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Abstract 
In this thesis we present a suitable way of calibrating and debugging an autonomous underwater vehicle 

(AUV). The issues that occur when working with an AUV are the inconvenient way of having to constantly 

recompile the software to change the behavior of the AUV and the lack of feedbacks received. If the vehicle 

does not behave as it should the information needed to be able to trace and fix the problems that occur is 

in general difficult to retrieve. To tackle this problem a literature study was made on logging libraries, 

communication protocols as well as AUVs in general. This resulted in identifying a set of existing logging 

libraries and possible communication protocols. From testing and analyzing these results, Zlog was chosen 

as the logging library and UDP as the communication protocol. Zlog has then been used in the AUV 

application to log relevant information on the AUV and UDP allows establishing a connection between the 

AUV and a desktop program created for Windows to send this logging information to. The desktop program 

also allows filtering of any incoming logs with the use of a parser. This has been an essential part of the 

solution to be able to identify specific logging data and help presenting this in a convenient way. To be able 

to change the format of the log file, the parser has been given a grammar which can be adjusted to adapt 

to a different log file. Additionally, the desktop application has the ability to send commands to the AUV 

application via the UDP connection to change the behavior of the AUV live.  

Keywords 
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1. Introduction 
An autonomous underwater vehicle, commonly abbreviated as AUV, is a self-oriented vehicle that solely 

works on its own. An AUV is an unmanned vehicle that operates underwater by being sent on a pre-

programmed mission: it requires no direct input from an operator. Because it works on its own, once 

submerged in water it is important that the robot can execute its mission in the way it is supposed to. 

Therefore important parts of the development of such vehicles are the testing and debugging. 

One of the problems when developing an AUV is that due to its environment, with it having to be in water 

during execution, it is hard to track a mission it is sent out on. If something does not go as planned, it is 

difficult to know exactly what went wrong. When developing an application for a regular computer, it is 

always possible to debug it to see exact details and follow it during its execution. If a bug or an error appears 

in this debug mode, it can be seen exactly where faulty code lies and the problem can be handled right 

away. It is harder to localize faulty code when working with AUVs because only when the mission is over 

one can see if every detail was executed correctly or not. If something went wrong along the way, one 

would have to guess the error and try to send it on the same mission again to see if the new execution was 

done correctly or not. 

This thesis targets these limitations of feedback during runtime of an AUV and the goal of this thesis is to 

find a suitable solution for enabling debugging and calibration of an AUV. The solution presented in this 

thesis is made up of a desktop application handling logs sent from the AUV. Three big components make 

for the solution: a logging module, a communication between application and AUV and a parser used by 

the desktop application to detect different parts of the incoming logs. 

The main factor for a suitable logging module is that it is easy to install since it must be integrated to every 

AUV using this solution. A suitable communication is one where the connection is simple and fast. There 

should be no need for either the AUV or the desktop application to know the IP-address of the other side. 

The purpose of the parser is to detect parts of the logs and present them in a filterable way on the 

application to easily debug a mission of the AUV. 

To accomplish the development of these components we have done a literature study to find and compare 

different alternatives for each component. For the logging module different logging libraries were 

compared which will be described further in section 3. For the communication, different transfer protocols 

have been implemented and compared to find the most suitable one.  

The work in this thesis is performed in the context of the RoboSub1 competition. RoboSub is an annual 

competition directed to high school and college students around the world. The goal of this competition is 

to advance the development of AUVs by letting students build and compete with their own autonomous 

vehicle. Every AUV have constraints such as a size or weight that cannot be exceeded. The team competing 

has to send their AUV on a realistic mission where for example it has to follow guide markers and be able 

to maneuver through obstacles on the way. A team of students at Mälardalen University will be competing 

in this year’s competition. The purpose of this thesis is to contribute to an easier development of the team’s 

AUV with added debugging and calibration functionalities and a more convenient troubleshooting support. 

The solution will be required to work on an AUV running Linux Debian (64bit) meaning that developing a 

custom-made software is not necessary as the AUV runs a similar operative system as a normal desktop 

computer. This implies that it is possible to run a virtual machine with the same operative system and 

configuration as the AUV to ease the development of the implementation. By doing this we are guaranteed 

that any software developed on that virtual machine will be able to run on the AUV.  On the AUV, commands 

are executed through the use of an API written in ADA. This is because ADA is used to command the low 

level sensors and motors of the AUV. C code is then used for the business logic which is the part where we 

                                                             
1 http://www.auvsifoundation.org/foundation/competitions/robosub Accessed: 2014-05-26 

http://www.auvsifoundation.org/foundation/competitions/robosub
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will be developing our small C API allowing the team to log essential data and to communicate with the 

desktop application. The ADA API will also be available in the business logic which means that our developed 

AUV library can receive commands from the desktop application to adjust and receive any motor or sensor 

data. It is also necessary for the solution to work regardless of the IP-address of the AUV and the debugging 

device connected to it. Due to this constraint, the solution is required to not contain any hard-coded IP-

address or need an input of an IP-address from the user to establish a connection. Additionally the solution 

should not interfere with any current work and should be easy to implement. By making this 

implementation, the speed of the development of the AUV will be increased since better feedback will be 

received faster and more convenient.  

To tackle the task of removing any limitations of direct feedback during runtime of the AUV, a desktop 

application and a communication support and logging module for the AUV is needed to be developed. To 

solve this, a logging library has to be chosen to log any essential information needed on the AUV. The logging 

information will then be sent to the desktop application for direct feedback. This will be done by creating a 

parser using a grammar to be able to easily filter and handle the logs in the desktop application as they are 

received from the AUV. Additionally the AUV should also be able to receive commands sent from the 

desktop application to interact with the AUV live. To make all this possible, a connection must be 

established between these nodes via a communication protocol over LAN (Local Area Network) which will 

be able to receive and send from both the AUV and the desktop application. 

1.1 Structure of thesis 
The remainder of this document is structured as follows: Section 2 describes how we researched related 

works and sources for important parts of our implementation with the summarization of said research. 

Section 3 details the different logging libraries and compares them with each other, as well as conclude 

what library is best suited for our purposes. In Section 4 the communication between our application and 

the AUV is discussed with conclusions on the most suitable communication protocol. In section 5 we 

describe how the application uses a pre-designed grammar to parse incoming logs as well as the importance 

of using a grammar for future work. In section 6 we introduce the structure of the implementation, both 

for the debugging application and for the AUV, which also explains the relationship between different 

classes. Section 7 later describes how the GUI is built and what everything represents, it also informs why 

it is built in that fashion. Lastly, in section 8, we discuss the conclusion of this thesis and present any future 

work that could improve the result. 
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2. Background 
A literature study was done to get some understanding of what has been done in the field of AUVs and also 

to find helpful material for this thesis. The used approach was to search for keywords related to this project 

using IEEE Xplore2 and Google3 in order to get in touch with similar projects. 

To get a general understanding on how AUVs function, the keywords autonomous, underwater and vehicle 

were used on IEEE Xplore. This led to a paper by Prats et al. [2] where the authors discussed the importance 

of an intuitive and powerful graphical user interface. By designing an intuitive application, it makes it 

possible for a non-expert to send commands and to perform tasks with the AUV. Furthermore it also makes 

it faster to complete tasks by pressing pre-programmed buttons which will send a set of instructions instead 

of typing them manually. 

By executing the previous search, a paper by Brutzman, D.P. et al. [1] was also found, where the topic 

surrounding the importance of recovering from a system failure is discussed. P. Brutzman, Yutaka Kanayama 

and Michael J. Zyda talk about why it is important for an AUV to be able to execute a mission without errors. 

It is equally important that in the case of a failure it can recover or be overridden with a “return home”-

mission. The same article informs about the need to fully test hardware and software of an AUV in a 

confined area before it is deployed and ready for operations. 

Since we had to implement a logging module to receive necessary feedback from the AUV, we used the 

search query logging data vehicle in IEEE Xplore which led us to the related paper by Thakur, S. et al. [4], 

where a data logging system running on an AUV has been developed. In their case, they are using an 

embedded Linux platform which distinguishes the AUV we are working on which runs Linux Debian 64bit. 

From this article, we learnt that because we are running the application on a non-embedded system, we 

will be able to run the same application on the AUV on a desktop machine. This means that we can use 

the same socket library on our desktop as the AUV. In their case, they had to implement a zero-copy 

TCP/IP protocol stack for embedded systems [5] to decrease the overhead. 

Still searching for relevant papers regarding logging modules, we used the search query logging techniques 

vehicle to find an article by Stokey, R.P. [6] which was of great use for us since we would use a parser for all 

incoming logging information from the AUV. In this paper he discusses the importance of creating a log file 

that easily can be parsed. He also emphasized that each log entry should consist of one line of data to help 

the parser even further. The author also mentioned the ability to filter logs to be able to find the searched 

data as fast and easy as possible. 

To find different types of logging libraries suitable for this thesis, Google's search engine was used with the 

keywords logging, systems, library, standard C. The most promising libraries that were found during the 

research were Log4c [13], Zlog [14] and Syslog [15], given the general information existing surrounding each 

library. 

Considering the AUV would send all logging information over LAN to the debugging application, a lot of 

research has been done to find literature related to the most suitable communication protocol. Searching 

with the keyword UDP in IEEE Xplore a paper by Min Zhang et al. [10] was found, and looking through the 

references of this paper, we found a paper by Wolfgang, J. et al. [3] which discusses the dominance of TCP 

usage on the internet compared to UDP. 

To further find information regarding communication protocols, using Google’s search engine with search 

query performance measurement TCP UDP resulted in a paper by Sarma, M [8]. In this paper, the author 

discusses the performance of TCP and UDP. He mainly focuses on the congestion control and the differences 

between the connection-oriented TCP with a required delivery and the connectionless UDP. Still using 

                                                             
2 http://ieeexplore.ieee.org/  
3 http://google.com/  

http://ieeexplore.ieee.org/
http://google.com/
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Google’s search engine, to find out about reliability of UDP over LAN, the search query reliability of UDP of 

LAN resulted in an article by Liu, X. et al. [11]. 

Given the usage of a communication protocol to send logging information from the AUV to the debugging 

application, if more than only text is to be sent, the information must first be serialized. To get a further 

understanding of how that is done the search query object serialization was used on IEEE Xplore which 

resulted in an article by Opyrchal, L. and Prakash, A. [7]. In this article Lukasz Opyrchal and Atul Prakash 

explains object serialization in Java and how it can be possible to write a state of an object and later recreate 

an exact copy of said object using the written state. This method could be useful to adapt in C to be able to 

send more than just a string of characters between two applications, for example to make it possible to 

send a picture. 
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3. Selecting a logging library 
Logging, or more accurate data logging, is the process of collecting and analyzing data. This data will later 

be stored and presented in a convenient way for the user. The usefulness of logging data is mostly when a 

human cannot keep up with the speed of which the data must be collected or when accuracy is important.  

Data logging will be useful to be able to debug a state of an AUV during runtime and can easily be done with 

the use of a logging library. There are several existing logging libraries available in C and this section will 

introduce the most known libraries and select the most suitable one for this work. 

3.1 Existing Logging Libraries in C 

3.1.1 Log4c [13] 
Log4c is a logging library that was created in 2002. The strength of Log4c lies in its possibility to choose 

between three different types of logging methods depending on the project. The first method is to simply 

work with environment variables to easily print out the system’s outputting messages. This is the easiest 

way to work with the library if the project is only meant for testing but should be avoided in huge complex 

projects. 

The second method that can be used is a configuration file connected to the application that needs logging. 

According to the Log4c’s Developer’s Guide [16], this is the most common method used due to its 

powerfulness and convenience. The advantage of the configuration file is that it is possible to work really 

close to the final application without making changes in the source code. This makes it possible for 

developers who have not been involved in the programming part of the project to simply change the 

behavior of the logging mechanism without having to learn the source code. 

The third and last method that Log4c provides is to make it possible to work with their API directly within 

the application. This can be useful if a framework is to be developed that is going to be used by another 

developer. In this way, the logging configuration is within the framework and the developer that is using 

the framework does not have to keep track of the configuration file of the framework and possibly their 

own configuration file. Instead, the behavior of the framework can be changed programmatically and then 

be connected to an application with its own configuration file. This makes the project easier to handle with 

only one configuration file that the administrator needs to keep track on. 

3.1.2 Zlog [14] 
In 2012, Hardy Simpson created Zlog because according to him, there was no good option if a fast and 

powerful way to log data in the standard C library was needed. In his user’s guide he expresses that Zlog 

has the ability to log up to 250 000 logs every second on a normal laptop and according to him this is 1000 

times faster than Syslog using Rsyslogd [17]. Zlog works in similar ways as Log4c with the difference of 

needing to use a configuration file while Log4c has the option to use one. Zlog also does not support 

environment variables as compared to Log4c. Instead the use of a configuration file is required at all times 

even though it is possible to add additional configurations with help of the API. 

3.1.3 Syslog [15] 
Syslog, developed by Eric Allman in the 1980s was at the time a part of the Sendmail project and has later 

become a standard for computer message logging. Compared to other logging libraries it has unfortunately 

not been proven as one of the faster options [12]. However, since it has been considered as a standard for 

logging in non-windows systems, it is very well documented and has a wide range of users which can be 

helpful when using this implementation. 

3.2 A suitable logging library 
To select an appropriate logging library for our solution we did analysis of what we considered to be the 

most important aspects for our solution: 
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 Customizability 

It should be possible to customize the way the logging is done without having too many 

constraints of the formatting. This makes it much easier to apply the formatting required for the 

solution without having to compromise with the logging library selected.  

 Performance 

The performance of the library should not be a bottleneck to the solution. 

 Easy to use 

The logging library selected should be easy to install and to link the necessary files needed since 

all interested in the solution of this thesis will have to go through this process. If this process is 

hard, the users might look for another solution. Additionally the logging format should be easy to 

customize according to the required needs. 

 Platform independency 

The logging library should preferably be platform independent. This will help ease any future 

transition from one platform to another. 

3.3 Selecting the most appropriate library 
When choosing logging library we first looked through which library would suit our project the best. We got 

the knowledge that Syslog would not be the best choice since it was not the fastest option and because we 

wanted a more modern way of logging that was not bound to UNIX. By having a logging library that was 

supported on all platforms, the logging module could easily be reused in other projects that are not running 

the same operative system in the future. 

We also compared Syslog’s and Zlog’s configuration files and noticed that Zlog had the ability to easily 

manipulate the configuration file to change the behavior of the logging output which Syslog did not have. 

As a result, Syslog was discarded. 

After testing both Log4c and Zlog on small test projects, we quickly learnt how to work with Zlog while 

problems occurred with Log4c. An encountered flaw with Log4c was that we needed to compile our testing 

environment with a makefile4 from within the files provided by the library. This was an inconvenience 

because we were dependent on more files than just our own. Instead of just having an independent file 

linked with a library with a stand-alone makefile with Log4c, we had to perform a few necessary steps 

before this could be done. We were first required to compile our project which would create a script file. 

This script file was then needed to be linked with a makefile contained within the library which was built to 

create an executable file. When trying to break free from these constraints, we encountered more errors 

with the compiler not finding the correct lib-files for Log4c. 

Doing the same tests on Zlog instead resulted in exactly what we wanted for our project with little problems. 

It was easy to install and easy to link to our testing environment. With Zlog we got an independent source 

file with a makefile linked to the Zlog library files, which is exactly what we needed to be able to merge our 

implementation with the implementation of the team developing the AUV. 

Log4c is powerful since it is possible to select the logging method that is most suitable in the project. Zlog 

also has a configuration file and an API to work with, the only difference is that it must apply both of them 

which make it less adaptive. From this point of view, Log4c may look like the better choice since it is possible 

to select the method that fits the project. However, as mentioned above numerous problems were 

encountered with Log4c which made it harder to work with compared to Zlog. 

                                                             
4 A file that specifies how to derive the target program 
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Zlog also provides easy personalization of the logging structure. When logging using Log4c, it uses a pre-

defined presentation. Zlog instead makes it possible to edit how the information should be presented. An 

easy example is the logging of date and time. When Log4c prints the date, it prints all information at the 

same time (20140517 15:15:15.123) while Zlog allows the user to decide on the format. This makes it 

possible to divide the date and time or even separate year, month and day from each other. 

This exemplifies how Zlog allows the user to personalize the log files, and with it being easier to understand 

and implement into our project, these were the deciding factors leading us to use Zlog as our logging tool. 

In conclusion, Log4c is more powerful but less flexible. On the other hand, Zlog allows for user-

customization of the logging files, and is easier to understand and use. Based on these criteria, we selected 

Zlog as the library to use as the logging module for the AUV. 
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4. Communication 
The biggest question regarding communication was what transport protocol to use: User Datagram 

Protocol5 or Transmission Control Protocol6. These two were pre-selected because they are widely known 

and the most used protocols as well as easy to adapt in the C programming language. 

4.1 User Datagram Protocol 
User Datagram Protocol, abbreviated as UDP, is a transport protocol suitable for services like streaming 

media. UDP can serve a multitude of clients for each server and is quick to send lots of packets. However, 

with the usage of UDP, the sender has no knowledge of any packet reaching its receiver or not, it will just 

keep on sending packets with the assumption that everything is received. Without a proper check if a packet 

is received or not the speed to transfer multiple packets is increased which is a reason why it servers 

streaming media so well since random packet losses does not matter as much as getting the live data as 

fast as possible. 

4.2 Transmission Control Protocol 
Transmission Control Protocol, abbreviated as TCP, is a more reliable [8] option when deciding what 

transport protocol to use and is currently the dominating transport protocol in most other aspects of the 

internet besides streaming media [3]. The way TCP works is that for each packet sent the sender will wait 

for an answer from the receiver that the packet was received without any corrupted information. If the 

sender never gets an answer from the receiver it will re-send the packet to make sure no packets are lost. 

This guarantees that all information sent is being received but slows down the process compared to UDP. 

4.3 Selecting a suitable protocol 
Our first thought was to implement TCP as our communication between the AUV and the debugging 

application, considering a packet loss might interrupt the debugging with missing or corrupted information. 

TCP worked well, but some problems arose when using it, one of which was that it uses connection between 

sender and receiver which means that the user needs to know the IP-address of the other side. When 

starting the debugging application the user then needs to know the IP-address of the AUV and vice versa 

when starting the AUV. Another minor drawback is that with the usage of TCP the communication is one-

to-one leading to not being able to use multiple debugging stations for a single AUV. One option was to 

instead use UDP Multicast which sends to all receivers in the same LAN (Local Area Network) as the sender. 

Since the communication is intended for debugging an AUV for the RoboSub competition it will be used in 

a LAN only. As a result, UDP could be a suitable option since using UDP over LAN greatly reduces the risk of 

packet loss [11]. Using Multicast will also solve the problems of needing IP-addresses and give the option 

to use several debugging applications working in parallel. This will also reduce the risk of packet loss due to 

one application’s packet loss might be received by another application. This led us to use and implement 

UDP with the usage of Multicast as the communication protocol between the debugging application and 

the AUV. 

 

 

 

                                                             
5 http://technet.microsoft.com/sv-se/library/cc785220(v=ws.10).aspx/  Accessed: 2014-07-03 
6 http://technet.microsoft.com/sv-se/library/cc756754(v=ws.10).aspx/  Accessed: 2014-07-03 

http://technet.microsoft.com/sv-se/library/cc785220(v=ws.10).aspx/
http://technet.microsoft.com/sv-se/library/cc756754(v=ws.10).aspx/
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5. Parsing the logs 
When deciding how to parse the logs sent from the AUV we first implemented a hard-coded solution that 

worked for testing purposes, but since this is not an optimal solution for flexibility it was later replaced. In 

the hard-coded solution it was needed to specify the exact location and length of each word being parsed 

which worked well in the beginning because we knew what the log file would look like. The problem with 

this solution is that the program would crash every time a log file was received that did not match the 

expected format. Because of this problem a new solution was developed which made use of a lexical 

analysis to be able to create tokens of every word and number being parsed. These tokens can later be 

manipulated by a parser using a grammar. This has been done to make it easy to adapt to the solution by 

simply changing the grammar. 

5.1 Lexical analysis 
Lexical analysis is the process to create tokens of relevant data that might be found in a string. This could 

be a specific text string, number or a sequence of special characters. It is mainly used together with a parser 

to be able to easier look through a string and to apply a grammar which makes use of the tokens created 

by the lexical analysis. This method is used to analyze the log file received from the AUV to be able to break 

down the log file in smaller parts and to use this information to apply the filter system in the windows 

application. The lexical analysis has been created from scratch to fit our solution the best and is able to 

create tokens of data that is relevant for the logging format. These different types of tokens and their usage 

is listed below. 

5.1.1 Digits 
It has been decided to create a token for every digit found in the log file because it contains date and time. 

This allows us to count the number of consecutive digits in a convenient way. This only requires matching 

two digits for hours, minutes and seconds etc. and four digits for years. If numbers would have been used 

instead, the string’s length could have been used instead to match the length needed. But since we wanted 

the grammar to be as similar to the code as possible and to be more convenient, digits were chosen instead. 

5.1.2 Dashes 
Dashes are used to express the date but also used in numbers to express negative values. It is important 

that the parser can identify the correct formulation of these to handle them accordingly. 

The date format used is presented as the following; “2014-05-21”, which shows the importance of dashes 

being stored as a token to recognize this as a date when parsing. This makes it possible for the parser to 

simply see if the date format has been correctly separated by the dashes and contains enough digits before 

and after this token. 

As for numbers it is also crucial to create this as a token. By storing this as a token the support for negative 

numbers has been added since the dash token could be matched before any legitimate value by the parser. 

This will only be done when the parser expects a number and does not interfere with the date format used. 

5.1.3 Colons 
Colons are mainly used in the time format and the custom data logged on the AUV.  

The time format is presented as “16:48:06.040” with the “.040” field being optional (see section 5.1.4 for 

details on the optional field). To be able to identify this as the time field in the log file, the colon token helps 

the parser do similar work to the way the dashes determine whether it is a date or not. The difference is 

that colons are used in this case to separate the hours, minutes and seconds. 

Colons are also used when determining the value of the data type that is being logged (for example “Yaw: 

20”). By having a colon that separates the logged data type and value, the parser knows when the data type 

has been read and the value will be located subsequently. 
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5.1.4 Dots and Commas 
It has been decided to add support for decimal numbers for the log file data even though all returned values 

are currently of type integer only. This makes the logging solution ready for other applications that would 

use decimal number support. To make this work, verifications are being made in the lexical analysis which 

handles dots and commas as a part of a number. 

As mentioned above, the time format has an optional millisecond part where dots are essential. For the 

parser to know that this optional part has been added it can safely look ahead to see if a dot is followed by 

the seconds.  

5.1.5 Strings 
The strings that can be found in the logging format are the category, data type and in some cases the 

message of the log. 

It has been decided for the category and the data type to be created as a string token to avoid any 

limitations in future development. By not expecting a special string, new categories and data types could 

be added in the future without the need of implementing these in the lexical analysis. These new categories 

and data types also need to be added in the filter of the desktop application when received from the AUV. 

(More details about the filtering mechanism can be found in section 7). 

To determine whether a string or a data type has been parsed, the parser can simply look ahead to see if 

there is a colon followed by the string. If a colon was found the parser can be sure that a data type is being 

parsed otherwise it can be determined as a message. To separate these types, the logging object consists 

of a message string and a data type string. This was decided to avoid mixing the data type and the message 

within one variable, because as mentioned above all data types will be added to the filter the first time it is 

received. If these would have been stored in the same field, it would not have been possible to determine 

whether a new data type or a new message has been received. 

5.1.6 Events 
As for the event type, Zlog limits the solution to its existing events. This is why we have decided to make a 

custom token for the events called EVENT. 

The events that Zlog supports are the following: 

 Fatal 

 Error 

 Warn 

 Notice 

 Info 

 Debug 

All of these event types have been added to an array to be able to match any incoming string to see whether 

there is a possibility for the string to be an event. If a string has been matched with an event in the array 

then the lexical analysis will add a custom token called EVENT instead of STRING as mentioned above. 

5.1.7 Break 
Line breaks are stored to easily be able to see if the current log line has ended. By storing line breaks as 

tokens the parser will know that the current line has been completely read and the logging object has been 

created properly. 

5.1.8 Dollar 
If the next token is a dollar character it means the parser has reached the end of the tokens read. 
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5.2 Grammar 
The tokens described before are used to construct a grammar. The grammar will serve as basis to parse 

logs. The resulting grammar is the following: 

Start → Body Start | Dollar 
Body → Date Time Category Event MessageBreak 
Date → Year-dVal-dVal 
dVal → DigitDigit 
Year → dValdVal 
Time → dVal:dVal:dValMilli 
Milli → .dValDigit | ε 
Category → string  
Event → event 
Message → Data Value | string 
Data → string 
Value → : NegVal 
NegVal → -num | num 
Break → \n 
Dollar → $ 
 

To illustrate how the resulting grammar works, an example of a correctly formatted log and an incorrectly 

formatted log will be presented. The start token indicates the starting point of the grammar and can either 

generate a body which is one log row or the ending point of the log file. The correctly formatted log that 

will be illustrated is “2014-05-18 15:10:39.040 Timer INFO Yaw: 43\n” and can be seen in Figure 1. 

 

Figure 1 Parse tree of a legitimate log 

As seen above, the log contains all information to be parsed with the grammar. This can be compared 

with the corrupt log “2009-08-05 17:43:28 Timer Critical Engine failure\n” which will be presented in 

Figure 2. 
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Figure 2 Parse tree of a corrupt log 

This log contains a correctly formatted date as well as time, category and message. As can be seen, the time 

does not contain milliseconds but is still correct since that field is optional. Followed by the category the 

log contains an event “Critical” that is not supported by Zlog and therefore not supported by the grammar. 

This makes the log corrupt and will be skipped even though the message format “Engine failure” is correct 

since a message also can be interpreted as a string. 

5.3 Parser 
When all tokens have been created by the lexical analysis the parser will begin parsing these tokens with 

the help of the grammar to determine the context of the token. As the parser continues iterating through 

the tokens the parser also creates a new log object of every line read in the log file. Every object is then 

stored in a list of logging objects representing every line read in the file. By storing all the lines as log objects 

it makes it easier for representing this data in the GUI and to filter the log on any special demands the user 

might have. The parser that has been created together with the lexical analysis is able to parse any grammar 

that may be wanted in the future. 
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6. Design Solution 
Along with the development we made a few important design decisions which have led to our final version 

of the application. The choices we have made and their impacts on the application will be presented in the 

content below. Figure 3 below describes the overall structure of our solution, a desktop application on 

Windows which uses UDP Multicast to communicate with the AUV over the same local network. The AUV 

will need to be on Linux and use Zlog to send logs with the correct format to the desktop application. 

 

Figure 3 Overall structure of the solution 

6.1 The perspective of the debugging and calibration application 
To create a debugging and calibration application we have separated the GUI (described in detail in section 

7) from the logical calculation. Even though we have not created a class containing all the logical calculations 

we do have methods dealing with this. The following sections discuss the different aspects of the application 

that are specified in the UML model in Figure 4. 

 

Figure 4 Overview of the entire application 
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6.1.1 Parser 

 

Figure 5 Overview of the Parser part 

The parser part of the application is one of the bigger parts of the UML diagram that can be seen in Figure 

5. For the parser to know what type of data should be logged it uses the enumeration “LogType.” Depending 

on the state of the enumeration, the parser expects different types of data and always knows where in the 

“LogObj” the data should be stored.  

To store all data, the parser uses several “LogObj” which represents one line that has been logged and is 

stored in a vector and is therefore a 1-to-(0..*) relationship. We have chosen to work with objects to make 

it easier for the graphical filter to be able to know what data to filter. For “LogObj” to work it is in need of 

“EventType” which is another enumeration type. This is essential to make it easier for us to handle the 

different types of events that are supported by Zlog. By simply creating an enumeration of the different 

types, we do not necessarily need to know the index of the different types and can safely use the 

enumeration name instead. The “EventType” is also needed in the parser to be able to transform a string 

containing an event type to the enumeration index.  

Lastly the parser is in need of a lexical analysis to be able to create tokens of every special character or 

string found, which can be read about in more detail in section 5.1. The relationship between the parser 

and the lexical analysis “Lex” is 1-to-1 because only one lexical analysis is used for one parser. However, the 

lexical analysis uses a vector to create an arbitrary number of tokens which is a 1-to-(0..*) relationship. 

One example of an error that the grammar solves is that since the parser rejects all incoming data that 

does not match the grammar, no corrupt logs or any other data can be collected. Because UDP Multicast 

is used to send all commands and logs, every connected device on that LAN will receive all commands and 

logs sent. However, this will not be an issue when using a parser because it cannot in any way make a 

logging object of a command being sent by another debugging application. However, if the old hardcoded 

solution was used, the application would simply crash since the data received would not match the 

expected format. 

6.1.2 Sending commands 
As for the module that allows sending commands to the AUV, a lexical analysis similar to the one created 

for the logging mechanism. This can be seen in Figure 5 where it makes use of the Lex object. This makes it 

possible to break down the command that is supposed to be sent into tokens just like the log file received 

from the AUV.  Much like the parser that is used to apply grammar to the lexical analysis for the log file, a 

similar grammar is used here that allows the sending of different types of commands from the client. 

However, unlike the parser for the log file we decided that it was enough to make a method that the 



18 
 

command will be sent to as an argument instead of making a completely new class. The grammar used for 

the commands can be seen below. 

Start → Strings | string Value 
Strings → string Strings | string 
Value → : NegVal 
NegVal → -num | num 
 

As the grammar indicates, we have the option to either send text strings which we will use for custom made 

commands or we can set values for different types of modules. For example we can send the command 

“Yaw: 34” which will set the yaw value to 34. Meanwhile the command “start timer” will start a timer which 

will send a log with all the common data types and their values existing on the AUV. By allowing all strings 

to be inputted we make sure that the application does not limit any new commands that will be added in 

the future. The only necessary change in the source code will be on the AUV. 

6.1.3 Communication 

 

Figure 6 Overview of the Communication part 

To lay a foundation for future work, a struct has been created that is ready to be sent from the application 

which will ease future development for the communication and can be seen in Figure 6. However, since no 

support for serialization has been added it is not possible to send this object to the AUV. Instead all object 

values have been added to a char pointer which is then sent to the AUV. By adding this feature in the future, 

the AUV will not need to parse the incoming command, instead it is sufficient to deserialize it and use the 

object as it was sent. 

6.2 The perspective of the AUV 
Our contribution on the AUV side resulted in a header file and a source file and all the AUV developers have 

to do to use all functions is to include the header file to the source files needing them. The header file 

includes all the other libraries the code is dependent on and all defines7 used in the source code, such as 

sizes of different arrays or the port number for which to send packets over the local network. In addition to 

this the header file also has the declarations of all existing functions. The header file exists primarily to ease 

the understanding of how to use our functions and to easily change any of the major parts, such as port 

number for example, and can be seen as an API of what functions exist and what parameters they have. 

The source file is just the implementation of the declared functions found in the header file and should not 

need any alterations but is available if anything specific needs to be added after this thesis is over. All but 

two functions declared in the header file are implemented in this source file. The other two functions are 

linked with the AUV-project and uses functions developed by the other team, such as Get or Set functions 

to get the value of a data type or set the value. Therefore we decided to have these two functions in the 

main AUV-file so that the team working on the AUV can easily add more data types or commands that the 

AUV should be able to comprehend and does not have to dig into our source files. 

                                                             
7 A macro used to declare a constant variable 



19 
 

6.2.1 API of the most important functions 
The communication between the AUV and the desktop application can be seen Figure 7. The following are 

the most important functions that has been added to the AUV. 

 

Figure 7 Communication between the desktop application and the AUV 

void ComInit() 

This function initializes all the aspects of the implementation. It will initialize all the components of 

pthreads, which is used for parallel programming using threads, as well as initialize Zlog by telling it what 

configuration-file to use. It will also start up the connection and create a thread that handles all incoming 

messages from the calibration and debugging application. 

This function needs to be called at the beginning of the run in order for everything to work. 

void SendData(event_t ev, char* data_t, int val) 

This function will send data to the debugging application. The parameters are an event, a data type of the 

user’s choice and a value of said data type. The different existing events are made up of an enumerable 

with the values described in section 5.1.6. 

The data type is of type char* and is inputted manually. The last parameter is simply the value in form of 

an integer for the data type. An example use of this function would be: “SendData(DEBUG, “Yaw”, 

GetYaw());”. 

void SendMessage(event_t ev, char* message) 

This function works similar to SendData(…), but the usage differ slightly. This function is mainly for situations 

where it is requested to see if the code operates as it should or to send warning messages. An example use 

of this function would be: “SendMessage(WARNING, “Value of X is too low/high”);”. 

void StartTimer() 

This function will create a new thread whose sole purpose is to loop indefinitely and send a log containing 

all different data type’s values every three seconds. The amount of seconds to wait until next send is defined 

in the header file. This function can be called multiple times and will create a new thread every time with 

the same actions. 

void StopTimer() 

This function will simply stop all operating threads created by StartTimer() and wait for the threads to be 

killed. 
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void Release() 

This function will free all allocated memory from the call to ComInit() and will also call on StopTimer() to 

stop any threads working on a timer. It will also destroy all memory allocation by pthreads. 

6.3 How to use 
To use the created solution, the targeted AUV will need Zlog, to be able to build the logging, and the created 

communication source files. Additional information on how to use the library together with any existing 

work can be seen in section 6.2. To use the desktop application, Visual Studio 2012 preferably needs to be 

installed to include all dynamic link libraries (DLLs). Finally the computer running the desktop application 

needs to be connected to the same network as the AUV since UDP Multicast is used. To see if everything 

works correctly the command “start timer” could be called from the desktop application to begin gather 

live information from the AUV. 
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7. Graphical User Interface 
The GUI, shown in Figure 8, is written in C++ and has been developed with the help of win32.  It is made as 

simple as possible for the purpose of showing the recent data. The GUI consists of several combo boxes (1) 

that act as the filter. The different combo boxes are for events, categories, data and one where it is possible 

to specify how many of the most recent logs to show. The combo box for events is pre-filled with all of the 

pre-defined events available for Zlog (see section 5.1.6). The numbers of recently received logs that can be 

viewed is also hardcoded to the values 10, 25, 50, 75 and 100. The other two combo boxes, for categories 

and data, are filled depending on the data received. For each new received category, a new filterable 

category is added to the combo box. The data combo box works in the same way, every data type received 

for the first time will be added as a filterable option in the combo box. All combo boxes also have a 

hardcoded option to show everything received. 

Whenever a log is received the application will see what type of data it is and update the live feed (2) with 

the new value of said data type. The live feed will then always show the most recent values of each data 

type and a timestamp of the most recently received log. 

The main window (3) where all data is shown is a simple listbox where each object found by the parser is 

added one by one with information corresponding to each combo box and with a timestamp of when the 

data was logged by the AUV. Even though most log messages will be quite short, the field of the listbox is 

made wide enough to be able to show longer messages from the AUV, not only a log of existing data and 

its value. 

 

Figure 8 GUI of the debug and calibration application 

Changing any of the combo boxes will update the listbox to correspond to the changes. For example if the 

event combo box is set to “DEBUG”, only logs marked with DEBUG as the event will be displayed. There is 

also two buttons implemented specifically for the listbox, a “new line” button and a “clear data” button (4). 

These buttons are implemented to adjust and easily read incoming logs. New line simply adds an empty 

space in the listbox and can be used to separate different logs from one another, while clear data is used 
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to delete all logged objects and clear the listbox resulting in the application getting a fresh start without 

having to exit and start it up again. 

The GUI also has a File menu (5) at the top with two options, one to exit the program and another to save 

all items in the listbox to a specified .log file. The reason of the menu is consistency with other user 

interfaces, most applications with a save function has it in the top menu of the application [9].  

The last object of the GUI is a text box with a send button (6) that are used to send commands to the AUV. 

Whatever is written will be sent and then matched by the AUV to see if a correct command was sent or not. 

If not, the command will be ignored. It is possible to send commands either by pressing send or simply 

hitting the Enter key. 
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8. Conclusion 
The main goal of this thesis was to find a solution to ease getting feedbacks from a running AUV. Our 

solution is the developed debugging application. The biggest obstacles to tackle were to build a logging 

module for the AUV, to find a suitable communication between the AUV and debugging application and to 

parse the incoming logs. 

As mentioned above, one part of this thesis was to log different types of information on the AUV. To be 

able to apply a logging method for the AUV, we started to investigate different types of libraries, which 

would help us log any necessary data. Because any logging library chosen has to be installed on the AUV, 

the biggest challenge with this was to find a solution that was easy for any AUV developer to use. This was 

accomplished with Zlog and is discussed in further detail in section 3. 

To later send the logs from the AUV to the desktop application we had to choose a suitable communication 

protocol. The challenge here was to find a way to start up a connection without the need to know the IP-

addresses of each side. While we wanted to fulfill this criterion and in the meantime not lower the reliability 

of the connection in our solution we had to research about different types of protocols and their techniques, 

resulting in the end to using UDP Multicast. 

When the logging module was being built, one challenge was to add the module to an AUV simultaneously 

as it being developed. The main issue was to give the AUV developers the required additions without 

affecting their own implementation. For example we did not want to directly add our code to their source 

files or make it difficult for them to use or understand the different functions we were providing. The plan 

to do this was to develop all the essential functions in separate files and let them include the files like a 

framework but with access to all source code if needed. 

Another criterion in the work of this thesis was for the application to filter the incoming logs. To be able to 

manipulate this data in a satisfying way we chose to create a parser which uses a grammar to identify 

specific parts of the logs. This makes the solution flexible and can be used by other developers in the future 

to handle different types of log files since all they have to do is to replace our grammar with theirs. 

The result of this thesis is a working application running on Windows which is able to send commands in 

real time to the AUV. It is also possible for the application to receive live logs from the AUV that can be 

filtered in a GUI so the user easily can find and sort the data he or she is looking for. The logs received can 

also be saved to a file if necessary. As for the AUV we have created a logging module which can be included 

and used within any existing project. This makes it possible for any future development of the AUV to make 

use of this module to be able to receive commands and send logs to any application that is connected to it. 

The logging module has also been created in a way that it is simple to add new commands. The only thing 

needed is to match the received command with a new string and then call any new feature implemented 

on the AUV. Based on the same idea, the application has been developed in a modular and extensible way 

to ease the implementation and integration of new features without having to restructure the whole 

application code. For example a lexical analysis with a grammar was implemented for the logging system to 

be able to remove the active grammar and let it be replaced by any other requested grammar. 

There are still functionalities not yet implemented that could improve the result of this thesis. The biggest 

one would be the ability to not only send data but also a picture corresponding to the data. Since the AUV 

is recording its session underwater it would be beneficial to capture what it sees during each log and send 

that captured image as well. This would require to change what is being sent in each packet with the UDP 

Multicast. At the moment the UDP packet consists of a string buffer to which we add plain text from each 

log. To be able to send a picture with the text, a serialization mechanism [7] needs to be implemented. This 

serialization mechanism would translate the picture into a format that can be stored (a memory buffer for 

example), and serialize the picture before sending it and then deserialize it on the debugging application. 
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Another improvement for the debugging application would be to be able to select any of the received logs 

and update a field similar to the live feed (see section 7), that would show the data types of the selected 

log together with the corresponding captured image. 
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