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Resum del Treball 

Aquest projecte es porta a terme en marc d'un projecte global per 

desenvolupar un sistem de càpsules intel·ligents. L'objectiu principal és la 

creació d'una càpsula comestible que conté un conjunt de sensors com 

ara la càmera , mesurador de nivell de pH i temperatura , per tal 

d'obtenir paràmetre vitals per ajudar en el diagnòstic mèdic del pacient .  

La càpsula també permet la possibilitat d'afegir sensors addicionals en 

el futur. D'altra banda , el receptor , a part de ser capaç de rebre dades 

de la càpsula , és capaç també d'enviar comandaments per controlar el 

comportament de la càpsula . 

El propòsit d'aquest projecte és la creació d'una interfície de programa del 

receptor que connecta l'usuari - receptor . El programa anomenat 

receptor v1 és un programa fruit d'aquest projecte que s'executa en la 

plataforma Windows . El programa proporciona en primer lloc , la 

connectivitat i les configuracions necessàries entre el host PC i el receptor 

a través d'USB 2.0 . 

 En segon lloc , proporciona una interfície gràfica, elaborada amb la 

interfície .NET Visual Basic , que inclou un conjunt d'ordres i controls que 

permet a l'usuari veure diferents tipus de dades rebudes d'una manera ja 

processat ( imatges , títols , pH i etcètera ) . 

A més , per facilitar els objectius futurs del projecte global , el receptor es 

realitza d'una manera que facilita la creació de versions futures per provar 

altres futurs mòduls , canviant només alguns mètodes i paràmetres .  
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Resumen del Proyecto 

Este proyecto se lleva a cabo en marco de un proyecto global para 

desarrollar un sistema de cápsulas inteligentes. El objetivo principal es la 

creación de una cápsula comestible que contiene un conjunto de sensores 

tales como la cámara, medidor de nivel de pH y temperatura, con el fin de 

obtener parámetros vitales para ayudar en el diagnóstico médico del 

paciente. La cápsula también permite la posibilidad de añadir sensores 

adicionales en el futuro. Por otra parte, el receptor, aparte de ser capaz 

de recibir datos de la cápsula, es capaz también de enviar comandos para 

controlar el comportamiento de la cápsula. 

El propósito de este proyecto es la creación de interfaz de programa del 

receptor que se conecta el usuario - receptor. El programa denominado 

receptor v1 es un programa fruto de este proyecto que se ejecuta en la 

plataforma Windows. El programa proporciona en primer lugar, la 

conectividad y las configuraciones necesarias entre el host PC y el 

receptor a través de USB 2.0. 

 En segundo lugar, proporciona una interfaz gráfica, elaborada con el 

interfaz .NET Visual Basic, que incluye un conjunto de comandos y 

controles que permite al usuario ver diferentes tipos de datos recibidos de 

una manera ya procesado  (imágenes , títulos , pH y etcétera ) . 

Además, para facilitar los objetivos futuros del proyecto global, el 

receptor se realiza  de una manera  que facilita la creación de versiones 

futuras para probar otros futuros módulos, cambiando sólo algunos 

métodos y parámetros.     
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Abstract 

This project is held in a mark of a global project to develop a smart 

wireless capsule system. The main purpose is to create different kind  of 

edible capsule which contains a set of sensors such as Camera, pH level 

meter and temperature, in order to obtain vital parameter to help on 

patient´s medical diagnosis. The smart capsules also enables the 

possibility to integrate additional sensors in the future. On the other hand, 

the portable receptor apart of being able to receive capsule´s data is able 

to send commands to control the capsule´s behavior. Furthermore, the 

receptor will be connected to a personal computer where all the data will 

be displayed. 

The purpose of this project is to create the receptor´s program 

interface that connects user - receiver. The program named Receiver v1 is 

a custom made program product of this project which run in Windows 

platform. The programs provides at first, the connectivity and necessary 

setups between PC host and Receiver by USB 2.0. 

 At second, provides a graphical interface, made using .NET framework 

visual basic interface, which includes a set of commands and controls that 

permits to user view different kind of received data in a managed way 

(pictures, degrees, pH and etcetera). 

Furthermore, for the global project future’s objectives, the Receiver is 

made in a way, which eases the creation of future versions to test other 

future modules, by only changing few methods and parameters.  
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1. Introduction 

1.1 Context 

Tsinghua University, located in the Chinese capital, Beijing, is one of 

the country's leading university in many disciplines such as economics, 

medicine, various branches of engineering   and especially in the field of 

electronics, microelectronics and nanotechnologies. 

The Institute of microelectronics, where the project is made by the 

author, has multiple ongoing research projects which are applied the 

techniques of microelectronics integrated circuits, on various fields one of 

which is bio-medicine whose director is Professor Wang Zhihua. 

In the field of bio-medicine, the Institute of Microelectronics has 

multiple active projects such as some of the highlights as:  micro wireless 

gastric ball, portable wireless electrocardiogram, micro ultrasonic 

transducer  for  medical imaging  obtaining and wireless smart capsule 

system which this project belongs. 

The smart capsule system project began in 2011. During the first year 

and a half prototypes of the capsule and receiver was modeled. The next 

six months was focused on the manufacture of the capsule and the 

receiver PCBs and afterwards the testing of these components. 

In the year 2013, when the author makes the project, the project 

enters in a second phase which is to create a second version of the 

prototypes and test them. 

Currently, the project team is composed by the Professor Director, 

three faculty teachers, about ten PhD students/master students and one 

undergraduate student. 

Project’s staff is divided into several sub-teams to work on the different 

subsystems that have the project. 

The student and author of this report will be assigned to specific tasks 

be achieved related to the project which will be described later. 

 

 



Tsinghua University – Universitat politécnica de Catalunya 
Portable Data Receiver Interface Design for wireless Smart Capsules. 

19 

 

 

   

1.2 Objective 

As introduced in the previous Section, the main objective of the project is 

to create a capsule which contains multiple different sensors to capture a 

patient's vital parameters. This capsule will have a reduced size that the 

patient can swallow. Once the capsule is into the patient's digestive 

system, this will send different kind of data obtained by the sensors. 

 

The basic types of sensors which the capsule incorporates will obtain the 

following type of data: 

 Endoscopic Images of the gastric system . 

 Pressure levels . 

 pH levels . 

 Temperature. 

Also, being able to have the option to expand and add additional sensors 

to obtain other medical parameters in the future. 

 

Once the capsule captures medical data, it will send wirelessly to a 

receiver which will process the data sent by the same capsule. This 

receiver will have an user interface that will allow the system to display 

the images and read the other type of data  sent by the capsule and 

furthermore interact with the capsule. This is the part which the project is 

developed. 

 

The author of this report plans to collaborate on the project one year 

( 2013 ) . During this year, will be assigned work focused mainly on the 

receiver of the capsule, working with the team on charge of the receiver. 

 

In the first days, it is planned to understand how the global system works. 

In subsequent months will be focused on testing with the rest of the team, 

the new receiver’s boards in the laboratory and personally will be focused 

on create the program interface that connects between the receiver and 

user computer using USB 2.0 technology in a bidirectional communication. 

The second main objective is to create a program with graphical controls 

which the user can acquire all the received data in a arranged and 

processed way but also containing a set of controls which can govern the 

boards behavior. 

Also, create a program project which eases the creation of future versions 

for testing future boards and the final version. A reference documentation 

of the project will be offered for future implementations.  
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1.3 Report Structure 

The report starts with a brief introduction of the current capsule endoscope´s state 

of art in the chapter 2. Afterwards, the main capsule overall system will be described 

in the chapter 3. 

The chapter 4 is a description of the USB 2.0 technology and the chapter 5 

describes the used USB controller hardware. In the chapter 6 describes the USB 

controller´s used Firmware. 

The last chapters take concern on the Receiver program interface implementation. 

The chapter 7 describes in input data format and the required processing. 

The chapter 8 describes the used driver and API library functionalities and 

afterwards describes the custom created library for the Receiver implementation. 

The chapter 9 is a brief tutorial on how to configure correctly and match the device 

with the driver. 

In the last chapter 10, describes the implementation of the receiver interface using 

.NET Visual basic and other functionalities included in the program. 
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2. Technology and state of the art 

2.1 Traditional endoscopy 

For multiples medical purposes, there is the need of viewing certain 

parts of organ in order to evaluate and detect diseases for example the 

gastrointestinal system.  In order to achieve this need, at the end of the 

70s the fiber optic gastrointestinal endoscope was invented. 

The fiber optic endoscope is a medical instrument which has the main 

function of getting image of certain region of the body and taking biopsy 

samples. It is formed by a long tube which at one end of the tube 

contains the lens in order to get the image, a light system in order to 

illuminate the exploration zone and optionally a set of surgery 

instruments to get biopsy samples. On the other side, contains the visor 

which the operand can see, through the optical fibers inside the tube, the 

other side of the tube. Optionally tube’s movement controller and biopsy 

instrument controller can be included in order to control the tube’s 

positioning and getting samples. 

 

Figure 2.1.1Fiber optic endoscope. Example of different part that can be found 

in a fiber optic endoscope. 

The humans’ gastrointestinal systems is divided in oesophagus, 

stomach, small bowell (duodenum, jejunum and ileum), colon and rectum. 
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Abnormalities and diseases can be set at each part of the gastro- 

intestinal tract. For this reason, the exploration is needed in order to 

detect and diagnose possible diseases. 

The fiber optic endoscope can explore certain parts of the gastro- 

intestinal tract. Depending of which region is needed to explore, there’s 

different ways of using the endoscope: 

The upper endoscopy consist of inserting the instrument from mouth to 

reach the beginning of the small intestine passing through esophagus and 

stomach. 

The lower endoscopy, also known as colonoscopy, consist of inserting 

the instrument from the rectum to reach the large intestine. 

 

Figure 2.1.2endoscopic techniques for the gastrointestinal tract exploration. At 

left, upper endoscopy. At right, lower endoscopy or colonoscopy. 

As seen the previous figure, both endoscopic techniques cannot reach 

all the regions of the gastrointestinal tract, especially the small intestine.    

This is one of the most drawback of traditional endoscopy, unable to 

reach and image the Small intestine. Other techniques such computerized 

tomography (CT) and magnetic resonance imaging (MRI) can provide 

small intestine’s pattern but not able of providing direct real view of the 

zone. Invasive surgery was the only way of obtaining direct real view of 

the small bowel. 

Also, endoscopy imaging is an invasive type of exploration which need 

of sedation which requires professional experienced executer because 
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there are multiples risks during the explorations such as perforations, 

bleeding, over sedation and infections. Furthermore traditional 

endoscoping is uncomfortable, even painful, for the patients. 

As noted, there are many inconveniences using the traditional since it 

cannot fulfil specific needs. Those needs, especially on getting real image 

of the small intestine, encouraged the creation of a new type of 

technology which can solve the needs. This new technology is the capsule 

endoscope which will be described as follows. 
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2.2 Emergence of the capsule endoscopy 

As seen in the previous section, there are multiples drawbacks 

regarding using the traditional endoscopy hence the needs to solve the 

drawbacks, especially on imaging the small intestinal, was present and 

the only way was by direct invasive exploring. 

The capsule endoscopy was first documented at 2000 in a document 

published in Nature by Iddan et. This document a new kind of wireless 

technology in order to explore and diagnose the gastrointestinal tract 

without being invasive.  

In 2001, the first endoscopic capsule appeared produced by the 

company Given Imaging Ltd named pillCam SB. The product consisted 

on a capsule to obtain images and a receptor. 

The capsule is 11mm x 26mm sized equipped with a single CMOS 

256x256 camera which captures the images at rate of 2 frames per 

second. The taken images are first compressed into JPEG format and then 

sent to the receiver wirelessly by  radio frequency which can last up to 8 

hours battery lifetime.  

Regarding the receiver, in the exploration time, when the capsule is 

acquiring and sending the images, the receiver contains an array of 

antenna which is attached to the patient’s body in order the receive the 

data and also to know the position of the capsule in the gastrointestinal 

track by triangulation between the antennas. 

For uploading, three hours was needed, after time, it was shortened to 

one hour of uploading. 

 

Figure 2.2.3 first version of endoscopic copsule pillCam SB by given Imaging. 
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Years after, in 2004, pillCam ESO was released for esophageal 

exploration. The new type of capsule was designed for exclusively analyze 

the human esophagus.  The standard version of pillCam SB was not able 

to fully analyze the esophagus because the time that the capsule go 

through there is very short and it’s two frames per seconds was not 

enough.  

For this reason, the new pillCam ESO has it’s frame rate increased into 

14 frames per second and using two CMOS cameras located on each side 

of the capsule to give more images, able to explore with detail the entire 

esophagus.  

However the battery lifetime is reduced up to 30 minutes but it is not 

an important parameter since to analyze the esophagus just need few 

minutes.   

 

 

Figure 2.2.4 first version of endoscopic capsule pillCam ESO by given Imaging 

for exclusively esophagus exploration. 

 

In 2005, the Olympus Company launched a slightly different endoscopic 

capsule named Endocapsule. This system of capsule uses a single CCD 

sensor instead of CMOS sensor with a rate of acquisition of 2 frames per 

seconds. 

Also a new type of automatic light controlling is introduced. This lets to 

control the light intensity of the LEDs to obtain an optimum brightness 

level  on the images in the different parts of the human tract.  

Furthermore the Olympus’ system permits a live viewing of the 

received data which allow real-time exploration viewing. The live video 

recording can be seen thought a LCD display which the receiver-recorder 

includes.  
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Figure 2.2.5 Olympus’ endoscopic capsule EndoCapsule. At left, the systems’ 

receiver system with its arrays of antennas to read the capsule’s sent data and  

also position tracking. Furthermore include and LCD panel to view the images 

on live. At right, the EndoCapsule capsule. 

 

In 2006, Given Imaging released a third version of endoscopic capsule 

system named pillCam COLON. Instead of exploring the full 

gastrointestinal tract or only the esophagus, like the previous two version, 

this new system has the aim of exploring exclusively the human’s colon. 

This new type of system only focus on explore and take images of the 

colon part. For this reason, when exploration procedure starts and the 

capsule is swallowed by the patient, the capsule enters in a sleep mode to 

save battery and wakes up two hours later when the capsule is located in 

the colon. 

pillCam COLON’s capsule  has a slightly bigger size than the previous 

two models. Two CMOS with big angular lens cameras are included on 

each side of the capsule enabling of taking 4 frames per second up to 9 

hours battery life. Using two cameras permit obtaining more detail on the 

colon exploration. 

A system of LEDs bright control is included in order to control the 

luminance level due to the colon surface is highly irregular. 

 This new model uses the same type of receiver than the previous 

models. 
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Figure 2.2.6 pillCam COLON capsule.  

In 2007, a new brand of endoscopic was released named MicroCam MC 

1000-W by the company IntroMedic Ldt. This brand of endoscopic capsule 

introduces a larger field view of 170º CMOS camera with a resolution of 

320x320 pixels. The size of the capsule is smaller (10.8mm x 24.5mm) 

and permits a recording with a speed of 3 frames per second. 

The company highlight the capsule’s long battery life of 11 hours ensures 

the complete small bowel’s exploration and also giving a higher frame 

rate of 3 images per second. 

Regarding the receiver, it permits real time viewing by USB or Wifi with 

position tracking, multiples processing functions and options than user 

can configure. 

 

 

 

 

 

 

 

 

Figure 2.2.7 MicroCam Mc 1000-W capsule. 
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Figure 2.2.8 At top, MicroCam receiver system with the antenna array and the 

charger. At the bottom, MicroCam Mc 1000 capsule with its on-switch cover and 

case. 

At the same year, the Give Imaging Ltd released a second version of 

pillCam named pillCam SB. The new version offers wider view field with 

better optics capturing at the same rate of 2 frames per second. It 

includes also an advanced LEDs brightness  control to obtain images with 

an optimum luminance in the different parts of the human gastrointestinal 

tract. 

 

 Figure 2.2.9  second generetion of Given Imaging’s capsule:  pillCam SB 2 . 
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In year 2008, another brand of endoscopic capsules appearead named 

OMOM CE endoscopic capsule by Jinshan Science and Technology Ltd. 

This new brand shares similiar features with the previous viewed 

capsules such as its reduced size (13mm x 28mm), a CMOS sensor with 

lens obtaining a field view of 140 º, a default acquisition rate of two 

images per second lasting up to 8 hours of battery life.  

The systems is also composed by the capsule, and array of receiver 

sensors attached to the body and a receiver-recorder to save the images 

and later to upload to a computer station to view and diagnose the 

exploration result. 

The new features that OMOM capsule introduces is a two way 

communication since the previous models only use one way 

communication which only the capsule send data to the receiver. The 

option of sending data from the receiver-recorder to the capsule allows 

sending commands to the capsule to control parameters such camera 

frame rate or LEDs brightness level on real time. 

Furthermore, the new systems have arranged the array of receiver’s 

sensor into a jacket. This eases the placement of the array because 

previously the antennas are manually put into the patient’s body following 

a color code which the doctor has to interpret. 

 

 Figure 2.2.10 OMOM capsule created by Jinshan Science and Technology Ltd. 

 

Now a days, from the company Given Imaging, new version of the 

three types of capsules has been released:  

the pillCam SB 3 is recently released which offers improved images 

detail with an optimized optical system. The new version introduces an 
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adaptive frame rate which changes the frame rate of the camera from 2 

to 6 frames per second depending how fast is the capsule moving through 

the human gastrointestinal tract. 

For the receiver,  and display is included enabling real time viewing of 

the capsule data and a new system of belt includes all the array of sensor 

which avoids the need of putting the sensors manually. 

Also an improved software permits faster and better data processing. 

 

 Figure 2.2.11 the newst version of pillCam SB 3. 

Furthermore a newer versions of pillCam’s pillCam ESO 2 and pillCam 

COLON 2 is expected to be released soon with also improved 

specifications. It is expected to reach better images quality, higher field 

view and longer battery life and also improved image processing in the 

software program. 

 

 Figure 2.2.12 the future versions of pillCam COLON 2 and pillCam ESO 2. 

 



Tsinghua University – Universitat politécnica de Catalunya 
Portable Data Receiver Interface Design for wireless Smart Capsules. 

31 

 

 

   

From Intromedics ,Ldt two new models is available: MicroCam 1000-

WM and MicroCam 1000-WG. 

The microCam 1000-WM introduces a new small movement control of 

the capsule by magnetic force. The model MicroCam 1000-WG differs on 

using a mercury free battery. 

The other specifications are similar or same with the first version as can 

be seen in the following chart: 

 

 Figure 2.2.13 general specifications of the three model of MicroCam by 

Intromedics Ltd. 

On the other hand, Olympus Medical Systems and Siemens Healthcare 

are developing a new model of endoscopic capsule with a full movement 

control. 

The new model focuses on stomach exploration. The movement control 

is achieved by magnetic field guidance. The patient is introduced in a MRI 

which produces precise magnetics fields which orientates and propulses 

the capsule moving as the doctor’s will with a joystick control. 

This model is currently on human testing and will be commercialized 

soon. 
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 Figure 2.2.14 stomach exploration with the new capsule developed by Siemens 

and Olympus. The capsule orientation and propultion can be controlled by the 

doctor with a set of joysticks. 

 



Tsinghua University – Universitat politécnica de Catalunya 
Portable Data Receiver Interface Design for wireless Smart Capsules. 

33 

 

 

   

3. System Overview 

The Tsinghua´s smart wireless capsule system has the objective to 

obtain endoscopic images, pH level and temperature from different smart 

capsules. Then, receive and process it into a human interface. Also the 

ability to send commands to control the capsule behavior is added. 

Furthermore, other news smart capsule with new type of sensors will be 

attached into the capsule in the future. 

Currently the project is in the development phase. In the development 

phase, in two main fields, the devices can be grouped. From one hand, a 

set of Sensors’ evaluation boards to test the implemented micro sensors 

from the laboratories. And on the other hand, the receiver. Those 

elements interact between them. Sensors’ modules sends data to the 

receiver and the receiver can send commands to the sensors to control 

them. 

 

 Figure 3.1 System components. 

3.1 Communication parameters 

In order to transmit data and commands, all the components uses a set of custom 

standardized radiofrequencies parameters provided from other teams: 

 From sensors to receptor: 

o MSK1 modulation 

                                            
1
 Type of digital modulation, minimum-shift keying. 
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o Default frequencies:  432MHz. 

o Eight channels: 408MHz to 432MHz in interval of 4MHz. 

o Transfer rate 3Mbps. 

 From receptor to sensors: 

o OOK2 modulation 

o Default frequencies:  432 MHz. 

o Eight channels: 408MHz to 432MHz in interval of 4MHz. 

o Transfer Rate 64Kbps. 

3.2 Receiver board: SPIDER 

The central device in charged to receive data sent from the sensor module. Also 

the device can send a set of commands to control the sensor device. The board can 

split into different modules as can be seen: 

 

 Figure 3.2.1 SPIDER system diagram. 

The overall system can be split into simpler subsystems: 

 RF module: contains the RF circuitry including the antenna, filters 

and the amplifiers. 

 Memory module: NAND Flash where stores and loads the data. 

 Power manager: manages and controls the system´s power. 

 RTC module: real time clock. 

 LED module: contains a set of led to indicate states. 

 USB module: USB 2.0 controller. 

                                            
2
 Type of digital modulation, On-off Keying. 
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 FPGA: the core of the System. Performs all the system´s tasks 

such as demodulate, code and decode, store and load data to 

Memory module and set or read data to the USB controller. 

The red discontinuous line square marked in the Figure 3.2.1 show the 

field which this project will be implemented. 

The FPGA configuration is still developing parallely of this project in 

order to work all the system accordingly together. 

The USB controller´s firmware is implemented in the beginning of 2013 

by other team. The firmware is a modification of provided “bulkloop”3 

firmware from Cypress. The implemented firmware connect logically and 

provides a path where the data can flow from the system data storage to 

the USB controller output. Also translates commands sends from user to 

commands that the FPGA can understand. The firmware will be focused 

later in the chapter 6. 

 

3.3 pH level Board: APOLLO 

Evaluation board. Contains the pH level and temperature micro sensors designed 

in the Tsinghua microelectronics laboratories by another team. The board is called 

Apollo. 

 

3.4 camera board: SODAR 

Evaluation board. Contains the micro camera sensors designed in the Tsinghua 

microelectronics laboratories by another team. The board is called Sodar. 

 

 

 

  

                                            
3
 Cypress provides examples of Firmware to help the designer. The most basic is “bulkloop” which  

uses a default configuration to make the controller work. 
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4. USB 2.0 

In this chapter, the technology used to transfer the data between the 

receiver and personal computer, which is the USB 2.0, will be explained. 

First of all, a general introduction of the main features of the USB 2.0 will 

be explained.  Afterwards, the specific features of the used chip will be 

enumerated. 

For further information of the USB specifications, it can be found in the 

USB 2.0 technical reference. 

 

4.1 Why use USB 

There are several types of technology able to transfer data from one 

device to other much  simpler like port serial, parallel, or other more 

complex such as FireWire or  even using RF. 

But the chosen technology to obtain data to the PC from the receiver is 

the USB. Mainly because the USB is the most common and extended 

connection now a days since all the personal computer have several 

certified USB ports available. 

But also using USB is cheap and capable to offer high speed transmission 

up to 480 Mb/s, which is enough for most of application and specially for 

this application. 

Another important key is compability. Using USB ensure full compability 

to all computers, which now a days, all have USB ports, but also to 

different operative systems with a wide number of drivers to ensure the 

connectivity. 

 Furthermore USB has great data robustness and with the plug and play 

technology4 eases the user experience. 

 

4.2 USB Abstraction 

In a USB connection, three parts can be identified: 

                                            
4
 Detects and Automatically configures the device so will be ready to use. 

http://www.usb.org/
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 Host: the master device which in our case is the personal computer. 

 Device: which provide a function which in our case, it the receiver 

board which provides the received data from the external sensors. 

 Connection: the means which the communication is established. 

In every communication protocol is good to abstract into different 

layers to ease the development, in case of USB can be separated in three 

layers: 

 

 Figure 4.2.1 USB communication layers. Extract from USB 2.0 technical 

reference. 

The USB bus interface layer is the physical and protocol layer involving 

electric signals and protocol between host and device. 

The USB device layer is the Operative system and configuration layer 

which involves all the primary USB operation. 

The function layer corresponds the application and specific operations 

between host and device. 

 

4.3 Bus Topology 

Physically, the connection between host and devices have a star 

topology. The point where devices are connected to host is called Root 
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hub which has ports to be connected. Furthermore, additional ports (Hub) 

can be connected into one of the Root hub offering more ports. 

 

 Figure 4.3.2 USB physical topology. A compound device is just a composition 

of multiples devices into one hub.  

 

Logically, host has a direct connection to all the attached devices. Hubs 

can be ignored functionally in the logic level and it must only taken 

account when a hub is removed, which the hub’s devices should be 

removed too. 

 

 Figure 4.3.3 USB logical topology. 

 

Functionally, there are the client softwares from host and functions that 

a device can provide. This means each client software only interacts with 

the target device’s function as can be seen as follow: 
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Figure 4.3.4 function layer, relation between client software (CSw) and 

device’s functions (func). 

 

4.4 Endpoints and Pipes 

A device’s endpoint, as the word means, is a termination of a 

communication link between host and devices. Each device has a set of 

endpoints. In a Endpoint is where data can be accessed. 

Each endpoint has parameters that permit to distinguish from other 

endpoints such address, number and direction. Furthermore, depending of 

the endpoint configuration, will determine important communication 

parameters such transfer type, speed, packet size, communication 

direction or type of error handling. 

There are two types of endpoint: the endpoint Zero and the other 

endpoints (non-zero). 

The endpoint Zero is the default endpoint that all USB devices have and 

is configured and available after power up. The endpoint Zero is used to 

perform important start up controls and logic control such as enumeration, 

which will be described later, device’s configuration commands and also 

retrieve the device’s configuration information. 

Each USB device has mandatory one Zero Endpoints. The other 

endpoints are always Non-Zero endpoints. These Non-Zero endpoints 

have several parameters that can be configured in different ways to its 

purpose such as transfer type, speed, packet size or error handling. 

Endpoints at the end is just a memory buffer that can be accessed from 

outside. 
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On the other hand, a Pipe is a link between a device Endpoint and a 

host software. A Pipe is where data can move through and there are three 

types can be found: the default pipe, the stream pipe and message pipe. 

The default pipe is a link between endpoint Zero and host software. 

This link is the first available and it is used to perform configuration and 

also obtaining information of the device. 

A Stream pipe delivers data uni-directionally and a message pipe, on 

the other hand, is a more complex pipe which consist of three stage 

delivery: request, data and receive status. This mean is a bi-directional 

type of pipe and default pipe is a message type. 

As result, the USB communication can be represented more precisely 

as follows: 

 

Figure 4.4.1 USB host-device data flow. 

As can be seen in the previous figure, on the bottom layer corresponds 

the bus interface layer. The SIE(Serial interface engine) is the subsystem 

In charged to arrange the packets in the protocol level. 

 In the Device level is where Endpoint Zero and the Default Pipe is 

located which the System Software manages and configures the device. 
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On the function layer, the client softwares have a set of memory 

buffers to treat the incoming and outgoing data. On the other side, the 

device has a collection of endpoints, named interface, connected to Host 

Client Softwares in a collection of pipes. These pipes are message type 

and are where the data exchanges and travels to accomplish the host and 

device communication and also to perform the device function. 

 Furthermore, a device can own a collection of interfaces which each 

interface is a collection of endpoint with a specific configuration different 

than other interfaces. 

 

 

4.5 Transfer Speeds 

There are three different speeds: 

 Low-speed: 1.5Mb/s defined from USB 1.0 

 Full-speed: 12Mb/s defined from USB 1.1.  

 High-speed: 480 Mb/s defined from USB 2.0. 

All USB devices support Low and Full speeds. Only USB 2.0 supports high-

speed mode. Also, a new kind of speed, Super-speed mode is available on 

USB 3.0 devices which transfer at 5Gb/s. 

 

 

4.6 Protocol 

All information and data travelling through the pipes are grouped into 

packets and all the packets follow a specific format and protocol in order 

to ensure the correct understanding between host and device. 

Packets’ bits are always sent from least-significant bit (LSB) to most-

significant bit (MSB) and each packet always starts with a 8 bit SYNC field 

which has only physical purpose in order to ensure the correct 

synchronization. 

After SYNC, every packet starts with a packet ID (PID). This PID will 

define the purpose and behavior of the packet and can be grouped as 

follow: 
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PID Type PID name 

Token IN, OUT, SOF, SETUP 

Data DATA0, DATA1, DATA2, MDATA 

Handshake ACK, NAK, STALL, NYET 

Special PRE, ERR, SPLIT, PING 
 Table 4.6.1 PID types and names. 

The PID has a size of 8 bits. The least significant 4 bits indicates the 

PID type. Then it is followed by 4 more bits of PID check field. With the 

check field ensure the PID type reliability. 

 

 Figure 4.6.1 PID field format. 

 

The most common PID used in transactions are: IN, OUT, SETUP, 

DATA0, DATA1 and ACK. All the PID types can be defined more precisely 

as: 

PID type PID Name PID[3..0]B Function 

Token OUT 0001 Always view from host. 
Packet from host to 

device. 

IN 1001 Packet from device to host 

SOF 0101 Start of frame marker and 
number 

SETUP 1101 Host to device for setup 

Data DATA0 0011 Even Data packet 

DATA1 1011 Odd Data packet 

DATA2 0111 High-speed isochronous 
data packet 

MDATA 1111 High-speed split and high 
bandwidth isochronous 
data packet 

Handshake ACK 0010 Received packet without 
error 

NAK 1010 Busy, Receiver can’t 
receive or host can’t send 

correctly the data 

STALL 1110 Endpoint or Pipe stopped 

or not available 

NYET 0110 No response from receiver 

Special PRE 1100 Preamble for low speed 
devices. 

ERR 1100 Split transaction error 
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SPLIT 1000 Split transaction token for 

high speed transaction 

PING 0100 Ping. Only for bulk or 

control pipes. 

RESERVED 0000 Reserved 
 Table 4.6.2 Types of PID and function. 

Note that there are different types of PID for data packet (DATA0 and 

DATA1). This is because the USB 2.0 uses a data toggle mechanism which 

consists on alternating the data packets between DATA0 (even) and 

DATA1 (odd). Then the device and host keep internally a toggle bit which 

indicates if it is expected even or odd data packet and then comparing the 

incoming PID (DATA0 or DATA1). In case of difference, means that an 

error has occurred on the handshaking process.  Therefore,  this 

mechanism permits to detect error on handshaking and its handshake 

packets. This improves the protocol reliability.   

After PID field follows, if it is required, Address field ADDR [6:0] and 

afterwards Endpoint field ENDP[3:0]. 

At the end of each packet, generally a cyclic redundant check (CRC) is 

included to ensure the correct reception of the bits after PID field (PID 

has its own 4 bits check separately). For TOKEN packets, a 5 bit 

polynomial CRC is included and for DATA packets, a 16 bit polynomial 

CRC is applied. 

It is important to appreciate the layer abstraction of the USB 

technology. As commented before, the protocol belongs to the bottom 

interface layer. This means in upper level, and especially in the host 

software client level, will not treat the packets in protocol level. 

Specifically the SIE (Serial interface engine) is the subsystems in charged 

to understand the packet function and send to upper layer the required 

data directly. SIE will be explained later for the specific used USB 

controller. 

 

  Figure 4.6.2  example of USB packets. 
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4.7 Types of Transfer 

As seen in the previous section, the link between Client software and an 

endpoint (a message pipe) is where the data flows between host and 

client. But there are different type of transfer that varies some transfer 

proprieties such as data format, packet size, direction, error correction 

and etc. 

 

4.7.1 Control Transfer 

This type of transfer is sent in the default pipe with within Endpoint 

Zero and Host.  The control transfer is different with the other three types 

(which will be seen after) because it has the purpose of configuring, 

control and manage the device instead of just sending data. Also, control 

transfer is a bidirectional type of transfer which uses a handshake 

protocol in order to ensure the correct transaction. 

In a control transfer, there are three stages: SETUP, DATA and STATUS: 

At first stage SETUP (host to device) indicates what type of control has 

to be sent to the device and 8 bytes of required data for the Control 

command. At second DATA stage  (host to device), which is optional, 

send more data if it is required. At last STATUS (device to host)  stage 

ends the control transfer and free the pipe. It also indicates if it is 

successful the transfer. 

 

 Figure 4.7.1.1 Control transfer packet format. 
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The 8 bytes of setup data of the SETUP stage indicates what type of 

control request command is and it is always defined as follow: 

 

  Table 4.1  SETUP’s data (1 byte) format. 

In the bmRequestType, mainly indicates the direction of the second 

data stage and the type of control transfers. 

For Standard control request, there are the basic and standard requests 

as shown in the following figure: 
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 Table 4.2 control request type 

 

 Clear feature: used to clear or disable a specific feature. 

 Get configuration: returns the current device configuration 

values. 

 Get descriptor: returns a specific descriptor. A descriptor is 

a data structure to report USB´s attributes. 

 Get interface: returns a specific interface configuration. 

There are always a default interface and optional alternate 

interfaces on a device. 

 Get status: returns the status of the device, endpoint or 

interface. 

 Set address: set a specific address to the device. 

 Set configuration: sends configuration parameters to the 

device. 

 Set descriptor: add or update descriptors to the device. 
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 Set feature: sets, enables or disables specific device´s 

features. 

 Set interface: selects a specific alternate interface or the 

default interface. 

 Sync frame: used for synchronization purpose. 

Another important type of control transfer packets are the Vendor type. 

The vendor request are the ones which the designer can define its 

function for the device. This means when a host client software send a 

specific vendor request, the device will proceed a defined function which 

previously the designer has defined in the device’s firmware. Vendor 

request will be defined later for the used USB controller. 

 

 

4.7.2 Bulk Transfer 

The bulk transfers are used for applications where a burst type of 

transfer is needed. The bulk transfer sends data packets with size of 8, 16, 

32 or 64 bytes for full speed more and 512 bytes for high speed mode. 

CRC is applied on each data packet so the correction of the packets is 

guaranteed. 

 

 Figure 4.7.2.1 Bulk transfer packets. In (left) and out (right). 

 

4.7.3 Interrupt Transfer 

Interrupt transfers is used from device to host which ensures the host 

to read the sent data by activating an interruption and a posterior 

queuing.   

The packets size is 1 to 64 bytes for full speed transmission and 1024 

for high speed transmission. 
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 Figure 4.7.3.1interrupt transfer packet format. 

 

4.7.4 Isochronous Transfer 

Isochroous transfer is used for periodical and continuous transmissions 

such as streaming applications. In order to ensure the bandwidth, data 

toggle mechanism is disables and not response handshakes such as ACK 

are used. 

Packet size can be from 1 to 1023 bytes for full speed and 1 to 1024 

bytes for high speed devices. 

 

Figure 4.7.4.1 isochronous transfer packet format. 

 

4.8 Device Configuration 

Every USB device follows a protocol. Once powered on a device goes 

through different states that can be: 

 Powered: the device is powered on. 

 Attached: the device is physically attached to the port. 

 Default: this state goes after being powered on and reset. In this 

state a default configuration is set to the device and is addressable 

with default addresses and Control Endpoint. 

 Address: An unique new address is set to the device from host. 

 Configured: all device’s parameters are configured and are not 

default. 

 Suspended: device is on low power consumption mode. Devices 

enters automatically after a period of inactivity and activities exits 

this mode. 
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Every time an USB is attached into a hub, the host manages the 

device’s states in order to configure and manage it properly. This process 

is called Enumeration. A common enumeration follows these steps: 

1. USB device attached on an available hub port.  

2. Hub informs host a device has been attached and 

disables the attached port in order to avoid other 

devices of being attached. 

3. Device is powered on, host waits at least 100ms in 

order to wait the device to stabilize electrically. 

4. Host send Device  a reset command. Device is reset 

and enters in a Default state with default address. 

5. Host assigns new address to devices. Enters to Address 

state. 

6. Host reads, from default pipe and endpoint Zero, 

available configurations and selects one. 

7. Device is configured. Endpoint are configured as the 

selected configuration and new message pipes are 

configured and ready to exchange data. 

With this process, the host is able to enumerate and des-enumerate 

every time a device is attached or unattached. 
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 Figure 4.8.1  USB configuration states. 

 

4.9 USB Descriptors 

USB Descriptors are data structure that describes information about a 

USB device which a client can retrieve from the application layer. These 

descriptors can be received from the default control pipe by standard 

requests. it can be classified as: 

 Device descriptors: express relevant generic device’s information 

such as vendor ID, product ID, max  packet size, USB version and 

etc. normally there’s one. 
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 Configuration descriptors: describes the device’s power 

configuration such as maximum power and how is powered (e.g bus 

powered). 

 Interface descriptors: defines a group of endpoints. 

 Endpoint descriptors: describes information of non-Zero endpoints 

(not control endpoint) such as endpoint address, type of transfer 

(BULK, INTERRUPT…), packet size and etc. 

 String descriptors: optional descriptor that describes the device in a 

string format which can be read. 

Those descriptors follows a hierarchy. Normally each device has a 

single Device descriptor which can have multiples configurations. Each 

configuration can have several interfaces and each interface has a group 

of endpoints which have a specific configuration. 

 

 Figure 4.9.1  USB Descriptor hierarchy. 

 

4.10 Host 

As been descriebed brieftly in the section 5.2, the host is the master 

and controls all the attached USB devices, configures and set the 

necessary parameters and ables the data transfer to devices. 

In order to simplify the model of the host, it is abstracted into layers as 

seen before. Host layers can be defined more precisly as follow: 
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 Figure 4.10.1  USB host layers model. 

At the bottom layer, the Bus interface belongs all the physical signal 

format and the application of the protocol for output data and decode it 

for input packets. As seen in previous section 5.4, the SIE (serial interface 

engine) is the susystem that manages and apply the protocol for input 

and output data. Furthermore, the Bus interface has an host controller 

which controls and manages the root hub and all connected USB wires. 
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On the middle layer,  The USB system is the layer which from the host 

controller, obtains and configures the attached devices, sets the 

neccesary parameters including endpoints and pipes which permit the 

communication for the upper layer.  

The Systems layer is split into three subsystems: Host controller Driver 

(HCD) , USB driver (USBD) and host software. 

The host controller driver (HCD) is a bridge from Host controller(bus 

interface) to the other upper subsystem such as usb driver and host 

software. 

The USB driver (USBD) is a subsystem which provides an interface that 

connects and permits the communication from clients and devices. the 

communication is done in form of I/0 request packets (IRPs) which 

transfers packets to a determined pipe including the default pipe. 

And the last subsystem, the host software sets the beheaviour and 

controls the USB driver and host controller driver. The host software 

depends on the operative system of the host. 

On the top layer, the client layer includes all the software made by the 

designer to fullfit a purpose. On this layer, a high level abstraction is used 

which the host can interact directly with the device by high level 

lenguages (e.g c++). On the following sections will be explained more 

specifically for the used USB controller. 
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5. USB Controller 

In this chapter, the used USB controller will be introduced. Its 

specifications and functionality will be described. A special focus will be 

taken on the client and USB system layer which this project is centered 

on. 

For more detailed technical reference can be found in the Cypress EZ-USB 

technical reference manual. 

 

5.1 Cypress FX2LP  

The used USB controller will be from the brand Cypress, FX2LP family, 

model CY7C68013A.  This model of USB controller is a low power USB 2.0 

microcontroller which includes a USB 2.0 transceiver, a smart Serial 

interface engine (SIE) and a programmable peripheral interface into one 

chip. 

 

  Figure 5.1.1 Cypress FX2LP logic Diagram 

Some of general and relevant features are: 

http://www.cypress.com/?rID=38232
http://www.cypress.com/?rID=38232
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 Transfer speeds: USB 2.0 full speed(480 Mbps) and high speed (12 

Mbps). 

 Ultra low power. 

 Enhanced 48MHz /24MHz/12 MHz 8051 microcontroller. Firmware 

runs from internal 16KB RAM which can be loaded from USB or 

EEPROM. 

 Four programmable endpoints: BULK, INTERRUPT or ISOCHRONOUS. 

Plus one 64 Byte BULK/INTERRUPT endpoint. 

 Integrated GPIF(general programmable interface) which permits 

direct connections to most parallel devices 

 8/16 bit data interface 

 Two USARTs 

 Integrated I2C controller at 100KHz or 400KHz. 

 Four integrated FIFOs (4KB). 

 Standard USB power, 100mA max current. 

 Vectored USB, GPIF and FIFO interrupts. 

 

5.2 Booting Default Firmware 

At power up, the microcontroller checks the EEPROM’s first byte 

connected through I2C. If it is correctly connected, the EEPROM program 

is bootloaded into the internal RAM and an specific VID/PID/DID is set. 

Otherwise, if no EEPROM is connected, an default values an interface is 

set. The default PID/VID/DID are: 

 Vendor ID VID = 0x04B4. 

 Product ID PID = 0x8613. 

 Device release = 0xAxxx. xxx stands for chip revision. 

 

5.3 ReNumeration 

The FX2LP enumeration is done by software and uses the 

ReNumeration technology to configure the device. First enumerates at 

default and downloads Firmware and Descriptors. Then simulates a 

disconnection and proceed to enumerate for second time with the new 

firmware. 

In order to upload a custom made firmware, it is done from the driver 

.inf script which will be described at chapter 8.  
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5.4 Enpoint Configuration 

Endpoint Zero is always configured as bidirectional 64 Bytes Buffer. 

Then, there are eight 512 bytes sized buffer (8x512) to be split with the 

four endpoints (Endpoint 2, 4, 6 and 8) and can be configured differently: 

 

 

 Figure 5.4.1 Possible Endpoint configurations. 

 

The default High Speed configuration uses double buffers for each 

endpoint as shows the table: 

 

 Table 5.4.1 Default Endpoints configurations for high speed mode. 

 

 To program and set the endpoints, there are six registers which 

determines it: 
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 Table 5.4.2  Endpoint configuration registers.  

 

Once configured, the endpoint data are accessible from the registers 

show in the table 5.4.3. 

 

 Table 5.4.3 Endpoint buffers 

 

 

5.5 Serial Interface Engine  

The FX2LP include a Serial Interface Engine (SIE) which decodes the 

packets PID, error checks with the CRC bits, introduces stuffing bits when 

necessary and delivers Data between device and host.  

The included SIE has a smart function which can perform a full 

enumeration by itself without need of the CPU. This means SIE can 

download code into the RAM and enumerate without CPU. 
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Figure 5.5.1  Serial Interface Engine basic functionality. 

 



Tsinghua University – Universitat politécnica de Catalunya 
Portable Data Receiver Interface Design for wireless Smart Capsules. 

59 

 

 

   

6. Firmware 

The used firmware is made from a Tsinghua ph.D student in the 

beginning of 2013 named “bulkloop_0509_hitron”. First of all, the Cypress 

USB controller´s Firmware structure will be explained. Afterwards, the 

implemented functions of the custom firmware will be described briefly. 

 

6.1 Framework and file structure 

For the Cypress USB controller firmware implementation, a framework 

is provided in order to ease the process. The firmware initializes the 8051 

CPU, manages requests and interrupts and manages the device´s power. 

For more detailed information about building firmware, can be found in 

the EZ-USB developer Guide, chapter 5.  

With the framework, the designer just need to implement some 

functions which are linked to the framework and the framework will fill the 

remaining parts which will complete the firmware. 

When the device is powered on, the framework initializes internal states 

variables, then call the initialization function TD_init(). Afterwards enables 

interrupts and Re-enumerates. 

Once Re-enumerated, the framework starts the task dispatcher. The 

task dispatcher is an infinite loop which first calls the function TD_poll(). 

Afterwards checks if there is any pending standard requests. If so, 

processes the request and commits the required tasks.  

The framework also manages the device´s suspend mode with the 

function TD_suspend() as shown in the table 6.1.1. 

Regarding the file structure, the framework is on a Keil uVision project 

which contains the following files described in the EZ-USB developer 

Guide, chapter 5, section 2 : 

 FW.C: the main framework source file. Contains the task 

dispatcher and the main(). 

 PERIPH.C:  Contains the initializations and the implementation of 

the functions of the task function of FW.C, which are linked with 

http://www.cypress.com/?docID=37298
http://www.cypress.com/?docID=37298
http://www.cypress.com/?docID=37298
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the framework hooks. This is the file where the designer sets up 

the device and  adds custom and expected behaviors of requests.  

In this file is where the interrups handling can be customized. 

 

 

 Figure 6.1.1 Framework flowchart.  
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 EZUSB.LIB: EZ-USB Library is a 8051 .lib file that implements many 

required functionalities. 
 

 DSCR.A51: Assembly file that contains your device's custom 
descriptors 

 FX2.H/LP.H: Head file containing common EZ-USB constants, 
macros, data types, and library function prototypes. 

 FX2REGS.H/LPREGS.H: EZ-USB register declarations and bit mask 
constants 

 SYNCDLY.H/FX2SDLY.H: Contains the synchronization delay macro. 

 USBJMPTB.OBJ: Object code that contains the ISR jump table for 
USB and GPIF interrupts 

 BUILD.BAT: Batch file for compiling/linking the firmware using the 
Keil command line tools 

 FW.UV2 Keil uVision2 project file for compiling/linking the firmware 

 

6.2 Implemented Custom Firmware 

Two main fields are implemented in the custom made firmware from 

the Tsinghua´s microelectronics department: 

 Device configuration 

 Custom vendor Requests 

The device configuration is configured as same as the Bulkloop 5 

example´s firmware.  This mean, the firmware implementation started 

from the Bulkloop example and the device´s configuration is almost the 

same. 

The endpoints are configured as same as the Bulkloop firmware: 

Endpoint Direction Type Max packet Size 

Endpoint 2 Out Bulk 512 (x2)- Double buffered 

Endpoint 4 Out Bulk 512 (x2)- Double buffered 

Endpoint 6 In Bulk 512 (x2)- Double buffered 

Endpoint 8 In Bulk 512 (x2)- Double buffered 
 Table 6.2.1 Endpoint configuration. 

 

 

                                            
5
 Cypress provides several firmware examples in order to configure the device to implement 

different functionalities which helps the programmer learning process. The BulkLoop Firmware is the 
most basic one which all the data read from Bulk endpoints 2 and 4 are sent back to the Bulk 
endpoints 6 and 8 respectively, closing a loop. 
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Several custom vendor request was implemented to achieve different 

functionalities6: 

Vendor name Value Description 

SET_RESTORE 0xBA Exits current modes and sets the device to 
default mode. 

SET_LIVE 0xBB Enters in LIVE mode. In this mode, data can 
be read at real time. 

IMG_LIVE_REQUEST 0xBC When in LIVE mode, request one set of data 
to be available to read in the endpoint 6. 

START_DL 0xB7 Enters in Download mode. In this mode, data 
will be read recorded data from the system´s 
Flash 

IMG_DL_REQUEST 0xB9 When in Download mode, request for one set 
of recorded data to be available in the 

endpoint 6 

GET_IMAGESUM 0xB3 When in Download mode, requests the 

number of data sets are available in the 
system´s flash. 

FINISH_DL 0xB8 Finishes and Exits from Download mode 

ERASE_FLASH 0xB6 Starts to erase the system’s flash 

FINISH_ERASE 0xB5 Finishes the system´s flash erasing. 
 Table 6.2.2 Implemented custom vendors. 

 

In order to offer the different requests, when a customs vendor is sent 

from the host, the firmware manages the request and sends to the 

system´s FPGA, commands7 in order to work accordingly. 

About the payload data transfers, the firmware is configured to link the 

input data (device to host) from the Receiver´s Flash to the USB 

controller endpoint 6. This means when needed transfer data to the host 

PC, the firmware creates a direct logical link that goes from the 

Receiver´s Flash, the FPGA and finally to the Endpoint 6. As result, from 

the PC host, when a data is needed to read, it must read from only the 

endpoint 6. 

 

  

                                            
6
 Not all vendor  are described. Exist many vendors which have the purpose to control some 

FPGA´s controls which are not needed for this project.  
7
 FPGA beheaviour can be set from its registers. The commands are set by other team in charged 

to set up the FPGA.   
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7. Data Processing  

7.1 Introduction 

In this section, the description and design of the receiver software 

interface will be explained. As described, the purpose of the entire smart 

capsule system is to get different medical parameters and display it in 

real time. So far three types of data are available from the capsules: 

Images, pH values and Temperature. 

On this project, only image data will be processed. The pH level data 

and temperature data structure are still in development and will be 

managed in the future. 

The endoscope capsule´s camera will take pictures of the patient and 

will send it to the receiver by wireless communication. The receiver will 

demodulate and get the data stream from the sent signal. 

At endpoint of the USB controller, the data will be available. The 

purpose of this chapter is to explain how the incoming image data is 

structured and how to process it in order to display it. 

First of all, the input data heading will be explained. The input data will 

have a particular arrangement and headers which have to be treated. 

Then the input data will have a Bayer structure due to the camera has a 

CMOS-Bayer filter which will be introduced. Afterwards there’s the need to 

recover lost information from the sensor which is called demosaicing.  

 

7.2 Input Data Format 

The images data will have a specific data format grouping the data into 

pages. The page size is set to 4096 bytes. This means when reading, the 

data will be split into pages which in our case if the image has 57,6KB 

(240x240 + Header) at least 15 pages is needed to send. An extra page 

is added as paddle by convenience, so for each image corresponds 16 

data pages and the data stream will be consecutives pages. 

Each page has a variable size of header up to 12 bytes and always 

ended with last three bytes as 0xAA, 0xAA and page number. After the 

page header follows the page data which has a size of 4084. Paddle bytes 
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is add at final if is needed to have a size of 4096 bytes which mean 

paddle bytes can be up to 9 bytes (Header[3] + data[4084] + paddle[9] -

> 4096 bytes). 

 

 

 Figure 7.2.1 Input data format. Each row is an image formed by sixteen pages. 

One image is after another one in the data stream. 

 

After eliminating the headers and uniting the pages data, remains the raw 

image stream. This stream contains its header (different from page 

headers), the image data and paddling bytes. 

The header gives image’s information and has a size of 128 Bytes. The 

header parameter is following listed: 
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Name Positio

n offset 

Size(bytes) Description  

Identity 0x00 2  All images files start with: 
“0xEC, 0xC1” 

Compression 0x05 1 Last bit set is there is 
compression: 

0: no compression, raw 
Bayer format. 

1: compressed file. 

 0x07 1 Lowest 4 bits of 
Header[7] and highest 4 

bits of header[8] set the 
image size. 

For example: 0x97,0x87 
then size value is 0x78. 

 0x78 -> 240x240 
 0xF0 -> 480x480 

Normally only 240x240 
image is used.  

 

Year 0x0C 2 Two bytes indicates the 
image’s year. Upper byte 

indicates the two upper 
values of year and the two 

lower bytes indicates the 

two lower values. Both en 
BCD format.e.g. 0x20,0x12 

-> year 2012.  

Month  0x0E 1 Indicates month in BCD 

format. 
E.g. 0x03 -> month: 

march. 

Day 0x0F 1 Indicates day in BCD 
format. 

e.g. 0x25 -> day: 25th  

Week 0x10 1 Indicates day of the week 

in BCD format. 
E.g.0x3->week:Wed. 

Time 0x11 3 Three bytes to indicate 

hour, minutes and seconds 
in BCD format. 

 e.g. 0x03,0x21,0x32 -> 
 03h 21m 32s 

 

 Table 7.2.1 Header parameters. From left to right: name, the offset position, size and 

its description. 
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After the 128 bytes of header, follows the image data. The data will be 

always uncompressed so therefore the data will be directly the data 

obtained by the camera which mean it will have a Bayer structure. 

The width of the data will be exactly 57600 bytes (240x240) where 

each byte is a red, green or red value of the 240x240 image’s matrix.  

After data, extra paddling bytes can be found with values of 0x00 or 

0xFF. Those values are ignored for the processing. 

In order to test the program, a testing file is available. This file contains 

several pictures taken from the endoscope capsule with the mentioned 

format with a starting header of 32 Bytes to indicate the size of the file. 

And also contains several corrupted pages in the middle. The file is named 

IMG000001-000065.wes. 

Regarding pH and Temperature data, the structure has not been exactly 

defined. But will have a very similar structure than the image data 

structure. It is defined that the Apollo´s data will have the same page 

format, same page headers and same data header as described before. 

Also, a set of Apollo’s data is defined to ten pages (10) instead of 

sixteen of the pictures. But how the data will be structured and how to 

process it has not been set and will not be treated in this project. 

 

7.3 Bayer Format 

After grouping the sent pages sent from USB and eliminating the page 

headers, remains a raw data same as sent directly from the endoscope 

capsule´s camera. 

 The used endoscope camera sensor is a CMOS type. The CMOS sensor 

is formed by a matrix of CMOS photo-sensors which obtain information 

about the incoming light. All the CMOS’s photo-receivers follow a specific 

distribution named as Bayer filter where each photo-receiver has the 

function to detect of the three primary colors: red, green or blue in a 

square matrix arrangement. 
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 Figure 7.3.1 Bayer filter. Shows the distribution of the photo receptors and the 

color which it detects. 

Bayer filter is used in order to detect the different incoming colors and 

let posterior spatial representation of the image. The actual sensors use 

Red, Green and Blue model which adding a defined amount of each 

primary colors (red, green and blue), can obtain a wide range of other 

colors.  

Different types of Bayer filter variations can be found but the sensor 

used on the endoscope capsule  is a standard type. This mean the 

distribution of the photo-receivers will be in groups of 2x2 formed by 

Blue, green, and red, from left to right and up to down (To follow a 

square arrangement green is doubled due to human’s eyes are more 

sensitive with the green color). 

In the working system, the endoscope will take pictures with a size of 

240x240 and will send it wirelessly in a RAW format. The mentioned RAW 

format is an unchanged and uncompressed data with the direct 

information taken from the sensor matrix.  

This means the data stream will be formed by rows of blue-green 

(BGBGBGBG…) bytes and green-red bytes (GRGRGRGRGR…) and 

alternatively. 

 

 Figure 7.3.1 Input data matrix following the Bayer filter distribution. 
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7.4 Bayer Demosaicing 

As seen in the previous section, the endoscope will send RAW data with 

RGB - Bayer pattern. When using the RGB model, there is the need to 

know for each pixel the amount of the three primary color. This means in 

a RGB model, an image is formed from three planes of primary colors red, 

green and blue. 

Using a Bayer filter sensor, gives an incomplete sampling or in other 

words it down-samples the image since for each pixel it filters only one of 

the three primary colors. Hence there is the need of reconstruct the 

missing pixels samples. 

 

 Figure 7.4.1 Incomplete primary color planes obtained from the Bayer filter 

sensor. 

The reconstruction and the interpolation of the missing pixels samples 

are called Bayer Demosaicing. As explained, Bayer Demosaicing has the 

goal of recovering the missing color information since the Bayer filter 

offers three incomplete RGB planes.  

There are different kind of Demosaicing techniques and will be 

introduced in the next section.  
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7.5 Types of Demosaicing 

As seen in the previous section, there is the need of estimate two 

values for each pixel because using a Bayer filter, only one spectral of the 

primary color ( red, green or blue) will be obtained for each pixel. 

There are several types of Demosaicing which varies from the simplest 

to more complicated algorism. The following figure will be used as 

reference for the different techniques equations: 

 

 Figure 7.4.1 Bayer pattern. First letter corresponds the color (red, green or 

blue), left index the row number and right index the column index. 

 

7.5.1 Pixel Doubling Demosaicing 

This is the most simple interpolation technique. Consist basically on 

reproduce the values of the nearest neighbor’s cells. This means for each 

2x2 RGB cells groups, the missing red cells will have the same value as 

the top left red value. The two missing green will have the same value as 

the top right and bottom left green value. And for the missing blue cells 

will have the value of the bottom right blue value. Applying pixel doubling 

on the first 2x2 square cell would have the following results: 

Position Initial value Interpoled value 

R11 R11 R11 

G11  G12 

B11  B22 
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 Table 7.5.1.1 applying the pixel doubling technique on the first 2x2 RGB – 

Bayer cells. On red are the interpolated values. 

The pixel doubling Demosicing is the simplest technique to recover the 

missing values. Therefore it give a poor quality compared with the 

following techniques but on the other hand, being the simples technique, 

requires less resources, hence it is the fastest technique. 

 

7.5.2 Bilineal Interpolation 

The pixel doubling technique only takes account the nearest neighbor 

cell value within the 2x2 block and without any averaging. On the other 

hand, bilinear interpolation is an interpolation technique which for each 

pixel, takes an linear average of the near eight neighbor cells. Next figure 

is show applying a bilinear interpolation to the reference Bayer pattern: 

 

R12  R11 

G12 G12 G12 

B12  B22 

 

R21  R11 

G21 G21 G21 

B21  B22 

 

R22  R11 

G22  G21 

B22 B22 B22 

Positi
on 

Initial Final 3x3 cells 

R22  
    

               

 
 

 

 

G22  
    

                 

 
 

B22         
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 Table 7.5.1.2: Procedure to recover the missing color by bilinear interpolation. 

The example above shows for each 2x2 RGB square, there are four 

different cases at linear averaging for each cell of the 2x2 square. This 

pattern repeats for every RGB block of the image matrix.  

Special note must be taken for the corner rows and columns since it 

does not have all the eight side cells. The missing neighbor cells will not 

be considered and the linear average will only apply for the existing cells. 

7.5.3 Gradient Based Demosaicing 

This technique is split into two steps. At first step, the luminance is 

found for all the cells. Green is taken as the reference luminance, so first 

at all, the green cells is taken as it actual luminance and all the missing 

green cells (red and blue) is recovered as followed: 

 

R23  
    

       

 
 

 

 

G23         
                   

 
 

B23  
    

       

 
 

 

R32  
    

       

 
 

 

 

G32         
                   

 
 

B32  
    

       

 
 

 

R33          

 

G33  
    

               

 
 

B33  
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To recover the Green luminance, at first, it must determine on which 

direction the change occurs stronger which can be vertical or horizontal 

edge. If taking the square (R33, G34, G43, B44) as example to illustrate, 

then two values of green will be needed to recover which is: G33 and 

G44.  

In order to compare and define if it is vertical or horizontal edge, two 

factor is defined. 

For the blue cell B44 the factor would be: 

 

               
       

 
      

 

              
       

 
       

 

 

 

 Figure 7.5.3.1 Green luminance recovery for the cell position B44. 

If         then vertical edge is set, otherwise if         then it is 

horizontal edge. If         then non edge is considered. 

By comparing the factors, the missing green value will be recovered 

depending what kind of edge is: 

 

 Table 7.5.1.1 Green luminance value recovery for the cell position B44 

depending on the type of the edge. 

 

Factor comparison Type of edge Recovered value 
        Vertical 

    
       

 
 

        Horizontal 
    

       

 
 

        none 
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For the red cell R33 the factor would be:  

 

             
       

 
     

 

            
       

 
       

 

 

 Figure 7.5.1.1 Green luminance recovery for the cell position B33.  

Depending the kind of the edge, the green value will be estimated 

same as the cell Blue B44: 
 

Factors comparison Type of edge Recovered value 
        Vertical  

    
       

 
 

        Horizontal  
    

       

 
 

         None  
    

                 

 
 

 

 Table 7.5.1.2 Green luminance value recovery for the cell position B33 

depending on the type of the edge. 
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After first step, the green plane will be completed and all the values will 

be accessible. The second step consists on recovering the missing red and 

blue cells. 

 
The missing blue and red values are recovered from linear averaging 

between the difference of the nearest neighbor cells(with the same color) 
and the actual cell’s luminance, which is the green value. Applying for the 

example’s square it would have the following results: 
 

Position value 

        

             
                   

 
  

             
                   

 
  

             
                                       

 
  

 

               
                                       

 
   

              
                   

 
  

               
                   

 
  

        

 

Figure 7.5.1.3: At top, the procedure to recover the 
missing red and blue values using the gradient based    
Demosaicing. At bottom-left, a Bayer filter pattern to 
help illustrate how the average is taken. 
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With the second step, all the missing red and blue of the square values 

are estimated. This method can extend to the other cells of the image. 
After estimating all the cells, the three planes of red, green and blue are 

completed. Special note on the corner rows and columns which do not 
have all the neighbor cells. For those cells averaging take only account on 

the existing neighbor cells. 
 

7.6 BMP Format 

Once the three colors channel (Red, green and blue) are recovered, the 

next step is to create a file which a user can open and see its content  as 

an image. 

The BMP (bitmap image file) format is used for this purpose. The BMP 

format is chosen because it is a very widely used format for windows and 

with a complete support for most of the programs. Also the BMP format 

uses directly the RGB channel as data to display the image which suit for 

the project since at the previous steps the RGB channel is obtained. In 

addition, BMP permits change and customize several parameters such as 

size, compression, color and etc. And also, can be compressed easily into 

other different formats. 

In order to configure correctly and obtain de image, a header must be 

set and then the data must be added correctly. 

 

7.7 BMP Header 

In order to configure and set the image’s parameters, the header will 

hold all the necessary parameters. The header is defined as follow: 

 

Position size Name Description 

Bitmap file header (14 Bytes) 

0x00 2 
Bytes 

BMP identify The first two bytes always 
identifies the BMP format which for 

windows is “BM”. 

0x02 4 
Bytes 

BMP file size Size of the BMP file 

0x06 4 
Bytes 

Reserved Reserved 
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0x0A 4 

Bytes 

Data offset Address where the image data 

array starts 

DIB Bitmap information header 

0x0E 4 DIB size Size of the DIB header 

0x12 4 Width Width in pixels 

0x16 4 Height Height in pixels 

0x1A 2 Planes Number of planes 

0x1C 2 Bpp Number of bits for each pixel 

0x1E 4 Compression Compression type used 
 BI_RGB (0): no compression 

 BI_RLE8 (1): RLE encoding 
 BI_JPEG (4): JPEG image 

 BI_PNG (5): PNG image 

0x22 4 Data Size  Size of the data matrix 

0x26 4 H.res Horizontal resolution 

(pixel/meter) 

0x2A 4 V.res Vertical resolution (pixel/meter) 

0x2E 4 Num colors Number of colors  

0x32 4 Iport. colors Important colors  

Color table  

Color definitions Color is defined in a list 

Data 

 

 Table 7.7.1 Definition of the BMP header. The offset position, the size, the name and 

its function. 

In our case, the images will have a size of 240x240. 24 bits per pixel, 

where one Byte for each color (Red, green and blue) therefore 3 Bytes for 

each pixel and without any compression. The implemented configuration 

to display the pictures would be: 

 

Position size Name value Description 

Bitmap file header (14 Bytes) 

0x00 2 
Bytes 

BMP 
identify 

 “BM” Identifies the BMP file. 

0x02 4 
Bytes 

BMP file 
size 

Header 
size +Data 

= 172,854 
KB 

The total amount size is 
the header size (54) plus 

the data size (240x240x3) 
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0x06 4 

Bytes 

Reserved - - 

0x0A 4 
Bytes 

Data offset 54 14 of the file header + 
40 of the information 

header. 

DIB Bitmap information header 

0x0E 4 DIB size 40 Information header size 

is set to 40. 

0x12 4 Width 240  For the 240x240 image 

0x16 4 Height 240 For the 240x240 image 

0x1A 2 Planes 1 Only one plane. 

0x1C 2 Bpp 24 For each pixel, one Byte 

for each color (red, green 
or blue). Therefore  

24 bit/pixel. 

0x1E 4 Compressi

on 

0 BI_RGB (0) mask is used 

which means no 
compression. 

0x22 4 Data Size  172,8KB 3x(240x240) 

0x26 4 H.res 1000 Arbitrary. Used to 
representation. 

0x2A 4 V.res 1000 Arbitrary. Used to 
representation. 

0x2E 4 Num colors 0  Default colors 

0x32 4 Iport. 

colors 

0  Default. All colors are 

same important. 

Color table  

- No color table is used 

Data Data format  

 

 Table 7.7.2 BMP file header configuration. From left to right, the memory position, the 

size, the parameter name, the value and the description. 

 

Right after the Bmp header follows the image data. Image data is 

packet with rows, which in this case are 240. For Bmp image data each 
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row has to be multiple of 32 bits – 4 Bytes - double word. When it is not 

the case, extra bytes is added as paddle bytes.  

In our case, the rows sizes are 240. Using 3 bytes per pixel, the data 

for each row would be                    which is already multiple of 4 

bits. Then no paddling is needed for our images. The order of the data 

stream must be a byte of red, a byte of green and a byte of blue and so 

on (RGBRGBRGB…). 

After writing the file with the values show in the above table in the 

header and following with the correct data format, the Bmp image will be 

correctly set up and the user can open it and view its content and the 

processing is done. 
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8. Client Software 

In the following chapter, the implementation of the client software will be 

explained. In this chapter, first of all, the used USB driver and API will be 

described. Afterwards, the environment setup will be explained. And at 

the end, the user’s functions implemented library and the human 

interface will be explained. 

The function of the application are from one hand, obtain and represent 

the data sent from the sensors pH and temperature capsule or camera 

capsule on real time. On the other hand, opening formatted data and 

represent it. Also sending commands from host to device in order to 

accomplish different task. 

 

8.1 Host Controller Driver: CyUSB.sys 

As seen in the USB layers abstraction, the USB system layer is the 

middle layer that interconnect the user application to the protocol and 

electrical level. Particularly, the host controller driver has the function to 

control and retreat information of the host controller (bottom layer) by 

commands sent from upper layers. 

CYUSB.sys is a driver made specifically for Cypress USB 2.0 devices. It 

has a set of primitive USB commands to control the USB device and 

connect the application with the operating system. With CYUSB.sys can 

only attend low level request and in-out control.  

In this section, the overall CYUSB.sys will be defined. This driver 

however, will not be used directly since Cypress provides an API interface 

(CyAPI) which is higher level object oriented which uses CYUSB.sys.  But 

it is important to understand how the driver works so direct low level 

commands can be called if it is necessary. 

 

8.1.1 DeviceIoControl 

In order to communicate with the CYUSB.sys driver in a Windows 

platform, the DeviceIoControl is used. The DeviceIoControl is a general 

functions, from MSDN library, which can send defined commands to a 
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selected device’s driver in order to make an operation. It uses the 

following parameters: 

1. BOOL WINAPI DeviceIoControl(   
2.   _In_         HANDLE hDevice,   
3.   _In_         DWORD dwIoControlCode,   

4.   _In_opt_     LPVOID lpInBuffer,   
5.   _In_         DWORD nInBufferSize,   
6.   _Out_opt_    LPVOID lpOutBuffer,   
7.   _In_         DWORD nOutBufferSize,   
8.   _Out_opt_    LPDWORD lpBytesReturned,   
9.   _Inout_opt_  LPOVERLAPPED lpOverlapped   
10. );   

 

hDevice is the windows device’s handle. In order to get the device 

Handler, a sequence of SetupDi must be called comparing the Device 

GUIDs and after matching, the Handler is created with the function 

CreateFile with the matched parameters. 

A second simpler way to obtain directly the handle is using the CyAPI 

class which creates a n Handler automatically (using the method above) 

after creating the CCyUSBDevice main class.  

The dwIoControlCode parameter sets the control code of the operation 

that will be performed. The CYUSB.sys has a set of dwIoControlCode 

parameters named IOCTL interface to sends commands to the Cypress 

device. 

 

8.1.2  IOCTL interface 

IOCTL parameters functionality will be mentioned briefly, for more 

detailed information can be found in Cypress CyUsb.sys Programmer’s 

reference. 

IO control parameter Function 

IOCTL_ADAPT_ABORT_PIPE Cancel pending IO request 

IOCTL_ADAPT_CYCLE_PORT Reconnects the device 
logically 

IOCTL_ADAPT_GET_ADDRESS Gets the USB device 
address 

IOCTL_ADAPT_GET_ALT_INTERFACE_SETTING Get a selected alternative 
Interface 

IOCTL_ADAPT_GET_CURRENT_FRAME Get the current frame 
number 
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IOCTL_ADAPT_GET_DEVICE_NAME Get the device descriptor 

name 

IOCTL_ADAPT_GET_DEVICE_POWER_STATE Returns the power state 

which can be Full On or 
Full Asleep 

IOCTL_ADAPT_GET_DEVICE_SPEED Returns current speed 
which can be: 

DEVICE_SPEED_HIGH 
DEVICE_SPEED_LOW_F
ULL 

DEVICE_SPEED_UNKNO
WN 

IOCTL_ADAPT_GET_DRIVER_VERSION Get a 4 bytes driver’s 
version 

IOCTL_ADAPT_GET_FRIENDLY_NAME Returns the device’s 
friendly name 

IOCTL_ADAPT_GET_NUMBER_ENDPOINTS Returns the number of 
endpoints of the current 

using interface 

IOCTL_ADAPT_GET_TRANSFER_SIZE Gets the transfer size of a 
selected endpoint 

IOCTL_ADAPT_GET_USBDI_VERSION Gets the USB host 
controller driver version 

IOCTL_ADAPT_RESET_PARENT_PORT Resets the device without 
cancelling pending 

requests 

IOCTL_ADAPT_RESET_PIPE Resets a selected 

endpoint 

IOCTL_ADAPT_SELECT_INTERFACE Sets the alternative 

interface  

IOCTL_ADAPT_SET_DEVICE_POWER_STATE Sets the power state of 

the device into on or 
asleep 

IOCTL_ADAPT_SET_TRANSFER_SIZE Sets the transfer size of a 
endpoint 

 

Transfers controls function 

IOCTL_ADAPT_SEND_EP0_CONTROL_TRANSFER Sends control requests 
 

IOCTL_ADAPT_SEND_NON_EP0_DIRECT Used for data transfers in 
a selected endpoints 

(Bulk, Iso ...) 
 Table 8.1.1  IOCTL flags and function. 

The others parameters are buffers for the needed data input and output 

of the Device. LPOVERLAPPED it passes an OVERLAPPED structure which 

is used for asynchronous transfer operations. 
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8.2 CyAPI.lib 

The CyAPI.lib is a C++ Application programming interface for the 

Cypress USB devices. CyAPI is an object oriented class library that 

provides a higher programming level using the CyUsb.sys driver, avoiding 

using handlers, DeviceIOControl and calling the driver directly. The 

library´s class will be explained as follows. 

 

  Figure 8.2.1 CyAPI library. 

 

8.2.1 CCyUSBDevice 

The CCyUSBDevice is the main class of the CyAPI library. In order to 

use the methods provided by the API library, a new instance of the 

CCyDevice is created: 

1. CCyUSBDevice::CCyUSBDevice(HANDLE hnd , GUID guid)   

 

For creating an instance of CCyUSBDevice with the constructor there are 

two parameters. The Handle hnd is a handle of the main application. It is 

used to detect the plug n play device with the windows messages. The 

GUID guid is the generic universal idenfier of the device. Normally the 

default is used. 

Once creating a new instance, the API gets all parameters of the 

connected devices. Afterwards, the function Open() is used to open and 
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select an specific device. This is achieve by checking each device´s PID 

and VID from the array of devices and select the desired one. 

After opening a device, all the parameters of the device is available such 

as configurations, interfaces, endpoints and all the needed device´s 

functionalities can start to be used. For example sending custom vendor 

requests or initiate data transactions  through the endpoints. 

Once opened, the instance of CCyUSBDevice will have an array of 

CCyUSBEndPoint class endpoints which can be Bulk, interrupt, 

isochronous or control type. This is where the application can access and 

use data transfer. 

The most relevant functions and parameters of the class can be described 

as follow: 

CCyUSBDevice 

Members 

Member name Description 

bHighSpeed Indicates if device is high speed 

USBAdress Device adress 

ProductID Device´s PiD 

VendorID Device´s ViD 

BcdDevice Device BCD desciptor value. 

BcdUSB USB BCD descriptor value. 

DevClass Device class descriptor value. 

DevSubClass Device subclass descriptor value. 

DeviceName Device name descriptor string. 

FriendlyName Device friendly name. 

DevProtocol Device protocol descriptor string. 

DriverVersion Driver version. 

Manufacturer Device manufacturer information. 

SerialNumver Device serial number information. 

 

EndPoints Contains an array of CCyEndPoint. 

ControlEndPoint Control endpoint. CcyControEndPoint instance. 

BulkInEndPoint The first bulk In endpoint. CCyBulkEndPoint instance. 

(for more endpoints, must be found manually). 

BulkOutEndPoint The first bulk out  endpoint. CCyBulkEndPoint instance. 

(for more endpoints, must be found manually). 

InterrupInEndPoint The first interrupt in  endpoint. CCyInterruptEndPoint  

instance. (for more endpoints, must be found 
manually). 

InterrupOutEndPoint The first interrupt out  endpoint. CCyInterruptEndPoint  
instance. (for more endpoints, must be found 

manually). 
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IsocInEndPoint The first Isochronous In endpoint. CcyIsocEndPoint 

instance. . (for more endpoints, must be found 
manually). 

IsocOutEndPoint The first Isochronous Out endpoint. CcyIsocEndPoint 
instance. . (for more endpoints, must be found 
manually). 

 

MaxPower Value of max supported power. 

 

Methods 

Function name Description 

CCyUSBDevice() Constructor 

~CCyUSBDevice() Destructor 

DeviceCount() Returns the number of connected devices.  

Open() Opens a device from an index as parameter. Index 

goes from 0 to numDevices-1. 

IsOpen() Returns true if the device is opened correctly with its 

handler. 

DeviceHandle() Returns the handler of the opened device. 

Close() Closes an opened device 

 

getUSBConfig() Index as argument. Returns USB configuration as 
CCyUSBConfig object. 

Config() Returns the current device configuration index. 
Generally devices have one configuration and the index 

is 0. 

ConfigCount() Returns the number of configuration. 

 

Interface() Returns current interface´s index 

AltIntfc() Returns the current altenate interface setting. 
CCyUSBInterface object.  

AltIntfcCount() Returns the number of altenate interfaces 

 

EndpointCount() Returns the number of endpoints of the opened device 
with its selected interface. 

EndPointOf() Passes s argument an adress, returns the pointer with 
the passed address. 

 

PowerState() Returns power state. Full on or full asleep. 

Resume() Set power mode fully On. 

Suspend() Set power mode fully asleep. 

Reconnect() Disconects and connects the device logicaly 

Reset() Resets the device 

UsbdStatusString() Returns a string of the device status. 

 
 Table 8.1 CCyUSBDevice class 

 



Tsinghua University – Universitat politécnica de Catalunya 
Portable Data Receiver Interface Design for wireless Smart Capsules. 

85 

 

 

   

8.2.2 CcyEndPoint 

After opening a device, a list of endpoints is generated (member of 

CCyUSBDevice). Endpoints is an array of CCyEndpoints class. 

CCyEndPoint is an abstract class with its virtual methods. 

From CCyEndPoint derives CCyControlEndPoint, CCyBulkEndPoint, 

CCyIsocEndPoint, and CCyInterruptEndPoint. 

The most relevant parameters of the class are: 

 

CCyEndPoint 

Members 

Member Name Description  

Adress Address of the endpoint. The left most bit indicates the 
endpoint direction: 

 0x8_ :IN endpoints 

 0x0_ :OUT endpoints 
Up to 16 endpoints. The control endpoint has adress 

0x00 and is bidirectional. 
 

Attributes Attribute of the endpoint. Defines the type of endpoint: 
 0: control 
 1: Isochronous 

 2: Bulk 
 3: Interrupt 

bIn Indicates if the endpoint is IN endpoint ( device to 
host) 

hDevice Contains the  handle to the USB device driver 

MaxPktSize Indicates the maximum packet size 

NtStatus Indicates the status of the endpoint whether if an error 
has occurred. 

 

Functions 

Function name Description 

 BeginDataXfer() For Asynchronous transfers, set up all the parameters, 
initiates and returns without blocking. 

WaitForXfer() For asynchronous transfers, waits to perform the 
asynchronous transfer. Returns if transfer was 

successful. 

FinishDataXfer() Finishes the asynchronous transfer. 

XferData() Transfers Synchronously a buffer of data with a 
determined length. 
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Abort() Aborts pending data transfers. 

Reset() Resets the endpoint without cancelling pending data. 

 
 Table 8.2.2.1 CCyEndPoint Class. 

8.2.3 CcyControlEndPoint, CCyBulkEndPoint, 

CcyIsocEndPoint and CcyInterruptEndPoint 

As seen before, the CCyEndPoint is an abstract class and therefore cannot 

be instanced.   CCyControlEndPoint, CCyBulkEndPoint, CCyIsoc EndPoint  

and CCyInterruptEndPoint  are subclasses of  CCyEndPoint. These 

subclasses inherit the class members and virtual functions from the 

abstract class. The virtual functions is overridden differently depending of 

which subclass is.   

These subclasses are used to perform two types of data transfers: 

synchronous and asynchronous transfers. 

For asynchronous transfers, BeginDataXfer() is called. BeginDataXfer()  

returns a complex data structure. As parameters, a data buffer, the data 

length and Overlapped structure is passed. Overlapped is a structure used 

for asynchronous Input/output transfers. 

Afterwards, WaitForXfer() is called in order to wait the transfer to finish. 

The Overlapped structure and a timeout in milliseconds is passed as 

parameters. Returns is the transfer was successful- 

At the end, FinishDataXfer() is called to get the received or sent  bytes 

and close the complex data structure created by BeginDataXfer(). 

Programming in C++ to perform an Asynchronous can be achieved as 

follows: 

1. CCyUSBDevice *USBDevice = new CCyUSBDevice(NULL);   

2. OVERLAPPED  inOvLap;   
3. inOvLap.hEvent = CreateEvent(NULL, false, false, L"CYUSB_IN");   
4. unsigned char inBuf[128];   
5. LONG length = 128;   
6.  

7. UCHAR *inContext = USBDevice->BulkInEndPt>BeginDataXfer(inBuf, length, &inOvLap); 

8.    
9. USBDevice->BulkInEndPt->WaitForXfer(&inOvLap,100);   
10.  
11. USBDevice->BulkInEndPt->FinishDataXfer(inBuf, length, &inOvLap,inContext);   
12.  
13. CloseHandle(inOvLap.hEvent);   

Figure 8.2.3.1. Asynchronous bulk Input for 128 bytes of Data. C++. 
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8.2.4 CCyUSBConfig 

 

The CCyUSBConfig is a class that represents the USB device Configuration. 

As seen before, a device normally have only one configuration. Each 

configuration has a number of interfaces (at least one), and each 

interface has the endpoints information. 

After making an instance of CCyUSBDevice, all available configurations of 

the device is created with CCyUSBConfig class. The CCyUSBConfig class 

can be defined: 

CCyUSBConfig 

Member name Description 

bConfigurationValue Configuration value of the configuration 
descriptor 

bDescriptorType Descriptor type of  the configuration 
descriptor 

bLength Length of the configuration descriptor 

bmAttributes Attributes of the configuration 

descriptor 

iConfiguration iConfiguration value of the 

configuration descriptor 

wTotalLength Total length of the configuration 

descriptor 

 

bNumInterfaces Number of interfaces that the current 
configuration has 

Interfaces Array of the current configuration 
interfaces. Contains an array of 

CCyUSBInterface objects. 
 Table 8.2.4.1  CCyUSBConfig 

 

8.2.5 CCyUSBInterface 

The CCyUSBInterface class defines a device´s interface which owns a set 

of endpoints. Each device can have multiples interfaces with different 

endpoints configurations. After creating a new instance of CCyUSBDevice, 

all available interfaces is created in a interface array for each 

configuration. 
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CCyUSBInterface 

Member name Description 

Endpoints Array of enpoints of the current 

interface. Array of CCyEndPoint 
objects. 

bNumEndPoints Number of endpoints of interface´s 
descriptor 

  

bAlternateSetting Alternate setting parameter of 

interface´s descriptor 

bDescriptorType Descriptor type parameter of 

interface´s descriptor 

bInterfaceClass Interface class parameter of 

interface´s descriptor 

bInterfaceNumber Current interface´s index parameter 

bInterfaceClass Interface class parameter 

  
 Table 8.2.5.1  CCyUSBInterface 

 

8.3 Custom Made Library 

In this section, the user implemented library for the application will be 

described. The used language is C++ being same as the used CyAPI 

library.  The implemented libraries are: BayerConvertion, BayerToRGB, 

USBfnct and TypesDefinitions. 

 

8.3.1 BayerConvertion 

The BayerConvertion.h library has the purpose to convert the input data 

which has Bayer format into RGB format. The library has the following 

functions: 

BayerConvertion.h 

RGBposition() 

BayerConvertRGBbilin() 
BayerConvertRGBdouble() 
BayerConvertRGBgrad() 

 Table 8.3.1.1 BayerConvertion.h library 
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8.3.1.1 RGBposition  

The RGBposition() has to function to return the position of the input 

cell if it is red, green or blue of a 4x4 cell. 

int RGBposition (int row , int column);   

row and column are input parameters of the position cell. For the upper 

left red cells returns 4, for upper right green returns 3, for lower left 

green cell returns 2 and for lower right blue cell returns 1. 

8.3.1.2 BayerConvertRGBbilin 

Transforms an input data array with bayer format into an RGB 

format data array. Demosaices using bilinear technique.  

BYTE * BayerConvertRGBbilin(BYTE* input);   

Input is an array of Bayer format bytes. 

Returns an array of bytes with RGB format. 

8.3.1.3 BayerConvertRGBdouble 

Transforms an input data array with bayer format into an RGB format 

data array. Demosaices using pixel doubling technique. 

BYTE * BayerConvertRGBdouble (BYTE* input);  

Input is an array of Bayer format bytes. 

Returns an array of bytes with RGB format. 

 

8.3.1.4 BayerConvertRGBgrad 

Transforms an input data array with bayer format into an RGB format 

data array. Demosaices using pixel gradient technique. 

BYTE * BayerConvertRGBgrad (BYTE* input);   

Input is an array of Bayer format bytes. 

Returns an array of bytes with RGB format. 
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8.3.2 BayertoRGB 

The BayertoRGB is a class which obtains bmp pictures from RGB input 

data. It supports two mode of processing. First, the live mode, obtains 

bmp images on real time. The normal mode, obtains bmp images from a 

data file with .wes format. 

BayertoRGB 

FILE *RawFile; 
FILE *BmpFileout; 

long RawFileSize; 
BYTE *RawDataStream; 
BYTE *Header; 

BYTE *DataStream; 
BYTE* RGBimage; 

DWORD PageSum; 
BYTE* ImgDataStream; 

DWORD actualPage; 
BYTE* imageHeader; 
char* ImageName; 

char* ImageFileName; 
int imageNumber; 

BayertoRGB(); 
bool loadFile(); 

bool loadFileLIVE(); 
bool getSingleImage(); 
bool getSingleImageLIVE(); 

void getImgHeader(); 
void setImageTime(); 

void setImageName(); 
String^ getImageFileName(); 
void convertBayerRGB(); 

bool createImg(); 
 Table 8.3.2.1  BayertoRGB class. 

8.3.2.1 BayertoRGB 

The bayertoRGB(void) is the class constructor. Initiates all class members. 

8.3.2.2 bool loadFile 

Loads a file with a given name, retrieves the data header and loads the 
data into RawDataStream buffer for normal mode. 

 
Bool loadFile(char* Name);  

 
Name is the name of the file which will be loaded the data. 
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8.3.2.3 bool loadFileLIVE 

Loads a file with a given name and loads the data into RawDataStream 
buffer for live mode. 

bool getSingleImage();   

 
Name is the name of the file which will be loaded the data. 

 

8.3.2.4 bool getSingleImage 

Obtains a single image data of sixteen pages. If there are not more pages 

or there is some error in a page, returns false. Otherwise, save the image 
data into ImgDataStream and returns true. 

bool getSingleImage();   

  
the function retrieves the data from RawDataStream, eliminates each 

page header and save it into ImgDataStream. 
 

 

8.3.2.5 bool getSingleImageLIVE 

Obtains a single image data of sixteen pages, eliminates the 

pages´header  and saves into ImgDataStream in live mode.  

bool getSingleImageLIVE()   

 

Returns false if there are some error at pages or there are not more 
pages. 

 
 

8.3.2.6 void getImgHeader 

Retrieves the 128 bytes of header from ImgDataStream and saves it into 
imageHeader. 

Void getImgHeader()   
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8.3.2.7 void setImageTime 

Retrieves the image´s time from the header (imageHeader) and save it 

into actualimgTime time struct 

Void setImageTime()   

 

8.3.2.8 setImageName 

Set a string name for the bmp image file(.bmp) and a data file 

name(.dat). 

Void setImageName()   

 

The name has the following format:  
  “i+imageNumber_year_month_day_week_hour_min_sec” 

  
 

8.3.2.9 getImageFileName 

Returns the imageFileName in System::String format. 

String^ getImageFileName()   

8.3.2.10 convertBayerRGB 

Transforms an array of Bayer data (ImgDataStream) into an array of RGB 
data (RGBimage).  

Void convertBayerRGB(int mode)   

The bilineal techniques is used as default for mode equal to 0. For mode 
equal 1, doubling demosaicing is used and for mode equal 2, gradient 

mode is used. 
 

8.3.2.11 createImg 

Sets the bmp image header and creates the image with the RGB data 

array from RGCimage. 
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bool createImg()   

Creates a bmp image with the name “output.bmp” for temporal use and 

another bmp file of the same image with the name set from 

setImageName() function. 

 

8.3.2.12 DeleteGPIFHead 

Deletes the GPIF header of a page ended with 0xAA and 0xAA. 

DeleteGPIFHead(BYTE *Input,BYTE *Output,BYTE PageSum)  

 
 

Input is a byte buffer which contains the input raw page/es. 

Output is the output of the page without GPIF header. 

pageSum number of pages that contains the Input. When set to 1, only one page 

is in the Input buffer. 

 

8.3.2.13 CheckPage 

This method checks if the input check page´s index is same as the pagenumber 

parameter. Pageindex returns the page´s index. 

bool CheckPage(BYTE *Input,int pagenumber, int *pageindex) 

 

8.3.3 TypesDefinitions 

The TypesDefinitions defines the constants used in the client 

program. 

Name Value Description 

 apolloNumPages  10 Number of pages 

needed to read each 
time from Apollo 

packetSize 512 Endpoint Packet size 

IMG_HEAD_LEN  

 

32  

rawPageLength  

 

4096 Raw page length in 

bytes 

pageLength 4084 Page length without 

header 
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IMAGE_SIZE   

 

(512*8)*16 

 

Number of bytes of a 

single image sent from 
Sodar 

Width 240 Image width 

Height 240  Image height 

DataOffset 128 128 bytes of data 
header 

ApolloData To be defined  Number of bytes of 
Apollo Data 

BMP header 

Reserved 0  

Bitoffset 54 Bit offset 

headerSize 40 Header size 

Planes 1 Number of planes 

bitsPerPixel 24 24 bits / 8 bytes per 
pixel 

Compression 0 No compression 

Hresolution 1000 Horizontal resolution 

Vresolution 1000 Vertical resolution 

numberOfColours 0 Number of colours 

importantColours 0  Important colours 

Vendor request commands 

RECORD_RESET  0xCB Reset 

READ_FPGA_REG 0xCC Read FPGA register 

SET_SYSTEM_TIME 0xCD Set system time 

ENABLE_WHITENING 0xCE Enable whitening 

UNABLE_WRITENING 0xCF Unable whitening 

CLEAR_FRAMEDONE 0xb0 Clear frame 

TEST 0xb1 Test FPGA 

SET_READADDRESS 0xb2 Set read address 

GET_IMAGESUM 0xb3 Get total of images or 

data available. 

IMG_DL_REQUESTA

  

0xb4 Request a single 

download 

FINISH_ERASE 

 

0xB5 Finish erasing flash 

ERASE_FLASH 

  

0xB6 Start erasing flash 

START_DL 0xB7 Start download mode 

FINISH_DL 0xB8 End download mode 

IMG_DL_REQUEST  0xB9 Request one single 
download 

SET_RESTORE 0xBA Exit and enters in start 
mode 

SET_LIVE 0xBB Set live mode 

IMG_LIVE_REQUEST 0xBC Request single live 
image/data 

START_CAPSULE 0xBD Start capsule command 
 Table 8.3.3.1 Type definitions  
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8.3.4 USBfnct 

The USBfnct.h library contains the functions that implement the client PC 

– USB device communication using functions provided by CyAPI.lib. 

 

8.3.4.1 getBasicDeviceDescription 

Returns the USB device basic information such as friendly name, 

manufacturer, product, serial number, PID, VID, class, subclass, protocol, 

BCD and GUID as a string. 

string getBasicDeviceDescription( CCyUSBDevice *USBDevice )   

USB device instance must be passed as parameter. 

 

8.3.4.2 getAdvInfo 

Returns more advance information of the device such as all the 

configurations, all the interfaces and all the endpoints. 

string getAdvInfo( CCyUSBDevice *USBDevice )   

USB device instance must be passed as parameter. 

The getAdvDeviceDescription() is an alternative function which also 

returns the device’s advanced information. 

8.3.4.3 CYrequestVendorSync 

Sends a vendor request synchronously. 

int CYrequestVendorSync ( UCHAR command,CCyControlEndPoint 

*ControlEndPoint)   

command is the byte value of command. 

ControlEndPoint is the control end point parameter. 

Returns if the request is successfully sent. 
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8.3.4.4 CYrequestVendorAsync 

Sends a vendor request asynchronously. 

int CYrequestVendorAsync ( UCHAR command,CCyControlEndPoint *ControlEndPoint)
   

command is the byte value of command. 

ControlEndPoint is the control end point parameter. 

Returns if the request is successfully sent. 

 

8.3.4.5 CyreadBulkAsync 

Read from a bulk endpoint a packet sized byte asynchronously. 

int CYreadBulkAsync (BYTE * data , LONG length,CCyBulkEndPoint *BulkInEpt6 ) 

data is the buffer where the read data will be stored. 

Length is the number of bytes will be read. Must not exceed the 

maximum (e.g 512). 

CCyBulkEndPoint is the bulk endpoint where the transaction occurs. 

returns if the read was successful. 

 

 

8.3.4.6 CYreadBulkSync 

Read from a bulk endpoint a packet sized byte synchronously. 

int CYreadBulkSync (BYTE * data , LONG length,CCyBulkEndPoint *BulkInEpt6 ) 

data is the buffer where the read data will be stored. 

Length is the number of bytes will be read. Must not exceed the 

maximum (e.g 512). 

CCyBulkEndPoint is the bulk endpoint where the transaction occurs. 

returns if the read was successful. 
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8.3.4.7 CYreadApolloAsync 

Used for reading a single sent data from Apollo asynchronously. Reads 

ten pages of data where each page is 8 x Max packet size (10x8x512). 

Stores the read data into a file named apolloDataRead.hex 

int CYreadApolloAsync ( LONG length , CCyBulkEndPoint *BulkInEpt)   

length is the packet size. Normally should set at 512 bytes. 

BulkInEpt is the input bulk endpoint where the transaction occurs. 

Returns if all the read data was successful. 

 

8.3.4.8 CYreadImageAsync 

Used for reading a single image sent data from Sodar asynchronously. 

Reads sixteen pages of data where each page is 8 x Max packet size 

(16x8x512). Stores the read data into a file named imagedata.hex 

int CYreadImageAsync ( LONG length , CCyBulkEndPoint *BulkInEpt )    

length is the packet size. Normally should set at 512 bytes. 

BulkInEpt is the input bulk endpoint where the transaction occurs. 

Returns if all the read data was successful. 

 

8.3.4.9 CYreadImageSync 

Used for reading a single image sent data from Sodar synchronously. 

Reads sixteen pages of data where each page is 8 x Max packet size 

(16x8x512). Stores the read data into a file named imagedata.hex 

int CYreadImageAsync ( LONG length , CCyBulkEndPoint *BulkInEpt )    

length is the packet size. Normally should set at 512 bytes. 

BulkInEpt is the input bulk endpoint where the transaction occurs. 

Returns if all the read data was successful. 
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9. Setup Enviroment 

In order to run correctly the program, the CyUSB.sys driver must be 

installed correctly in the windows operating system. Two steps must be 

done: 

 Modify CYUSB.INF file. 

 Force windows to use the CyUSB.sys driver for the device. 

For more detailed information of the steps can be found in the Cypress 

CyUSB.sys Programmer´s Reference. 

 

9.1 Modifying CYUSB.INF file 

 Modifying the .inf file has multiples purposes. The main purpose for 

the user is to add a device´s identifier to the driver. The device must be 

matched with the CyUSB.sys driver in order to the program work correctly.  

The modified .inf file is provided but in order to add a new device to be 

matched, the new device´s VID and PID are needed to be added in 

the .inf file: 

Each sections containing “ [Device],[Device.NT],[Device.Ntx86] 

and [Device.Ntamd64]”, Change the “XXXX” for the desired values: 

%VID_XXXX&PID_XXXX.DeviceDesc%=CyUsb, 

USB\VID_XXXX&PID_XXXX 

Also, an additional modification was added. In order to upload the custom 

made firmware to the USB controller, it can be loaded from a hardware 

with an external memory such as EEPROM or using a Cypress 

development program. But there is another easier and convinient way to 

upload it by software. 

To upload it by software, the .inf file is modified in order to make the 

driver commit a set of controls transfers (uploading the Firmware, for 

example) every time the USB is attached and enumered.  

To procedure of loading the custom made firmware is saved into a SCRIPT 

file (SPT) and then attached into the .inf file. With this, every time the 

device is attached, loads automatically the custom made Firmware and in 

the program shows “Cypress USB Custom CAPSULE” instead of “Cypress 

USB no EEPROM” when default firmware is load. 

http://www.cypress.com/?docID=26658
http://www.cypress.com/?docID=26658


Tsinghua University – Universitat politécnica de Catalunya 
Portable Data Receiver Interface Design for wireless Smart Capsules. 

99 

 

 

   

9.2 Installing driver 

When device is first time plugged, the CyUSB.sys driver must be 

installed. The driver supports Windows XP, Windows 2000, Windows Vista,  

Windows 7. For detailed information about installing drivers, can be found 

in the Cypress CyUSB.sys Programmer´s Reference. Make sure after 

installing, the device is using CyUSB.sys Driver. Otherwise, the Receiver 

program will not work. 

 

  

http://www.cypress.com/?docID=26658


100 Portable data receiver interface design for wireless smart capsules 
 

 

 

10. Application Interface 

In order to provide a physical interface to the application´s client, 

windows form will be used with Visual C++ language. The windows 

form permits access to Microsoft windows interface with .NET 

Framework and provides tools to create an object oriented graphical 

interface which an user can interact. The project is written using 

Visual Basic 2010. 

 

Figure 10.1 Receiver program interface. 

The device is attached to the personal computer. The PC operating 

system will have the CyUSB.sys driver installed in order to 

communicate between device-host. CyAPI.lib and USBfnct library is 

used to communicate the rest of the application with the Cypress 

driver and then to the device. 

The program interface is the graphical interface which contains a set 

of controls which a user can interact and It is done with Windows 

Form. 

Furthermore, a set of threads will perform different task 

simultaneously which will send commands to device and receive data. 

Then with the processing libraries (BayerConvertion and BayertoRGB) 

will process the data. Then, the threads will display the processed 

data in real live to the user. 
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10.1 Plug and play detection 

One of the needed functionally is the plug-n-play functionality which 

can detect on real time if a device has been attached or removed without 

the re-running  of  the program. 

The virtual method WndProc is used in order to detect the plug-n-play 

events by processing windows messages. This method is a virtual type 

and can be overridden, it watch for incoming messages and  can be 

processed  custumly by overriding.  

First it checks if a new devices has been attached or removed by 

checking is message is WM_DEVICECHANGE. When a 

WM_DEVICECHANGE is detected, it checks the message parameter which 

defines the behavior: 

 DBT_DEVNODES_CHANGED: Device node has been changed. 
 DBT_DEVICEARRIVAL: new device has been attached. 

 DBT_DEVICEREMOVECOMPLETE: device has been disattacheded. 
 

1. virtual void WndProc( Message% m ) override    

2.         {    

3.           if (m.Msg == WM_DEVICECHANGE)     

4.           {    

5.         // Tracks DBT_DEVNODES_CHANGED followed by DBT_DEVICEREMO

VECOMPLETE    

6.             if (m.WParam == (IntPtr)DBT_DEVNODES_CHANGED)     

7.             {    

8.             bPnP_DevNodeChange = true;    

9.             bPnP_Removal = false;    

10.             }    

11.         // Tracks DBT_DEVICEARRIVAL followed by DBT_DEVNODES_CHANG

ED    

12.             if (m.WParam == (IntPtr)DBT_DEVICEARRIVAL)     

13.             {    

14.             bPnP_Arrival = true;    

15.             bPnP_DevNodeChange = false;    

16.             }    

17.             if (m.WParam == (IntPtr)DBT_DEVICEREMOVECOMPLETE)     

18.             bPnP_Removal = true;    

19.         // If DBT_DEVICEARRIVAL followed by DBT_DEVNODES_CHANGED    

20.             if (bPnP_DevNodeChange && bPnP_Removal)     

21.             {    

22.               bPnP_Removal = false;    

23.              bPnP_DevNodeChange = false;    

24.              getCCYDevice();    

25.             }    

26.          // If DBT_DEVICEARRIVAL followed by DBT_DEVNODES_CHANGED  
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27.            if (bPnP_DevNodeChange && bPnP_Arrival)     

28.             {    

29.             bPnP_Arrival = false;    

30.             bPnP_DevNodeChange = false;    

31.             getCCYDevice();    

32.             }    

33.           }    

34.            Form::WndProc( m );    
35.         }  

 Figure 10.1.1 overrided WndProc method.  

With this messages, a device attachment or removal can be detected and 

the can be reconfigured with the getCCYDevice() method. With this, 

implements the plug-n-play functionality. 

 

10.2 Threads 

Thread is used in the program for the different concurrent tasks. 

Specifically, two threads are created. One thread reads data sent from pH 

and Temperature capsule, process it and draws in the graph the evolution 

of the sent values in real time. The other thread reads pictures from 

camera capsule in Bayer format, process it to RGB format and show the 

pictures in the picture box in real time. 

Thread name Thread method description 

Thread ^LIVEThread void imageLiveThread () Get and draws pH and 
temperature data in real 

time. 

Thread ^LIVEsodar void sodarLIVEThread() Get and show camera 

capsule pictures in real 
time. 

 Table 10.2.1  threads definitions. 

In order to create the threads, gcnew is used: 

LIVEThread = gcnew Thread( gcnew ThreadStart(this , &Form1::imageLiveThread ) )

;   

LIVEsodar = gcnew Thread( gcnew ThreadStart(this , &Form1::sodarLIVEThread ) ); 
  

Figure 9.2.2 threads instance. 

Once instanced the threads, the threads have unstarted state. A thread 

can have on of the three main states: Unstarted, stopped or running. To 



Tsinghua University – Universitat politécnica de Catalunya 
Portable Data Receiver Interface Design for wireless Smart Capsules. 

103 

 

 

   

know the state of the thread, the member of ThreadState of Thread is 

checked which can be (Thread::TreahdState): 

State name Description 

Aborted Thread aborted but not stopped yet 

AbortRequested Thread has received an abort 

request. 

BackGround Thread running as background 

Running Thread started and running 

Stopped The thread has stopped 

StopRequested The thread has received a stop 
request 

Suspended Thread is suspended 

SuspendRequested Suspend request has been received 

Unstarted Thread has not be started 

WaitSleepJoin Thread is blocked. 
 Table 10.2.2 thread states 

For starting a thread Thread::Start() method is called. To stop it, 

Thread::Join() is called. 

 

10.3 Delegates functions and Invoke 

There are several objects in the program interface such as button, 

textbox, picture or graphs. From the threads will execute task and after 

that will show the results to the interface such as text, graph or pictures. 

For updating results, the threads need to call objects outside of its own 

thread. Only safe calls are allowed on visual C++ in order to avoid errors 

which threads can cause like simultaneous writing or race conditions. 

Otherwise if trying to manipulate directly objects from threads, exception 

is thrown from the .NET Framework. 

To make safe calls, first of all ,must check if object is called from a 

different thread where the object was created with the function 

InvokeRequired. If InvokeRequired returns true, then Invoke method 

if required. Otherwise the object can be modified directly. 

When safe call is needed, the Invoke method is called. The invoke 

method executes a delegate at the context of where the object was 

created. A delegate is a secured upgraded function pointer. It is a data 

structure that points a static method or object with added safe 

mechanisms. 
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By this, using invoke, the invokerequired method is called from the 

original thread where the object was created (normally in the main thread) 

which itself it is not invokerequired  and proceeds to modify the object 

safely. 

1. public delegate void ClearTextDelegate();   

2.    

3. void ClearDataBoxText()   

4.     {   

5.  

6.         if (this->textBoxData->InvokeRequired)   

7.         {   

8.             ClearTextDelegate^ d = gcnew ClearTextDelegate(this, &Form1::           

ClearDataBoxText);   

9.             this->Invoke(d, gcnew array<Object^> {  });   

10.         }   

11.         else   

12.         {   

13.             this->textBoxData->Clear();   

14.         }   
15.     }   

 Figure Error! Use the Home tab to apply 0 to the text that you want to appear here.10.3.1  

example of safe call method. 

As example, one of the method is to clear the text of the text box 

ClearDataBoxText(). When calling it from a thread different of the main 

thread where the text box was created, InvokeRequired returns true, 

then creates a delegate “d” in the main thread and gets Invoked in the 

main thread. The new delegate’s InvokeRequired returns false and clears 

the text box directly and safely. 

The created delegates and methods are: 

 

 Name Description 

Delegate 

public delegate void 
SetPointsDelegate(int x, int y) 
 

Delegate for safe graph draw 

public delegate void 
SetTextDelegate(String^ text) 

 

Delegate for safe text setting 

public delegate void ClearTextDelegate() 

 

Delegate for safe text clearing 

public delegate void 

refreshPictureDelegate() 
 

Delegate for safe picture refreshing 

public delegate void Delegate for safe picture changing 
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changePictureDelegate() 

 

Method 

void SetDataBoxText(String^ text) 
 

Prints on the text box the text which 
is passed from the input parameter. 

void ClearDataBoxText() 
 

Clears and erases the text box’s text 

void setPointsChart(int x, int y) 
 

Adds a new value to the graphic 
chart. X and Y are the coordinates of 

the graphic 

void refreshPicture() 

 

Refreshes the picture box. 

void changePicture() 

 

Changes the picture box’s picture. 

 

Table 10.3.1 Delegate and sabe calls functions. 
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10.4 Form 

Form is a windows Form which includes  all the interface´s objects. It 

initializes all the objects and contains the implemented custom functions 

and the functions that attend the objects events behavior such clicking a 

button. 

 

 Figure 10.4.1  Receiver v1 user interface. 

The program interface can be split in three sections. The left section 

contains the device information and text output. Shows the attached 

devices and the available configured endpoints. Info and Adv Info 

buttons shows device’s basic and advanced information. Reconfig button 

reconfigures the device and Reset button resets the device. The text box 

show useful information to user such errors, states or data. In the top 

menu, contains useful help documentations. 

In the middle section, Erase Flash button erases the system’s flash 

which takes 5 seconds. The test Apollo and bulk test buttons are for 

test purposes  and normally should be not used. 

In the “Apollo Live mode” panel, the Start button begins to read data 

sent from the pH and temperature capsule, processes the data and plots 

it in real time. The processing part, it has not been established yet and 

will be implemented in the future by another team, but the function to 

plot in real time is already implemented. 
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In the bottom panel, the “…”, open and next buttons offers the function 

to open a .wes file and show the pictures. “…” button opens a file dialog 

which the user can chose a .wes file. The open button loads the  selected 

file and next button shows a picture each time is pressed. 

In the “sodar Live mode” of the bottom panel, the start button starts to 

read images sent from the camera capsule, processes the Bayer format 

and displays images in real time. 

And the right most section contains the graphical elements. On the top, 

there is the pH and temperature plotting. It can plot on real time when is 

in the Apollo Live mode. 

On the bottom, there is the image box where displays pictures when 

opening a .wes file or when in Sodar Live mode. 

In the following section will be explained the implementation of all the 

cited functionalities. 

 
 

10.4.1 Objects and interface 

First from the main project file receiver.cpp creates a new form1 with the 

following command: 

Application::Run(gcnew Form1()); 

 
Then calls the constructor of the Form1 which executes a method called 

InitializeComponents which initializes all the objects  
 

Form1(void) 
  { 

   InitializeComponent(); 
    

  } 

 
 

After loading and setting all the controls, loads  an event handler which 
calls the method Form1_Load and  then the interface starts running and is 

ready to attend user made events such as clicks. 
 

Load += gcnew System::EventHandler(this, &Form1::Form1_Load); 
The program interface has a set of graphical environment to offer the 

client different service such as showing the data received from pH ad 
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temperature capsule, view the live photos sent from camera capsule or 

view saved pictures of camera capsule from a .wes format file. 

The program interface´s objects can be described: 

Windows form 

Name Description Proprieties and events 

Text Box 

textBoxData Shows multiline texts 
to client. 

 Multiline 
 

Button 

buttonInfo Get basic device´s 

information and print 
it on the text box 

On click event prints device´s basic 

information to the text box. 

buttonAdvInfo Get advance 
device´s information 

and print it on the 
text box 

On click event prints advanced 
device´s information on the text box. 

buttonReConfig Reconfigures the 
device 

On click event reconfigures the 
device 

buttonBulkTest For Bulk endpoints 
testing 

On click event proceeds to test the 
device´s endpoints 

buttonEraseFlash Erases the Spider 
board´s Flash 

On click event starts to erase the 
Flash. It takes 5 seconds to finish. 

buttonTest Used to for test 

purposes 

On click event to do a single test. 

buttonStart Starts Apollo live 

mode which shows 
on real time pH and 

temperature capsule 
data. 

On click event, depending on the 

thread states, it starts or stops the 
live mode.  

buttonFind Finds a file to be 
opened. 

On click event, opens the file dialog 
and selects a file. Only .wes file are 
allowed. 

buttonOpenFile Opens a file which 
was previously 

selected from the 
buttonFind 

On click event, opens the file 
previously selected. 

buttonNext Shows the next 
picture of the opened 

wes file. 

On click event, shows the next 
picture 

buttonSodarStart Starts the Sodar´s 

live mode. Shows on 
real time the images 
sent from camera 

capsule. 
 

On click event, starts or stops the 

Sodar live mode 

buttonClear Clears all the text on 
the textBoxData 

On click event clear the text box 

buttonReset Resets the device.  
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Windows Form 

About This Form is opened 
to show about basic 

information and 
author of the 

program 

 

Menu Strip 

menuTool- 
StripMenuItem 

Menu Strip.  Contains: 
 About: shows program 

information. 
 Help: shows basic help. 
 Driver help: shows driver help. 

label 

LabelStatus Indicates if there are 

a connected Cypress 
device. 

When no device is attached, it shows 

“disconnected” on red. When 
connected, shows “connected” on 

green. 

Combo box 

comboBoxDevices Show all the 
attached Cypress 

devices. 

Automatically shows the last attached 
Cypress device. 

List box 

listBoxEndpts Shows the available 
endpoints. 

Available endpoints are shown when 
the device has been correctly 

configured. Otherwise the list box is 
empty. 

chart 

chart1 Plots the data sent 

from Apollo 

Sharped line Spline drawing. Plots on 

real time the data obtained from 
Apollo. 

Picture Box 

pictureBox1 Shows pictures 

through the program 
interface. 

 

 Table 10.4.1.1 Form on objects. 
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10.4.2 Methods 

10.4.2.1 Form1_Load 

This method is called when initializing the Form1. Initializes 

variables and creates the two threads which will have unstarted 

state. Also configures the device (if it is attached) with the 

getCCYDevice(); 

 

10.4.2.2 getCCYDevice 

this method is used to configure the device and is called when 
initializing Form1 and each time when a device has been attached 

or disattached from WndProc method. 
Creates an instance of CCyUSBDevice and show from the 

combo box  comboBoxDevices all the connected devices. Then 
looks for the target device by comparing VIDs and PIDs which for 

the Receiver board Spider is PID = 0x1002 and VID = 0x0547. 

When a target device is found, sets all the available endpoints, 
which are four bulk type endpoints. After setting the endpoints, 

shows the available endpoints information through list box 
listBoxEndpts. 

 
The method enables the interface with enableInterface if a target 

device is attached and correctly configure showing “configured”. 
Otherwise, disables the graphical interface so the user cannot use 

it and shows “disconnected”. 
 

10.4.2.3 enableInterface and disable-Interface 

these two methods enables and disables the graphical interface, 
mainly button so the user will be able or not interact with the 

different buttons. 
 

10.4.2.4 imageLiveThread 

The main method of the LIVEThread Thread to show live data sent 
form the pH and temperature Capsule.  Once the thread enters in running 

mode the method has an infinite loop controlled by threadRun parameter. 
When threadRun is true, each loop sends a IMG_LIVE_REQUEST vendor, 

reads ten pages of data from Endpoint 6, processes the received data and 
updates the graph plotting and displays the received data in the text box. 



Tsinghua University – Universitat politécnica de Catalunya 
Portable Data Receiver Interface Design for wireless Smart Capsules. 

111 

 

 

   

 

when errors occurs while reading, tries to reads all the remaining bytes, 
then force the device to RESTORE mode and then enters again to LIVE 

mode. 
 

 
 

Figure 10.4.2.3.1 Apollo live flow chart 

10.4.2.5 sodarLIVEThread 

the main method of the LIVEsodar Thread to show live images sent from 
the camera capsule. Works similarly as imageLiveThread but reads 

sixteen(16) pages instead. Once read correctly the sixteen pages, 
transforms the Bayer format data into RGB format and creates the .bmp 

image file. Afterwards, shows and updates the image in the pictureBox1. 
 

10.4.2.6 buttonStart_Click 

Method that attends the buttonStart click event. Clicking the starts or 
stop the LIVEThread. The method checks the current Thread´s state. If it 

is unstarted, set the device to LIVE mode with the SET_LIVE vendor 
command, sets threadRun true, starts the thread and labels “Stop”. 

If the thread is Running, sets threadRun false and stops the Thread and 
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labels “Start”. If the state is Stopped, creates a new thread and starts it. 

Set threadRun true and labels “stop” 
 

10.4.2.7 buttonSodarStart_Click 

method that attends the buttonSodarStart click event. Has the same 

function than the buttonStart_click method. Controls the state of the 
LIVESodar Thread to show on real time camera capsule´s images. When 

the Thread is stopped or unstarted, it starts the thread and labels “stop”. 

Otherwise when the thread is running, stop the thread and labels “start”. 
 

10.4.2.8 buttonInfo_Click 

Attends the buttonInfo click event. When clicked, shows on the text box 

the device´s basic information. 
 

10.4.2.9 buttonAdvInfo_Click 

Attends the buttonAdvInfo click event. When clicked, shows on the text 
box the device´s advanced information. 

 

10.4.2.10 buttonReConfig_Click 

Attends the buttonReConfig click event. When clicked, reconfigures again 

the USB device by calling the getCCYDevice method. 
 

10.4.2.11 buttonEraseFlash_Click 

Attends the buttonEraseFlash click event. When the button is clicked, the 

method erases the device´s flash. It takes five seconds. 
 

10.4.2.12 buttonClear_Click 

attends the buttonClear click event. When the button is clicked, the 
method clears all the texts and characters of the textBoxData text box. 
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10.4.2.13 buttonFind_Click 

attends the buttonClear click event. When the button is clicked, the 
method forms part of a secuence to load pictures from a .wes file format. 

This method opens a file dialog and let the user chose a .wes file type. 
 

10.4.2.14 openFileDialog1_FileOk 

this method attend the File Ok event of the openFileDialog1 file dialog. 
This method is executed when a user has selected correctly a .wes file 

from the file dialog previously opened. 
After selecting correctly a .wes file, enables the open buttonOpenFile 

button interface 
 

10.4.2.15 buttonOpenFile_Click 

attends the buttonTest click event. Once the user has correctly selected a 
.wes file, the buttonTest will be enabled. When the button is clicked, the 

instance of BayertoRGB class loads the file and shows a start image which 
indicates the images are ready to be shown. 

 

10.4.2.16 buttonNext_Click 

attends the buttonNext click event. The buttonNext button will be only 

available when the user has opened correctly a .wes file with the 
buttonFind and afterwards the buttonOpenFile buttons. Each time the 

button is clicked, shows the next image of the .wes file through the 
picture box. 

 

10.4.2.17 aboutToolStripMenuItem_Click 

attends the click event from the option “about” in the menu. When 

clicked, shows basic program´s information in a new window. 
 

10.4.2.18 buttonBulkTest_Click 

this method is used to test the endpoints with the bulkloop firmware. 
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10.4.2.19 buttonTest_Click 

this method is used for testing vendor commands. 
 

 

10.4.2.20 helpToolStripMenuItem_Click 

called method when “help” from the menu is clicked. Shows useful help 

information saved in the help.pdf file. Uses the ShellExecute method to 
open a PDF file. 

 

10.4.2.21 driverToolStripMenuItem_Click 

called method when “driver” from the menu is clicked. Opens the Cypress 
programmer reference saved in the CyUSB_programer_ref.pdf file. Uses 

also the ShellExecute method to open a PDF file. 

 

10.4.2.22 buttonReset_Click 

This method reset the device. Simulates the device to be disconnected 
logically and reconnected again. With this, the device loads again the 

firmware and is reconfigured and reset. 
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10.5 Supplied files structure 

Several files are supplied to help the development of future versions of 

the receiver interface. It is stored in one single folder with the following 

files: 

 Client: contains the Receiver v1 .exe for windows XP. 

 Datasheets: contains Datasheet for the Cypress USB controller 

development. 

 Driver: contains the Cypress USB drivers with the modified .inf 

files which matches the target receiver board and auto load the 

firmware. Also contains the script (MyDevice.SPT) for the 

firmware loading. 

 Receiver: contains the whole visual C++ 2010 project. 

 Help: pdf 
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11. Conclusions 

Smart capsule technology offers much more advantages than the 

traditional endoscopy. The implementation and the creation of a 

commercial model is a complex project which requires several teams 

working in different field accordingly. 

Regarding the program interface, the USB standard is a very powerful 

and versatile technology but also complex which requires understanding 

several concepts and terminology. The used 2.0 version offers enough 

speed and reliability needed for the overall project but optional upgrading 

to USB 3.0 would offer added value for future connectivity and bandwidth 

requirements. 

Specifically, the used Cypress USB controller offers more than just 

simple data sending. Gives the possibility to customize vendor request 

and connecting between the system´s FPGA components, such as FLASH 

memory, into directly the controller´s endpoints which can be accessed 

from outside. 

Also with a powerful 8051 processor and the offered Firmware 

Framework eases highly its implementation and permits the customization 

of the device behavior which can be fully achieved. 

In addition, the abstraction of the USB technology permits to split 

different field and simplify each team´s work. In case of the program 

interface, only high level programming language is needed without taking 

other concerns such as electrical or protocol and only few parameters of 

the USB controller was needed for the program implementation. 

Furthermore, the .NET framework visual basic provides powerful tools 

to create programs with enough complexity for Windows platform. The 

obtained program, the Receiver v1, fulfils all the initial requirements 

which provide useful tools for testing the evaluation boards and capsules, 

all on real time.  

The created program fulfils all expected objectives. Configures and 

Ensures the connectivity between receiver and PC via USB and offers to 

the user an interface which permits to receive data from different testing 

capsules, then process it and afterwards display it. Also, the implemented 

auto-loading firmware feature eases the program usage since no third 

party program is needed to upload it. 
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But also, the created program’s library is structured in a way which 

eases for future development on testing new micro-sensor boards which 

only few changes are needed to implement new functionalities. 

Also, a reference manual is created describing the architecture and 

libraries of the program which will help in the future development of 

newer versions. 

As conclusion, a several points can be stated and sum up from the 

project: 

 USB technology is a powerful and extended communication 

technology which has much more functionalities than just sending 

data between host – device. Offering the USB connectivity to the 

user is a must. 

 The used Cypress controller is a versatile system that offer much 

more than just USB 2.0. the smart SIE and the microcontroller 8051 

Allows a full device customization. 

 With good base on USB 2.0, upgrading into USB 3.0 is exponentially 

simpler and adds a plus value of the product. 

 .NET Visual Basic is a powerful programing language which can 

create complex Windows programs to provide different kind of 

solutions to different kind of needs. 

 The created program fulfills all the mentioned needs and can be 

adapted easily for different purposes in the future. 

 The created project and its documentation ease the work for other 

teams in the future development of the smart capsules. 

 



118  Título del documento 
 

 

 

12. Annex 

 

Figure A.1 Smart capsule system Receiver board prototype(2013). 

 

Figure A.2 (top) pH and temperature micro sensor prototype evaluation 

board. (bottom) SPI controller to control micro sensor board. 
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Figure A.3 Running Recevier v1. Trying image processing functionalities.  

 

Figure A.4 Running Receiver v1. Reading data sent from the pH and 

temperature sensor. Relevant data (header and payload testing data) can be 

seen on left and graph at right,  on live . 
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Figure A.5 Running Receiver v1. Reading data sent from the pH and 

temperature sensor. Relevant data (header and payload testing data) can be 

seen on left and graph at right, on live . 
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