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Abstract 

In this thesis a foundation is laid for a low cost, energy efficient and a fully automatic 

weather station. The novelties of the station are its ability to acquire GPS coordinate 

information automatically in addition to weather data and send it via the GSM network to a 

communication server. It is also portable and includes most common weather sensing 

options and good accuracy. The station can be beneficial for receiving and collecting data 

at relatively low cost and transmits the data wherever there is a GSM coverage.  

The station is comprised of several components that, when assembled, are called an 

embedded system. Its main components are a microcontroller, a GSM communication 

module, a GPS module and weather sensors. Key terms and technology behind the system 

are explained and defined. 

The station’s main requirements and specifications of components are analyzed. Suitable 

and task specific components are compared to find the most appropriate ones for the 

system. The highest ranking components compared and thus, most appropriate are the 

STM32L053R6 ARM M0+ microcontroller from STMicroelectronics, the SIM908 GSM 

GPS combination module from SIMCom, a digital thermometer and an aerovane wind 

sensor. 

A prototype of the station was constructed that simulates its functionality. The construction 

was split into two phases, a hardware circuitry design and construction phase and a 

firmware design and development phase. Weather sensors are simulated with 

potentiometers that send signals that are acquired and interpreted by the MCU. The MCU 

also acquires GPS coordinates and sends the information to a communication server, via 

the GSM network, for storage and from there the data can be viewed online. 

Expected power consumption analysis of the prototype reveals that the station can run 

autonomously for several months.  

 





vii 

 

Úrdráttur 

Í þessari ritgerð er lagður grunnur að  ódýrri, og alsjálfvirkri veðurstöð með litla 

orkunotkun. Nýjungar þessarar stöð eru þær að hún getur sjálfkrafa sótt GPS upplýsingar 

og sent þær ásamt upplýsingum um veður á netþjón í gegnum GSM kerfið. Að auki er hún 

hönnuð til að vera lítil og létt og þar með auðfæranleg og jafnframt að geta boðið uppá 

helstu gerðir mælinga og nákvæmni á þeim.  Stöðin gerir það kleift að hægt er að ná í og 

safna veður gögnum á ódýran hátt víðast hvar á landi. 

Stöðin samanstendur af nokkrum íhlutum sem, þegar hafa verið tengdir saman eru kallaðir 

ígreypt kerfi. Helstu íhlutir eru örtölva (e. microcontroller), GSM samskiptabúnaður, GPS 

móttakari og  veður skynjarar. Helstu hugtökum og tækni á bakvið kerfið og íhluti þess er 

gert skil. 

Þarfagreining á helstu þörfum stöðvarinnar og skilgreining á þörfum íhluta er gert skil. Til 

að finna íhluti sem falla best að þörfum stöðvarinnar er gerður samanburður á úrvali íhluta 

sem koma til greina við þróun hennar. Þeir íhlutir sem skoruðu hæst í samanburðinum og 

eru þar af leiðandi skástir fyrir kerfið eru STM32L053R6 ARM M0+ örtölva frá 

STMicroelectronics, SIM908 samskiptabúnaður frá SIMCom sem inniheldur bæði GSM 

og GPS búnað, stafrænn hitamælir og vindmælir sem mælir bæði vindátt og vindstyrk. 

Smíðuð var frumgerð af stöðinni sem hermir eftir grunn eiginleikum hennar. Smíðinni er 

skipt í tvo hluta, smíði og tengingar rafrása fyrir vélbúnað og hönnun og smíði á 

hugbúnaði. Notuð eru stilliviðnám til að herma vindmæla sem stöðin sækir upplýsingar frá 

og túlkar. Þær upplýsingar ásamt GPS upplýsingum eru sendar á vefþjón sem sér um að 

geyma gögnin og birta á netinu. 

Útreikningar á fræðilegri orkunotkun frumgerðarinnar sýna að hún getur starfað sjálfstætt í 

nokkra mánuði. 
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1 Introduction 

The weather has always had a great influence on people’s lives and shaped their cultures, 

habits and the societies they live in. “Taking the weather” and trying to forecast it correctly 

can make a difference for the survival and prosperity of the human kind. Weather 

monitoring and forecasting has developed over the centuries and a lot of knowledge and 

data has been gathered helping in the understanding and study of weather. Many various 

methods and equipment, to aid in the study, have been invented and today a whole field of 

study, meteorology, is devoted to it. 

With advances in technology in recent years, new methods and equipment have been 

developed to monitor weather, and collect weather information.  With this new technology 

it is possible to make more accurate forecasts for longer periods of time.  

Today, one of the most frequently used type of equipments are digital weather stations. 

They usually consist of several weather monitoring sensor and a computer that acquires 

data from the sensors. Some are self sustainable meaning, they have the option to recharge 

their power source (battery) to prolong operating life. Many different types of digital 

weather stations are available. 

1.1 Digital Weather Stations 

There can be a lot of difference between existing digital weather stations, depending on 

their usage and purpose. One way of categorizing them is to see for whom they are 

intended. Some stations are developed for the average consumer (personal stations) and 

others for professionals. They can thus be roughly divided into the two categories: 

 Personal stations: 

o  Relatively low cost with limited capabilities. 

o Usually equipped with few types of less accurate sensors. 

o Usually don’t have capabilities of logging data or transmitting them to a 

computer.  

o Not weatherproof, robust or self sustainable. 

 Professional stations: 

o Relatively expensive with more capabilities. 

o Equipped with more and more accurate sensors. 

o Can usually log data autonomously and transmit them wirelessly (most 

often short range only) to a computer. 
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o Weatherproof, robust and often self sustainable. 

With more advanced and readily available technology and equipment being produced 

today, the distinction between these two categories begins to blur. Some high end, more 

expensive personal weather stations are approaching professional stations in regards to 

accuracy, number of sensor types and logging capabilities. Data from these stations are 

sometimes shared online. The Citizen Weather Observer Program
1
 is one venue to do so. 

The program’s goals are [1]: 

 To collect weather data collected by citizens. 

 To make these data available for weather services and homeland security. 

 To provide feedback to the data contributors so they have the tools to check and 

improve their data quality. 

Data uploaded to that particular site is used by the US National Weather Service. Weather 

underground
2
 is another venue to share personal weather data online. 

1.2 The Problem 

In general, personal weather stations lack self sustainability, autonomous logging 

capabilities and the ability to transmit data wirelessly compared to professional weather 

stations. On the other hand, professional weather stations are too expensive for the average 

consumer. In both cases long range transmission and automatic location acquisition are 

most often not available. 

In this thesis a solution will be explored that is composed of: 

 Relatively low cost and energy efficient electronic components. 

 An energy efficient design.  

 The ability to acquire location information automatically. 

 Long range data transmission capabilities. 

 System autonomy. 

The heart of the solution is a microcontroller which acquires and interprets data from 

weather sensors connected to it. The microcontroller also acquires GPS location 

information and then sends acquired data via the GSM network. 

                                                 

1
 http://www.wxqa.com/ (accessed on 20.05.2014) 

2
 http://www.wunderground.com/ (accessed on 20.05.2014) 
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1.3 Thesis Overview 

The audience of this thesis are engineering graduate students and professionals with, at 

least, a basic understanding and knowledge of electronic components and programming. 

The following summary is meant to give a brief overview of each chapter’s contents. 

Chapter 2, Background, serves to introduce the technology and related terms used in this 

thesis. Key terms like a microcontroller, the GPS network GSM/GPRS network and 

sensors are described. 

In chapter 3, Requirement Analysis and Hardware Selection, suitable components for the 

station are researched and compared to find the most compatible ones. 

Chapter 4, Prototype Development, describes the design and development of both 

hardware and firmware to build a prototype of the station. It also includes information of 

the station’s expected power consumption. 

In chapter 5, Discussion, the thesis is discussed, along with its improvements and future 

work.  

In chapter 5, Conclusions, the thesis conclusions are presented. 
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2 Background 

For a self sustainable, autonomous digital weather station like the one addressed in this 

thesis, several electrical and programmable components are needed. A system like this, 

with a collection of components is often referred to as an embedded system. The heart of 

an embedded system is a microcontroller that has a programmable microprocessor and has 

a means of receiving and sending digital information. The microcontroller controls and 

manages peripherals like a GPS coordinate receiver, weather monitoring sensors and a 

GSM communication module to send and receive data.  

A short background summarizing key aspects of each main component and technology is 

presented in this chapter. 

2.1 Embedded Systems 

Personal computers (PCs) are designed to have as little constraints as possible so software 

and hardware can be changed and/or upgraded with ease. The user could be using a word 

processor one minute but playing a game the next. In contrast embedded systems are  

computer systems with constraints and are designed to handle one dedicated application or 

a class of dedicated applicatons [2, p. 4] [3, p. 2]. These systems are combined of computer 

hardware and software, and often interact with mechanical or electronic peripherals [4, p. 

1] e.g. actuators or sensors. They „can range from a simple stand-alone device (see Figure 

2-1) to a chassis of networked cards to a system composed of many seperate networked 

embedded elements (see Figure 2-2)“ [2, p. 10]. Usualy they are self-starting and function 

autunomously [5, p. 338]. An example of constraints for embedded systems are [6, p. 14]: 

 Cost of system – Everything has a price. To lower the cost of a system, all 

unnecessary parts are stripped off and only the bare necessities for the system to 

function correctly are used to achieve the lowest cost possible. 

 Size of the finished product – Embedded systems are often limited in size e.g. 

hand held devices. Size and form factor have to be taken into consideration 

 Weight – As with size, weight can be constrained to a certain amount. 

 Power consumption – Many devices have a limited amount of power supply e.g. 

battery powered devices. The less power the system uses the more operating costs 

lowers, and the operating time of battery powered devices expands.  

 Speed – Interaction with peripherals such as sensors can be achieved with more 

precision as speed increases. The system can perform better with more 

measurements performed. 

At the core of every embedded system resides a microcontroller.  
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Figure 2-1: An example of a stand-alone 

embedded system controlled with a single 

microcontroller. 
3
 

 

 

Figure 2-2: A modern car is an example of a system 

composed of many separate networked embedded 

elements.
4
 

 

2.1.1 Microcontroller 

A microcontroller (MCU) is a control unit of a basic embedded element and handles digital 

signal processing (DSP) or arithmetic, storing and input/output (I/O). The main 

components of a MCU (see Figure 2-3) are [7, p. 5] : 

 A Microprocessor (CPU or MPU) – The CPU is the core of the MCU. It handles 

all arithmetic functions needed to be performed. In addition it uses buses to 

communicate with the memory components, communication systems, I/O ports and 

registers. Because of this features it is the most power consuming component on the 

MCU. 

 Registers – The CPU uses registers to store temporary information (in bytes) that it 

is using at any given time. 

 Memory Components – The MCU can have a various types of volatile and non 

volatile memory components like RAM, ROM, EPROM and EEPROMs. They are 

used to store permanent or temporary data and program instructions.  

 Serial Communication Connections – The two most common ways to 

communicate with other peripherals connected to the MCU. The first is to use serial 

communication that uses a communication standard like RS-232, SPI (Serial 

Peripheral Interface), I2C (Inter-Integrated Circuit) or UART (Universal 

Asynchronous Receiver Transmitter). UART is currently the most used 

communication standard. 

                                                 

3
Source:  http://electronicadda.com/wp-content/uploads/2013/09/xbee-robot-big.jpg(accessed on 27.05.2014) 

4
Source: http://shawncraine.com presentations/ automotive-embedded-systems images trans-porsche.jpg 

(accessed on 27.05.2014) 
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 Parallel Communication Connections – The other is using parallel 

communication standards. It is used to communicate with devices such as 

keyboards and LCDs. 

 I/O Connections – Digital and analog signals can be received and sent through 

these connections. To receive and send analog signals they must first be converted 

with analog to digital converters (ADC) and digital to analog converters (DAC). 

The most important component of the MCU is the microprocessor. 

 

Figure 2-3: An example of a Microcontroller and its components including the Cortex-M3 

microprocessor.
5
 

 

2.1.2 Microprocessor 

At the heart of a MCU is the microprocessor (see Figure 2-3). This is a component that 

everything else is centred around. It is an electric part that manipulates data according to 

predefined set of instructions fed to it. The instructions are executed in a sequence, and by 

altering the sequence the MCU can be programmed. The instruction sequence constitutes a 

program. [8, p. 6]  

There are two major approaches to define an instruction set, called processor architectures: 

 Complex Instruction set Computer (CISC) processor 

 Reduced Instruction Set Computer (RISC) processor. 

                                                 

5
 Source:  http://community.arm.com/docs/DOC-5929 (accessed on 27.05.2014) 
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The CISC architecture has a larger and more diverse instruction set and each instruction 

can do more compared to the RISC architecture. This reduces number of instructions need 

for a program and hence its code size. To accomplish this, processors become more 

complicated and in turn increase their physical size and power consumption. As memory 

got cheaper and faster the RISC architecture got more favourable and is the most used 

architecture in computers today [8, p. 19]. Currently several RISC architecture types are 

available from different vendors. They are over 30 types on the market today for example: 

the ARM’s ARM architecture, Atmels AVR architecture, Microchip’s PIC architecture and 

Freescale’s ColdFire architecture.  

The main advantages of using a microprocessor based system [9, p. xii] are: 

 Cost – Research and development (R&D) cost of firmware for an embedded MCU 

can be very high but because it is a nonrecurring expense it has only to be done 

once. Compared to R&D cost of creating hardware implemented product for 

complicated systems, the cost is much lower. 

 Flexibility – Implementing changes to a system is more flexible using a 

microprocessor. For example, changes in requirements could mean a redesign of 

electrical controls in hardware-only implemented systems, but only changing a few 

lines of code in a microprocessor based system. 

 Programmability – A microprocessor based system could have the same 

hardware, perform different tasks and be changed or updated with ease.  

 Adjustability – A microprocessor based system can be adjusted to the environment 

and users by remembering given patterns or settings. This is easier and more 

flexible to implement with a microprocessor based system. 

2.2 Mobile Communication 

As the name suggests, mobile communication is a way for a person or a computer to 

communicate, wirelessly, through a portable device and to have the option to do it while 

moving. The technology to accomplish this has been evolving over many years and today 

the Global System for Mobile Communication (GSM) is currently the most widespread 

mobile communication standard in the world. With over six billion users and availability in 

over two hundred and nineteen countries and territories worldwide, it has a market share of 

more than ninety percent [10]. The GSM original design was intended mainly for voice 

session but with the increase demands for mobile data transmissions, other designs were 

added to the system. They are: 

 The General Packet Radio Service (GPRS) – the second generation (2G)   

 Universal mobile telecommunications system (UMTS) – the third generation (3G) 

 Long Term Evolution (LTE) – the fourth generation (4G).  

Each generation is based on the previous one and the main differences between them are 

increased transfer rates and availability. A map showing availability of these different 
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technologies can be seen in Figure 2-4 acquired from the main supplier of 

telecommunication services in Iceland. It clearly shows that currently the GPRS service 

has the highest coverage of the three technologies.  

 

 

Figure 2-4: Map of Síminn’s 2G, 3G and 4G connection coverage in Iceland, June 1th 2013.
6
 

 

As the system addressed in this thesis does not depend on high transfer rates, but is highly 

dependent on coverage, the GPRS standard is more suitable than others and will be 

addressed further later in this chapter. 

 

2.2.1 GSM Communication 

The acronym GSM originally stood for ‘group special mobile’ and was intended to be a 

new telecommunication standard for Europe. When it became worldwide success, the 

acronym’s meaning was changed to reflect the standard in a more international way and 

now stands for ‘global system for mobile communications’ [11, p. 4]. The key factors 

contributing to the GSM’s success are [11, p. 4]: 

                                                 

6
 Source:  https://www.siminn.is/english/support/coverage/ (accessed on 15.3.2014) 
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 An open factor – specifications are open and accessible to anyone. 

 Standardized interface – allows for multi vendor solutions. 

 Designed with roaming as a prerequisite – network architecture and procedures 

designed and build accordingly. 

 Encrypted transmission – to ensure privacy and security of speech and data 

transitions. 

  Subscriber identity module (SIM) – Allows for effective subscriber control 

 Available frequency spectrum used efficiently – various access methods 

 Low power requirement – prolonging usage time. 

 Digital transmission – enables high speech quality and transmission of digital data. 

 Evolutionary implement concept – upgradable with downwards compatibility.  

To make connection possible for voice calls or data transmissions, several steps need to be 

taken and the process utilizes several technologies linked together. An overview of the 

steps taken can be seen in Figure 2-5 with explanation of abbreviations following. 

 

 

Figure 2-5: Overview of connection points for a GSM network. 
7
 

                                                 

7
 Source:  http://itp.nyu.edu/physcomp/Tutorials/GSMNotes (accessed on 17.3.2014) 
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 Mobile Station (MS) – A unique SIM card is placed in a MS for identification of 

individual devices. It holds an International Mobile equipment identity number 

(IMEI), International Mobile Subscriber Identity (IMSI) and all user specific data 

relevant to GSM. The MS connects and communicates with a BTS. 

 Base Transceiver Station (BTS) – A BTS is comprised of all radio equipment 

needed for a radio transmission e.g. antennas, signal processing and amplifiers. One 

BTS is called a cell in a cluster of many as seen in Figure 2-6. 

 Base Station Controller (BSC) – One or many BTSs can be connected to a BSC 

which manages them and handles handovers between them.  

 Base Station Subsystem (BSS) – a collection of BTSs and a BSC is called a BSS. A 

BSS handles all function needed to maintain a radio connection to a MS. 

 Mobile services Switching Centre (MSC) – A MSC sets up a connection to other 

MSCs and one or several BSCs connected to it. A MSC manages the connected 

BSCs and performs all needed supplementary services e.g. call forwarding and 

multi-party calls. 

 Gateway MSC (GMSC) – is utilized to connect to other networks such as the 

Public Switched Telephone Network (PSTN) (the regular telephone system) [12, 

pp. 102-104]. 

 Serving GPRS Support Node (SGSN) – The SGSN keep tracks of individual MSs’ 

locations, collects billing information (counts bytes) and performs security 

functions such as access control. 

 Gateway GPRS Support Node (GGSN) – This unit connects the GPRS network to 

external packet data networks (the internet) [12, p. 127]. 

 

 

 

Figure 2-6: A cluster of Base Transceiver Stations where each station is called a cell.
8
 

                                                 

8
 Source:  http://en.kioskea.net/contents/694-the-gsm-standard (accessed on 17.3.2014) 
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2.2.2 GPRS Communication 

When the GSM network was originally designed, in the early 1990s, its main emphasis 

was on voice transfer. It soon became evident that it was not well suitable to handle data 

packages and application that transfer data in burst modes. This led to the development of 

the GPRS that was later added to the GSM network. [13, p. 14] “Technically, GPRS over 

GSM is designed for one purpose – to adapt standard data packet communications 

(TCP/IP, and other Internet standards) to the communication medium of the GSM air 

interface.” [14, p. 3]  New hardware and software had to be designed and implemented for 

the GPRS network to be efficient. “The main objective of the GPRS is to offer an access to 

standard data networks such as transport control protocol (TCP)/Internet protocol (IP)”. 

[13, p. 15] The biggest changes were the addition of the SGSN and the GGSN (see Figure 

2-5). 

The SGSN handles data packaged routing and transfer to and from the MS within its 

service area. It manages MS authentication and its attachment and detachment to the 

system and stores user specific information. [15, p. 234] 

The GGSN acts as a router in a GPRS network that connects to existing TCP/IP networks. 

It hides GPRS specific features from the external data network and they considered it as a 

normal sub-network. [13, p. 15] 

For the MS to use the GPRS network it must connect to it. This procedure is called ‘to 

attach’ because the MS has to send an attach request to the SGSN. The SGSN then 

authenticates it, and perform functions needed to attach it. The disconnection procedure is 

called detach and can be initiated by the MS or the SGSN. [15, p. 239]. The connection 

setup time in conventional GSM takes several seconds and maximum data transfer rate is 

9.6 Kbit/s. However in a GPRS connection, setup time is under one second and data 

transfer rates are on average between 40 and 50 Kbit/s. In addition users are only charged 

for amount of data transmitted in a GPRS network, but in a GSM network they are charges 

by the duration of the connection. The advantaged of this is that the GPRS connection can 

be ‘always on’ with just actual transmissions being charged for. [15, p. 234] 

“A strict separation has been defined between the radio and network sub-systems. The 

rationale for this is to reuse the network subsystem with other radio access technologies 

such as UMTS.” [16] 

2.3 The GPS Network 

In the early 1970s the U.S. Department of Defence developed a satellite based navigation 

system called The Global Positioning System (GPS). Initially the system was intended for 

military usage but later became open to the public. The GPS system is a passive system 

and sends only continuous positioning and timing information signals to users. It can serve 

unlimited number of users and works in any weather conditions anywhere in the world. 

[17, p. 1]. 

The GPS consist of at least 24 operational satellites at any given time to ensure worldwide 

coverage. Since the system was declared to have full operation capability in 1995, ensuring 

availability of at least 24 non experimental GPS satellites, the number of operational 
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satellites has always been greater than 24. To achieve worldwide coverage four, evenly 

distributed, satellites are placed in each of the six orbital planes as seen in Figure 2-7. The 

satellites altitude is about 20,200 km above earth’s surface. [17, p. 2]. 

 

 

Figure 2-7: Six orbital planes of GSM satellites with 4 satellites in each plane.
9
 

 

The basic idea behind the GPS is that if the distance from a GPS receiver to three GPS 

satellites is known the receiver’s location on earth can be calculated. To get the relevant 

information the GPS receiver receives information from satellites in range and uses 

internal software to calculate distances with respect to time and satellite positions and 

hence its correct position. Information from three satellites is essential to calculate the 

receiver’s position, but information from more satellites increases accuracy. [17, pp. 8-10]. 

Actual accuracy is depended on factors including atmospheric effects, sky blockage and 

receiver quality. Real world data from the FAA show that their receivers provide better 

than three meter horizontal accuracy [18]. “Higher accuracy is attainable by using GPS in 

combination with augmentation systems. These enable real-time positioning to within a 

few centimetres, and post-mission measurements at the millimetre level.” [18] 

The GPS has been beneficial for the civilian community and is being applied to a rapidly 

increasing number of applications. Its advantages are [19, p. 2]: 

 High positioning accuracies from tens of meters down to millimetre level. 

                                                 

9
 Source: http://www.earthmagazine.org/article/dangers-solar-storms-which-gives-power-can-also-take-it-

away (accessed 10.4.2014) 
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 Capability of determining velocity and time, to an accuracy proportional to 

position. 

 Signal available to users worldwide. In air, on the ground, or at sea. 

 No user charges and low cost receiver hardware. 

 It is an ‘all weather system’, with 24/7 availability. 

 Position information is in three dimensions. 

2.4 Weather Monitoring Sensors 

The main task of the system is to monitor weather and acquire data with sensors. In this 

chapter a background will be given of different types of sensors and the technology and 

methods behind them. The sensors discussed are temperature sensors, anemometers and 

wind direction meters.  

2.4.1 Temperature sensors 

There are currently several options to measure ambient temperature and acquire its 

measurements in a digital form. Their main differences are cost, accuracy and ease of use. 

Following is an introduction to the most common ones and an overview of them is 

presented in Table 2-1 [20, p. 535]. 

Thermistor 

The word “thermistor” is a combination of the words “thermal” and “resistor” indicating 

that it measures temperature by measuring changes in resistance. There are two variations 

of thermistors, the negative temperature coefficient (NTC) where resistance decreases with 

increase in temperature and the positive temperature coefficient (PTC) that does the 

opposite to the NTC. The ratio between temperature and resistance is not linear and has to 

be calculated with the Steinhart-Hart equation [20, p. 529]: 

 

 

 
                  

Where, T = temperature at Kelvin, R = thermistor’s resistance and A, B, C are constants specific to the 

thermistor in use. 

 

A Voltage divider circuit has to be implemented to get the thermistor working with a MCU 

and the MCU reads the thermistors analog value with its ADC port to acquire its value 

digitally. Hence, the resolution of the ADC is a limiting factor in the accuracy of this 

method. 
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Thermocouples 

Thermocouples can measure a much higher temperature ranges than thermistors and are 

often used in an industrial environment. With this method a Seedbeck effect (voltage 

generated) is measured at a junction between two metals of different materials. Because 

this method is not considered among the most suitable for the project it will not be 

researched further [20, p. 531]. 

Analog Output Thermometer ICs 

With this special purpose integrated circuit the task of temperature measurement has been 

optimized and is easier to use then with the thermistor, but at a higher cost and less 

accuracy. This circuit has three pins: input voltage, ground and a linear analog output that 

varies with temperature [20, p. 533]. 

Digital Thermometer ICs 

A MCU connects to a digital thermometer via a serial interface and receives a digital signal 

representing measured temperature. Since the data is transferred digitally they are suitable 

for remote sensing as there is less chance of electrical interference [20, p. 533].  

 

Table 2-1: Overview and comparison of different temperature sensor technology. 

Sensor 

Typical 

Temperature 

Range (°C) 

Accuracy 

(± °C) 

Pros Cons Applications 

Thermistor -40 to +125 1 Low cost - 
Ambient 

environment 

Thermocouple -200 to +1350 3 Low cost 

Metals part 

of the sensor. 

Inaccurate 

Industrial 

environment 

Analog IC -40 to +125 2 Simple 
More 

expensive 
Domestic 

Digital IC -55 to +125 0,5 
Simple and 

Accurate 

More 

expensive 
Domestic 

 

2.4.2 Wind Sensors 

Different technologies and methods have been invented to measure wind and those 

measurements are becoming more precise and accurate with the evolution of electronic 

wind sensors. 

Wind sensors can be categorized into two categories.  
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 Anemometers or wind speed sensors 

 Wind direction sensors 

 

Anemometers 

Anemometers can differ from one another by utilizing different technology and methods. 

They can be classified according to their principle of operation as [21, p. 77]: 

 Momentum transfer sensors 

 Pressure sensors 

 Heat transfer sensors 

 Doppler effects sensors 

 Other special methods 

There are three types most commonly used in applications today; the cup anemometer, the 

propeller anemometer and the sonic anemometer. [21, p. 77]: 

Cup anemometers 

Electronic cup anemometers give measurements of instantaneous wind speed by sending a 

corresponding analog signal as the cup spins around, see Figure 2-8. There are two main 

methods used to achieve this. The first method is to connect the lower end of the rotating 

spindle to an AC or DC generator and acquire its analog output. Secondly is to use a 

photoelectric switch that contains a disc with up to 120 slots and a photocell. Different 

pulses are then produced with each spin of the anemometer. Three factors determine the 

anemometer’s response and accuracy: weight, physical dimensions and internal friction. 

For turbulence measurements, small, lightweight and low friction sensors are preferred. 

Typical accuracy levels are about ±2% [21, pp. 77-78].  

Propeller anemometers 

Electric propeller anemometers use the wind to turn its propeller, as seen if Figure 2-10, 

and in return turn a shaft that drives an AC or DC generator. The analog output generated 

is them measured to acquire wind speed. It is also possible to use a photoelectric switch as 

in the case of the cup anemometer. The propeller is often kept facing the wind by a tail-

vane that can also serve as a wind direction indicator. This combination is referred to as an 

aerovane as seen in Figure 2-9. Typical accuracy levels are about ±2%. The propellers can 

be aligned at each of the major axes to get three dimensional measures of airflow [21, p. 

79] as seen in Figure 2-10. 

Sonic anemometers 

Sonic Anemometers use ultrasonic sound waves to measure wind speed and direction. 

Travel time of sonic pulses between two transducers is used to measure wind speed, see 

Figure 2-11. The transducers can be set up so they can measure air flow in three 

dimensions [21, pp. 79-80]. 
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Figure 2-8: A cup anemometer.
10

 

 

Figure 2-9: An aerovane is a combination of a 

propeller anemometer and a tail-vane wind 

direction meter.
11

 

 

Figure 2-10: Propeller anemometers aligned at 

each of the main axes to measure three 

dimensional airflows.
12

 

 

Figure 2-11: A sonic anemometer.
13

 

 

                                                 

10
 Source:  http://www.youngusa.com/catalog/images/12102_edit.gif (accessed on 06.05.2014) 

11
 Source:  http://www.youngusa.com/catalog/images/05305_edit.gif (accessed on 06.05.2014) 

12
 Source:  http://www.youngusa.com/catalog/images/27005_edit.gif (accessed on 15.04.2014) 

13
 Source:  http://www.youngusa.com/catalog/images/85000_edit.gif (accessed on 06.05.2014) 
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Wind direction meters 

Normally a wind vane is used to measure wind direction. It consists of a tail-vane that is 

mounted on a rotating shaft with a bearing to minimize friction, see Figure 2-12. There are 

two main methods used to send electrical signal indicating the wind’s direction. Firstly it is 

to use a potentiometer and secondly to use a series of photoelectric switches and a gray 

coded disc. The disc position in regards to the switches indicates direction of the vane. 

Using a potentiometer produces more accuracy [21, pp. 81-82]. 

 

 

Figure 2-12: An example of a tail vane used to measure wind direction.
14

 

 

2.4.3 Other Weather Monitoring Sensors 

Other weather monitoring sensors could be added in future versions of the system. They 

are not intended for this project and will not be explained in this thesis.  None the less, the 

most common ones are listed here for future references: 

 Barometer – to measure air pressure 

 Hygrometer – to measure humidity 

 Rain gauge – to measure amount of rainfall over a specific period 

 

                                                 

14
 Source: https://www.allweatherinc.com/wp-content/uploads/2020-Micro-Res-clip21.jpg (accessed on 

06.05.2014) 
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3 Requirement Analysis and Hardware 
Selection 

To be able to choose the most suitable hardware, at any given time, the requirements of the 

system have to be clear. Requirements for this project can be split into two categories, 

requirements for the systems as a whole (main requirements) and component specific 

requirements. These requirements are based on the system or component constraints. The 

main constraints for the system as a whole are: 

 Energy efficiency 

 Low cost 

 Small form factor 

 Autonomy 

 Self sustainability 

 Operating temperature 

 Portability 

Every feature of the system’s components is limited to these main constraints and the 

requirements analysis is based on them. 

These requirements are addressed in this chapter, for each main component. Additional 

component specific requirements are also addressed where relevant. A comparison of 

similar, task specific components is made and graded with respect to each one’s 

requirements. That is done to find a most suitable component to perform tasks needed of it. 

A more detailed description and comments are then presented of a chosen component. 

3.1 Microcontroller 

The MCU is the heart of every embedded system. It handles most of the arithmetic, 

memory operations, control, and communication with peripherals. Choosing the right 

MCU is essential for the project. It should be small in size, low power and low cost. It 

should also offer compatibility for future upgrades and add-ons in firmware as well as 

compatibility with hardware extensions and upgrades in the future.  

In this chapter the MCU’s minimum requirements are listed and explained.  Several 

candidates that meet those requirements are then compared. The features compared are 

listed and explained before the comparison. The best candidate is then chosen and an 

overview of its main features presented. 
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3.1.1 Requirement Analysis 

The MCU is always turned on (although some can be in various power saving modes), and 

therefore it is a more power consuming component, compared to other system components. 

Because the system is supposed to operate autonomously, for long periods of time it is 

important that the MCU is energy efficient. Cost, operational temperature, numbers of 

inputs for sensors and form factor have also to be taken into consideration among other 

things. Table 3-1 gives an overview of minimum required features and their explanations. 

 

Table 3-1: An overview and explanations of minimum required features for the microcontroller 

Feature Explanation 

Energy efficiency 

Energy efficiency is a high important feature for the system because 

of its autonomous operation for long periods of time. The MCU is 

an ‘always on’ device and hence, always consumes energy to some 

extent. By minimizing MCU energy consumption, operating life of 

the station is extended. 

Low Cost 

The station is aimed at the average consumer market and to be 

bought in quantities to be used for weather mapping. Because of 

those constraints the station has to be marketed at a reasonable price. 

To lower that price, cost has to be minimized including the cost of a 

MCU. 

Small Form Factor 

One requirement for the station is portability and that means the 

smaller and lighter it is the better. Although the MCU is small 

compared to e.g. wind sensors it is preferable to have it as small as 

possible. To minimize the station’s overall size as much as possible, 

every part counts, even the MCU. 

Ambient 

temperature range 

Because it’s an outdoor measurement system it must handle outdoor 

temperature changes. Icelandic outdoor minimum and maximum 

temperatures measured are -38°C and +30.5°C respectively. The 

minimum marginal temperature requirements are thus set equal to 

those measurements. 

Serial 

communication 

(for GSM/GPS) 

Communication between the GSM and GPS modules and the MCU 

is implemented by a serial connection like UART or SPI. It is 

preferable that the MCU has at least two serial connections, one for 

each module or other future extensions. 

Digital/Analog 

Inputs 

For this project at least three analog inputs are needed for the 

weather sensors. But for future expandability of the system, it is 

better to have more optional inputs present on the MCU. 
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Feature Explanation 

Non volatile 

memory 

To save power, measurements are taken more frequently than they 

are sent via the GSM network. This requires the MCU to store the 

measurements in a non volatile memory before sending them. 

 

3.1.2 Hardware Selection 

There are numerous manufacturers of MCU today and each one can have several different 

types of architectures. Therefore the variety is abundant (thousands of models) to choose 

the most suitable MCU. Because of this high supply of MCUs, MCUs that seem 

comparable, meet the requirements but are produced by different manufactures will be 

compared. For a more even comparison all MCUs are 32 bit RISC with 32 Kb of memory.  

All MCUs, selected for comparison, are claimed to be energy efficient and low cost by 

their manufacturer. The specifications for the selection are based on the MCU requirement 

analysis in Table 3-1. The specifications compared are listed and explained in Table 3-2 

along with its grading scale. Their comparison is presented in a decision matrix in Table 

3-3. 

 

Table 3-2: Microcontroller specifications, explanation of each and its grading scale. 

Specification Explanation 
Grading 

scale 

General information 

Model 
Model number of MCU from equivalent manufacturer. No 

grade is given in this category. 

No grade 

(N) 

Architecture 
The Architecture that equivalent MCU uses. No grade is 

given in this category. 

No grade 

(N) 

Operating 

temperature 

(°C) 

The ambient temperature range that the MCU can operate in. 

This is a high priority factor so 3 point will be given if the 

MCU fulfils the requirements, 0 otherwise. 

0, 3 

Dimensions 

(mm) 

Dimension of a MCU in the format: Length  Height  

Thickness. Because they are all relatively small and at most 

with 2 mm in difference there is no grade given in this 

category. 

No grade 

(N) 
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Specification Explanation 
Grading 

scale 

CPU max 

speed (MHz) 

Each burst of operation needed for the weather station to 

take and send measurements is made in a relatively short 

time frame. The speed of all MCUs is so high that they have 

relatively no affect on operation burst overall time compared 

to other modules used. Hence they all have more than 

adequate processing power. Therefore, no grade is given in 

this category. 

No grade 

(N) 

Internal flash 

program 

memory (Kb) 

The program written for the MCU to perform its task resides 

in this memory (it is non volatile). The only difference 

between some models is the size of this memory. For a more 

even comparison all MCUs were chosen with the same 

amount of internal flash memory, so no grade will be given 

in this category. 

No grade 

(N) 

Internal 

SRAM data 

memory (Kb) 

The MCU uses this memory type at runtime to store 

temporary data. It is a volatile memory. More data memory 

can increase speed and performance. Therefore, 1 point is 

awarded for 8 Kb of memory and under but 2 points for 

over. 

1, 2 

Serial Communications 

UART 

(number of) 

To establish communication between the GSM, GPS or 

other modules and the MCU a serial communication 

protocol like UART is needed. SPI can sometimes be used 

for the same purpose. At least two UART ports are 

preferable for expandability. 1 point is awarded for 1 UART 

port, 2 for 2 ports and 3 for 3 ports and over. 

1, 2, 3 

SPI 

(number of) 

This serial communication protocol is supported by many 

modules and some exclusively. Just like UART, two SPI 

ports are preferred for future expandability options. 1 point 

is awarded for 1 SPI port, 2 for 2 ports and 3 for 3 ports and 

over. 

1, 2, 3 

I2C 

(number of) 

I2C is a master – slave peripheral and can have many low 

speed devices connected to it at the same time (over one 

hundred). For now one port is enough and so 1 point is 

awarded for 1 port or more and 0 for none. 

0, 1 
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Specification Explanation 
Grading 

scale 

I/O Ports 

ADC 

(number of) 

Most basic sensors give out analog signals. To have an 

option to attach more sensors to the system, without having 

to add external power consuming modules, it is best to have 

as many internal ADC ports as possible. 1 point is awarded 

for MCUs with less than 10 ports, 2 points for 10 to 15 ports 

and 3 points for 15 and above. 

1, 2, 3 

ADC 

resolution 

(bits) 

When an analog signal gets converted to digital its detail 

gets higher with higher resolution. In this system, more 

detail is better. 1 point is awarded to 10 bit ADCs and 2 for 

12 bit. 

1, 2 

Digital 

(number of) 

For future extendibility such as buttons, LCDs and LEDs, 

digital ports are necessary. It is preferred to have as many as 

possible to exclude the need for external and power 

consuming, extensions. 1 point is awarded for MCUs with 

30 and under digital ports, 2 points for over 30 to 40 and 3 

points for 40 and over. 

1, 2, 3 

Power Consumption 

Power supply 

(V) 

The volt range that each MCU can operate in. More range is 

better. 1 point awarded to highest volt range and 0 to the 

lowest. 

0,1 

Current drawn 

in active mode 

(µA / MHz) 

The MCU draws most current in this mode and hence, 

power. It stays in this mode for a short period, while taking 

measurements and/or sending data via GSM. 3 point are 

awarded to the MCUs that draw least current, 2 points to the 

second least, 1 for the third least and 0 for the two most 

power consuming. 

0, 1, 2, 3 

Current drawn 

in standby (µA 

/ MHz) 

The MCU stays in this mode when is not acquiring or 

sending data or is in deep sleep. In this mode it draws much 

less current than in active mode. 3 point are awarded to the 

MCUs that draw least current, 2 points to the second least, 1 

for the third least and 0 for the two most power consuming. 

0, 1, 2, 3 

Current drawn 

in deep sleep 

mode (nA) 

This is the least energy consuming mode and is ideal for the 

MCUs when it is in between operations. 3 point are awarded 

to the MCUs that draw least current, 2 points to the second 

least, 1 for the third least and 0 for the two most power 

consuming. 

0, 1, 2, 3 
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Specification Explanation 
Grading 

scale 

Cost 

Cost 

Cost of the MCU has to be as low as possible to lower 

production costs. Cost of single unit is in the range of €1 to 

€5 but lowers if they are bought in bulk. Conclusive price 

could not be found for all MCUs. For that reason and that 

price is relatively low for a single unit no grade is given in 

this category. 

No grade 

(N) 

 

The MCUs chosen for comparison are all produced by well established manufacturers that 

have a long history producing technology products and high market share. They are: 

 AT32UC3L032  from Atmel
15

 

 STM32L053R6  from STMicroelectronics
16

 

 LPC11U2x   from NXP (formerly Philips Semiconductors)
17

 

 PIC32MX120F032B  from Microchip
18

 

 MCF51QU32VFM  from Freescale (formerly Motorola)
19

 

 

Table 3-3: Decision matrix of suitable MCUs with respect to the requirement analysis. 

Specification Atmel ST NXP Microchip Freescale 

General Information 

Model 

AT32U

C3L032 N 

STM32

L053R6 N 

LPC11

U24 N 

PIC32

MX120

F032B N 

MCF51

QU32VF

M N 

                                                 

15
 http://www.atmel.com/devices/at32uc3l032.aspx  

(accessed on 7.3.2014) 
16

 http://www.st.com/st-web-ui/active/en/catalog/mmc/FM141/FM141/SC1169/SS1817/LN1845/PF259791 

(accessed on 27.7.2014) 
17

 http://www.nxp.com/products/microcontrollers/cortex_m0_m0/lpc1100/LPC11U24FBD64.html  

(accessed on 7.3.2014) 
18

 http://www.microchip.com/wwwproducts/Devices.aspx?dDocName=en555993  

(accessed on 7.3.2014) 
19

 

http://www.freescale.com/webapp/sps/site/prod_summary.jsp?code=MCF51Qx&nodeId=018rH3YTLC9804 

(accessed on 7.3.2014) 
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Specification Atmel ST NXP Microchip Freescale 

Architecture AVR32 N 

ARM 

M0+ N 

ARM 

M0 N PIC N 

V1 

ColdFire N 

Operating 

temperature 

(°C) 

-40 to 

+85 3 

-40 to 

+105 3 

-40 to 

+85 3 

-40 to 

+105 3 

-40 to 

+105 3 

Dimensions 

(mm) 

7  7 

0,85 N 

5  5 

1,2 N 

7  7 

0,85 N 

6  6 

0,9 N 

5  5 

1 N 

CPU max 

speed (MHz) 50 N 32 N 50 N 50 N 50 N 

Internal flash 

program 

memory (Kb) 32 N 32 N 32 N 32 N 32 N 

Internal 

SRAM data 

memory (Kb) 16 2 8 1 8 1 8 1 8 1 

Serial Ports 

UART 

(number of) 4 3 3 3 1 1 2 2 2 2 

SPI  

(number of) 1 1 2 2 2 2 2 2 2 2 

I2C 

(number of) 2 1 2 1 1 1 2 1 4 1 

I/O Ports 

ADC 

(number of) 8 1 15 3 8 1 10 2 19 3 

ADC 

resolution 

(bits) 12 2 12 2 10 1 10 1 12 2 

Digital 

(number of) 36 2 37 2 54 3 21 1 48 3 

Power Consumption 

Power supply 

(V) 

1,8 to 

3,6 1 

1,8 to 

3,6 1 

1,8 to 

3,6 1 

2,3 to 

3,6 0 1,8 to 3,6 1 
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Specification Atmel ST NXP Microchip Freescale 

Current drawn 

in active mode 

(µA / MHz) 165 1 140 3 150 2 500 0 400 0 

Current drawn 

in standby (µA 

/ MHz) 47 2 37 3 83 1 187 0 116 0 

Current drawn 

in deep sleep 

mode (nA) 600 1 290 2 220 3 2000 0 1400 0 

Cost 

Cost - N - N - N - N - N 

Results 

SUM 

 20 26 20 13 18 

RANK 

 2-3 1 2-3 5 4 

 

From the decision matrix the results are clear. The STM32L053R6 MCU from 

STMicroelectronics ranks number one and is thus most suitable for the system. Atmel’s 

and NXP’s MCUs come in second.  

3.1.3 Specifications of Chosen Microcontroller 

More detailed specification of the STM32L053R6 for STMicroelectronics can be seen in 

Appendix A. 

Although the STM32L053R6 ranked first and is most suitable for the final version of this 

project it will not be used for prototyping. It is not available in a development board and 

thus is not suitable for prototyping purposes. The runner up, LPC11U24 from NXP, is 

available in a well suitable development board and is well supported. Since it has also the 

same architecture (ARM M0) it is possible to port the program written to the 

STM32L053R6 without major changes in the future.  

The development board is ARM mbed LPC11U24
20

. It is supported by the mbed project
21

, 

a project sponsored by ARM and NXP. The mbed project is run and maintained by ARM 

and “provides a platform for microcontroller hardware, tools, libraries and resources 

                                                 

20
 http://www.nxp.com/demoboard/OM13032.html (accessed on 8.3.2014) 

21
 http://mbed.org/ (accessed on 8.3.2014) 
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designed to enable rapid prototyping with microcontrollers” [22]. Specifications of the 

development board can be seen in Appendix B. 

3.2 GPRS and GPS Modules 

The GPS and GPRS modules serve one purpose each, to acquire GPS information and send 

data via the GPRS network respectively. They are connected to the MCU which sends 

them operating requests, via a serial communication interface, as needed. The modules can 

be acquired separately but are quite commonly bundled together into one piece. They also 

have the same basic requirement criteria. Because of their many similarities, and possible 

combination, the two modules will be evaluated together in this chapter. 

Firstly their minimum requirements will be listed and explained, then arguments for 

hardware selection will be presented by the means of a decision matrix and lastly an 

overview of selected hardware will be given. 

3.2.1 Requirement Analysis 

The basic requirements are for the most part the same as for the MCU with the exceptions 

of digital and analog inputs and memory capabilities. The modules must be energy 

efficient and low cost with small form factor and capable of operating within the right 

ambient temperature range. Last but not least they must be compatible with the MCU.  

Table 3-4 gives an overview of minimum requirement features and their explanations. 

 

Table 3-4: An overview and explanations of minimum required features for the GPRS and GPS 

modules 

Feature Explanation 

Energy efficiency 

The MCU controls the GPRS and GPS modules and can turn them 

on and off when needed. The modules are more seldom in active 

state then the MCU and thus use less energy. In turn they can output 

high power burst when active, especially the GPRS module. With 

more energy efficiency a prolonged operating period is achievable 

and thus preferred. 

Low Cost 

To lower the cost of the system as a whole all parts have to be as 

cost efficient as possible and the GPRS and GPS modules are no 

exception. The lower the cost the better. 

Small Form Factor 
For increased portability it is better that all parts are as small in form 

as possible. This included the GPRS and GPS modules. 

Ambient 

temperature 

As with the MCU the ambient temperature range constraints are set 

to the Icelandic outdoor minimum and maximum temperature 

measurements (-38°C and +30.5°C respectively). 
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Feature Explanation 

Serial 

communication  

Because the MCU will communicate with the GPRS and GPS 

modules via serial communication connection the modules have to 

be compatible to with the MCU. 

 

3.2.2 Hardware Selection 

The communication module does only need to be GPRS compliant because GPRS has the 

most coverage and the system does not depend on high data transfer rates. That constraint 

rules out the UMTS and LTE version in addition to the fact that they are both more 

expensive and more energy consuming. To have the two modules bundled together is more 

beneficial for the system as it reduces form factor and amount of external wiring. For that 

reasons the modules compared will be GPRS only with integrated GPS support. 

Because the modules are so task specific they have all similar basic features and 

description from each manufacturer. The specifications for the selection are based on the 

GPRS and GPS requirement analysis in Table 3-4. The specifications compared are listed 

and explained in Table 3-5 along with its grading scale. Their comparison is presented in a 

decision matrix in Table 3-6. 

 

Table 3-5: GPRS/GPS modules specifications, explanation of each and its grading scale. 

Specification Explanation 
Grading 

scale 

General information 

Model 
Model number of the module from equivalent manufacturer. 

No grade is given in this category. 

No grade 

(N) 

Operating 

temperature 

(°C) 

The ambient temperature range that the module can operate 

in. Because this is a high priority factor, 3 point will be 

given if the module fulfils the requirements, 0 otherwise. 

0, 3 

Dimensions 

(mm) 

Dimension of a module in the format: Length  Height  

Thickness. Because all modules are all relatively small and 

of similar size, they are not graded 

No grade 

(N) 

GPS Support 
For better comparison all modules are chosen to have GPS 

support. Because of that no grade is given in this category. 

No grade 

(N) 
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Specification Explanation 
Grading 

scale 

Transmission Speeds 

Download 

speed (kbps) 

Faster downloading of data reduces the modules ‘on time’ 

and therefore saves energy. But because the system is 

constrained to the GPRS network and downloading speeds 

are limited to that, all modules have the same downloading 

speeds and thus no grade is given in this category. 

No grade 

(N) 

Upload speed 

(kbps) 

The same applies to upload speed as to download speed. 

Because all modules have the same upload speed due to the 

GPRS network limitation, no grade is given in this category. 

No grade 

(N) 

Serial Communications 

UART 

The MCU controls and communicates with the GPRS and 

GPS modules via a serial communication protocol like 

UART. In this category 3 points are given if the module has 

a UART connection 0 if it doesn’t 

0, 3 

SPI 

The SPI communication protocol can be used in the same 

way as the UART and will therefore be graded in the same 

fashion. 

1, 2, 3 

Power Consumption 

Power supply 

(V) 

The volt range that each module can operate in. More range 

is better. 1 point awarded to the module with the highest volt 

range and 0 to others. 

0,1 

Current drawn 

in GPRS 

transmission 

mode (mA) 

Most energy consumption for the modules occurs when they 

transmitting data through the GPRS network. Because the 

modules are relatively seldom operating and their current 

drawn is so similar, no grade is given in this category. 

No grade 

(N) 

Cost 

Cost of one 

piece (€) 

Cost of the module has to be as low as possible to lower 

production costs. Cost of single unit lowers if they are 

bought in bulk. 3 points are awarded for units with price 

below €20, 2 points for €20 to €50, 1 point for €50 to €80 

and 0 for €80 and above. 

1, 2, 3 

 

The Modules chosen for comparison are all produced by corporations that have a long 

history in the field. They are: 
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 GE864-GPS from Telit
22

 

 LEON-G1 from U-blox
23

 

 SIM908  from SIMCom
24

 

 

Table 3-6: Decision matrix of suitable GPRS/GPS modules with respect to the requirement analysis. 

Specification Telit U-blox SIMCom 

General information 

Model GE864-GPS N LEON-G1 N SIM908 N 

Operating 

temperature 

(°C) -40 to +85 3 -40 to +85 3 -40 to +85 3 

Dimensions 

(mm) 30  30 2,8 N 18,9  29,5 3,0 N 30  30 3,2 N 

GPS support Yes N Yes N Yes N 

Transmission Speed 

Download 

speed (kbps) 85,6 3 85,6 3 85,6 3 

Upload speed 

(kbps) 42,8 3 42,8 3 42,8 3 

Serial Communications 

UART  Yes 3 Yes 3 Yes 3 

SPI No 0 No 0 Yes 3 

                                                 

22
http://www.telit.com/telit/Pulsar/en_US.Store.display.1001./ge864-gps  

(accessed on 11.04.2014) 
23

http://www.u-blox.com/en/wireless-modules/gsm-gprs-modules/leon-gsm-module-family.html  

(accessed on 11.04.2014) 
24

http://wm.sim.com/producten.aspx?id=1024 

 (accessed on 11.04.2014) 
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Specification Telit U-blox SIMCom 

Power Consumption 

Power supply, 

recommended 

(V) 3,2 to 4,8 1 3,2 to 4,8 1 3,2 to 4,8 1 

Current drawn 

in GPRS 

transmission 

mode (mA) 420 N 410 N 435 N 

Cost 

Cost of one 

piece (€) 45 2 85 0 15 3 

Results 

SUM 

 15 13 19 

RANK 

 2 3 1 

 

From the decision matrix the results are clear. The SIM908 from SIMCom ranks number 

one and is thus most suitable for the system. 

3.2.3 Specification of Chosen GSM Module 

More detailed specification of the SIM908 for SIMCom can be seen in Appendix C. 

3.3 Weather Monitoring Sensors 

The main constraint criteria for the sensors are: low energy consumption, low cost, high 

accuracy and operating temperature. Following is a description of requirements and a most 

suitable type of sensor chosen for the system. 

3.3.1 Temperature Sensor 

The requirements for a temperature sensor are: 

 high accuracy 

 energy efficiency  
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 Low cost 

 Operating temperature 

 Temperature sensing range 

 Small form factor 

Because the temperature sensor can be switched off when not in use and the fact that it 

draws relatively low current (46 µA for a digital Thermometer [23]) compared to other 

components energy usage is therefore not a critical factor.  The cost is also relatively low 

compared to other components (about €3 for a single piece of a digital temperature 

sensor)
25

 and is therefore not a critical factor. All sensor types researched have adequate 

operating temperature range and sensing range as can be seen in Table 2-1. The critical 

factor for the sensor is the accuracy. The digital temperature sensor has superior accuracy 

compared to others, according to Table 2-1, and thus it is the sensor chosen for the system. 

3.3.2 Wind Sensors 

The wind sensors are of two types, anemometer and wind direction meter. They have the 

same requirement as the temperature sensors: high accuracy, energy efficiency, lows cost, 

operating temperature and small form factor. As the temperature sensor both wind sensors 

use relatively low energy (signal for anemometer is self induced and current drawn by 

wind direction meter is 300 µA [24]). 

As for the anemometer, cup and propeller meters have fair accuracy (±2%) and are less 

expensive than the sonic anemometers. Their current inducing type is more accurate 

although it is a more expensive. In the case of the wind direction sensor the tail-vane, 

potentiometer type is more accurate although it is more expensive.  

The most suitable sensor proposed here is a combination of a propeller meter and a tail-

vane meter. That combination is called aerovane. Although more expensive, the current 

inducing propeller and the potentiometer type tail-vane are considered a better option 

because of higher accuracy. 

 

 

                                                 

25
 http://www.adafruit.com/products/347  (accessed on 14.04.2014) 



33 

4 Prototype Development 

In this chapter the development of the portable weather station’s prototype will be 

described. The development was divided into two stages, the hardware development stage 

and the firmware development stage which are described in relevant subchapters. 

In the hardware development stage, electrical connections between a MCU, GSM module 

and potentiometers, simulate sensors, are described. To supply power to the modules an 

external power supply circuit was assembled. The circuit also serves as an extension board 

between them. The circuit and its assembly will be described here. In addition, a test circuit 

for the GSM module was connected and a description of it will also be given. 

A description of the firmware development will be given where its program flow is shown 

using flowcharts. These flowcharts will be explained among various development 

decisions, regarding power minimization. Additionally, the GSM module’s special 

commands (AT commands), used for this project, will be listed and described  

 At last, the expected power consumption of the prototype will be listed. 

4.1 Hardware Connection and Circuitry 

The two main hardware components, selected to build a prototype for this project, are the 

SIM908 GSM/GPS module and the LPC11U24 MCU. They are not plug-and-play 

components and are not compatible to each other unless an external circuitry is 

implemented. Fortunately they are both obtainable mounted on a developers board, meant 

for more rapid prototyping. 

The SIM908 is a delicate component and a power supply circuit has to be implemented to 

compensate for its high current spikes. A circuit, specially designed as an extension shield 

for it and the Single board computer (SBC) Raspberry Pi was obtained and is used as an 

extension shield to the MCU instead. It has a similar power source circuit as referenced by 

the SIM908 producer. In addition it serves as an extension for the SIM908’s data pins, as 

they are not DIP compatible, for easier connection. The extension shield can also serve as a 

power supply for the MCU.  

For this prototype potentiometers are used instead of weather sensor. They output analog 

signals as the weather sensors do and hence, can be used to simulate inputs from weather 

sensors. 

An overview of hardware components and their electrical connections can be seen in 

Figure 4-1. For a more detailed view see Figure 4-9 and Figure 4-10 and an overview of 

pin connections in Appendix F. 

The following subchapters consist of: 

 A description of each hardware component’s features. 
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 Tables listing and describing their pins and pin layouts. 

 A visual presentation of them, their pins and main components, as relevant. 

 A more detailed description of their connection between each other. 

In addition, a circuit made to test the SIM908 in a more robust and convenient way will be 

described. It was implemented with a USB to UART converter allowing for a connection 

between the SIM908 and a PC where commands and feedbacks can be given and received 

directly and almost instantaneously which is not possible using the MCU. 

 

Figure 4-1: Overview of selected hardware and its electrical connections 

 

4.1.1 LPC11U24 MCU Development Board 

The MCU used in this project is the LPC11U24 from NXP. It was acquired already 

mounted on a development board called mbed NXP LPC11U24. The developers board “is 

designed for prototyping low cost USB devices, battery powered applications and 32-bit 

ARM Cortex-M0 design.” [25]  It is also “a powerful and productive platform for building 

proof-of-concepts.” [25]  

The board has a 40-pin DIP form factor for easy integration with through-hole PCBs and 

breadboards. It also has a build in USB FLASH programmer. [25] A voltage regulator is 

integrated on the board allowing the input power supply to range from 4.5V to 9.0 V and 

be regulated to a measured 3.2 V. That is in range for the MCU which can take a supply 

voltage (VDD) of 1.8 V to a maximum of 3.6 V. 

The mbed NXP LPC11U24’s pins of relevance for this project can be seen in Table 4-1 

along with each one’s description and an overview of the pin layout can be seen in Figure 

4-2. 
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Table 4-1: The mbed NXP LPC11U24 MCU development board’s relevant pin description. 

Pin Name Description 

1 GND 0V Power in 

2 VIN 4.5 V to 9.0 V power in 

3 VB 2.4 V to 3.3 V battery power in 

9 TXD UART transmit pin 

10 RXD UART receive pin 

15 - 20 Ain Analog signal in pins 

40 VOUT 3.3 V regulated power out 

39 VU 5 V regulated power out 

8,14,33-36,29-

30,21-26 

I/O 
Digital input / output pins 

 

 

 

Figure 4-2: The mbed NXP LPC11U24 MCU development board and an overview of its pins layout.
26

  

 

                                                 

26
 Source: see [25] 
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Voltage of all standard outputs is equal to the supply voltage (VDD) to the MCU which 

can range from 1.8 V to 3.6 V. To confirm that output voltage is within that range, a power 

supply of 5 V was supplied at VIN and an output voltage was measured at digital out pin 

33. The output voltage was measured 3.16 V. That is compatible to the SIM908 module 

which can have a maximum of 3.3 V input to its RXD and I/O ports. 

4.1.2 SIM908 Development Board 

The SIM908 was also acquired already mounted on a development board. As in the case of 

the MCU, that reduces development time and allows for a more rapid prototyping and 

proof of concept. The development board is developed and manufactured by Futura 

Elettronica
27

 and has the product code 7100-FT971. 

Its relevant pins and their description can be seen in Table 4-2, overview of its pin layout 

in Figure 4-3 and its electrical schematic in Appendix D. 

 

Table 4-2: The GSM/GPS development board’s relevant pin description. 

Pin Name Description 

1 ON/OFF Input to turn the module on and off 

3 LED An output for a LED, showing the modules activity 

10 DTR Pulled down as instructed by SIMCom 

12 TXD UART transmit pin 

14 RXD UART receive pin 

16 STATUS Digital Input to restart the SIM908 

17 and 19 VCC 3.2 V to 4.8 V power in 

18 and 20 GND 0V Power in 

 

A SIM card slot is mounted on the development board as can be seen in Figure 4-3. For 

this project a SIM card from the telecommunication provider Nova is inserted into the slot 

to achieve mobile communication.  

                                                 

27
 https://www.futurashop.it/index.php?route=product/product&product_id=4022  (accessed on 25.04.2014) 
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Figure 4-3: Top View of the SIM809 development board back side and its pin layout.
28

 

The SIM908 module is mounted on the other side of the development board and mounted 

on the module are connections for the GPS and GSM antennas as well as a LED indicating 

the module’s activity see Figure 4-4. 

 

 

Figure 4-4: Top View of the SIM809 development board front side showing connections for GPS and 

GSM antennas and the location of a LED indicating the module’s activity.
29

 

                                                 

28
Source:  https://www.futurashop.it/Allegato_PDF_IT/7100-FT971.pdf (accessed 26.04.2014) 

29
 Source: https://www.futurashop.it/Allegato_PDF_IT/7100-FT971.pdf (accessed 26.04.2014) 
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4.1.3 Power Supply Connections, Circuitry and Extension Shield 

Recommended input voltage for the GSM/GPS module is 3.2 V to 4.8 V according to its 

datasheet. The datasheet also states that in a non-operating condition it can go to an 

absolute maximum of 5.5 V and any stresses beyond these limits will cause permanent 

damage to the module [26, p. 44]. It also states that the “transmitting burst will cause 

voltage drop and the power supply must be able to provide sufficient current up to 2 A.” 

[26, p. 18] To counterpart this high current spike it is strongly recommended to use a 

bypass capacitor such as a 100 µF. 

SIMCom provides two reference circuits for the power supply in its datasheet. The first 

utilizes a MIC29302 high current low dropout regulator as seen in Figure 4-5 and the 

second utilizes a LM2596-ADJ step down voltage regulator as seen in Figure 4-6. The 

regulators take higher voltage input (up to 26 V and 40 V respectively) and output 3.3 V 

and are designed for high current load (3 A for both).  

 

 

Figure 4-5: Reference circuit of a high current low dropout regulator power supply.
30

  

 

 

Figure 4-6: Reference circuit of a step down voltage regulator power supply.
31

   

 

In this project’s preface, before its requirement analysis had commenced, it was planned to 

use the SBC Raspberry Pi instead of a MCU to build a prototype. Because of that a 

                                                 

30
 Source: see [26, p. 18] 

31
 Source: see [26, p. 18] 
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GSM/GPS expansion shield for Raspberry Pi was purchased. Although it was decided not 

to use the Raspberry Pi SBC the expansion shield can be used as it includes all necessary 

components for the power supply circuit. It also makes the accessibility to the GSM/GPS 

module’s inputs and outputs easier. 

The expansion board, as the SIM908 development board, is developed by Futura 

Elettronica
32

 with the product code 7100-FT971. Table of relevant pins can be seen in 

Table 4-3, overview of its pin layout in Figure 4-7, and its bill of material (BOM) in and 

electrical schematic in Appendix E. 

 

Table 4-3: GSM/GPS expansion shield’s relevant pin description. 

Pin Name Description 

PWR PWR 7 V to 12 V power in 

2 5V 5 V regulated power out 

6 GND 0 V Power in 

8 TXD UART transmit pin 

10 RXD UART receive pin 

13 ON/OFF Digital input to turn the SIM908 ON and OFF 

15 RST Digital Input to Restart the SIM908 

 

The component U1 in Figure 4-7 is a positive voltage regulator with recommended input 

voltage between 7 V and 25 V with an absolute maximum of 35 V. The output voltage is 

regulated to a steady 5 V (measured at 5.04 V) with an output current of up to 1.5 A. With 

the jumper J5V connected, a 5 V power source can be provided to the MCU or other 

modules. The MCU is protected from current, bursting back from the GSM/GPS module 

with the diodes D1 and D2. The Diodes also cause the voltage to drop from 5.05 V to a 

measured 4.80 V for the GSM/GPS module’s maximum power input.  

A socket is mounted on the expansion shield to connect the SIM908 development board to 

it as can be seen in Figure 4-7.  

The digital I/O ports (RST (reset) at pin 15 and ON/OFF at pin 13) extended from the 

SIM908 development board, are activated with a 3.3 V pulse for 0.5 seconds and at least 1 

second respectively. 

                                                 

32
 https://www.futurashop.it/index.php?route=product/product&product_id=6032 (accessed on 25.04.2014) 
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The UART interface pins (RXD at pin 10 and TXD at pin 8), also extended from the 

SIM908 development board, connect to a UART supported device for serial data transfer. 

The output of the TXD from the SIM908 is 5 V but is lowered to 3.3 V with the voltage 

divider (R1 and R2) for compatibility. Other I/O ports are not used including the speaker 

and microphone port. [27]  

The expansion board is delivered unassembled with a predesigned printed circuit board 

(PCB) and the components listed in Appendix E. After components were soldered and 

fastened to the PCB, all connection were measured and tested, before the SIM908 module 

was mounted and the UART connected. Was this done to prevent damage to connected 

devices. 

An AC/DC adaptor manufactured by Sagem is used as power source. Its input is 200 V to 

240 V, 50/60 Hz, 0.4 A and outputs +12 V, 1.5 A. 

 

 

 

Figure 4-7: Top View of the Expansion Shield for the Raspberry Pi SBC.
33

  

 

4.1.4 Potentiometers, Simulating Weather Sensors 

The most common weather sensors; anemometer, direction meter and temperature meter 

all work on the same basic principle. They give out analog signals that vary with respect to 

wind speed, wind direction or temperature. For the final version of the system they are 

essential but for the prototype a more convenient and less expensive components will be 

used to simulate them. 

                                                 

33
 Source: https://www.futurashop.it/Allegato_PDF_IT/7100-FT1075K.pdf  (accessed on 26.04.2014) 
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Potentiometers can have variable voltage output by changing the resistance of an internal 

resistor. In this project a potentiometer with a variable resistor with resistance between 0 Ω 

and 10 KΩ is used.  

A power source is connected at pin A and pin B is connected to ground, see Figure 4-8. A 

varying voltage can then be acquired at pin C with respect to input voltage and magnitude 

if resistance applied. The resistance’s magnitude is changed by turning the yellow knob to 

the left or right. 

 

 

 

Figure 4-8: Potentiometer work on the same principle as weather sensors by changing output voltage. 

A power source is connected at pin A and pin B to ground. A varying voltage can then be acquired at 

pin C.
34

 

 

4.1.5 Electrical Connection between the SIMI908 Development 

Board and Power Supply and Extension Shield 

Because the extension shield is designed for the SIM908 module it has a socket designed 

for it to be connected conveniently. The connection provides power from the power supply 

and extends I/O ports to the extension shield. 

The power supply can have an input voltage of 7 V to 12 V at the PWR input, which it 

regulates to a 4.8 V to supply power needed by the SIM908 at pins 17 and 19, see Figure 

4-9. 

The SIM908’s I/O pins; ON/OFF, STATUS, and RXD are extended directly to the 

extension shield’s I/O pins where the STATUS pin is called RST (reset) and resets the 

module if it receives a high pulse. The SIM908’s TXD pin’s voltage is lowered to 3.3 V 

with a voltage divider before it is extended to the extension shield. The LED pin gives the 

possibility to connect an external LED indicating the modules activity but is not extended 

                                                 

34
 Source: http://www.johnloomis.org/ ece201L/ lab3/ lab3.html (accessed on 29.04.2014) 
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to the extension shield. The pin DTR is pulled down as referenced by the SIM908 

datasheet. 

Pin connections can also be viewed in a table format in Appendix F. 

 

 

Figure 4-9: Overview of Connections between the SIM908 Development Board and the Power Supply 

and Extension Shield. 

 

4.1.6 Electrical Connection between the Power Supply and 
Extension Board, MCU Development Board and 

Potentiometers 

The extension shield used is designed as an extension shield between the SIM908 and the 

SBC Raspberry Pi. It can be mounted on the SBC and connected directly to it. But not the 

mbed NXP LPC11U24 MCU, nor can it be connected directly to a breadboard. To make 

the connection an extension
35

 between the SBC’s pins and a breadboard was acquired 

developed and sold by Adafruit. 

The power supply designed for the SIM908 also has the capabilities to supply 5 V power 

for the MCU. 

                                                 

35
 http://www.adafruit.com/products/1105 (accessed on 29.04.2014) 
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The digital output pins; ON/OFF and RST on the MCU are connected to equivalent pins on 

the extension shield and are used to turn the SIM908 module on and off and to reset it, see 

Figure 4-10. 

The UART Pins TDX and RDX, extended to the extension shield, are crossed over when 

connected to the MCU that is, SIM908’s TDX pin is connected to the MCU’s RDX pin 

and vice versa. Pin connections can also be viewed in a table format in Appendix F. 

The potentiometers are powered by the MCU’s 3.3 V output at pin 40 and the MCU 

acquires there outputted analog value with its analog inputs at pins 15, 16 and 17. 

 

 

Figure 4-10: Overview of Connections Between the Power Supply and Extension Shield, MCU 

Development Board and Sensors Simulated with Potentiometers. 

 

4.1.7 Testing the SIM908 Module with a PC via a USB to UART 

Converter 

To communicate with the SIM908 module, AT serial commands are sent to it via UART. It 

then performs the given AT command and returns serial feedback also via UART. The 

feedback is e.g. an “OK” string message if a command was performed successfully or an 

“ERROR” message if it was not. The feedback is necessary for the system to run correctly 

and for testing and debugging purposes it is good to have. 
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This feedback can be displayed on an external display or a monitor connected to the MCU 

or the SIM908 module. The AT commands, the MCU sends to the module are written in C 

or C++ code that has to be compiled and flashed to the MCU memory before it can send 

them. It is thus time consuming to test it. Because of those reasons an easier way was 

implemented to test the module. 

By using a UART to USB converter module, AT commands can be sent via a PC’s USB 

port to the GSM/GPS module and feedback received from it. To achieve this, a UART to 

USB module (type number: UB232R) was used and implemented in a circuit as seen in 

Figure 4-11. 

 

 

Figure 4-11: Schematic of the GSM/GPS Module’s Test Station Setup. A USB to UART Module is 

Implemented to Connect The Module to a PC. 

 

A 4.8 V power supply is delivered to the SIM908 with the extension shield. But to turn it 

on or off a 3.3 V power supply is needed to give a pulse for at least 1 second to its 

ON/OFF input port. To accomplish that the button B1 was connected to the module and the 

connection is pulled down, with a 10k ohm resistor when the button is not being pressed. 

When the button is pressed it sends a 3.3 V pulse and if pressed for longer than 1 second 

the module turns on or off depending on its state. 

As an indicator of what state it is in a LED, mounted on the SIM908 development board, 

will turn on and flash when it is on but it will be turned off when the module is in off state. 

USB to UART Converter Module 

The USB to UART converter module is of the type UB232R from Future Technology 

Devices International Ltd. According to its producer it features among other are [28, p. 4]: 

 Reduced development time 

 Rapid integration into existing systems 

 USB powered 

 Drivers included for Windows 98 and higher 

 Drivers included for Linux 2.4 and higher 
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The module has 8 pins of which 2 are used to make a UART connection to the SIM908 

module and 1 connected to a common ground as seen in Table 4-4: 

 

Table 4-4: The UB232R, UART to USB converter module’s relevant pin description. 

Pin Name Description 

1 GND 0V power in 

7 RXD UART Receive pin 

8 TXD UART transmit pin 

 

It also has a USB Mini-B socket for connection to the PC and power. The module offers an 

option for a 5 V or 3.3 V UART data transmission that can be set with a jumper as seen in 

Figure 4-12. For a 5 V setup pins B and C are connected but for a 3.3 V setup pins A and B 

are connected. As the SIM908 module is limited to 3.3 V connection the module is setup 

accordingly. 

 

 

Figure 4-12: Top view of the UB232R, USB to UART Converter Used to Test the SIM908 Module.
36

 

 

                                                 

36
 Source: see [28, p. 5] 
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Test PC 

The UB232R module is connected to a PC via USB. The PC’s main specifications are as 

follows: 

 Intel i5-3317U dual core running at 1.70 GHz 

 4 GB of RAM 

 USB 2.0/3.0 

 Windows 7 Home Premium 64 bit with Service Pack 1 installed 

Terminal Software 

The terminal software, installed on the PC and used for writing and sending commands to- 

as well as receiving and displaying feedback from the SIM908 is Putty release 0.63 

copyrighted © by Simon Tatham. 

 

4.2 Firmware Development 

There are several options available to write and compile programs for the MCU. The 

online IDE supplied by mbed
37

, for use with the mbed NXP LPC11U24 development 

board, has a pre configured compile engine enabling fast implementations of programs. It 

also has syntax highlighting and auto code completion among other features, but it lacks a 

debugging support. Other IDEs like Visual Studio and Eclipse can be configured to output 

compiled code for the MCU but because of the mbed IDE’s pre configured compile engine 

it will be used to program this prototype. 

The mbed IDE supports the C and C++ programming languages. For this prototype the 

C++ language will be used. The mbed compiler compiles source code into a binary file and 

then downloads it to a relevant computer. The mbed development board is designed to 

show up as an external drive when connected to a computer and that allows the compiled 

binary file to be dragged and dropped to it. The mbed development board includes an 

embedded flash module that is used to flash the binary code to the MCU after it has been 

downloaded to the mbed development board. 

An overview of the firmware flow can be seen in Figure 4-13, where the flow is split into 

three phases  

 The sensor phase 

 The GPS phase 

 The GPRS phase 

                                                 

37
 http://mbed.org/ 
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When the program is executed it starts by going into sleep mode (power saving mode) for a 

predefined amount of time, e.g. 10 minutes. When it wakes up it tries to read data from 

sensors connected to it and inserts it into a circular buffer. To save power it buffers a preset 

number of readings before sending them, all at once, via the GPRS network. When the 

readings from all sensors have been acquired the program branches back to start position, 

sleeps and wakes up at predefined interval (e.g. 10 minutes). 

When enough number of readings has been acquired the program goes to the GPS phase 

and tries to acquire GPS coordinates if they have been requested. Because the system is 

thought of to be stationary for some time, e.g. 24 hours, it requests coordinates less 

frequently compared to the sensors’ data and thus can save power by not powering on the 

GPS module. 

At last it goes to the GPRS phase to try to send the data via the GPRS network. The data 

will be sent on a time interval, e.g. 60 minutes. When the program has finished its 

operations, it branches back to start position and sleeps. 

If there is an issue in the sensor phase or the GPS phase, e.g. data could not be acquired, 

the program continues and tries to send whatever information acquired, if any. If an issue 

arises an error flag is set to indicate where the issue occurred. It is then sent with the 

information as an indication of the issue (e.g. indicate broken equipment or, a GPS or 

GPRS connection failure). The program then branches to the beginning for another run 

cycle. 

The MCU controls the SIM908 module. It can turn it on and off and send it commands via 

the UART connection. To communicate via a UART both receiver and sender must be set 

at the same baudrate. The SIM908 has an auto baudrate selection feature of rates ranging 

from 1200 to 115200. The baudrate of the MCU has thus to be set somewhere in that range 

to be compatible with the SIM908 module. It is set to 9600 for this project. 

To control the SIM908, AT commands, commands developed for telecommunication 

technologies, are sent to it. At commands are serial transmitted strings beginning with AT 

and usually with other characters appended to it to constitute various commands. When 

The SIM908 has received and performed a command it sends a response. General AT 

commands used in this project can be seen in Table 4-5 where connection and network 

registration checks are made. 

For a more detailed overview of all AT commands used in this project see Appendix G. 

 

Table 4-5: General AT commands used for communication with the SIM908. 

AT Command Description Response 

AT Used to check if the SIM908 is connected OK 

AT+CREG? 
Used to check if the module is registered on a 

network 

+CREG:0,1 

 

OK 
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The SIM908 is essentially a GSM (GPRS) module but has a GPS module integrated. AT 

commands are therefore sent to the SIM908 module which in turn controls the GPS 

module.  

 

 

 

Figure 4-13: Overview of the firmware program flow. The program is split into three main 

components; acquiring data from sensors, acquiring GPS coordinates and send that information via 

the GPRS network. The GPS and GPRS operations are handled by the same module, SIM908. 

 

4.2.1 Acquiring Data from Sensors 

The MCU acquires data from sensors by its analog input ports. The analog values are then 

converted to equivalent digital values with the MCU’s integrated ADC. The ADC is ten 

bits hence, has a resolution of 1024 values. 

The MCU tries to acquire data from the sensors and validate until successful or until the 

operation times out. It also takes a few measurements and returns a median value of data 

acquired. If successful, the data is formatted from its ten bit digital value to a value 

according to what type of function its equivalent sensor serves. It is then inserted into a 

circular buffer. If the validation is not successful a “not valid data” value is inserted into 

the buffer that serves also as an error flag. The process is repeated consecutively from the 

first sensor to the last. 

This process (see Figure 4-14) is iterated for a predefined number of times; branching back 

to scheduled sleep mode position, sleeping, and acquiring new values, until a set limit has 

been reached (e.g. 6 measurements at 10 minutes intervals, equivalent to 1 hour). When the 

limit is reached the program moves on to the next two phases and attempts to send relevant 

data in the buffer. The purpose of this is to save power by acquiring data but not sending 
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them until requested. Thus the SIM908 module is kept off for a longer period that the data 

acquisition and hence, saves power. 

 

 

Figure 4-14: Flowchart of data acquisition from sensor 1 to n. Each sensor’s data is checked for 

integrity and formatted according to its function. The process is iterated a set number of times before 

going to the next step, acquiring GPS Coordinates. 

 

4.2.2 Acquiring GPS Coordinates 

The system is considered to be stationary for some time period (e.g. 24 hours) and thus 

GPS coordinated are not needed to be acquired as often as sensor data. A “GPS coordinates 

request” is set to a time interval and when the program enters this phase it begins by 

checking if coordinates are requested. If they are, the program begins the phase but if not 

the program branches to the GPRS phase and loads last known coordination. This saves 

power by not powering on the GPS module unless requested. 

 Because the GPS module is embedded in the SIM908 the MCU has to start the process 

(see Figure 4-15) by turning the SIM908 on by sending a high pulse to its ON/OFF input, 

for at least one second. If successful the MCU then sends it the AT command 

AT+CGPSPWR=1 (see Table 4-6) to turn the GPS module on. 

 



50 

Table 4-6: AT commands used to interact with the GPS module. 

AT Command Description Response 

AT+CGPSPWR=X 

This command is used to turn the GPS on and 

off where, 

X = 0  OFF 

X = 1  ON 

OK 

AT+CGPSRST=X 

This command set the GPS’s restore mode 

where, 

X = 0  Cold mode (TTFF typically 30 sec.) 

X = 1  Warm mode (TTFF typically 1 sec.) 

OK 

AT+CGPSSTATUS? 
This command returns current status of the 

connection, that is, if a location fix is achievable.  

Unknown,  

No Fix 

2D Fix 

3D Fix 

AT+CGPSINF=X 

This command returns GPS information in a 

string format. Contents of the string can vary 

with respect to information needed. In this 

project fix information (called GPGGA mode 

[29, p. 242]) is needed and to acquire that X is 

set equal to 2.  

“GPS 

information” 

OK 

 

A restore mode of the GPS module has then to be set. The SIM908’s GPS module has two 

restore modes where the main difference relevant for this project is time to first fix (TTFF). 

TTFF is the time it takes for the GPS module to acquire coordinates information. The two 

modes are: 

 Cold, where the GPS module resets all its configurations and information. TTFF in 

this mode is typically about 30 seconds [26, p. 10]. 

 Warm, in this mode the module loads last calculated position, almanac used, and 

UTC time. TTFF is typically about 1 second [26, p. 10]. 

Cold mode is recommended by the manufacturer for first time reset. The restore mode is 

set by sending the AT command AT+CGPSRST=0 to the SIM908 (see Table 4-6). After 

the first time reset, restore mode is set to warm mode. 

Before receiving GPS coordination information, a check is made to see if a connection can 

be established to the GPS network. That is done with the AT command 

AT+CGPSSTATUS? That returns the current status of the connection (see Table 4-6). 

Next step is to get GPS location information. The information is acquired with the AT 

command AT+CGPSINF=2 that returns a string containing the information (see Table 
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4-6). The information received can be of various formats, serving various purposes. The 

format needed for this project is to get fix information (referred to as GPGGA mode [29, p. 

242]). For a list of parameters contained in the GPGGA information string, see Appendix 

H. 

When the GPS location information has been received and validated the GPS module is 

turned off. The GPS data are now ready to be sent via the GPRS network along with the 

sensor data to the next and last phase, the GPRS phase. 

 

 

Figure 4-15: Flowchart showing program flow needed to acquire GPS coordinates. 

 

The operations: 

 Turning the SIM908 module on 

 Turning the GPS module on 

 Connect to the GPS network 

 Get GPS coordinates 

are all performed within a predefined time interval or until successful. If they don’t 

succeed within that predefined time interval, the program turns off the GPS module (if it is 

turned on) and branches to the GPRS phase, as seen in Figure 4-15. Instead of returning 
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GPS coordinates data it returns a “no valid GPS data” value that also serves as an error flag 

indicating where the error occurred. 

4.2.3 Sending Acquired Data via GPRS 

When all sensor data and GPS coordinates have been acquired and validated the last phase 

commences. The SIM908 is turned on if it is not already on since the previous phase and 

then validated to be on, see Figure 4-16.  

A bearer profile has to be setup to connect to the GPRS network. A bearer is the Network 

provider, in this project, the Icelandic telecommunications company Nova. To setup the 

bearer profile, couple of parameters have to be set with relevant AT commands. The first 

parameter to set is the connection type to be used. For a GPRS connection type, the AT 

command AT+SAPBR=3,1,"CONTYPE","GPRS" is sent. The second parameter to set is 

the bearer’s access point name (APN). For this project the AT command 

AT+SAPBR=3,1,”APN”,”net.nova.is” is sent to do so. Information about the APN 

parameter, net.nova.is, was received from Nova. 

When the bearer profile has been set up it is selected as the profile to use when connecting 

to the GPRS network with the command AT+SAPBR=1,1. Turning the SIM908 on and 

setting up and selecting bearer are iterated until successful or if the operations time out. For 

more information about the bearer AT commands, see relevant commands in Table 4-7. 

 

Table 4-7: AT commands used connect to the GPRS network and use the HTTP interface to send 

acquired data. 

AT Command Description Response 

AT+SAPBR=X,Y[,a,b] 

This command sets relevant parameters in a 

bearer profile and selects it to access the GPRS 

network, where: 

X = 3  sets profile’s parameters 

X = 1  Selects selected profile 

Y = 1  ID of profile to set or select 

a = “CONTYPE” sets the connection type to 

b = “GPRS”  for GPRS connection 

a = “APN”  sets APN of the bearer to 

b = “net.nova.is” for this project 

OK 

AT+HTTPINIT Initializes the HTTP connection OK 

AT+HTTPPARA=X,Y 

Sets parameters for HTTP connection where, 

X = “URL” sets the destination URL to Y 

Y = http://Destination.URL.goes.here  

X = “CID” selects bearer profile to use 

Y = 1 , selects the Nova profile set earlier 

OK 
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AT Command Description Response 

AT+HTTPACTION=0 

Performs a HTTP GET method. Performs 

HTTP POST if 1 is entered instead of 0. 

If successful it returns the status code 200 

OK 

+HTTPACTIO

N:0,<StatusCo

de> 

See Appendix 

G for status 

codes. 

AT+HTTPTERM Terminates the HTTP connection OK 

 

If previous operations are successful, the HTTP protocol is initialized using the command 

AT+HTTPINIT and parameters for HTTP connection are set with the command 

AT+HTTPPARA (see Table 4-7). The parameters needed are destination URL, and bearer 

ID. For this project the destination URL can be seen in chapter 4.2.4. The bearer ID is set 

to 1 as was done when the bearer profile was set.  

The data is then sent, to a communication server, using the HTTP GET method with the 

command AT+HTTPACTION=0 where the parameter 0 stands for GET. If a successful 

response is received from the communication server the data have been sent successfully.  

The HTTP connection is then terminated, with the command AT+HTTPTERM, and the 

SIM908 module is turned off. The program then branches back to its start and begins its 

process again. 

The operations: 

 Turning the SIM908 module on 

 Setup and select bearer profile 

 Initialize HTTP protocol 

 Set HTTP client URL and bearer identifier 

 Perform HTTP GET method  

 Terminate HTTP connection and turn off the SIM908 module 

are all performed within a predefined time interval or until successful. If they don’t 

succeed within that predefined time interval, the program terminates HTTP connections 

and turns off the SIM908 module (if it is turned on) and branches back to the start of the 

program, as seen in Figure 4-16. If an error occurs an error flag, indicating where the error 

occurred, is set and returned. 
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Figure 4-16: Flowchart showing program flow needed to send sensor and GPS coordinates information 

via the GPRS network. 

 

4.2.4 Receiving Data 

For this project a communication server is used to receive the data sent from the prototype. 

The communication server, Centera-SN3 produced by EMC
2
, has the following 

specifications: 

 2.8 GHz Pentium 4 CPU 

 1 GB RAM 

 2 TB of HDD storage space 

 Fiber optics connection 

 Apache version 2.2.22, HTTP server software 

 PHP version 5.4.6, server side scripting language software 
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The Sensor data and GPS information are sent to the server and are received by a PHP 

script residing on it. The data is sent by appending it to the URL parameter set for the 

HTTP connection in the SIM908 module. The PHP script receives the data and saves it in a 

CSV text file.  

A PHP script is then used to parse the CSV data to a table and present it in a web page at 

http://mekatroniks.com/kalli/pws.php (accessed on 24.05.2014). The table can be seen in 

Figure 4-17 with test data send via GPRS from the prototype. 

 

 

Figure 4-17: Test data sent from the prototype displayed on a web page.  

 

4.3 Expected Power Usage 

Selection of the system’s hardware components and the system design, have the objectives 

to minimize overall power consumption. Less power consumption increases the system’s 

operational time. To realize what the power consumption can be, the expected power 

consumption and operational time of the prototype are calculated. To do so, data from 

NXP MCU and the SIM908 datasheets are used and time criteria for independent 

operations are defined. 

Two cases are analyzed. The first assumes that at each run cycle, measurements and GPS 

data are acquired and sent via GPRS. The other assumes that six measurements are 

acquired on even intervals for one hour and then sent via GPRS and that GPS data are 

acquired every twenty four hours. 
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For comparison, data in three different schemas, for each case, were constructed and 

calculated. Comparison and results can be seen if Table 4-8 and Table 4-9. The schemas 

represent a best condition, a medium condition and a worst condition.  

4.3.1 First Case - Measurements and GPS Data are Acquired and 
Sent at Even Intervals 

Following is a description of conditions, overview of expected power usage and expected 

operating time of the system, accordingly. It is assumed that the system acquires sensor 

measurements and GPS coordinates and sends that information at an even interval of 10 

minutes. That operation continues for 24 hours. 

 Schema 1 – Best Conditions 

o MCU wakes up at 10 minutes intervals. 

o Cycle starts; MCU activates and acquires sensor data in 1 second. 

o GSM and GPS modules turn on and acquire GPS data in 1 second. 

o GSM module is idle when GPS data are acquired for 1 second. 

o Data is sent via GPRS for 5 seconds. 

o Cycle finishes and MCU goes to sleep, 1 second. 

 Schema 2 – Medium Conditions 

o MCU wakes up at 10 minutes intervals. 

o Cycle starts; MCU activates and acquires sensor data in 1 second. 

o GSM and GPS modules turn on and acquire GPS data in 60 second. 

o GSM module is idle when GPS data are acquired for 60 second. 

o Data is sent via GPRS for 60 seconds. 

o Cycle finishes and MCU goes to sleep, 1 second. 

 Schema 3 – Worst Conditions 

o MCU wakes up at 10 minutes intervals. 

o Cycle starts; MCU activates and acquires sensor data in 1 second. 

o GSM and GPS modules turn on and acquire GPS data in 120 second. 

o GSM module is idle when GPS data are acquired for 120 second. 

o Data is sent via GPRS for 120 seconds. 



57 

o Cycle finishes and MCU goes to sleep, 1 second. 

 

Table 4-8: Expected power usage of prototype – First case. Comparison three differently constructed 

schemas’ expected power usage. Data used are taken from the NXP and the SIM908 datasheets and 

operation times are assumed. Time span is 24 hours. 

Mode 
Schema 1 

 

Schema 2 

 

Schema 3 

 

MCU 

Deep Sleep (mAh) 0.005 0.004 0.003 

Active (mAh) 1.8 36 72 

GPS Module 

Acquiring coordinates (mAh) 3 185 370 

GPRS Module 

Idle (mAh) 0.8 50 100 

GPRS Transmission (mAh) 87 1044 2088 

Results 

Total mAh per day (mAh) 92.6 1315 2630 

Average current 

consumption (mA) 
4 55 110 

Operating time on a regular 

9V 500 mAh battery (hours) 

125 

(~5 days) 
9 4.5 

Operating time on a li-ion 

10.000 mAh battery (hours) 

2500 

(~3.5 months) 

182 

(~7.5 days) 

91 

 (~4 days) 
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4.3.2 Second Case - Measurements and GPS Data are Not 
Acquired and Sent at Even Intervals 

Following is a description of conditions, overview of expected power usage and expected 

operating time of the system, accordingly. It is assumed that the system acquires sensor 

measurements at an even interval of 10 minutes for 1 hour. At each hour the data sensor 

data acquired are send via GPRS. GPS information are acquired and sent with sensor data 

once every 24 hours. 

 Schema 1 – Best Conditions 

o MCU wakes up at 10 minutes intervals. 

o MCU activates, acquires sensor data and goes back to sleep mode in 1 

second, six times before sending data (6 seconds per hour). 

o Data is sent every hour via GPRS for in 5 seconds. 

o GPS data is acquired every 24 hours in 1 second. 

o GSM module is idle when GPS data are acquired. 

 Schema 2 – Medium Conditions 

o MCU wakes up at 10 minutes intervals. 

o MCU activates, acquires sensor data and goes back to sleep mode in 1 

second, six times before sending data (6 seconds per hour). 

o Data is sent every hour via GPRS for in 60 seconds. 

o GPS data is acquired every 24 hours in 60 second. 

o GSM module is idle when GPS data are acquired. 

 Schema 3 – Worst Conditions 

o MCU wakes up at 10 minutes intervals. 

o MCU activates, acquires sensor data and goes back to sleep mode in 1 

second, six times before sending data (6 seconds per hour). 

o Data is sent every hour via GPRS for in 120 seconds. 

o GPS data is acquired every 24 hours in 120 second. 

o GSM module is idle when GPS data are acquired. 
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Table 4-9: Expected power usage of prototype – Second case. Comparison three differently 

constructed schemas’ expected power usage. Data used are taken from the NXP and the SIM908 

datasheets and operation times are assumed. Time span is 24 hours. 

Mode 
Schema 1 

 

Schema 2 

 

Schema 3 

 

MCU 

Deep Sleep (mAh) 0.005 0.005 0.005 

Active (mAh) 0.55 3.4 6.5 

GPS Module 

Acquiring coordinates (mAh) 0.002 1.3 2.6 

GPRS Module 

Idle (mAh) 0.005 0.35 0.7 

GPRS Transmission (mAh) 14.5 174 348 

Results 

Total mAh per day (mAs) 15 179 358 

Average current 

consumption (mA) 
0,6 7,5 15 

Operating time on a regular 

9V 500 mAh battery (hours) 

833 

(~34 days) 

66 

(~2,5 days) 

34 

(~1,5 days) 

Operating time on a li-ion 

10.000 mAh battery (hours) 

16667 

 (~23 months) 

1333 

(~2 months) 

667 

(~28 days) 

 

Batteries in both cases are of type: 

 Alkaline 9 V battery
38

 at a cost of $ 2.50 

 Lithium Ion battery pack
39

 at a cost of $ 49.95 

Although the lithium ion battery is more expensive it provides a much longer operating life 

for the system and is thus preferred. With additional battery charging equipment, like solar 

or wind power equipment, the operating life of the system can be extended significantly 

                                                 

38
 http://www.adafruit.com/products/1321 (accessed on 15.05.2014) 

39
 http://www.adafruit.com/products/1566 (accessed on 15.05.2014) 
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5 Discussion 

Low cost, energy efficiency, coordination acquisition and long range data transmissions 

are the key factors in this project and thus, these factors have been its focal points 

throughout its stages. By going through the stages from introducing required technology to 

requirements analyzes and hardware selection to a working prototype and its estimated 

operating time, a solid foundation has been laid for a further research and development of 

the system.  

In this chapter these key factors will be discussed further. 

5.1 Low Cost and Energy Efficient Electrical 

Components 

The main electrical components focused on are MCUs, GSM modules and GPS modules. 

There are currently numerous manufacturers of each component and each manufacturer 

usually manufactures many different types (see chapter 3). The types differ in e.g. cost and 

energy efficiency. Most components available today can deliver adequate performance, 

have enough inputs and outputs and fulfil temperature requirements to accomplish tasks 

required by system. Selecting the most suitable components depends mainly on cost and 

power usage. 

To estimate the cost effectively several variables have to be taken into consideration and 

different schemas made with respect to the number of units to be produced. Because there 

are numerous manufacturers competing for a market share, the price of a single component 

is relatively low. The price can be lowered further by buying components in bulk where 

price lowers when number of components ordered increases. Price could possibly be 

lowered further by e.g. making exclusive contracts or by requesting offers. When a control 

unit (all components and circuitry) has been designed, implemented and is ready for mass 

production, the manufacturing process can be outsourced to get the cost per unit as low as 

possible. The more units produced the lower the cost. 

Most suitable components have several operating (power saving) modes (see chapter 3) or 

the ability to turn off different parts of the components if they are not required to perform 

operations needed to minimize power usage. These modes can vary between manufacturers 

and types, and can be documented differently. This can complicate a thorough and detailed 

comparison of suitable components and make the task of finding the most suitable one, 

time consuming. 

The process of making a thorough and detailed comparison, of different types of 

components, from the majority of manufacturers, with respect to different cost schemas 

and operating modes can thus become complicated and time consuming. This process is 

sufficient for another project thesis. 
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Comparing a selection of low power MCU components from five major producers (see 

section 3.1.2), and three GSM/GPS combination modules (see section 3.2.2), gives rough 

estimate of within what range requirements criteria, including cost and power usage, are. 

Those figures can serve as reference points to be build further upon. It shows that all of the 

selected components meet the minimum requirements and the most critical criteria are then 

cost and power usage. 

From Table 4-8 and Table 4-9 in section 4.3 it is clear that the most power consuming 

component of the system is the GSM module and thus it is the critical component in 

regards to power consumption and its optimization would benefit the system the most. 

Power consumptions of sensors are not considered in the calculations because of their low 

power usage compared to other components (see section 3.3). 

5.2 Hardware and Firmware Development and 

Energy Efficiency 

The system has to be as energy efficient as possible so designs of both hardware and 

firmware have to be implemented with that objective in mind. 

The main hardware components used in this project, the NXP LPC11U24 MCU (see 

section 3.1.3) and the SIM908 GSM/GPS module (see section 3.2.3), were selected in 

accordance with the hardware components comparison, and also for their capabilities of 

supporting fast prototyping by being available in a development edition. Both components 

are mounted on a developer’s board that makes the hardware development process easier. 

On the other hand the boards include peripherals not essential or not used and hence, 

increases power consumption. For prototype purposes the ability of faster prototyping 

outweighs power consumption. 

For an end product (or a future prototype) the hardware components and connections have 

to be designed to include only the bare necessities to minimize power consumption. Then it 

is possible to measure the “real” power consumption of the system and make 

improvements where needed and in accordance with firmware development. 

The firmware was written in mbed’s online compiler (see section 4.2) which has a pre 

configured compile engine. It has all basic IDE features but lacks debugging support which 

would have been useful. The UART to USB converter proved to be a really useful 

component to be use as a debugging tool. 

The firmware development described in this thesis is intended to describe basic program 

flow (see Figure 4-13) and to minimize power consumption where it is foreseen. Many 

things have yet to be taken into consideration and tested like; stability issues, special cases, 

error handling, code optimization and optimizations to minimize power usage. The 

prototype constructed in this project, serves as a basis to be build further upon and be the 

first stage in a system development life cycle. 
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5.3 GPS Coordination Acquisition 

The GPS system is stable, well maintained, with a long term operating plan and delivers 

coordination information to receivers free of charge. It is thus an ideal system to receive 

coordination information. The SIM908’s integrated GPS module receives GPS information 

as supposed to and delivers it to the MCU via the GSM module’s serial connection. It is 

operated with the same serial connection by using AT serial commands. 

If more accurate coordinate information is needed, additional information can be acquired 

from a network via GPRS connection that serves as a coordinate correction. That method is 

called Assisted GPS (AGPS).  Because of high power consumption of the GSM module 

this method was not explored but is worth to be looked into if more accurate GPS 

information is preferable. 

5.4 Data Transmission via GPRS 

Because the GPRS has most coverage (see Figure 2-4) of current systems (3G and 4G) it is 

the most optimal system. If coverage of the other systems expands that decision has to be 

revised. 

Sending data via the GRPS network is the most power consuming part of the system (see 

section 4.3). Lowering it by even a few percents would be a great benefit for the system’s 

operating lifetime. 

One option that can be explored to achieve lower power consumption is to see if using 3G 

or 4G connection can reduce the modules uptime without it using more energy than is 

saved. Another option is to see if the GSM initial registration time can be shortened by 

preloading BTS information from last registration made. And yet another is to increase 

internal memory to save more amounts of data and thus send it less frequently. 
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6 Future Work 

Following is a list of tasks and ideas that could be implemented, or built further upon in 

future projects. 

 Research MCU and GSM modules in more detail and compare more types from 

more manufacturers with respect to different cost schemas and power consumption. 

 Design and construct housing and internal/external fasteners for the main system 

and sensors. 

 Research and compare different types of sensors and sensors technology offered by 

various manufacturers. 

 Design and build sensors or purchase them if preferred. 

 Design the system with emphasis on modularity. A variety of sensors could be 

offered and connected via e.g. USB. 

 Implement an option for Bluetooth connection for onsite system configurations e.g. 

upload firmware updates or change data retrieval or transmission intervals. 

 Implement an option to configure the system via GPRS e.g. upload firmware 

updates or change data retrieval or transmission intervals. 

 Research batteries for power sources and ways to recharge them e.g. using solar or 

wind power. 

 Design and develop a PCB for modules and electrical components needed 

 Attach flash memory socket or a permanent memory unit that acquired data can be 

saved to. 

 Analyze and improve GPS coordination information accuracy. 

 Analyze, measure and improve the system’s “real energy” usage. 

 Analyze total cost of whole system with respect to number of units produced (100, 

1.000, 1.000.000) 

 Send data to a database 

 Analyzes data and display them online and graphically using e.g. graphs, pie charts 

and maps 

 Combine data from several stations, analyze them and share. 
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7 Conclusion 

To choose the most suitable components for the system the system’s main requirements 

and component specifications were analyzed. The highest ranking and most suitable 

components, from that analysis are the STM32L053R6 ARM M0+ MCU from 

STMicroelectronics and the SIM908 GSM/GPS module from SIMCom. 

A prototype of the system was constructed using the SIM908 GSM/GPS module mounted 

on a developer’s board. The STM32L053R6 MCU is not available on a development board 

and is thus not suitable for prototyping. Instead, the development board mbed NXP 

LPC11U24 is used. It has the same architecture, ARM M0, is low power and well 

supported. Three potentiometers are used to simulate weather sensors.  

The MCU’s firmware is designed to be energy efficient. The main approach used to 

accomplish that is to minimize operating time of the SIM908 module which is the system’s 

most power consuming component.  

The prototype is running and acquires GPS coordinate information and data from the 

potentiometers. The information is then sent to a communication server where it is stored 

and displayed online. It is running autonomously as it’s supposed to. 
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Appendix A: Specifications of the 
STM32L053R6 MCU 

Following are excerpts from STM32L053R6’s datasheet.  

Features 

Ultra-low-power platform 

 1.65 V to 3.6 V power supply 

 -40 to 105/125 °C temperature 

range 

 0.27 µA Standby mode (2 wakeup 

pins) 

 0.4 µA Stop mode (16 wakeup 

lines) 

 0.8 µA Stop mode + RTC + 8 KB 

RAM retention 

 139 µA/MHz Run mode at 32 MHz 

 3.5 µs wakeup time (from RAM) 

 5 µs wakeup time (from Flash) 

Core: ARM®32-bit Cortex™-M0+ with 

MPU 

 From 32 kHz up to 32 MHz max.  

 26 DMIPS peak (Dhrystone 2.1) 

Reset and supply management 

 Ultra-safe, low-power BOR 

(brownout reset) with 5 selectable 

thresholds 

 Ultralow power POR/PDR 

 Programmable voltage 

Memories 

 Up to 64 KB Flash with ECC 

 8 KB RAM 

 2 KB of data EEPROM with ECC 

 20-byte backup register 

 Sector protection against R/W 

operation 

LCD Driver for up to 8×28 segments 

 Support contrast adjustment 

 Support blinking mode 

 Step-up converted on board 

Rich Analog peripherals (down to 1.8 V) 

 12-bit ADC 1.14 Msps up to 16 

channels 

 12-bit 1 channel DAC with output 

buffers 

 2x ultra-low-power comparators 

(window mode and wake up 

capability) 

Up to 24 capacitive sensing channels 

supporting touchkey, linear and rotary 

touch sensors 

7-channel DMA controller, supporting 
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detector(PVD) 

Clock sources 

 1 to 24 MHz crystal oscillator 

 32 kHz oscillator for RTC with 

calibration 

 High speed internal 16 MHz 

factory-trimmed RC (+/- 1%) 

 Internal low-power 37 kHz RC 

 Internal multispeed low-power 65 

kHz to 4.2 MHz RC 

 Internal self calibration of 48 MHz 

RC for USB  

 PLL for CPU clock 

Pre-programmed bootloader 

 USART, SPI supported 

Development support 

 Serial wire debug supported 

Up to 51 fast I/Os (45 I/Os 5V tolerant) 

ADC, SPI, I2C, USART, DAC, Timers 

8x peripherals communication interface 

1x USB 2.0 crystal-less, battery charging 

detection and LPM  

2x USART (ISO 7816, IrDA), 1x UART 

(low power) 

2x SPI 16 Mbits/s 

2x I2C (SMBus/PMBus) 

9x timers: 1x 16-bit with up to 4 channels, 

2x 16-bit with up to 2 channels, 1x 16-bit 

ultra-low-power timer, 1x SysTick,1x RTC, 

1x 16-bit basic for DAC, and 2x watchdogs 

(independent/window) 

CRC calculation unit, 96-bit unique ID 

True RNG and firewall protection 

All packages are ECOPACK®2 
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Appendix B: Specifications of the ARM 
mbed LPC11U24 Development Board 

Development Board 

Features 

 NXP LPC11U24 MCU 

o Low power ARM® Cortex™-M0 Core 

o 48MHz, 8KB RAM, 32KB FLASH 

o USB Device, 2xSPI, I2C , UART, 6xADC, GPIO 

 Prototyping form-factor 

o 40-pin 0.1" pitch DIP package, 54x26mm 

o 5V USB, 4.5-9V supply or 2.4-3.3V battery 

o Built-in USB drag 'n' drop FLASH programmer 

 mbed.org Developer Website 

o Lightweight Online Compiler 

o High level C/C++ SDK 

o Cookbook of published libraries and projects 

Microcontroller  

Following are excerpts from LPC11U2x’s datasheet. 

General description 

The LPC11U2x are an ARM Cortex-M0 based, low-cost 32-bit MCU family, designed for 

8/16-bit microcontroller applications, offering performance, low power, simple instruction 

set and memory addressing together with reduced code size compared to existing 8/16-bit 

architectures. 

The LPC11U2x operate at CPU frequencies of up to 50 MHz. 

Equipped with a highly flexible and configurable Full-Speed USB 2.0 device controller, 

the LPC11U2x brings unparalleled design flexibility and seamless integration to today’s 

demanding connectivity solutions. 

The peripheral complement of the LPC11U2x includes up to 32 kB of flash memory, up to 

10 kB of SRAM data memory and 4 kB EEPROM, one Fast-mode Plus I2C-bus interface, 

one RS-485/EIA-485 USART with support for synchronous mode and smart card 

interface, two SSP interfaces, four general-purpose counter/timers, a 10-bit ADC (Analog-

to-Digital Converter), and up to 54 general-purpose I/O pins. 
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Features and benefits 

 System: 

o ARM Cortex-M0 processor, running at frequencies of up to 50 MHz.  

o ARM Cortex-M0 built-in Nested Vectored Interrupt Controller (NVIC). 

o Non-Maskable Interrupt (NMI) input selectable from several input sources. 

o System tick timer. 

 Memory: 

o Up to 32 kB on-chip flash program memory.  

o Up to 4 kB on-chip EEPROM data memory; byte erasable and byte 

programmable. 

o Up to 10 kB SRAM data memory. 

o 16 kB boot ROM. 

o In-System Programming (ISP) and In-Application Programming (IAP) for 

flash and EEPROM via on-chip bootloader software. 

o ROM-based USB drivers. Flash updates via USB supported. 

o ROM-based 32-bit integer division routines. 

  

o Standard JTAG (Joint Test Action Group) test interface for BSDL 

(Boundary Scan Description Language). 

o Serial Wire Debug. 

 Digital peripherals: 

o Up to 54 General-Purpose I/O (GPIO) pins with configurable pull-up/pull-

down resistors, repeater mode, and open-drain mode.  

o Up to 8 GPIO pins can be selected as edge and level sensitive interrupt 

sources. 

o Two GPIO grouped interrupt modules enable an interrupt based on a 

programmable pattern of input states of a group of GPIO pins. 

o High-current source output driver (20 mA) on one pin. 

o High-current sink driver (20 mA) on true open-drain pins.  
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o Four general-purpose counter/timers with a total of up to 5 capture inputs 

and 13 match outputs. 

o Programmable Windowed WatchDog Timer (WWDT) with a dedicated, 

internal low-power WatchDog Oscillator (WDO). 

 Analog peripherals: 

o 10-bit ADC with input multiplexing among eight pins. 

 Serial interfaces: 

o USB 2.0 full-speed device controller.  

o USART (Universal Synchronous Asynchronous Receiver/Transmitter) with 

fractional baud rate generation, internal FIFO, a full modem control 

handshake interface, and support for RS-485/9-bit mode and synchronous 

mode. USART supports an asynchronous smart card interface (ISO 7816-

3). 

o Two SSP (Synchronous Serial Port) controllers with FIFO and multi-

protocol capabilities. 

o I2C-bus interface supporting the full I2C-bus specification and Fast-mode 

Plus with a data rate of up to 1 Mbit/s with multiple address recognition and 

monitor mode.  

  

o Crystal Oscillator with an operating range of 1 MHz to 25 MHz (system 

oscillator). 

o 12 MHz high-frequency Internal RC oscillator (IRC) that can optionally be 

used as a system clock. 

o Internal low-power, low-frequency WatchDog Oscillator (WDO) with 

programmable frequency output. 

o PLL allows CPU operation up to the maximum CPU rate with the system 

oscillator or the IRC as clock sources. 

o A second, dedicated PLL is provided for USB. 

o Clock output function with divider that can reflect the crystal oscillator, the 

main clock, the IRC, or the watchdog oscillator. 

  

o Integrated PMU (Power Management Unit) to minimize power 

consumption during Sleep, Deep-sleep, Power-down, and Deep power-

down modes. 
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o Power profiles residing in boot ROM provide optimized performance and 

minimized power consumption for any given application through one 

simple function call. 

o Four reduced power modes: Sleep, Deep-sleep, Power-down, and Deep 

power-down. 

o Processor wake-up from Deep-sleep and Power-down modes via reset, 

selectable GPIO pins, watchdog interrupt, or USB port activity. 

o Processor wake-up from Deep power-down mode using one special 

function pin. 

o Power-On Reset (POR). 

o Brownout detect with four separate thresholds for interrupt and forced reset. 

o Unique device serial number for identification. 

o Single 3.3 V power supply (1.8 V to 3.6 V). 

o Temperature range -40 °C to +85 °C. 

o Available as LQFP64, LQFP48, TFBGA48, and HVQFN33 packages. 

 



77 

Appendix C: Specifications of the 
SIM908 GPRS/GPS Module 

Folowing are information from SimCom Wireless Solutions Co., Ltd acquired at 

http://wm.sim.com/producten.aspx?id=1024, accessed on 12.04.2014 

SIM908 module is a complete Quad-Band GSM/GPRS module which combines GPS 

technology for satellite navigation. The compact design which integrated GPRS and GPS 

in a SMT package will significantly save both time and costs for customers to develop 

GPS enabled applications.Featuring an industry-standard interface and GPS function, it 

allows variable assets to be tracked seamlessly at any location and anytime with signal 

coverage. 

 

 

General features  

•Quad-Band 850/900/18001900MHz  

•GPRS multi-slot class 10  

•GPRS mobile station class B  

•Compliant to GSM phase 2/2+  

  -  Class 4 (2 W @ 850/900 MHz)  

  - Class 1 (1 W @ 1800/1900MHz)  

•Control via AT commands (GSM 07.07 

,07.05   and SIMCom enhanced AT 

Commands)  

•SIM application toolkit  

•Supply voltage range: 

  -GPRS: 3.2 ~ 4.8 V  

 -GPS: 3.0 ~ 4.5V  

•Low power consumption 

•Dimensions: 30*30*3.2mm 

•Weight: 

  - SIM908:5.2g  

  - SIM908-C:11.1g  

•Operation temperature:  

  -40 °C to +85 °C 

 

Specifications for SMS via GSM / GPRS  

•Point-to-point MO and MT  

•SMS cell broadcast  

•Text and PDU mode  

  

Specification for GPS 
•Receiver type  

  - 42-channel  

  - GPS L1 C/A code,  

  - High-performance STE engine   

•Sensitivity  

  - Tracking:   -160 dBm  

  - Cold starts :           -143 dBm  

•Time-To-First-Fix    

  - Cold starts:           30s (typ.)   

  - Hot starts:   1s (typ.)  

•Accuracy  

  -Horizontal position : <2.5m CEP  

•Power consumption (GSM engine in idle 

mode)  

  - Acquisition           77mA  

  - Tracking   76mA 

Interfaces  

•80-pad with SMT type  

•Interface to external SIM 3V/ 1.8V  

• Dual analog audio interfaces  

•SPI interface  

•RTC backup  

•Charge interface  

•A serial interface and a debug interface 

for  GSM/GPRS 

•Debug interface for GPS NMEA 

information output 
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Specifications for audio  

•Tricodec  

  - Half rate (HR)  

  - Full rate (FR)  

  - Enhanced Full rate (EFR)  

•Hands-free operation  

•Echo cancellation  
  

Specifications for data transfer  

•GPRS class 8/10: max. 85.6 kbps 

(downlink)  

•PBCCH support  

•Coding schemes CS 1, 2, 3, 4  

•CSD up to 14.4 kbps  

•USSD  

•Non transparent mode  

•PPP-stack  

•Integrated TCP/IP stack 

  

Compatibility  

•AT cellular command interface  
  

 

•Two separate antenna connectors for 

GSM/GPRS&GPS  

Certifications 
•CE 

•ROHS 
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Appendix D: SIM908 Developers 
Board’s Electrical Schematic 

 

 

Figure Appendix D-1 Electrical Schematic of SIM908 Developers Board.
40

 

 

 

 

 

                                                 

40
 Source:  https://www.futurashop.it/Allegato_PDF_IT/7100-FT971.pdf (accessed 26.04.2014) 
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Appendix E: SIM908 Expansion 
Shield’s BOM and Electrical Schematic 

Bill of Material (BOM) 

R1: 5,6 kohm 

R2: 3,3 kohm 

R3: 4,7 kohm 

C1: 100 nF 

C2: 470 µF 25 VL 

C3: 100 nF 

C4: 470 µF 16 VL 

C5: 47 pF 

C6: 47 pF 

C7: 47 pF 

C8: 47 pF 

C9: 47 pF 

C10: 47 nF 

C11: 470 µF 16 VL 

C12: 100 nF 

U1: 7805 

D1: 1N4007 

D2: 1N5819 

CRTC:  0,1F low profile 
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Electrical Schematic 

 

Figure Appendix E-1: Electrical Schematic of SIM908’s Expansion Shield
41

 

 

 

 

 

                                                 

41
 Source: https://www.futurashop.it/Allegato_PDF_IT/7100-FT1075K.pdf  (accessed on 26.04.2014) 
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Appendix F: Overview of Hardware 
Components Pin Connections 

Table Appendix F-0-1: Overview of Hardware Components Pin Connections 

SIM908 

Development 

Board 

Power Supply and 

Extension Shield 

LPC11U24 MCU 

Development board 

Potentiometers 

(Sensor 

Simulators) 

Pin 

name 

Pin 

number 

Pin 

name 

Pin 

number 

Pin 

name 

Pin 

number 

Pin 

name 

Pin 

number 

VCC 17 and 

19 

No pin  

4,8V 
     

DTR 10 No pin 

GND 
     

LED 3       

ON/OFF 1 ON/OFF 13 ON/OFF 21   

STATUS 16 RST 15 RST 22   

TXD 12 TXD 8 RXD 10   

RXD 14 RXD 10 TXD 9   

  5V 2 VIN 2   

    VB 3   

    VOUT 40 VIN 3 

    AIN 18,19 

and 20 
AOUT 2 

GND 18 and 

20 
GND 6 GND 1 GND 1 
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Appendix G: Overview and Description 
of AT Commands Used 

Following are excerpts from SIM908 AT command Manual 

General Commands 

Table Appendix G-0-1: AT commands to check the module is connected and if it is registered on a 

network. [29, p. 76] 

AT Command Description 

AT – Module Connection Test 

AT Returns the string “OK” if the GSM module is connected 

AT+CREG – Network Registration 

Test Command 

AT+CREG=? 

Returns a list of result code presentations in a string format: 

“+CREG: (list of supported <n>s). Where: 

<n>  0 Disable network registration unsolicited result  

  code 

 1 Enable network registration unsolicited result  

  code 

 2 Enable network registration unsolicited result  

  code with location information 

AT+CREG? 

Returns the status of result code presentation and an integer 

which shows whether the network has currently indicated the 

registration of the MS: +CREG:<n>,<stat>. Where: 

<stat> 0 Not registered, MS is not currently  

   searching a new operator to register to. 

  1 Registered, home network 

  2 Not registered, but MS is currently  

   searching a new operator to register to. 

  3 Registration denied 

  4 Unknown 

  5 Registered, roaming 

 



86 

GPS Commands 

Table Appendix G-0-2: AT commands to control the GPS module and get a fix location. [29, p. 221] 

AT Command Description 

AT+CGPSPWR – GPS Power Control 

Test Command 

AT+CGPSPWR=? 

Returns a list of supported modes in a string format: 

“+CGPSPWR: (list of supported <mode>s). Where 

<mode>  0 GPS power supply = off (default) 

  1 GPS power supply = on 

Read Command 

AT+CGPSPWR? 

Returns a string containing the current value of the GPS 

Power Control Pin: “+CGPSPWR:<mode>”. 

Write Command 

AT+CGPSPWR=<mode> 
GPS power control ON/OFF 

AT+CGPSRST – GPS Reset Mode 

Test Command 

AT+CGPSRST=? 

Returns a list of supported modes in a string format: 

“+CGPSRST: (list of supported <mode>s). Where 

<mode>  0 reset GPS in cold start mode; 

  1 reset GPS in hot (autonomy) mode 

Cold mode = TTFF = 30 second (typical) 

Hot mode: TTFF = 1 second (typical) 

The cold start mode is recommended for first time reset by 

manufacturer. 

Read Command 

AT+CGPSRST? 

Returns a string containing the current value of the GPS 

Reset mode: “+CGPSRST:<mode>”. 

Write Command 

AT+CGPSRST=<mode> 
GPS reset mode control 

AT+CGPSINF – Get Current GPS Location Data 

Test Command 

AT+CGPSINF=? 

Returns a list of supported modes in a string format: 

“+CGPSINF: (list of supported <mode>s). The SIM908 

supports 8 modes, and each mode has different information. 

The mode used for this project is: 

<mode>  2 Fix Information (GPGGA) 
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Write Command 

AT+CGPSINF=<mode> 

Returns the current successful GPS location information in a 

string format. This command should be executed after the 

GPS locating successfully. 

AT+CGPSSTATUS – GPS Status 

Test Command 

AT+CGPSSTATUS=? 

Returns a list of supported modes in a string format: 

“+CGPSSTATUS: (list of supported <mode>s). Where 

<mode>  “Location Unknown” if GPS is not found 

  “Location No Fix”  after GPS is run, and  

      haven’t fixed 

  “Location 2D Fix” after GPS status is 2D  

      fixed 

  “Location 3D Fix” after GPS status is 3D  

      fixed 

   

Read Command 

AT+CGPSSTATUS? 
Returns string containing current status 

 

GPRS Commands 

Table Appendix G-0-3: AT commands to connect to the GPRS network to send acquired data. [29, p. 

160] 

AT Command Description 

AT+SAPBR – Bearer Settings for Applications Based on IP 

Test Command 

AT+SAPBR=? 

Returns a list of supported modes in a string format: 

“+SAPBR: (0-5),(1-3),”ConParamTag”,   

     ”ConParamValue”  
Parameters: see Write Command 
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Write Command 

AT+SAPBR= 

<cmd_type>, 

<cid> 

[,<ConParamTag>, 

<ConParamValue>] 

Set bearer settings for application based on IP and, open 

or close connections. Also get bearer info. If: 

<cmd_type>=2 then it returns:  

+SAPBR:<cid>,<Status>,<IP_Addr> 
<cmd_type>=4 then it returns: 

+SAPBR:<ConParamTag>,<ConParamValue> 
 where: 

<cmd_type> 0 Close bearer 

   1 Open bearer 

   2 Query bearer 

   3 Set bearer parameters 

   4 Get bearer parameters 

   5 Save values of to NVRAM 

<cid>   Bearer profile identifier 

<Status>  0 Bearer is connecting 

   1 Bearer is connected 

   2 Bearer is closing 

   3 Bearer is closed 

<ConParamTag> 
   “CONTYPE” “CSD” , “GPRS”  

   “APN” Access point name 

   “USER” User name string, max 50 

char 

   “PWD” Password string, max 50 

char 

<ConParamValue> 
   Bearer parameter value 

<IP_Addr> The IP address of bearer 

This command is applied to activate some applications 

such as HTTP and FTP. 

AT+HTTPINIT – Initialize HTTP Service 

Test Command 

AT+HTTPINIT=? 
Returns the string “OK” if successful 

Execution Command 

AT+HTTPINIT 

Returns the string “OK” if initialized 

HTTPINIT should be executed first to initialize the 

HTTP service. 

AT+HTTPTERM – Terminate HTTP Service 

Test Command 

AT+HTTPTERM=? 
Returns the string “OK” if successful 
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Execution Command 

AT+HTTPTERM 
Returns the string “OK” if terminated 

AT+HTTPPARA – Set HTTP Parameters Value 

Test Command 

AT+HTTPPARA=? 

Returns a list of parameters to be set in a string format: 

+HTTPPARA:”HTTPParamTag”,”HTTPParamVal

ue” Parameters: see Write Command 

 

Read Command 

AT+HTTPPARA? 

Returns a string with set parameter values: 

+HTTPPARA:<HTTPParamTag>,<HTTPParamVal

ue> Parameters: see Write Command 

 

Write Command 

AT+HTTPPARA= 

<HTTPParamTag>, 

<HTTPParamValue> 

Sets parameters to inputted values. Returns the string 

“OK” if successful. Parameters: 

<HTTPParamTag> 

 “CID”  (Mandatory Parameter) Bearer 

identifier 

 “URL” (Mandatory Parameter) HTTP client 

   URL 

 See more in official Manual. 

< HTTPParamValue> 

 HTTP Parameter value. Type and supported 

 content  depend on related <HTTPParamTag>. 

AT+HTTPACTION – HTTP Method Action 

Test Command 

AT+HTTPACTION=? 

Returns a list of possible inputs in a string format. 

+HTTPACTION:(0-2) 

 

OK 

Write Command 

AT+HTTPACTION=<Metho

d> 

Return a string if successful on the format: 

+HTTPACTION: 

<Method>,<StatusCode>,<DataLen), where 

<Method>  0 GET 

   1 PUT 

   2 HEAD 

<StatusCode> 200 OK 

   400 Bad Request 

   403 Forbidden 

   404 Not Found 

   See whole list in official Manual 
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Appendix H: GPS Fix Data String 
Information (GPGGA) 

 

Table Appendix H-0-1: GPS Fix Data String Information (GPGGA) 
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Appendix I: Original Time Schedule 

 


