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ABSTRACT: Traditionally, geologists collect data in paper-based ‘field books’ by sketching the geological structure, and annotating the sketches with relevant features depending on the type of survey. In this paper, a system is described and implemented to replace paper field books with digital tablets communicating with a cloud-based platform. The purpose of the system described in the paper is to provide support for digitally storing the field book data via a web application.  As the work is performed outside, the web application is designed for tablet use and the geologist can use the tablet’s camera to take a photo to enhance the sketch. Furthermore, detailed data can be stored by the web application, e.g. the exact location of the photo, the sketch and the sketch annotations in terms of what type of fault, dips, etc. All data is sent to and stored in a cloud-based database and is made immediately available for analysis by other users via a cloud-based website that is accessible from tablet or desktop. As well as describing the implementation, the paper also describes how the system was tested by geologists at a large open-pit mine in Lampang, Thailand. During initial tests of the system, the significant outcome was the capability of the system to combine sketches and photos of areas of the mine with GPS data (position and elevation) and make the information electronically available for instant analysis and for long-term storage. The paper describes the system and the results from the Maemoh Mine.
1.  INTRODUCTION
The availability of more powerful mobile computing devices is resulting in a trend for specialist equipment to be integrated or superseded by mobile applications. Reasons for such trends might be that mobile devices now have a range of reasonably accurate sensors, they are cheaper than specialist devices, they are easy to find and there is a rich developer community for building custom solutions. While specialist equipment will likely always have a place in the field, particularly for geographic applications, there are certain applications for which smartphones and tablets are sufficiently accurate, more convenient and more readily available. In this paper, such an application for geologists is described and implemented.
This work was conducted in collaboration with Maemoh Mine, which is the largest open-pit lignite (coal) mine in Thailand (operated by Electricity Generating Authority of Thailand). The mine produces 16 million tons of coal annually (70% of the total coal production of Thailand). Geologists at Maemoh Mine currently record data regularly (weekly) about geological structure of the mine in paper-based field books (example shown in Figure 1(a)). The data includes drawings of areas of the mine combined with GPS data (position and elevation) and geological descriptions of the ground (e.g. faults, dips, soil/coal). The collected information is used for 2 main purposes: first, to update a “master” model of the geology of the mine; and second, as a historical record of the movement or changes in the geological structure of the mine over periods of months and years. Therefore, large volumes of paper drawings from field books are kept for long periods of time. A digital solution would not only eliminate the need for physically storing and organizing the information, but it would also provide easy access to geologists irrespective of their location.
The purpose of this project is to provide support for digitally storing the geological data, using Maemoh Mine as a case study, such that paper-based field books as shown in Figure 1(a) can be replaced with an electronic system (of which an example is shown in Figure 1(b)). As the geologist’s work is performed outside, the system is designed to be used via mobile devices (particularly large tablets, such as the Apple iPad). The geologist can use the various sensors available on the device, such as a camera to take a photo to enhance the sketch. When complete, the photo, the sketch and the sketch annotations are uploaded to the cloud-based platform and therefore immediately available for analysis by others in the team, either at the office or in the field.
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    (a) Traditional field book



(b) Digital field book

Figure 1: The existing system (a) vs. the proposed digital system (b)

2.  LITERATURE REVIEW
An early example of commercially available mobile technology being utilised for geological field data acquisition appears in work by Briner et al. (1999) where an Apple Newton device (a predecessor to the Personal Digital Assistants of the 2000s) was used with a “Fieldbook” application to enter notes and drawings in a central “GeoDatabase” that was accessible by desktop computer. Their system “largely replaces field book and pencil during systematic field data acquisition” and ensures “the greatest possible integrity of recorded field data”. It was successfully applied in projects in Switzerland and the Sultanate of Oman.
More than five years after the revolutionary Newton system, the first work involving “tablet PCs” is published by De Donatis (2006) that describes a system called “Map IT”. The tablet PC devices used for “Map IT” are similar to regular laptops running Microsoft Windows, but replacing the keyboard with a stylus and fixing the screen on the outside of the case. The “Map IT” software was rich in features, allowing maps to not only be annotated with geological features, but also with any number of layers with extensive drawing capabilities. However, in contrast to the earlier Apple Newton system, “Map IT” was a standalone application. At the same time as “Map IT”, researchers were also using tablet PCs for mapping and data collection in the Chinese provinces of Hubei, Beijing and Fujian (Liu et al, 2005). Their system called “GeoSurvey” used similar hardware, but had the advantage that it was connected to a database for central storage of data.
The “tablet PCs” were soon to be challenged by Personal Digital Assistants (PDAs). The British Geological Survey (BGS) began a project in 2005 to replace pencil and paper with PDAs (Jordan 2005). Their system was comparable to the Newton system, but with better hardware such as higher resolution and colour screen. The findings of tests in the field showed the BGS system significantly improved data collection and allowed easier transfer to corporate databases, but also found that a significant drawback was the “difficulty in editing data in the field”.

Clegg et al (2006) performed a comparison of tablet PCs and PDAs for geological mapping. For the tablet PC they used the “Map IT” system, and for the PDA they used the specialist Trimble Recon PDA. In general, they found the tablet PC “to be most suitable for a wide range of geological data collection tasks, including detailed outcrop mapping”. The PDA on the other hand, with its small screen and limited processing power, was “best suited for more basic mapping and simple data collection tasks” and was particularly useful in remote situations where “there is a limited power supply or where total weight of equipment is an important consideration”.
By the late 2000s, mobile computing was being revolutionized by the smartphone operating systems of iOS and Android, and in the early 2010s, tablet PCs and PDAs began to be overshadowed and replaced by tablets running iOS and Android. As well as the software becoming easier to develop, the hardware was shrinking and becoming more powerful. De Donatis, who was behind the “Map IT” system, developed a new system called “BeeGIS” with an Android application called “GeoPaparazzi” to take advantage of the new tablets (De Donatis 2010). The concept of the system was to use a fully featured desktop application for storing, editing and analysing the geological data, and perform data collection on multiple light portable Android devices.
A current survey of commercially available mobile applications for iOS and Android reveals that this area is not yet well developed. One geological data acquisition application that is freely available for tablets would be the “Geofieldbook” application developed by Lafayette College for the iPad (Malinconico, 2014). It offers geologists the capability to take photographs and annotate, but it is missing features that might allow the data to be shared with a central database. In some ways, the mobile computing hardware has advanced considerably, but the software is not significantly changed from the early Newton system.
3.  SYSTEM DESCRIPTION
3.1 Requirements
The requirements for the proposed “Maemoh Geology Fieldbook” are described in Table 1. Two types of users are considered: field workers (geologists collecting data in the field) and analysts (geologists processing the data for further analysis).
Table 1: Requirements for the system

	Field workers can:
	Analysts can:

	Take a photo of a small area of the mine pit.
	Show map of geological features for a particular sketch.

	Sketch on the photo to describe the geology of the land.
	Show an overview map of all sketches in the project.

	Annotate the sketch with markers to describe relevant features (e.g. fault, dip, crest, toe).
	View history of data collection in order to analyse the geological change.

	Upload GPS data from Trimble GPS in order to include accurate position and elevation data for each feature on the sketch.
	


From the literature review, there is no one existing system that satisfies all of these requirements, although the majority of the requirements have been addressed in existing systems at various times.

3.2 System design and user workflow
The field workers usually perform work in teams of two or three people and their work consists of several data collection steps. A regular operation involves one person taking photos and making a sketch, and the other persons taking readings from the GPS device at predefined positions. At Maemoh Mine, the readings are taken with a Trimble GPS device, and include the position and elevation for each feature marked on the sketch. When sketch and readings are complete, the field workers must return to the office and download the GPS data to computer before combining it with the sketch for further analyse by geologists.
With the proposed system, the field workers will continue to work teams of two or three people with a similar workflow as shown in Figure 2. Instead of using separate digital cameras and paper-based sketches, the tablet (e.g. iPad) can be used to take a photo, to annotate the geological features and to make a sketch – a stylus can be used with the tablet for accurate sketching. The field workers who perform GPS data collection for each feature continue to perform readings with the Trimble GPS (due to the high accuracy requirements not being satisfied by the tablet). However, when the field workers return to the office the process of uploading the data into the system is semi-automated. Given a “point” file exported from the Trimble Pathfinder software, the user can import the data into the photo and sketch. Following the import process, the photo and sketch are fully annotated with geological features together with the GPS position and elevation. For the Maemoh system, a special coordinate system called “MineGrid” is used and therefore data can be viewed in either MineGrid or traditional latitude/longitude systems. The fully annotated maps, photos and sketches are available for further analysis by geologists via a web browser, hence all current and historical data can be accessed on any computer or any mobile device, in the office or in the field.
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Figure 2: Geologist user workflow showing process from data collection to data analysis
3.3 Implementation
The system is implemented as a web application hosted on cloud infrastructure (Amazon Web Services was the chosen provider). The cloud is a convenient way to host applications on high performance servers with flexible scaling and automatic backup/recovery facilities. For sketching and annotating a photo within a web application, it was necessary to use HTML5 and Javascript+jQuery. The Google Maps API (v3) is used to displaying geographical information. On the server-side, PHP is used for processing scripts and MySQL is used for storing data. The Trimble GPS hardware is connected to the Pathfinder software in order to export data files for uploading to the server. A test version of the system has been made available to the public (Mobile Computing Lab, 2014).
3.4 Testing
Testing was undertaken with a team of geologists at Maemoh Mine from September to December 2013. The workflow for the system is as described in 3.2 and as shown in Figure 2. The actual testing process is shown in Figure 3, depicting the five main steps involved in the process for collecting geological data using the Maemoh Geology Fieldbook. In step 1, the field workers begin their work on site by taking a photo of a particular area of the mine. Next, in step 2, a sketch is made on the photo that shows the geological structure of the soil and coal. Also at this step, the field worker adds the ‘features’ of the area. Each feature is given a number, a type (consisting of fault, dip, crest, etc.), a description and a remark (e.g. coal/soil type). Meanwhile, other field workers will be collecting the GPS data corresponding to each feature, using the Trimble GPS device as shown in step 3. When GPS data collection is complete, the “point” file is downloaded from the device and uploaded to the Fieldbook system as in step 4, at which each recorded point will be automatically matched with a specific feature in the photo/sketch. Following which, as shown in step 5, all the photo, sketch and GPS data will be available for analyse by geologists, either printing or exporting for further processing.
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Figure 3: Five steps for using the Fieldbook system to photograph and sketch an area,

annotate and collect feature data.

Table 2: Comparison of traditional field book and proposed system
	
	Traditional field book
	Online Fieldbook system

	Sketch and annotations
	Paper and pencil
	Tablet and stylus/finger

	Data storage
	Paper-based
	Database + File storage

	Data sharing
	Manual
	Immediately available to all

	GPS uploading
	Manual
	Semi-automatic upload

	Maps
	Hand drawn
	Digital (e.g. overlay Google Maps)

	Reports
	Manually produced
	Automatic in HTML or PDF


4.   RESULTS AND DISCUSSION
Table 2 shows a comparison of the key components of the traditional system versus the tablet system. In terms of recording data, our initial tests showed that field workers were more likely to be comfortable with paper and pencil for sketching and annotating. However, the advantages of the proposed system appear when considering teams of field workers, each contributing part to a project. Much like a traditional system, field workers can take multiple photos and sketches, but with the proposed system these individual parts are instantly available as part of a project, making it possible for larger teams to perform surveys collaboratively. When it comes to storing the data and sharing it with a team then the paper-based solution cannot compete with the digital solution in terms of reducing the amount of manual work involved in combining photos, sketches and GPS data. Furthermore, the ability for geologists to bring up any project, any photo and any sketch overlaid with GPS data, on any web browser on any computer or mobile device is a significant benefit for the online system. 
The proposed system brings further benefits in terms of analysing the data. With all the information in one database, it is possible to export photos, sketches, feature data and GPS data into other programs or for other users. The Maemoh geologists described situations where sketches in traditional field books need to be converted to electronic form after returning from the field. The proposed system removes the need for this redrawing step as all the information is available for export. Furthermore, the data can be used in other systems, for example as an overlay on Maemoh’s existing Geographical Information System.
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