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  ABSTRACT

The following work presents the study and development of a 
meteorological  measurement  station  adapted  to  be  lifted  on 
board  an  unmanned  air  vehicle  (UAV).  A  direct  sensor  to 
microcontroller  interface  is  used  on  the  main  measurement 
board to probe all  the meteorological parameters through an 
assembler  code.  Data  is  then  sent  via  radio  signal  to  the 
ground base board which in turn decodes and processes data 
with  Labview  software  to  present  it  to  the  user  in  a 
understandable way. As the system is meant to be adaptable to 
the  user  necessities,  a  complete  study  of  possible  design 
alternatives and future improvements is also provided. 
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 ABSTRACT

El proyecto  presentado a continuación muestra las fases de 
estudio  y  desarrollo  de  una  estación  de  mediciones 
meteorológicas capaz de ser integrada en un vehículo aéreo 
no  tripulado  (UAV).  Se  ha  empleado  para  ello  una  interfaz 
directa  sensor-microcontrolador  en  la  placa  principal  de 
medición, que obtiene los valores a través de un procesador 
programado en código ensamblador para luego enviarlos a una 
estación en tierra. Los datos se reciben en un segundo modulo 
que decodifica y procesa la transmisión mediante Labview para 
presentarlo al usuario de una forma clara y entendible. Puesto 
que  el  sistema  esta  diseñado  para  ser  adaptable  a  las 
necesidades del  usuario,  se incluye  a su vez un estudio de 
alternativas de diseño y posibles ampliaciones futuras.
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 1 INTRODUCTION AND OBJECTIVES 7

 1 INTRODUCTION AND OBJECTIVES

In 2005, professors Ferran Reverter and Ramon Pallàs  from Instrumentation, 
Sensors and Interfaces Group (Escola Politecnica Superior de Castelldefels – 
UPC)  published  a  method  for  the  direct  implementation  of  sensor  to 
microcontroller circuit devices for different applications [1]. 

This method not only significantly reduced the quantity of components needed 
to perform sensing measurements but also offered the possibility of using low 
power sources to work with the sensors.

In a field of work like the one of aeronautics, where autonomy and weight are 
critical the implementation of this system could lead to important benefits in the 
global reduction of mass to be lifted. 

This  work  aims  to  explore  the  possibilities  of  these  type  of  interface  in 
applications for the aeronautical industry, namely the UAV, to see if it's viable to 
use this methods on board and which benefits could we get from it. 

For  this  reason  this  project  aims  to  create  a  measuring  sensor  platform, 
composed of  a  temperature,  a pressure and a relative  humidity  sensor  that 
could be carried on board of a UAV selected for this purpose.
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Definition of Objectives

This  project  consists  in  a  flying  unit  capable  of  carrying  a  meteorologic 
measurement  system,  proving  this  way  its  ability  to  adapt  to  the  different 
sensors that can be needed to carry on board.

For this motive, the main limitation is weight: It's a strict necessity due to fact 
that it will be on board of a flying apparel that the sum of power, electronics and 
movement system is small  enough for the total  to be lifted without  affecting 
notably the aircraft in flight performance. This is the most critical requisite for the 
development of our project.

In a second order of things we want to achieve a minimum power consumption . 
As  it  is  a  remote  controlled  flying  object,  it's  important  to  allow the  maxim 
autonomy of  the aircraft  to  allow long period  operations  without  refilling the 
battery system.

Based on this we can deduce that to cover the weight requirements we need 
the lighter power source we can find. Batteries and circuit boards will  be the 
denser and more critical mass loaded components in the system so we have to 
aim for a low powered electronic based on a minimum component premise. 
Small components will allow us to reduce the board size to the minimum, not 
only reducing weight but allowing easier assembly on the UAV.

Aside from this requirements, the objective is to introduce a small measuring 
method with the capability of easily allowing sensor and magnitude exchange 
within the system. Thus the system sensors can be modified by the user to 
perform different measures with little variations in the program code.
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 2 PRELIMINAR STUDIO  

For this work we decided to center in the measurement system implementation, 
so the flying unit used will be an already operative model in witch we can add 
the measurement board we design. For this reason the first step will be to take 
a look at the UAV's as a whole. Understand witch are their purposes and witch 
are their limitations, and then proceed to select one witch better fits our needs.

 2.1 Vehicle Studio

Unmanned  Air  Vehicles  (UAV)  have  been  study  of  several  researches 
worldwide  due  to  the  important  improvements  they  could  ensure  to  a  wide 
range of applications. Here we will  analyze the basics of  UAV's and see the 
most suitable for the project we are about to develop.

 2.1.1 Definition of UAV

We shall define UAV as an aerial vehicle capable of taking flight and performing 
air performances according to its mission without any kind of on board crew. It's 
important to note that this does not imply the  UAV is self sufficient and thus 
pilots, controllers or any other crew can still  be operating the aircraft from a 
ground  base.  Based  on  this  UAV's  can  be  further  divided  in  two  classes: 
autonomous or non-autonomous UAVs.

Autonomous  UAV's  are capable of performing their intended mission without 
assistance and for this purpose are equipped with very precise positioning and 
guidance systems as an on board priority computer that controls the general 
performance of the vehicle. This kind of vehicles are more precisely defined by 
the word Autonomous Aerial System (AAS). 

Non Autonomous UAV's always depend on a ground base for maneuvering and 
positioning and have to keep constant contact with the pilots based there, thus 
a good communication system is critical for their operation. Shall be noted that 
AAS are not always fully autonomous and may require a pilot for landing or take 
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off  and  in  any  case  they  are  not  exempt  of  a  base  ground  surveying  the 
operation.

 2.1.2 Applications  

UAV's as a whole present some capabilities witch are of great use in many 
fields of  work. They are not limited by human physical needs and as such their 
flight endurance is only limited by the actual power autonomy the system can 
provide to stay in flight. For this reason endurance is very dependent on the 
kind of UAV and the powering system used. This means that UAV's powered by 
regenerative  power  sources  -as  for  example,  solar  powered  UAV's  -  are 
technically capable of flying forever. 

Also,  the  lack  of  a  physical  pilot  makes  UAV's  the  top  option  for  high  risk 
missions  or  potentially  dangerous  flights  with  risk  for  both  personnel  and 
equipment, either be it military strike forces or rescue and support missions in 
dangerous zones. This also sums to the fact that as they are unmanned they 
can fly at flight levels were legislation does not permit usual flight thus excelling 
at surveillance and control missions.

For this reason UAV's were originally developed with an important investment 
by the military industries as surveillance, reconnaissance and support units. In 
the military ranks most designs were turned into UCAV (Fig 2,1) (Unmanned 
Combat Aerial  Vehicles) – loaded with tactical  missiles for  surgical precision 
missions behind enemy lines, were the extreme risk limited the possibility to 
send more expensive gear or valuable soldiers. This UCAV's have already seen 
combat in many conflicts in the middle east during the last years with proved 
success, despite the lack of actual war legislation that covers its status – as 
they can not be officially considered combatants for the lack of pilot . 

Despite the actual interest on developing civilian  UAV models, the investment 
on actual civilian production is very low and there is long way to overcome in 
order to get meet the minimum standards for a true UAV manufacturing industry 
to be viable.  
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Fig 2,1: Military purpose UAV – Font: Tactical Aerospace Group  

Later  years  have  seen  a  rise  of  UAV utilization  as  agriculture  support  in 
fumigation, irrigation and plague control, as well as in the cinema industry to get 
video coverage from places would be difficult  to obtain with regular traveling 
cameras,  but  most  of  these are  models  specially  designed to  execute  their 
designed tasks instead of mass produced vehicles.

 2.1.3 Types of UAV 

UAV's, as aircrafts can be subdivided in various categories depending on their 
type of lift. 

•A fixed-wing aircraft (Fig 2,2) is an aircraft whose lift is generated by forward 
motion through the air. Fixed wing aircraft such as planes are maybe the most 
common due to its upper end speed and ability to climb up to higher altitudes 
than any of the other aircraft types and carrying in the process a quite important 
amount of payload - depending on its final effective weight - without altering too 
much its flying performances. 
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Fig 2,2: Fixed Wing UAV – Font: Defense Industry Daily

They  are  pretty  stable  also,  made  to  withstand  strong  wind  currents  and 
adverse meteorological conditions, witch also turns out to be its main drawback 
as excessive stability caps maneuverability and limits their uncertainty area1 to 
a forward arc. This also implies not only being completely unable of performing 
a vertical  take off but also requiring a considerable free distance in order to 
attain speed enough to lift from the ground. 

•Rotorcraft  -  or  rotatory wing aircraft  -  use a spinning rotor with  winged like 
blades  to  provide  lift.  Rotatory  wing  aircraft  such  as  copters  provide  better 
maneuverability  at  expense  of  higher  self-stability.  This  means  additional 
computerized efforts to keep the aircraft balanced during flight.  Despite they 
cannot fly as fast or as high as fixed wing aircrafts, they can succeed in vertical 
take offs an stationary flight, witch is their main advantage.

•Rotorcraft  can  be  also  subdivided  into  various  subtypes  depending  on  the 
quantity of rotating helix used to obtain lift. Being helicopters, with just one helix, 
the most common choice due to their speed and high altitude attainable, they 
can easily withstand air currents if they are not excessively strong so they are 
best suited to operate outdoors.
 

•Quad-rotors (Fig 2,3), on the other hand, are a kind of aircraft designed with 
the  UAV concept in mind: They can mostly provide the same advantages as 
helicopters but they can't fly as fast or as high. Instead, they are designed for 
more  stable  and  controlled  flights  and  are  best  suited  to  operate  in  indoor 
spaces  rather  than  on  the  outsides  where  they  will  be  too  fragile  to  stand 
against wind currents. 

1 Defined as the area that a moving object could occupy an instant after the measure is taken, just 
depending of its own moving pattern.
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Fig2,3: DraganFlyer Quad Rotor  – Font: DraganFly

•Aerostats (Fig 2,4), be it blimps or balloon, use buoyancy to float in the air in 
much the same way that ships float on the water. Their main feature is a large 
balloon or container,  filled with  a relatively low density gas such as helium, 
hydrogen, or hot air, which is less dense than the surrounding air. When the 
weight of this is added to the weight of the aircraft structure, it adds up to the 
same weight as the air that the craft displaces. 

Fig 2,4: Surveillance UAV Blimps scout for illegals on the US borders – Font:  
Defense Tech

Aerostats, like rotorcraft, are also capable of vertical take offs and stationary 
flight,  but due to their nature they are slow, difficult  to maneuver and bulky. 
Despite that, being lighter than air airships grants them an outstanding flying 
time endurance, being able to remain flying for much more time than any other 
UAV with much less amount of power or fuel. This however is also their main 
flaw as makes them very vulnerable to winds when flying outdoors and radically 
caps their payload limits.
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 2.1.4 Choosing an UAV

Based on this considerations we can see that the process of choosing a UAV is 
not a trivial matter as no model exceeds any other in all its characteristics. All 
have their specializations and are best suited for performing different tasks. For 
this reason is up to the requirements of the mission to select the UAV that best 
fits the mission objectives. The following table shows a brief resume of the main 
advantages and flaws of each type of  UAV, as studied by the  UAV research 
division of the Robotics and Cybernetics Group of the UPM [4]. 

Characteristics Helicopters Fixed wing Aerostats Quad-Rotors

Stationary Flight *** N **** ***
Speed *** **** * **
Maneuverability *** * * ****
Autonomy ** *** **** *
Resistance to 
external 
perturbations

** **** * **

Auto-Stability * *** **** **
Vertical flight **** * ** ****
Possible Payload *** **** * **
Interior Flight ** * *** ****
Flight Ceiling ** **** *** *
Legend:

N – Not Capable / * - Poor / ** - Average / *** - Good / **** - Optimal 

Table 2,1 UAV's classification by performances in flight  – Font: UPM

For this project we have to take some other considerations when choosing the 
UAV. As our main purpose is to take clear air measurements during flight, the 
best option to perform our first tests is to choose a model which performance 
does not alter excessively the air flux nor its parameters.

Thus  the  aerostat  would  be  the  best  option  for  the  initial  testings  as  its 
movement is slow and flows within the global air mass, so the parameters will 
not  vary  much   .  Once  guaranteed  the  correct  operation  in  the  aerostat  is 
achieved, further development can be done to adapt the system to the other 
types of UAV's. 
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 2.2 Design Alternatives and Component Study

 2.2.1 Direct Sensor to Microcontroller Interface Method 

 
There  are  two  main  known  methods to  obtain  data  from sensors  without  a 
tension output: Through the use of an A/D converter, which is the conventional 
method,  or  a  sensor-microcontroller  direct  interface  circuit,  this  last  system 
being researched on this university.
The classic system, using an A/D  converter, consists in measuring the output 
tension signal resulted from the sensor adaptation through the converter, from 
which we'll obtain a digital signal ready to be processed and send.
In  the  other  hand,  the  sensor-microcontroller  direct  interface  system  works 
based on the RC circuit principles. A RC circuit is created were the sensor is 
one of either the resistor or the capacitor.A tension is the applied to fully charge 
the capacitor and then the component is discharged while the microcontroller 
measures its discharging time  (τ), 

=R∗C∗ln  Vcc
Vth

 (2,1)

Where Vcc is the charging tension of the capacitor and Vth is the threshold of the 
microcontroller's Schmitt trigger.
Based  on  this,  the  ADC based  system  presents  two  main  problems  to 
overcome:

l Adds additional consumption to the measuring station and usually increases 
the power supply needed. Although the additional active components are now 
being powered by 3 V, they usually use a 5 V supply, this means that powering 
them  to  a  lesser  input  voltage  we  effectively  reduce  its  operational 
specifications.
l Requires a higher powered input than the microcontroller, usually 5 V or 
higher. This option adds extra weight of the additional batteries and increases 
the system power consumption as a whole, which is just the opposite of what 
we are trying to obtain.

The advantage of this method is that it's way more simple to adapt and grants a 
very high resolution rate when taking the measurements. This also allows to 
better adjust the rank to values that best fit  the necessities of the operating 
user.
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The  sensor-microcontroller direct interface method, on the other hand, offers 
the  option  of  prescinding of  all  this  external  elements  and  the  extra  power 
consumption  they  generate.  As  everything  gets  reduced  to  RC  circuits 
composed  of  passive  elements.  They  can  be  powered  directly  from  the 
microcontroller pins, which is most time set to low power mode while it's waiting 
for the interruption flags of the charging and discharging process. 

Even though measures can be improved through better calibrations to obtain up 
to 14 bits of precise data [3] the main inconvenient for this method is still the 
accuracy  of  the  measures,  which  is  limited  by  the  clock  frequency and the 
capacitors used. But the clock must be the same for each measure despite the 
sensors  being  different  and  even  conditions  our  data  sending  frequency. 
Additionally,  this  both elements limit  even more our  needs as they are non 
regulable components that we can only use with prestablished values.

 2.2.2 MSP 430 and Other Microprocessing Units

The microprocessing unit chosen to measure and process the measures before 
the  sending  procedures  was  the  MSP430  (Fig  2,5)  of  the  American 
manufacturer Texas Instruments.

Fig2,5: MSP420f1232 pin configuration as detailed on its data sheet. – Font:  
Texas Instruments



 2 PRELIMINAR STUDIO 17

We needed a processor with at least 8 GIOP, implemented timer functions and 
a minimum of 16 bits - This will allow us up to 65000 counting with a 2 MHz 
external clock – and a USART or UART port for data transmission. A minimum 
consumption is also a must to reduce battery weight and increase autonomy 
time.

We noticed that all  the microprocessor manufacturers had a large variety of 
microcontrollers which share the same specifications with direct competitors . 
Even though, the MSP430 series from Texas Instruments is widely known for 
having  the lowest consumption rate among microcontrollers. This was the main 
reason for choosing the MSP430. Also, until recently the MSP family was the 
only one that had inbuilt Schmitt  triggers which are a main necessity for the 
method we are going to work with. 

The MSP 430 f1232 model requires a 3 V input, lower than the usual 5 V  most 
microcontrollers  share  -  although most  manufacturers are now making 3 V 
microcontrollers) – a USART, a total of 22GIOP – Two of which are part of the 
USART and another from the ADC – a 16 bit timer and a clock input for external 
clocks.  It also can be programmed easily by the addition of a JTAG (Fig 2,6) in 
the board which will  allow the user  to tune the processing software  to  their 
liking.

Fig 2,6: Jtag conector and JTAGto Usb FET simulator. – Font: Cool  
Components
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 2.2.3 Study of Sensors and Applications

The three main sensor  types we can find in electronics were  chosen to  be 
carried on board. Thus we have selected a resistive sensor, a capacitive sensor 
and resistance bridge based one. This way we ensure the system is prepared to 
work with any kind of simple analogical sensor with no voltage output could be 
easily  implemented  without  further  modification  fo  the  electronics  on  the 
measurement board Notice also that some sensors with a tension output could 
also be measured if the internal circuit  is known, as in the resistance bridge 
case
This way, the temperature sensor depicts the resistive example. In this case, a 
PT1000 (Fig 2,7) with its data range spanning between -50 ºC and 550 ºC and 
an resolution ranging from a decimal and a centesimal degree. 

Fig 2,7: PT1000 sensor, from ATEXIS

The pressure sensor is the one chosen to exemplify the resistor bridge case. 
This is why we used the 26PCDFA2G from Honeywell (Fig 2,8), which have a 
resistor bridge inside with a R0 of 5000 Ω and a range of 30 psi –(2068 mbar) – 
and a  sensitivity  of  11  mV/psi,  but  without  any other  main  value  nor  given 
calibration .

Fig 2,8:  26PCDFA2G  from Honeywell

Finally, the humidity sensor was selected to depict the capacitive sensor, but 
had to be changed in later stages of the project for the tension output sensor 
HIH4000 (Fig 2,9) by Honeywell manufacturer. This sensor provides a tension 
output  ranging  from 0,958  to  3,6  V  when  powered  to  a  5  V  source  which 
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measures  between  5  % and 100 % of  Relative  Humidity  with  a  3,5  % RH 
resolution. 

Fig 2,9: Humidity sensor HIH4000 from Honeywell

 2.2.4 Software

As our system bases in direct measure from the sensor to the microcontroller, 
the assembler programing language was found the most useful in front of the 
more  common  and  user  friendly  C.   Assembler  offers  a  more  direct  and 
insightful control over the different parts and components of the microcontroller 
thus allowing for precise tunning and specific direct orders not possible with C 
language.  Total and direct access to the timers,  ADCs, USART or interrupts 
allow us to have total control and access and simplifies the whole programming 
process.

Despite we were already familiar with C which could lead to a faster project 
development for the lack of necessity of learning a new language, the function 
oriented language of C has prestablished instruction sets that would make very 
difficult  to  obtain  the  correct  discharge  timings  for  the  sensors  and  which 
instructions we couldn't control as they are hidden to the user.  

For the user interface and data reception we decided to use Labview 8.5 from 
National Instruments, due to its easiness in data reception through serial port 
and  future  data  treatment.  The  program  is  widely  used  in  electronic  and 
instrumentation  ambits  and  allows  us  to  convert  the  resulting  program in  a 
executable file  that can be used from any computer with a graphical front panel 
as more object oriented programming software such as Visual.
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 2.2.5 Camera and Video Capture

A WS-007 video camera, powered by a 9 V source was used due to its small 
size – 18x18 mm – and reduced weight – just 8,4 g –. Comparatively speaking, 
there were more interesting models, which provided better video quality – This 
camera is too sensitive to excessive lumens – or smaller sizes and weights, but 
the price payed for the difference in high so it should be studied if better models 
can be implemented in the future.

 2.2.6 Serial and Parallel Sending

For the data sending and acquisition we found two viable options to operate 
between the microcontroller and the Labview software: Parallel communication 
through a DAQ device (Fig 2,10) or serial, through the RS232 serial port on the 
computer.

Fig 2,10:  U-DAQ parallel sending data acquisitor  – Font: Eagle Technologies

In the first steps of the project, the parallel sending was the most appropriate 
due to the following:

l From the microcontroller,  sending data in parallel  mode is as easy as to 
assign a port to the registry of measured data, thus each pin acts as a data bit 
and the process is easy to implement in assembler.
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l From  Labview,  having  already  installed  the  µDAQ drivers  from  Eagle 
Technologies the process was simply to connect each of the sending data pins 
to  the  respective  inputs  of  the  data  acquisitor  which  will  in  time  return  the 
precise value of the measurement.
This allow us to begin showing the measurement's data in Labview, doing a first 
step of data processing and see where the measurement's are being well done 
or not. 

Despite the simplicity for giving and receiving data, the following difficulties had 
to be overcome:

l  Thought only one byte can be sent simultaneously in parallel method by 
both the microcontroller and the acquisitor, the data should be split in 2 bytes to 
be sent. This  makes the data acquisition and its processing more difficult, as 
opposite to serial data sending.

l Complex sending protocols have to be established and the data has to be 
send leaving enough time for Labview to acquire it, identify it, process it and 
then take on to  the  next  one.   This  shouldn't  be much of  a  problem if  the 
microcontroller was based ground next to the DAQ but as we have to transmit 
data in serial mode anyways due to the communication system and is not viable 
to  implement  a  receptor  in  the  UAV to  establish  a two  way communication 
system with the Labview we are forced to discard this possibility.

For  this  reason the transmission gets limited to use exclusively  serial  mode 
sending through the RS232 port through a serial connector (Fig 2,11), for which 
Labview offers driver  support,  and that can operate with  the microcontrolled 
implemented USART. To operate this way we only need to assign a register to 
the transmission buffer and keep sending it at the desired frequency – which 
must be a fraction of the used clock frequency ( 1, 1

2 , 1
4 , 1

8 ).
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Fig 2,11:  Female to Female RS232 serial connector  – Font: Simple Sat
This way the microcontroller to antenna connection is straightforward.  Longer 
data chains can be sent and even additional characters can be added for further 
identification of the measurements, in a simpler way.

On the reception side, data has only to be sampled from the RS232 port and 
through Labview work with the received character chains. After that searching 
for the previously stablished parameters within the chain and later segmentation 
into  working  blocks  is  easy  to  do  in  within  the  Labview software.  The  only 
additional component to introduce is a RS232 serial data converter - which we'll 
talk about later – that converts our data to the correct tension for the RS232 port 
to read it. 

This  way  the  microcontroller can  keep  sending  data  independently  and  the 
receiving module will just take the data chains process it and get new ones as 
soon as it finishes showing the previous to the user.

It's important to notice that the parallel sending has been chosen only as a first 
step  implementation  to  begin  the  data  representation  without  the  additional 
handicap of the RF transmission  like data loss, synchronization, and so on.

For a mobile flying unit like ours, the best method is serial sending based on a 
simple modulation of data signal and with a ground receiving station with no 
further requirements. 
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 2.2.7 Selecting the Transmission Band

For this Project we can not freely operate in any RF band we chose. We are 
bound to operate according to the radio regulations that limit the free use of the 
frequency bands.

The Radio Regulations – a international treaty subscribed by the members of 
the World Radiocommunication Conferences. – states the frequencies with are 
of free public use for all the subscriber countries [5].

The ISM bands (Industrial,  Scientific  and Medical)  do not  require  license to 
operate in and are mainly characterized to have a bad propagation. As it’s a 
frequency of public use it’s critical that the transmission does not excessively 
interfere with other transmissions in the same band. 
The  Radio  Regulations  establish  the  tolerance  ratio  that  other  devices  that 
operate in the band must have to prevent ISM intrusions and also establish the 
limitations for ISM users to not interfere with licensed frequency bands. The ISM 
bands are for this reason limited to a total power of less than 10 mW which 
results in an effective range of approximately 100 m of free air space.

For  this  project  we  will  use the 433.92 MHz band,  a  band exclusive  of  the 
Region 1 as stated in the Radio Regulations – Region 1 being the one that 
covers Europe, Africa, the Middle East and a great part of Asia.
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 2.2.7.1 Transmission Components

As the measurement module will be on board of the unmanned  UAV and the 
user has to be capable of seeing the results from a ground base, a low weight 
transmission system must be implemented. 

Fig 2,12:  C-0503 Emitter – Font: CEBEK 

We  will  use  a  C-0503  emitter  from  CEBEK  (Fig  2,12),  a  small  and  thin 
component that works on a 433,92 MHz frequency and can be powered by a 3 
V  to  5  V  source.  This  will  allow  us  to  share  the  source  with  the  other 
components in the airborne module.

Fig 2,13:  C-0504 Receiver – Font: CEBEK 

The  reception  will  be  provided  by  the  C-0504  from  CEBEK  (Fig  2,13),  a 
component  with  similar  weight  and size  and designed to  work  at  the  same 
frequency as the C-0503. C-0504 has a power input of 5 V and provides a 
quadratic signal on the output for optimum digital processing.
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 3 DESIGN  

Through this section we will cover the process of design of the various modules 
of the system- both hardware and software - and provide an in-depth idea of 
which were the procedures followed to create the program codes for both the 
program languages as well  as review the disposition of the hardware on the 
boards in order to optimize them for minimum space and weight.

In  the  following  page  you  can  see  a  diagram  of  the  whole  system  once 
implemented.
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Fig 3,1:  System Diagram.
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 3.1 Hardware

 3.1.1 Measurement System

As  was  previously  mentioned  the  selected  method  to  perform  the 
measurements  consists  in  a  direct  interface  between  the  sensor  and  the 
microcontroller through a RC circuit. Taking in account that each sensor has its 
specific  necessities,  different  circuits  had  to  be  designed  for  each  of  the 
different systems.

 3.1.1.1 Temperature Measurement

We  will  measure  the  discharge  time  of  a  RC  circuit  (Fig  3,1)  where  the 
resistance  is  variable  and  stands  round  the  1000  Ω  value  standard  for  a 
PT1000 component. The circuit works as follows:

We have a lone capacitor charged through a small impedance resistor – For 
this case this should be represented by a 100 Ω resistance – enough time to 
consider it fully charged. Once the charging process ends, we will switch the pin 
I/O configuration for the capacitor to discharge through our sensor while we set 
the  charging  pin  as  an  interrupt  flag  in  descending  flank.  When  the 
measurement  in  the  flag pin  falls  below the  Schmitt  trigger  tension  value  – 
Being that value Vth  = 12 V – we will obtain the time used for the discharge of 
the capacitor and for extend the temperature value (Fig 3,1).

Fig 3,2:  Temperature measurement model. 
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So with a discharge time being: 

t=R∗C∗ln Vcc
Vth

 (3,1); 

where t stands for the value of clock counts measured, C the capacitors value 
for  charging  and  discharging,  Vcc the  capacitor  maximum  tension  value  – 
established by the charging pin, the same powering the microcontroller 3 V – 
and Vth the aforementioned threshold value that ranges between 1,2 V and 1,3 
V which we measured to the exact value of 1,2 V.

From here, all that is left is to find R – the sensor resistance – in order to obtain 
the temperature. So we will proceed as follows:
 

R= t

C∗ln  Vcc
Vth

 (3,2)2; 

Rt=10001T  (3,3)3; 

and thus: 

T= Rt−1000
1000∗ (3,4);

 3.1.1.2 Pressure Measurement

Pressure, for the fact of being also a resistive circuit works basically the same 
way as the temperature system. The same process used for temperature must 
be replicated again for each of the three different outputs of the resistive bridge, 
for we will charge and discharge the capacitor obtaining the different discharge 
timing for each of the bridge branches (Fig 3,2).

2 Where t depends only in the number of the timer counts divided by the clock's frequency
3 As stated by the sensor manufacturer, being =0,00385 /º C
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Fig 3,3:  Pressure measurement model.

Knowing the pressure sensor works under the following statements (Fig 3,3):

Fig 3,4:  Pressure sensor model. 

We can find three discharge times corresponding (and proportional) to: 

• 1:  R0 1x ∥R0 3−x  ;  (where  R0 3−x   is  the sum of the 
other three resistances in the bridge)

• 2: R0 1−x ∥R0 3 x ;

• 3: The parallel  equivalent of  the four resistances of the bridge, 
which corresponds with R0. 
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Thus, we obtain: 

x= t1−t2
t3 (3,5);

At this point, the manufacturer's data sheet only provides the pressure based on 
the tension output for a sensor powered to a 5 V input, so we had to adapt this 
value in function of the variation of x, which we knew. 
Knowing: 

Vcc=5V ;
And applying the Ohm law we obtain: 

Vs=10x ;
Thus if sensibility is 11mV/psi: 

P=110x ;  
Where P is measured in psi and x in mV

 3.1.1.3 Humidity Measurement

Humidity  measure was originally set to be similar but using a capacitive sensor 
instead, being the sensor the one that actually gets charged and discharged in 
specific times. This method however presented some serious impediment while 
we worked on it: Capacity on the sensor ranged from measures of barely 1 pF 
so the system was very susceptible of capacitive interferences due to the nature 
of the rest of the circuit (Fig 3,4).

Fig 3,5:  Relative humidity measurement model.
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For this reason we had to chose to take the measure using the classical method 
(Fig  3,5),  connecting  a  voltage  output  sensor  to  the  microcontroller's  A/D 
converter.  Due  to  the  value  and type  of  the  MSP and the  humidity  sensor 
impedances, a conditioning was necessary.  To resolve this charge effect we 
used  an  operational  amplifier  connected  to  give  gain  of  1  to  adapt  the 
impedances without affecting the measurement's quality. 

Fig 3,6:  Conventional sensing method 

In order to get an output response in the measuring range of the  ADC,  the 
sensor is powered with only 4,5 V so the output tension at 100 % is 2,87 V. This 
also influenced badly our resolution which have changed to about 3,5%. 
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 3.1.2 Data Transmission and Reception

For  data  transmission  and reception  both  C-0503 and C-0504 models  from 
CEBEK  manufacturer  where  used.  This  components  operate  in  a  free 
transmission band of 433,92 MHz and are powered to a 5 V power source. Our 
microcontroller's USART emits a monopolar signal, returning to zero, with a 3 V 
upper limit that the emitter can  interpret and sent with a power ratio ranging 
from 7,5 to 10,5 dBm.  

The receiver receives the signal through a ¼ λ antennae and then sends it to 
the MAX 233 which will translate the signal to the appropriate power values to 
send it through the RS232 port to the PC.

 3.1.3 Other Components

 3.1.3.1 RS232 Multichannel Driver/Receivers: 

In  order  to  provide  a  correct  serial  communication  between  the  receiving 
module and the base computer where the main software will be executed, we 
need a way to transform our analog signal into a serial signal that the RS232 
port can read. 

Most manufacturers, as ST, Texas Instruments or Maxim provide a wide range 
of  multichannel  drivers  that  operate  at  low  voltage  range,  and  offer  minor 
differences between them with little price difference. For this project we used 
Maxim's MAX233 for a simple matter of immediate availability. 

MAX233 is a low power 16 pin chip from Maxis manufacturer to enable serial 
communications through a RS232 port. As it's powered through a 5 V power 
supply is a very useful option for battery powered systems like the one we are 
developing and they not require any other external components for its correct 
functioning thus minimizing space and weight in the printed board. its operative 
temperature ranges from 0 ºC to 70 ºC so it will be strongly recommended to 
the user to keep the receiver module in a warm place independent of the sensor 
emitting module.
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 3.1.3.2 Power Regulator 

As some components need to be powered to specific voltages that can't  be 
obtained from an external battery, power regulators were to be implemented on 
the boards in order to obtain fixed power inputs. Most of the models out on the 
market  provide  a  good  tolerance  margin  on  the  fixed  power  and  a  good 
protection against short circuit and thermal overloads.  For this project we used 
a TS7800 from TSC manufacturer (Fig 3,6) but a wide range of linear power 
regulators is available from different manufacturers

Fig 3,7:  TS7800 Power Regulator. Font: TSC.

 3.1.3.3 Instrumentation Amplifier

To solve the problems presented by the connection of the humidity sensor we 
were in need of a instrumentation amplifier, the prerequisites of which were the 
following:

· Low power source and consumption.
·  Possibility  to  provide  a  gain  of  1  –  This  was  in  order  for  the  A/D 

converter in the MSP to receive values between its tolerance range and not 
saturate the port.
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Fig 3,8: INA144 size comparison. Font: West Florida Components.

Mostly  every manufacturer  provides  a range of  instrumentation  amplifiers  to 
match this needs, namely the INA114 (Fig 3,7) series by Texas Instruments, the 
AD623 series by Analog Devices are the most widespread due to its price and 
technical  capabilities  that  allow  them  to  work  well  with  low  level  signals 
providing an ideal 0 offset from the original signal. 

Due to a matter of availability and time we chose the AD623 for this purpose, as 
the other Amplifiers available at the moment offered a minimum gain of 5 which 
was too much for our needs. The AD623 (Fig 3,8) is a 8 pin chip that can be 
short circuited between the reference pins in order to provide Gain 1 with no 
added offset signal which output can be directly connected to the MSP once 
divided by a resistant divisor. 

Fig 3,9: AD623 Pin Configuration. Font: Analog Devices.
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 3.1.4 Circuit Board Design, Distribution and Dimensions

As stated  previously,  the  two  different  hardware  modules  (both  emitter  and 
receiver)  have different  specifications and requisites  when  mounted into  the 
final printed circuit board. In the next section we will cover the process of design 
and crafting of the circuit boards and the programs used to do it.

 3.1.4.1 Pin to Pin Design

The first stage of the design was done by implementing the circuits previously 
studied on an electronic drawing software. In this case we chose P-Cad 2002, 
as we will later convert the schematic files generated by the Schematic program 
into detailed netlists to use on PCB.

 3.1.4.2 Emitter Board 

The main considerations on the emitter board (Fig 3,9) were the following:

• Humidity sensor was to be powered to 4 V.

• MSP was to be powered to 3 V

• Sensor  had  to  be  placed  in  the  external  parts  of  the  board, 
allowing to use them as probes that could span from the board to 
any desired measure place. 

• A JTAG connection was to be implemented on the design in order 
to allow the user to modify the MSP software without the need of 
an external component.

In  the  figure  we  can  see  how the  pressure  and  temperature  sensors  were 
disposed to the right side of the processor, in order to have an easy connection 
with  the  ports  that  operate  them.  The  humidity  sensor  was  placed  to  the 
furthermost left of the MSP in order to give some space for the A/D converter 
and the tension divisor.   

A power regulator was used in order to ensure both tensions levels needed for 
the module: the board will be powered through a 4,5 V input that will also be 
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redirected to power the humidity sensor while a power regulator obtains from it 
a  3  V  output  to  power  the  processor  and  the  emitting  component.  Power 
components were placed in the upward zone thus ensuring that they will not 
intertwine with the sensors and preventing from power interferences on nearby 
components. 

Fig 3,10: Emitter Board with provisional battery power supply

The JTAG connection was left to the uppermost part of the board, as most of its 
connections were on the upper side of the MSP, also the size of the JTAG line 
was wide enough to be very difficult to be placed in any other part of the board 
and it  has to be placed were  the user  can easily plug or unplug the JTAG 
without harming nearby components.

For the emitter component, it was decided to be placed in the furthest place 
possible from the power supply in order to prevent any type of interference in 
the signal. The pin configuration of the MSP also facilitated this task as this 
general considerations seems to apply also to the internal pin disposition of the 
processor. 
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 3.1.4.3 Receiver Board

Component disposition in the receiver board (Fig 3,10) was far more easy to the 
inferior number of components. The only thing that conditioned the board was 
the amount of space required by the RS232 plug, which takes nearly half of the 
final  board space, and which was decided to be left  on the right side of the 
board for easiness of connection.

Fig 3,11: Receiver Board with plugged RS232 serial connector

In this case the central component of the board was the MAX233 and the rest of 
the components were placed around: The receiver component was decided to 
be put on the lower part of the board in order to keep it away from the power 
source, but in the final stages of the board design we noticed that moving the 
receiver to the left side of the MAX233 allowed us not only to reduce the width 
in an appreciable amount but also spared us one side of copper pour in the top 
plane of the board as no connections where to be done.
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 3.2 Software

 3.2.1 Capture and Sending Data System: IAR Embedded 
Workbench

This section will cover the the programming codes used to obtain data from the 
sensors through the method explained before. 

 3.2.1.1 Microprocessing Unit Software

The assembler code designed to run the MSP430 was implemented with IAR 
Kickstart  Embedded  Workbench  –  A  development  tool  provided  by  Texas 
Instruments specially to work with their products -. It's a simple step by step 
application that  runs through all  the measurement  modules and stores data 
retrieved from the sensors for later sending.

First, upon initialization, a complete reset of the processor data is done to then 
proceed with a setup of the watchdog timers ans oscillator flags, giving a timed 
margin to ensure start. Next the code enters the main loop which contains the 
calls to the different modules in order: temperature, pressure and humidity. With 
a final call for the R/F sending module before returning back to the temperature.

 3.2.1.2 Temperature and Pressure Modules

We will consider them together because they act the same due to the nature of 
the direct sensing system. The same module is replicated 4 times for each of 
the different pin setup combination for T and the different measures required to 
obtain P.   

First, a full reset of ports P1 and P2 is called to prevent errors acquired from 
previous readings, also setting them to high impedance to ensure no current 
goes through unwanted pins during the data acquisition process. Then we will 
proceed with the set up: The pin responsible for the capacitor charge will be set 
to positive output and timer counter will be set to a value previously calculated 
that ensures full  charge on the capacitor. Low power consumption mode will 
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then be activated and shall remain expectant to a flag from the timer when it 
reaches zero.

Once the low power mode ends discharging ports should be set as negative 
outputs and the interruptions for the probing pin shall be activated. Timer will 
then be set to 0 and low power mode will be recalled again. This time the flag 
will end the low power mode when the Schmitt trigger of the probing point gets 
to a negative value4, then saving the discharge time value of the capacitor in a 
separate register for later sending.

 3.2.1.3 Humidity Module

The humidity module is slightly different to the others due to the fact that in this 
case we receive a direct voltage value form the sensor instead of a discharge 
timing. This module makes use of the  ADC instructions of the MSP to obtain 
real time voltage data from the sensor.

The code starts by setting up the ADC and clearing previous data to ensure a 
fresh start of the measurement system. Timing interrupts are disabled and low 
power mode is activated. The sampling is set to obtain data from the pin where 
the sensor is connected and only the ADC can interrupt the process once the 
measurement is done. The value sampled by the  ADC will  be stored in the 
registers to be send later.

 3.2.1.4 Sending Module

The sending module has an important thing to take in account: Operates at a 
different  clock ticking that  the rest  of  the program.  While the main program 
operates under the 2 MHz oscillator timing the send module works on a 250 
kHz basis to meet the transmission requirements. Thus the setup will begin by 
initializing the  USART as well  as applying  a  divider  to  the  clock  to  get  the 
desired frequency. 

Next  the modulation is set  and the transmission begins as described in the 
transmission section. We have to be aware that the transmission command only 
sends the last byte of the register to the transmission port so a swap instruction 
must be implemented to send the full 2 bytes of data.

4 Set to descending flank.
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Once the  transmission  is  complete,  USART is  deactivated  and the  clock  is 
restored to its original 2 MHz value.

 3.2.1.5 Transmission Code

In  order  to  prevent  errors  a  code was  created  to  ensure  a  good  reception 
without the need of feedback to the emitter.

The final code will be a string created through ASCII characters that goes as 
follows:

“DATA:TTTxxPPPxxQQQxxRRRxxCCCxx”

The first DATA: prevents from a late synchronization error to ignore the first 
values on the string, this gives us a 5 value margin of error before the real data 
to start. From there on sequence of three  letters and  two symbols repeats for 
each of the sent parameters. 

The letters are repeated three times in order for the receiving program to detect 
them as the header of the correspondent value. It's to be noted that the ASCII 
symbols that follow the headers may coincide with any of the letters assigned to 
the headers, thus the repetition to ensure that the header is not mistaken by the 
actual values.

 3.2.2 Receiving and Processing Data System: Labview

This section explains the code used to sample data from the serial port for later 
processing with was implemnted with the Labview software.

data:TTTxxxxPPPxxxxQQQxxxxRRRxxxxCCCxxxxEND
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 3.2.2.1 Labview Implementation

The  receiver  software  interface  has  been  implemented  through  the  use  of 
Labview  8.5.  Labview  is  a  visual  programming  language  used  for  data 
acquisition, instrument control, and industrial automation developed by National 
Instruments. The program allows the user to create programs based on data 
flow rather than structural sequential instructions. It works on a programming 
language called G which executes a node or instruction whenever all required 
data is available. It also simultaneously creates a visual console for the users to 
work with, which allows a more elaborate design of the user interface. 

 3.2.2.2 Block Diagram

The block diagram is where the real  functions and program code lie and is 
where all data is processed and executed. The whole code is included within a 
while  loop condition in order to keep the program running until a specific stop 
order from the user through a front panel command.

Inside the loop we can find for one side the main program and a secondary 
subprogram that makes an outside call to execute a video capture program5.  

The main block diagram is modularly divided in 3 main sections.

A reception block sets the reception parameters that can be outside modified by 
the user to his needs: the user can adjust here the baud rate, the data bits to be 
read, specify the number of parity and stop bits in case they are implemented 
and choose the port where they will  be receiving the transmission. Once the 
setup is done data is sent to a time off counter in order to clear the buffer   from 
previous program runs. Data is then received from the serial  port  through a 
VISA read function which reads all data in the buffer and keeps a count of the 
bits to inform the user in case data is not being received.  

The gathered string is then sent  to the data retrieval block. Here the bit string 
received will be sorted to find the string codes that precede the sent data6 and 
in case of correct coincidence it will proceed to extract the two following ASCII 
symbols and decode it to numerical values that can be sent to the processing 
block.  The  data  processing  block  will  retrieve  the  numbers  and  apply  the 

5 Refer to the Video Capture section for more information.
6 See Transmission code
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formulas calculated during the calibration process to obtain the expected values 
of T, P and RH. 

In the subsequent blocs the program will  limit the results to those inside our 
data range - to prevent value peaks from incurring into errors -  and will create 
an array with the values stated as correct. The data in this array will be then 
added  up  to  obtain  its  average  value  thus  adjusting  the  results  to  prevent 
repetitiveness errors.

Once data is finally sorted and processed it will be presented to the user both in 
numeric values and graphical indicators for an easy visualization. Furthermore, 
additional post processing can be added easily in the Labview interface to allow 
the user to see and save historical readings of the system for later use or share 
this data through the Internet, allowing to be accessible anywhere for further 
control.

 3.2.2.3 Front Panel

The front panel it's the part of the program the user sees and thus is meant to 
be intuitive  and with   easily  accessible  and clear  info.  For  this  purpose we 
decided to divide the front panel in two tabs: 

• User Tab: The first one, which opens at program startup, contains 
only  the  data  results  from  the  sensors,  presented  in  both 
numerical  and  graphical  displays  according  to  the  parameters 
shown (thus presenting a thermometer for T, a barometer for P 
and  a  Hygrometer  for  H).  The  User  tab  also  contains  the 
commands to call the video  capture program and to activate the 
program shutdown7. 

• Developer Tab: The second tab contains additional controls for a 
more experimented user  that may like to tune the program to his 
needs.  Thus  the  options  for  the  VISA  read  acquisition  are 
selectable here and some info is displayed for user convenience: 
Input hexadecimal strings from the serial port can be visualized 
and  the  number  of  bits  is  displayed  in  the  lower  corner.  Also 
analog V at the entrance of the MSP's A/D converter is displayed 
to ensure proper functioning of the humidity sensor.

7 Note that program shutdown is not an interrupt and it's necessary for the program to finish the while 
loop to perform the actual closing. For more info refer to the Block Diagram entry in this same 
section.
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 3.3 Video Capture 

The initial idea of the project reserved some space for the later implementation 
of an on board video capturing device such as a micro camera, able to transmit 
real time video signal to the user. This was implemented in the later stages of 
the  process  and  for  such  reasons  is  not  fully  optimized  for  the  required 
necessities,  thus  resulting  in  a  considerable  weight  increase  and  a  bulky 
reception system.

This system comprises the following hardware components:

• A wireless micro camera model WS- 007A  with an Omnivision 
chip powered by a 9 V battery mounted on board of the UAV.

• An  AV  Radio  Receiver  with  frequency  tuner  and  video  output 
powered by a 9 V input.

• A video digital converter8 from Dazzle with USB output.

Software implementation was originally intended to be done through the IMAQ 
Video application provided by National Instruments as an upgrade module for 
Labview. The video image was to be captured by the IMAQ application and then 
displayed to the user in real time allowing the user to further process this image 
through the IMAQ processing tools included in the upgrade. 

This however turned to be non viable due to the IMAQ application recognizes 
only  camera  devices  connected to  the  computer  and thus  not  detected  the 
video digital input from the converter as a valid camera signal. For this reason a 
second option  was  taken in  order  to  provide  the  user  with  real  time video: 
implement an execution call on Labview allowing the user to open the Moviestar 
application, provided by Dazzle,  to capture and save videos from the digital 
converter. Once the video was saved as file, the program should allow the user 
to process it through the IMAQ application.

8 Dazzle DVD Creation Station 200
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Fig 3,12: Moviestar capture front panel

This was also not possible to the fact that the only output video format allowed 
by Moviestar (Fig 3,11) is based on MPEG files while IMAQ only works with AVI 
files so we had to renounce to the video post processing and leave it  as a 
further  and  later  development  once  we'd  be  able  to  find  the  appropriate 
components and software. 
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 3.4 UAV Implementation

Fig 3,13: Blimp's sky deck with three independent rotors

In order to control  the  UAV movements with  a single interface, the Labview 
program was modified to hold a control panel in the user's Tab which controls 
the 3 rotors on our aerostat (Fig 3,12). 

To make this control interface we had to change the mechanical switches which 
where  originally  in  the  remote  controller  of  the  aerostat  for  a  Toshiba's 
TC4053B. This is a microchip with built in switches that we could control via 
Labview using a data acquisitor from National Instruments. 

This way,  we have all systems on our  UAV controlled by a single and  user 
friendly application so the UAV can operate and data be obtained without from 
just one laptop PC without the needs of any more ground based components 
but the receiver. 

The controller sends the control signals by the 49 MHz band in the ISM free 
band, so it does not interfere and it's not interfered by the Sensing Module nor 
the camera. 
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 4 RESULT ANALISIS  

This section will cover an in-depth insight to the process of calibration to obtain 
the most precise results as well as measuring the accuracy and error margins 
the system offers for the different measures in different operating conditions. 

 4.1 Calibrations

In order to obtain the more precise values for each of the sensors, calibrations 
were made once the system was fully implemented.  This section will explain 
the calibration methods applied as well as the lab instrumentation that was used 
to obtain precise measurements witch we could use to compare. 

 4.1.1 Temperature Calibration

Temperature calibration was performed through the 9102S Handheld Dry-Well 
Calibrator from Hart Scientific (Fig 4,1). It provides a calibration range of -10 ºC 
to 122 ºC with a resolution of 0,1 degrees. In order to perform the calibrations, 
the PT1000 had to be mounted inside a probe to be able to fit on the dry-well.  

Fig 4,1: 9102S Handheld Dry-Well Calibrator from Hart Scientific
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Calibration  was  done  by  measuring  the  results  provided  by  the  system  in 
response to variations of 10 degree intervals ranging from -10 ºC to 50 ºC inside 
the well. For each value, we measured the resistance equivalent to the clock 
counts performed by the microcontroller and compared them with the theoretical 
value of stated in the PT1000 data sheet. The temperature value obtained after 
Labview processing – With unitary gain and null offset – was also measured 
and compared to the well temperature.

In  the  table  below  we  can  see  the  actual  values  obtained  through  the 
calibration.  For  each  of  the  aforementioned  temperatures  we  can  see  the 
theoretical resistance value of the PT1000 for that given point compared with 
the real resistance value an the subsequent temperature given by the sensor 
before the calibration. 

Table 4,1: Comparison of Theoretical and Experimental values of the PT1000 

As  the  PT  1000  is  stated  by  the  manufacturer  to  be  a  linear  variation 
component, a linear regression line was obtained from the 7 points from which 
data was probed. From this linear regression we obtained the following gain and 
offset values:

T Offset=−14,739

T Gain=1,0152

This values will be implemented on the correction block of the Labview software 
in order to obtain more precise values from the sensor.

Once  corrected  the  offset  added  by  our  measuring  method9,  applied  the 
regression line and calculated the average value of our measurements we set a 
resolution of 0,2 ºC due to the accuracy obtained, making it also 0,2 ºC. 

9

-10,00 961,50 961,34 -10,04
0,00 1000,00 1000,00 0,00
10,00 1028,50 1037,42 9,72
20,00 1077,00 1075,46 19,60
30,00 1115,50 1113,51 29,48
40,00 1154,00 1151,14 39,26
50,00 1192,50 1189,18 49,14

Theoretical T Value (ºC) Theoretical R Value (Ω) Experimental R Value (Ω) Experimental T Measure (ºC)
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Notice that the errors obtained were of the same order as the accuracy of the 
PT1000 sensor - 0,07 ºC in front of the 0,03 ºC offered by the sensor - and that 
this repeatability would be produced mainly due to delayed timer startup and set 
off times after the Schmitt-Trigger is activated. 
Notice the time in the measurements averages around 0,75 ms , which is a low 
refresh rate, and after the 10th iteration this rises to 7,5 ms, enough to make 
good measurements in real time. 

 4.1.2 Humidity Calibration

The humidity calibrations were obtained through the use of saline dissolutions 
with specific RH values for a set temperature. This dissolutions are part of a set 
for calibrating the DO-9406 Thermo hygrometer and the HD-8501-S probe from 
Delta Ohm (Fig 4,2) that were also used during this calibration. This thermo 
hygrometer  offers an operative measurement range from 5% to 90% with  a 
accuracy of ±2.5  % as stated by the manufacturer.

Fig 4,2:  DO-9406 Thermohygrometer and HD-8501-S probe by Delta-Ohm

The humidity sensor was mounted in a probe and then introduced in each of the 
three solutions, ensuring it was closely sealed before performing the measure.

Three solutions were used: 

•A Lithium Chloride solution. With a RH 11,3% at 20ºC

•A Magnesium Chloride solution. With a RH of 33,0% at 20ºC

•A Sodium Chloride solution. With a RH of 75,4% at 20ºC 
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At the moment of the calibration an additional measure of the solutions was 
made with the thermo-hygrometer to ensure the humidity of the was the one 
stated.  Important variations were appreciated on the lithium and magnesium 
solutions,  ranging up to  the 3,30 % of RH and even worse,  as the Sodium 
Chloride solution was totally wasted providing measurements of total saturation 
in both the thermo-hygrometer and our sensor. 

For such reason we were forced to take an additional measures from outside 
the lab in a place protected from the wind to obtain a high RH value measure 
that we could use to do the three point calibration10. 

The table below shows the real Rh values of the solutions as were measured by 
the thermo-hygrometer, contrasted with the voltage input the MSP's ADC was 
receiving for that humidity value. 

Table 4,2: RH percentage of the solutions and fresh Air and its Voltage output  
from the sensor.

For  this  three  known  values  a  linear  regression  was  done,  resulting  in  the 
following values for gain and offset that were later implemented on Labview.
  

RH Offset=−65,46
RH Gain=69,11

From the aforementioned values we obtained an accuracy of  ±2,15 % RH. 
Having the resolution of the sensor as 3,5 % RH, the second is more restrictive 
and should be the one to be taken in account

Its important to notice that in this case, the humidity sensor when connected to 
the MSP430 microcontroller had its tension output fall down to 0 V. Thus an 
element  was  necessary  to  physically  separate  the  sensor  from  the 
microcontroller. 

10 RH inside the lab was too similar to the Magnesium solution to provide contrasting data.

RH (%)
12,8 1,15
36,3 1,56
60,5 2,16

Solution V
out

Lithium Chloride
Magnesium Chloride
Fresh Air
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We added an operational amplifier set to unitary gain, but this however added 
small attenuation of the signal, so our accuracy felt to 4,6 % RH For this reason 
a resolution of a 5 % RH was chosen for our system, forcing the accuracy to 5 
%. 

The original sensor to be used had a very limited response - in the order of 
picoFarads - which made the measure too sensitive to capacitive interferences 
of the same order and thus it  was difficult  to make a good measurement of 
humidity. 

Finally, it's important to notice that the calibration methods that were used with 
the relative humidity couldn't be considered totally reliable and was necessary 
to  calibrate  it  in  function  of  the  thermo-hygrometer   HD-8501-S,  which 
theoretically was calibrated by the above mentioned saline solutions. Thus we 
can only assure a correct humidity calibration respect the thermo-hygrometer, 
which was the only humidity measurement method available, at the time where 
calibrations were made. 

This means our accuracy and precision are strongly affected by the sensor's 
resolution and the scarce calibration means available, while the measurement 
method was good enough for not interfere the measurements. 

Must be noticed the difference between the temperature measurement using 
the  direct  sensor  to  microcontroller  interface  and  the  humidity's  using  the 
conventional measuring method in terms of time. The first measurement has 
been said to take about 0,75 ms to be obtained, while this last one lasts about 
35  µs.  This  is  due  to  the  ADC measurement  process  consists  in  a  simple 
comparison of  the  output  tension of  the  sensor,  which  lasts  about  70  timer 
counts with a frequency of 2 MHz, while for the direct interface method takes a 
longer time to charge and discharge the capacitor through the resistances. It's 
also important the fact that this time can be reduced by reducing the capacitor, 
which will  result in a decreasing resolution of the measurement. In the other 
side, this resolution can be increased again by faster external clocks. In our 
case, the clock was limited by the emitter,  which needed the data sent at a 
given frequency that could not be modified. 
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 4.1.3 Pressure Calibration

Pressure calibration was performed through the use of a Digitron P600 hand 
pump calibrator by instrumentations Ltd (Fig 4,3). This calibrator provides an 
operative range of 0 to 30 psi with a resolution of 0.05 % of the full scale. It's 
provided with a hand pump connected to a flexible plastic tube from where a 
probe can be fitted to obtain static pressure values.

Fig 4,3: Digitron P600 hand pump calibrator by instrumentations Ltd

We had to adapt the calibrator probe so it could fit  the sensor by heating it 
enough for its plastic to turn malleable and then forcing the sensor through to 
ensure the probe had the exact diameter of the sensor input, thus ensuring no 
pressure losses will happen during calibration. 

We proceeded to stabilize diverse pressure values on the Digitron and take 
measures of the 3 resistances of the bridge with a multimeter, obtaining the 
values shown in the table below. From those resistance values we could also 
obtain x based on formula 3,5.

Table 4,3: Resistance for the bridge branches for each pressure value and 
resulting x. 

A linear regression was performed to obtain thus the offset and gain for the 

Pressure (mbar) R1 R2 R3 x
32,00 9,7415E-004 1,2934E-003 9,7442E-004 -2,1336E-004
104,00 9,7525E-004 1,2940E-003 9,7415E-004 8,5306E-004
137,80 9,7525E-004 1,2926E-003 9,7359E-004 1,2810E-003
180,40 9,7525E-004 1,2926E-003 9,7277E-004 1,9214E-003
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experimental  value  of  x,  obtaining  more  precise  results  with  a  variation  of 
roughly the 1 %, despite this, once implemented on Labview we will  see the 
results varying up to the 10 % of the measure, both up and down the value so 
we had to upgrade the main calculations to wait up for 10 values instead of 5 to 
obtain  better  accuracy in  the final  results,  this  however  makes the program 
slower and laggy to show the measures, so further speed improvements should 
be made.

It's important to notice that the Digitron P600 measures only pressure variations 
respect a given pressure value – atmospheric pressure if no other pressure is 
applied in the sensor reference probe, which is our case -. For this reason an 
additional offset had to be applied on Labview to center the pressure variation 
measure over the real atmospheric pressure, based on UPC's internal web of 
meteorologic station measurements for Castelldefels (Fig 4,4) during a series of 
days. 

Fig 4,4:  UPC's Meteorologic control web.

The following are the final Offset and Gain values after all the process had been 
calculated:

P Offset=447,48
P Gain=62914,00

In this case, we had three measurements which were related to the pressure 
value as follows: 

P=K  t1− t2
t3

 (4,1);
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To obtain the pressure value measure in mbar (hPa), the constant K should be 
the gain value we calculated before. 

Thus a little change in any of the three time values or all of them at the same 
time would produce a calculated inaccuracy of about 38 mbar. 

Thanks to a proportional distribution of pressure values, inaccuracy  could be 
reduced  to  almost  ±5  mbar  making  an  average  of  the  last  10 
measurements,  which  at  the  same  time  improved  our  measurements  but 
slowed the measurement time, thus increasing the consumption of making a 
single measurement. 

In terms of time, a single measurement of pressure lasts about 4,5 ms (counting 
that pressure has in fact 3 real discharge time measurements). Compared to 
the 35 µs in the humidity module (based in the conventional measuring method 
using an ADC) it is really a slower measuring time. 

 4.2 Precision and Error Margins

Bearing in mind both the results of the calibrations and the inaccuracy of our 
method, the resolution and data range for the system will be set as follows: 

Table 4,4: Resolution and data range for the the sensing system.

As mentioned in  the previous  section,  the  fact  of  measuring with  the  direct 
sensor-to-microcontroller interface is not affecting our measuring quality as it 
does with the time it takes to carry out these measurements. 

An  important  point  has  also  been  the  sending  of  data  via  radio-frequency. 
Since, in the first testings, when using a direct wire connection of the USART to 
the MAX233 receiver port the data received were exactly the ones transmitted. 
when  the  CEBEK  antennas  were  added  the  Labview  interface  presented 
synchronization and loss of data problems. 

RH 5,00% 5 to 100%

Resolution Data Range
Temperature 0,2 ºC -30 to 60 ºC
Pressure 5 mbar 950 to 1050 mbar
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The  first  problem was  corrected  with  the  data  transmission  protocol,  which 
made the program keep waiting for readable data before interpreting any value, 
trying to make the process as fast as possible. 

The problem of loss of data has been almost solved making filters that eliminate 
incoherent data. Thanks to those filters, most false values were ignored and the 
average value was the best possible. In spite of this, when the failing bits were 
one or more out of the last nine transmitted, the filters had a good performance, 
since the data were out of range and easily recognizable but, when the values 
affected were in the first byte, it was the data average obtained that was more 
affected by the error, because the error could not be detected when passing 
through the range filter. We tried with more flexible filters, but their development 
was still beyond our knowledge and means.  

 4.3 Consumption, Autonomy and Environmental Impact

The  emitter  system  was  measured  with  a  multimeter  to  obtain  its  power 
consumption when in full operativeness – this is with all three sensors already 
working with its respective implementation methods and transmitting – and the 
result was a continuous consumption of 5400 µA. 

If we consider common batteries to supply an estimated amount of 1000 mAh, 
this means that our system could last operative for a time lapse of about 185 
hours  –  That's  about  a  week  of  continuous  operation  –.  Notice,  this  is  the 
autonomy of the measuring system itself, as real autonomy will also be capped 
by the actual flying autonomy of the UAV.

Being the power consumption very low and with no additional environmental 
impact other than the disposable batteries we can overall consider our project 
environmental friendly. Despite this, further improvements could consist on the 
implementation of a solar powered source of energy which would reduce even 
this impact to zero.
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 5 FINAL RESULTS, APPLICATIONS AND   
IMPROVEMENTS

 5.1 TECHNICAL SPECIFICATIONS

Emitter

Detailed Data Sheet
- Power Source: 4,5 V 

- Power Usage:  (µA) – 5400 µA
- Transmission Range: 250 meters aprox.  in clear air exteriors.
- Transmission Frequency: 433,92 MHz
- Output power range: 7,5 to 10,5 dBm
- Antenna: ¼ λ – 17,28 cm
- Dimensions: 4.7x4.6x1.5(2.5) – The second height value being in case the 
pressure sensor is directly connected to the board and not set as an external 
probe.
- Sensors:

Range Resolution Accuracy
Temperature (ºC) (-30 - 60) 0.2 ±0.2

Pressure (mbar) (950 - 1150) 5 ±5

Humidity (% RH) (5 - 100) 5,00% ±5



56                                             Sistema sensor dinàmic per mesura de paràmetres climàtics

- Circuits and connections: 

Fig 5,1: Emitter board electronics
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Fig 5,2: Emitter board top connections  

Fig 5,3: Emitter board bottom connections  
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Receiver

Detailed Data Sheet
- Power Source: 9 V
- Power Usage:  (uA) – 360 uA 
- Antenna: ¼ λ – Embedded on the receiver
- Sensitivity: 3 mV (-97 dBm) in the central frequency. 
- RS232 Data transmission frequency: 1200 bauds
-  Dimensions: 4.1x4.1(4.5) x1.8  - The second width value refers to the 0.4 
millimeter difference between the end of the actual board and the end of the 
RS232 plug that is outside the board in order to allow correct connection.
- Circuits and connections: 

Fig 5,4: Receiver board electronics
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Fig 5,5: Emitter board bottom connections
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 5.2 Operational Uses

Thanks to its light weight, our measuring system could be placed on board of 
any small  UAV devoted to take environmental measurements where mobility 
and a remote spacial control of this measurements are needed. As the aerostat 
was chosen to exemplify it on this first implementation, the main ambit of use 
would be indoor spaces with small wind draft.

Big industrial plants or hangars where preset paths can be set up would be 
easier  to  establish  a  fixed  pathway,  thus  having  a  few  specialized  mobile 
measuring stations instead of a big number of static  measuring probes. 

A perfect example of this would be supply station with big tanks, where it is 
always important to keep track of the temperature and/or relative humidity for 
security or surveillance. 

It's  easy  to  exchange  sensors,  make  it  worth  to  implement  in  this  field  of 
industry where chemical sensors applied for the measurement of the amount of 
ascending gases over the tanks could boost its surveillance accuracy. 

It could be easily implemented in other UAVs capable of flying outdoors, where 
its ambit of use would have a much wider coverage. 
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 6 CONCLUSIONS AND IMPROVEMENTS

 6.1 Conclusions

In  this  project  we  designed  a  non-autonomous  UAV capable  of  measuring 
environmental parameters during flight and able to be monitored from a ground 
base station. A video capture system was also implemented, allowing the user 
to survey the area during flight.

The sensors used were selected in a manner that allows the user to exchange 
with other sensors that share the same method of measurement. This mainly 
includes resistive,  capacitive and resistive  bridge sensors operating within  a 
sensor to microcontroller interface method. This was implemented ensuring to 
use the lowest weight and space to keep the influence of the system in the flight 
performance of the UAV to a minimum.

The  ground  station  provides  control  of  the  UAV and  also  features  the 
measurements  from a  single  application  and  can  also  call  for  a  secondary 
application that controls video capture.

After the development of the project we reached the following conclusions:

• We have implemented a low power consumption system based on the 
sensor  to  microcontroller  interface  where  the  sensors  can  be  easily 
replaced by any others with similar characteristics, thus allowing multiple 
purposes and uses for the UAV.

• The sensor to microcontroller interface offers better and wider range in 
exchange of considerably higher measurement response times.

• The system was developed with the capability to further improved by the 
user to meet its needs and for this reason the system offers: 

◦ Full  JTAG  connection  implementation,  which  allows  the 
microcontroller code to be modified by the user to configure the 
measuring modes to its necessities.
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◦ Developer Tab on Labview to survey the received data from the 
UAV and also select the transmission parameters as well as the 
gain and offset for the different measurements.

 6.2 Future worklines

Now we will cover the possible improvements that the system could get in future 
development stages as well as its operational possibilities. 

 6.2.1 Power System

Reducing weight of the power system by eliminating the battery supply could 
give the UAV an edge on flight performance. For this purpose other methods of 
power can be studied. Lithium batteries similar as those in the mobile phones 
are lighter than common batteries and slimer, so they can easily be mounted on 
the carcass of the measuring system to substitute the bulky 9 V batteries. 

Another  option  to  consider,  once  we  have  decided  to  operate  the  model 
outdoors, is a solar powered source. There are solar cell panels that provide a 3 
V output  and whose  weight  is  almost  null  in  comparison with  the  powering 
batteries in use currently. This could provide a good environment friendly way of 
powering our project and also limit its global weight.

Furthermore, the improvement of the RH measurement using the direct sensor-
to-microcontroller interface would reduce the power consumption to only 3 V for 
all the measuring system11 , what would bring with a considerable reduction in 
space. 

11 5 V will still be needed to power the emitter.
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 6.2.2 Video camera Implementation

Other video systems can be studied to find a camera system that allow us to 
operate  directly  in  AVI  files  in  order  to  work  with  the  video  applications  of 
Labview an allow video editing without requiring to leave the main program. If 
done like this the user could call  the video editing application from the main 
program and alter the video quality or  parameters from the main measuring 
program. 
 
Also a smaller camera could be found. The one being used is sure small but the 
unnecessary cables make it bigger than needed without any benefit from it, also 
adding additional unnecessary weight.

 6.2.3 Labview code improvements

 6.2.3.1 Data acquisition Speed Improvement

At the moment, the Labview program has a main flaw that is his lagging speed 
from the moment the measure is taken to the final main value of the measure is 
displayed to the user. This is due to the distribution of the Labview calls in within 
the program. As the programs gets data in parallel mode it has to wait for all 
data to be available for all the blocks to continue advancing.

The possibility is to experiment on a sequential reception code that processes 
the data one by one instead of simultaneously. This is not an evident upgrade 
as is yet to be seen if speed can be improved this way, but experimentation and 
timing can be made to see if it’s viable doing it this way.

 6.2.3.2 Data Post Processing

Further data post processing can be implemented in Labview to allow the user 
to:  keep track of  historical  measurement values and saving them into  coma 
separated value files for later use on other data processing software. Also the 
possibility to share the results by publishing on the internet is an option that 
opens a quite a range of possibilities for distant surveillance applications.
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 6.2.4 UAV Control Improvement

An automated control system based on a simple instruction programming could 
be implemented to allow the user to establish a constant path and an alarm 
system that allow the system to perform reconnaissance missions while being a 
fully self-sufficient station.

 6.2.5 Implementation in Other UAV

Despite the system has been tested in a blimp which movement is slow and has 
a low influence from the air flux, a study could be made to see if the system 
would be able to operate when on board faster UAVs capable of flying outdoors, 
and see if affects flying performances and how the measures are also affected.
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