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It is VITAL that all personnel responsible 
for the use of the Portable Inclinometer 

READ and UNDERSTAND 
this manual, prior to working with the equipment 

1.1 General Description 
  
The Geosense

®
 Portable Inclinometer equipment is an environmentally sealed assembly 

that is used to accurately and reliably register changes of inclination within specialist 
inclinometer casing.  The assembly comprises a probe connected to a graduated cable 
that is held on a cable reel.  The reel is Bluetooth enabled for wireless connection to an 
Android Smart Device.   
 
Inclinometer Casing can be installed or included in many types of structures and 
monitoring regimes.  It can be within vertical, inclined or horizontal installations. 
 
This manual is focused on the Inclined Inclinometer System 
 
Common applications include the following :- 
 
  Embankment stability monitoring 
  Stability of retaining walls 
  Dam monitoring  
       
Particular features of Geosense

®
 Portable Inclined Inclinometer Systems are:- 

 
Reliable long term performance 
Ruggedness; suitable for demanding environments 
Bluetooth, cable free interconnection 
High accuracy 
Digital output and full EMI shielding  
Designed with the user I mind 

 
The Geosense

®
 Inclinometer sensors are based upon Micro Electro Mechanical Systems 

technology (MEMS).  The MEMS accelerometer sensors in the Inclinometer Probe are 
configured to measure changes in rotation (tilt or inclination). The probe contains two 
sensors mounted orthogonally to measure inclination in the ‘A’ axis direction (in tine with 
the wheels) and rotation in the perpendicular, ‘B’ axis, direction  ).  Electronic circuitry 
within the probe interrogates its sensor and the corresponding output is converted from an 
Analogue to a Digital signal, making it particularly suitable for the demanding environments 
of geotechnical and civil engineering applications.  
Geosense

®
 Inclinometer probes carry ‘onboard’ calibration data so that probe / cable / 

reel / readout combinations are all interchangeable.  Each element also has a unique serial 
 
 

1.0 INTRODUCTION 
 
This manual is intended for all users of the Portable Inclinometer Systems manufactured 
by Geosense

®
 and provides information on their operating principles, conventions, 

operation and maintenance. 
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number. 
 
Portable inclinometer systems are commonly used where monitoring is to be in-frequent or 
automated monitoring is too expensive. These systems are used to determine the change 
in inclination of the inclinometer casing at intervals along it length (commonly 0.5m or 2ft).  
This information is processed to generate a profile of the inclinometer casing, with respect 
to vertical and subsequent profiles being compared with each other to detect changes. 
 
 
1.2 Theory of Operation 
  
Special tubes, commonly referred to as Casing or Access Tubes, are installed into or fixed 
onto the structure or formation to be monitored. (see Geosense

®
 Inclinometer Casing 

Installation Manual). 
 
Inclinometer casing is a specially machined ABS tube that has 4 equally spaced, parallel 
‘keyways’ in its inner surface and a reference ‘rib’ on its outer surface.  The inclinometer 
casing is designed to move with the structure into which, or onto which it is fixed, if the 
structure changes.   
 
 
Casing for the Inclined Inclinometer MUST be installed so that one pair of keyways 

is VERTICAL 
 

 
 
The Portable Inclinometer System is used to detect and quantify 
any changes in the ‘shape’ of the installed casing.  For inclined 

 
 

 

B+ B- 

A+ 

A- 
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casing, changes in the vertical direction can be detected.  The 
inclinometer probe, connected to its cable, is inserted into the inclinometer casing with its 
wheels located in the A+ / A- keyways.   
 
The Geosense

®
 Digital Inclined Inclinometer Probe houses a pair of extremely sensitive 

Micro Electro-Mechanical System (MEMS) Tilt Sensors.  In the Inclined probe, these 
devices are mounted with their ’Null’ or ’Zero’ output at 35

o 
from horizontal but detect 

changes in the angle of the probe with respect to vertical. The two sensors are mounted 
orthogonally so that they can measure the orientation of the probe along its length and also 
the ’Roll’ of the probe about its axis, simultaneously.  The former is the primary 
measurement and referred to as the ‘A’ axis.  The other axis is included for installation 
integrity purposes only and does not form part of the data calculations.  It is referred to as 
the ‘B’ axis (see sketch). 
 
The probe is attached to a highly robust and flexible support / signal cable that is, in turn, 
connected to a portable cable reel.  The cable reel includes a Bluetooth communication 
module and a re-chargeable battery power supply.  The cable is fitted with ‘crimped’ cable 
markers that securely identify 0.5 metre (or 2ft) intervals along its length.  
 
The Cable Reel Bluetooth module is used to connect to an Android Smart Device (ASD) 
or Ruggedized Android Mobile Phone to the probe.  The specially dedicated Inclined 
Inclinometer software on the ASD first connects to the reel modules and then to the probe 
at the end of the cable.  Once connected the ASD displays the inclination of the probe in 
mm. 
 
The displayed values 
represent the value of ‘L Sin 
θ’ (see sketch below) in the 
‘A’ direction and Degrees of 
‘Roll’ in the ‘B’ direction. 
 
In order to generate a profile 
of an installed inclinometer 
casing, a series of 
interconnected readings are 
recorded.  The probe is 
orientated so that the fixed 
wheel is facing downwards 
and inserted into the casing 
with the sprung upper 
wheels in the corresponding 
upper groove. It is lowered 
to the base of the casing and 
suspended on one of the 
metallic cable markings. 
 
At the base of the casing, 
with the probe suspended 
(not resting on the bottom), a 
reading is recorded. The 
probe is then lifted up by the 
distance equivalent to its 
‘gauge length’ (see sketch) 
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and another reading is taken.  This process is repeated up the full length of the casing.   
 
So as to minimise the issue of ‘Human Error’, Geosense

®
  has introduced the option of 

‘Automatic Inclinometer Data Acquisition’ into its proprietary software.  This utilises the 
stability and accuracy of the sensors together with the intelligence of the ASD to allow the 
software to determine when the readings are considered stable, record them, instruct the 
user to move to the next reading elevation and sense when this has been carried out. 
 
Essentially, the user has only to respond to a series of audible prompts, thereby almost 
removing the risk of errors caused by distraction, haste or miss-recording. 
 
The uppermost wheel, denoted by the ‘A+’ on the probe, is the direction uppermost wheel.   
 
A ‘+’ change in the computed Displacement indicates a change in the inclination in the ‘+’ 
direction. 
 
In almost all cases, inclinometer surveys are conducted to record a profile from the base of 
the inclinometer tube towards the top, even if the movements are to be computed 
differently (from the ‘Top Down’).  Commonly, monitoring assumes the base of the tube is 
‘beyond the zone of expected movements’, so movement data is computed accordingly.  
There are some circumstances where this assumption does not apply so movements are 
computed from the top downwards where the movement of the top of the tube can be 
determined by other measuring systems.  Inclinometer surveys are almost NEVER 
conducted from the top towards the base. 
 
Three surveys are normally conducted to establish the Base Data File (Initial Data).  The 
values are either averaged to generate the Base Data or a ‘Mean Data Set’ is selected to 
represent the Base Data. 

 

1.3 The measurement of inclination 
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2.0 CONFORMITY 
 
Geosense Ltd 
Nova House 
Rougham Industrial Estate 
Rougham, Bury St Edmunds 
IP30 9ND 
Email: info@geosense.co.uk 
Web: www.geosense.co.uk. 

Declaration of Conformity 
 
 
 
 
 

 
We Geosense

®
 Ltd at above address declare under our sole responsibility that the Geosense

®
 products 

detailed below to which this declaration relates complies with protection requirements of the following 

harmonized EU Directives:- 

 
 

• Low Voltage Directive 2014/35 

• Electromagnetic Compatibility Directive 2014/30/EU 

• Radio Equipment Directive 2014/53/EU 

• Restriction on the use of certain Hazardous Substances (RoHS2) 2017/2102/EU 
 

Equipment description       MEMS Digital Portable Inclined Inclinometer 

Make/Brand                    Geosense  

Model Numbers    DPI I 
 
Compliance has been assessed with reference to the following harmonised standard: 
 
EN 61326-1:2013 Electrical equipment for measurement, control and laboratory use.  
EMC requirements. General requirements. 
 
EN 61010 (2010) Safety requirements for electrical equipment for measurement, control, and laboratory 
use. General requirements. 
 
A technical file for this equipment is retained at the above address. 
 
Martin Clegg 
Director 

 
 
 
 
 
 

15th September 2021 
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2.0 CONFORMITY 
 
Geosense Ltd 
Nova House 
Rougham Industrial Estate 
Rougham, Bury St Edmunds 
IP30 9ND 
Email: info@geosense.co.uk 
Web: www.geosense.co.uk. 

Declaration of Conformity 
 
 
 
 
 

 
We Geosense

®
 Ltd at above address declare under our sole responsibility that the Geosense

®
 products 

detailed below to which this declaration relates complies with protection requirements of the following 

harmonized EU Directives:- 

 
 
We Geosense Ltd at above address declare that the equipment detailed below is in conformity with the 
following UK Regulations and their corresponding Statutory Instruments:- 

 
• Electrical Equipment (Safety) Regulations 2016 

• Electromagnetic Compatibility Regulations 2016 

• Radio Equipment Regulations 2017 

• Restriction on the use of certain Hazardous Substances in Electrical & Electronic Equipment 
Regulations 2012 

 

Equipment description       MEMS Digital Portable Inclined Inclinometer 

Make/Brand                    Geosense  

Model Numbers    DPI-I 
 
Compliance has been assessed with reference to the following harmonised standard: 
 
EN 61326-1:2013 Electrical equipment for measurement, control and laboratory use.  
EMC requirements. General requirements. 
 
EN 61010 (2010) Safety requirements for electrical equipment for measurement, control, and laboratory 
use. General requirements. 
 
A technical file for this equipment is retained at the above address. 

 
 
 
 
 
 

 
Martin Clegg 
Director 
 
15th September 2021 
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3.0 MARKINGS 

All Geosense
®
 Digital MEMS Inclinometer systems are labelled with the following 

information and each component carries a unique identification serial number that is 
included on the labels.   
 
Manufacturers telephone number & website address 
 
• Product group:   MEMS Inclinometer system 
 
• Product type:   MEMS Inclinometer system 
 
• Model:    Inclined 
 
• Range:    +/- 30º from a Zero at 35º to the Horizontal 
 
• Orientation:   Inclined - Biaxial 
 
• Serial numbers:  Probe: DPI I XXXX   / Cable Reel: DRI XXXX   
 
• CE mark 
 
• FCC mark 
 
• WEEE mark 
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4.0 DELIVERY 
 
This section should be read by all users of equipment manufactured by Geosense

®
 . 

 
4.1  Packaging 
  
Geosense

®
 Inclinometers are packed for transportation to site. Packaging is suitably 

robust to allow normal handling by transportation companies.  Inappropriate handling 
techniques may cause damage to the packaging and the enclosed equipment.  The 
packaging should be carefully inspected upon delivery and any damage MUST be reported 
to both the transportation company and Geosense

®
. 

4.2  Handling 
  
Whilst they are a robust devices, Geosense

®
 Inclinometer systems are precision 

measuring instruments.  They, and their associated equipment, should always be handled 
with care during transportation, storage and installation. 
 
Once the shipment has been inspected (see below), it is recommended that equipment 
remains in its original packaging for storage or onward transportation. 

4.3  Inspection / functionality check readings 
 
It is important to check all the equipment in the shipment as soon as possible after taking 
delivery and well before installation is to be carried out.  Check that all the components 
detailed on the documents are included in the shipment.  Check that the equipment has 
not been physically damaged. 
 
Geosense

®
 Inclinometer probes are supplied with individual calibration sheets that include 

their serial numbers and these are shipped with the equipment. 
 
Wherever possible, it is suggested that the Inclinometer systems should be functionally 
checked soon after arrival to ensure they have not been damaged during transportation.  
This is a basic ‘out of the box’ functional check. To carry out the check, follow the initial 
steps detailed in Section 5 of this manual. 
 
4.4  Storage 
 
All equipment should be stored in an environment that is protected from direct sunlight.  It 
is recommended that equipment be stored in a dry environment with caps in place. 
 
Batteries should be charged regularly, even when the equipment is not in use, so as to 
maintain their capacity and life expectancy.  If the probe is to be stored for long periods, a 
light coat of light lubricant on the moving parts is advisable. 
 
Whilst in storage, it is vital that storage areas should be free from rodents as they have 
been known to damage cables and cases. 
 
No other special requirements are needed for medium or long-term storage although 
temperature limits should be considered when storing any such as readout equipment. 
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5.0 OPERATION 
 
This section of the manual is intended for all users of portable Geosense

®
 inclinometer 

equipment and is intended to provide guidance with respect to its use. 
 
It must be remembered that no two installations will be the same and it is inevitable that 
some ‘fine tuning’ of the following procedures will be required to suit specific site 
conditions. 

5.1 System components  

Illustrated below are the components of the Geosense
®
  Inclinometer Readout System 

 

A  INCLINOMETER PROBE 
B ASD CHARGER and CABLE  
C CABLE REEL with CHARGER  and CARRYING CASE 
D ANDROID SMART DEVICE (ASD) with CHARGER and STYLUS 
E CABLE SUPPORTS  
 

A 

E 

C 

D B 
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A  INCLINED INCLINOMETER PROBE  
 The special probe in which the sensors and electronics are housed.  2 pairs of wheels 

provide stability and maintain alignment, 1 fixed pair and 1 sprung pair.  Waterproof 
connector for attaching the cable. 

 
B CABLE  
 A rugged and flexible cable for electrical connection to the probe.  Fitted with secure 

cable markers at 0.5 meter (or 2 ft) centres to accurately positioning the probe inside 
the inclinometer casing at defined and repeatably locations. 

 
C CABLE REEL with CHARGER 
 A convenient carrying facility for the graduated cable.  Included in the reel body is the 

main inclinometer probe power supply and the Bluetooth communication module.  
The battery is charged by connecting the supplied charger to the charging socket on 
the face of the reel.  Clips are fitted to the reel for convenient probe transportation.   

 
D ASD with CHARGER and STYLUS 
 A ruggedized, GSM enabled, Android device for reading, recording, displaying and 

transmitting the data from the inclinometer probe. Its internal battery is charged using 
the supplied micro USB charger / power supply. 

 
E CABLE SUPPORTS  
 For fitting into the top of all Geosense

®
  Inclinometer casing (and the casing from 

most other manufactures), these are used to position the probe at a repeatable 
location within the casing.    

 
F CAPS  
 Protection for the electrical connections and the whole monitoring package. 
 
G CARRYING CASES  
 Anodised aluminium hard case for the inclinometer probe, readout and accessories.  
 Hard wearing fabric case with shoulder strap for the cable reel and its charger. 
 
H SOFTWARE 
 Data presentation software for handling and the presentation of recorded values.  
 Provides easily  interpreted graphical presentation of the field readings, together with 
 data management tools. 
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5.2 - Battery Charging 
 
Whilst the Reel and ASD have long battery lives, fully charging the equipment prior to 
visiting site is strongly recommended. 
 
As with most hand held equipment, the ASD can be easily charged using most USB 
chargers and power banks.  However, the reel requires a mains 100 - 250 VAC supply. 

 
 
 Remove the ASD, USB cable and charger from 

the hard case.  Connect to the Micro USB 
connector to the ASD and the Standard USB 
plug to the charger.   
 
The charger is supplied with various mains plug 
adaptors.  Select and fit the adaptor appropriate 
to the available mains electrical sockets. 
 
Connect the charger to a mains electrical 
supply, switch it on and allow the ASD to 
charge fully.  
 
Remove the cable reel from its soft case and 
also remove the reel charger from the pocket in 
the front case flap.   
 
 
 
 
 
 
Remove the cap from the reel connector and fit 
the charger lead to the reel.   
 
 
Connect the charger to a mains electrical 
supply, switch it on and allow the readout to 
charge fully. (Indicated by a solid green light) 
 
 
 
 
The charge status of the reel is indicated on the 
rear of the charger.  Yellow and Green, blinking 
and solid LED’s indicate the charge status. 
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5.3 - Installing the Inclined Inclinometer Application on the ASD 
 
It is necessary to install the Geosense

®
 software Inclinometer Application onto the ASD 

from the Google
®
 Play Store. This will ensure the latest version is downloaded. 

 
For this it will be necessary to establish and ‘Identity’ with Google

®
 and establish a 

connection to the internet.   
 

Start the ASD and tap on the Google
®
 Play 

Store.  This will be on the Home Screen. 
 
At this point, it will be necessary to either sign 
in to a Google account or create an account. 
 
Once logged in, search ‘Google Play’ for the 
Geosense Inclinometer Application named 
‘IncloPRO’. 
 
Tap on the icon to open the App details. 
 
Tap “Install”. 
 
Tap “Accept & download” after reviewing the list 
of permissions. 
 
The IncloPRO icon will normally appear on the 
ASD home screen.  If the icon does not appear, 
locate the icon in one of the App folders. (it can 
then be moved to the Home screen for 
convenience). 
 
 
 
 
 
 
App permissions must now be set in order for 
the Android smart device (ASD) to connect to 
the reel. This can be accessed through the 
phone settings: 
 

Settings → Apps & Notifications → App Info 

→ Select ‘IncloPRO’ App → Permissions →  

Allow Both Location and Storage Permissions 
 
 
The App is now ready to connect to a reel. 
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STEP 1 - Remove the probe from the hard 
case and remove the Black cable connector 
cover. 
 
 
 
 
 
 
 
 
 
 
 
STEP 2 - Remove the cable reel from its case 
and remove the cable connector cover. 
 
 
 
 
 
 
 
 
 
 
 
STEP 3 - Taking note of the machined mating 
‘D’ alignment in the plug and socket and the 
alignment markers, carefully connect the cable 
to the probe.  Place the probe in a position 
where it can’t fall or be damaged. 
 
 
 
 
 
 
 
STEP 4 - Remove the Android ASD from the 
hard case and turn it on. (For detailed ASD 
specific instructions see Section 5.5 later in 
this manual). 
 
 

 

5.4 System Assembly and Operation (Quick Guide) 

Most of the components of the Inclinometer Readout System are contained within the hard 
carry case.  Only the cable, reel and its charger are housed within the soft case. 
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STEP 5 - Press the ON/OFF button on the 
side of the reel, holding until it its light switches 
on.  This shows that the power is on with a 
GREEN light indicating an adequate battery 
level and a RED light indicating insufficient 
battery (the reel would need to be charged 
before monitoring is carried out). 
 
 
STEP 6 - On the ASD, check that the 
‘Bluetooth’ symbol is showing in the top bar.  
(By default it is set to turn on but if it is not, go 
to the ASD settings and turn it on). 
 
 
STEP 7 - Open the Geosense

®
  Inclinometer 

Application ‘IncloPro’.  For detailed ‘App’ 
operating instructions, see Section 5.5 
 
STEP 8 - Tap the ‘Connections’ icon on 
the lower menu bar to open the Connections 
page. 
 
A list of ‘Paired Reels’ will be presented.  
Check that the serial number of the reel to be 
used is included in the list.  If not, tap the 
‘SEARCH FOR NEW REEL’ bar. 
 
A list of all local Bluetooth devices will be 
presented on the screen.  Scroll through the 
list to locate the serial number of the Reel 
being used and tap on it to activate the pairing 
operation. 
 
When using the App for the first time, it will be 
necessary to search for the reel to carry out 
this pairing operation.  Once paired, the ASD 
memorises the configuration. 
 
STEP 9 - Tap the                   icon to check the 
Bluetooth connection.  When connected, the 
connection is confirmed by displaying the Reel 
battery condition and the Reel temperature. 
 
 
The connection then goes on to connect to the 
probe and displays live probe readings on the 
screen, above the PROBE INFORMATION 
bar. 
STEP 10 - Tap the ‘Connect’       logo to break 
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the Bluetooth connection.  It should return to 
an ‘all white’ colour. 
 
STEP11 - Remove the cover from the 
inclinometer access tube, if there is one.  (A 
secure cover is strongly recommended) 
 
STEP 12 - Identify the ‘Primary’ axis key-ways 
in the tube, sometimes referred to as the ‘A’ or 
‘A+/A-’ axis.  For inclined applications this 
MUST be the vertical axis.   Only this pair of 
key-ways need to be used. 
 
 
 
 
 
STEP 13 - Release the brake screw on the 
side of the Cable Reel. 
 
 
 
 
 
 
STEP 14 - Insert the probe into the tube with 
the ‘fixed wheels’ in the bottom keyway and 
the ‘sprung’ wheels’ in the upper keyway.  Use 
one finger push the upper sprung wheel so as 
to close it in towards the probe to insert it into 
the access tube, taking care that all the wheels 
are located in the keyways. 
 
 
 
 
STEP 15 - Repeat this for the upper wheel set. 
 
 
 
STEP 16 - Carefully lower the probe into the 
access tube until it reaches the base of the 
tube, or the required depth. 
 
 
 

 
 

 

 

NEVER ALLOW THE 
PROBE TO FREEFALL 

DOWN THE TUBE 
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STEP 17 - Select the appropriate ‘Cable 
Support’ from the hard case and push it into the 
access tube as shown.  Ensure that it fits firmly 
and is pushed down to sit on one of the 
machined ‘shoulders’. 
 
 
 
 
 
STEP 18 - Lift the cable up until a  marker can 
be positioned in the support, thereby 
maintaining the probe in suspension in the base 
of tube.  (The lowest reading must be 
recorded with the probe suspended, NOT 
resting on the bottom of the tube). 
 
STEP 19 - Determine the depth of this first 
reading from the marks on the cable. (Individual 
markers are 0.5m (or 2ft) apart with numeric 
indications at 5.0m (or 16ft) intervals). 
 
STEP 20 - Tap the icon to Disconnect the 
Bluetooth connection. 
 
STEP 21 - Tap the Boreholes icon     at the 
base of the screen. 
 
STEP 22 - Select the Site and Borehole from 
the lists.  If a new Site or Borehole is needed, 
tap the      icon as required and fill the 
necessary information (for more guidance, refer 
to Section 5.5 ‘Application Guide’ later in this 
manual. 
 
 
 
 
 
 
 
STEP 23 - With the probe positioned and 
suspended at the base of the Inclinometer tube, 
Tap ‘TAKE READINGS’. 
 
This will open the initial Stabilising Page.   
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Since any sensing system can be affected by 
temperature gradients over its electronics and 
their mountings, the Geosense

®
  App 

automatically monitors the temperature inside 
the probe.  If temperature changes are deemed 
to risk affecting the data the App will display 
‘Probe Temperature Stabilising’ and will display 
the current temperature.   
 
The screen also displays the correct orientation 
of the probe. 
 
STEP 23 - Once any temperature changes 
have reduced to an acceptable level, the screen 
indicates that the temperature has stabilised. 
 
In exceptional circumstances, this period can be 
curtailed by tapping ‘SKIP’ to advance to 
starting the Inclinometer survey. 
 
 
 
 
 
 
 
 
 
STEP 24 - Begin the Inclinometer Survey. 
 
Three values will be displayed in a large font on 
the screen;  the inclination in the ‘A:’ direction, 
in-line with the probe wheels;  the inclination in 
the ‘B:’ direction, perpendicular to the wheels; 
and the Depth of the readings in meters. 
 
The coloured bar between the axis readings 
and the depth indicates the reading stability.  
Pink and red colours indicate that the probe 
readings do not yet meet the required stability 
criteria and Green indicates acceptable stability.  
The ‘ACCEPT READING’ button also mimics 
the colour of the ‘Reading Stability’ bar. 
 
 
STEP 25 - It is recommended that, in order to 
better control the quality and repeatability of the 
data, ‘AUTO ACCEPT MODE’ is activated at 
this stage. 
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STEP 26 - When the readings have stabilised 
the ‘Additional Readings’ counter is displayed 
and then the ASD records the values. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
STEP 27 - The display then changes the depth 
value to the next interval and prompts the used 
to move the probe and bleeps loudly.  
 
 
 
 
 
 
 
 
 
 
 
 
 
STEP 28 - When the probe is moved, the 
bleeping stops and the screen changes. 
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STEP 29 - When the sensors detect the probe 
has been positioned at the next reading 
position, the screen changes as the readings 
stabilise.  
 
 
 
 
 
 
 
 
 
 
 
 
STEP 30 - When the readings have stabilised 
the ‘Additional Readings’ counter is triggered 
and displayed.  The ASD waits from the set 
period as the counter decreases, then records 
the values. 
 
 
 
 
 
 
 
 
 
 
 
STEP 31 - Repeat until the probe is sitting just 
under the cable support, on the 0.5m (or 2ft) 
marker. 
 
STEP 32 - When the ASD accepts the next 
reading, the App reverts to the Manual 
operation and the screen displays and 
instruction to save the survey data.  In addition, 
the operators name can be added together with 
any specific site notes, particularly those that 
may have affected the readings. 
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STEP 33 - Hold onto the cable and carefully 
remove the cable support. 
 
 
 
 
 
 
 
STEP 34 - Lift the probe out of the tubing 
 
STEP 39 -  If the monitoring is complete, the 
cable should be wound onto the reel and should 
be disconnected from the probe.  The end caps 
must be fitted to both the probe and the cable 
plug.  The probe should be wiped clean, 
lubricated and stored in its carrying case. 

 
However, if monitoring is to continue at another 
location nearby, the cable should be wound 
onto the reel.  The probe can remain connected 
to the cable with the probe fitted into the 
transport clips on the frame. 

 
Care must be taken not to damage the cable 
and connector during transportation. 
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5.5  IncloPRO Software Application for Android Devices 
 
Geosense®  Portable MEMS Inclinometer systems are supplied with a CAT

® 
S42 

Ruggedized Device, running an Android Operating System (AOS).  This is referred to in 
this manual as the Android Smart Device (ASD) 
 
IncloPRO is a purpose built software application, developed alongside the hardware, to 
utilise the features of the device as an inclinometer data logger.  (IncloPRO can be run on 
any Android device running an Operating System version 6 or above and having a 
Bluetooth ‘Low Energy’ 4.2 facility). 
 
Prior to running the IncloPRO application, it is recommended that the user familiarises 
themselves with the CAT

® 
S42 mobile device, its controls and the Android OS.  A separate 

manual for the CAT
® 

S42 is supplied with the Inclinometer system. 
 
The Inclinometer Probe is connected to cable; the cable is contained on the reel; the reel 
communicates with the Android device wirelessly via Low Energy Bluetooth with a range of 
up to 10 metres.  

Turn on the CAT
® 

S42 Android Smart Device 
(ASD) and wait for its home page to load. 
 

Ensure that Bluetooth communications is 
turned ON (for instructions see the ASD 
manual). 

 
To start the IncloPRO Application, tap the 
Logo. 
 

Home Screen 
 
Menu Icons at the base of the screen:- 

 
 
Home (current screen) 
 
Boreholes – Setup sites, 
inclinometers and run surveys 
Connections – pair your Portable 
Inclinometer System with the App  
 
Settings 

 

 

Details of these and subsequent menus are 
provided in this manual. 
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Searching for an Inclinometer System 

Tap the ‘Connections’ Button. 

Connect the Probe to the Cable (see Section 5.3 of 
the Manual).  With the ASD within 10m of the reel 
(Bluetooth Range), press the Power button on the 
side of the reel.  The button will show a Green light 
(unless the reel battery is not charged!) and make a 
bleep sound. 

Tap ‘Search for new Reel’ on the screen. This will 
bring up a list of active Bluetooth devices nearby.  

 

 

Look for a device with the Bluetooth name matching 
the serial number of the reel, for example ‘DRI-0103’.  

If it is not visible, check the reel is switched on (green 
light around the button) and tap REFRESH on the 
search screen.  

 

 

 

Tap on the device name and the reel will appear as a 
paired reel on the connections screen.  

(Please note when selecting the device, it can take 
several seconds for the reel to pair and be shown as 
a paired device) 

 

Having paired the reel with the app, tap the Connect 

icon                         in the top right of the screen to  

connect the devices.  

 

The light on the front of the reel will begin to flash. 
The icon will change to blue, as shown below. The 
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probe temperature and reel battery level will also be 
displayed in the App: - 

 
SETTING UP A SITE 
 
Tapping the Boreholes menu button will show the 

following screen: - 

 

If the ASD is connected to the probe, it is 

necessary to tap the         icon to disconnect 
Bluetooth at this stage. 

 

 
Before a survey can be carried out it is necessary to 
setup a Site and add a Borehole (any number of 
boreholes can be added to a single site). 
 

Tap the ‘+’   button next to the site list and the screen 
will change to ‘Add a New Site’ 

Enter a site name and tap OK.  

More than one site can be created in the App. You 
can search for the sites you have added by using the 
site list drop-down arrow. 

 

 

 

 

Adding a Borehole 

Tap the ‘+’  button next to the empty borehole list for 
the selected site and the screen will change….   
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Now, Enter a valid Borehole Name. 

Select Metric (default) or Imperial  

This manual assumes a Metric probe but the 
functionality remains the same for the Imperial 
probe. 

Enter the Depth of the borehole.  This is the depth of 
the deepest reading, not the actual depth.  (It may 
be necessary to lower the probe and cable down to 
the base of the inclinometer tubing and insert the 
cable support, so as to determine this value.  The 
probe MUST be suspended).  Once this value has 
been saved, it can’t be changed by editing  (the 
borehole would have to be deleted and the 
information re-entered). 

The Interval defaults to 0.5 metres (a reading every 
0.5 metres) as the standard Geosense

®
  Portable 

Inclinometer Probe is 0.5 metres long.  This can be 
changed to an interval of 1 metre if using a 1 metre 
long probe.   

The graphing options default to use the base of the 
borehole as the fixed Reference.  This can be 
changed if the base can’t be considered as ‘fixed’.  In 
this case the TOP can be referenced but a 
topographical survey will be required to measure any 
changes to the position of the top. 

Up to 5 photos can be added to the memory of the 
ASD to help identify the borehole location.  Tap OK 
and the Borehole screen will update to show the 
borehole information you have entered. 

The following options become available: - 
 

TAKE READING  

VIEW DATA 

LOCATE BOREHOLE VIA GPS 

 
Scrolling down the screen will reveal:- 
 

EDIT BOREHOLE 

DELETE BOREHOLE 

DELETE SITE 

SETTINGS   
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The settings screen allows the user to customise 
features within the App. 
 
• Enable Vibration on ‘Accept Reading’ 

 
• Enable Tone on ‘Accept Reading’ 

 
• Remove ‘Settling Time Screen’ when taking a 

reading 
 

• Default operator name for ‘Save Survey’ 
 
• Configure the number of stable readings in 

‘Automode’.  This controls how long the 
readings remain stable prior to the ASD 
automatically recording them and prompting the 
user to move the probe up to the next position. 

  
 Immediate/1 (default) - as soon as it stabilises 
 5 - approx. 3 seconds additional  
 10 - approx. 6 seconds additional 
 
• The ‘Export File Format Type’ allows the user 

to either select CSV or RPP file outputs when 
exporting data. (RPP output compatible with 
Sitemaster & Iinclinalysis) 
 

• Default email address for survey data 
transmission. 

 
• FTP Settings for survey data export.  A test 

facility is also available for the FTP settings. 
 

 
Taking Readings 
(also detailed in Section 5.3) 
 
Having set up the site and borehole, an inclinometer 
survey can be carried out.   

If not already carried out, connect the probe and 
lower it to the base of the inclinometer tube.  Fit the 
cable suspension.  Ensure the reel is switched on 
and the correct site and borehole are selected.  

 
 
From the Boreholes screen, tap on the ‘TAKE 
READING’ button. 
 
Having tapped the ‘TAKE READING’ button, the 
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ASD will automatically begin trying to connect to the 
reel and probe to retrieve the temperature readings 
and will display the Stabilisation Period screen:- 

NOTE: In the event the application fails to connect to 
the reel, tap the CONNECT icon in the top right of the 
screen again to re-establish a connection. 
 
The screen illustrates how to position the probe in the 
A+ orientation in the casing. Having connected to 
and lowered the probe, temperature changes can be 
observed. The App monitors the temperature 
changes and indicates a red ‘Probe Temperature 
Stabilising’ or a green ‘Probe Temperature 
Stabilised’ to show when  to begin the survey, 
assuring the most accurate readings. Depending on 
the conditions, thermal equalisation can require up to 
10 minutes to complete. 
 
The Stabilisation Period screen is an optional screen 
that can be skipped by tapping the ‘SKIP – BEGIN 
SURVEY’ button. It can also be switched off entirely 
in the Settings menu. The purpose of this screen is to 
allow the probe structure and its electronics to adjust 
to the temperature at the bottom of the borehole, 
before taking readings and is HIGHLY 
RECOMMENDED for more accurate readings.  
 
To begin a survey, tap BEGIN SURVEY. 
Take Readings Screen 
 
The readings are begun with the leading wheel in the 
A+ keyway and with the probe suspended at the 
bottom of the borehole. Whilst connected to the 
Reel / Probe, live inclination readings are displayed 
on the screen on both the A and B axis, in mm. Each 
reading is approximately 0.6 seconds apart. The 
probe can measure an inclination angle up to 30°, 
which is approximately 250mm, on each axis. If the 
probe exceeds this maximum angle, the onscreen 
display will change to say ‘OR’ which means ‘Over 
Range’.  
 
The stability of the probe in the borehole can be 
measured using the red/green stability bar beneath 
the Readings. 
 

Green = Stable 

Red = Unstable 

This assessment uses the last 10 live readings and 
calculates the standard deviation across those 
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readings to measure the difference. It is 
recommended to wait until the stability bar (and 
‘Accept Reading’ button) shows green before 
accepting a reading, but this might not be possible if 
there are external vibrations near the borehole. 
 
When the user taps ‘ACCEPT READING’, the 
reading at that depth will be recorded to the memory 
and the ASD will produce a BEEP and/or VIBRATE.  
The indicated depth will change by the ‘interval’ to 
show the next depth. (Both Vibration and a Beep can 
be switched on/off in the Settings menu).  
 
 
Use the ‘QUICK DATA CHECK’ button to view the 
readings stored in memory, so far, at any point in the 
survey.  (perhaps to check the current position in the 
borehole survey). ’CANCEL’ will return to the ‘TAKE 
READING’ screen. 
 
If an error is detected, the depth can be changed to 
retake a readings from another position, by using the 
UP / DOWN buttons.  
 
 
Continue the survey. 
 
 
When at 0.5m (the top of the borehole), tap 
‘ACCEPT READING’ to record the last reading. Then 
tap OK.  
 
This will bring up the ‘Save Survey’ screen.  Enter 
the operator name (unless this has been set as a 
default in ‘Settings’) and an optional comment to help 
identify the survey or site conditions. Tap OK.  
Surveys are automatically saved with the date/time 
as their name to make identifying them easier. 
 
 
 
AUTO ACCEPT MODE 
 
This mode has been incorporated into the 
Geosense

®
  Inclinometer Systems to help provide 

reliable and repeatable data sets, together with 
simplification of the monitoring operations.  It is also 
is used to complete a survey as a ‘hands-free’ 
operation. 

Once the monitoring of a particular inclinometer tube 
has been started, the operator selects ‘AUTO 
ACCEPT MODE’ 
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Auto Accept Mode uses a probe stability monitor and 
a countdown timer to work out when to take a 
reading.  It then instructs the user to move the probe, 
when a reading is taken.  The App will continuously 
beep to alert the user to move the probe to the next 
position – this bleep cannot be turned off in settings 
(as it can in manual readings).  
 
The number of stable readings required before a 
reading is taken in this mode can be configured in the 
settings menu within the App. The default is 1 but is 
commonly set to 5. 
 
 
When ‘AUTO ACCEPT MODE’ is tapped, the screen 
changes to show the Auto Accept window.   
 
The Auto Accept Screen differs from the ‘Manual’ 
screen in that it has larger displays of key information 
since the ASD can be placed safely away from the 
borehole (but must remain within earshot and 
Bluetooth range). 

When the probe is stable, the stabilisation counter 
(as defined in Settings) is begun.  After the 
countdown, the readings are automatically recorded. 

 
 
 
 
 
 
 
 
 
 
 
The display then changes the depth value to the next 
interval and prompts the used to move the probe and 
bleeps loudly.  
 
The ‘beep’ will continue until the probe is moved to 
the next reading position. 

 
 
 
 
 
 
 

 

) 



32 

V1.0 September 2021 

 
 
 
 
 
When the probe is moved, the bleeping stops and the 
screen changes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
When the sensors detect the probe has been moved 
and is positioned at the next reading position, the 
screen changes as the readings stabilise.  
 
 
 
 
 
 
 
 
 
 
 
 
When the readings have stabilised the ‘Additional 
Readings’ counter is triggered again and displayed.  
The ASD waits from the set period as the counter 
decreases, then records the values. 
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At any time the QUICK DATA CHECK can be 
activated, but Auto Mode must be cancelled first. 

If the probe stability remains RED for a continuous 60 
seconds, the App will revert back to Manual mode as 
it deems the site / position to be subjected to too 
much vibration (noisy). 

Auto Accept Mode can be started or cancelled at any 
depth, even midway through a survey.  
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VIEWING DATA 
 
All completed surveys can be accessed from the 
‘VIEW DATA’ screen, located within the Borehole 
selection screen.  
 
 
All completed surveys, for a selected borehole, are 
listed on this screen. Up to 3 surveys can be flagged 
as ‘Base Readings’ using the ‘Set Base Surveys’ 
button.  
 
Listed surveys can be selected with the following 
options available for each: - 
 
• Survey Data Table – On screen display of the 

survey data (one survey selected at a time) 
 

• Upload Selected Survey to FTP – Creates an 
output file (in select output format) and uses FTP 
details entered into the settings menu to FTP the 
file for further analysis. 
 

• Email/Save to Phone/Bluetooth – Creates an 
output file (in selected output format) ready to be 
saved onto the phone or emailed. A default email 
address can be entered into the settings menu to 
speed up this process. 
 

• Inclined Absolute A  – On screen graph showing 
absolute position for the A axis. 
 

• Inclined Point Deviation A – On screen graph 
showing mean deviation for the A axis. 
 

• Inclined Incremental A – On screen graph 
showing incremental displacement across the A 
axis (requires at least 1 base survey to be selected 
for calculations). 
 

• Inclined Cumulative A – On screen graph 
showing cumulative displacement across the A 
axis (requires at least 1 base survey to be flagged 
for calculations). 
 

• Delete Selected Surveys 
 
 
 
 
The graphs are all fully zoomable and can be toggled 
to show datapoint information ‘on’ and ‘off’ by tapping 
the ‘INFO’ button.  Multiple surveys from the same 
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borehole can be plotted on one graph (by selecting 
the surveys). 
 
The graphs are plotted with the 0.0 depth of the 
borehole at the top to provide a representation of the 
borehole help visualise changes.  

 

INITIAL / BASE DATA  

It is common to carry out 3 sets of Initial Readings to 
form the Base Data file. 

Therefore, IncloPRO can use 1, 2 or 3 sets of data to 
form the Base Data file, to which subsequent 
readings are compared.  The App averages the 
readings at each depth so it is important that only 
‘GOOD’ data is used is the Base Data Reference. 

Readings can be viewed and graphed to assess their 
quality and suitability for the Base Data file. 

To select data set(s) for use as the Base Data, tap 
the [Set Base Surveys] at the top of the Surveys list. 

Select the suitable files and tap OK. 

This selection is stored on the ASD so that it is not 
necessary to make this selection each time the data 
is viewed. 

 

Survey Date Table 

Only one set of data can be viewed at a time so to 
view the readings recorded for a particular data set, 
select only one file. 

Tap the SURVEY DATA TABLE to view the readings 
in a tabular form. 

Readings are displayed in columns showing Depth of 
the Reading, A+, B+, A- and B-. 

To return to the previous menu, tap CANCEL 

 

 

 

Upload Selected Survey to FTP 
 
Where data is to be sent directly to a remote server, 
this option creates a file in the selected output format 
(CSV or RPP) and uses FTP details entered into the 
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settings menu, to effect the transmission. A mobile 
data connection (SIM Card) or WiFi network 
connection is required. 
 
Email/Save to Phone/Bluetooth  
 
This option creates output files for each data set 
selected.  The file name structure will be:- 
 
[site name]-[borehole name]-[date]_[time].csv. 
 
Or  
 
 
[site name]-[borehole name]-[date]_[time].rpp. 
 
 
The App asks where the file(s) are to be stored or 
sent.  An mail client must be configured on the phone 
to send the data via email.  A default email address 
can be entered into the settings menu, to speed up 
this process. 
 
First select the files to be transferred, then tap the 
EMAIL/SAVE TO PHONE/BLUETOOTH option.  This 
will bring up the transfer option window on the ASD. 
 
To Email the files, select the mail client and follow 
their particular procedures. 
 
To save the File, select ‘Save with FC’, which will 
lead to the save location window. 
 
 
 
Select ‘Internal Storage’ to save to a particular 
location on the device or ’Downloads’ to go directly 
to that location (other options are available). 
 
 
 
 
 
To save the file(s) for later transfer by Bluetooth or 
USB cable, its suggested that a folder is created in 
the ’root directory’ in the internal storage of the ASD.  
 
Tap the        icon, located in the top right corner of 
the folder directory screen to create a new directory.  
Then select the new directory as the destination 
directory for the data files. 
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Absolute Position A Axis Graph – On screen graph 
showing absolute position for each axis. 

This plot represents the true shape of the 
Inclinometer Tube with respect to Vertical, but to an 
exaggerated scale.  The Y axis represents the 
elevation of the tube measured from its base and the 
X axis represents the HORIZONTAL distance along 
the Inclinometer tube (NOT the hypotenuse). 

In this case the top of the tube is about 9.7m from the 
base. 

This can be plotted for any / all data files, without the 
selection of a Base Data File. 

 

Point Deviation A Axis Graph – On screen graph 
showing mean reading (deviation) for the A axis. 

The deviation is the reading at EACH elevation.  The 
Y axis represents the elevation of the tube measured 
from its base and the X axis represents the 
HORIZONTAL distance along the Inclinometer tube 
(NOT the hypotenuse). 

This can be plotted for any / all data files, without the 
selection of a Base Data File. 

It can be used to detect changes in the individual 
readings (seen here where the red and blue lines 
diverge) 

Inclined Incremental Displacement A Graph – On 
screen graph showing incremental displacement on 
the A axis. 

The Displacement is the difference between a 
previous reading and the current reading.  It is 
necessary to select 1, 2 or 3 files (averaged) as the 
Base Data File(s) to which the subsequent data is 
compared and the difference calculated. 
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This graph shows the changes that have taken place 
at each individual reading position (NOT the overall 
change in the shape of the tubing) 

The vertical Y axis represents the Change in the 
Data in mm and the X axis represents the 
HORIZONTAL distance along the Inclinometer tube 
(NOT the hypotenuse). 

 

Cumulative Displacement A Axis Graph – On 
screen graph showing cumulative displacement on 
each axis. 

This displays the cumulative changes that have 
occurred and represents the changes in the shape of 
the tubing, to an exaggerated scale.  Often a 
succession of data files will show the progression of 
change. 

It is necessary to select 1, 2 or 3 files (averaged) as 
the Base Data File(s) to which the subsequent data 
are compared and the differences calculated. 

The vertical Y axis represents the Change in the 
Data in mm and the X axis represents the 
HORIZONTAL distance along the Inclinometer tube 
(NOT the hypotenuse). 

 

Graph Point INFO 

Data Point information is available on any graph 
where the INFO button is displayed. 

Tap INFO to toggle on and off the data point 
information. 

Zooming 

All graphs are ‘Zoomable’.  Use the index finger and 
thumb on the screen to zoom in or out for additional 
detail. 

Delete Selected Surveys 

The surveys selected in the selection process will be 
deleted from the database within the ASD. 

Any files created using the processes described in 
the ‘file transfer’ routines, will not be deleted.  

 

LOCATION INFORMATION 

In the Boreholes section of the ‘App’, there are some 
other options. 
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Locate Borehole via GPS 
 
Locating the Borehole via GPS requires the phone 
be signed into the Google Play Store, at least a 3G 
Sim card connection and ‘Location’ turned on.  
 
On the borehole screen, tap the ‘LOCATE 
BOREHOLE VIA GPS’ and then ‘USE CURRENT 
LOCATION FOR BOREHOLE’ to store a location for 
the borehole.  This can later be used to make 
locating the borehole easier (future surveys perhaps 
carried out by different operators).  
 
 
Edit Borehole 
 
After a borehole has been added, the EDIT 
BOREHOLE button can be used to make changes to 
the borehole information.  
 
Certain information such as depth, interval and site 
name cannot be changed. 
 
 
Delete Borehole 
 
Select the borehole to be deleted and tap the 
‘DELETE BOREHOLE’ button.  
 
The user will be asked to confirm this action.   This 
will also delete ALL surveys/readings for this 
borehole.   Tap OK. 
 
Any files created using the processes described 
earlier in the files transfer routines, will not be 
deleted.  

 
 
Delete Site 
 
Select the site to be deleted and tap the ‘DELETE 
SITE’ button.  
 
The user will be asked to confirm this action by 
tapping OK 
 
This will also delete ALL boreholes/surveys/readings 
for this site. 
 
Any files created using the processes described 
earlier in the files transfer routines, will not be 
deleted.  
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Data Transfer 

Transferring Data from the ASD to a PC using a USB 
cable. 

First connect the USB cable to the base of the USB 
Micro socket on the ASD and to the PC. 

Windows (or other OS) will search for the necessary 
communication drivers and then it may indicate that 
the drivers were either successfully or unsuccessfully 
installed. 

Either way, tap the SETTINGS button on the ASD. 

 

 

 

Select Connected Devices 
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Select USB 

 

 

 

 

 

 

 

 

 

Select Transfer files 

 

 

 

Windows should now acknowledge a change in the 
status of the connected device and open an 
AutoPlay window with S42 as the device. 

 

 

 

 

 

Select the ‘Open device to view files’ option. 
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This will open an Explorer window to 
show the drive on the S42 

 

 

Open the ‘Internal shared storage’ on 
the S42 

 

 

 

 

 

 

 

Search for the data files or OPEN the 
Folder (created during the data saving 
exercise). 

In this case the data files are in the 
‘Geosense Car Park’ folder - highlight-
ed. 

 

 

 

 

Copy the required data files to the PC 
using COPY and PASTE. 

The data files are in the ‘.csv’ format and 
can be opened by most spreadsheet 
software packages and text editors. 
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6 DATA HANDLING 
 
6.1 Data Format 
 
Once an inclinometer survey have been completed the readings are saved to the database 
on the ASD.  The data can be viewed on the ASD using the Application, as described 
earlier in Section 5.4 of this manual. 
 
For detailed analysis, either automated or manual, the recorded values need to be 
transferred to another device.   However, the values in the database are not directly 
accessible so they must be ’shared’ or ’exported’.  A summary of the methods of transfer 
are provided in the Application are detailed in Section 5.4 of this manual. 
 
If ‘.csv’ format is selected, the exported data file format is ASCII, making it commonly 
accessible via many software packages, and small in size.   
 
The standard Geosense inclinometer processing and presentation software does not 
currently support inclined inclinometer data.  However, below is some guidance on how 
the data can be processed and presented. 
 
The structure of an exported file is detailed below.  It comprises a header that includes 
details of the site, borehole, equipment, survey and operator, followed by strings of data.  
Below is an example of the information included in the header and its ‘comma separated’ 
layout (as opened in a Text Editor). 
 

Site Name: Hurstwood Dam 
Borehole Name: Left Bank - Face Slab 
Borehole Depth: 13.5 metres 
Interval: 0.5m 
Degrees From North: 120 
Latitude: 0.0, Longitude: 0.0 
Operator Name: CDS 
Probe Serial Number: DPI0103 
Reel Serial Number: 101 
Survey Date: 20210616_151146 
Survey Comment: warm day 

 
Opened in a spreadsheet, each comma should be set to ‘delineate’ a column so the 
header information would be presented as follows: 
 
These details are commonly entered manually at the setup stages, automatically when a 

Site Name: Hurstwood Dam  

Borehole Name: Left Bank - Face Slab  

Borehole Depth: 13.5 metres  

Interval: 0.5m  

Degrees From North: 120  

Latitude: 0.0  Longitude: 0.0 

Operator Name: CDS  

Probe Serial Number: DPI0103  

Reel Serial Number: 101  

Survey Date: 20210616_151146  

Survey Comment: warm day  
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survey is carried out or manually when a survey is saved.   The Longitude and Latitude 
would be generated in the App on the ASD, by an active GPS facility. 
 
The following line of the file identifies the sequence of the variable values in the 

subsequent lines.  These ’column headers’ are:  
 
 ID     reading sequence (top of the tube = highest No.)  
 DEPTH_METRES  depth of a readings (cable marker value) in metres 
 HORIZONTAL_DISTANCE_METRES:  calculated from depth and readings 
 A_SINX    Sine of Angle of probe inclination for A 
 B_SINX    Sine of Angle of probe ’roll’ for B 
 A_MM    Probe inclination in mm for A (mm per probe length)
 B_DEGREES   Roll of probe in Degrees   
  TEMP    Temperature of the Probe electronics 
  
Below is a section of the transmitted ’.csv’ file, as it would appear when opened in a ‘Text 
Editor’, showing only ‘column headers’ and the data values section of the file. 
 
 
6.2 Data Reduction 
 
Data reduction and presentation can also be carried out using a standard spreadsheet.  
The following is a guide on how each value would be calculated. 

Site Name: Hurstwood Dam        

Borehole Name: Left Bank -        

Borehole Depth: 13.5 metres        

Interval: 0.5m        

Degrees From North: 120        

Latitude: 0.0  Longitude:       

Operator Name: CDS        

Probe Serial Number: DPI0103        

Reel Serial Number: 101        

Survey Date:        

Survey Comment: warm day        

ID 

 
DEPTH_MET
RES 

 HORIZONTAL 
DISTANCE 
METRES  A_SINX  B_SINX  A_MM 

 
B_DEGREE
S  TEMP 

27 0.5 0.409576029 -0.150568 0.0066736 362.072 0.382372 34.1328 

26 1 0.819152057 -0.152233 0.007584 362.905 0.434535 34.1328 

25 1.5 1.228728086 -0.154617 0.0082636 364.097 0.473475 34.0781 

24 2 1.638304114 -0.151691 0.0083322 362.634 0.477405 34 

23 2.5 2.047880143 -0.148724 0.0075538 361.15 0.432805 33.9531 

ID, DEPTH_METRES, HORIZONTAL_DISTANCE_METRES, A_SINX, B_SINX, A_MM, B_DEGREES, TEMP 
27, 0.5, 0.40957602858543396, -0.150568, 0.0066736, 362.072, 0.382372, 34.1328,  
26, 1.0, 0.8191520571708679, -0.152233, 0.007584, 362.905, 0.434535, 34.1328,  
25, 1.5, 1.2287280857563019, -0.154617, 0.0082636, 364.097, 0.473475, 34.0781,  
24, 2.0, 1.6383041143417358, -0.151691, 0.0083322, 362.634, 0.477405, 34.0,  
23, 2.5, 2.04788014292717, -0.148724, 0.0075538, 361.15, 0.432805, 33.9531,  
etc, etc, etc 
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The first stage is to import the ‘.csv’ data file, ensuring that a comma is identified as the 
‘delineator’ for the columns. 
 
Once the data are imported, and assuming that the site name is in cell A1, expand the 
columns to show all the values they contain. 
 
To simplify the spreadsheet, it is recommended to hide columns D & E, the SINX values.  
This will simplify the data sheet a little. 
 
The 0.5m reading for the A direction should be in cell E13 
     

Since inclinometer are commonly installed to quantify changes in a structure, it is 
necessary to establish the reference set of data to which subsequent data can be 
compared.  The reference data set is commonly called the Base (or Initial) Data. 
 
Commonly accepted ‘Best Practice’ is to record 3 sets of data from an inclinometer tube, 
soon after installation, to generate the Base Data.  These should be recorded, one after 
the other, in the same conditions so as to verify the precise profile of the installed 
inclinometer tube.  Following a review of the recorded files, either a single file can be 

selected as the ‘Base Data File’, being the mean of the sets, or an average data set can 
be created from 2 or all 3 of the surveys.  
 
 
 
Commonly computed values include: 
 
 Deviation These values are the actual inclinations of the probe, in mm, at each  
  elevation (where Deviation implies offset of the upper wheelset from  
  Horizontal over the length of the probe wheelbase).  This value is   

 

 

Site Name: Hurstwood Dam       

Borehole Name: Left Bank - Face Slab       

Borehole Depth: 13.5 metres       

Interval: 0.5m        

Degrees From North: 120       

Latitude: 0.0  Longitude: 0.0       

Operator Name:        

Probe Serial Number: DPI0103       

Reel Serial Number: 101       

Survey Date: 20210616_151146       

Survey Comment: warm day       

ID  DEPTH_METRES  HORIZONTAL_DISTANCE_METRES  A_SINX  B_SINX  A_MM  B_DEGREES  TEMP 

27 0.5 0.409576029 -0.150568 0.0066736 362.072 0.382372 34.1328 

26 1 0.819152057 -0.152233 0.007584 362.905 0.434535 34.1328 

25 1.5 1.228728086 -0.154617 0.0082636 364.097 0.473475 34.0781 

24 2 1.638304114 -0.151691 0.0083322 362.634 0.477405 34 

23 2.5 2.047880143 -0.148724 0.0075538 361.15 0.432805 33.9531 

22 3 2.457456172 -0.145946 0.0064054 359.761 0.367005 33.9531 



46 

V1.0 September 2021 

  calculated by the Application and is located in column ‘F’. 
 
 Absolute  When plotted these values represent the actual shape of the    
  inclinometer tube and provide an understanding of the profile and   
  any ‘wander’ of the installation.  Computation will also confirm the   
  location of the bottom of the tube with respect to the top. 
 

To calculate the absolute position values for the A direction, accumulate 
the deviation A readings at each ‘depth’. This can be started from the 
top or the bottom of the survey, depending the information required.  
Starting at one end, add (for bottom up) one to the next or subtract (for 
top down) one from the next.  The position of the tube at a particular 
position along the tube is represented by the accumulation of the 
Deviations at that ‘depth’. 
 
To calculate / graph the deviation, plot the accumulated values in the A 
direction against the values in the HORIZONTAL_DISTANCE_METRES 
column. 

   
Incremental  
Displacement This refers to CHANGES in the inclination of the tube at any particular  
  Position.  To calculate the Incremental Displacement, it is necessary to  
  compare the Deviation (Current Data) values with the Deviation (Base  
  Data) values. 
 
  The Incremental Displacement at any depth is calculated using the  
  following equation (where ‘0.5’ is the selected ‘depth’). 
 
Incremental displacement  
 
Incremental Disp(0.5m) = Dev(Current) (0.5) - MDev(Base) (0.5)  
 
The graph presents the Horizontal Distance along the X axis in metres and the 
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Incremental Displacement values on the Y axis in mm, with the top of the inclinometer tube 
at ‘0’. 
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Cumulative Displacement  
 
These values are probably the most valuable in any monitoring exercise. They are simply 
the accumulation of the CHANGES, normally from the base of the tube, up to the top, that 
represents MOVEMENT of the tube along its length. 

 
To calculate the Cumulative Displacement values simply Accumulate  the Incremental 
Displacements from Bottom of the Borehole, upwards.  
 
When plotted with Zero at the base of the graph, the ‘Y’ axis represents the Base Data file 
and the plotted values indicate the magnitude of the file of change). 

6.3 Temperature Considerations 
 
Geosense®  has carried out significant research into temperature effects on the Probe and 
its electronics and has found that the thermal effects are very small.  However, at the be-
ginning of a survey it is strongly recommended that the temperatures in the probe be al-
lowed ‘normalise’, (referred to as the stabilising period) thereby removing temperature gra-
dients within the MEMS circuitry.Where the probe is used in an inclinometer access tube in 
a borehole or other subsurface structure, there is usually little variation in temperature over 
the length of borehole, so thermal effects will be small and corrections will not be neces-
sary. 
 
However, if the probe is subjected to rapid temperature changes, the readings may be af-
fected. Thermal influences are complex.  The effect of temperature changes on the MEMS 
sensor are generally insignificant, but this relates purely to the ‘sensor’ on the circuit board, 
inside the probe.  Effects on the body of the probe, together with the structure into (onto) 
which the tubing is installed, will be very complex and difficult to quantify.  Consequently, 
reliable compensation for such changes would unreliable, so are not considered of value. 
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7.0   MAINTENANCE  
 
The Geosense

®
  MEMS Digital Inclined Inclinometer is a low maintenance device.  With 

careful use, routine inspections and a small amount of maintenance, it will provide reliable 
data over a long period. 
 
Upon completion of a monitoring exercise it is strongly recommended that the probe and 
cable be wiped down to remove moisture and detritus. The connector caps should be fitted 
whenever the connector is separated.  Do not store a wet cloth with the probe in the hard 
case. 
 
The probe wheels include sealed bearings so cannot be lubricated.  However, the wheel 
carriage spindles should be occasionally lubricated with a light machine oil, to maintain 
free movement and reduce wear. 
 
The cable connector includes a double ‘O’ ring sealing system.  The ‘O’ rings should be 
wiped clean and lubricated with a small amount of Silicon Grease to maintain ease of 
connection. 
 

DO NOT lubricate the electrical contact pins or use oil on the connector parts. 

DO NOT clean the connector parts with chemical compounds.  Use water only. 

DO NOT use WD-40 or any other lubricant spray that contains solvents. 

 
Batteries in the Reel and the CAT S42 should be charged regularly to prevent deterioration 
and maintain their capacity.  Only approved chargers should be used. 
 
General Inspections should include the following... 
 
 Probe Wheels:-  Do they move freely and is there any wear in the bearings? 
 
 Probe Wheel Carriages:-  Do they move freely? 
 
 Probe Connector:-  Is the connector clean, free from detritus? 
     Are the pins straight and clear? 
     Are the seals in good condition and lightly lubricated with Silicon 
     grease? 
 
 ASD:- Is it dry and are the ports clear of foreign materials? 
 
 Cable:- Is the cable twist and ‘kink’ free? 
   Are there cuts or gouges in the sleeve? 
    
Do not use electrical contact cleaners, especially sprays. Any solvents in these products 
will attack the neoprene inside the connectors.  When used on neoprene, it swells and 
reduces the effectiveness of the O-ring seals. 
 
Storage 
 
Store a dry equipment, in dry cases, in a dry location.  (Dry the cloth prior to storing it in the 
case). The cable connectors should be dried and caps fitted. 
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8.0 TROUBLESHOOTING 
 
Some common problems and their solutions are outlined below.  
 
 

 

 

Fault Possible cause Remedy 

PROBE   

Difficulty in connection cable Lack of lubrication Lubricate with silicon grease only 

Wheel set does not return to fully 
extended position:  

Presence of dirt  
Lack of lubrication 

Clean 
Lubricate wheel bearings with light 
machine oil 
If system persists replace wheel sets* 

Wheels do not turn freely  
Presence of dirt  
Lack of lubrication 

Clean 
Lubricate wheel bearings with light 
machine oil.  

REEL & CABLE   

Reel will not turn on 
Flat battery 
Fault with battery 

Charge battery 
Replace battery pack 

Cable becomes kinked/twisted 
Allowing probe to freefall and 
stopping abruptly 

Replace cable 
Do not allow probe to freefall 

ASD READOUT   

ASD will not turn on 
Flat battery 
 
Fault with battery 

Charge battery 
 
Replace battery 

The ASD cannot find the reel Reel not turned on Turn on the reel 

The ASD cannot connect with the 
reel 

Bluetooth fault Return to Geosense for investigation 

Bluetooth fails to connect 
Incorrect connection 
sequence 
 

ALWAYS use the App to connect the 
ASD to the Reel, NOT the phone 
software 

Bluetooth fails to connect despite 
using App 

Bluetooth fault Return to Geosense for investigation 

The display freezes after extended 
periods of use 

Bluetooth connection 
Re-set the Reel (turn it off and on 
again) and re-connect using the APP to 
continue the monitoring 

Fluctuating readings 

Faulty signal from probe 
 
 
 
Site conditions 

Check probe connection 
Check cable for damage 
Check Bluetooth connection 
Check ASD 
Change from AUTO to MANUAL mode 
to record best data 

* If wheelsets are replaced the probe should be re-calibrated 
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9.0 SPECIFICATIONS 

  
PROBE 

  

Range ±30° from ‘Zero’ at 35 degrees from Horizontal 
Sensor type Biaxial MEMS 
Sensor accuracy2 ±0.004° (±13.5 arc sec, ±0.07 mm/m) ±0.0125% FS 
Sensor resolution 0.0005° (2 arc sec, 0.01 mm/m) 0.0017% FS 
Sensor repeatability ±0.002° (±7.2 arc sec, ±0.037 mm/m) ±0.007% FS 
Output signal RS-485 Digital 
Output unit Sine of angle 
Probe gauge length 500mm 
Probe diameter 25mm 
Probe length 680mm 
Probe length (including connector) 800mm 
Probe weight 1.32kg 
Enclosure rating IP68 (24 bar) 
Materials 316 stainless steel, 
Probe carry case dimensions 725 x 200 x 105mm 
Probe carry case weight 5.6kg 

    

Diameter 7.5mm 
Weight 5.8kg/100m 
Minimum break load 400kgf 
Restraining member Multi-stranded Vectran® reinforcement 
Jacket Polyurethane 
Depth markers Every 500mm 
Lengths 30,50,75,100,150m (other available on request) 

Connector 
Piston & face seal with robust stainless steel alignment keyway                 
(30 bar rated) 

CABLE REEL & CARRY BAG   
Communication Bluetooth low energy 
Enclosure rating IP65 
Power supply Ni-MH 12V 1000mAh rechargeable batteries 
Operating time Minimum 15 hours continuous 
Material Polycarbonate 
30 to 50m cable diameter 310mm 
75 to 100m cable diameter 380mm 
30m cable weight 5.92kg (including carry case) 
50m cable weight 7.2kg (including carry case) 
75m cable weight 9.5kg (including carry case) 
100m cable weight 10.85kg (including carry case) 
  
SYSTEM 

  

Total system accuracy ± 3mm/30m (within 3° from vertical) 
Total system repeatability ± 1mm/30m 
Cat S42 readout unit mm 
Readout data export CSV (ASCII, Sine & mm) & RPP (Compatible with Sitemaster & Inclinalysis ) 
Operating temperature -40 to +85°C 
  
COMPLIANCE 

  

CE Directives EMC 2014/30/EU Industrial, RED 2014/53/EU, RoHS 2 2011/65/EU 
FCC certification Part 15 
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CAT® S42 Android Smart Device (ASD) 
  
DISPLAY 

Display Type: Display Type: Super Bright 5.5” Display – FHD (1440 x 720) IPS, 18:9 LCD 
wet finger/glove-on working technology** 

Display Cover: Corning® Gorilla® Glass 5 
  
CAMERA 

  

Main/Rear: Main/Rear: 13MP sensor, f/2.0, PDAF 

Front: 5MP sensor 
  
CONNECTIVITY 

  

Audio Jack: 3.5mm 
Bluetooth: 5 
NFC: Yes (Android Pay™) 
Wi-Fi: 802.11 b/g/n (2.4 & 5GHz) 
USB: USB 2.0, USB-OTG 
SIM Type: Dual Nano SIM 

GPS: GLONASS, GPS, aGPS, Beidou (variant dependent), Galileo 
  
PROCESSOR 

  

Processor Type: Mediatek Helio A20 MT Quad Core 
Platform/OS: Google Android™ 10 
  
RUGGED 

  

IP Rating: IP68 Certified 
Waterproof: Submerged for up to 1.5m for 30 mins 
Dust Proof: Dust Resistant 
Drop Test: From 1.8m onto steel 
Military Standard: MIL-SPEC 810G, Shock and Drop, Category 4 vibration 
Operating Temp: -25°C to +55°C 
 
BATTERY 

 

Capacity:   4200 mAh    

Type: Non-removeable Lithium Ion 

 
SIZE 

 

Size: 161.4 x 77.3 x 12.7mm 

Weight: 220g 
  
** We cannot guarantee that all gloves will work with this feature.  A stylus is supplied for use in wet weather conditions. 
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11.0 RETURN OF GOODS  
 
11.1 Returns procedure 
 

If goods are to be returned for either service/repair or warranty, the customer should 
contact Geosense

®
  for a Returns Authorisation Number, request a Returned 

Equipment Report Form QF034 and, where applicable, a Returned Goods Health and 
Safety Clearance Form QF038, PRIOR TO SHIPMENT.  Numbers must be clearly 
marked on the outside of the shipment.  
 
Complete the Returned Equipment Report Form QF034, including as much detail as 
possible, and enclose it with the returned goods. 
 
All returned goods are also to be accompanied by a completed Returned Goods Health 
and Safety Clearance Form QF038 attached to the outside of the package (to be 
accessible without opening the package) and a copy of both forms should be emailed to 
sales@Geosense.co.uk, in advance. 
 

11.1.1 Chargeable Service or Repairs 
 

Inspection & Estimate  
It is the policy of Geosense

®
  that an estimate is provided to the customer prior to any 

repair being carried out.  A set fee for inspecting the equipment and providing an estimate 
is also chargeable. 
 

11.1.2 Warranty Claim 
 
(See Limited Warranty Conditions) 
This covers defects which arise as a result of a failure in design or manufacturing. It is a 
condition of the warranty that the MEMS Digital Inclinometer must be handled and used 
in accordance with the manufacturer’s instructions and has not been subjected to misuse. 
 
In order to make a warranty claim, contact Geosense

®
 and request a Returned 

Equipment Report Form QF034. Tick the warranty claim box and return the form with the 
goods as detailed above. You will then be contacted and informed whether your warranty 
claim has been validated.  
 

10.0 SPARE PARTS 
 
Under normal use spare parts are not generally required for Geosense

® 
 Inclinometer 

Systems.   
 
However, the following items are available.  It is strongly recommended that replacement 
service components be fitted by Geosense

®
 or their qualified representatives:- 

 
• Wheel and Carriage sets, including pins and springs 
 
• Batteries and Chargers - Reel & ASD 
 
• Cable support  
 
• Connector caps 

 
Contact Geosense

®
  for more details and Service / Calibration options. 
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12.0 LIMITED WARRANTY 
  
The manufacturer, (Geosense Ltd), warrants the MEMS Digital Portable Inclined 
Inclinometer manufactured by it, under normal use and service, to be free from defects in 
material and workmanship under the following terms and conditions:- 
  
Sufficient site data has been provided to Geosense

®
  by the purchaser as regards the 

nature of the installation to allow Geosense
®
  to select the correct type and range of  

MEMS Digital Inclinometer and other component parts. 
  
The MEMS Digital Portable Inclined Inclinometer equipment shall be installed in 
accordance with the manufacturer’s recommendations. 
  
The equipment is warranted for 2 years from the date of shipment from the manufacturer to 
the purchaser. 
  
The warranty is limited to replacement of part or parts which are determined to be defective 
upon inspection at the factory.  Shipment of defective part or parts to the factory shall be at 
the expense of the Purchaser.  Return shipment of repaired / replaced part or parts covered 
by this warranty shall be at the expense of the Manufacturer.   
  
Unauthorised alteration and/or repair by anyone which, causes failure of the unit or 
associated components will void this LIMITED WARRANTY in its entirety. 
  
The Purchaser warrants through the purchase of the MEMS Digital Portable Inclined 
Inclinometerequipment that he is familiar with the equipment and its proper use.  In 
no event shall the manufacturer be liable for any injury, loss or damage, direct or 
consequential, special, incidental, indirect or punitive, arising out of the use of or 
inability to use the equipment sold to the Purchaser by the Manufacturer.  
 
The Purchaser assumes all risks and liability whatsoever in connection with the MEMS 
Digital Portable Inclined Inclinometer equipment from the time of delivery to Purchaser. 

11.2 Packaging and Carriage 
 
All used goods shipped to the factory must be sealed inside a clean plastic bag and packed 
in a suitable carton. If the original packaging is not available, Geosense

®
  should be 

contacted for advice. Geosense
®
  will not be responsible for damage resulting from 

inadequate returns packaging or contamination, under any circumstances.  
 

11.3 Transport & Storage 
 
All goods should be adequately packaged to prevent damage in transit or intermediate 
storage. 
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