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Overview 
 
 
This document specifies the design of a rangefinder to measure distances 
based on a PSOC (Programmable System-on-Chip) device of Cypress for two 
environmental applications: 
 

• Optimization of the addiction to the amount of product for the protection 
of plants during the growing season 
 

• Water level control for irrigation canals or water tanks 
 

The detection range is between 0.15 m and 1 m obtained through ultrasonic 
sensors, MA40B8S and MA40B8R, from Murata.  
 
Evaluation kit CY8CKIT-014 has been used in the the which contains PSoC 
CY8C5588AXI, both from Cypress, the last one is the most important 
component of the master, because on this device is set up, through PSoC 
Creator application, all the functions and objectives of the master. 
 
Giving more freedom in locating the rangefinder, it has been designed two 
prototypes: one which is the own rangefinder and another which receive the 
distance data, through wireless communication with AWP24S device from 
Artaflex, and send to a PC. Both designs are autonomous power supply 
through 9 V lithium batteries. 
 
Finally, it is implemented an application in LabView to represent graphically 
and store data in PC. 



 

A mis padres por su esfuerzo y 
a Anabel por su ayuda. 

 
A Gemma por su dedicación y soporte. 

 
Gracias a vosotros, ¡he podido realizarlo! 

 
 

 
 
 
 
 
 



 

ÍNDEX 
 

INTRODUCTION................................................................................................ 1 

CHAPTER 1. RANGEFINDER........................................................................... 3 

1.1 What is a rangefinder?...................................................................................................... 3 

1.2 Project Application............................................................................................................ 4 
1.2.1 Variable rate application of plant protection products ............................................ 4 
1.2.2 Water level control in canals and water tanks ........................................................ 6 

1.3 Limitations.......................................................................................................................... 7 
1.3.1 Distance.................................................................................................................. 7 
1.3.2 Sample rate ............................................................................................................ 9 
1.3.3 Supply system ...................................................................................................... 11 
1.3.4 Wireless communication....................................................................................... 11 

1.4 Used devices.................................................................................................................... 11 
1.4.1 Ultrasonic sensor.................................................................................................. 11 
1.4.2 Evaluation kit CY8CKIT-014................................................................................. 12 
1.4.3 Wireless Communication AWP24S of Artaflex..................................................... 16 

CHAPTER 2. DEVELOPED SYSTEM ............................................................. 17 

2.1 Introduction...................................................................................................................... 17 
2.1.1 Prototype 1: Rangefinder and Wireless transmitter.............................................. 17 
2.1.2 Prototype 2: Rangefinder, CyFi Receiver and Communication with PC .............. 19 

2.2 Ultrasonic Sensors.......................................................................................................... 21 
2.2.1 Distance measurement......................................................................................... 22 
2.2.2 Ultrasound transmitter excitation signal ............................................................... 23 

2.3 PSoC (Programmable System-on-Chip)........................................................................ 26 
2.3.1 Ultrasound transmitter excitation signal ............................................................... 27 
2.3.2 Receiver signal ..................................................................................................... 29 
2.3.3 Distance calculation.............................................................................................. 31 
2.3.4 Wireless Communication...................................................................................... 32 
2.3.5 Serial Communication .......................................................................................... 33 

2.4 Graphical visualization ................................................................................................... 34 

2.5 Power supply ................................................................................................................... 35 
2.5.1 Batteries................................................................................................................ 35 
2.5.2 Power conditioning ............................................................................................... 35 

CHAPTER 3. EXPERIMENTAL MEASURES.................................................. 37 

3.1 Distance measurement ................................................................................................... 37 

3.2 Precision........................................................................................................................... 38 

3.3 Resolution ........................................................................................................................ 39 

3.4 Sampling time .................................................................................................................. 40 



 

3.5 Wireless coverage ........................................................................................................... 41 

3.6 Autonomy......................................................................................................................... 42 
3.6.1 Prototype 1 ........................................................................................................... 42 
3.6.2 Prototype 2 ........................................................................................................... 42 

CHAPTER 4. FUTURE IMPROVEMENTS....................................................... 43 

4.1 Wireless communication ................................................................................................ 43 

4.2 Autonomy......................................................................................................................... 43 

CHAPTER 5. CONCLUSIONS......................................................................... 45 

GREENING PROJECT .................................................................................... 47 

BIBLIOGRAPHY.............................................................................................. 48 

ANNEXES........................................................................................................... I 
 



Introduction   1 

0 INTRODUCTION 
 
 
This thesis specified the design of a rangefinder to measure distances and is 
based on ultrasonic sensors. 
 
A rangefinder has many applications, like unique product or a subsystem. Our 
design has been focused in two environmental applications. The first one: 
Optimization of the addiction to the amount of product for the protection of 
plants during the growing season, like fungicides, pesticides and fertilizer, 
depending on height and volume. The second one is a Water level control for 
irrigation canals (or water tanks). 
 
Finally once applications are defined, a rangefinder is designed with range 
between 0.15 to 1 m, according to applications requirements, and data are 
stored and displayed in PC. 
 
In order to give more freedom in locating the rangefinder, a remote 
communication system is designed between the rangefinder and other 
prototype, which supports a communication with a PC. Finally, a wireless 
communication is designed, against a wired communication, to reduce costs of 
installation and maintenance. 
 
In addition, the system is designed with autonomous power supply of batteries 
for applications with short duration, about 24 hours.  
 
The objectives of the thesis have been achieved with the completion of two 
prototypes. The first one makes and sends the measure and the second 
receives it and sends the data to PC. All the graphs about prototypes are 
presented on the final results. 
 
Two ultrasonic sensors have been implemented in the first prototype: MA40B8S 
and MA40B8R of Murata, and TLV272 operational amplifier of Texas 
Instruments. 
 
A converter RS232 of Texas Instruments has been implemented in the second 
prototype. And, also, to increase the applications the same components have 
been implemented that the first one. 
 
Both prototypes use the evaluation kit CY8CKIT-014 from Cypress, which 
allows direct intercommunication with AWP24S device from Artaflex, which 
implements the wireless communication. In this kit is located PSoC 
CY8C5588AXI, which is the main component of the thesis, due to it centralizes 
all operations and functions associated to each prototype.  
 
Finally, an application is implemented in LabView to graph and store the data in 
PC. 
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This thesis tries that a reader, though doesn’t know the subject, can be able to 
understand all times the results of all processes. Therefore, before obtain 
conclusions about the systems used and designed, a simple and brief 
theoretical explanation has been developed, which can be compared with the 
practical results. 
 
The first chapter specifies the rangefinder definition, final applications and the 
components used. 
 
The second chapter specifies the system developed which consists, basically, 
on two prototypes and the design of its different stages. 
  
The third chapter specifies the experimental results got from the two prototypes. 
 
The fourth chapter specifies the system for future improvements to increase the 
number of applications. 
 
The fifth chapter specifies conclusions of the thesis. 
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1 CHAPTER 1. RANGEFINDER 
 

1.1 What is a rangefinder? 
 
A rangefinder is a device that measures distance from one observer to a object.  
 
There are three rangefinder technologies [1]: 
 

• Optical rangefinder. Consists of two objectives separated a known fixed 
distance (base). With them is point to an object until the image from the 
two objects overlap in one. Rangefinder calculates the distance to the 
object from the length of the base and the angles subtended between the 
axis of the objectives and the baseline. If the baseline is higher, the 
rangefinder is more accurate. 

 

 
 

Fig. 1.1. Optical rangefinder schema 

 
• Ultrasonic rangefinder. Consist on emit a signal which is reflected in 

the object and receives the echo. Through time and phase echo, the 
distance is calculated to the object.  

 

 
 

Fig. 1.2. Ultrasonic rangefinder schema 
 
 

• Laser rangefinder. Is able to obtain distance measurements 
automatically as ultrasonic rangefinder, but with greater accuracy than 
the optical rangefinder. This is because the laser is reflected in a very 
small object, so that is able to combine the two previous techniques. 

 
 
 

http://es.wikipedia.org/wiki/Archivo:Optical_rangefinder.png
http://es.wikipedia.org/wiki/Archivo:Optical_rangefinder.png
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1.2 Project Application 
 
From the needs [2] of the two following applications have been listed the 
rangefinder design requirements: 
 

1.2.1 Variable rate application of plant protection products 
 
The grape vines during the growing season; they are applied preventive 
treatment products periodically to protect against pests, like fungicides, 
herbicides or insecticides. 
 
 

 
 

Fig. 1.3. Fumigation in grape harvest 
 
 
The efficiency of the treatment depends on in the amount of product applied to 
the plant in terms of its volume. The realization of this treatment means a great 
cost to the operator of the vineyard due to the high price of chemicals and 
labour. That is reflected in a reduction in benefits and an increase on the final 
price of the product that reaches the consumer. 
 
The cost of this treatment would be reduced if we incorporate an electronic 
system at the beginning of this process. A rangefinder is able to determine the 
height and width dimension of the vine and adapt the dose of product applied 
according to their volume. 
 
This system consists on a series of rangefinders to locate a mobile element, like 
an agricultural tractor, as shown Figure 1.4. 
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Fig. 1.4. Rangefinder installed on a tractor  

 
 
The system is able to determine the volume of the vineyard and through a 
minimal configuration would establish the appropriate dose product to add to 
control an hydraulic pump and several valves installed on the same tractor. 
 
Therefore, the amount of product would be calculated and sprayed on the same 
route of the tractor, without tractor and manual labour. 
 
The correct location of the rangefinder is vital for the system to calculate the 
total volume of the plant and increase its efficiency. 
 
Treatment would be mechanized, leading to a reduction in the amount of 
product applied and time of execution. 
 
The system also determines the evolution of plant growth from the comparison 
of periodic spraying, because the data from each of the finders are stored on 
PC. So, the operator of the vineyard can evaluate whether plant growth is 
expected or whether needs to add addictive products for growth in specific 
areas of the crop. 

 
 
 
 
 
 
 
 
 
 
 

3 m 

1 m 1 m 
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1.2.2 Water level control in canals and water tanks 
 
Water used to irrigate the agricultural sites is transported from a complex 
distribution of canals that penetrate between each crop. 
 
 

 
 

Fig. 1.5. Irrigation canal 
 
 
Currently, few agricultural sites have water level control in irrigation canals and 
the most are realized visually by the operator of the harvest whether it have 
enough flow for irrigation. 
 
An automatic level control provides advantages over manual control, in terms of 
quality of service water transport for the canal operator and crops operator. 
 
A break, fissure or misuse in a canal or a dam can be detected as minimu on 
severals days or hopefully is some hours. Its causes: loss of water, isolated 
farms with no water for irrigation and some crops flooded. 
 
Water is the element more eroding, for that reason an early detection of a 
problem, it may causes a reduction on the time of repairing an irrigation canal. 
 
The implementation of a control canal level is determined, in any case: the flow 
rate of a specific point of the canal, prevent spillage and control level water in 
order to evaluate if it is reduced from an uncontrolled way. 
 
The level control is mainly based on the location of a rangefinder as shown 
Figure 1.6. Rangefinder determines the distance from the water and, so, 
knowing the dimensions of the canal, estimates the water level and flow, which 
transfers data recording system that stores the data from all rangefinders. 
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Fig. 1.6. Rangefinder implemented in an irrigation canal 
 
 

From the processed data of all rangefinders, the system could control the 
opening and closure of dams to transport water automatically and more 
efficiently. 
 
Installation costs are very low, since it is designed to operate with autonomy 
using batteries and communicating by remote control with the data logger. So, 
costs are reduced by the installation and maintenance of power and 
communication line between the rangefinder and the hub. 
 

1.3 Limitations 
 
Once determined that application uses the rangefinder, the maximum and 
minimum limitations for the design of the prototypes are extracted:  
 

1.3.1 Distance 
 
The maximum range distance of the rangefinder has been determined from the 
maximum width that develops a vineyard during the growing season, and the 
minimum distance between the vineyard and the farm tractor to avoid doing 
damage it. 
 
The plant usually has a width less than 1.5 m during the growing season and 
considering a minimum safe area on the vineyard of 0.25 m, the maximum 
distance the rangefinder should be 1 m. See figure 1.7. 
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Fig. 1.7. Determination of the maximum distance of the rangefinder  
 
 
In this application, the minimum distance is the safety zone of 0.25 m, but this 
cannot be the thesis minimum distance because the second application, the 
water level control, limits this distance. 
 
Applying a minimum distance of 0.25 meters, it would limit to a canal maximum 
depth of 0.25 meters. The minimum distance is determined by the distance 
between the sensor and the maximum level that reaches the water in the canal, 
so that if it arrives to overflow, can be detected and it does not damage the 
electronic device, too. 
 
It is considered that the safety distance is 0.15 m as shown figure 1.8. This is 
the minimum distance to measure. 
 

 
 

Fig. 1.8. Determination of the minimum distance of the rangefinder 
 
 
Therefore, according to applications requirements, the range is between 0.15 m 
and 1 m. 
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1.3.2 Sample rate 
 
In order to determine the number of samples per second (sampling rate), the 
two applications are analyzed. 
 
In the first application, addiction of variable product to the vineyard, placed that 
the bushes are spaced a certain distance. This one decreases while plant 
grows. The system must be able to determine when the sensors are detecting a 
plant and when not, therefore, the sampling rate must be fast enough.  n 
contrast, the second application, water level control, the variation of level in a 
canal is slow, so the sampling rate must be lower than the first application. 
 
Therefore, the maximum sampling rate is limited by the first application and the 
minimum for the second. 
 
The maximum sampling rate is determined by measuring the minimum distance 
on the ground and the tractor speed. In the previous section is indicates that the 
maximum size of the plant is 1.5 m. If we take 10 samples per plant, this 
amounts to making samples every 0.15 m. This value is sufficient to obtain an 
approximation of the adjusted volume. 
 
Therefore, if it is considered that the tractor moving at a speed of 3.6 m/s (10 
km/h), the maximum sample rate is 24 Hertz or samples per second. 
 

                                                        (1.1) 
 
So, for the first application the minimum sample time is 41 ms. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.9. Determination of the maximum sample rate of the rangefinder 
 

    0.15 m 

v = 3,6m/s 
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For the second application, the minimum sampling rate is determined by the 
speed of maximum change in water level in the canal. This fact could be 
produced by several reasons: loss of level or broken irrigation canal; increased 
by excessive flow, heavy rain or a dam break. 
 
The worst choice of reason is not easy, since it have many input parameters, 
highly variable, as the irrigation, canal water volume or the flow generated by 
rain, respectively. 
 
To determine definitively the minimum sampling rate has been considered the 
calculation on a case study. 
 
A canal is dimensioned as l  x w  x h  (length, wide and deep, respectively).  
Once canal rupture and a water evacuation of f m3 (capacity) by second is 
produced, the time at which the system detects that the water level is reduced 
Δh  m is mint  seconds.  
 

                                         min
( _ )l w h ht
f

⋅ ⋅ −
=                                         (1.2) 

 
Applying the formula 1.2 on certain practical values, it is obtained the minimum 
time between samples to determine the water level reduction of 0.1 m due to 
water discharge of 1 m3 per second: 
 
Table 1.1. Minimum sampling rate for several dimensions of canals 
 

0,5 1 2 5
50 2,5 s 5 s 10 s 25 s
100 5 s 10 s 20 s 50 s
150 7,5 s 15 s 30 s 75 s
200 10 s 20 s 40 s 100 s
250 12,5 s 25 s 50 s 125 s
300 15 s 30 s 60 s 150 s

Le
ng

th
 (m

)

Width (m)

 
 
 

As shows the table 1.1, the minimum time between samples is higher than the 
time found on the first application (41 ms). 
 
Setting a maximum sampling time 15 seconds for the rangefinder, we can 
determine the minimum sampling time for a wide range of canal dimensions. 
Therefore, the sampling rate is 240 samples per hour. 
 
So, finally, the minimum system sample rate is limited by the first application to 
41 ms. 
 

Δ



Chapter 1. Ragefinder   11 

1.3.3 Supply system 
 
In the first application: addiction variable product for the vineyard, the supply 
system is not so important because the rangefinder is located in an agricultural 
tractor, which already has a battery and alternator. 
 
There is not the same case for the second application, which is designed to 
make easy the installation of the system, therefore, that the rangefinder has a 
self-feeding system with batteries. 
 

1.3.4 Wireless communication 
 
At the same circumstances of the previous section, in the second application, to 
minimize installation and maintenance costs, the data are sent through wireless 
communication. In the design stage will be very necessary to determine the 
distance between the rangefinder and the hub, because the transmission power 
of the rangefinder is limited due that it is an autonomous power system. 
 

1.4 Used devices 

1.4.1 Ultrasonic sensor 
 
Ultrasonic rangefinder is the technology chosen for the project. The optical has 
been dismissed, because the implementation and control is difficult by an 
electronic device. Although the laser rangefinder can be controlled, it is 
dismissed due to the increased cost of the laser transmitter because they are 
designed to achieve maximum range higher than 1 m. 
 
The ultrasonic transmitter and receiver models chosen are MA40B8S and 
MA40B8R of MURATA [3], respectively. Principal features are indicated in table 
1.2. 
 
 

 
 
 

Fig. 1.10. MA40B8S Image 
 

 

 
 
 

Fig. 1.11. MA40B8R Image 
 
 

Table 1.2. MA40B8S and MA40B8R sensor features  
Detectable range Resolution Directivity Cost

0.2 to 6 m 0.09 m 50 � 3 €  
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1.4.2 Evaluation kit CY8CKIT-014  
 
Rangefinder control stage is formed basically by CY8CKIT-014 kit from Cypress 
[4]. 
 
The kit CY8CKIT-014 is an evaluation device of Cypress which provides 
PSoC® 5 FirstTouch™ Starter Kit which is designed to introduce to the PSoC 
design methodology and Cypress's new PSoC 5 architecture. This full-featured 
starter kit ships with an array of sensors, I/O's, projects and software to quickly 
get you up to speed with PSoC Creator and a powerful design methodology. 
 
Figure 1.12 is shown the CY8CKIT-014 and its main components: 
 

 
 

Fig. 1.12. Evaluation kit CY8CKIT-014 
 
 
The PSoC CY8C5588AXI [5], is the most important component of the project, 
so in this device are set up very easily and quickly all the functions and 
objectives of the project. 
 
The input and output pins of CY8CKIT-014 kit are connected to the PSoC, so 
the project has consisted to create the software application and interface to the 
hardware elements like, for example, the ultrasonic sensor or wireless module. 
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The interconnections between pins of CY8CKIT-014 kit and PSoC are show in 
Figure 1.13 and 1.14. 
 
 

 
 

Fig. 1.13. Input/Output Pins 
CY8CKIT-014 

 

Fig. 1.14. CY8C5588AXI 100-pin Part Pinout  
 

 
Before continue with PSoC family CY8C55, it is explained the device called 
PSoC. 
 

1.4.2.1 PSoC  
 
PSoC (Programmable System-on-Chip) is a family of integrated circuits made 
by Cypress Semiconductor. These devices include a CPU and mixed-signal 
arrays of configurable integrated analog and digital peripherals. 
 
It is configured by software, mixed-signal array with a built-in MCU core.  
 
It has three separate memory spaces:  
 

• SRAM for data 
• Flash memory for instructions and fixed data 
• I/O Registers to control and access the configurable logic blocks and 

functions.  
 
PSoC resembles an ASIC: blocks can be assigned a wide range of functions 
and interconnected on-chip. Unlike an ASIC, there is no special manufacturing 
process required to create the custom configuration - only startup code that is 
created by Cypress' PSoC Designer IDE. 
 

http://en.wikipedia.org/wiki/Computer_program
http://en.wikipedia.org/wiki/System-on-Chip
http://en.wikipedia.org/wiki/Integrated_circuit
http://en.wikipedia.org/wiki/Cypress_Semiconductor
http://en.wikipedia.org/wiki/CPU
http://en.wikipedia.org/wiki/Mixed-signal_integrated_circuit
http://en.wikipedia.org/wiki/Flash_memory
http://en.wikipedia.org/wiki/Application-specific_integrated_circuit
http://en.wikipedia.org/wiki/Integrated_development_environment
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As well, it resembles an FPGA in that at power up it must be configured, but this 
configuration occurs by loading instructions from the built-in Flash memory. 
Unlike an FPGA, the current generation of PSoC cannot have its digital 
functions reprogrammed by VHDL or Verilog, it can only be configured with 
register settings. 
 
But most closely resembles a microcontroller in usage, where code is 
executed to interact with the user-specified peripheral functions (called "User 
Modules"), using automatically generated APIs and interrupt routines. The 
PSoC Designer IDE generates the startup configuration code and peripheral 
APIs automatically based upon the users selections in a Visual-Studio-like GUI. 
 
Cypress offers a visual, code-free embedded design tool for PSoC called PSoC 
Creator, which can be accessed with drag and drop icons and logical 
expressions. 
 
 

 
 

Fig. 1.15. PSoC Creator Design Tool 
 
 
Cypress Semiconductor introduces an integration of digital peripherals along 
with PWMs, Timers, Counters, UARTs, glue logic and state machines. It also 
offers customizable digital functions and interfaces, which lowers overall system 
power by migrating traditional CPU functions to programmable digital logic. 
 
A PSoC integrated circuit is composed of a core, configurable analogue and 
digital blocks, and programmable routings and interconnection. The 
configurable blocks in a PSoC are the biggest difference from other 
microcontrollers.  
 

http://en.wikipedia.org/wiki/FPGA
http://en.wikipedia.org/wiki/VHDL
http://en.wikipedia.org/wiki/Verilog
http://en.wikipedia.org/wiki/Microcontroller
http://en.wikipedia.org/wiki/Visual_studio
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1.4.2.2 PSOC CY8C5588AXI 
 
PSoC CY8C5588AXI is the main component of the project. The CY8C55 family 
offers a modern method of signal acquisition, signal processing, and control 
with high accuracy, high bandwidth, and high flexibility. Analog capability spans 
the range from thermocontouples (near DC voltages) to ultrasonic signals. The 
CY8C55 family can handle dozens of data acquisition channels and analog 
inputs on every GPIO pin. The CY8C55 family is also a high-performance 
configurable digital system with some part numbers including interfaces such as 
USB, multimaster I2C, and controller area network (CAN). In addition to 
communication interfaces, the CY8C55 family has an easy to configure logic 
array, flexible routing to all I/O pins, and a high-performance 32-bit ARM® 
Cortex™-M3 microprocessor core.  
 
Designers can easily create system-level designs using a rich library of prebuilt 
components and boolean primitives using PSoC Creator, a hierarchical 
schematic design entry tool. The CY8C55 family provides unparalleled 
opportunities for analogue and digital bill of materials integration while easily 
accommodating last minute design changes through simple firmware updates. 
 
 

 
 

Fig. 1.16. PSoC CY8C55 Simplified Block Diagram  
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1.4.3 Wireless Communication AWP24S of Artaflex 
 
The AWP24S [6], is a 2.4 GHz Direct Sequence Spread Spectrum (DSSS) 
complete radio module which includes the Cypress radio integrated circuit CyFi 
CYRF7936 integrated PCB Trade Antenna an all external components. 
 
AWP24S module of Artaflex is the easiest option to implement wireless 
communication because the evaluation kit CY8CKIT-014 has a connector "12-
Pin Wireless Header" ready to connect to this device. 
 
 

 
 

Fig. 1.17. AWP24S of Artaflex 
 
 
This connector interfaces the AWP24S device with the input and output pins of 
the PSoC CY8C5588AXI-060. 
 

 
 

Fig. 1.18. AWP24S connection pins with CY8CKIT-014 kit 
 
 
Therefore, the PSOC is able to control the module from the application built on 
PSOC Creator. 
 
 

 
 

Connection 
with 12-Pin 
Wireless of 

CY8CKIT-014 
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2 CHAPTER 2. DEVELOPED SYSTEM 
 

2.1 Introduction 
 
The developed system implements two different prototypes: the first consists of 
an ultrasonic rangefinder and a wireless transmitter, the second has another 
rangefinder, a wireless receiver and implements a serial communication with a 
PC, which is designed an application using LabView to represent and store the 
data instantly. 
 
Concerning the two applications: addiction variable product vineyard uses the 
second prototype and the water level control uses both. 
 

2.1.1 Prototype 1: Rangefinder and Wireless transmitter 
 
The objectives of the first prototype are: 
  

• Generate power signal to excite the ultrasonic transmitter (A) 
• Receive the signal once reflected on the object (B) 
• Calculate the distance between sensor and object (C) 
• Transmit distance data to the design 2 (D) 

 
These objectives are represented in Figure 2.1. 
 
 
 

 
 

 
Fig. 2.1 Design 1 Block Diagram 

 
 
The ultrasound transmitter receives an excitation signal, of the PSoC, see 
section 2.2.2, to generate ultrasonic waves. These waves are reflected on an 
object or reflector and excite the ultrasonic receiver. 
 
The PSoC output that connects with ultrasonic transmitter has 3.6 V amplitude.  
For having a maximum range of 1 m, the implementation of one stage of 
amplification (comparator) provide a final amplitude of 9 V, according section 
2.2.2.3. 

A 

B C
D

PROTOTYPE 1 PROTOTYPE 2 
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The PSoC calculates the distance between sensor and object, from the time 
difference between the instant of the generation of the excitation signal and 
receiving the same signal after it has circulated through the sensing stage. 
 
Finally, the data is sent through wireless communication using AWP24S to the 
second prototype. 
 
The wiring diagram connection of the prototype 1 is represented in Figure 2.2. 
 
 

 
 

Fig. 2.2. Prototype 1 - Wiring Diagram 
 
 
The final design is shown on Figure 2.3. 
 
 

 
 

Fig. 2.3. Prototype 1 - Final design 
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2.1.2 Prototype 2: Rangefinder, CyFi Receiver and Communication with 
PC 

 
In the second prototype two different designs have been implemented. The first 
design is geared to know the needs of the application of water level control and 
the second one to the application of variable product addiction to the vineyard. 
 
The first design is implemented by a wireless receiver through AWP24S device 
to receive data from prototype 1 and send it to the PC. 
 

 

 
 

Fig. 2.4 Design1 Block Diagram 
 
 
The PSoC is a protocol adapter in this application. The AWP24S device 
receives the distance data calculated in the prototype 1 and sends it to PSoC, 
which adapt to the serial communication protocol to send to PC. 
 
Although the PSoC has the ability to adapt the signal to the serial 
communication protocol, cannot adapt the signal to RS232 levels required in a 
serial communication with a PC, so a RS232 converter have been implemented.   
 
The second design is the same than first prototype (except AWP24S device) to 
find the distance and send the data to PC. 
 
 
 
 

 
 
 

Fig. 2.5 Design 2 of Block Diagram 
 

PROTOTYPE 2 

PROTOTYPE 2 
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Functionally, this design is identical to the prototype 1 & 2, removing wireless 
communication. 
 
These two designs share the same evaluation kit CY8CKIT-014 and serial 
communication with PC. For that reason, these two designs have been 
implemented in the same prototype. 
 
The change of design is very simple because it only needs to remove SW PSoC 
and load another one. So, the AWP24S device inputs and outputs pins are 
enabled or disabled.  
 
The wiring diagram connection of the design 2 is represented in Figure 2.6. 
 
 
 

PSOC CY8C5588AXI
INPUTSOUTPUTS

ARTAFLEX 
AWP24S

1[4]5[2]5[3]12[0]5[0]4[5]
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Fig. 2.6. Prototype 2 - Wiring Diagram 
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The final design is shown in Figure 2.7. 
 

 
 

Fig. 2.7. Node final design 
 

2.2 Ultrasonic Sensors 
 
The ultrasound waves [7], are a mechanical radiation above the audible 
frequency (>20 kHz). All radiation that incide on an object is partly reflected, 
partly transmitted and partly absorbed. 
 
Applications of ultrasound to measure physical quantities are usually related 
with its speed, propagation time, and in some cases, attenuation or interruption 
of the beam spread. 
 
In several applications based on the propagation time, the time is measured it 
takes the echo to be received due to an object present in the propagation path, 
usually in the form of narrow pulse. The object can be liquid, solid, powder or 
granulated. The only restriction is that the object and the environment in which 
to propagate ultrasound wave should have different acoustic impedance, so that 
most radiation is reflected at the interface. 
 
The reflection of ultrasound in the air-liquid interface or air-grain is used to 
measure the level of liquid or grain in a warehouse. The acoustic impedance is 
so different that most of the energy propagated in one of them reflects upon 
reaching the boundary. For propagation in the air it exist the disadvantage of 
depending on the air temperature in the speed of propagation of sound. 
 

0,6 (º )Vo T C+ ⋅                                           (2.1) 
 
where: 
 

• Vo is the speed of sound to 0 °C, 331.5 m / s. For every degree 
centigrade the speed increases by 0.6 m/s 

CY8CKIT-014 

TRANSMITTER 

CONVERTER 

VOLTAGE 
REGULATOR 
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Proximity sensors using ultrasonic emissions based on propagating in a narrow 
conical beam and reflected to the receiver. They are susceptible to acoustic 
noise and wind. Resolution and accuracy would be lower than in optical 
detectors. But by contrast, are more compact, robust, reliable and cheap. 
 

2.2.1 Distance measurement 
 
The distance measurement between two points was performed using two 
ultrasonic sensors, emitter and receiver, both aligned to the same distance from 
a common reflector element. 
 

 
 

Fig. 2.8. Ultrasonic Orientation System  
 
 
Due to the separation between the sensors is minimal, the angle (α) is 
considered very small, so the sensors must be with a radiation pattern with 
narrow main lobe and focused to 0 º. 
 
The method to calculate the distance between the sensors and the reflector 
element is the result of divide the speed of sound into the transmission time. 
This calculation corresponds to the formula 2.2: 
 

                                         
0,6

2

Vo Td Ttx
+ ⋅

=                                       (2.2) 

 
where: 
 

• d is distance 
• Vo is the speed of sound to 0 °C, 331.5 m/s. For every degree centigrade 

the speed increases by 0.6 m/s 
• T is the environment temperature in degrees centigrade 
• ttx is the time of signal transmission 
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2.2.2 Ultrasound transmitter excitation signal 
 
In the final design, the excitation signal for ultrasound transmitter is generated 
by the PSoC. 
 
In order to determine the working frequency and optimal signal amplitude a 
practical study in laboratory has been characterized the ultrasonic sensors. 
 

2.2.2.1 Working frequency 
 
According to the manufacturer, the theoretical frequency of both devices is 40 
kHz, regardless of any tolerances, as show figures 2.9 and 2.10. 
 

 
Fig. 2.9. MA40B8S: SPL vs Frequency 

 
Fig. 2.10. MA40B8R: Sensitivity vs 

Frequency 
 
In order to find the optimal frequency for the system, the sensors have been 
characterized. Figure 2.11 represents a try setting a fixed distance of 30 cm and 
a sine wave amplitude of 10 V. The test consists of modifying the frequency 
sinusoidal signal and finding which has a power transfer rate higher. 

 

 

Fig. 2.11. Frequency characterization circuit 
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Figure 2.12 represents the results obtained. 

 

Fig. 2.12. Frequency characterization results 

 
Thanks to experimental results, the higher rate between output voltage and 
input voltage is for 39.9 kHz. This is the optimal frequency value. 
 

2.2.2.2 Minimum level 
 

As in the previous case, the characterization is used to perform a test on the 
sensors. Figure 2.13 establishes a sinusoidal input signal at optimal frequency 
(39.9 kHz) and varying the input voltage to supply the ultrasound transmitter 
sensor until to find out the distance which the system will be able to validate the 
signal received by the ultrasonic receiver. In our case, the signal level is valid if 
is higher than 100 mV. 
 

 
Fig. 2.13. Amplitude characterization circuit 
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Figure 2.14 represents the results obtained. 

 

Fig. 2.14. Amplitude characterization results 

 
From experimental results has been obtained that for obtain a distance of 1 m 
(requirement project), the minimum voltage of the signal must be 10 V. Finally, 
reducing costs, a 9 V battery is used. 

2.2.2.3 Amplification 
 
The amplification step was necessary because the output of the PSoC provides 
a maximum amplitude level of 3.6 V. It is therefore necessary to amplify this 
signal to 9 V. 
 
It has been decided use an operational amplifier as comparator against a fixed 
reference voltage as is shown in Figure 2.15 [8]. 
 
 

 
 

Fig. 2.15. Operational Amplifier as comparator 
 
 
The reference voltage (Vref) is designed to 1 V, obtained through a voltage 
divider using two resistors. 
 

Vin 

Vref 

Vout 

9 V

0 V
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The operational amplifier chosen is TLC272 of Texas [9], Instruments device 
due to its low power 550 µA by channel and low slew rate 2.4 V/µs. The CMOS 
inputs enable use in high-impedance sensor interfaces and lower voltage 
operation.  
 
Figure 2.16 shows input and output signal for the operational amplifier as 
comparator corresponding to the output of the PSoC and ultrasonic transmitter 
input, respectively. 
 

 
 

Fig. 2.16. Input and Output signals Operational Amplifier 
 

2.3 PSoC (Programmable System-on-Chip) 
 
The SW application design in the PSoC is the most important in thesis, because 
in this device all functional requirements of the prototypes are centralized. 
 
The design has consisted on make three different applications: 
 

• Application for the prototype 1. Consists of generating the excitation 
signal for ultrasonic transmitter, detect ultrasonic signal at the receiver, 
calculates the distance between sensor and object and stablish a 
communication with AWP24S device to send the data through wireless 
communication. 

 
• Application for the prototype 2 (Design 1). Consists of establishing a 

communication with AWP24S device to receive distance data sent by the 
prototype 1 and adapt it to serial communication protocol for sending to a 
PC. 

 
• Application for the prototype 2 (Design 2). Consists of generating the 

excitation signal for ultrasonic transmitter, detecting ultrasonic signal at 
the receiver, calculating the distance between sensor and adapting the 
data to serial communication protocol for sending to PC. 

http://en.wikipedia.org/wiki/Computer_program
http://en.wikipedia.org/wiki/System-on-Chip
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2.3.1 Ultrasound transmitter excitation signal 
 
In the study to determine the optimal working frequency between the ultrasonic 
transmitter and receiver was used a sinus signal with constant amplitude and 
frequency of 39.9 kHz. At first, this was the easiest option to excite the 
transmitter, but in the application this signal cannot be periodic.  
 
If the signal is periodic, PSoC do not know when it must active the timer to 
calculate the time delay. The same case happens in the reception stage.  
 
To avoid it, the graphic library PWM_Window is used to create a pulse train. By 
that, applied to a logical OR with a periodic signal at the optimum frequency 
39.9 kHz is obtained excitation signal of the ultrasound transmitter. 
 
Observe the design on Figure 2.17. 
 

 
 

Fig. 2.17. PSoC Creator Transmitter signal  
 
 
The minimum time between two pulses is determined by the speed of sound 
and the maximum distance designed for the system, 1 m. 
 

                                          min
0,6 (º )oV T Ct

d
+ ⋅

=                                      (2.3) 

 
where: 
 

• d is distance, equal to 1 m 
• Vo is the speed of sound to 0 °C, 331.5 m / s. For every degree 

centigrade the speed increases by 0.6 m/s 
• T is the environment temperature in degrees centigrade 
• tmin is the minimum time for transmit the signal 

 
Applying the formula 2.3, the minimum time is obtained depending on the 
environment temperature: 
 
T (ºC) -10 0 10 20 30 40 50 60 

tmin (ms) 3,07 3,02 2,96 2,91 2,86 2,81 2,77 2,72 
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By then, the minimum time between two pulses is 3.1 ms. Finally, it is 
configured 5 ms. The signals are represented in Figure 2.18. 
 

 
 

Fig. 2.18. Transmitter signal through PSoC Creator  
 
 
The application determines that if in 5 ms, PSoC has not received a signal from 
receiver, it is considered that the object is outside the maximum range of reach. 
 
The width of the window is set to 400 µs, which corresponds to 16 cycles of the 
working frequency signal 39.9 KHz.  
 
At first, the system is able to determine the delay time with a single cycle but 
due to a characteristic behaviour of the system formed by the ultrasonic 
transmitter and receiver, a number of different cycles has been required. The 
choice to set the time window to 16 cycles is not random. 
 
These behaviour is that introducing a pulse train, each time that the sensor is 
excited with a cycle, the received signal level is increased until a specific 
number of cycles where the level stabilizes. The minimum value is 16 cycles. 
 
The level of the received signal is essential to determine the instant when the 
signal is reflected. With a single cycle is determined that the reception level was 
insufficient for detection by the PSoC. 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 2.19. Excitation signal (Output Pin PSoC) and received signal (Input Pin 
PSoC) 

OUTPUT 

INPUT 
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This behaviour can be observed in figure 2.19, where the pulse of the PSoC 
output is received in the input of the PSoC as a signal widest (1 ms) that the 
original (400 µs) and amplitude level increasing according to number of cycles. 
By this reason, receiver stage seems to be received more cycles that the 
sending by the transmitter signal. 
 
For examples, sometimes where the distance is about 1 m, if the transmitter 
signal were a only cycle, the amplitude in reception hardly ever arrive 100 mV, 
because needs a time to increase its level amplitude.  
 
This effect was not detected during the study of the excitation signal due to the 
use of a periodic signal. 
 

2.3.2 Receiver signal 
 
The determination of the delay time of signal transmission consists of the 
following steps on the received signal: 
 

 
 

Fig. 2.20. Stages Reception 
 
 
These stages can be observed in the application designed: 
 

 
 
 

Fig. 2.21. Stages Reception through PSoC Creator  
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level

Cycle 
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AMPLIFICATION  

OPTIMUM LEVEL 

CYCLE COUNTER GET TIME 

Measuring Point 1 Measuring Point 2 



30                                                                                               Autonomous rangefinder system based on PSOC 

 
The amplifier stage is designed using the graphic library PGA, which is non-
inverting amplifier with a gain of 20. 
 
The comparison stage determines if the cycle level is higher than 100 mV the 
cycle is not considered as noise.  
 
Figures 2.22 and 2.23 represents the number of valid cycles (higher than 100 
mV) for distances of 0.15 m and 0.85 m. 
 
 

 
Fig. 2.22. Output comparison stage for 

distance of 0.15 cm  
 

 
Fig. 2.23. Output comparison stage for 

distance of 0.85 m 
 

 
 
Figure 2.22 shows that the most of received cycles are higher than 100 mV, by 
then, the number of valid cycles is high.  
 
Figure 2.23, the amplitude of received signal is very low, by then only two 
cycles are considered like a signal and not as noise. As we explain in 2.3.1, the 
number of cycles of transmission signal is 16. If the number of cycles for 0.85 m 
distance would have been lower, any cycle would be detected due to needs a 
time to increase the level to arrive to stabilize the maximum amplitude. 
 
The stage of cycle counter accounts the number of cycles of the comparator 
output or knowed in figures as Valid Cycles. When the number is more or equal 
than 2, PSoC determines that the signal has been emitted by ultrasonic 
transmitter activating the output comp. In order to determine this time is used a 
timer.  
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Fig. 2.24. Output cycle counter stage  
 
 
The counter is reset and initiated each time that it emits a new signal. When 
PSoC determines that it exists two valid cycles, it stops the timer. The time get 
by timer is the transmission time. 
 

2.3.3 Distance calculation 
 
Really, timer doesn’t determine a time, if not a number of cycles in function of 
the clock configured. This can be visualized in timer module in figure 2.21.  
 
The distance calculation is done through code using the formula 2.4: 
 

                                   
2 1

_

( 0,6 (º ))o
timer clock

t td V T C
f

−
= + ⋅                               (2.4) 

 
where: 
 

• Vo is the speed of sound to 0 °C, 331.5 m / s. For every degree 
centigrade the speed increases by 0.6 m/s 

• t2 is the maximum number of cycles sets in the timer (as minimum for 5 
ms). 

• t1 is the number of cycles to timer frequency while timer input is active 
• T is the temperature in degrees centigrade 
• ftimer_clock is the clock configurated in the timer 
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2.3.4 Wireless Communication 
 
For control the module, it is used the graphical library SPI. 
 

 
Fig. 2.25. Graphical library SPI Master 

 
 
Once communications are established to control the module, the code is made 
to send the data of the distance from the prototype 1 to prototype 2. 
 
The maximum distance range is 1 m. In order to have a resolution of  1 mm, 1 
m is converted to 1000 mm. Due to AWP24S module is able to transmitte a byte 
of data for each frame sent, with a frame will not be able to have the correct 
information. So it is necessary to send at least two messages to update the data 
of the distance, as shown in the table below 
 

 Bits Range 
1 message 8 0..256 
2 messages 16 0..65536 

 
The following explanation describes the process for conditioning the data to be 
sent: 

 
 

The variable that contains the data of the distance has been established a 
process to divide the bits into two intermediate variables, which they have 
inserted a two-bit identifier so that when received at the node, this is able to 
identify whether the data belongs to message 1 or message 2. 
 
In the prototype 2 the reception stage is implemented the reverse process: the 
reception of data and the union of the two messages to have the data on 
distance. 

                  DECIMAL                   BINARY 
 
                     1200                                      10010110000 (11 bits) 
 
 
                      Message 1:        11010010 
 
                      Message 2:        00110000 
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     NUMERIC    ALPHANUMERIC           ASCII 
 
        1200                                       
 
  1      “1”      49 
 2      “2”      50 
 0      “0”      48 
 0      “0”      48 
 

2.3.5 Serial Communication 
 
Data send from node-to a PC are made from a RS232 [11], serial 
communication protocol. 
 
The design of the serial communication is based on the implementation of a 
graphical library in the PSoC and the MAX232 integrated which performs the 
conversion PSoC output levels to RS232 levels. 
 
The design made with PSoC Creator uses the graphical library UART which 
provides asynchronous communications commonly referred to as RS-232 or 
RS-485. 
 
The library is configured as a transmitter, a speed of 9600 bps with 8 data bits, 
1 stop bit and no parity. 
 

 
Fig. 2.26. Graphical library UART 

 
 
As the serial communication protocol sends alphanumeric data (as ASCII code) 
and data of distance is stored in an integer variable is necessary to perform 
some data conversion from numeric to character.  
 
The following figure describes the process for conditioning the data to be sent: 
 
 
 
 
 
 
 
 
 
 
 
 
 
The process involves dividing each figure as units of the integer variable and 
carries a message, encoded in ASCII, for each figure. 
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2.4 Graphical visualization 
 
The final stage presents the distance values determinates by the rangefinder to 
the possible costumer and summarize the quality of own product. To do this 
task the tool LabView of the manufacturer National Instruments has been used 
to receive the data from prototype 2 and represent graphically and store the 
results. 
 
LabView is a graphical environment programming to develop measurement, test 
and control systems using graphical icons and wires that resemble a block 
diagram. 
 
LabView design is shown in Figure 2.27, it have consisted of implementing a 
graph which is applied a low pass filter, generated from calculating the average 
of the last three samples. This data are, finally, stored in a file. 
 
As well, if system detects or doesn’t detect an object, is indicated through 
INVALID or VALID MEASURE graphics. 
 
 

 
 

Fig. 2.27. Results graphical visualization 
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2.5 Power supply 
 

2.5.1 Batteries 
 
Both devices are supplied at a voltage of 9 volts obtained from a lithium battery. 
 
The choice of technology regarding the alkaline battery is because they have a 
smaller discharge curve which provides a battery operating at a higher voltage 
for longer. In this way we obtain a broader longer. 
 
Figure 2.28 compares the discharge of a lithium battery against a AAA alkaline. 
 

 
 

Fig. 2.28. Lithium vs. Alkaline drain power 
 
 
Between different manufacturers is selected Energizer LA522 model with a 
capacity of 1000 mAh. 
 

2.5.2 Power conditioning 
 
Among the various devices used in the project, the MAX232 converter must 
have a supply voltage of 5 volts, so it has been necessary to use a voltage 
regulator. 
 
The voltage regulator chosen is LM7805. 
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Fig. 2.29. LM7805 Voltage Regulator 
 
 
All other devices, CY8CKIT-014 and TLV272 operational amplifier are supplied 
between + 9 V and 0 V. 
 
It is emphasized that PSOC although is integrated into CY8CKIT-014, is fed to 
3.6 volts because the same kit haves a voltage regulator. 
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3 CHAPTER 3. EXPERIMENTAL MEASURES 
 

3.1 Distance measurement 
 
The distance range objective is measuring between 0.15 m and 1 m. It is 
detected in measures obtained that detection between 0.8 and 1 m, although 
the prototypes are able to obtain it, the received signal level is so low that the 
number of “INVALID MEASURES” is really very high. 
 

 

 
 

Fig. 3.1. Two valid cycles for a distance of 0.85 m 
 
 
In figure 3.1 for a distance of 0.85 m, they are only received two cycles 
(minimum to valid the transmission). 
 
By this, it has been designed a quantifier of erroneous transmissions in 
LabView. 
 
PSoC always sends a different information to LabView in function if the received 
signal is valid or not. If received signal is ok, PSoC sends data distance but if 
not, sends an error message (Led LabView for invalid measure actives on). 
 
The table 3.1 quantifies the invalid measures rate, got in LabView, in function of 
the distance to the object, over 100 measures represents in Annex III. 
 
Table 3.1. Error rate in function of the distance to the object 
 

    Distance (m) 
  0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 

Errors (%) 0 0 0 0 0 0 1 2 12 100 
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In addition, for distances higher than 0.8 m the level of battery power is highly 
correlated. To detect this distances, the level of the battery must be optimal. 
 
As shown in Figure 2.24, the selected lithium 9-volt drops quickly to about 7 
volts in the first stage. The use of the device for an application to determine 
measurements above 0.8 mm is invalid. 
 
However, for measurements between 0 and 0.8 mm the device obtains the 
greatest benefit. 
 
In Figure 3.2 represents measurements at different distances by moving the 
sensor 0.1 m each. 
 
 

 
 

Fig. 3.2. Distance Measurement 
 

 

3.2 Precision 
 
For determine the measurement precision with rangefinder was compared the 
mean value between 100 samples versus distance got through a tape. These 
results are shown in Table 3.2. 
 
 
Table 3.2. Distance error between real and obtained distance 
 

 Distance (m) 
 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 
Error (mm) 1,36 1,47 -1,36 -2,26 -0,3 -1,59 -1,81 1,19 -0,31
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The worst precision is over 2.25 mm. 
 
All measurements shown are at Annex III. 

 

3.3 Resolution 
 
The resolution of the measure is a very important aspect to consider in defining 
the possible end uses. 
 
In order to determine the resolution has been set several specific distance and 
measurements made on 100 samples. All measurements made are at Annex III. 
 
In table 3.3 are shown the experimental results.  
 
Table 3.3. Resolution obtained analyzing 100 samples 
 

 (mm) 
Distance (m) 0.1 0.2 0.3 0.4 0.5 

Maximum value 105,23 205,54 302,14 401,55 503,51 
Minimum value 99,5 198,56 296,77 395,8 497,62 
Average value 101,36 201,47 298,64 397,74 499,7 

MAX – AVG 3,88 4,07 3,5 3,81 3,81 
AVG – MIN -1,85 -2,91 -1,87 -1,94 -2,08 

 
 (mm) 

Distance (m) 0.6 0.7 0.8 0.9 1 
Maximum value 603,11 701,76 804,83 902,61 - 
Minimum value 596,4 696,48 798,42 895,02 - 
Average value 598,41 698,19 801,19 899,69 - 

MAX – AVG 4,7 3,58 3,64 2,92 - 
AVG – MIN -2,01 -1,71 -2,77 -4,67 - 

 
 
The parameters represented, are easier to understand if you observe the figure 
3.3. 
 

 
 

Fig. 3.3. Resolution parameters 
 
 
Analyzing the table we can see that the resolution higher is 4.7 mm for 0.6 m 
distance. 
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3.4 Sampling time 
 
If is necessary to use wireless communication, the sampling time would be a 
drawback to this design.  
 
Due to the lack of configuration information AWP24S device from Artaflex, it has 
not been able to control the sampling time of the design.  
 
This project, unlike previous ones, has been able to transmit and receive data 
but not have a control to set a sampling time for the wireless device, for 
example, as rebuilder of contours.  
 
The problem lies in the establishment of wireless communication and the 
sending of two messages of data between modules AWP24S, more specifically 
the lack of synchronism between the sending and receiving frames.  
 
The sampling time is shown in Figure 3.4 where it was obtained an average 
time of 14 seconds for the sample averaged.  
 

 

 
 

Fig. 3.4. Sampling Time through averaged sample 
 

 
Therefore, for applications where the sampling time is not important, it is 
possible to use a wireless communication. 
 
Applications with a higher sample rate is used the prototype 2 which has 
enabled the sensing system (sensor + amplifier) where is obtained measures as 
minimum each 120 ms. This time can be increased modifying the Time 
Between windows (see 2.3.1) on the PSoC. 
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Fig. 3.5. Sampling Time by prototype 2 
 

 

3.5 Wireless coverage 
 
The wireless communication coverage is provided by AWP24S devices of 
Artfalex. This module can be configured to provide different levels of 
transmission power (-5 dBm to +4 dBm). 
 
The project is set to transmit power +4 dBm, to be possible to reach the widest 
possible coverage. 
 
The test was conducted in an isolated area with no buildings nearby, to avoid 
reflections in them. The receiver is located at a place and the transmitter has 
shifted proportionally until the communication was lost. The communication is 
broken to 52 meters. 
 

 
 

Fig. 3.6. Wireless maximum coverage 
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3.6 Autonomy 
 
In order to calculate the autonomy of the two circuits is necessary to 
determinate the power consumption of the designs.  
 
Both prototypes performed continuously measures, so that consumption is 
always constant. Therefore, we used a digital meter to put in series with the 
battery and find the instantaneous consumption. 
 
For increasing the autonomy time will be necessary to make an application for 
that the PSoC works in mode sleep and make period measurements. 
 

3.6.1 Prototype 1 
 
The power consumption of the prototype 1 is 38 mA, by that, the autonomy of 
the design is calculated in 3.1. 
 

                         
1000_ 26,31

38
mAhBattery life hours
mA

= =                                 (3.1) 

 

3.6.2 Prototype 2 
 
The power consumption of the prototype 2 is 71 mA, by that, the autonomy of 
the design is calculated in 3.2. 
 

                           
1000_ 14,08

71
mAhBattery life hours
mA

= =                                  (3.2) 
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4 CHAPTER 4. FUTURE IMPROVEMENTS 
 
The fourth chapter specifies the system for future improvements to increase 
applications. 
 

4.1 Wireless communication 
 
Regarding the wireless communication that connects the two prototypes, the 
ways for product improvement are: 
 

• Establish a synchronous communication between AWP24S devices in 
order to reduce the sampling time for rangefinder remote measurements. 

 
• Replace prototype 2 design by AWP24U of Artaflex. It is similar to 

AWP24S but is prepared to connect to PC. This product has been used 
but the lack of information product and manufacturer support, it has not 
been possible to configure the communication with AWP24S module or 
generate a driver for communication with LabView.  

 

 
 

Fig. 4.1. AWP24U of Artaflex 
 
 

• Implement a stage to measure temperature in prototype 1 and determine 
distance as shows formula 2.2. This prototype is permanently set to 22 
ºC. This is related to first point above, because synchronization between 
AWP24S was still worse and the sampling time was too undefined.  

 

4.2 Autonomy 
 
Reduce consumption is necessary to increase autonomy, but sometimes is not 
easy.  
 
For application about Optimization of the addiction to the amount of product for 
the protection of plants during the growing season is required a constant 
measurement, but for the application about Water level control for irrigation 
canals would be used a periodical measurement, if is required. 
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A way to reduce consumption for both prototypes is set the sleep modes of 
PSoC for this application and makes measures periodically. 
 
As well, voltage regulator can be replaced for another low consumption one.  
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5 CHAPTER 5. CONCLUSIONS 
 
The aim of this master thesis is the realization of a rangefinder to solve two 
applications: Optimization of the addiction to the amount of product for the 
protection of plants during the growing season and Water level control for 
irrigation canals. 
 
An ultrasonic rangefinder has been designed against an optical or laser 
rangefinder, for functionality and cost, respectively. 
 
From the application is required a distance measuring range between 0.15 and 
1 m, but from the experimental results we obtain that from 0.8 m, the 
rangefinder cannot detect an object reliably. This is due to several points: 
 

• Battery power: according to a study in Annex II, the minimum voltage to 
reach 1 m should be 10 V, but to reduce product costs are determined 
using the same 9V battery that powers the evaluation kit CY8CKIT-014 
of Artaflex. 

 
• State of the battery: Lithium batteries have the feature of providing a 

more constant tension for a longer time and avoid a proportional fall as 
alkaline ones, but instead in its first moments have a very sharp drop 
makes within minutes to lower its maximum potential. Therefore, the time 
at which the battery provides 9 V is really very short. 

 
The objectives of the thesis have been achieved with the completion of two 
prototypes. The first one makes and sends the measure and the second 
receives it and sends data to the PC, which has an application in LabView to 
represent and store data instantly. 
 
A wireless remote communication is implemented between the two prototypes, 
implemented from AWP24S devices of Artaflex, but it results inefficient. 
 
Many resources has been used to try to improve it but it was impossible due to 
poor information from Cypress and void by Artaflex. Currently, Cypress has this 
communication through these devices based on the PSoC Designer application 
but not on PSoC Creator one, which is used in this project. The implementation 
of PSoC Designer is really easy, because it has a specific graphic library to 
configure the device, so transferring this solution to our application results 
impossible. Cypress indicates that shortly they will have a solution for our 
application.  
 
Therefore, through forums and information from the trial and error method has 
been able to obtain a communication with a sampling medium time of 15 
seconds. The implementation of this communication has been the most work 
have implied in project and has brought the full resources of two months. 
 
In order to lower sampling time and constant, it has been implemented another 
rangefinder located in the prototype that receives the data from the first 
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rangefinder, so that wireless communication has been eliminated. With this, we 
get a sampling time of 120 ms. 
 
The wireless communication has a maximum range of 52 meters. 
 
From the second application was required that both prototypes were 
autonomous, so it is used a lithium battery 9 V provides an autonomy of 26 
hours and 14 hours, respectively. 
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GREENING PROJECT 
 
The designed prototypes are oriented to environment applications: 
 

• In the first application, Optimization of the addiction to the amount of 
product for the protection of plants during the growing, the farmer adds 
the exact amount of chemical which the plant needs, reducing cost and 
avoiding product release to the atmosphere. 

 
• In the second application, Water level control for irrigation canals, the 

system monitoring reduces environmental damage by infrastructure 
break of a system or network of water transportation. 

 
Wireless communication is based on non-ionizing radiation with a maximum 
power of 2.5 mW, according to the Catalan law [12], due to the power is less 
than 100 W. Module AWP24S must not be evaluated periodically by an 
environment control. The ultrasonic waves do not affect the environment. 
 
None of the components used in the project presents a danger to the 
environment. Once they will enter into disuse must be transported to an 
electronic components waste manager. Batteries should be managed by a 
batteries waste manager. 
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ANNEXES 
 
ANNEX I. One hundred samples for several distances. 
 
The following samples have been obtained using the rangefinder of prototype 2, 
obtaining measures for different distances. 
 
 

 DISTANCE (mm) 

SAMPLES 100 200 300 400 500 600 700 800 900 

1 99,73 200,15 300,09 396,75 500,88 597 697,58 800,07 900,07 

2 99,98 200,45 299,38 397,3 500,99 599,32 696,72 800,19 900,19 

3 101 200,15 297,65 398,08 500,37 599,08 697,92 800,39 900,39 

4 100,06 202,01 297,54 396,01 499,15 596,69 697,56 802,27 902,27 

5 102 200,13 298,53 396 502,07 597,79 700,35 802,39 902,39 

6 102,88 202,13 297,1 396,81 498,75 597,67 699,21 799,78 899,78 

7 100,18 200,63 299,26 400,3 498,8 596,92 699,08 802,61 902,61 

8 101,01 200,04 300,14 400,58 498,3 598,12 697 800,16 900,16 

9 105,06 200,38 297,7 399,54 499,21 597,51 697,31 801,7 901,7 

10 102,07 202,4 299,29 396,22 500,58 598,78 697,33 798,42 898,42 

11 103,63 201,15 301,58 396,01 498,41 597,42 698,65 801,78 901,78 

12 103,73 201,57 298,29 396,25 501,21 596,96 697,79 800,67 900,67 

13 102,23 201,79 297,96 401,39 500,2 597,12 696,8 800,23 898,67 

14 100,14 200,61 299,06 396,84 502,83 598,57 697,24 800,2 896,04 

15 101,51 200,04 298,13 396,05 498,3 596,91 696,76 800,83 896,75 

16 101,84 200,5 296,82 398,75 498,46 601,37 697,24 800,43 895,8 

17 101,99 201,22 298,74 398,67 500,03 596,4 700,14 800,03 898,05 

18 103,37 201,45 299,11 396,04 499,88 600,52 696,63 803,25 900,13 

19 103,71 200,09 297,13 396,75 497,62 597,16 696,48 802,14 896,01 

20 100,48 200,76 297,88 395,8 497,98 597,38 696,78 803,2 897,94 

21 102,28 201,73 297,81 398,05 500 597,59 696,99 802,39 898,93 

22 100,14 200,48 297,05 400,13 499,62 598,54 697,56 800,71 898,18 

23 100,51 200,66 297,69 396,01 500,35 598,35 697,41 802,98 897,01 

24 103,97 202,85 298,54 397,94 499,15 597,65 699,09 801,94 896,06 

25 100,25 200,43 301,53 398,93 498,07 600,85 697,57 801,06 902,07 

26 102,77 200,53 301,16 398,18 498 597,93 697,29 799,57 903,63 

27 100,17 200,35 297,76 397,01 498,5 597,06 697,52 800,54 903,73 

28 101,26 200,4 298,55 396,06 503,03 600,44 698,59 800,78 902,23 

29 100,33 200,02 300,6 398,75 498,56 600,65 697,97 799,74 900,14 

30 102,02 201,69 298,04 399,17 502,29 598,98 700,37 803,91 901,51 

31 102,38 204,29 297,06 397,2 499,27 599,62 696,71 800,81 901,84 

32 100,9 203,14 299,5 397,57 502,33 597,41 700,67 803,18 901,99 

33 100,31 202,95 297,91 396,79 499,02 602,21 698,98 804,07 903,37 

34 100,27 198,56 299,56 401,55 498,56 597,33 698,94 801,82 903,71 

35 101,02 203,6 297,66 396,35 498,35 599,27 700,87 800,49 900,48 

36 100,06 201,47 298,42 397,02 502,02 596,83 699,55 800,34 902,28 

37 102,44 200,84 297,34 399,31 499,75 603,11 697,97 800,02 900,14 

38 100,4 200,24 297,27 400,21 499,11 597,01 698,62 800 900,51 

39 102,28 203,08 296,77 396,76 497,82 596,94 698,79 802,25 903,97 

40 101,14 201,69 300,99 396,49 498,24 600,93 698,55 800,77 900,25 

41 100,07 200,73 297,25 396,03 503,51 597,93 696,72 803,3 897,33 

42 102 203,55 297,27 396 499,96 597,68 697,48 804,83 899,27 

43 101,63 202,6 299,2 399,38 499,12 597,92 697,41 800,3 896,83 

44 100,1 205,54 302,14 397,21 498,07 599,37 699,21 799,58 903,11 

45 100,01 202,97 300,82 396,58 502 599,67 701,76 799,85 897,01 

46 101,38 202,5 296,93 399,04 498,25 598,23 699,74 801,55 896,94 

47 103,09 201,66 297 398,19 499,2 599,08 697,86 801,6 900,93 

48 102,94 201,1 298 397,14 502,08 600,32 697,8 802,35 897,93 

49 100,68 200,82 298,81 396,45 498,25 599,39 697,18 800,58 897,68 

50 100,54 201,8 300,61 396,03 498,02 600,4 698,51 800,22 897,92 

51 101,53 201,99 298,98 397 498,69 597,4 699,03 800,2 899,37 

52 102,1 203,31 300,37 396,31 500,88 597,02 697,38 800,86 900,88 

53 101,88 200,21 299,21 399,46 500,99 596,88 698,02 801,55 903,3 

54 101,31 200,01 300,09 399,22 500,37 597,49 699,19 800,03 902,42 

55 100,33 200,88 299,38 400,08 499,15 598,16 698,01 800 900,9 

56 100,27 203,3 297,65 399,5 502,07 597,95 697 800,07 903,31 

57 103,64 202,42 297,54 396,75 498,75 596,81 699,81 800,19 901,83 

58 100,98 200,9 298,53 397,3 498,8 597,61 699,8 800,39 900,63 

59 100,06 203,31 297,1 398,08 498,3 597,48 698,99 802,27 900,04 

60 101 201,83 299,26 396,01 499,21 596,78 697,58 802,39 900 

61 100,31 202,55 300,14 396 500,58 598,17 696,72 799,78 900,44 

62 100,89 200,22 297,7 396,81 498,41 599,32 697,92 802,61 901,03 

63 100,68 202,08 299,29 400,3 501,21 599,08 697,56 800,16 901,06 

64 100,48 200,5 301,58 400,58 500,2 596,69 700,35 801,7 902,57 

65 102,03 203,72 298,29 399,54 502,83 597,79 699,21 798,42 900,41 

66 100,63 203,23 297,96 396,22 498,3 597,67 699,08 801,78 900,03 

67 100,04 202,95 299,06 396,01 498,46 596,92 697 800,67 895,02 
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68 100 203,93 298,13 396,25 500,03 598,12 697,31 800,23 899,69 

69 100,44 198,62 296,82 401,39 499,88 597,51 697,33 800,2 901,5 

70 101,03 200,48 298,74 396,84 497,62 598,78 698,65 800,83 898,75 

71 101,06 202,65 299,11 396,05 497,98 597,42 697,79 800,43 898,67 

72 102,57 202,23 297,13 398,75 500 596,96 696,8 800,03 896,04 

73 100,41 201,64 297,88 398,67 499,62 597,12 697,24 803,25 896,75 

74 100,03 200,35 297,81 396,04 500,35 598,57 696,76 802,14 895,8 

75 99,5 200,02 297,05 396,75 499,15 596,91 697,24 803,2 898,05 

76 99,97 203,25 297,69 395,8 498,07 601,37 700,14 802,39 900,13 

77 101,5 201,33 298,54 398,05 498 596,4 696,63 800,71 896,01 

78 102,59 200,46 301,53 400,13 498,5 600,52 696,48 802,98 897,94 

79 101,66 202,53 301,16 396,01 503,03 597,16 696,78 801,94 898,93 

80 101,35 202,41 297,76 397,94 498,56 597,38 696,99 801,06 898,18 

81 100,08 200,59 298,55 398,93 502,29 597,59 697,56 799,57 897,01 

82 100,88 200,29 300,6 398,18 499,27 598,54 697,41 800,54 896,06 

83 101,81 203,52 298,04 397,01 502,33 598,35 699,09 800,78 898,75 

84 100,11 200,97 297,06 396,06 499,02 597,65 697,57 799,74 899,17 

85 103,01 200,56 299,5 398,75 498,56 600,85 697,29 803,91 897,2 

86 101,69 200,41 297,91 399,17 498,35 597,93 697,52 800,81 900,44 

87 100,11 200,96 299,56 397,2 502,02 597,06 698,59 803,18 900,65 

88 103,76 201,5 297,66 397,57 499,75 600,44 697,97 804,07 898,98 

89 105,23 204,59 298,42 396,79 499,11 600,65 700,37 801,82 899,62 

90 100,33 200,16 297,34 401,55 497,82 598,98 696,71 800,49 897,41 

91 100,27 202,01 297,27 396,35 498,24 599,62 700,67 800,34 902,21 

92 100,02 200,13 296,77 397,02 503,51 597,41 698,98 800,02 897,33 

93 103 200,63 300,99 399,31 499,96 602,21 698,94 800 899,27 

94 103,19 200,04 297,25 400,21 499,12 597,33 700,87 802,25 896,83 

95 100,45 200,25 297,27 396,76 498,07 599,27 699,55 800,77 903,11 

96 101,53 202,83 299,2 396,49 502 596,83 697,97 803,3 897,01 

97 100,1 200,11 302,14 396,03 498,25 603,11 698,62 804,83 896,94 

98 101,01 203,69 300,82 396 499,2 597,01 698,79 800,3 900,93 

99 102,81 201,37 296,93 399,38 502,08 596,94 698,55 799,58 900,02 

100 103,36 200,4 297 397,21 498,25 600,93 696,72 798,86 903 
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ANNEX II. PSoC Code for prototype 1. 
 
 
#include <device.h> 
#include <lpregs.h> 
#include <Radio.h> 
#include <RadioSpi.h> 
#include <distance.h> 
 
uint16 distance_measurement(void) 
{ 
 
 #define Clock_PWM_FREQ 1125 //Hz 
 #define Clock_PWM_FREQ2 500000 //Hz 
       
 float PWM_windowPeriod = 0; 
   
 float freq, freq2; 
   
 /* Initializations */ 
 PWM_Window_Start(); 
 Counter_1_Start(); 
 Clock_PWM_Start(); 
 PGA_1_Init(); 
 PGA_1_Start();  
 Comp_1_Init(); 
 Comp_1_Start();  
      
 PWM_windowPeriod =PWM_Window_ReadPeriod(); 
 freq = Clock_PWM_FREQ; 
 PWM_windowPeriod = PWM_windowPeriod/freq; //microsegundos 
  
 float intervalo2; 
 uint8 a, anterior=0; 
  
 uint16 distancia=0; 
  
 Timer_1_Start(); 
 //LEDControlReg_Write(255); 
    //LEDControlReg_Write(7); 
 a=1; 
  
 MyRadioHWReset(); //MyRadioWrite(0x1D,0x00); //Reset in SW 
 CyDelay(100);  
  
 MyRadioInit(); 
 //MyRadioSetChannel(8); 
 MyRadioWrite(TX_LENGTH_ADR,0x01); 
 distancia=0; 
 uint32 conter=0; 
  
 uint16 time2, time1; 
  
 do 
    { 
       conter++; 
     
   
  if ((OUT_COUNTER_Read()==1)&&(anterior==0)) 
  { 
   Timer_1_Init(); 
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   time2=Timer_1_ReadCounter(); 
   anterior=1; 
       
  }   
   
  if ((OUT_COUNTER_Read()==0)&&(anterior==1)) 
  { 
       
   time1=Timer_1_ReadCounter(); 
   freq2 = Clock_PWM_FREQ; 
   intervalo2=(time2-time1)/freq2; 
   distancia=(343*intervalo2); 
   anterior=0; 
   return (distancia); 
    
  } 
 
 }while(conter<200000); 
  
 return 0;  
} 
 
void main() 
{ 
    
 float PWM_windowPeriod = 0; 
 float freq; 
   
 /* Initializations */ 
 PWM_Window_Start(); 
 Counter_1_Start(); 
 Clock_PWM_Start(); 
 Clock_1_Start(); 
 PGA_1_Init(); 
 PGA_1_Start();  
 Comp_1_Init(); 
 Comp_1_Start();  
  
 unsigned char Status = 0; 
 uint8 a=0, distancia1, distancia2; 
 uint16 distancia,prova=0; 
  
 PWM_windowPeriod =PWM_Window_ReadPeriod(); 
 freq = Clock_PWM_FREQ; 
 PWM_windowPeriod = PWM_windowPeriod/freq; //microsegundos 
     unsigned char RxState;  
 SPIM_Start(); 
  
 MyRadioHWReset(); //MyRadioWrite(0x1D,0x00); //Reset in SW 
 CyDelay(100);  
 
 ////////////////////////////////////////// 
 MyRadioInit(); 
 //Transmit length 
 MyRadioWrite(TX_LENGTH_ADR,0x01); 
  
 uint8 x=0; 
  
    for(;;) 
    {  
  distancia=distance_measurement(); 
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  distancia=(distancia-30.06)/0.917; 
   
  if (distancia <1000) 
  { 
   
   distancia1= 192 + ((distancia & 0x0FC0) >> 6); 
   distancia2=distancia & 0x003F;  
   x=0; 
    
   do{ 
    
    MyRadioWrite(TX_CTRL_ADR,TX_CLR); 
    WritePayloadToRadio(distancia1); 
    MyRadioWrite(TX_CTRL_ADR,TX_GO); 
    CyDelay(500);  
    MyRadioWrite(TX_CTRL_ADR,TX_CLR); 
    WritePayloadToRadio(distancia2); 
    MyRadioWrite(TX_CTRL_ADR,TX_GO); 
    CyDelay(500); 
    x++; 
    while (!(( Status = 
MyRadioRead(TX_IRQ_STATUS_ADR)) & TXC_IRQ)); 
     
   }while (x<1); 
  } 
    } 
} 
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ANNEX III. PSoC Code for design 1 of the prototype 2  
 
 
void main() 
{  
 uint8 Payload,a=0,b=0,c=0,distancia1,distancia2,i; 
 uint16 distancia,distancia_anterior=0, aux,aux1,aux2,prova; 
 UART_1_Init(); 
 UART_1_Start(); 
 isr_1_Start(); 
 isr_2_Start(); 
    Clock_1_Start(); 
 SPIM_Start(); 
  
 MyRadioHWReset(); //MyRadioWrite(0x1D,0x00); //Reset in SW 
 CyDelay(100);  
  
 MyRadioInit(); 
 //Receive length 
 MyRadioWrite(TX_LENGTH_ADR,0x01); 
  
 unsigned char RxState; 
   
    for(;;) 
    {  
  distancia=0; 
  distancia1=0; 
  distancia2=0; 
   
        do 
  { 
       
   MyRadioStartReceive(); 
   CyDelay(200);//wait 
   RxState = MyRadioGetReceiveState(); 
       
   if (RxState & RXC_IRQ) // Receive operation completed 
   { 
    if (MyRadioEndReceive(RxState)) // Retrieve 
packet from radio 
    { 
     Payload = MyRadioRead(RX_BUFFER_ADR); 
      
      if (Payload>=192) 
      { 
       distancia1=Payload; 
       b=1; 
      }     
            
      if (Payload<64) 
      { 
       distancia2=Payload; 
       c=1; 
      } 
     } 
      
    } 
     
     
   } 
  }while(((c==0)||(b==0))); 
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  c=0; 
  b=0; 
  distancia=((distancia1&0x3F)<<6); 
  distancia=distancia2+distancia; 
   
   
  if (distancia==0) 
  { 
   UART_1_PutString("B"); 
   UART_1_PutString("\n"); 
  } 
   
  else 
  {     
   UART_1_PutString("A");    
   
  aux1=1000; 
  aux2=distancia; 
    
  for (i=0;i<4;i++) 
  { 
   aux=aux2/aux1; 
   aux2=aux2%aux1; 
   aux1=aux1/10; 
    
   if (aux==0) 
   { 
    UART_1_PutString("0");     
   } 
   if (aux==1) 
   { 
    UART_1_PutString("1"); 
   } 
   if (aux==2) 
   { 
    UART_1_PutString("2"); 
   } 
   if (aux==3) 
   { 
    UART_1_PutString("3"); 
   } 
   if (aux==4) 
   { 
    UART_1_PutString("4"); 
   } 
   if (aux==5) 
   { 
    UART_1_PutString("5"); 
   } 
   if (aux==6) 
   { 
    UART_1_PutString("6"); 
   } 
   if (aux==7) 
   { 
    UART_1_PutString("7"); 
   } 
   if (aux==8) 
   { 
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    UART_1_PutString("8"); 
   } 
   if (aux==9) 
   { 
    UART_1_PutString("9"); 
   } 
  }      
   
  UART_1_PutString("\n"); 
  } 
   
    } 
  
 
 
} 
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ANNEX IV. PSoC Code for design 2 of the prototype 2 . 
 
uint16 distance_measurement(void) 
{ 
 
 #define Clock_PWM_FREQ 1125 //Hz 
 #define Clock_PWM_FREQ2 500000 //Hz 
       
 float PWM_windowPeriod = 0; 
   
 float freq, freq2; 
   
 /* Initializations */ 
 PWM_Window_Start(); 
 Counter_1_Start(); 
 Clock_PWM_Start(); 
 PGA_1_Init(); 
 PGA_1_Start();  
 Comp_1_Init(); 
 Comp_1_Start();  
      
 PWM_windowPeriod =PWM_Window_ReadPeriod(); 
 freq = Clock_PWM_FREQ; 
 PWM_windowPeriod = PWM_windowPeriod/freq; //microsegundos 
  
 float intervalo2; 
 uint8 a, anterior=0; 
  
 uint16 distancia=0; 
  
 Timer_1_Start(); 
 //LEDControlReg_Write(255); 
    //LEDControlReg_Write(7); 
 a=1; 
  
 MyRadioHWReset(); //MyRadioWrite(0x1D,0x00); //Reset in SW 
 CyDelay(100);  
  
 MyRadioInit(); 
 //MyRadioSetChannel(8); 
 MyRadioWrite(TX_LENGTH_ADR,0x01); 
 distancia=0; 
 uint32 conter=0; 
  
 uint16 time2, time1; 
  
 do 
    { 
       conter++; 
     
   
  if ((OUT_COUNTER_Read()==1)&&(anterior==0)) 
  { 
   Timer_1_Init(); 
   time2=Timer_1_ReadCounter(); 
   anterior=1; 
       
  }   
   
  if ((OUT_COUNTER_Read()==0)&&(anterior==1)) 
  { 
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   time1=Timer_1_ReadCounter(); 
   freq2 = Clock_PWM_FREQ; 
   intervalo2=(time2-time1)/freq2; 
   distancia=(343*intervalo2); 
   anterior=0; 
   return (distancia); 
    
  } 
 
 }while(conter<200000); 
  
 return 0;  
} 
 
void main() 
{  
 uint8 Payload,a=0,b=0,c=0,distancia1,distancia2,i; 
 uint16 distancia,distancia_anterior=0, aux,aux1,aux2,prova; 
 UART_1_Init(); 
 UART_1_Start(); 
  
    for(;;) 
    {  
  distancia=0; 
  ////////////////////////////////////////// 
  LEDControlReg_Write(0); 
   
  distancia= distance_measurement(); 
 
  if (distancia==0) 
  { 
   //LEDControlReg_Write(32); 
   UART_1_PutString("B"); 
   UART_1_PutString("\n"); 
   LEDControlReg_Write(64); 
  } 
   
  else 
  {     
   UART_1_PutString("A"); 
   //LEDControlReg_Write(128); 
   LEDControlReg_Write(128); 
   
  aux1=1000; 
  aux2=distancia; 
     
  for (i=0;i<4;i++) 
  { 
   aux=aux2/aux1; 
   aux2=aux2%aux1; 
   aux1=aux1/10; 
    
   if (aux==0) 
   { 
    UART_1_PutString("0");     
   } 
   if (aux==1) 
   { 
    UART_1_PutString("1"); 
   } 
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   if (aux==2) 
   { 
    UART_1_PutString("2"); 
   } 
   if (aux==3) 
   { 
    UART_1_PutString("3"); 
   } 
   if (aux==4) 
   { 
    UART_1_PutString("4"); 
   } 
   if (aux==5) 
   { 
    UART_1_PutString("5"); 
   } 
   if (aux==6) 
   { 
    UART_1_PutString("6"); 
   } 
   if (aux==7) 
   { 
    UART_1_PutString("7"); 
   } 
   if (aux==8) 
   { 
    UART_1_PutString("8"); 
   } 
   if (aux==9) 
   { 
    UART_1_PutString("9"); 
   } 
  }      
   
  UART_1_PutString("\n"); 
  } 
   
    } 
  
} 
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ANNEX V. PCB designs. 
 
 

 
 

Fig. V.1. Prototype 1 PCB design 
 
 

 
 

Fig. V.2. Prototype 2 PCB design 
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Fig. V.3. Ultrasonic sensors support PCB design 
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