
Time and can be changed at any time using the Configuration Editor from the Choose 
Configuration Setup Menu. 

The third stage of the Configuration Wizard is shown in Figure 38. 

 

Figure 38 - The Third Stage of the Configuration Wizard. 

CHOOSING AN ACQUISITION TIME 

Choosing a suitable acquisition time will help to accurately calibrate the Sentinel DTS system. The 
acquisition time can be between a minimum of 15 seconds and a maximum of 3600 seconds with a 
default time of 30 seconds. A longer acquisition time will result in lower noise but can be time 
consuming. As a rule, longer acquisition times are only required for installations with very long 
lengths of optical fibre or those with poor optical connectors. 
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NOTE: 
The limit of 3600s for the acquisition time only applies to the data collected within the Configuration 
Wizard. 

STARTING DATA ACQUISITION 

To begin data acquisition, enter a value in the Data Acquisition Time digital control by either typing 
a value or using the up or down buttons. Once the acquisition time has been entered, press the 
Collect Data button. 

To progress to the next stage of the Configuration Wizard click the next button. 

THE CONFIGURATION WIZARD STAGE 4 – LENGTH CORRECTION 

The fourth stage of the Configuration Wizard is to perform a length or dispersion correction. The 
length correction process ensures that the Sentinel DTS measures the distance along the optical 
fibre with an optimum spatial resolution. 

The fourth stage of the Configuration Wizard is shown in Figure 39. 

 

Figure 39 - The Fourth Stage of the Configuration Wizard. 
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FUNDAMENTALS OF LENGTH CORRECTION 

The Group Index of an optical fibre is a defining factor which the Sentinel DTS uses to calculate 
length. In all optical reflectometer systems such as the Sentinel DTS, light signals are emitted from 
a laser and propagate down the optical fibre. During propagation down the optical fibre, the light 
signals slow down relative to their speed of propagation in air. The factor by which the light signals 
are slowed is known as the group index of an optical fibre. 

The Sentinel DTS is pre-calibrated for most common multimode optical fibres but may require fine 
adjustment. 

In the Sentinel DTS system, there are two component wavelengths propagating down the optical 
fibre at the same time. These can be seen on the graphical display as red and blue plot lines. The 
red plot line represents the distributed stokes signal and the blue plot line the anti-stokes signal. 
Since the two component wavelengths propagate down the optical fibre at different speeds, two 
group indexes are present in the system. 

The Sentinel DTS system needs to overcome this by performing a length (or dispersion) correction 
to align the stokes and anti-stokes traces to a single reference point along the optical fibre. 

HOW IS LENGTH CORRECTION PERFORMED ? 

In order for length correction to be performed, the user must identify a specific feature on the 
distributed trace data, shown as stokes (red) and anti-stokes (blue). 

The most common and easily identifiable feature to use as a reference length is the optical fibre 
end. In most installations the optical fibre is either of known length or located at a known position 
and can be recognised as the point where the distributed temperature trace drops vertically down 
towards the x-axis. Aligning the stokes trace with the anit-stokes allows the calibration wizard to set 
the Sentinel DTS for optimal spatial resolution. The default settings should be acceptable in most 
cases, with the user only needing to make fine adjustments.  

PERFORMING A LENGTH CORRECTION 

To perform a length or dispersion, the stokes and anti-stokes traces should be adjusted to indicate 
the same length. Click on the pointer of the Stokes Length Correction slide control and move the 
slide left or right to move the stokes (red plot line) trace until it overlaps the anti-stokes trace. 
Figures 40 and 41 show a length or dispersion. 

 

Figure 40 - The Distributed Temperature Trace Data before Length Adjustment. 
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Figure 41 - The Distributed Temperature Trace Data after Length Adjustment. 

To progress to the next stage of the Configuration Wizard click the next button. 

THE CONFIGURATION WIZARD STAGE 5 – SETTING THE MEASUREMENT 
RANGE 

The fifth stage of the Configuration Wizard is to set the measurement range. This allows the user 
to limit the amount of distributed temperature sensing data to a useful minimum. 

The fifth stage of the Configuration Wizard is shown in Figure 42. 

 

Figure 42 - The Fifth Stage of the Configuration Wizard. 
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CHOOSING A SUITABLE MEASUREMENT RANGE 

Limiting the amount of distributed temperature sensing data to a useful minimum helps to reduce 
data file sizes and drastically improves the visibility of the trace shown in the graphical display. 
Useless data is generated by the lack of meaningful light scattering being returned to the Sentinel 
DTS system and can be seen as noise above and below the level of the temperature sensing 
trace. The main cause of this is because the optical fibre length is less than the operating length of 
the Sentinel DTS system. The Configuration Wizard allows the user to state the end point of 
relevant data by setting the measurement range. The measurement range should be set to cover 
the last point of interest. 

NOTE: 
The large noise level is also seen at the very start of the Sentinel DTS data; real temperature data 
is recorded from approximately 50m inside the Sentinel DTS. 

SETTING THE MEASUREMENT RANGE 

The fifth stage of the Configuration Wizard displays the distributed temperature sensing data taken 
by the Sentinel DTS on the graphical display. To adjust the measurement range, click on the range 
configuration slide control and move the slider left or right until the required trace is displayed. 
Alternatively, type the required length into the digital control. Figures 43 and 44 show the 
measurement range being set to 6550 metres. 

NOTE: 
The zero point of the temperature trace is the optical connector located on the rear of the Sentinel 
DTS. 

 

Figure 43 - The Measurement Range Before Adjustment. 
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Figure 44 - The Measurement Range After Adjustment. 

To progress to the next stage of the Configuration Wizard click the next button. 

CONFIGURATION WIZARD STAGE 6 – TEMPERATURE SLOPE CORRECTION 

The sixth stage of the Configuration Wizard is to correct the temperature slope. This ensures that 
the distributed temperature measurement data is accurate along the entire length of the optical 
fibre. 

The sixth stage of the Configuration Wizard is shown in Figure 45. 

 

Figure 45 - The Sixth Stage of the Configuration Wizard. 
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CALIBRATING TEMPERATURE VALUES 

The Sentinel DTS system requires calibration to ensure accurate temperature readings are taken 
and displayed for the entire length of the optical fibre. The process is similar to the manner in which 
an uncalibrated test thermometer is calibrated by placing it in an oven at a reference temperature 
and comparing the values to that of a reference probe. This is shown in Figure 46. 

 

Figure 46 - Test Thermometer Calibration. 

The Sentinel DTS system is calibrated in a similar manner. The optical fibre is placed into a 
reference chamber with a constant known temperature. The resultant values are compared to that 
of a reference probe and amended accordingly. This is shown in Figure 47. 
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Figure 47 - Principle of the Sentinel DTS Temperature Calibration. 

The main difference between how a test thermometer and the Sentinel DTS system are calibrated 
is the use of reference temperatures. In the case of the test thermometer, an oven is used as the 
reference temperature, whereas the Sentinel DTS system can use a feature of the installation, for 
example a geographical region of the installation with a constant known temperature. 

NOTE: 
The Sentinel DTS system is supplied to the customer pre-calibrated using a common brand of 
50/125 graded index multimode optical fibre. This allows temperature readings to be taken with a 
accuracy of ±1ºC for the majority of installations. 
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FUNDAMENTALS OF SLOPE CORRECTION 

The slope inaccuracy of the Sentinel DTS system is due to the way in which the stokes and anti-
stokes traces are combined to create a distributed temperature sensing trace. As explained in 
previous sections, there are two component wavelengths propagating down the optical fibre at the 
same time. These are known as stokes and anti-stokes and have two different wavelengths. As the 
stokes and anti-stokes propagate along the optical fibre they are subject to attenuation or signal 
loss. It is known that the attenuation of an optical fibre is wavelength dependent and as such 
affects the stokes and anti-stokes differently. The relative attenuation of the stokes and anti-stokes 
is important for the way in which the distributed temperature sensing trace is generated. 

The Sentinel DTS system generates the distributed temperature sensing trace data by comparing 
the respective power levels of the stokes and anti-stokes signals at each point along the length of 
the optical fibre to create a stokes ratio. Any temperature change at a given point along the length 
of the optical fibre will effect the stokes ratio for that point. These stokes ratios are collected for the 
entire length of the optical fibre and interpreted by the Sentinel DTS system. 

Since the stokes and anti-stokes are affected by the attenuation properties of an individual optical 
fibre, the stokes ratio is also affected and may become inaccurate or misleading. This factor is 
known as Differential Loss. The Sentinel DTS system corrects for differential loss using a default 
value for common 50/125 graded index multimode optical fibre. This default value is fine tuned for 
the specific optical fibre connected to the Sentinel DTS system using slope correction. 

HOW IS SLOPE CORRECTION PERFORMED 

Slope correction is required to ensure that there is no length dependency of the temperature 
values for the Sentinel DTS system. In order for slope correction to be performed, the user must 
identify a region of the optical fibre that has a uniform temperature distribution or two sections of 
the fibre cable known to be at the same temperature. There is no need to know the exact 
temperature of this region as absolute temperature calibrations are performed during stage 7 of the 
Configuration Wizard. By taking distributed temperature sensing for the uniform region of the 
optical fibre, the temperature slope can be observed. The slope correction can be performed and 
the temperature slope is removed from the distributed temperature sensing trace data. An example 
of slope correction is shown in Figure 48. 

 

Figure 48 - Slope Correction of the Distributed Temperature Sensing Trace. 
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FIXED AND DYNAMIC TEMPERATURE CALIBRATION 

During the sixth stage of the Configuration Wizard it is possible to perform either fixed or dynamic 
correction. 

Fixed temperature calibration allows the user to perform a slope correction and save the calibration 
values to the configuration file. Subsequent measurement operations will then use these values to 
acquire distributed sensing data. 

Dynamic temperature calibration allows the user to determine the slope correction calibration 
values every time a measurement operation is performed. 

At a later stage it is possible to convert dynamic temperature calibration values to fixed 
temperature calibration values which are then saved to the configuration file. All subsequent 
measurements will then use these values. Converting dynamic values to fixed values is performed 
using the eighth stage of the Configuration Wizard.  

PERFORMING A SLOPE CORRECTION 

There are a number of methods provided for slope correction by the sixth stage of the 
Configuration Wizard. The three slope correction methods are: 

• Fixed Value. 

• Matched Sections. 

• Reference Sections. 

NOTE: 
The Matched Sections and Reference Sections are both dynamic correction methods. 

The Fixed Value Method 

The fixed value method allows the user to enter a predetermined value for slope correction or to 
manually adjust the value until no discernible slope can be seen. This method is suitable if a 
correction value has been established by using the matched and reference sections methods 
previously. Alternatively the entire Sentinel DTS system and optical fibre should be placed in a 
room and allowed to acclimatise to room temperature. The sixth stage of the Configuration Wizard 
using the fixed value method is shown in Figure 49. 
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Figure 49 - The Sixth Stage of the Configuration Wizard Using the Fixed Value Method. 

To apply slope correction using the fixed value method, click on the temperature slope calculation 
pull down menu and select Fixed Value. Click on the pointer of the Fixed T Slope Calibration Value 
slider and move the slider left or right to adjust the trace. As can be seen from Figure 51, two 
traces are displayed. The grey trace represents the current distributed temperature sensing data 
before slope correction is applied. The white trace represents the current temperature sensing data 
after slope correction is applied. By moving the slider from left to right the white trace can be 
observed to move up or down. Move the white trace until no slope in the trace is observed. 

Alternatively, the user can enter the slope value directly into the Fixed T Slope Calibration Value 
digital control. 

The Match Sections Method 

The Match Sections method allows the user to compare two reference sections at opposing ends 
of the optical fibre within the same environment. This is the most accurate method of correcting the 
slope provided the appropriate conditions can be applied. The sixth stage of the Configuration 
Wizard using the Match Sections method is shown in Figure 50. 
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Figure 50 - The Sixth Stage of the Configuration Wizard Using the Match Sections Method. 

For the match sections slope correction method to function correctly, the following points must be 
observed. 

• The position of the two reference sections along the length of the optical fibre must be 
known. 

• The two reference sections must be placed in the same temperature environment. 

NOTE: 
The exact temperature of the environment in which the two reference sections are placed is not 
required, only that the average temperature across the two sections are known to be the same. 

Practical implementations of this method are in installations where the optical fibre loops back on 
itself. Examples are a U-tube installation in an oil well or in an installation where the end of the 
optical fibre is brought back to the Sentinel DTS system. 

To apply slope correction using the Match Sections method, click on the Temperature Slope 
Calculation pull down menu and select Match Sections. Click in the Start digital control for the first 
slope reference and enter the start position. Click in the Stop digital control and enter the stop 
position. The first reference trace is identified on the graphical display by the green band. Repeat 
this procedure for the second slope reference which will be identified by the red band. Once the 
first and second slope reference positions have been entered, The Sentinel DTS will adjust the 
trace to remove any discernible slope. This is shown in Figure 51. 
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NOTE: 
If the Match Sections method of slope correction is to be dynamic (selected at Stage 8 of the 
Configuration Wizard), it is important that the two reference sections along the optical fibre are not 
changed i.e. by moving the optical fibre. 

 

Figure 51 - Completed Slope Correction Using the Match Sections Method. 

NOTE: 
When entering the reference positions, they should be slightly inside the actual measured lengths 
to ensure only relevant data is collected. 

The Reference Sections Method 

The Reference Section method is similar to the Matched Sections method but allows the user to 
reference two sections along the length of the optical fibre with different temperatures. Using this 
method each reference section along the length of the optical fibre can be referenced by entering a 
known temperature or taking measurements using a suitable temperature measurement device. 
The sixth stage of the Configuration Wizard using the Reference Sections method is shown in 
Figure 52. 

 



Sentinal DTS User Guide SEN2-UM1.0  Page 67 

 

Figure 52 - The Sixth Stage of the Configuration Wizard Using the Reference Sections Method. 

For the Reference Sections slope correction method to function correctly, the following points must 
be observed. 

• The position of the two reference sections along the length of the optical fibre must be 
known. 

• Each reference section along the length of the optical fibre can be defined in two ways. 
These are the Point method and Section method. 

• The temperature for each reference section can be defined in two ways. These are using 
Fixed Temperature Data Entry and Measurement Temperature Data Entry. 

• If a dynamic correction is to be applied (selected in stage 8 of the Configuration Wizard), any 
reference section using a fixed temperature must have a constant temperature for the life of 
the configuration file. 

As stated, a reference section can be defined in two ways, the Point method and the Section 
method. The Point method uses a short reference section along the length of the optical fibre 
which is best described as a single point. For example, the point reference may be located 500 
metres along the optical fibre and be 1 metre in length.  When using the point reference method, 
only the start point is required. 
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The Section method uses a longer reference section than the Point method. For example, the 
Section reference may be a section starting 500 metres along the optical fibre and finishing at 600 
metres. This is the preferred method for referencing a section as a more accurate reading can be 
taken. 

In addition to choosing the reference type, the temperature must be defined in one of two ways. 
The user can specify the temperature using either Fixed Temperature or Measured T Temperature. 

When defining the temperature of a reference section using the Fixed Temperature method, the 
user enters the temperature of the reference section manually into the Configuration Wizard. This 
may be a region of the installation whose temperature is known and remains constant for example, 
a geothermic region.  

The Measured T method allows the user to define the temperature of a reference section using a 
temperature probe, for example a PT-100. Up to two temperature probes can be connected to the 
Sentinel DTS system via the interfaces on the rear. 

NOTE: 
When defining the temperature using the Measure T method, the PT-100 temperature probe must 
be connected to the Sentinel DTS before running the Configuration Wizard. 

The reference sections can be defined using any combination of Point, Section, Fixed or Measured 
T methods. 

To apply slope correction using the Reference Sections method, click on the Temperature Slope 
Calculation pull down menu and select Temperature Reference Sections. To set the first reference, 
click on the Reference Type pull down menu for the first slope reference and select either Point or 
Section. If you are referencing a point, enter the start point in the Start digital control. Alternatively 
if you are referencing a section, enter the start and stop points in the Start and Stop digital controls. 
To set the temperature source for the first slope reference, click on the Temperature Source pull 
down menu and select either Fixed, Measured T1 or Measured T2. If you are referencing a known 
temperature, select Fixed and enter the known temperature in the Fixed Temperature digital 
control. Alternatively if you are setting a temperature using a PT-100 temperature probe, select 
either Measured T1 or Measured T2 depending on which socket the probe is connected to. 

To set the second slope reference, select the reference type and temperature source as described 
above. Once the first and second slope reference positions have been entered, The Sentinel DTS 
will adjust the trace to remove any discernible slope. This is shown in Figure 53. 

NOTE: 
Since the Reference Sections method of slope correction is dynamic, it is important that the two 
reference sections along the optical fibre are not changed i.e. by moving the optical fibre. 
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Figure 53 - Completed Slope Correction Using the Reference Sections Method. 

NOTE: 
When entering the reference positions, they should be slightly inside the actual measured lengths 
to ensure only relevant data is collected. 

To progress to the next stage of the Configuration Wizard click the next button. 

CONFIGURATION WIZARD STAGE 7 – TEMPERATURE OFFSET 

The seventh stage of the Configuration Wizard is to set the temperature offset. This calibrates the 
absolute temperature values measured by the Sentinel DTS system. 

The seventh stage of the Configuration Wizard is shown in Figure 54. 
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Figure 54 - The Seventh Stage of the Configuration Wizard. 

CALIBRATING TEMPERATURE VALUES 

As explained in the previous section, the Sentinel DTS system requires calibration to ensure 
accurate temperature readings are taken and displayed for the entire length of the optical fibre. 
The seventh stage of the Configuration Wizard has the same methodology as the sixth stage 
whereby the temperature values of the Sentinel DTS system are compared to the values of a 
reference probe. As with the sixth stage of the Configuration Wizard, temperature offset can be 
completed by referencing a feature of the installation, for example a geographical feature. 

NOTE: 
The Sentinel DTS system is supplied to the customer pre-calibrated using a common brand of 
50/125 graded index multimode optical fibre. This allows temperature readings to be taken with an 
accuracy of ±1ºC for the majority of installations. 

HOW IS TEMPERATURE OFFSET PERFORMED ? 

Temperature offset is required to calibrate the absolute temperature values of the Sentinel DTS 
system. In order for the temperature offset to be performed, the user must identify a region of the 
optical fibre with a known constant temperature. By comparing the temperature values displayed 
by the Sentinel DTS system with the known values of the reference region, the temperature offset 
can be applied to remove any discrepancy. An example of temperature offset is shown in 
Figure 55. 
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Figure 55 - Applying Temperature Offset to the Distributed Temperature Sensing Trace. 

FIXED AND DYNAMIC TEMPERATURE CALIBRATION 

During the Seventh stage of the Configuration Wizard it is possible to perform either fixed or 
dynamic correction. 

Fixed temperature calibration allows the user to perform a temperature offset and save the 
calibration values to the configuration file. Subsequent measurement operations will then use these 
values to acquire distributed sensing data. 

Dynamic temperature calibration allows the user to determine the temperature offset values every 
time a measurement operation is performed. 

At a later stage it is possible to convert dynamic temperature calibration values to fixed 
temperature calibration values which are then saved to the configuration file. All subsequent 
measurements will then use these values. Converting Dynamic values to fixed values is performed 
using the eighth stage of the Configuration Wizard. 

PERFORMING A TEMPERATURE OFFSET 

There are two methods provided to apply a temperature offset by the sixth stage of the 
Configuration Wizard. The two temperature offset methods are: 

• Fixed Value. 

• Reference Section. 

NOTE: 
The Reference Section method is initially a dynamic correction (new calibration constant calculated 
every measurement) but can be converted to a fixed value (calibration constant calculated once in 
the wizard only) at stage 8 of the Configuration Wizard. 

The Fixed Value Method 

The fixed value method allows the user to enter a predetermined value for temperature offset or to 
manually adjust the value until the distributed temperature trace value matches the temperature of 
the reference section. This method is suitable if a correction value has been established by using 
the Reference Section method. The seventh stage of the Configuration Wizard using the Fixed 
Value method is shown in Figure 56. 
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Figure 56 - The Seventh Stage of the Configuration Wizard Using the Fixed Value Method. 

For the Fixed Value temperature offset method to function correctly, the following points must be 
observed. 

• The position of the reference section along the length of the optical fibre is known. 

• An accurate temperature for the reference section is known and constant. 

NOTE: 
The reference section should be of such a length that it can be easily identified on the graphical 
display. 

To apply a temperature offset using the Fixed Value method, click on the Temperature Offset 
Calculation pull down menu and select Fixed Value. Click on the pointer of the Fixed T Offset 
Calibration Value slider and move the slider left or right to adjust the trace. As can be seen from 
Figure 58, two traces are displayed. The grey trace represents the current distributed temperature 
sensing data the temperature offset is applied to. The white trace represents the current distributed 
temperature sensing data after the temperature offset is applied. By moving the slider from left to 
right the white trace can be observed to move up or down. The user should use the graph palette 
to zoom in on the reference section and use the slider to adjust the white trace to show the known 
temperature for the reference section. 

Alternatively, the user can enter the known temperature offset value into the Fixed T Offset 
Calibration Value digital control. 
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The Reference Section Method 

The Reference Section method allows the user to reference a section along the length of the 
optical fibre with a known constant temperature. The temperature is defined by entering the known 
temperature or by taking measurements using a suitable temperature measurement device. The 
seventh stage of the Configuration Wizard using the Reference Section Method is shown in 
Figure 57. 

 

Figure 57 - The Seventh Stage of the Configuration Wizard Using the Reference Section Method. 

For the Reference Section temperature offset method to function correctly, the following points 
must be observed. 

• The position of the reference section along the length of the optical fibre must be known. 

• The reference section along the length of the optical fibre can be defined in two ways. These 
are the Point method and Section method. 

• The temperature for each section can be defined in two ways. These are using Fixed 
Temperature Data Entry and Measurement Temperature Data Entry. 
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As stated, a reference section can be defined in two ways, the Point method and the Section 
method. The point method uses a short reference section along the length of the optical fibre which 
is best described as a single point. For example, the point reference may be located 500 metres 
along the optical fibre and be 1 metre in length. When using the Point Reference method, only the 
start point is required. 

The Section method uses a longer reference section than the point method. For example, the 
section reference may be a section starting 500 metres along the optical fibre and finishing at 600 
metres. This is the preferred method of referencing a section as a more accurate reading can be 
taken. 

NOTE: 
The reference section should be located as close to the Sentinel DTS system as possible to 
ensure accurate calibration. 

In addition to choosing the reference type, the temperature must be defined in one of two ways. 
The user can specify the temperature using either Fixed Temperature or Measured T Temperature. 

When defining the temperature of a reference section using the Fixed Temperature method, the 
user enters the temperature of the reference section manually into the Configuration Wizard. This 
may be a region of the installation whose temperature is known and remains constant for example, 
a geothermic region.  

The Measured T method allows the user to define the temperature of a reference section using a 
temperature probe, for example a PT-100. Up to two temperature probes can be connected to the 
Sentinel DTS system via the interfaces on the rear. 

NOTE: 
When defining the temperature using the Measure T method, the PT-100 temperature probe must 
be connected to the Sentinel DTS before running the Configuration Wizard. 

The reference sections can be defined using any combination of Point, Section, Fixed or Measured 
T methods. 

To apply a temperature offset using the Reference Sections method, click on the Temperature 
Offset Calculation pull down menu and select Reference Section. To set the reference, click on the 
Reference Type pull down menu and select either Point or Section. If you are referencing a point, 
enter the start point in the Start digital control. Alternatively if you are referencing a section, enter 
the start and stop points in the Start and Stop digital controls. To set the temperature source, click 
on the Temperature Source pull down menu and select either Fixed, Measured T1 or Measured 
T2. If you are referencing a known temperature, select Fixed and enter the known temperature in 
the Fixed Temperature digital control. Alternatively if you are setting a temperature using a PT-100 
temperature probe, select either Measured T1 or Measured T2 depending on which socket the 
probe is connected to. 

The Sentinel DTS will automatically correct the temperature values using the reference section. 
This is shown in Figure 58. 

NOTE: 
Since the Reference Section method for temperature offset is dynamic, it is important that the 
reference section along the optical fibre does not change i.e. by moving the optical fibre. 
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Figure 58 - Completed Temperature Offset Using the Reference Section Method. 

To progress to the next stage of the Configuration Wizard, click the next button. 

THE CONFIGURATION WIZARD STAGE 8 – CONVERTING DYNAMIC VALUES 

The eighth stage of the Configuration Wizard is to convert dynamic calibration values to fixed 
calibration values. 

The eighth stage of the Configuration Wizard is shown in Figure 59. 
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Figure 59 - The Eighth Stage of the Configuration Wizard. 

The eighth stage of the Configuration Wizard allows the user to convert dynamic calibration values 
for slope correction and temperature offset to fixed values. This is useful if it is recognised that any 
defined reference sections are not viable for the lifetime of the installation. By converting the 
dynamic values to fixed values, the calibration information is saved in the configuration file and all 
subsequent measurements will use this calibration information. 

CONVERTING DYNAMIC VALUES 

To convert a dynamic calibration value to a fixed calibration value, click the Fix button alongside 
the appropriate value. The value will then be saved to the configuration file. 

To progress to the next stage of the Configuration Wizard, click the Next button. 

THE CONFIGURATION WIZARD STAGE 9 – SETTING THE CHART RECORDER 
POINTS 

The ninth stage of the Configuration Wizard is to set the chart recorder points. Setting chart 
recorder points allows the user to monitor specific locations along the length of the optical fibre. 
The resultant information is displayed as temperature vs. time. 

The ninth stage of the Configuration Wizard is shown in Figure 60. 
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Figure 60 - The Ninth Stage of the Configuration Wizard. 

WHAT ARE CHART RECORDER POINTS DATA ? 

Chart Recorder Points work in the same way as individual temperature probes along the length of 
the optical fibre as shown in Figure 61. The difference between the chart recorder points of the 
Sentinel DTS system and individual temperature probes is that there is no restriction on the 
amount of points that can be monitored. Additionally, there is no need to physically install 
temperature probes along the installation. 
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Figure 61 - The Chart Recorder Temperature Probe Schematic. 

CREATING CHART RECORDER DATA POINTS 

To create a Chart Recorder Data Point, click the Add Point button. The Configuration Wizard Add 
Point window will appear as shown in Figure 62. 

 

Figure 62 - The Configuration Wizard Add Points Window. 
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Entering a Chart Recorder Point Label 

Chart Recorder Point Labels help to identify the temperature trace within the graphical display of 
the Sensornet DTS software while measurements are being taken. This is useful if multiple points 
are being monitored. 

To enter a Chart Recorder Point Label, click in the Label digital control and type the desired name, 
for example ‘Hot Spot # 1’. 

NOTE: 
It is not possible to duplicate Chart Recorder Point Labels. If a duplicate name is entered while 
creating a point, a conflict warning message will appear. The user will be able to re-enter the label 
name once the warning message has been cleared. 

Entering a Chart Recorder Point Location 

To enter a Chart Recorder Point location, click in the Point (m) digital control and enter the required 
distance along the optical fibre where the Chart Recorder Point is located. Alternatively, use the up 
and down buttons until the required distance is displayed. The user can also click and drag the 
vertical green cursor bar to set the point location. 

NOTE: 
The Chart Recorder Point Location may be coerced by the Sensornet DTS software to the nearest 
valid spatial point. For example if a distance of 100 metres is entered, the software may coerce 
and display the distance as 99.66 metres. 

Setting the Spatial Averaging for the Chart Recorder Point 

As explained in previous sections, spatial averaging is a technique for smoothing out data that is 
subject to a certain degree of random variability, often referred to as noise. The spatial averaging 
process defines the extent to which the temperature data at any one point should include adjacent 
temperature trace data. 

Spatial Averaging is defined by the distance in metres or feet over which the averaging process is 
applied. By increasing the distance, the user can remove unwanted trace data. It is worth noting 
that there is a finite distance over which spatial averaging can be applied before useful trace data 
is removed.  

The minimum value for spatial averaging for a Chart Recorder Point is 0.5m. This corresponds to 
the typical distance between individual data points along the optical fibre. It is recommended that 
the default value of 0.5m is used. 

To set the spatial averaging for the Chart Recorder Point, click in the Spatial Averaging (m) digital 
control and enter the required value. Alternatively, use the up and down buttons until the required 
spatial averaging value is displayed. 

Displaying the Chart Recorder Points 

To display the Chart Recorder Points, click on the Display pull down menu in the Sensornet 
Sentinel DTS Data display screen. The Chart Recorder Data Points will be displayed as shown in 
Figure 63. 
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Figure 63 - The Chart Recorder Points. 

As can be seen from Figure 63, the Chart Recorder Points are allocated different colours and are 
displayed in the graphical interface. 

To turn a specific Chart Recorder Point on, click the green button under the appropriate Chart 
Recorder digital indicator. The button will dim to indicate that the Chart Recorder Point is turned 
off. 

CONFIGURATION WIZARD STAGE 10 – TRACE AVERAGING 

The Tenth stage of the Configuration Wizard is to set the Trace Averaging. This allows the user to 
specify the measurement time and the amount of spatial averaging applied. 

The Tenth stage of the Configuration Wizard is shown in Figure 64. 
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Figure 64 - The Tenth Stage of the Configuration Wizard. 

THE EFFECTS OF ADJUSTING SPATIAL AVERAGING AND MEASUREMENT TIME 

As explained in previous sections, spatial averaging is a technique for smoothing out data that is 
subject to a certain degree of random variability, often referred to as noise. The spatial averaging 
process defines the extent to which the temperature data at any one point should include adjacent 
temperature trace data. The amount of spatial averaging applied to a trace can significantly alter 
the displayed results. 

If the spatial averaging value is too high, useful information is removed from the distributed 
temperature sensing trace. An example of this is shown in Figure 65. It can be seen that as the 
value for spatial averaging is increased, the trace becomes more triangular. 
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Figure 65 - The Effect of Spatial Averaging on the Trace. 

In addition to improving the distributed temperature sensing data using spatial averaging, the trace 
can also be improved by increasing the Measurement Time.  Using a longer Measurement Time 
enhances the resolution of the distributed temperature sensing trace as more data is averaged 
before being displayed and saved by the Sentinel DTS system. It is known that the improvement in 
trace increases by the square root of the measurement time factor i.e. if the measurement time is 
doubled, the noise is improved by the square root of two. This is shown in Figure 66. 
 

 

Figure 66 - The Effect of Measurement Time on the Trace. 

NOTE: 
Only the effects of Spatial Averaging can be displayed by the Configuration Wizard in the graphical 
display. The effects of Measurement Time are shown in the Resolution window and are expressed 
as a multiple of the original value. 
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SETTING THE SPATIAL AVERAGING AND MEASUREMENT TIME 

The values set in the Configuration Wizard for spatial averaging and measurement time are saved 
in the configuration file and are used for all subsequent measurements. For this reason, it is vital 
that suitable values are chosen. 

Setting the Amount of Spatial Averaging 

To set the amount of spatial averaging applied to a trace, click on the Spatial Averaging (m) slider 
and move the slider to the left or the right until the desired value in metres is displayed. 
Alternatively, click in the Spatial Averaging (m) digital control and enter the value. The effect of 
spatial averaging on the trace is shown in the graphical display. It is recommended that the 
minimum value is used. 

Setting the Measurement Time 

To set the Measurement Time, click in the Measurement Time (s) digital control and enter the 
desired value in seconds. Alternatively, use the up or down buttons to adjust the value.  

NOTE: 
The minimum measurement time allowed is 10 seconds. There is no upper limit. 

To progress to the next stage of the Configuration Wizard, click the next button. 

CONFIGURATION WIZARD STAGE 11 – SETTING THE REPETITION TIME 

The eleventh stage of the Configuration Wizard is to set the repetition time. This allows the user to 
set the overall time between consecutive temperature sensing measurements by the Sentinel DTS. 

The eleventh stage of the Configuration Wizard is shown in Figure 67. 
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Figure 67 - The Eleventh Stage of the Configuration Wizard. 

CONTINUOUS OR REPETITIVE MEASUREMENT 

The eleventh stage of the Configuration Wizard allows the user to select two differing types of 
repetition time using the Sentinel DTS. The user can choose between continuous measurement or 
specify a number of repetitions. 

If continuous measurement is selected, the Sentinel DTS system will collect data indefinitely and 
save the collected data to the hard disk after every measurement cycle. When continuous 
measurement is selected, the user must manually stop the measurement process. This type of 
measurement is useful for continual monitoring of an installation. Alternatively, the user can specify 
the number of repetitions. After the given number of repetitions has been completed, the Sentinel 
DTS system will stop performing measurements. This type of measurement is useful for performing 
a quick analysis of an installation. 

REPETITION TIME 

The repetition time defines the overall time interval between consecutive temperature sensing 
measurements by the Sentinel DTS system. For example, if the repetition time is set to 30 seconds 
and the measurement time is set to 15 seconds, the Sentinel DTS system will perform a 
measurement for 15 seconds, save and display the data and then wait 15 seconds until the next 
measurement cycle. If the repetition time is significantly greater than the measurement time, e.g. 
repetition time of 3600s with measurement time of 600s, then the laser will be disabled during the 
idle period. 
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SETTING THE REPETITION TIME AND NUMBER OF REPETITIONS 

The values set in the Configuration Wizard for repetition time and number of repetitions are saved 
in the configuration file and are used for all subsequent measurements. For this reason, it is vital 
that suitable values are chosen. 

Setting the Repetition Time 

To set the repetition time, click in the Repetition Time (s) digital control and enter the required 
repetition time. Alternatively, use the up or down buttons to adjust the value. The minimum 
repetition time allowed is equal to the measurement time entered by the user. 

Once the repetition time has been entered, the measurement cycle for the Sentinel DTS is 
displayed in the Measurement Times window. This is shown in Figure 68. 

 

Figure 68 - The Measurement Times Window. 

As can be seen from Figure 70, the measurement cycle is divided into two stages. The yellow 
stage represents the time interval over which data is acquired while the black stage represents the 
waiting time until the next measurement cycle begins. As different repetition times are entered, the 
Measurement Times window is amended to reflect these changes. 

Setting the Number of Repetitions 

To set the Sentinel DTS system to perform continuous measurements, check the Continuous tick 
box. The Approximate Stop Date and Time digital indicator will display Continuous Measurement 
confirming that the Sentinel DTS system will perform indefinite measurement cycles until stopped 
by the user. 

Alternatively, the user can enter the desired number of repetitions by unchecking the Continuous 
tick box. The Number of Repetitions digital control will now become active. Click in the Number of 
Repetitions digital control and enter the desired number of repetitions. The number of repetitions 
can also be entered by using the up or down buttons to adjust the value. The Approximate Stop 
Date and Time digital indicator will display the approximate time and date when measurements will 
finish. 

To progress to the next stage of the Configuration Wizard, click the next button. 
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CONFIGURATION WIZARD STAGE 12 – WIZARD COMPLETION 

The final stage of the Configuration Wizard is to complete the wizard. This allows the user to save 
the calibration data to the configuration file and exit the Configuration Wizard or to exit without 
saving any data. 

The Twelfth stage of the Configuration Wizard is shown in Figure 69. 

 

Figure 69 - The Twelfth Stage of the Configuration Wizard. 

EXITING THE CONFIGURATION WIZARD 

To exit the Configuration Wizard and save the calibration data to the configuration file, click the 
next button. The Configuration file will be saved and the File Saved window will appear as shown 
in Figure 70. Alternatively, click the Cancel button to exit the Configuration Wizard without saving 
the calibration data to the configuration file. 
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Figure 70 - The File Saved Window. 

The File Saved window will confirm that the calibration data has been saved to the configuration 
file and list the configuration file name i.e. 20051116 001.cfg. 

Clicking the Next button will exit the Configuration Wizard and the Edit Configuration window will 
appear. 

THE EDIT CONFIGURATION WINDOW 

The Edit Configuration window allows the user to review and if required modify the calibration data 
contained in the configuration file recently created using the Configuration Wizard. 

The Edit Configuration window is displayed in Figure 71. 
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Figure 71 - The Edit Configuration Window. 

REVIEWING AND EDITING THE CONFIGURATION FILE 

The Installation and Channel Configuration data is displayed in the Edit Configuration window. 
Specific data can be viewed by clicking on the appropriately named Tab, for example Installation 
Details. 

Installation and Channel configuration data can be edited in exactly the same way as the 
Configuration Wizard by using the digital controls and sliders. 
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To save any changes made in the configuration file, click the save button. A new configuration file 
will be created with the version number incremented. For more information on the configuration file 
name structure, please refer to The Data File Structure section. 

NOTE: 
The Edit Configuration Window can be accessed through the Sentinel DTS Main Menu by 
selecting Edit Configuration and then selecting Go Straight to Editor from the pull down menu. 

EXITING THE EDIT CONFIGURATION WINDOW 

To exit the Edit Configuration window and start performing distributed temperature measurements 
using the Sentinel DTS system, click the OK button. 

NOTE: 
Clicking the OK button will cause the configuration data to be saved to file and the configuration file 
version number will be updated. For more information on the configuration file name structure, 
please refer to The Data File Structure section. 

To exit the Edit Configuration window without saving any changes, click the Cancel button. The 
message shown in Figure 72 will be displayed. 

 

Figure 72 - The Exit Configuration Editor Confirmation Message. 

Click the OK button to exit to the Choose Configuration Setup menu. New or existing configuration 
files can be created or edited from this menu as described in previous sections. 
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12. THE DATA FILE STRUCTURE 

The Sentinel DTS system can analyse an installation with great accuracy and sophistication. Once 
measurements have been taken, the information is stored in files on the hard drive for review at a 
later date. The following section explains the various file types utilised by the Sentinel DTS system. 

THE SENTINEL DTS FILE TYPES 

The various file types utilised by the Sentinel DTS system are shown in Table 1 complete with a 
brief explanation of their uses. 

File Type Name Purpose 

DTS system 
file.dts 

System file This file contains system specific data required by the 
Sentinel DTS. This file must remain in the Sentinel DTS 
System folder and must not be edited. 

****.cfg Configuration File This file defines the measurement parameters for a 
specific installation. A new Configuration File is created 
whenever the Configuration Wizard is run, and whenever 
the contents of the existing Configuration File are 
revised. 

*****.tcd PT 100 
Measurements 

This file contains the temperature data as recorded by 
the PT-100 thermometers connected to the Sentinel DTS 
system, and the internal PT-100 thermometer. 

*****.tdf Points data file This file contains the temperature data associated with 
the Chart Recorder points. 

*****.ddf Full Data Set type 
data file 

This file contains the complete distributed temperature 
sensing data for an installation. The contents of the data 
file include the raw Stokes and Anti-Stokes data, the 
optical fibre length information and the temperature at 
each point along the optical fibre. 

*****.dtd Temperature 
Only type data 
file 

This file contains distributed temperature sensing data in 
a content format optimised for high-speed transmission 
across a data network. This file is the best data file type 
to use with applications (e.g. scientific data analysis 
programs) that require the Sentinel DTS data. 

****.log Log files These files contain information concerning the data sets 
recorded by the Sentinel DTS that can be used by 
Sensornet Ltd for validation and servicing applications. 

Error.txt Error Log This file contains a list of all errors reported by the 
Sentinel DTS. 

Table 1 - The Sentinel DTS File Types 
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THE DATA FILE FOLDER STRUCTURE 

During operation, the Sentinel DTS system stores the various files within the Sensornet DTS 
folder. As supplied, the directory route is C: \ Sensornet DTS. The expanded directory route is 
shown in Figure 73. 

 

Figure 73 - The Expanded Directory Route in Windows Explorer. 

THE DATA FOLDER 

The distributed temperature sensing data generated while running the Sentinel DTS system is 
written to both the Full Data Set and Temperature Only folders. For every installation or 
measurement project performed using the Sentinel DTS system, a unique data folder is created by 
the Configuration Wizard and is saved in both the Full Data Set and Temperature Only folders. 
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The Data Folder Hierarchy 

To explain the hierarchy of the data folders, the following example is used. 

Consider the case where the distributed temperature sensing measurements are taken for three 
installations, which are:  

• Hot Pipe # 1 with measurements taken between August to September 2005. 

• Warm Pipe # 2 with measurements taken between October to November 2005. 

• Cold Pipe # 3 with measurements taken between December 2005 to January 2006. 

For each installation, for instance ‘Cold Pipe # 3’, data is stored in a specific set of folders which 
are named after the current year and month. The example shown in Figure 74 shows the data files 
for Cold Pipe # 3 taken on the 31st January 2006. 

 

Figure 74 - Data Files and Folder Hierarchy for Cold Pipe # 3. 
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As can be seen from Figure 74, the distributed temperature sensing data files are saved in the 
folder: 

C:\Sensornet DTS\data\full data set\Cold Pipe# 3\Cold Pipe# 3\2006\jan 

With the distributed temperature sensing file saved as: 

Cold Pipe # 3 20060131 001 00001.ddf 

The configuration files generated while taking measurements are stored in: 

C:\Sensornet DTS\data\full data set\Cold Pipe 3\Cold Pipe 3\2006\*.cfg 

The Full Data Set Files 

The Full Data Set files contain the complete data set generated by the Sentinel DTS system after 
every repetition of the measurement cycle. These files typically contain the raw stokes and anti-
stokes data, the fibre length information and the temperature along the length of the optical fibre. 
The Full Data Set files have a file extension of .ddf. 

The Full Data Set data files have a rigid filename structure. This helps the user to easily identify a 
specific file that relates to an installation and measurement date. 

The filename is typically of the format shown below and is divided into four separate components. 
Table 2 lists the component name and a brief description of its function. 

Cold Pipe # 3 20060131 001 00001 

Component Component 
Name 

Description 

Cold Pipe # 3 Installation Name The name of the installation or measurement such as 
“Cold Pipe #3”. 

20060131 Time Stamp Info The date when the file was created, using the format 
year-month-day. 

001 Configuration File 
version number 

Denotes the number of the Configuration File used by the 
Sentinel DTS to create the data file. 

00001 File Count Index This counter keeps a tally of how many file types have 
been created in that particular folder. 

Table 2 - The Full Data Set File Structure 

The Temperature Only Data Files 

The Temperature Only Data files contain only the temperature data generated by the Sentinel DTS 
system. The Temperature Only Data files have a file extension of .dtd. 

The Temperature Only data files have a rigid filename structure. This helps the user to easily 
identify a specific file that relates to an installation and measurement date. 
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The filename is typically of the format shown below and is divided into four separate components. 
Table 3 lists the component name and a brief description of its function. 

Cold Pipe # 3 20060131 00001 

Component Component 
Name 

Description 

Cold Pipe # 3 Installation Name The name of the installation or measurement such as 
“Cold Pipe #3”. 

20060131 Time Stamp Info The date when the file was created, using the format 
year-month-day. 

00001 Configuration File 
version number 

Denotes the number of the Configuration File used by the 
Sentinel DTS to create the data file. 

Table 3 - The Temperature Only Data Set. 

IMPORTING DATA FILES INTO SPREADSHEETS 

The data files generated by the Sentinel DTS system can be imported into spreadsheet programs, 
for example Microsoft Excel for easy analysis. 

To import the data files into a spreadsheet, load the file via the ‘all file types’ extension. The Files 
will appear as shown in Figure 75. 
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Figure 75 - Importing the .ddf Data File. 
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It is worth noting that aside from the distributed temperature sensing data, the header section 
contains information such as the date and time of measurement, various measurement 
parameters, a data status field and some calibration constants used by the Sentinel DTS. These 
constants are used in the optical performance calculations performed by the Sentinel DTS and 
may be required by Sensornet Ltd in case of a calibration error. The data status field will consist of 
one of the flags shown in table 4. 

Flag Description 

Ok Measurement completed normally. 

Stopped Measurement terminated prematurely by user. Data may 
not be to the desired resolution. 

Error An error occurred during measurement. Data may not be 
valid. 

Invalid Only applicable when a Multiplexer Expansion Unit is 
connected. Please refer to the Multiplexer Manual. 

Table 4 – Data Field Status Flag Descriptions. 

The **.dtd files stored under the temperature only directory contain a simplified header structure 
and only the temperature data in a single column with the first two numeric values being the start 
distance and the distance step size respectively. The values following are the temperature data 
recorded at each incremental distance step. 

For Sentinel DTS software Versions 3.2 and up, an additional directory “C:\Sensornet DTS\Latest\” 
is created and stores only the results of the last complete measurement. The filenames are fixed 
and the file contents overwritten at the end of each measurement. 

Given the potentially large quantity of data that the Sentinel DTS records, the *.ddf files (full data 
set) can be up to ~800kb in size while the *.dtd files (temperature only) can be up to ~200kb.” 

FILE HANDLING AND MAINTENANCE 

When transferring or handling files, there are a few points worthy of consideration. 

Software Conflicts 

Whilst it is possible (if logged on as Administrator) to install additional software applications onto 
the Sentinel DTS system, it is strongly recommended that users do not run any other applications 
in parallel with the Sensornet DTS software. In such circumstances, it is possible that: 

• Sentinel DTS system execution slows down and temperature resolution is lost. 

• Temperature sensing data will be corrupted or lost. 

Please contact Sensornet Ltd before attempting to add additional software applications onto the 
Sentinel DTS system. 
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Viewing and Copying Data 

Temperature sensing data files should not be opened from the hard drive of the Sentinel DTS 
system whilst the Sensornet DTS software is running. If it is required to analyse or access the data 
files whilst temperature sensing is in operation, then it is recommended to make a backup copy of 
the data files (preferably whilst the Sentinel DTS is not busy recording temperature sensing data) 
and analyse these separately.  

If there is a need to transfer lots of files, then it is recommended to: 

• Stop execution of the Sentinel DTS. 

• Copy the data files to CD (using the on-board CD writing software), USB flash memory or to 
a remote computer using the network connection. 

• Restart the Sentinel DTS. 

Hidden Files and Non-Deletable Folders 

The following files are essential to the operation of the Sentinel DTS system and accordingly they 
should not be deleted or edited by the user, nor should the file path routes be altered:  

• C:\ Sensornet DTS\ DTS system files\ DTS System files.dts. 

• C:\ Sensornet DTS\...\**.cfg. 

Cleaning Up the Hard Drive 

Occasionally, it is desirable to remove unwanted data files from the hard drive of the Sentinel DTS 
system.  In such a situation, it is better to delete entire folders rather than individual data files, as 
this is less likely to leave ambiguous or corrupted data on the system. 

The following folders must stay on the hard drive, although all of the contents can be cleared: 

• C:\ Sensornet DTS\ Data\ Full Data Set. 

• C:\ Sensornet DTS\ Data\ Temperature Only. 

The Sentinel DTS currently stores all data files indefinitely and so the disk drive will eventually fill 
up. Periodic clearing of the data directory is recommended to ensure the disk drive does not 
exceed about 95% of capacity. 

USER ACCESS LEVELS AND REMOTE ACCESS 

On start-up, the Sentinel DTS will automatically log onto the operating system (OS – currently 
Microsoft Windows 2000 Professional ™) with restricted “user” access privileges as defined by the 
OS. The Sentinel DTS software will then automatically run and begin to log temperature data using 
the last configuration file. 
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NOTE: 
Although the default dts account has “user” privileges under the OS, this user still has full control 
over the Sentinel DTS software. i.e. the user can start & stop measurements; change the 
configuration file and copy and delete data files. 

Table 5 lists the allowed users, privileges and default passwords available on the Sentinel DTS. 
 
User Access Level Default Password Comment 

DTS User 1234 Default auto log on account. 

Sensornet Administrator **** Reserved for Sensornet Engineer. 

Administrator Administrator Sens01ornet Use with caution. 

Remote user User <DTS_SERIAL_NUMBER> Remote access over Ethernet. 

Table 5 User Access Levels, Privileges and Passwords. 

NOTE: 
With the exception of the administrator account, Sensornet Ltd recommends that the users and 
passwords are not modified from the default values. Access using the Administrator account 
should be limited to date/time and other house keeping activities. 

Remote Access 

The Sentinel DTS has a standard RJ45 10/100 Base-TX Ethernet connection on the rear panel. 
The Sentinel DTS is configured with a network name being the serial number of the instrument. 
Using this name, or the IP address (which is usually assigned automatically when network 
connection is established) users may access the shared “Sensornet DTS” folder to access data 
and system files as necessary. Simply supply the username ‘dts’ and password ‘1234’ to login. 

The Sentinel DTS may also be accessed remotely using either a web browser (with java applets 
enabled) or the VNC program, freely available from ‘http://www.tightvnc.com/’. Using a web 
browser is straight forward; if the accessing computer is on the same local network as the Sentinel 
DTS, type the following into the browser address bar: 

http://<DTS_SERIAL_NUMBER>:5800 

The user is then prompted for a password which by default is the serial number of the instrument. 
Note that the Sentinel DTS screen resolution is 1024x768 and it is recommended the remote 
computer has at least this screen resolution. To access the Sentinel DTS from a location not on the 
same LAN (Local Area Network), port forwarding or similar needs to be enabled for the two ports 
5800 and 5900 on the LAN router (please consult your network administrator for this). Please 
contact Sensornet Ltd for any further assistance or information. 

NOTE: 
The remote user also has full control of the Sentinel DTS software i.e. the user can start and stop 
measurements; change the configuration file and copy and delete data files. 
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NOTE: 
If remote access only is required, the Sentinel DTS may be powered up with no monitor or 
keyboard attached and operated solely via the Ethernet connection. If this is being done with a PC 
directly connected to the Sentinel DTS, a cross-over network cable will be required. 

13. CARE AND MAINTENANCE 

The Sentinel-DTS system is designed to give a complete low cost of ownership monitoring solution 
over many years. There are several points to note to ensure trouble free operation of the Sentinel 
DTS: 

• Ensure the instrument is positioned in a well ventilated area, with free air flow around the 
unit. Do not obstruct the air intakes or vents. 

• Ensure that the operating environment of the Sentinel DTS is within specification. 

• Ensure all optical connectors are clean before mating and are pushed firmly home. 

• Be aware that although large optical reflections (visible as large spikes on the raw data 
screen) are unlikely to damage the Sentinel DTS, they can significantly reduce performance 
and accuracy. 

• Periodic examination of the fibre loss and comparison to a baseline taken after first 
installation will help any aging of the optical fibre to be detected. 

• If data is being collected frequently, examination of the hard disk will be needed periodically 
to ensure sufficient free space. The disc drive should be cleared when at approximately 95% 
capacity. 

• Depending on the operating environment, the intake filters should be replaced at least 
annually. 

• Sensornet recommends an annual service by a qualified Sensornet Engineer. Please contact 
Sensornet Ltd or further information. 
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14. SPECIFICATIONS 

PERFORMANCE SPECIFICATIONS 

Performance measured with the Sentinel DTS at 25°C ambient temperature unless otherwise 
specified. 

Parameter Unit Model Comments 

 LT SR MR LR XR  

Fibre type 50/125 µm graded index multimode Note 1 

Measurement time s >10 No upper limit 

Temperature accuracy °C +/-2 +/-1 +/-1 Note 2, 5 

Max optical loss dB 5.1 4.8 7.5 9.3 7.5 Note 3 

Range km 4 5 8 10 30  

Temperature resolution °C <0.1 <0.1 <0.25 <0.4 <1 Notes 4, 5 

Temperature range °C -20 to 600 typ Dependent on the 
sensing cable used 

Sampling period M 1 0.5 1  

Spatial Resolution M 2 1.4 2 Note 6 
 

NOTES: 
1. 62.5µm fibre may be used with reduced performance. A 9/125µm single-mode XR model 
available as special option. Contact Sensornet for details. 

2. Temperature accuracy can be improved dependent upon calibration at installation. 

3. Optical loss based on OTDR measurement from the DTS internal reference oven. Includes 
0.3dB for optical connector loss. (One way losses quoted). 

4. The standard deviation at one measurement point in the fibre at stated loss. Averaging period = 
10 minutes. Finer temperature resolution achievable at shorter range or longer averaging periods. 

5. Specifications for Models LT & XR are preliminary. 

6. 10-90% level of a temperature step of 10°C. Finer spatial resolution available as option. 
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OPERATING & PHYSICAL SPECIFICATIONS 

Optical 

Model  Unit 

LT SR/MR/LR XR 

Comments 

Wavelength Nm 975 1064 1550  

Average 
output power 

mW <1 <1 <1 Note 1 

Frequency kHz <10 <7 <5  

Pulse energy µJ <0.5 <0.5 <0.5  

Optical ports  1   2, 4, 8 or 16 with optional 
Multiplexer unit 

 
Communications / Output 

  Comments 

Video 15-pin D-sub VGA port (1024 x 768 resolution)  

Keyboard / Mouse Combined PS/2 or USB supported  

Network 10/100 Base TX (RJ45)  

Modem 56kb v.92 Option 

Serial RS232/485 Reserved 

USB 2 x USB2.0 ports  

Mass storage 130GB HDD or CD-Writer Drive  

Alarms Alarms and volt-free relay contacts available as option  
 

Environmental 

 Unit Min Max Comments 

Ambient 
Temperature 

°C +5 +40 
+35 

Note 2 
Model LT 

Storage °C -15 +65 Note 3 
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Electrical (All models) 

 Unit Min Max Comments 

Supply voltage V AC 100 240 50/60 Hz 
24 or 48V DC supply option 
available 

Power consumption VA  130 Excludes monitor 
 
 

Dimensions 

 Unit Width Depth Height Comments 

Size mm 435 480 180 Suitable for 19” rack 

Weight kg 21  
 

NOTES: 
1. All models are Class 1M Laser products. 

2. 95% RH max up to 25°C, decreasing linearly to 42% RH max at 40°C. Non-condensing 
atmosphere over all temperature ranges. 

3. When moved between places of differing temperature, the Sentinel DTS should be allowed to 
reach ambient temperature before power-on is attempted.
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