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ABSTRACT 
 
Recent advances in the open source movement have enabled access to advanced hardware and 
software opening up new possibilities for instrumentation and measurement.  At the time of writing, 
there are very few publications that explore the possibilities of applying these advances in the 
geotechnical discipline.  This paper discusses four areas where the authors believe the geotechnical 
profession could benefit from open source developments and discusses some results from preliminary 
investigations in each area.  
 
The four research areas explored are: the creation of open source mobile apps; the use of an open 
source inertial measurement unit (IMU); the development of an open source spectrometer, and open 
source aerial photography with SFM photogrammetry. For each area some background is provided, 
progress with the projects is reported, and the potential applications are considered.  
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1 INTRODUCTION 
 
Over the last decade, the open source (OS) movement has enabled easier access to the advances in 
hardware and software of various industries ranging from consumer electronics, to aircraft navigation 
and remote sensing. At the time of writing, there are scant publications that explore the possibility of 
applying these advances in the geotechnical discipline.   
 
As part of a concerted research programme to explore the possibility of applying some of the open 
source advances in the geotechnical field, four research projects, aimed at 4th year university or 
Master by research students, are currently under-way. The first project concentrates on applying OS 
mobile applications to help with managing the transfer of information from the field, obtained during 
geotechnical site investigations, to the office.  The second project explores the possibility of using a 
cheap and simple OS spectrometer for routine geotechnical investigation.  The third project will 
examine the application of the latest OS inertial measurement devices, which use mass produced 
micro-machined electromechanical sensors (MEMS), for geotechnical field measurements.  The final 
project will assess the combination of OS aerial photography with SFM photogrammetry for various 
geotechnical applications.  
 
 
2 OPEN SOURCE MOBILE APPLICATION 
 
2.1 Background 
 
In the geotechnical industry, it is a common practice to record most of the information obtained during 
routine geotechnical activities (e.g borehole logging), on a paper medium in the field.  This same 
information will be manually typed into the computer (i.e. digitised) back in the office.  Historically this 
digitising process has been a necessary step since the computers (or any digital equipment) were not 
portable.  However, the advancement of “tablet” computing in recent years has provided the general 
public with access to affordable and durable portable computers.  The tablet opens the possibility of 
entering the information directly in the field and therefore avoiding the need for a second and time 
consuming digitising process. Consequently, tablet use could improve the efficiency and productivity 
of geotechnical site investigation by reducing, or even eliminating, the digitising activity. 
 



However, the availability of suitable tablet software, commonly referred to as an “app”, for practical 
geotechnical data input is limited and relatively expensive. This is a significant barrier if the 
geotechnical industry is to adopt the tablet as the standard input device in the field.  The development 
of a basic OS app may reduce/eliminate this barrier and if successful has the potential to enable the 
geotechnical industry to adopt the tablet as a standard field input device.  
 
2.2 Preliminary Borehole Logging App 
 
A rudimentary app to support geotechnical site investigation has been created by Liu (2014). It is 
intended that the OS app created will provide the framework for a more complicated (and user-
friendly) app to be developed.   
 
The process of creating an app for a mobile operating system such as Android is not too dissimilar to 
creating a program for a desktop based operating system (such as Windows or Linux).  After careful 
consideration of which mobile operating system to adopt (see details in Liu, 2014), the OS Android 
(v2.3.3) operating system was chosen as the most appropriate platform for developing the app.  
 
There are several programming languages that can be used within the Android, however, considering 
the native language of the operating system itself is Java, it was decided that the source code for the 
app should be developed with the Java language in conjunction with eXtensible Mark-up Language 
(XML).  Analogous to a desktop program compiler (e.g., Fortran 90), the app is written and compiled 
solely using the free programs within the Android software development kit (SDK).  
 
The SQLite database is native in an Android app and can be designed to integrate any database 
design.  Therefore the design of the database for the app was based on the British Association of 
Geotechnical and Geoenvironmental Specialists (AGS) digital database format (AGS, 2011). 
However, due to time restrictions, only some fields available in the AGS format have been 
implemented in the app to date. 
 
Figure 1(a) shows the basic framework of the app that allows, at the home screen, to either input new 
database or to view an existing database.  The framework is a bare bones database with very basic 
input and output. Figure 1(b) shows the data input screen which contains limited borehole information 
with soil classification and description.    
 

 
Figure 1(a). Flowchart of the app basic framework 
 
 



 
Figure 1(b). Data Input Screen 
 
 
2.3 Future Direction 
 
The successful implementation of the basic framework for the logging app has paved the way for the 
next step of this project which is to include a more advanced database (e.g., the rest of the AGS 
database format) and to work on the user-friendliness of the input screen and the output format.   
 
 
3 OPEN SOURCE SPECTROMETER 
 
3.1 Background 
 
Spectroscopy is a study of light as a function of wavelength that is emitted, absorbed, reflected or 
scattered from a material either solid, liquid or gas (Clark, 1999) and a spectrometer is used in 
spectroscopy to measure the light spectrum wavelengths and intensities. 
 
Adopting a spectrometer as part of routine geotechnical field investigation has the potential to provide 
qualitative compositional information and quantitative estimates of engineering properties of a large 
volume of sample soil and rock within a short period of time. However, the relatively small amount of 
research publications that explore the application of spectrometer for routine geotechnical 
investigation and the relatively high price of spectrometers has proven to be a significant barrier for the 
industry to adopt spectrometers as part of routine geotechnical site investigation toolkit. 
 
However, recently in 2012, Public Laboratory (see http://publiclab.org/about) released a low cost, OS 
spectrometer design which has created an opportunity to assess the viability of adopting the OS 
spectrometer for routine geotechnical field investigation.  
 
3.2 Laboratory spectrometer application 
 
Prior to assessing the viability of spectrometers for routine geotechnical field investigation, it was 
considered necessary to assess the OS spectrometer performance in a controlled laboratory setting.  
Le et al (2014) performed the viability assessment by using the OS spectrometer to estimate some soil 
component percentages and comparing these estimated values to the ones obtained by conventional 
laboratory means.  The setup of the OS spectrometer can be found in Figure 2 and further details of 
the apparatus and its assessment can be found in Le et al. (2014) or Le (2013). 
 



 
Figure 2. Open source spectrometer setup 
 
Table 1, from Le (2013), shows the estimated soil component percentages, specifically soil moisture, 
carbon and iron oxide content, using the OS (lab) spectrometer and the corresponding soil properties 
values obtained using conventional (lab) procedures.  Considering the limited range of this OS 
spectrometer, it being limited to wavelengths from 350 to 1000 nm, the comparison in Table 1 
suggests that there is a potential for the OS spectrometer to obtain various soil components 
percentage within ± 5 % accuracy.  
 
3.3 Future Direction 
 
Further research will need to be completed to ascertain the reliability and repeatability of the OS 
spectrometer measurements. Further studies with a more sophisticated OS Spectrometer that can 
measure a wider range of wavelengths is underway and it is expected that fundamental engineering 
soil properties like liquid limit and plastic limit may be able to be estimated from the spectrometer 
measurements in the future. 
 
Table 1: Soil Component Measurements (after Le 2013) 

Soil Components 
Based on OS spectrometer 

measurements 
Based on conventional 

lab measurements 

Moisture content in goethite 28% 32% 

Iron oxide content in kaolinite  72% 70% 

Inorganic carbon content in kaolinite  33% 31% 

 
 
4 OPEN SOURCE INERTIAL MEASUREMENTS UNIT 
 
4.1 Background 
 
The recent popularity of OS hardware in DIY (Do-It-Yourself) consumer electronics (e.g. Arduino), has 
paved the way for a variety of affordable measurement sensors and one of them is the Inertial 
Measurement Unit (IMU).  The affordable and small IMU (see Figure 3 b) is a unit that usually consists 
of low cost micro-machined electromechanical system (MEMS) sensors. The MEMS sensors 
contained within recent OS IMU designs are:   

 3 degrees of freedom (d.o.f) gyroscope, 

 3 d.o.f accelerometer, 

 3 d.o.f magnetometer, 
 
Based on the sensors within each IMU, potentially any displacements and rotation in 3 directions can 
be measured and recorded.  Therefore, potentially, the IMU can be adopted for geotechnical field 



measurements to replace the various displacement and rotation measurement devices (e.g. 
inclinometer, extensometer, tiltmeter, settlement gauge, etc). For example, Figure 3 (a) shows an 
illustration of IMUs inserted into a plastic tube in the ground at a uniform spacing to measure 
displacement and rotation of the tube in three directions.  This tube-inserted IMU already has 
measurement capabilities that surpass a combination of 3 conventional inclinometers and an 
extensometer.  
 

 
Figure 3. (a) Diagram of tube-inserted-IMU, (b) An IMU size 
 
 
MEMS acceleration sensors are already in use in geotechnical instrumentation and have been used in 
some inclinometers for over 10 years. Laboratory studies (Sheahan et al., 2008, Stringer et al., 2010) 
and field studies (Bennett et al, 2009) have shown that the sensors can meet the performance 
specifications required of inclinometers and are at least as good as more traditional sensor 
technologies. However, the cost of the inclinometer described by Bennett et al (2009) was significant 
and comparable with that of conventional devices. One of the reasons for the high cost was the use of 
an array of sensors along the inclinometer. This approach has the advantage of providing a 
continuous reading at each measurement location and avoids difficulties associated with the re-
positioning of a single movable sensor. In principle the position location ability of the IMU units has the 
potential to provide a continuous position measurement along the length of an inclinometer, or other 
in-ground position measures, from a single sensor, which could significantly reduce the costs of 
geotechnical instrumentations and lead to increased field monitoring of ground movements.    
 
4.2 Evaluation of OS IMU 
 
While IMU devices used in navigation systems can be very accurate, it is well documented (e.g. 
Woodman 2007), that the low cost MEMS within cheap IMU units have “drift”/”error” in their 
measurements that make their accuracy questionable over a period of time. The approach generally 
adopted is to make use of multiple sensors that complement each other to remove the errors and to 
use advanced mathematical “filters” as described in many research publications (usually from 
mechanical, aeronautical or aerospace disciplines). It seems that these corrections are appropriate, 
especially for applications tracking objects with large displacements over relatively short periods of 
time (i.e. each tracking activity lasts less than a few months). 
 
At the time of writing there appear to be no research publications that explore the adoption of IMUs in 
geotechnical engineering, or any systematic research programme that explores the accuracy of IMUs 
for tracking small displacements over relatively long periods of time, as can be required of field 
instruments. 
 
A 9-d.o.f IMU has been purchased to explore the applicability of the IMU and to determine the 
accuracy with and without mathematical filters over a period of several months. As the skills required 



are outside the normal civil set it is proving difficult to find a suitably adventurous student to take up 
this project.  
 
 
5 OPEN SOURCE AERIAL PHOTOGRAPHY & SFM PHOTOGRAMMETRY 
 
5.1 Background 
 
The development of new sensors and technologies has revolutionised surveying over the last two 
decades, so that it is now possible to remotely map ground surface movements and settlements to 
high levels of accuracy using satellite, radar, laser and global positioning (GPS) systems. For 
monitoring slow moving landslides it is considered that Interferometric Synthetic Aperture Radar 
(InSAR) is currently the best technology (eg. Akbarimehr et al. 2013). This satellite based remote 
sensing technique uses radar to measure changes in surface elevation of large areas overtime, and 
can give accuracies to about 5 mm, although this can depend on seasonal variations in vegetation and 
atmospheric conditions. Global Navigation Satellite Systems, such as GPS, are able to provide 
accurate position information between pairs of receivers that are receiving the signal from the same 
satellite to better than 1 mm, but measurements are limited to a number of fixed points. Airborne Laser 
Scanning (ALS) using Light detection and Ranging (LiDAR) uses a laser scanner to sweep across the 
landscape and can give accuracies to 100 mm, and is also more sensitive to vegetation density that 
InSAR. Terrestrial based systems using the same technologies are also available and can provide 
higher accuracies.  
 
The more traditional method of stereo photogrammetry using photographs from several positions on 
the ground or using a plane can also provide high accuracy, but here the availability of low-cost high 
definition digital cameras has inspired open source systems that allow aerial photographs to be taken 
and analysed at a fraction of the cost of conventional photography. There are various open source 
design approaches that utilise various means of flying, from traditional flying equipment (e.g. balloons 
and kites) to more modern Unmanned Aerial Vehicles (UAV).  
 
The stand-alone application of these OS aerial photography systems in the geotechnical discipline is 
relatively limited, i.e., producing 2-D maps may not seem to provide a significant leap.  However, if the 
aerial photography is combined with OS Solid from Motion (SFM) photogrammetry, and combined with 
3D printing for visualisation the potential uses in the Geotechnical discipline grow exponentially. The 
usage envisaged from this combination can range from obtaining virtual 3-D models that can be 
imported with less effort for finite element analysis or simple visualisation that can help to ascertain, 
for example, large scale hill slide mechanisms.     
 
It is worth noting that the definition of SFM photogrammetry that has been referred to above is the 
relatively new photogrammetry technique called “Solid From Motion” where, with advanced computing 
algorithms and many photographs from various angles, a virtual three dimensional reconstruction of 
the objects can be achieved.  This method is not to be confused with either the stereo 
photogrammetry technique (e.g., Butterfield et al. 1970) or close-range photogrammetry (e.g. White et 
al. 2003), which are commonly used in the geotechnical discipline for deformation measurements in 
laboratory and field applications.   
 
Whilst there have been a fair amount of publications that have explored the combination of OS aerial 
photography and OS SFM photogrammetry in fields that are related to geotechnical engineering, i.e., 
geo-spatial mapping, remote sensing and surveying, there has been very little exploration of this 
combination in geotechnical engineering practice.    
 
5.2 Evaluation of OS Aerial photography & SFM photogrammetry 
 
The barriers to adopting these low cost technologies are the three classic concerns in any new 
measurement system, quantifications of accuracy, precision and resolution. Therefore the first step 
must be to quantify the accuracy, precision and resolution of the OS system under well controlled 
laboratory conditions.   
 
It is then planned to use OS aerial photography to map simple sites using traditional flying equipment 
before moving on to the more advanced (and more costly) UAV equipment.  It is proposed to 



investigate various OS SFM photogrammetry software packages and to compare them with 
commercial ones. 
 
 
6 SUMMARY 
 
The results of the OS mobile app and OS spectrometer projects have shown the potential that these 
technologies have to revolutionise routine geotechnical investigation, however considerable further 
development is required to demonstrate their accuracy and reliability. There are also a range of other 
OS technologies such as the OS IMU and OS aerial photography when combined with SFM 
photogrammetry that also have great potential to transform geotechnical practice and ground 
measurement and instrumentation; however, the fesability of these technologies needs additional 
study.  
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