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Abstract

Frequency Modulation (FM) broadcasting is a Very High Frequency (VHF)

broadcasting technology which began with Edwin Howard Armstrong. Arm-

strong made use of FM to provide high quality sound broadcasts over radio.

The term FM band directly dictates the frequency band which is dedicated

for FM transmission. Note that the term equates a FM method within a

range of frequencies. The Raspberry Pi is a credit card–sized, single-board

computer. The Raspberry Pi has on-board hardware that is used to generate

spread-spectrum clock signals on the General Purpose Input/Output (GPIO)

pins to output FM signal. My proposal is that we will achieve a solution that

results in having a FM Transmitter composed solely of the Raspberry Pi as

well as source code written in the programming language C.
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Glossary

PWM: Pulse-Width Modulation. PWM is a method for modulating digital

signals into a two-level pulsing signal with arbitrary frequency. PWM is no-

tably used in applications controlling LEDs or stopping motors, but it may

be used to emulate frequency modulation..

FM: Frequency Modulation. FM is a type of signal modulation used in

radio applications. FM receivers are most widespread worldwide.

GPIO pins: General Purpose Input/Output pins. These are the 26 of

the 40 physical pins that run along the edge of the Raspberry Pi. These pins

are a programmable physical interface between the Pi and the outside world.

DMA: Direct Memory Access. DMA is a feature of most modern com-

puters including the Raspberry Pi that allows certain systems to have direct

access to main system memory without issuing memory read/write instruc-

tions through the CPU.

CPU: Central Processing Unit. The ”brain” of the Raspberry Pi. This

hardware it used for communication between the Raspberry Pi hardware,

executing processes and performing calculations. The Raspberry Pi has a

Broadcom system-on-a-chip based on an ARM CPU.

SoC: System-on-a-chip or System on Chip is an integrated circuit, i.e. a

set of electronic circuits on one small plate of semiconductor material. This

semiconductor material; usually silicon, is called a ”chip.” The SoC inte-

grates all components of a computer or other electronic system into a single

chip.
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1 User Requirements

1.1 Introduction

The following will describe the problem from the perspective of the end-

user. It states the problem domain and the functionality of the programme

expected by the end-user.

1.2 User’s view of problem

The user’s will have a simple view of the problem. Users want to transmit

FM signals for the transmission of an audio source from their Raspberry Pi

whilst making use of little-to-no additional hardware and as low as possible

CPU overhead. The audio source may be a file or a stream from the Internet.

1.3 Description of problem

Using the Raspberry Pi to produce a FM signal may seem like a tricky task

to perform as we’re trying to make use of just the Raspberry Pi and the

programming language C to produce the FM signal. In theory, we should be

able to transmit the signal solely with the Raspberry Pi without connecting

anything to the GPIO pins however, the range of the frequency will be <10

centimeters from the Raspberry Pi. If we make use of the only additional

hardware we’ll need i.e. a simple wire antenna connected to GPIO Pin 4 of

the Raspberry Pi, it will boost the signal to a range of <10 meters which

may be improved with additional power to the antenna.

1.4 Expectations of the software solution

The solution to the problem needs to ensure a user is able to transmit the

audio as a FM signal that will be able to be tuned-in to by any FM receiver

that is tuned onto the FM frequency transmitted by the Raspberry Pi while

1



making use of minimal additional hardware. The audio produced from tuning

into the FM signal needs to be clear and free of static noise.

1.5 Not expected of the software solution

The software will not be able to play multiple audio files at a given moment

nor will it be able to emit the frequency modulation at multiple frequency

bands. The software will also not produce stereo as the audio file must be

in a 16-bit mono wav format. Finally not to be expected from the software

is being able to adjust the frequency band of the FM signal it broadcasts

whilst broadcasting the FM signal.

1.6 Conclusion

The previous section describes how the end-user requires a system that will

allow them to transmit FM signals from the Raspberry Pi by describing the

expectations of the system to define the scope of the project as well as stating

what is not expected of the solution. The following section will explain the

solution from the designer’s interpretation as to solving the problem.

2 Requirements Analysis Design

2.1 Introduction

In the previous section, the end-user specified the need for a transmitting

a FM signal from a Raspberry Pi while making use of minimal additional

hardware. The following section will explain how the developer will attempt

to meet the user’s requirements. This will be done by breaking down the

problem into how the C code executes and identifying all applicable details.

2



2.2 Interpretation and break-down of the problem

The input of the solution will be simply an audio file which the user wishes

to broadcast over a FM band. The user will run the solution by entering a

single terminal command which will provide the code with the name of the

audio file as well as possibly the FM band they want to transmit the signal at

provided it remains in valid FM frequency ranges for their specific country.

In order to ensure quality of the signal, a simple single wire antenna will be

attached to the Raspberry Pi on GPIO pin 4. This will result in the range

of the signal being increased from <10 centimeters to <10 meters.

2.3 Complete analysis of the problem

The problem is one of security. It would be relatively simple to make use of

existing code for emulating the FM transmitter on the Raspberry Pi 1 but

that code makes use of a ”hack”; a ”hack” that will only work on GNO/Linx

operating systems that can read/write to the special file ”/dev/mem” and

will not work on other Raspberry Pi operating systems such as FreeBSD or

NetBSD. The entire objective for this project is to come up with a solution

that will allow for the transmission of FM signals on a Raspberry Pi enabling

the operating system to make use of two hardware features, PWM and DMA,

on the Raspberry Pi in a safe way from kernel-space, not making use of

a wild and potentially dangerous memory map accessable from user space.

This entails writing complex kernel-drivers for the PWM and DMA on the

Raspberry Pi running any genuine Raspberry Pi operating system; we will

begin with NetBSD. To do this we will have to not use the ”/dev/mem”

special file at all and instead make use of Direct Memory Allocation (DMA)

and the Pulse-Width Modulator (PWM) to allow the mapping between the

memory and device.
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2.4 Other similar systems

Computer Scientists over at Imperial College Robotics Society have designed

a simple programme that ”hacks” the Raspberry Pi into an FM transmit-

ter. This C programme alters the peripheral bus in physical memory into its

virtual address space using the ”/dev/mem” special file and mmap com-

mands. To do this however, root access is needed. As it makes use of the

”/dev/mem” special file, it is seen a security risk as this special file is a direct

call to the main memory (RAM) of the Pi from user-space; as all informa-

tion of the current session on the Pi may be accessed using this special file

which may include confidential information.

2.5 Suggested Solution

The suggested solution to the problem would be to modify the open-source

code of the Imperial College Robotics Society so that it does not make use of

the ”/dev/mem” special file to perform the FM signal transmission. This will

be done by making use of Direct Memory Allocation (DMA) to map infor-

mation between the Raspberry Pi and its’ memory (RAM) without needing

to contact the central processing unit.

2.6 Conclusion

This final section stated how the designer interpreted and broke-down the

problem. A basic and simple framework for a solution to the problem was

provided in order to solve how the Raspberry Pi will be used in order to

produce a FM signal using solely the on-board Raspberry Pi hardware, the

programming language C and a small wire antenna to act as a signal booster.
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