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Abstract

Title: Infrared transfers of image data with IrTran-P

This report describes the construction and evaluation of an open system for wireless infrared transfers of 

image data between a computer and peripheral units such as printers and cameras. The project aims to 

investigate the possibilities for a user to simply place a camera or other device in the vicinity of a computer  

and transfer images and other media without the need for cables or complicated pre-configuration.

The system is based on IrTran-P which is a standard by the Infrared Data Association and the project 

consists to a large degree of finding a suitable implementation in software for the functionality described in 

the standard document.

In the end the goal is reached and the result validated by means of good integration with commercial 

hardware. An additional conclusion that can be drawn is that a small team is perfectly capable of creating a 

high quality implementation of an international computer standard during a reasonable time frame as long as 

the details are openly available.

Sammanfattning

Titel: Infraröd överföring av bilddata med IrTran-P

Denna rapport behandlar konstruktion och utvärdering av ett öppet system för trådlös, infraröd överföring av 

bilddata mellan en dator och periferienheter såsom skrivare och kameror. Projektet syftar till att undersöka 

möjligheterna till att enkelt kunna placera en kamera eller annan enhet i närheten av en dator och föra över 

bilder och övrigt innehåll utan sladdar eller komplicerade förinställningar.

Systemet är baserat på IrTran-P vilket är en standard från Infrared Data Association och arbetet utgörs till 

stor del i att finna en passande mjukvaruimplementation för de i standarden beskrivna funktionerna.

Avslutningsvis uppnås målet och befintligt tillgängliga enheter kan testas varpå prestandan bedöms som god.

En ytterligare slutsats som kan dras är att även mindre grupper kan skapa kvalitativa implementationer av 

internationella datorstandarder inom rimlig tid så länge specifikationen finns öppet tillgänglig.
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1 Introduction

1 Introduction
A common issue with modern portable devices consists of how to interconnect them. On one 

hand physical cables can be bothersome to handle and are also limiting because different 

devices often require different types of connectors. On the other hand current wireless solutions 

such as Wi-Fi and Bluetooth need heavy protection since the range of the signal is vast and 

invites to unauthorized access. A solution to both of these issues might be to use infrared light 

for short length communication, such as when transferring images from a camera to a PC for 

storage or editing. Infrared light does not readily travel beyond the line of sight of the 

transmitter and can not be easily accessed from outside a building or from another room and 

therefore requires less strict access control and should be simpler to manage for casual use. Any 

camera with an IR transmitter would be able to connect which would eliminate the issue with 

cables of different standards. The IrTran-P standard by the Infrared Data Association provides 

such an option, however the support in established operating systems seems to be limited and 

there exists no implementation with open source code even though the specification is an 

official part of the infrared stack. 

The IrTran-P standard is primarily intended for transmission of image data but could 

theoretically carry any type of information. Its typical application consists of transferring 

images to and from digital cameras or scanners, mitigating the need for any sort of cable 

between the unit and its host. Also since it is a standard it should work with a wide variety of 

different devices without the need for any vendor specific drivers or software. The transfer 

speed is only limited by the capabilities of the underlying hardware and should therefore be 

seamlessly adapted to any future changes or improvements in that aspect. 

Furthermore since the code is intended to be open it could be readily ported to different 

platforms and even other operating systems.

The purpose of this Master's thesis project is to implement support for the IrTran-P standard for 

wireless communication in an open and portable manner.

1.1 Background
Infrared radiation, commonly known as infrared light or IR, consists of electromagnetic 

impulses with a wavelength of between 700 nm and 1 mm. It is invisible to the human eye but 

otherwise behaves the same as visible light.

There are several practical uses for infrared light such as night vision, thermographic 

visualization of heat sources and identification of chemical molecules. However it can also be 

used as a means of communication, which is the property of interest to this paper.

The general principle of infrared transmission is to use an infrared diode to transfer a sequence 

of pulses that are received by a photo detector. The detector is calibrated to filter out infrared 

light from other sources such as candles and only responds to the light of the transmitter. One of

the earliest and still most prevalent applications of this technique is the remote control, which 

first commonly appeared in the 1980s. However it was not until the advent of mobile computing

devices that IR began to be used to transmit general streams of data as opposed to simple 

commands. As more advanced consumer products such as laptop computers and mobile phones 

were developed the need for a high bandwidth wireless solution increased. This led to the 

creation of a committee that was set up in order to standardize infrared communication called 

the Infrared Data Association, or IrDA, in 1993. Later that year, the first IR standard was 
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1 Introduction

completed. Two years later, the standard was extended with transfer speeds of up to 4 Mbit/s 

which eventually reached 16 Mbit/s.

Today hardware is regularly equipped with IR support and an extension to allow the standard to 

reach 1 Gbit/s has been proposed.

Limitations of the technology include crosstalk when utilizing several transmitters and receivers

concurrently, interruption of the beam by physical obstacles and possible health concern if high 

powered IR transmitters are used. These issues are however not of major concern to the 

application proposed in this paper. 

When compared to other wireless transmission technologies such as Wi-Fi, Kahn notes that 

“radio and infrared are complementary transmission media, and different applications favor the 

use of one medium or the other” [4].

1.2 Problem description
The IrTran-P standard is defined in a seventy page document [12] which describes the 

functionality in a generic and high level manner. There are no instructions or limitations on how

to construct an implementation in code or what tools to use as long as the requirements of the 

specification are fulfilled. This leads to a certain freedom in constructing a system. However the

wording of the specification can sometimes be open to interpretation, and there is generally a 

lack of other resources to consult if something does not go according to plan. Nonetheless there 

are hardware devices that the software can be validated against, although these are generally not

designed to facilitate development, which means that if something goes wrong they will likely 

simply cease transmitting and display a generic error. The main task is therefore to interpret the 

standard and transform the results into a dependable program and get it to operate alongside 

existing hardware.

Overall it can be said that the support for IrTran-P in most operating systems is lacking or 

incomplete. This project therefore aims to provide a portable and high quality solution.

1.3 Method
A system is going to be designed based on the information provided by the standard documents.

To address any unintended variation between the designed system and the specification it 

should be possible to utilize information from the responses of any connected device. For 

instance when the mechanisms to establish a connection have been set up the responses from the

other host can be evaluated to aid the description in the specification. Even if the connection 

suddenly drops as a result of incorrect packet data, the transmission trace leading up to it can 

provide insight.

It is therefore expected that the progress of the project is going to evolve gradually by initially 

reaching the functionality of a basic connection and parameter exchange, then moving on to 

receiving files and finally also sending them.

1.4 Project statement
The aim of the project is to create a functional and open software implementation of the 

IrTran-P standard. The product will be verified using real hardware in a representative 

environment and support bidirectional communication. 
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2 Background
In order to describe the principles of the IrTran-P protocol a certain amount of background 

information is required. 

2.1 Data protocols
A data protocol is a precisely defined way for computer systems to communicate with each 

other. It defines how information is processed and transmitted as well as how to manage any 

situation encountered during its use. According to Comer a data protocol describes the ”syntax, 

semantics and synchronization of communication” [1]. It can be further described as a 

framework for instructing the computer to perform a specific task and can in some ways be 

compared to an algorithm. As long as the rules are being adhered to the details of the underlying

architecture and specific implementation are irrelevant [3]. Protocols can be visualized by 

means of state diagrams as illustrated below.

Figure 2.1: Description of the operation of a simple protocol.
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2 Background

2.2 Data protocol stacks
Due to the complex nature of most modern communications operations several protocols are 

usually combined into a structure where they depend on each other to perform a task. The more 

hardware oriented and basic forms of operations go lower in the hierarchy while more advanced

operations can be found on top. The chain of protocols in its entirety is called a protocol stack 

[3]. 

Dividing the architecture into distinct sections can aid in identifying potential problems, eases 

implementation and makes it possible to create many different configurations using the same 

building blocks by combining them in different ways. 

Below is an example of a protocol stack used every day by millions of people for 

communication over the Internet.

Figure 2.2: The widely used TCP/IP protocol stack.

The transmission of a message from one machine to another consists of data traveling down the 

stack on the sending end, across the physical link and then up the stack on the receiving end [7].

Each layer only processes the portion of the frame that is relevant to its specification and treats 

the data for all further layers as user data, which it does not touch and merely passes further 

through the structure. This means that part of the information is discarded as the frame 

progresses upwards and sheds data specific to previous layers [6]. The concept is visualized 

below, it should be noticed that the user data section is usually by far the largest.

Figure 2.3: Illustration of layered data flow.
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2 Background

2.3 Overview of the IR stack
As with other stacks the infrared one is built on multiple layers of abstraction. The bottom 

section is the most hardware oriented layer called the Infrared Physical Layer or IrPHY, which 

handles communication with hardware via an operating system device driver [11]. IrPHY has 

several modes such as SIR (Serial IR) which operates at a speed of 115.2 kbit/s, FIR (Fast IR) at

4 Mbit/s and VFIR (Very Fast IR) at 16 Mbit/s [5]. Which ones of these modes an infrared 

device implements is dependent on the capabilities and needs of the device. Any device that 

implements a mode with a high speed is also required to be compatible with all modes of a 

lower speed. In other words, a VFIR device also supports FIR and SIR.

On top of the IrPHY layer resides the Link Access Protocol or IrLAP. Its main use is to handle 

the discovery of new devices and to maintain the low level functionality of data transfers. In 

discovery mode IrLAP alerts any neighboring devices of its presence and possibly initiates 

negotiations of parameters in order to set up a connection. The data protocol is based on the 

HDLC or High-Level Data Link Control standard which is a frame based protocol system that 

implements cyclic redundancy checking, or CRC, to guarantee the integrity of data. This 

ensures that any transferred information is error free [15].

The next layer in the stack is the IR Link Management Protocol or IrLMP. It multiplexes a 

single IrLAP connection in order to provide several IR services with the ability to access a 

single link simultaneously. This allows different types of higher level IR protocols to be active 

at the same time without interfering with the data flow of one another [9]. IrLMP is 

accompanied by TinyTP, or Tiny Transport Protocol, which provides individual flow control for

each multiplexed channel and handles segmentation and assembly of data packages sent from or

destined to higher levels of the hierarchy [14].

There exist various alternatives of higher level functionality on top of TinyTP, such as IrOBEX,

which makes it possible to send user defined software objects between hosts, IrLAN which 

connects an infrared link to a local area network and IrCOMM which is a serial emulation layer.

IrCOMM is primarily intended to provide traditionally cable bound devices with an easy 

transitional path to wireless communication [13]. IrCOMM is also of importance since it is the 

layer directly below IrTran-P, which is the main focus of this paper. The functionality of 

IrTran-P will be described in depth in the following sections. Figure 2.4 gives a graphical 

overview of the stack.

Figure 2.4: Architectural overview of the IR stack.
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2 Background

2.4 Overview of IrTran-P
IrTran-P stands for Infrared Transfer Picture and is an infrared communications standard 

developed by the Infrared Data Association specifically to deal with wireless transmission of 

image data. It is technically defined in the IrTran-P Specification [12] and its primary purpose is

to facilitate communication between personal computers and image oriented devices like 

scanners and digital cameras, but it can also handle direct transfers between peripheral units 

such as cameras and printers.

There are three major components of the standard. The first one is SCEP or Simple Command 

Executive Protocol, which handles low level operations, for instance packet segmentation and 

reassembly as well as maintaining and initiating connections.

The next layer is the Binary File Transfer Protocol or bFTP which is a form of command 

interface. It is used to send and receive files as well as gathering information about connected 

hosts.

The top layer of the stack consists of the Uni Picture Format or UPF which is an image format 

based on JPEG (see section 2.9) and designed to ensure consistent interpretation of image data 

between devices. Having a common image format ensures that any compliant device will 

always be capable of processing any image received. 

The aim of the standard is to provide an efficient way to transfer data between devices with 

minimal user interaction. It offers a transparent user experience which ensures that the operation

is identical whether the other host is a computer, another camera, scanner or any other kind of 

IrTran-P capable device and provides the ability to select single or multiple pictures or generally

process an entire data library all at once. A graphical representation of the standard is provided 

by figure 2.5.

Figure 2.5: Architectural overview of IrTran-P.
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2.5 Data frames
The basic mode of operation of a data protocol is by means of data frames, or segments of data 

in precisely defined configurations. The different types of packages are identified by tags or 

unique sequences of bits added to each frame. These tags instruct a system as to what type a 

package belongs to and ensure that it can be processed according to the rules of the protocol to 

which it belongs. The word frame adheres to the fact that data is embedded in a frame of control

sequences that only serve to facilitate its transfer and are then discarded [1]. The basic structure 

of a frame can be described as follows:

Figure 2.6: View of an archetypical data frame.

In the above illustration the frame type, or identification tag, is detailing the type of frame 

received and thereby providing direction on how the rest of the information should be handled. 

Then a length field specifies the basic boundaries of the frame, thereby ensuring that the 

program does not over or under process the data and thereby intrude on the boundaries of other 

packages. The following parameters are specific to the particular frame and affect its 

processing. Finally the payload follows which transports user data. User data is information 

carried in the package that is not merely provided to facilitate the transfer. Generally frames 

arrive back to back, in other words a new package starts immediately where the previous one 

ends, however sometimes packages break along the way which means that unusable data is 

inserted in between intact packages. This broken data must then be dealt with by correction or 

retransmission.
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2.6 SCEP
SCEP, or Simple Command Execute Protocol, is the lowest layer of IrTran-P. It manages the 

link aspect of the connection and basically initiates and maintains a connection with another 

IrTran-P compatible host but does not send much data of its own except for requests to 

specifically initiate and terminate a session. Most of the time its primary task consists of 

ensuring that data sent through a higher level of the stack is confined into segments that are of at

most a predefined size agreed upon when the connection is initiated. This means that any 

message too large to pass through SCEP in one part is divided into several pieces, categorized 

by providing each packet with a number, sent over the link and thereafter reassembled by the 

SCEP protocol on the other end. To terminate the multi-segmented sequence a special type of 

frame is sent at the very end. SCEP does not employ any kind of error correction itself, and if a 

package in the sequence is lost there is no way to request a single retransmission. However, 

error correction is done by lower levels of the IR stack so any kind of fault must be application 

and not link related and should therefore not be very common. There is also a way to terminate 

a message that has gone awry so the receiving host should not have to keep receiving data until 

the end of a large transfer. 

As noted there is a maximum frame size which SCEP has to adhere to. Different devices have 

different characteristics and a smaller frame size might allow a device to maintain functionality 

using less physical memory, something that has an effect on unit cost. However this will instead

make any transmission slower due to increased overhead and also more processing intensive 

since more packages have to be dealt with. There are four different frame sizes available in the 

SCEP specification and they consist of 512, 1024, 2048 and 4096 bytes. As can be seen a device

that only implements the 512 byte frame size has to send 8 times as many packages as one that 

can manage 4096 byte sized frames. The smallest frames size could potentially be advantageous

if many small messages were to be sent but that is not usually the case when dealing with image

data. Therefore a frame size of 4096 bytes would theoretically be the best choice for SCEP.

The frame size is agreed upon through the very first message exchange sent by SCEP upon 

establishing a connection. Prior to this the connection is merely an IrCOMM link which is the 

layer below SCEP. That is, in order to make a SCEP connection request there has to be an IR 

connection available to send the data through. How this is carried out is beyond of the scope of 

this paper but since most operating systems support IrCOMM (as opposed to IrTran-P) it can be

assumed to be available. The first message that SCEP sends is simply called a connection 

request. It includes the maximum package size that the connection initiating host supports. 

There is also a product identification character string, which is usually the name of the 

originating device such as 'Casio 7000SX' or similar. SCEP also provides the option to send a 

user name along with a MD5 encoded password, however these last two options seem to be 

rarely used in practice. Their intended use would be to only permit authorized users to upload 

images to a device. 

Once the initial connection request is sent the other host either transmits a connection approval 

or a connection denial request. This assuming that the receiving device is IrTran-P compatible, 

otherwise the response is undefined but probably means that the connection request will merely 

time out. A denial request simply denies the connection without specifying a reason. A 

connection approval returns the same type of information as previously sent by the initiating 

host in the connection request. The package size will merely be set to the smallest of the two 

and if one side fails to specify a package size then the smallest one available, 512 bytes, will be 

used.
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Once a connection is set up, the main uses for SCEP are to pass data across the link, to cancel a 

lengthy message before completion and to terminate the connection.

There are two types of frames used for data that can be transferred in a single package, these are

similar and only differ in that one type is used for requests and the other one is used for replies. 

If on the other hand the data can not fit inside a single package it will be divided into either of 

two header packages, one for requests and one for replies, followed by a sequence of numbered 

intermediate ones until the message is finally terminated by a trim package which signals the 

end of the data. The first and intermediate frames usually employ the entire packet size, to make

the transfer as efficient as possible, whereas the last one is less than or equal to it.

Furthermore SCEP can also instruct the host on the other end of the connection to stop sending 

or receiving data, although most implementations seem to simply terminate the connection 

instead of using this feature.

To end the session a disconnection frame is sent, optionally specifying the reason for dropping 

the connection as being either user or hardware related.

From a structural view it can be said that SCEP packages include length fields, sometimes 

multiple such, which ensure that the packages are not over or under read. Also every beginning 

of a package consists of a byte filled entirely with zeros. This is to indicate the presence of a 

frame in case the stream is somehow polluted by random data between packages or if a package 

is broken and the server has to find the beginning of a new one. Normally frames arrive back to 

back. What type of frame is sent is specified by various flags or bytes at specific locations in a 

package with values defined by the specification. Basically the importance of a frame is 

determined by the combined values of its flags. A SCEP frame consists of flags, length fields, 

fields specific to SCEP like what position a frame holds in a sequence and user data if present.  

Below is the packet frame for a connection request from the specification for illustration. It has 

been divided into two rows and begins at the upper left and ends at the lower right. The various 

flags are the fields that end in -Type, -FLG and unspecified constants for this type of frame. The

number in parenthesis specifies the length of the field.

Figure 2.7: A typical SCEP package.

As can be seen there is no user data portion since this is a connection request and does not 

include user data. Also one can see that there are quite a few different fields to parse. The other 

package types are of a similar composition.
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2 Background

2.7 bFTP
The protocol called bFTP, or Binary File Transfer Protocol, mainly facilitates file transfers 

between IrTran-P compatible hosts. To supplement this function it implements several methods 

for querying the remote site about its capabilities. In short bFTP can be described as a file 

transfer protocol especially tailored for image files.

Hierarchically bFTP is the highest layer of the IrTran-P protocol when not including the file 

format UPF. This means that it is the part of the standard most exposed to the user. Its primary 

function is to provide a straightforward way to transfer images from one host to another while 

keeping complications to a minimum. It is designed to provide the user with the ability to chose 

one or several photos and transfer them to another device with a simple click of a button. This 

means that its functions are limited in comparison to more fully featured protocols such as 

standard FTP. For instance it is only possible to send files to the other host, there is no option to 

remotely list files on a connected device or select a file for download. What can be done from a 

user's perspective is to select one or several images and, if the host allows it, upload them to the 

other device. In order to assure that an image can be displayed on the other end it is also 

possible to first query for what types of images a device supports as well as receive some data 

about its current state. It can be noted that the bFTP protocol can in fact be used for any type of 

file and not just image data, although that is its intended use.

After a connection between two IrTran-P hosts has been established by SCEP it can be used by 

higher levels of the IR stack. This is where the importance of bFTP comes into play. In order to 

transfer image files to a remote host the capabilities of that host must first be uncovered. For 

this purpose bFTP has several commands which are executed on the remote host. The first one 

is request image data. When this command is sent the connected host must respond with all data

relevant to its image processing capabilities. This includes possible resolutions, aspect ratios, 

compression sampling methods and the maximum file size that can be received. The request 

info command returns the amount of free storage space and remaining battery time. Finally there

is request command data which informs the user whether several files can be sent at once. If for 

some reason the host fails to answer the queries the connection defaults to just permitting the 

transmission of a single image of VGA resolution.

After the negotiation of parameters has been settled files can be transmitted. Files are sent in 

UPF format along with a file name and optional data such as creation time or a thumbnail. As 

has been mentioned the other side of the connection can not choose which files are sent and can 

only accept or decline to receive any files chosen to be transmitted by the sender. Once a 

transfer is finished the receiving host sends a confirmation message. Usually several files are 

sent after one another until the connection is ended. Termination of the connection is handled by

SCEP directly as is the initiation of new connections.

The packages of bFTP are carried in the user data section of SCEP frames, they can be very 

large as they might contain entire image files and are in such cases split up by SCEP. The bFTP 

packages are built in a way similar to SCEP packages but their disposition is more structured. 

They are built around what is called an attribute structure where each section consists of a name

to identify it, a common length field, a type and finally a value. The type specifies the character 

of the following value, such as binary, text or time. A complete bFTP package is a collection of 

attributes which are grouped together back to back and initiated by a two byte field stating how 

many attributes follow. After the transfer the attributes are then processed by the remote host 

one by one.
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The table below (figure 2.8) illustrates the shape of a typical bFTP package. The package 

consists of five attributes and the overall purpose of the frame is to send an image over the 

network. The initial entry simply states how many attributes follow, the first attribute is called 

CMD0 or command and its value specifies that this frame contains a file. The following 

segments are filename (FIL0), long filename (LFL0) and time of creation (TIM0). Finally the 

entire image file in UPF format follows embedded in the BDY0 or body attribute.

Figure 2.8: A bFTP package.

The other types of packages follow the same pattern but with different kinds of attribute names 

and number of attributes.
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2.8 IrTran-P model summary
The following section describes a basic IrTran-P session. Figure 2.9 provides a basic graphical 

representation of the concept.

Figure 2.9: The basic connection model of IrTran-P.

2.8.1 Connection request

A user initiates the connection by issuing a connection request.

2.8.2 Connection confirmation

The lower layers of the IR stack carry out a discovery procedure and establish a line of 

communication through IrCOMM. Upon its completion the IrTran-P SCEP layer determines 

whether the remote host is of a suitable configuration. If so is deemed the case then an IrTran-P 

connection is established through SCEP, the procedure includes negotiation of the largest 

package size available to both hosts as well as an exchange of host names.

2.8.3 Query requests

Queries are then issued through bFTP in order to determine the operational capabilities of the 

remote host. The information received establishes the maximum file size, dimensions and type 

of file compression. It is also possible to query information about the operational state of the 

hardware such as remaining storage space and battery capacity.

2.8.4 Upload session

A file send request is issued through the bFTP protocol which upon confirmation by the 

receiving part initiates the transfer. Data is sent using earlier negotiated packet size and speed. 

SCEP handles packet fragmentation but leaves error correction up to the underlying layers, 

thereby ensuring a complete and identical copy. Several files can be sent in sequence.

2.8.5 Disconnection

If the session is to be ended the SCEP layer of the transmitting host is used to issue a disconnect

statement which upon confirmation leads to the termination of the IrCOMM link. This in turn 

initiates a complete shutdown of the IR channel between the active devices by command 

propagation through the remaining layers.
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2.9 The Uni Picture Format
In order for IrTran-P to guarantee interoperability between devices it defines its own file format.

2.9.1 Background

A digital image is a computerized representation of a picture. Its most straightforward but also 

storage intensive variant is when an image is divided into a number of individual points or 

pixels, each containing a setting for each of the primary colors red, green and blue (RGB). The 

size of a digital image can be greatly reduced by compression. This can be done without 

significantly altering its visual quality in the case of lossy formats or keeping the quality entirely

intact in case of lossless ones. The level of compression is generally far greater in lossy formats 

[2].

Transform coding is the most common form of lossy compression. It transfers the data into 

frequencies by means of DCT (discrete cosine transform) and utilizes the fact that the human 

visual system is more sensitive to some of these than others, the later whose quality can then be 

reduced with little loss to the overall visual impression [10].

A picture format is a standardized way to store image data. Usually in a compressed format. It is

commonly defined by a header section containing information about the image such as 

dimensions, size and compression utilized followed by the data itself. JPEG is one of the most 

common lossy file formats. It was created by the Joint Photographic Experts Group in 1992 and

quickly grew in popularity and is now one of the corner stones of modern information systems.

2.9.2 Description

The Uni Picture Format, or UPF, of the IrTran-P standard builds upon and extends the so called 

JPEG baseline format. It requires JPEG data of a specific format and appends it with a custom 

header and extra information.

The reasoning behind the format is that IrTran-P units should always know what kind of data to 

expect and how to process it. UPF contains information such as shutter speed and aperture size 

and also personal data such as the name and address of the photographer, along with data that is 

required for proper display of images on IrTran-P enabled hardware. 

The format consists of a header and a data area. The header provides information such as a time 

stamp and the title of the file, but also certain tags to identify the file format as well as other 

more technical entries such as reserved byte banks for future expansion. 

Each UPF file can contain up to four individual images. However, generally only one of the 

entries is filled in order to limit usage to a single image per file, although a second one can 

sometimes be used to provide a thumbnail. All four can also be utilized for photo sequences.

The data area contains the main image data. However attached to the data area is the optional 

table area which may contain further information such as comments, author address, camera 

settings, URLs and telephone numbers.

The image data itself is encoded according to the JPEG baseline specification, which is a basic 

but adequate form of compression. For an in depth explanation of the JPEG standard and image 

compression see Sayood [8]. It must be stressed that any image transferred over IrTran-P must 

adhere to the standard or it will not be displayed properly by the receiving device.
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2.10 Project background
The project originated in the author's frustration with the limited support for the IrTran-P 

standard as provided by available operating systems. At the time Windows claimed support but 

it did not seem to work or be fully implemented in practice. In fact even the IrCOMM layer 

seemed to have limitations which is illustrated through a third party project to port the entire 

IrCOMM layer to Windows from Linux called IrCOMM2k, still without IrTran-P and subject to

incompatibilities if the underlying system changed. The conclusion to use Linux for any further 

development seemed clear since it had support for IrCOMM and because the code is open it 

should be straightforward to further extend it.

The initial aim of the project was to determine the overall feasibility of the project. The author 

had no previous experience in working with kernel sources. The first thing to be determined was

how much of the Linux IrCOMM code needed to be modified or expanded in order to support 

any IrTran-P functionality.

Another aim of the project was for the new features to be added to the Linux kernel. This would

guarantee for the code to be maintained along with the rest of the kernel and served as a further 

ambition of the project. As the IrCOMM code was analyzed it was found that it appeared to 

include a fully working implementation of IrCOMM. The next step of the project was to 

determine the best way to add IrTran-P on top of the existing functionality. Several approaches 

were tried and it was noted that writing code for the kernel is rather frustrating, since unlike 

normal programs if there is a bug causing a crash, not only will the program itself stop working 

but also the entire system, requiring a reboot. Furthermore it was discovered that the leader of 

the Linux kernel development effort, Linus Torvalds, is in fact very strict with what gets 

included into the official kernel which could mean that if the effort was not to his liking the 

code would live on as an unofficial extension, which rarely sees much use or support. 

Something else that became clear was that it was in fact quite straightforward to add the 

intended functionality as a user space program. Finally there seemed to be a general consensus 

of that if something can be done outside of the kernel space, it should be done outside of the 

kernel. This makes sense in that the kernel is vital to the stability of a system and keeping as 

little code inside it as possible decreases the chances of something going awry and breaking the 

system. The chances of having any code included in the official kernel therefore seemed 

somewhat limited.

There was always the assumption that there would be some kind of user space program to 

interact with the kernel code, the UPF file format certainly did not belong in the kernel, 

however definitely SCEP and probably also bFTP could be included. Along with the issues 

described above there was also the question of that throughout the IR stack, as far as it was 

implemented in Linux, there were always several other layers that could utilize them. For 

instance several protocols use IrCOMM but SCEP and bFTP are used by IrTran-P exclusively, 

no other IR stack aspect utilizes them and there probably will not be any such layers in the 

future. Therefore there is rather limited use of having these layers in the kernel from an 

interoperability perspective.

In light of the concerns outlined above it was decided to employ a fully user space based 

approach which included all the aspects of IrTran-P (bFTP, SCEP and UPF) in a single 

application, although this was at odds with the original intention of the project. While such a 

program will not automatically be kept updated along with the rest of the kernel it might still be 

included in a distribution that provides the kernel together with a large amount of utilities which

are maintained and certified to be compatible.
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After studying the capabilities of the included protocols it was decided that the implementation 

should focus on providing a FTP client like interface, this due to the general similarity between 

bFTP and the FTP protocol used to transfer files between computer networks. The constructed 

system would provide some functionality not commonly found in FTP clients such as being able

to query the host for information about its capabilities, but also limitations in that it would not 

allow deleting files or browsing the files on the other host remotely. In the following sections 

the inner workings and design details of the system will be more thoroughly described.
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3 General architecture
This section contains the description of a proposed architecture for an IrTran-P system. 

As most environments provide infrared stack support up to IrCOMM level it is going to be 

assumed that such support is present for the operation of the system. The system proposed is 

going to function both as a client and a server and will be listening to both incoming 

connections as well as user input. Frame data will be dealt with on a modular basis, that means 

when a package is created it is to be made from the inside and out, that is starting with user data 

and embedding it in a bFTP frame which is then included in a SCEP frame. Incoming data is to 

be dealt with in the opposite way. Files to be sent are inspected for adherence to the UPF 

standard and then converted automatically. Received files are stripped of UPF data and 

converted to normal JPEG files. The user is going to be able to specify the settings of the local 

system such as identification name and a maximum frame size.

In order to maximize usability a device will be able to connect automatically. In other words it 

should be enough to simply place it in the vicinity of a host computer and then select some or all

of its images and send them. The unit will then connect automatically and the images will be 

transferred. Users will be able to query a device, such as a printer, and upload files to it from a 

computer. The process will also be able to take place between two stand alone computers, each 

running the program.

The structural disposition of the program is going to consist of one code path dealing with 

incoming data and another one dealing with outgoing. The system core will listen to input from 

both the network and the local user and execute the appropriate handling mechanisms. The user 

is to be made aware of any incoming transmission through screen output. 

From an implementation point of view one of the main technical obstacles might be the 

sometimes ambiguous language of the specification and that it is challenging to make a program

work against another client running on the hardware of an embedded device. If an error occurs 

the device is most likely just going to shut down without giving any further indication of what 

went wrong.

The following image describes the overall layout of the system (figure 3.1):

Figure 3.1: Overview of the system architecture.
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4 Features
This section describes the main technical features of the proposed IrTran-P system in detail.

4.1 Design choices
When constructing the system it could be determined that the operations to be performed can be

divided into two main aspects, outgoing and incoming connectivity. For the outgoing part this 

can in turn be broken down into requests originating from user commands and automated 

replies by the system in response to data from the remote host, such as the acknowledgement of 

a successful file transfer. The main design choice of separating the system into two main parts 

based on whether the functionality deals with incoming or outgoing data therefore seemed like a

preferable solution. 

As far as the incoming data path goes it could be concluded that the structure of the packages 

represents a tree like architecture. For instance, the first section of a package is always identical,

simply to separate a new package from any random data present. The subsequent sections then 

branch out to a number of divergent software pathways. It therefore seemed like an appropriate 

solution to divide the packages into distinct portions and have them pass through a group of 

methods or handlers ranging from very general to very specific for the type of package that was 

received. For instance, an incoming package might be classified into a number of subtypes, in 

this example called A2, B3, C3 and D1 (see figure 4.1).

Figure 4.1: Illustration of packet sub-type divisions.

It would then be processed by the system in accordance with the following sequence (figure 

4.2).

Figure 4.2: Description of the packet handling sequence.

As can be seen, code is shared for managing packages that have subtypes in common. For 

instance within the actual system A2 could represent a SCEP frame that deals with package 
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data, B3 could be a checker for single or multi-part segmentation, C3 could be a preliminary 

bFTP parser and D1 could deal with a specific command. It should be noted that the above 

graph is an illustration of the method used and not the layout of the program itself. A significant

portion of the construction effort was invested in how to divide the different package types into 

manageable subtypes, these choices will be detailed later in the paper.

For the outgoing data path it seemed sensible to construct the packages in a way similar to the 

above tree turned upside down. Packages are built from the inside and out, that is starting with 

the lowest subtype and then incrementally expanded until the full package is constructed. Code 

can then be shared between package types that have a similar structure.

Another aspect that had to be taken into consideration was how the payload of the packages was

to be managed. It would arrive in numerous sections and had to be assembled into a final image 

file. To solve this one could simply write every part out to disk directly, but this might slow the 

transfer down if the disk is slow or busy. Instead it was decided to reserve up to a few 

megabytes of RAM to assemble the image in and then write it out to disk once the transfer is 

finished. This approach might have posed a problem a few years ago but nowadays even mobile

devices are equipped with hundreds of megabytes of memory so it should not cause a problem 

and all the while assure that the operation runs smoothly. The same memory area can then be 

reused for any subsequent transfers without any additional memory allocation.

4.2 Overview
The system consists of the following five main components: the IR and user input handlers, the 

system core, the incoming and outgoing data path handlers.

The input handlers detect activity on their respective data paths and forward any data received 

to the system core.

The system core ties the system together. In a waiting state it listens to activity from either of 

the input handlers and once a request is identified it is passed on to the appropriate data path. 

Whenever operation on a package or command is finished control is handed back to the system 

core. The data path handlers require in depth description and will be the main focus of this 

chapter.

4.3 Incoming data path
This set of functions deals with data received over the IR network that matches an IrTran-P 

packet and has several components which will be described in the following sections. 

4.3.1 Protocol related functions

The following sections adhere to protocol related functionality.

4.3.1.1 SCEP parser

Data from the network is first passed on to the SCEP parser system. There are four basic types 

of SCEP packages. These are specified by the message type flag and are connection request, 

connection confirmation, data and disconnection. These are separated according to their 

message type and the packet parser sends each one to an appropriate handler.

The decoders for the connection request, connection confirmation and disconnect frames are 

fairly straightforward since these are limited to a single message of each type. The handlers 
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decode the message, extract any information such as host names, frame sizes and reason-codes 

and respond accordingly.

The packets of type data are a different matter. These include no less than nine different types,  

whose relationships interact and have to be dealt with carefully. Most of these types also carry 

bFTP commands in their user data which have to be processed. It is therefore quite clear that 

these packages have to be individually processed one field at a time.

The mechanism to step through the components of a package can be implemented by a pointer 

combined with a length value. The length is extracted from the packets themselves and is then 

compared to what amount of data the socket listener reads. If the amount of data read is lower 

than expected the system waits until the whole packet has arrived. Whenever a flag is processed 

the pointer is updated to identify the beginning of the next flag and the size variable is 

decremented. This means that by passing the pointer and the counter different methods can 

work on the packets and start at the correct position.

Another major differentiation between SCEP packets is the data flag. There are six types of data

flags, namely single frame, first segmented frame, intermediate frame, ending frame, stop 

transmission and connection rejection. Of these the stop transmission and connection rejection 

frames can be individually recognized and can therefore be processed directly. Since there are 

nine different data packages but only six data flags, this leaves three types still unaccounted for, 

but in practice two of these are basically identical to other types, differing only in a single field 

specifying if they are replies or requests and do therefore not require a unique data flag. For the 

single frame type packets the bFTP data can be readily extracted, the exception being a special 

single frame packet called abort which carries no bFTP data despite being of the single frame 

type and which is the ninth and final kind of data frame. It is taken care of by the single frame 

packet handler and separated. The remaining multi-frame packets however have to go through a 

de-segmentation process as described in the following section.

4.3.1.2 Packet de-segmenter

The packet de-segmenter deals with the reassembly of user data divided into several frames. 

The reconstructed data is gathered in a buffer which is cleared and reset at the arrival of the first

new segmented frame in a sequence. Intermediate packages are added in order until an ending 

frame is received. Care is taken so that the specified lengths of the packets correspond to the 

amount of data received. At the end of the de-segmentation process the extracted data is 

forwarded to the bFTP parser.

4.3.1.3 bFTP parser

When it comes to bFTP it can be said that it is a stricter protocol than SCEP and has fewer types

of distinct packages and therefore is somewhat more straightforward to handle. The handlers 

separate the packages based on their attributes. The basic package types are command request, 

command reply, error data, file send request and file send reply. There are three types of 

command requests, request image data, request info and request command data. Each of these 

gets their own handler and responds with appropriate data based on the current system. 

Command reply is handled by parsing the incoming data, which includes supported resolutions, 

and updating the settings of the local system accordingly. Error data is received when 

something goes wrong on the other end of the connection and contains a variety of predefined 

reasons such as “file system is full”. A file send request is merely a file transfer. The entire file 

is inserted into a single bFTP package along with additional info and possibly a thumbnail. The 

size of this type of package is the main reason for the segmentation functionality built into 

SCEP as most other types can be transferred inside a single frame. There are many attributes 

related to the file send request but only the file name and file body are mandatory. The options 
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include creation date, a thumbnail and a longer file name. The various options are stepped 

through and processed by the handlers. The most important attribute is the file body which is 

extracted from the package and stored in a buffer. As it is still in UPF format it is going to 

require some additional processing to be displayed on a PC using regular image software and 

this will be discussed in the next section. The file send reply frame is merely a confirmation of a

successful file transmission. 

4.3.2 File related functions

The following sections adhere to file related functionality.

4.3.2.1 UPF to JPEG converter

As earlier described an UPF file is basically a JPEG file with additional header information. The

object of this function is to convert the UPF image to a standard compatible JPEG image. This 

can be done by removing the UPF specific parts of the file. In practice this is done by parsing 

the UPF header, locating the position and extent of the JPEG data and then extracting it. 

After conversion the file is given a unique name and written to the hard drive.

4.4 User commands
The user input decoder translates any user input into data commands. The most basic ones are 

connecting to and disconnecting from a remote host. Furthermore there are commands to 

change the local packet size and to set the name of the local system. There is also the ability to 

query the remote system about its capabilities and status as well as displaying this information. 

The most important feature is the upload command. The user enters the name of a local file 

which is then scanned for compatibility with the IrTran-P standard, converted to the UPF format

and uploaded to a connected host. Finally, there is also a help command for users to familiarize 

themselves with the system.

4.5 Outgoing data path
This part of the system handles the transfer of data from the local system to a remote host. 

Activity on the outgoing data path is either initiated as a response to a remote data request or a 

local user command. It consists of several components which will be further discussed in this 

section.

4.5.1 Protocol related functions

The following sections adhere to protocol related functionality.

4.5.1.1 bFTP encoder

The bFTP encoder is the component of the system that handles the construction of the 

individual bFTP packages. Each one has been assigned a handler which is called whenever a 

packet of a specific type is needed. Each package is a response to a specific event and there 

should be no confusion as to what type needs to be constructed at any given moment. 

All the packages are constructed in the same way with attributes added together to form a full 

package. Some attributes consist themselves of several items such as the command replies 

request image data, request info and request command data. These are then added together to 
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form a complete attribute. The overall theme is that more information is added to the payload in 

an iterative, layered fashion. Functional parameters are encapsulated in an attribute which are 

then grouped together to form a bFTP package. This is then in turn encapsulated in a SCEP 

package and continues its way down the IR stack where more details are added. The opposite 

process occurs on the other side of the connection, where the process is repeated in reverse and 

information is removed until the relevant data is unfolded. In other words for short messages the

bulk of the transferred information is going to be related to the transmission itself and not the 

actual data payload. It is therefore more effective to send large packages and this is the type of 

transfer that the file send request consists of. The file send request is probably the most 

important bFTP attribute as it contains an entire UPF converted image file. In practice however 

the package is constructed in the same fashion as all the other UPF packages. The attribute file 

is simply a major attribute value filled with the binary data of the image. The only practical 

difference is that since the packet is large it is going to be dealt with differently by the other 

layers of the stack. However once on the other side of the connection and reassembled it can be 

processed just like any other bFTP package.

Technically the packages can be constructed by filling a buffer incrementally and tracking the 

current position in the packet with a pointer according to the inside and out approach described 

above.

4.5.1.2 SCEP encoder

On the one hand SCEP acts as a medium for transferring bFTP packages but it also has 

messages reserved for other functionality. The following package types are unique to SCEP: 

connection request, connection confirmation, connection rejection, disconnection, stop 

transmission and abort. As can be seen these mainly relate to the connection itself and not to the

contents being transmitted. None of these carry any bFTP data and are only executed through a 

direct SCEP request and not by any higher level of the stack. A difference from the way bFTP 

packages are constructed is that these SCEP packages generally do not have an arbitrary number

of elements. If information for any field is not provided, such as the name of the receiving host, 

it is often simply left blank, but still included. An exception to this is however the negotiation 

info element which is part of the connection request and connection confirmation. It contains 

the local maximum packet size, product code of the machine and user credentials. All these 

fields are however optional and will not be left blank if omitted. The remaining of the so far 

mentioned package types have a fairly rigid structure in that they always have the same length, 

although some can appear in slightly different versions but always with a fixed number of bytes 

in either form. Even though the SCEP packages are more complex than the bFTP ones the 

defined nature of these packages simplifies the handling. Most of the packages described so far 

can be created all at once. There is no need to build the package iteratively since the handlers 

can rely on that these packages always remain structurally the same.

The remaining types of SCEP packages are however more complex, since they relay data from 

upper levels of the stack instead of payloads of their own. For the single frame all the bFTP data

can fit inside a single SCEP package. This is usually the case for every type of bFTP package 

except for the file send request. Here bFTP info is first inserted into the user data section of the 

package and the rest of the frame is then constructed around this payload. The bFTP data is not 

interpreted in any way and simply processed based on its length.

If the total size of the user data being transported within a SCEP packet in addition to the SCEP 

information itself exceeds the maximum packet size negotiated between the hosts during the 

handshaking process, the load has to be broken down into several packages and then 

reassembled at the remote host. The whole process takes place in the packet segmenter. 
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4.5.1.3 Packet segmenter

The data load at this point is made up of a previously arranged bFTP package, which has been 

determined to be too large to fit into a single SCEP package and needs to be traversed and 

divided into specific segments each to be sent off inside a different packet.

The data is divided into a single first segmented frame, several intermediate frames and a single 

ending frame. The construction of the individual packages is similar to the method described for

the single frame package in the previous section. 

The minimum amount of packages needed is calculated, each using the full size of every packet 

except possibly the last.

4.5.1.4 IR output

Regardless of type and contents all packages finally arrive at the IR output stage. In accordance 

with the earlier described procedure the data is sent through the infrared subsystem of the kernel

which delivers it to the remote host.

4.5.2 File related functions

The following sections adhere to file related functionality.

4.5.2.1 JPEG validator

As per the specification the UPF format is only suitable for certain types of JPEGs, more 

specifically those which are compliant to the so called baseline standard. The JPEG validator 

reads a specified file into a buffer, inspects it for compliance and if it passes, sends it further 

down the pipeline.

4.5.2.2 JPEG to UPF converter

The JPEG to UPF converter creates an UPF compliant image file from the provided data. It adds

a file header and an entry area which is intended to potentially include several images inside a 

single file. In the entry area only one entry is used referring to the actual JPEG. The information

data field is limited to what is needed for decoding such as image dimensions while less critical 

data is left undefined but in adherence with the standard.
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4.5.3 Flowchart of implementation

A graphical illustration of the features discussed in this chapter can be found below.

Figure 4.3: Flowchart of the system layout.
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5 Investigation
Along with the implementation an investigation took place concerning the optimal parameters 

for running the system under different working conditions. The main variable of the IrTran-P 

protocol is the package size. Every system that permits a higher package size, such as 4096 

bytes which is the largest one available in the specification, also allows for every smaller 

variation. When the package size decreases more packages have to be sent in order to transfer a 

given amount of image data. This leads to a higher overhead and a need for more processing 

power on both the side of the sender and the receiver, it would therefore seem reasonable that a 

smaller package size means a lower transfer speed.

Nevertheless due to devices such as cameras which might have limited memory, handling large 

packets might be troublesome and cause a slowdown. However of higher importance is the 

possibility of packet loss during the infrared transfer. If the conditions are harsh it might be 

more economical to lose small packages which then have to be retransmitted rather than large 

ones. Increased packet loss might be caused by environmental issues such as an increase in the 

distance between the sender and the receiver.

The investigation aims to validate how packet size and various environmental conditions affect 

the speed of an infrared IrTran-P file transmission.

5.1 Methodology
During the testing the sending and the receiving units were set up with different parameters 

affecting the transmission such as reception angle, distance and noise level. During each trial an 

identical image was transferred using each of the four possible packet sizes of 512, 1024, 2048 

and 4096 bytes. 10 measurements were taken under each condition and then averaged for a total

of 160 measurements for each set. 

The first experiment involved increasing the transmission distance from a narrow 10 

centimeters up to 2 meters and observing the data speeds at the available packet sizes. The set 

up is illustrated below (figure 5.1).

Figure 5.1: Illustration of experimental setup 1.

In the above picture A represents the camera or other device and B is the receiver connected to a

PC running the application in question. The distance C between A and B was varying during the

experiment. Several types of devices were used.

The second type of experiment was based on changing the angle between the transmitter and the

receiver and investigating if this had any impact on performance.

According to the specification the maximum angle between two connected adapters should be 

restricted to 15 degrees. However not all users will be aware of or able to follow these 

guidelines and therefore testing was done at the peripheral of the devices' vision to see how a 

less than ideal line of transmission could affect the link quality and determine which settings 

would produce the best results. The experimental setup follows (figure 5.2). In the image A and 

B are as in the previous illustration and C represents the angle between the receivers.
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Figure 5.2: Illustration of experimental setup 2.

The final experiment (see figure 5.3) sought to deliberately disturb the transmission in order to 

create a very harsh environment. During everyday use this noise might originate from various 

sources common in an office environment such as florescent lighting, other IR transmitters and 

ordinary sunlight. The noise level was tested at several intensities and it was created by pointing

one or several IR transmitters directly at one of the receivers. This was done to give the IR 

adapters concerns in determining which signals were relevant and which were noise and could 

be expected to affect the transmission speed. The distance between A and B was 0.5 meters.

Figure 5.3: Illustration of experimental setup 3.

In the illustration above, C represents the intensity of the noise transmission and the others 

remain as before.

5.2 Testing hardware
For the device to computer evaluation a Casio QV-7000SX IrTran-P enabled camera was used. 

All transfers worked according to specification and without any interruptions or corrupted 

images. For the sake of testing compatibility another device was evaluated in addition to the 

program itself and the QV-7000SX and it worked properly, however did not support other than 

the lowest resolution and packet size and was not usable for performance evaluation. No other 

IrTran-P enabled devices were available for testing.

5.3 Implementation details
The program was written in standard C, which is a language that exhibits excellent portability 

and is well suited to the hardware centered nature of the task. Linux was chosen as the system 

platform due to the open and mature nature of its underlying IR stack. The program should 

however be easily adoptable to other operating systems as long as an IrCOMM level of IR 

support remains present. To make the program run on another operating system all that is 

needed is an integration with the IrCOMM functionality of that host. The user interface will be 

text based in line with UNIX tradition but a graphical one could be added later.
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6 Results
This section contains the results from the experimental investigation of the system. 

The results were obtained by means of the procedure described in section 5.1 and repeated 10 

times for each data point and then averaged. There are two setups, a camera and a computer as 

well as two IR enabled computers. In each case the same file with a length of 145689 bytes was 

used. The results are presented graphically in figures 6.1-6.6 and numerically in tables 6.1-6.6.

Figure 6.1: Diagram of transmission speeds between a camera device and a computer host. 

Figure 6.2: Diagram of transmission speeds between two computer hosts.

26



6 Results

Figure 6.3: Diagram of transmission speeds between a camera device and a computer host. 

Figure 6.4: Diagram of transmission speeds between two computer hosts.
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Figure 6.5: Diagram of transmission speeds between a camera device and a computer host.

Figure 6.6: Diagram of transmission speeds between two computer hosts.
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Below are the averaged results in table format.
 

512 byte 1024 byte 2048 byte 4096 byte

0.1 m 45,851 18,613 53,812 43,126
0.5 m 46,767 18,820 55,865 41,375
1.0 m 36,601 19,073 53,402 44,510
2.0 m 29,651 18,269 53,151 45,111

Table 6.1: Transmission speeds (in kbit/s) between a camera device and a computer host at

varying distances. 

512 byte 1024 byte 2048 byte 4096 byte
0.1 m 68,478 78,686 84,618 87,599

0.5 m 67,437 76,166 83,418 83,600

1.0 m 66,768 75,513 83,110 86,124
2.0 m 66,954 77,986 81,751 81,718

Table 6.2: Transmission speeds (in kbit/s) between two computer hosts at varying distances.

512 byte 1024 byte 2048 byte 4096 byte
62,867 69,126 70,653 70,632
62,864 69,178 70,617 70,577

62,820 69,114 70,583 70,605
62,814 69,138 70,616 70,583

0 degrees

5 degrees
15 degrees

25 degrees

Table 6.3: Transmission speeds (in kbit/s) between a camera device and a computer host at

varying angles.

512 byte 1024 byte 2048 byte 4096 byte
88,964 93,379 96,156 96,145
88,978 93,329 96,114 96,131

88,946 93,368 95,856 96,146
89,245 92,859 96,118 96,150

0 degrees

5 degrees
15 degrees

25 degrees

Table 6.4: Transmission speeds (in kbit/s) between two computer hosts at varying angles.

512 byte 1024 byte 2048 byte 4096 byte

62,863 69,130 70,646 70,647

29,494 35,281 47,975 25,713

31,867 33,669 30,990 13,995

31,772 30,627 29,387 12,388

0x noise

1x noise
2x noise

3x noise

Table 6.5: Transmission speeds (in kbit/s) between a camera device and a computer host at

varying noise levels.

512 byte 1024 byte 2048 byte 4096 byte

88,916 93,387 96,153 96,176

31,625 36,898 38,765 32,903

24,781 25,209 23,808 23,150

33,668 36,994 35,660 34,205

0x noise
1x noise

2x noise

3x noise

Table 6.6: Transmission speeds (in kbit/s) between two computer hosts at varying noise levels.
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7 Discussion
This section is going to detail conclusions from the results presented in the previous section.

7.1 Distances
In general, changes in distance did not affect the IR link more than marginally under most 

conditions. It can be said that any distance up to 2 meters appears to work fine for infrared 

transfers. This should be enough for most applications that this program is going to be used for. 

It seems that IR links instead of having a gradual reduction in quality exhibit a sharp cut-off 

point where no data can be sent but up to that point distance only has a minor effect. From a 

theoretical perspective it could be assumed that transfer speeds would be relatively higher for 

larger packet sizes and lower with increased distance. However in practice this does not quite 

seem to be the case. When using the camera the most noticeable feature is the dramatic drop in 

performance for the 512 byte packet size. The reason behind this is rather difficult to evaluate 

due to the closed nature of the device but would probably be related to some form of hardware 

limitation, in general the speed can be observed to be about half that of any of the other modes. 

Except for the 512 byte packet size the camera does not seem to experience any noticeable drop 

in performance as the distance increases. In general it can be said that the two largest packet 

sizes seem to have the most favorable performance whereas the smaller two either seem 

susceptible to low speed or sensitivity to distance. The reason for why the largest packet size 

does not provide the greatest speed might be that the strain of handling larger packages could 

cancel out the effect of having less overhead. Overall it seems that 2048 bytes would be the 

optimal packet size setting for this device.

When connecting the program on a PC to another PC running the same program the results get 

more straightforward. For most packet sizes there seem to be a slight but noticeable decrease in 

performance as distance increases. Furthermore the overall speeds are increasing as packet sizes

increase. The reason for the result being in line with the predictions might be due to the more 

plentiful resources of a PC as opposed to a portable device. Also the speeds are in general 

higher, reaching almost 90 kbit/s in comparison to about 50 kbit/s out of a theoretical maximum 

of 115.2 kbit/s for serial IR (SIR).

7.2 Angles
In accordance with distance, an increasing angle between the two adapters seems to have only 

minimal effect on transmission speed. Also in common with earlier tests the angle aspect seems 

to adhere to the principle of either working well or not at all. The cut-off point seems to lie 

somewhere around 30 degrees, where it is no longer possible to either establish a connection or 

keep one active for any significant length of time. As can be seen the transmission speeds 

remain at a constant level throughout the range of angles but differ quite significantly between 

packet sizes. It can be concluded that the transfer setting itself has a far more significant impact 

than an angle offset as long as the connection is still able to remain functional. In both tests the 

same pattern emerges, the 512 byte setting is the slowest by a margin, 1024 is significantly 

faster than 512 but can not reach the speeds of the two highest settings which are more or less 

equal in performance. In accordance with the earlier test the transfer speeds are overall lower 

for the camera but the general performance trends remain the same.
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7.3 Noise
This might be the most interesting aspect of the experimental investigation. It was also the most 

complicated to carry out. The reason being that since, as previously stated, the connection has a 

tendency to either stay perfectly intact or drop out completely, it was quite troublesome to find 

conditions that would significantly lower the transmission speed while still keeping the 

connection operational. The most intensive variant of this test must represent a worst case 

scenario condition and is not likely to appear during normal use unless several IR transmitters 

are operated concurrently and crosstalk occurs. However less adverse interference could arise 

due to florescent lighting or other radiative sources, especially in a large office environment. 

The initial addition of noise has the biggest impact on performance, lowering the transmission 

speed to between half and a third of the normal case. The scenario of going from one noise 

transmitter to two has less of an impact and most trials indicate a performance drop of a third or 

less, with the exception of a few cases that bring the speed down to almost half. An overall 

trend that can be observed is that with the introduction of noise the largest packet size of 4096 

bytes has transisted from being the fastest or second fastest option to usually being the slowest. 

This is in accordance with the theory that in a noisy environment, sending large packages that 

might be corrupted takes a penalty over small ones that have a larger chance of coming through 

intact. It can however be noted that the 2048 byte packet size is still holding up well.

The tripling of the noise is a peculiar case as it either seems to only add a negligible 

performance penalty, or in the other case actually increase performance. The reason why it did 

not add more interference could be explained by that the added transmitter sent pulses at the 

same or near the frequencies that were already present. The case of additional performance with

increased noise does not lead itself to an easy explanation. Possibly the batteries in one of the 

transmitters might have gone weak. Also the optical conditions for the transfer might have 

somewhat improved in comparison to the previous tests although no notice of such was taken at 

the time.

7.4 General observations
To begin with it can be observed that the overall range of speeds varies rather drastically from 

device to device and sometimes even with regards to the same device during different tests. It 

should therefore be noted that any comparisons should only be made using a specific device and

samples taken during the same test. The general trends however mostly persist no matter the 

circumstances. It was found that the IR link performed quite consistently within its window of 

operation. Too great of a distance or angular difference between the transmitters would lead to a

breakdown in the connection, or more often an inability to even initiate any communication. IR 

transfers are therefore most suited to close proximity communication such as between devices 

on the same desk with a clear line of sight. A possible solution to increase the range could be to 

mount a transmitter near the ceiling of a room, but in order to go beyond about 2 meters the 

strength would have to be amplified which might lead to other issues. Nonetheless it can be said

that IR is well suited for the purpose of the IrTran-P application provided that a certain care is 

observed in aligning any two transmitters within a reasonable angle.

7.5 Packet size discussion
For most tests under regular circumstances it seemed clear that performance increased with a 

larger packet size up to the two final settings which seemed roughly equal. However once noise 

was introduced the disparity was more leveled out, turning in the favor of smaller packet sizes 
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when the noise intensity reached higher levels. However even at this point the 2048 byte setting 

performed comparatively well which gives it a good overall performance record.

In conclusion it seems that since the difference between the 2048 and 4096 packet sizes for the 

PC to PC evaluation is not very large and because the smaller one is more resistant to noise it 

would be recommended to set 2048 bytes as the default packet size in order to maximize 

performance over all devices. 

7.6 FIR-speeds
As can be noted the performance evaluation has been done at SIR speeds. The implementation 

of IrTran-P is independent of the capabilities of the underlying hardware and should work at any

of the higher performance modes as long as the hardware supports them. No such devices were 

available for testing so for comparison with discrete devices only SIR speed was utilized. 

However tests with a PC to PC FIR connection were performed. It was evaluated that the speed 

reached was about 2000 kbit/s (an increase of 20 times). However the connection was not 

reliable and tended to hang after a few successful transfers. Not only did the program stop but 

the entire IR stack had to be reset. This indicates a driver problem and the description for the 

driver hints that the FIR mode might not be entirely stable. Troubleshooting the driver was 

outside the scope of this project but could constitute a further improvement. In conclusion, FIR 

speeds work but are unreliable for everyday use. Also it can be noted that no actual discrete 

devices that support these speeds have been identified.

7.7 Compatibility
The general compatibility has been high. Every device tested has worked according to the 

specification. However due to the limited amount of stand alone devices available for testing 

some unknown peculiarities of the protocol might still be unaccounted for. Also compatibility 

might be affected by other parts of the IR stack which are not related to the implementation of 

IrTran-P and therefore it should be regarded as a focus of any further development of the 

program to manage compatibility and if needed to improve it.

7.8 User experience
If the active system assumes the role of the sending host it first initiates a scan for available 

devices. When a host is found it can subsequently be queried about its capabilities. It can always

be certain that a host will accept a single image of resolution 640x480, which is the minimum 

requirement of the specification, however larger images and sequential file transmissions might 

not be properly processed unless the camera or remote host is queried about its capabilities. As 

can be noted, the battery and memory capabilities might still be unspecified even after a query. 

This is due to not all devices supporting the feature and merely replying with a standardized 

value. If an image with an unsupported resolution is sent the result would be undefined. The 

program therefore prevents such transfers. A file is subsequently selected and checked for 

suitability. In case it was found to be non compatible it would be rejected and not transferred. 

Then the transmission begins. When it has been completed and the remote host has confirmed 

the transfer to be successful the user can select additional files to send. When there are no more 

files to be transferred the user closes the connection by issuing a disconnect command.

If the active system acts as the receiving host then after the specifications of the connection are 

agreed upon and established the remote host initiates the first file transfer. The local system 
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accepts the transmission and upon successful completion creates a directory with a suitable 

name where it stores the files. Thereupon the sequence is repeated with as many files as the 

sending system is set to transmit. Finally the remote system ends the session and closes the 

connection. 
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7.8.1 Upload procedure

The following sequence shows the initiation of a connection and the transmission of a sequence 

of files. Figures 7.1-7.3 show the built-in display of the connected device.

Program side Camera side

>conn
Scanning for hosts ...
Connected to host: CASIO 
QV-7000SX

>rimg
Data received. 

>rinf
Data received. 

>rnfo
Remote settings
Host: IrTran 
ID: CASIO QV-7000SX 
Packet code: 4 
Packet size: 4096 bytes
Maximum file size: 614400 bytes
Battery status: Unspecified
Memory status: Unspecified
Supported resolutions: 
+ 1280x960
+ 640x480

>file
Please enter file name:
file1.jpg

Read 64459 bytes.
JPEG: OK
Huffman: OK
Dimensions: 640x480 
Dimensions: OK
Sending file.
Sending packet: 1 of 16
Sending packet: 2 of 16 
Sending packet: 3 of 16 
[..]
Sending packet: 16 of 16 

File send succeeded.

[Repeated for each image in the
sequence]

>disc
Disconnecting.

   

Figure 7.1: Camera waiting for connection.

   

Figure 7.2: Camera receiving image.
   

Figure 7.3: Transfer completed.
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7.8.2 Download procedure

The following sequence shows how the program automatically detects and accepts an incoming 

data connection, processes the files as they are transmitted and saves them to an appropriate 

location. Figures 7.4-7.6 show the built-in display of the connected device.

Program side Camera side

Connected to host: CASIO 
QV-7000SX

Incoming transmission
Receiving packet: 1 of 33 
Receiving packet: 2 of 33 
Receiving packet: 3 of 33 
[..]
Receiving packet: 33 of 33 

Image data received
Filename: QV000001.JPG 
Size: 132824 bytes
Directory: 
CASIO_QV-7000SX-081127-07:51:15 

[Repeated for each image in the 
sequence]

Connection closed.
Resetting connection. 

 

Figure 7.4: Camera trying to initiate connection.
   

Figure 7.5: Camera sending image.

   

Figure 7.6: Transmission completed.
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7.9 Future improvements
Since the core functionality of the program is rather stable it would be advisable that any further

effort should focus on additional features, usability, reliability and expandability.

To begin with there could be support added for automatically converting any image to one that 

adheres to the IrTran-P UPF format. As of writing only JPEGs of the correct encoding and 

dimensions can be converted to UPF by the program, which means that care has to be taken 

concerning which images to use. Since there are many different image formats and even ways to

encode a JPEG it would be beneficial to have these kinds of conversions integrated into the 

program itself.

Furthermore, support might be added to automatically convert IrTran-P image data, which 

stores information such as focal length and exposure rate, to the more common JPEG EXIF 

format. However it should be noted that most devices do not seem to provide these parameters 

so the effort might be somewhat dubious.

Moreover one might add the ability to run certain filter operations on the received or transmitted

images, such as performing automatic white balance correction, rotation and cropping as well as

adding time stamps or labels.

There might also exist a demand for expanding the specification to include the transfer of 

arbitrary data. While the specification is optimized for image data any kind of files could be 

transferred with little alteration. This however would only work between instances of the 

program and not for standard IrTran-P devices as these only accept image data.

As far as usability goes the most practical option might be to add a graphical interface for users 

who prefer a windowed environment. Except for ease of use it could also allow users to 

instantly view downloaded pictures as well as provide a visual gallery of images to chose from 

when uploading.

It might also be useful to be able to run the program without any user interaction whatsoever to 

handle connections in the background as a system resource. There are already ways to 

accomplish this with the current version of the program using additional software, however 

native support for this feature would make it easier to use.

Concerning reliability the most important issue to address might be to get FIR speed transfers to

work consistently. This however might be a problem related to hardware drivers and not the 

program itself. A possible workaround might be to throttle the speed to determine if not 

utilizing the full bandwidth increases the stability of the connection. It could be noted that even 

moderately throttled FIR would still be far faster than standard SIR. However not many, if any, 

actual IrTran-P devices support this mode.

Finally the program could be further expanded to different architectures and operating systems. 

In its present form it is written for Linux on the x86 (32 and 64 bits) architecture. It should 

compile and work properly also on other architectures, such as ARM, running the same 

operating system. After porting to different architectures, other operating systems might be 

considered. Any configuration with a working IR stack up to IrCOMM level should be a 

straightforward porting experience but more UNIX like systems might be preferable due to the  

general similarity.
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8 Summary and conclusion
This section aims to summarize the main aspects of the project and then state what conclusions 

can be drawn.

8.1 Summary
The aim of this project has been to create a free and open implementation of the IrTran-P 

protocol as described by the Infrared Data Association. The IrTran-P protocol provides a way to

wirelessly send image data through infrared transmission to compatible devices such as printers 

and cameras.

The motivation behind the project was that there existed no open implementation for the 

standard as well as limited support in closed source alternatives. In order to have a complete, 

open IR stack an implementation of IrTran-P needs to be available. 

The project has been centered around transforming the sometimes ambiguous specification into 

a fully functional implementation that provides good compatibility with existing hardware.

The operation of the standard is based on data frames or binary data in specific configurations 

that need to be decoded in order to add meaning to the information. 

The main effort was focused on how to organize the handling and creation of the data frames as 

well as converting existing images to a format suitable for transmission. 

After the implementation was completed its performance was evaluated using different 

variations and settings. An optimal set of parameters for transmission was recovered whereas 

the distance and angle to the receiver did not have much of an impact on the performance of the 

connection. Infrared noise was however found to be highly detrimental and should be avoided if

possible. In general the product performed well against all tested devices but future 

improvements could include an expanded feature set beyond the core functionality.

8.2 Conclusion
The main conclusion that can be drawn is that it is quite feasible for a small team to provide 

interoperability with hardware devices in a reasonable time span as long as the specification for 

such is openly available. If the specifications had been closed the effort would have been far 

more demanding. Since the code is open other people can continue or expand the effort even if 

the original author disappears or finds other interests. Furthermore a conclusion that can be 

drawn is that there does not seem to be a gradual loss of signal in infrared communications but 

instead a sharp cut-off point, it either works perfectly or not at all. Finally the program itself 

performs the task it was intended to do and can be expanded upon by anyone that has the 

interest.
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10.1 Full results

10.1.1 Distances

Below (see table 10.1 and 10.2) are the full numerical results of the distance experiments.

512 byte 1024 byte 2048 byte 4096 byte

0.1 m 44,584 19,159 54,402 44,586

47,110 20,724 55,834 36,512

46,737 17,435 55,819 50,883

47,886 14,656 51,889 34,874

47,855 15,271 55,800 40,751

49,105 19,277 51,833 50,054

42,913 18,027 52,456 46,877

44,750 20,234 51,864 45,394

44,685 21,454 54,437 39,780

42,886 19,891 53,783 41,551

0.5 m 47,859 20,154 55,889 42,183

46,799 18,219 55,862 44,743

47,902 17,058 55,864 36,291

47,072 20,439 55,907 48,450

49,124 17,810 55,878 37,738

44,152 18,361 55,880 38,291

50,353 21,834 55,843 38,436

44,653 19,569 55,840 43,226

46,809 16,115 55,859 44,212

42,946 18,643 55,827 40,175

1.0 m 38,598 18,605 55,795 45,369

35,181 18,336 49,928 45,943

29,713 16,519 49,472 44,068

37,071 19,154 53,756 42,749

36,656 18,576 47,449 42,732

35,550 19,231 54,378 48,391

43,619 18,908 55,845 41,528

36,550 21,263 55,790 46,824

34,698 19,484 55,760 41,887

38,371 20,656 55,848 45,612

2.0 m 25,659 19,105 50,080 46,847

25,123 15,105 54,434 45,378

24,690 17,533 52,493 40,886

25,543 17,796 55,723 39,756

30,397 15,591 55,792 44,193

33,111 19,552 51,840 48,362

30,344 19,938 50,761 53,714

36,632 22,588 54,447 44,000

29,144 16,452 55,792 44,747

35,870 19,025 50,149 43,228

Table 10.1: Transmission speeds (in kbit/s) between a camera device and a computer host.
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Table 10.2: Transmission speeds (in kbit/s) between two computer hosts.

40

512 byte 1024 byte 2048 byte 4096 byte

0.1 m 63,062 81,306 86,645 89,460

70,169 82,125 83,157 88,207

64,867 73,866 84,276 89,487

68,522 81,029 85,456 88,207

60,413 74,753 86,664 86,969

74,686 82,451 84,294 86,936

67,009 80,995 82,767 88,213

73,591 79,939 83,169 86,969

74,940 75,646 84,294 85,778

67,521 74,748 85,457 85,765

0.5 m 67,836 78,011 81,727 84,631

72,415 75,343 86,632 78,221

73,368 81,374 82,061 84,618

65,369 73,554 86,664 83,485

63,247 79,796 85,444 82,363

60,776 70,766 77,601 89,487

70,030 76,111 80,989 81,374

66,801 76,586 86,651 86,975

61,840 78,819 80,955 80,241

72,691 71,298 85,450 84,606

1.0 m 61,345 74,480 81,011 85,752

70,432 80,871 84,300 86,969

71,645 74,878 82,067 85,765

62,005 69,984 85,457 86,962

66,296 74,863 81,000 89,487

66,836 73,960 84,300 88,200

67,907 74,590 86,664 85,759

60,772 78,167 83,192 84,600

67,765 74,007 79,966 83,139

72,677 79,334 83,139 84,606

2.0 m 73,341 82,462 85,469 77,996

73,614 82,322 83,163 79,011

63,630 81,934 76,065 82,079

74,267 79,307 87,880 83,222

63,585 78,814 81,000 85,482

63,385 72,411 74,262 83,192

71,389 69,615 78,979 75,167

59,491 80,308 83,210 81,220

62,804 75,494 83,180 86,639

64,033 77,195 84,300 83,175



10 Appendix A

10.1.2 Angles

Below (see table 10.3 and 10.4) are the full numerical results the angular experiments.

Table 10.3: Transmission speeds (in kbit/s) between a camera device and a computer host.
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512 byte 1024 byte 2048 byte 4096 byte

0 degrees 62,683 69,147 70,588 70,592

62,864 69,097 70,674 70,674

62,889 69,163 70,639 70,708

62,904 69,113 70,725 70,605

62,945 69,103 70,656 70,588

62,891 69,196 70,588 70,605

62,903 69,100 70,674 70,657

62,850 69,113 70,674 70,608

62,891 69,081 70,674 70,622

62,850 69,146 70,639 70,657

5 degrees 62,742 69,163 70,674 70,606

62,959 69,130 70,639 70,554

62,837 69,212 70,588 70,584

62,864 69,146 70,639 70,622

62,823 69,196 70,554 70,520

62,864 69,196 70,602 70,554

62,850 69,165 70,554 70,571

62,918 69,196 70,588 70,537

62,891 69,163 70,691 70,588

62,891 69,212 70,639 70,636

15 degrees 62,661 69,093 70,588 70,605

62,932 69,081 70,588 70,588

62,823 69,176 70,486 70,639

62,782 69,113 70,605 70,622

62,837 69,130 70,622 70,520

62,837 69,146 70,591 70,622

62,864 69,146 70,571 70,657

62,837 69,097 70,605 70,571

62,850 69,081 70,657 70,605

62,782 69,081 70,520 70,622

25 degrees 62,783 69,163 70,537 70,588

62,837 69,097 70,639 70,640

62,850 69,163 70,640 70,622

62,850 69,130 70,554 70,605

62,796 69,130 70,657 70,622

62,782 69,064 70,605 70,503

62,782 69,130 70,572 70,640

62,782 69,212 70,709 70,571

62,877 69,175 70,622 70,452

62,796 69,113 70,630 70,588
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Table 10.4: Transmission speeds (in kbit/s) between two computer hosts.
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512 byte 1024 byte 2048 byte 4096 byte

0 degrees 88,683 93,347 96,087 96,151

89,011 93,347 96,181 96,150

89,011 93,527 96,086 96,182

89,065 93,407 96,150 96,055

88,956 93,347 96,181 96,185

88,956 93,497 96,023 96,182

89,038 93,257 96,309 96,086

88,902 93,347 96,181 96,309

88,984 93,485 96,055 96,097

89,038 93,227 96,309 96,055

5 degrees 88,578 93,437 96,144 96,246

89,011 93,377 96,023 96,150

88,984 93,287 96,277 95,982

89,038 93,257 96,118 96,118

89,011 93,377 96,055 96,140

89,114 93,257 96,213 96,055

88,984 93,377 96,086 96,309

89,011 93,257 96,118 96,023

89,065 93,198 96,118 96,245

88,984 93,467 95,991 96,045

15 degrees 88,605 93,377 96,055 96,151

88,956 93,258 96,213 96,055

88,902 93,418 96,150 96,245

88,902 93,407 96,118 96,118

89,011 93,257 96,182 96,118

89,011 93,497 96,086 96,182

88,984 93,347 96,118 96,087

89,065 93,287 96,182 96,245

89,011 93,545 96,055 96,208

89,011 93,287 93,405 96,055

25 degrees 91,384 93,437 96,055 96,087

89,038 93,257 96,149 96,181

88,956 93,377 96,023 96,150

88,902 93,317 96,277 96,118

89,011 93,377 96,118 96,245

89,011 93,421 96,023 96,150

89,011 93,228 96,213 96,150

89,011 88,497 96,118 96,086

89,038 93,426 96,086 96,083

89,084 93,257 96,118 96,245
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10.1.3 Noise

Below (see table 10.5 and 10.6) are the full numerical results of the noise experiments.

Table 10.5: Transmission speeds (in kbit/s) between a camera device and a computer host.
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512 byte 1024 byte 2048 byte 4096 byte

0x noise 62,742 69,130 70,605 70,623

62,891 69,164 70,571 70,671

62,891 69,179 70,657 70,725

62,918 69,114 70,725 70,657

62,864 69,081 70,571 70,640

62,905 69,146 70,691 70,537

62,810 69,146 70,742 70,622

62,837 69,097 70,588 70,708

62,905 69,146 70,691 70,631

62,864 69,097 70,622 70,657

1x noise 31,977 32,706 37,887 14,201

24,819 35,680 31,565 67,465

20,817 35,056 47,535 61,529

38,322 33,801 67,465 15,579

37,063 31,879 64,066 11,458

29,304 39,320 44,834 10,964

20,453 31,010 40,681 13,923

32,189 43,856 28,822 16,832

29,221 34,440 58,766 24,890

30,774 35,060 58,133 20,287

2x noise 31,402 30,551 29,271 13,271

37,479 39,193 35,523 11,219

26,703 27,801 25,683 11,812

36,790 39,601 28,663 10,535

47,012 35,167 29,309 12,559

24,215 26,576 22,258 11,980

28,042 23,598 31,250 13,363

35,883 32,966 42,052 16,704

24,824 44,289 28,010 24,421

26,324 36,951 37,878 14,090

3x noise 28,356 30,087 26,848 12,130

26,187 34,224 24,050 11,798

31,664 27,217 32,350 13,237

42,124 28,190 36,126 13,765

29,508 32,143 31,266 14,028

34,180 35,192 33,604 12,151

38,704 29,917 33,214 10,516

32,194 37,435 27,017 10,580

27,528 24,936 20,694 10,397

27,278 26,930 28,706 15,276
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Table 10.6: Transmission speeds (in kbit/s) between two computer hosts.

44

512 byte 1024 byte 2048 byte 4096 byte

0x noise 87,724 93,287 96,182 96,278

89,011 93,437 96,023 96,241

89,093 93,257 96,245 96,118

89,038 93,513 96,150 96,234

89,011 93,347 96,086 96,101

89,106 93,254 96,277 96,150

89,038 93,467 96,086 96,055

88,984 93,407 96,182 96,150

89,120 93,347 96,208 96,277

89,038 93,557 96,086 96,159

1x noise 36,894 30,654 35,090 37,854

32,831 35,111 40,992 24,908

28,888 29,439 47,721 41,583

38,966 36,857 41,043 30,964

27,796 34,250 37,829 35,987

30,089 39,908 34,314 38,849

25,365 42,226 37,833 26,253

27,213 44,828 35,103 31,326

27,280 38,843 34,268 30,651

40,926 36,866 43,454 30,657

2x noise 20,959 27,764 23,318 20,097

24,141 22,949 24,073 21,273

28,375 24,663 19,816 25,366

25,852 23,701 27,765 21,918

23,704 27,242 28,553 20,972

24,532 22,586 24,912 24,906

21,955 27,472 22,248 24,918

30,749 22,258 19,974 20,380

22,626 24,905 24,100 26,759

24,919 28,554 23,315 24,912

3x noise 25,660 50,162 53,016 33,511

25,405 39,906 24,073 53,031

40,066 38,862 18,801 27,980

42,365 37,874 25,806 25,781

32,835 39,926 13,704 20,361

29,838 36,388 49,247 22,237

21,951 29,454 40,421 43,517

28,350 27,462 39,919 42,265

39,845 44,793 42,252 46,899

50,362 25,107 49,362 26,466
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11 Appendix B

11.1 Preparations of files
It can be noted that JPEG files have to prepared for transmission by converting them to a proper

UPF format. This is however not needed for files previously downloaded from an IrTran-P 

device as the format is then already compatible.

The recommended tool for the conversion is the open source image utility Imagemagick.

The following command converts any input image file to a format suitable for transmission to 

an IrTran-P compatible host.

convert -define jpeg:optimize-coding=false -sampling-factor 2x2,1x1,1x1 -strip input.any output.jpg

It can be noted that the graphical tool The Gimp has been verified to produce proper JPEG files 

using the following settings:

Figure 11.1: Illustration of image conversion parameters.
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