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CytoSensor system integration and design is driven by requirements generated by

the need to complete biological experiment operations. The system is used for toxin-

based detection which will identify and quantify unknown input toxins by using a biosen-

sor based on a living fish chromatophore. The system consists of 3 main parts: biosensor,

data acquisition and data interpretation.

This thesis is focused on data acquisition. Acquisition, in this case, is via a color

camera since the cells have an easily measurable visual output. The major initial task

is to select the hardware specifications that satisfy user requirements. Components are

obtained from different vendors. The understanding of each component is, therefore,

very important to maximize the system performance and compatibility.

The second major task is to design the software interface and components to

manage the data acquisition. This can be separated into 2 parts. The first part is

acquisition management and control. The second part is the human interface. This

thesis focuses on the human interface.

The human interface is the part that communicates between the user and the

system. The system will send the system status to the user. The user will then direct

the system through the operation. Operators may not be familiar with complicated

computerized systems. A user-friendly interface is important to reduce mistakes and

to facilitate the operation. The goal of this design is to direct the user from a single
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look at the interface. The interface should therefore contain all the useful and necessary

information.

The design of the user interface begins with gathering the necessary information

and making a decision about which information is important to deliver to the user. A

clean, tidy and informative user interface will lead to efficient operation. The design

methodology is to group the same information within the same area and be consistent.

Machine operation is very important, as well. In order to reduce the confusion in

system operation, the machine operating protocol is designed to be very similar to the

traditional protocol.

Design of the machine operation is through interactions with the user. Sending

user information to the machine will be handled by the system management program.

By simulating the user scenario, each state change will lead to changing of the state of

the machine, as well. The scenario is implemented in a state-like diagram. This state

diagram must be implemented carefully in order to be able to handle all the cases and

exceptions.

The last and most important part is putting all the components together and

testing the system. All possible scenarios and features listed before designing will be

tested at this point. The last test is to run actual experiments with the system. After all

the tests are satisfied, the system is delivered to the user. At this time, the user might

give more feedback on the system.

In conclusion, the overall goal of designing this system is not only to make the sys-

tem for this specific application. However, the goal is to design a general application that

will be able to apply to different sensor application. By changing the core management

and hardware, the software can easily fit another sensor application.
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CYTOSENSOR: SYSTEM INTEGRATION AND
HUMAN INTERFACE DESIGN

1. INTRODUCTION

1.1. Overview

This thesis is based in part on the CytoSensor project which is supported by

DARPA since June 2000. This project exploits the idea of automated biosensor[1] devices

which can identify and quantify toxins based on visual changes in living sensor cells.

The goal of the thesis is not only to develop a stand-alone device but also to develop

a distributed biosensor network. The user does not have to be physically in the front

of the device to be able to operate and monitor the experiment. By using a standard

internet connection and web browser, user can fully operate and monitor the biosensor

from any remote or local location. The sensor network has 4 components as shown in

FIGURE 1.1,

1. Acquisition unit

The acquisition unit is responsible for data collection by capturing cell images and

storing them in the local storage. This unit is connected to the network in order

to transfer the data and enable user connections.

2. Archiving unit

The archiving unit provides the main data storage. After an experiment is corn-

pleted at the acquisition unit, the data is transferred and stored in the archive unit.
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FIGURE 1.1: Overall project diagram

This unit provides the data for any future user and for processing in the processing

unit.

3. Processing unit

The processing unit analyzes the acquired data. The processing unit has two

components:

(a) Image processing interprets the visual changes (e.g. area change, color

change) of the cells and transforms this information to numerical data.

(b) Data modeling and interpretation interprets the numerical data obtained

by the image processing. The data is analyzed to produce the toxic agent

identification (e.g. agent name and concentration.)

4. User

The user connects to the system remotely. A user can control and monitor the

data acquisition from any standard PC with a web browser. The user can also

view the data (e.g. processed data or acquired data.)
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This thesis focuses on the implementation of the acquisition unit, namely on Se-

lecting and assembling hardware, and the implementation of the human interface.

In the second chapter, the project requirements are introduced. These require-

ments include biological and computer requirements. The biological requirements follow

the biological experiment.

Computer requirements specify the requirements for the computer hardware and

software to meet biological requirements.

The third chapter discusses system implementation, including system structure,

system selection and connection of the hardware and the software design.

The fourth chapter addresses system integration and testing methodology is dis-

cussed using the scenarios concept.

Finally, fifth chapter discusses future developments and suggests possible improve-

ments.

1.2. Motivation

The original version of the system, CytoSoft, was developed in the summer of 2000.

At that time, the system had only one data acquisition channel. Most of the biological

experiments had to be repeated several times in order to ensure their consistency, thus

making the single channel device very inefficient from the user point of view.

A typical experiment acquires data every 4 seconds. Between each sampling ac-

quisition there is an idle period. From the engineering point of view, the idle period

should be eliminated in order to maximize system performance.

The concept of a multi-channel system is proposed to reduce the idle period be-

tween sampling, by acquiring data from several channels in parallel.

The multi-channel acquisition unit allows the user to run multiple experiments on

a single system. The tradeoff is system complexity. Large amounts of data are exchanged
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in a small period of time. Thus design of the system controls and data management is

very important.

The controls of the system can be divided into three parts:

1. System status control diagnoses the system status, ensuring system operability

and notifies the user of the system status.

2. Data acquisition control controls the data acquisition and coherence of data. It

manages all the acquisition functions (e.g. acquisition time, amount of data to

acquired)

3. Network control - manages the network connection by accepting the user requests

and transferring the data.

These controls work together to ensure that the entire system functions correctly.

For example, if the remote user gives the command to start the acquisition, network

control delivers the command to the biosensor. System status control notifies the user

about the system state. When the user starts the experiment, the acquisition control

starts and manages the process of data collection.

1.3. Related work

This part discusses the related work that has been done in this field.

1.3.1. Macintosh interface guideline

In 1995, Apple computer Inc published the book name "Macintosh interface guide-

line". This book includes the theory of designing human interface to facilitate user op-

eration. It explains how to use symbol(i.e. language, color and control representation.)

The development of the Human Interface in this thesis is based on this guideline[2].
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1.3.2. Cell Based Biosensors Using Microelectrode

In 1998, David A. Borkholder at Stanford University published the studies about

the electrical-activity-based biosensor devices. The studies were concerned with the

change in electrical characteristic after biosensor is exposed to the toxic agent [3]. This

thesis developed the same idea of transforming biological changes into electrical signal.

1.3.3. Using XML and Java for Telescope and Instrument Control

In 2000, T. Ames, L Koons, K. Sall, and C. Warsaw published the paper concerning

with the development of XML and Java for remote control of the telescope. The paper

discussed extensively the software architecture that has platform independent processing

capability. Moreover, the paper discussed the development of the GUI(Graphical User

Interface) that use for controlling and monitoring the instrument [4]. The idea of the

remote-controlled sensors are developed by using the same technologies.

1.3.4. Software Testing and Software Development Lifecycles

In 1996, IPL Information Processing Ltd published the paper concerning the cycle

in software testing and developing. The paper discussed various approaches in managing

the software development strategies[5]. The development of this project exploits the

lifecycle model form this publication.



1.3.5. The Microsoft Vision SDK, Version 1J2

In 2000, the Vision Technology Group (Microsoft Research) released the image

acquisition library for C++. This library holds the idea of integrating multi-platform

image acquisition into one software library[6j. This thesis use Microsoft Vision SDK,

Version 1.2 as the development platform.
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2. SYSTEM REQUIREMENTS

2.1. Introduction

In order to design an efficient system, understanding of the requirements is very

important. This chapter focuses on system design concepts which include the framework

of the system, system requirement, system design constrain, and user actions [7].

1. System Framework is the overall system concept. It defines the input and output

of the system and system part that are connected together to make the overall

system perform as required.

2. System Requirements defines the system capability and includes hardware require-

ments, user protocol requirements, experiment classification, additional require-

ments, and computer requirements. Most of these requirements are specified by

the end-user[8].

3. System Design Constraints defines the system protocol constraints. In particular,

these constraints can be viewed as the process interlock, where the process is not

allowed to continue unless the required protocol is followed.

4. User Actions defines actual usage of the system. The design of the user protocol

and software components will be based on this information.

2.2. System Framework

Our system uses on unknown biological or chemical agent as an input. System

output is the input agent identifier. Using the image sensor, a sequence of color images

is acquired over time. These images are analyzed by the processing unit. Due to the



fact that different agents produce different visual actions, the unknown agent may be

identified.
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FIGURE 2.1: The overall block diagram of the system

FIGURE 2.1 shows the 3 main system components:

Biosensor Unit contains the fish cells exposed to an unknown agent. The changes in cell

appearance provide input data.

Data Acquisition Unit captures the cell images, archives them, and sends them to the

Image Processing and Output Unit. The image capturing parameters will depend on the

expected cell behavior pattern. For a multi-channel sensor with large number of images,

the data acquisition management is very important.

Image Processing and Output Unit analyzes the data sent from the Data Acquisition

Unit. The output will be the type of agent, its concentration, or both.

2.3. Design requirements

System design establishes details of the system to satisfy the end-user requirement.

It specifies system features and operating conditions.



2.8.1. Hardware requirements

Hardware requirements are the physical specifications of the system components.

The selection of hardware is critical to avoid bottlenecks in system development [8].

From the end-user point of view, a multi-channel sensor is optimal. However, these

multiple channels do not acquire data simultaneously, and any number of channels may

be active at any time. Therefore, the acquisition task switches between various channels.

The amount of light that cells are exposed to is a very important factor determining

with sensor performance. Life expectancy of cells are shorter if they are exposed to an

excessive amount of light. To alleviate this issue, the light is turned on only when camera

is acquiring data.

This system might be used for field testing outside of the laboratory environment.

So system portability is also important. An ideal system should be rugged, small, and

transportable.

The acquisition is performed from multiple duplicate channels. Large amounts of

data can be acquired in a short period of time. Data storage is crucially important.

2.3.2. User protocol requirements

User protocol requirements are specified by the operator (e.g. biologist). To mini-

mize the learning time and preserve a user-friendly environment, system operation should

be as similar to the "traditional" biological experiment protocol as possible.

As illustrated in the diagram of FIGURE 2.2, User protocol can be divided into 3 main

steps:

1. Setup

2. Performing experiment

3. Reading and interpreting data
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FIGURE 2.2: Typical biological operation protocol

Every experiment begins with two setups:

1. Physical setting up is the hardware setup; For example, the setting up of the micro-

scope, position and focus of the object that is going to be used in the experiment,

and preparation.

2. Document setup is the setting up of the data collecting and documentation. For

example, this may include description (annotation) of the experiment and setting

up the data sheet for recording experimental result.

After initial setup, the experiment is started. There are three main steps in the

performing experiment state, as illustrated in FIGURE 2.3.

The user monitors the initial state of the cells to established the reference. Next,

the operator injects the tested agent and starts recording the data.

Finally, after the experiment is finished, the data are analyzed. In some cases (eg.

low rate of image acquisition) the analysis can be done in real time.

For the multi-channel system, the acquisition is performed on more than one chan-

nel at a time. The experiments on different channels can start and finish independently.
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monitor changes

record data

FIGURE 2.3: Performing experiment sub-state

2.8.3. Biological experiment classification

Due to the differences in response and data interpretation methods, different bi-

ological experiments can be devised. A typical biological experiment can be one of the

following types:

1. Continuous Experiment: The response occurs constantly during the experiment

period; therefore, data has to be recorded throughout the experiment. There are

two types of "continuous" experiments:

(a) Interruptible experiment: The changes of the tested cell occur gradually, so

the interruption of data acquisition will not cause significant loss of data

collection.

(b) Non-interruptible experiment: The changes of the tested cells occur rapidly.

The interruption of the data acquisition might cause significant loss of impor-

tant data.
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2. Discrete Experiment: The response of cells occurs very slowly. Data acquisition

can be done once in a while. Therefore the data can be collected in an "on and

off' manner.

2.3.4. Additional requirements

Additional requirements are the features that the sensor user would like to have

in order to facilitate the management of the experiment or to be able to handle some

exceptional cases.

Several such requirements are listed below:

1. The experiment has been performed until it almost done. However, the user is not

satisfied with the results and decides to continue the experiment. In this case, the

user should be able seamlessly to continue without restarting.

2. The experiment is already begun and some of the data has been acquired. Unfor-

tunately, the substance is moved, some of the data have not been recorded. The

series of data is damaged. In this case, the data should be able to be fixed and

turned into a different kind of series.

3. For multi-channel systems, various series of data can be collected. To be able

to identify the experiment, a comment file can be made at the beginning of the

experiment. This comment file will contain the operator's notes.

2.3.5. Computer requirements

To meet the biological requirements a rather complicated, resource-consuming sys-

tern is needed. Typically, to be able to acquire data from multiple channels the computer

has to be able to manage long data sequences of large size correctly.
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We turn now to explaining how to implement the system. As mentioned in the

User Protocol section, the system usage protocol has to be as similar to the system

protocol as possible.

Start

performing

FIGURE 2.4: Computer usage scenario

As shown in figure 2.4, similar to a typical biological experiment, the system

startup protocol of the experiment contains three steps: set up hardware, set up param-

eters, and start performing experiment. These three steps are included as the first two

steps of a typical experiment operation.

After each experiment has been started, the system should be able to handle the

start up of the next experiment. This allows more flexibility to the operator who can run

different experiments at the same time. In the setup part, the program is designed to

handle different setup parameters for each experiment. Due to the variety of experiment

types and the ability to handle many experiments in parallel, the software complexity

must be controlled by implementing interlocks between the processes. Therefore, some
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of the processes cannot be executed while one of them is running. For example, no more

than one experiment can be set up at any given time.

More requirements must be met in order to handle the various types of biological

experiments. As mentioned in the biological experiment classification section, the system

should be able to take a snapshot of data sequentially or discretely in time according to

continuous and discrete experiments, respectively. Moreover, the continuous experiment

may be of two types interruptible and non-interruptible. Thus, the operator must decide

whether the experiment is interruptible or non-interruptible. However, the system will

provide flexibility to change this decision. If the user decides to interrupt the experiment,

the system should be able to pause and continue the experiment at the users request.

In additional requirements section, are listed additional requirements that the sys-

tem must handle: snooze, object move, and coherence of the data series.

Snooze - At any time during the experiment, the user may increase the experiment

overall time duration. This command can be executed many times during a single

experiment.

Object move During the acquisition, the cell container displacement might prac-

tically ruin the series of data. However, the system should be able to recover the data;

for example, by transforming non-interrupted experiment to interrupted experiment.

Coherence of the data series - Large amounts of data from different channels can

be acquired at the same time, using different setup parameters. The system should be

able to keep track of each data series and maintain a coherent data collection.

2.4. System Design Constraints

Due to the experiment complexity, the system protocol has to be designed carefully

in order to facilitate user operation. Interlocking is one of the solutions to simplify the

protocol. Interlocking ensures that some of the process will not be allowed to execute
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unless the required input from the user is received by the system. This not oniy facilitates

the system operation but prevents user errors.

Consider the user protocol presented in the previous section. The following input

requirements must be met:

1. The experiment cannot start unless it has been registered by the system.

2. After the experiment has been registered, the user has to place the cell container

into the holder. This reduces the possibility of using a wrong container.

3. Before the experiment starts the setup of experimental parameters(e.g. sampling

rate, duration, etc.) has to be completed.

4. Only one experiment can be run on any given channel at any given time.

5. The cell container cannot be removed unless the acquisition is paused. If the cell

container is removed before the acquisition is paused, an error is signal.

The system protocol has to be designed to help meeting conditions; in order to

prevent the user from proceeding if there is missing input information.

2.5. User Scenarios

User scenario describes the steps in using the system. Devising a user scenario

helps to implement the system protocol and its features. The steps may follow listed

below [7]

1. An operator begins using the system by assembling all the hardware and powering

up.

2. The user starts the control and data acquisition software.

3. To perform an experiment, the experiment registration has to be completed.
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4. After the experiment has been registered, the operator inputs the experimental

parameters such as sampling rates, durations, etc.

5. A second experiment cannot be initialized until the steps 3 and 4 of the first

experiment are completed.

6. An experiment can not begin or continue unless a particular channel is available.

Before modelling the state machine of the system status, let us explain the system

hierarchy. The system hierarchy is illustrate in figure 2.5. The system contains many

channels and each channel can be running experiments. Therefore, the availability of

the system is determined by the availability of the channels. Similarly, the availability

of a channel is determined by the experiment status.

FIGURE 2.5: System hierarchy

The user scenarios can be modeled as a state machine shown in FIGURE 2.6.

As shown in FIGURE 2.6, when the user starts the system, the "running" state

is entered. After that, the operator can register the experiments until all the channels

are occupied. The state is then represented by the "occupied" state, in which no new
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FIGURE 2.6: Main system scenario state diagram(state machine)

experiments can be started. If one or more experiments are finished or paused, the system

state returns to the system "running" state. After all the experiments are finished and

the operator shuts down the system, the system is in the "end" state.

For a multi-channel system, the system state diagram consists of multiple channels

state diagrams. The state diagram of each channel is shown in FIGURE 2.7 below.

able

/

FIGURE 2.7: Channel state diagram

The state of the channel alters between two values: Available and Not available. As

same as the system state, each channel consists of many experiments. The state changes

according to the experiments running on specific channel. If there is an experiment



running on a specific channel, that channel will not be available. On the other hand, if

the experiment is paused or done, the channel will become available again. Similar to

the overall system, the channel is composed of many experiments.

According to the biological experiment requirements, one channel should be able

to handle more than one experiment, thus, each experiment will have its own state.

However, within the channel, only one experiment can be in the running state.

The state diagram of the experiment can be illustrated as follows:

Setup

rted (Pud

[ø

FIGURE 2.8: Experiment state diagram

Every new experiment begins with experiment registration. After experiment is

registered, operator has to specify the data acquisition parameters, and next start the

experiment. The experiment can be paused and continued. After all data acquisition is

finished the experiment is finished the experiment will be in Done state.
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2.6. Summery

The system requirements define the system features and the functions the system

can perform. The main goal is to design a system which is able to conduct biological

experiments, perform the detection and correctly classify any toxic biological and/or

chemical agents.

The specification include the physical system components(hardware), biological

experiment functions, and handling of exceptions. The user interface must be familiar,

simple, and effective.
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3. METHOD AND IMPLEMENTATION

3.1. Introduction

After specifying all the requirements, the next step is the design and implementa-

tion. This section focuses on the system implementation. The system implementation

can be divided into hardware implementation and software implementation.

Hardware implementation focuses on specifying, selecting and connecting together

hardware components. The selection of hardware should pay close attention to compat-

ibility issues to reduce any potential inter operability problems.

Software implementation focuses on the main interface design, including the inter-

face graphical appearance and the controls behind the interface.

3.2. Hardware Implementation

This section focuses on the hardware selection and the assembly of the equipment.

The hardware selection is based on both the biological and computational requirements.

The selection is concerned with three main components:

1. Processing unit

2. Camera

3. Other equipment

3.2.1. Processing unit

According to the requirements specified in chapter 2, the unit has to be able to

acquired data from multiple channels sequentially while controlling the light intensity

and duration and portable.
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FIGURE 3.1: Matrox 4SightII

As shown in FIGURE 3.1, Matrox 4SightII[9] is a stand alone system that is

available for commercial use. This system is very similar to portable computer. It is

compact in size. It supports the portability requirement. Some parts of this system can

he customized.

3.2.1.1. Processor

As mention is chapter 2, the system should be able to handle the intensive tasks,

thus the numerical processing capability sl1ould be mnaxijimized. The most powerful pro-

cessor currently available on the Matrox platform is Pentium III 1 GHz.

3.2.1.2. "Iexriory

Since a large amnount of data can be acquired at a relatively high rate the need for

fast memory is obvious. Moreover, large memory contributes to the overall stability of

the operating system. Currently, the maximum memory which can be installed in the

system is 256MBytes.
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3.2.1.3. Hard drive

Hard drive is permanent memory storage unit of the system. It stores the acquired

data before transferring them to the storage archive. The hard drive should be able to

store large amounts of data.

The size of each image is approximately 700KByte. A typical experiment will

collect approximately 600 images at the rate if 1 image every 2 seconds. Therefore, each

experiment consumes 420MByte of storage space (in approximately 20 minutes).

Since there are 12 channels that can acquired independently, the total amount of

data is 12x420 = 5.1 GBytes every 20 minutes.

On a less conservative site, each experiment might take 30 minutes to 1 hour

to perform. To be able to perform experiments without transferring data for several

days, a 200GByte hard drive was selected. This will allow the operator to perform 40

experiments on each channel before running out of storage.

3.2.1.4. Acquisition unit

Before describing the acquisition unit selection, we introduce some of the termi-

nology concerning signal standards. Video signals can be divided into 3 types: RGB,

S-Video, and Composite[10].

1. RGB signal

This is the original representation of color images. Each pixel of an image consists

of 3 colors, red, green, and blue. These 3 signal are delivered separately, making

the equipment for this standard expensive and also consuming large amounts of

bandwidth.
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2. S-Video signal

The original RGB image signals are combined and describe by two new values as

chrominance and luminance. Chrominance represents the color part of the image.

And the luminance represents the brightness of the image. This helps reduce the

bandwidth and cost of the equipment for this standard. This standard also called

Y-C signal.

3. Composite signal

Similar to the S-Video standard, the original RGB signals are combined into one

signal. Due to this combination, the quality of the image degrades dramatically

compared to the RGB signal.

The acquisition unit interfaces the external sensor (e.g. a camera) to the computer.

This unit transforms an image signal into computer data format and multiplexes the

channels. After evaluating pros and cons of three standards, the S-Video signal was

selected for the following reasons:

1. The overall signal bandwidth requirement is much less than for an RGB signal.

2. The image quality degrades insignificantly when compared to the RGB signal, so

the image analysis software is still able to process the data efficiently.

3. The price of the S-video equipment, such as the acquisition cards and cameras is

significantly lower than that for the RGB standard.

An additional requirement of the acquisition unit is that it must switch between

12 channels within 2 seconds which means 166ms switching time between each channel.

Orion-dual module is able to handle up to 12 channels of S-video signal with a

switching time of 5Oms well below the 166 requirement. In fact, the orion-dual module

allows the system to sample 2 channels simultaneously. This means the system needs to

switch between 6 channels instead of all 12 channels, thus reducing the acquisition unit

switching time by half.
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8.2.2. Camera

The camera is the main sensing device that acquires and sends the series of images

to the processing unit. Cameras are characterized by several properties[11]:

1. Camera resolution

The amount of detail that the camera can capture, measured in pixels. In general,

the more pixels a camera has, the more detail it can capture, but the more data it

produces.

2. Signal output

As described in section 3.2.1.4, there are 3 signal standards, RGB, S-Video, and

Composite signal defining on the how camera transforms the images to transmit-

table.

3. Image compensation

Generally, digital cameras have some image correction features to help display the

image correctly. The common features are listed below;

(a) Backlight compensation

Backlight compensation compensates a condition where the object of interest

in the central portion of the field of view is too dark due to a large amount

of light in the background.

(b) White balance

White balance corrects the color of the image to be close to the original color.

It will adjust the red, green, and blue components of the image.

(c) Auto gain control (AGC)

AGC is a feedback control system that automatically adjusts the electronic

amplification of the video signal to compensate for different scene illumina-

tion.
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(d) Gamma correction

Gamma corrcction controls the overall brightness of an image. Images which

are not properly gamma-corrected can look either bleached out or too dark.

"

FIGURE 3.2: Camera

The cameras selected for this project are shown in figure 3.2. These cameras are

compliant with S-Video and Composite signal standards. The resolution of the camera

is 768x494 pixels. These cameras also have the option of white balance, gain control,

back light compensation and gamma correction.

3.2.3. Other equipment

This section discusses the selection of other components of the system hardware,

like camera cables, control boards, lighting and the imaging optics system. The complete

system diagram is illustrated as in FIGURE 3.3.



FIGURE 3.3: Complete system diagram

3.2.3.1. Control board

12 Un
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As shown in FIGURE 3.3, the main control unit is Matrox 4SightII equipped with

the selected components as explain in section 2.1. This system connects to the control

board via a USB (Universal Serial Bus) port[12]. USB is a plug and play interface

between the computer and external interface devices and was selected because of the

following properties:

1. Expandability

Instead of using another multiplexing device, USB can be expanded to many device

easily by using a hub.



2. Future development

USB is a new standard that is still in development; therefore, there are many

up-to-date devices available.

The control boards were designed and build in-house and handle the communica-

tion between the Matrox and the each camera units. The functionality of each control

board are:

1. Light control

The control board receives the signal from the main unit to turn on and off the

acquisition light in synchronization with image acquisition. Since there are 12 con-

trol boards, each board must have its own address. The processing unit identifies

each board by its address to control the desired set of lights.

2. Verify the cell container presence

At each camera unit there is a micro-switch that detects the presence of the cell

containers and sends a signal to the control board which then sends a signal back

to the processing unit to verify the presence of the cell container.

3.2.3.2. Camera unit

The camera unit is shown in FIGURE 3.4. The camera unit is composed of:

1. Camera

The camera acquires the images and sends them to the acquisition board installed

inside Matrox 4SightII unit.

2. Light ring

The light ring interfaces with the control board in order to send and receive the

data from the processing unit. This ring contains:
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(a)

LED

Switch

Mirror(45 Front
surface turning)

Micro-switch for the cell
i contairiter detection

Aperture

LENS (8 mm. 0
LL._'_. 12.4mm. FL

Hastling triplet)

Extension

Estensi_J Camera

Remark total path length
lens to CCD -16cm.

(b)

Camera
connector

FIGURE 3.4: Camera unit. (a):Actual camera unit (b): Drawing of camera unit

(a) 6 white LEDs

6 LEDs are the light source that illuminates the cell container during the

image acquisition.

(b) Micro-switch

Micro-switch detects the cell container. It sends the signal to the control

board to signal the presence of the cell container.

3. Lens and optical cqniprnent

A hastings triplet (f=i2mm.) lens and 2mm. aperture relay the image to the

CCD camera via 45 degree froiit silvered turning mirror. The aperture increases

resolution arid depth of field. The lens-to-sample VS lens-to-camera spacing ratio

of 1:10 provides a 10 times image magnification. Tire camera views a sample area

approximately lxi mm.



A]

3.2.3.3. Barcode reader

A barcode reader enables the system to keep track of all the containers. It reads the

data from the barcode label on each cell container and sends this data to the Matrox.

3.3. Software implementation

The system software communicates between the system hardware and the user.

Software interprets user requests and gives the commands to the system hardware. In

turn, hardware communicates its status to the user through software.

In designing the control software, the main interface and user protocols must be

considered.

3.3.1. Main interface design

The first step in designing the user interface is to define the layout of the main

user interface. The main interface presents the user with requested information and acts

on user input.

3.3.1.1. Interface design guideline

To be able to design an efficient interface, there are several guidelines that devel-

opers should follow[2}:

1. Terminology and visual representation should be familiar to the user

2. The user should be able to control and manipulate objects on the screen directly.

3. The user should be able to use the mouse or other pointing devices to control and

manipulate the software interface.
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4. In terms of understanding the software interface,

(a) user should be able to apply the knowledge from the software itself.

(b) if there is the former version of the software, user should be able to use the

knowledge learned from operating the former version of the software.

(c) user should be able to apply knowledge from operating system standard.

(d) user should be able to apply knowledge from the standard terminology and

visual representation.

(e) from user first expectation, user should be able to understand roughly how to

operate the software.

5. The user should be able to manipulate the program without making detailed deci-

sbus.

6. The user should get a feedback to actions as quickly as possible. If the feedback is

an error message, instead of using an error code, errors should be explained in a

common language.

7. The user should not be allowed to perform a function that is not admissible in a

given situation. If some actions are not allowed, the corresponding controls should

not be displayed on the screen in order to reduce confusion and potential errors.

8. The information should be well organized and consistent with the principles of

visual design.

3.3.1.2. Main interface layout design

The first step in designing the interface is to decide what kind of information is

going to be presented to the user.



Such information may include:

1. The status of the overall system, each channel, and each experiment.

2. Information about data that is currently acquiring.

3. Progress of currently run experiments.

4. State of user actions.

5. An error history of the system.

LExperiment progress area

FIGURE 3.5: CytoSoft main interface

31

.- Viewing option area

Next we must decide how the information is going to be presented. According

to the guidelines of the user interface design, the multi-channel acquisition interface
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has been developed using the earlier version of the software, "CytoSoft" (single-channel

acquisition.)

as:

As shown in FIGURE 3.5, original CytoSoft main interface is divided into 4 sections

1. Operation section: is used by the operator to control and operate the software (e.g.

start, stop, and pause)

2. Experiment progress section: notifies the operator of the experiment progress.

3. Observation section: shows the currently acquired data so the operator can visually

monitor the experiment.

4. Viewing option section: user can choose the viewing option displayed in Observa-

tion section.

To preserve the functionality and the user's to experience from using the original

CytoSoft software, the new multi-channel user interface is divided into 6 areas as shown

in FIGURE 3.6

1. System status

This area shows the status of the system (e.g. if it is ready to accept another

experiment).

2. Overall channel observation

This area shows the most current data that acquired by each channel.

3. User control

This area contains operational commands.

4. Experiment progress

This area shows the progress in performing the current experiment.
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FIGURE 3.6: Rough draft of multi-channel software main

5. Experiment observation

This area shows the currently acquired experiment image. The image corresponds

to the channel that is highlighted in the overall channel observation area.

6. Channel and experiment status

This areas shows the channel and experiment status.

3.3.2. User protocol design

After the main interface layout is drawn, the next step is to implement the op-

eration protocol. As per User Protocol Requirements, the system operation protocol is

designed to be as similar to the traditional biological experiment protocol as possible.
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Let us review the user protocol from the second chapter. An experiment begins

with registering the experiment and setup of the data acquisition parameter for perform-

ing the experiment. Only then, can the experiment be started.

To minimize the user errors in following the protocol, the system provides step by

step guidance. On the windows operating system platform, "wizard" is the best solution

to this requirement.

The wizard is a set of windows that will enable the user to follow a given protocol.

The wizard guides the user step by step until the process is completed.

To attach a wizard of interface to the user protocol requirements, we follow the

interaction diagram shown in FIGURE 3.7.

scan the barcade

'inseit the ceF

containter into the

holder -.

setup the

parameter

FIGURE 3.7: Operation protocol wizard

From the software designer point of view, the wizard interaction diagram is as

shown in FIGURE 3.8.
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FIGURE 3.8: Wizard interaction diagram

1. Experiment registration

On a multi-channel system, several experiments can run simultaneously. The pro-

cess of keeping track of each experiment has to be designed carefully. To facilitate

the correct registration process, an automated procedure is used. By using unique

barcode on each cell container we can keep track of each experiment. The system

can build a database according to the unique experiment.

2. Insert cell container into the holder

After scanning the cell container in the barcode reader, the system will prompt

the user to insert that container in an automatically pre-selected channel. In fact,

according to the biological requirements, each channel should be able to handle a

que of experiments. For instance, there can be interrupted experiments that wait



36

to be continue on a particular channel. In this case, from the designer point of

view the experiment can be classified into 2 categories: new experiment and old

experiments.

(a) New experiment - an experiment that was not previously registered.

(b) Old experiment - an experiment that is already registered to the system.

The selection of the channel depends upon whether the experiment is new or old.

For a new experiment, the selection of the channel is based on these criteria:

(a) To uniformly "load" the channels, the channel number is incremented (in a

circular fashion) from the most recently used channel.

(b) The selected channel cannot be occupied.

(c) The channel has the least number of experiments waiting to continue.

All these criteria are checked in the above order before the user is prompted to

insert the cell container into a particular channel.

On the other hand, the selected channel number for an old experiment must be

the same as the channel that the experiment was last running on. The reason to

select the same channel for continuing the experiment is that there may be small

variations in cell containers or channel holders or optics between the channels.

These variation , including the change in view of the camera, can cause errors in

data interpretation.

After inserting the cell container, the micro-switch senses the cell container presence

and sends a notification signal. In order to prevent errors and reduce confusion,

the system does not allow the user to progress unless the cell container has been

inserted into the holder.
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3. Setup

After receiving the signal from the micro-switch, the setup page wizard is activated.

In this setup page the user is allowed to enter the acquisition parameters. The

parameters are set originally to the default values. The user can modify the values

according to the experiment requirements. These parameters include:

(a) Sampling time - the acquisition time between each image. This time is set

depending on the cell aggregation characteristics. Usually, a typical experi-

ment will set this parameter to 4 seconds (i.e., every 4 seconds a new image

is acquired.)

(b) Total number of images the maximum number of image that will be acquired.

A typical experiment acquires around 400 images.

(c) Total time the duration time of the experiment continual acquisition. Total

time is calculated based on Sampling time time Total number of images.

Total time = Sampling time x Total number of images

(d) Snooze time the time that will be added to the total time after the operator

presses on "snooze" button in the main interface. This snooze function is to

extend the Total time; for example, when the operator is not satisfied with

the results up to this point in time and decides to continue the experiment.

(e) Light intensity - the level of intensity of the LED ring that turn on when the

image is acquiring.

4. Start the experiment- the page that allows the user to choose to start the experi-

ment immediately or wait to start the experiment later.



3.3.3. Other controls

Since a multi-channel system has 12 channels to be operated and controlled, and

each channel is able to handle a queue of experiments, the control of each individual

component has to be designed carefully. There are 4 main controls that need to be

addressed:

1. Individual experiment control

2. Channel control

3. System status notification control

4. Acquisition control software

3.3.3.1. Individual experiment control

Individual experiment control is the control of each individual experiment in the

channel. Each experiment can be controlled independently. However, there are some

interlocks between each experiment running in the same channel. The screen area for

the user to manage individual experiment control is shown the FIGURE 3.9.

The shaded area in FIGURE 3.9 shows the individual experiment control area.

The operator can interact, control and observe each individual experiment in this area.
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FIGURE 3.9: Individual experiment control

There are 2 main controls for each individual experiment: Intra-expeiiment and

Inter-experiment controls.

Intra-experiment control - the main control within the experiment itself. The

user can choose the view of each experiment by clicking on the tab at the top of each

experiment as shown in FIGURE 3.10.
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FIGURE 3.10: Individual experiment view

There are 3 main options that the user can choose to view.

1. Controller In this mode, the user is able to monitor and control the experiment.

The area inside the controller tab is divided into 3 main areas.

(a) Experiment monitor area

The shaded area in FIGURE 3.11 shows the current acquired data. This

area updates to automatically display the latest acquired image. After the
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experiment is done, this area shows the last image that the system acquired

during the experiment.

- -

FIGURE 3.11: Experiment monitor area

(b) Expenment control area

The experiment control area is shown as the shaded area in FIGURE 3.12

In this area, the user is allowed to manipulate the experiment. The following

functions are available.

Start - to start acquiring and sensing the image.

Wait to delay the data acquisition.

Pause - to pause the acquisition(with an ability of later continuation.)
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Abort to cancel the data acquisition.

Snooze to lengthen the experiment time according to the snooze time

selected during experiment setup.

FIGURE 3.12: Experiment control area

To reduce possible confusion of operating the experiment, system displays

only admissible commands. The admissible commands are illustrated by the

state diagraixi in FIGURE 3.13

To explain the above state diagram, we use an exeniplary the scenario.
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FIGURE 3.13: State of admissible

1. When the user completes setting up the parameters, the wizard displays

the starting page of the experiment. On this page, there are initially two

buttons Start and Wait.

2. If the user presses on the Wait button, Wait button will disappear and

only the Start button remains.

3. If the user next clicks the Start button, the result is the same as by clicking

the Start button first and going directly to the running page. The running

page, displays three buttons Pause, Abort, and Snooze.

4. Abort button terminates the experiment. Snooze button acids the time for

performing the experiment. Clicking on Pause button, returns the state to

idle. Only in this state will the Start button again he available allowing the

experiment to continue.

(c) Experiment progress area

This area shows the progress of the experiment. The format of progress

notification will be two iiumbers: the number of images already acquired and

the total 'number of images. rflle progress area is shown in FIGURE 3.14
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FIGURE 3.14: Experiment progress

2. Parameter
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In this mode, the user is notified about the experiment details and parameters.

The parameters of the experiment include Sampling time, Total number of images,

Total time, Snooze time, and Light parameters. The details of the experiment will

include the data read from the barcode; the type of cell that is tested, the date

that the cell container was made, date and time that the experiment began, and

comments entered by the user during the setup. On this page, the user is not

allowed to execute any comments or modify. The purpose of this page is only to

notify the operator about the details of the experiment.

3. Wizard

This area contains the wizard windows, which change following the protocol.
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This tab disappears after the setting up of the experiment is completed.

Inter-experiment control - the control in between each experiment in the same

channel. As mentioned before, each channel of the system is able to handle a queue

of experiments. However, there are some interlock constraints that control and manage

these experiments.

Inter-experiment control can be divided into 2 parts.

Expeiurnetk Ee,netit Expeiirnen(
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y
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Csw18 U

*

'p. j,Ji

FIGURE 3.15: Experiment view control
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1. Visible control - control that the user interacts with. rfii is the view control of

each experiment, as shown in FIGURE 3.15.

The "zoom in FIGURE 3.15 shows the tab selections of experiment view. The

number if tabs grows dynamically according due to the number of active experi-

ments running on a given channel. Active experiments include the paused (open)

arid running experiments. The order of the tabs follows the time each experiment

started. After an experiment is finished, the corresponding screen stays active until

the screen disappears when the user ackiiowledges experiment termination.

2. Invisible control - control that is manipulated by the software. This control monitor

the interlocks between the experiments. Each channel has only one camera to

acquire the images. Therefore, only one experiment is allowed to run at any given

time.

To explain the interlock control, we use the following flow chart. There are two

main cases to considered:

(a) The user would like to start the new experiment on the system. In this case, a

new experiment cannot be started unless the system has an available channel.

(b) On the contrary, the user would like to continue the open experiments (paused

experiments)

As showim in the diagram in FIGURE 3.16, the initial experiment state is the

channel allocation, when the control checks for the channel availability. If the

channel is occupied, user has to decide whether to continue or interrupt the

current experiment. If the user decides not to interrupt, there is no action

taken. However, if the user decides to interrupt, the system will automatically

pause the current experiment arid ask the user to insert another cell container

of the paused experiment. After that, the user must verify that the system

recognizes the correct experiment and initiate its continuation.
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FIGURE 3.16: The continuing experiment flow chart.

If there is no experiment running on the selected channel, the user will be

asked to confirm the experiment parameters and initiate the experiment con-

tinuation.

3.3.3.2. Channel control

Channel control can be divided into Visible and Invisible control.

1. Visible control selects the channel to be viewed in the experiment viewing area.

11he channel selection area is shown in FIGURE 3.17.



FIGURE 3.17: Channel selection area

The user is allowed to click in this area to select the view of the channel. The

current selection will be shown in the experiment viewing area (see FIGURE 3.9).

Moreover a red frame will be highlighted on the selected channel. The image

displayed in the experiment viewing area is the latest acquired image.

2. Invisible control the status checking of each channel.

A channel error is signaled by an icon. There are 2 status icons that can be

displayed:



- indicates that the camera of that channel is not plugged in.

- indicates that the error in initializing the channel.

These channel status icons will be also be shown in the system status notification

area. However, some of the status information such as availability of the channel,

the channel error messages, and the number of experiments in the queue cannot

be displayed in this area.

3.3.3.3. System status notification

Th
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Ctrk

FIGURE 3.18: System status notification control
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System status notification control is the control that delivers the system messages

to notify the user. The system status notification area is shown in FIGURE 3.18 as the

shaded region.

As seen in FIGURE 3.18, the notification area is divided into 2 sections.

1. Overall system status notification (upper part)

In this area, the user is notified about the channel availability, i.e. whether the

system can accept any more experiments.

2. Channels and experiments status(lower part)

In this section, there are 2 tabs that present different information.

(a) Cameras - contains the view of the channels and experiments status. These

status are represented in the tree diagram format. Each channel is the root

item that has experiments as their children as shown in FIGURE 3.19.

QneI 1
L Experiment 1

cJiannel 2

EExperiment 1
Experiment 2

4

Liannei 12
LExperiment 1

FIGURE 3.19: Tree diagram of channels and experiments
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As mentioned earlier, each channel can have different numbers of experiments

in the queue. Moreover, the number of the experiments in the que can be

dynamically changed at any time. The number of experiments in the queue

and the names of the current experiments are shown in the experiment control

area. In front of each tree item there is an icon representing the status of that

item.

Channel status includes the camera status, availability of the channel, and

channel initialization status. Each of the icons represents a different status as

shown below.

camera of that channel is connected.

camera of that channel is not connected.

camera of that channel is available.

camera of that channel is not available.

camera of that channel has an error.

(*Note: in compliance with Microsoft Windows standards, the icon will be

highlighted when it is selected.)

Experiment status - the status of the experiment on each channel. The icons

indicate the state of the experiment as follows:

experiment is in initialization state.

experiment is in setup state.

experiment is in running state.

experiment is paused.
JT dAfl

experiment is in waiting state.

El El experiment has an error.

(*Note: in compliance with Microsoft Windows standards, the icon will be

highlighted when it is selected.)
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(b) Errors the description of channel and experiment errors. The arrangement

of the diagram is the same as that of camera view a tree structure.

ChnneI I No etror

LEerjment i No error

annel 2 Controi board and communication etror

annel 12 Experiment error

L Eperment 1 Cefl cortaner is npnperiyremod

FIGURE 3.20: Tree diagram of Errors view

Error messages are shown next to the experiment name. An example of an

error message is shown in FIGURE 3.20.

These messages are retrieved from the Acquisition control software described

in the following section.

3.3.3.4. Acquisition control software

The control software handles communication between the user interface and the

image acquisition hardware. In this case, acquisition hardware includes the image ac-

quisition unit, control board, and main processor unit.
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This thesis does not focus on implementing control software but rather using it.

Therefore, in this section, we will view the control and management software as a black

box that provides the data and function according to the user request.

The main task of the control software is to initialize the system and diagnose the

status of the data acquisition equipment. First we explain the initialization process of

the system.

At the start up of the software, the system checks for the status of the acquisition

unit and the control board. This includes the availability, connectivity, and functionality.

Next, the acquisition unit checks for the connectivity of the cameras and allocate

the memory that is required for image acquisition. At the same time the control board

checks for the status of the hardware at each camera unit, light system, micro-switch,

and status light.

The user is notified about the status through a visual interface. During the sys-

tem operation, the status is updated periodically. This control software monitors the

interactions between the user and the system and takes action according to the system

condition and the user requests.

3.3.4. Programming implementation

This section focuses on the software implementation. The software implementation

is based on MFC (Microsoft Foundation Class) as the platform for development.

The main user interface is based on the dialog box. Each dialog page, such as

tabs, wizard page, and picture display frames are the windows that are "children" pages

of the main dialog.

Programming implementation can be divided into the following parts:

1. Window layer

2. Window layers connectivity
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3.3.4.1. Window layer

The main interface is divided into many various layers as shown in FIGURE 3.21

Layer I Main interface-
I System 2

-
1 Channel 3 Picture

notification view frame

Layer 2
Channel Error L __i

tue view 1

I...........
2 Expriment Eprient

Layer 3 view view

Layer 4
Con roller Parameter Wzard:---H ......................

Layer 5 4 Picture Wizard
frame page

..........................

FIGURE 3.21: Layer of the interface

As shown in FIGURE 3.21, there are four levels of layers. Each layer is divided

into the groups. The windows that are in the same position are categorized in the same

group.

Layer 1 the main interface containing all the layers.

Layer 2 - placed on top of the first layer. There are 3 groups of interface in this

layers.

System notification holds 2 tabs of status view (channel status and errors).

Channel view holds the view of the channels.
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Picture frame holds the view of the overall experiment. This frame is composed

of 12 windows. Each window is independently implemented and managed together by

control software.

Layer 3 placed in top of the second layer with only one interface group. In this

layer, the interface has dynamically growing tabs. The number of tabs is correspond to

the number of active experiments. Each tab represents:

Experiment view - the view of each experiment. The experiments are subsets

of the channel and each channel can queue a number of experiments. The number of

experiments can grow dynamically according to the history of this channel usage.

Layer 4 the layer that holds display details of each experiment. There is one

interface group in this layer.

iment.

Controller - the control page from which the user controls and observes the exper-

Parameter - the page that notifies the user about the parameters and details of

each experiment.

Wizard the page that holds the wizard for setting-up and sharing the experiment.

Layer 5 - the last layer of the interface has 2 interface groups.

Picture frame the window which shows the last acquired image.

Wizard page a set of wizard windows that will change according to the interactions

with the user. There are 2 interface groups here:

1. Camera notification the page that tells the user about the channel number where

the container must be inserted.

2. Parameter set up the page that allows the user to set up and modify the acqui-

sition parameters.
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3.3.4.2. Window 'ayer connectivity

In the previous section, we have seen that there are many layers that lay on

top of each other. To bind all the windows together, certain programming technique

must be used. Before explaining this programming technique, we introduce some of the

terminology:

Class user-defined data type contains either variables or functions[13].

Dialog box custom window that allows developers to provide an interface to the

user for certain sets of information as needed[14].

Property sheet collection of the dialog boxes held inside a larger model dialog

box. Property sheet can be presented in 2 different ways: tabs and wizards[15].

Property page - dialog that stays inside the property sheet[16}.

Tab control control that is analogous to the notebook; It allows the developer to

put many pages of windows in the same area[16].

Wizard control control that allows the developer to put the windows into a series

of pages. User will navigate the pages by using Next and Back button[15].

Tree views displays a tree of all items in the system; it is one of the windows

finder tools. In this view the user can locate specific item in the system.

To put all the windows together in a layered manner, the windows are grouped

by Property sheet control[16]. Each group is represented by the boxed area in FIGURE

3.21.

Group 1(see box 1 in FIGURE 3.21) - this group presents the system status to the

operator. In this group, there are two windows on top of the main window: channel status

view and error status view. These two windows are represented by the created classes

name CTabViewBySources and CTabViewByErrors. These two classes are derived from

CPropertyPage[15] ,which is the provided class by MFC library, meaning that they have

the same functionality as CPropertyPage.
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To put together the Property pages, Property sheet is used as a control class. In

this case, CPropSheetView, which is the class derived from CPropertySheet[15], which

is the provided class by MFC library, controls CTabViewBySources and CTabViewBy-

Errors.

Cameras Errors I

u rJ:I:

I..

4

LdFHId I:J New Experiri

New Experirr
L.{j New Experiri

Camera 2

Camera 3

Camera 4

Camera 5

Camera 6

Camera 7

Camera 6

Camera S

Camera 10

Camera 11

Camera 12

FIGURE 3.22: Status notification view



These two status pages must be able to display different windows in the same

screen area. Tab control is one of the possible solutions providing an interface simi-

lar to that of using a notebook. As shown in FIGURE 3.22, tabs are labeled by the

name of the windows, Cameras and Errors (corresponding to CTabViewBySources and

CTabViewByErrors, respectively). In each window, there is a tree view object which is

synchronized with the system status.

Group 2(see box 2 in FIGURE 3.21) - the most important group, handling most

of the system controls. In this group, the interface is divided into 5 subgroups. These 5

interface subgroups are placed on top of each other in the same screen area.

Group 2.1 is the channel view that handles individual views of each channel. There-

fore, there are 12 pages of windows in this group. By using the same method as in Group

1, CPropSheetExp is the class that controls the display of the channel view. However,

the 12 pages are shown one page at a time.

FIGURE 3.23: Channel view
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This CPropSheetExp controls the CTabExperiment, the class that is derived from

CProppertyPage[15. This CTabExperiment is a member of the Group 2.2 interface that

lies on top of group 2.1. The number of tabs will increase and decrease dynamically

according to the number of the active experiments. An example of the experiment is

shown in FIGURE 3.23.

This channel view is shown alternatively according to the user interaction as men-

tion in section 3.3.3.2.

On top of each experiment page, there are controller, parameters, and wizard

page. These pages are categorized into Group 2.3. This group of windows is shown

as tabs. CPropSheetExpProp is the Property sheet class that controls the display of

CTabDisplay, CTabParameter, and CTabWizard, containing the controller, parameters

and wizard pages, respectively. Experiment view is shown in FIGURE 3.24.

Eñrnr
Cortc1e Fiet

FIGURE 3.24: Experiment view
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On top of the controller page, there is a picture frame that allows the user to

observe the last acquired image. This picture frame is shown as group 2.4 in FIGURE

3.21.

To separate the interface from the control software, the class ClmagePane is cre-

ated. ClmagePanc is derived from CVispane[16] which is the control software class.

ClmagePane handles the display and the interactions with the image, for example, the

creation, destruction, and image manipulation. This class is also used in the third group,

which we will mention in the next section.

In group 2.5, there is a set of windows called Wizard page. This set of windows is a

set. of Property pages which are controlled by the Property sheet, CPropSheetExpProp-

Wiz. Each window has its own class nanie such as CTabWizlnsert and CTabWizSetup-

Parameter, which derive from the CPropertyPage. CTabWizlnsert and CTabWizSetup-

Parameter are the classes that hold Channel notification page and Parameter setup page

respectively. These two classes are displayed as a wizard by CPropSheetExpPropWiz

(Property sheet class).

Group 3(see box 3 in FIGURE 3.21) the window that will show the last acquired

image on each channel. There are 12 picture frames in this group. These picture frames

lie directly on top of the main interface. As mentioned in earlier sections, the picture

frame is handled by the class ClrnagePane which derived from CVisPane.

__

FIGURE 3.25: Overall channel observation window
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The interaction with each picture frame is provided by the parent class CVisPane.

This interaction is indicated by a red frame, highlighting the currently selected channel.

The overall channel observation window is shown in FIGURE 3.25.



4. RESULTS

4.1. Introduction
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This chapter presents the results of system testing and evaluates design of both

hardware and software. The verification of system functionality is performed.

Two main topis are presented:

Overall system state diagram explains detailed system state diagram completing

the description of chapter 3.

System testing defines the testing process and analyzes the test results. It ensures

that the system meets the functional requirements. System testing includes: testing

environments, testing scenarios, performing test, and testing result.

4.2. Overall system state diagram

This section focuses on the integration of the system state diagrams. The state

diagram shows the interaction between the user interface and the control software.

The diagram can be divided into three parts corresponding to three phases of an

experiment:

1. Initialization state

2. Operation state

3. Termination state
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FIGURE 4.1: System initialization state diagram

4.2.1. Initialization state

As shown in Figure 4.1, the initialization process starts with initializing the inter-

face. If the interface is successfully initialized, the system initializes and diagnoses the

system hardware. The process of hardware initialization has 2 states of initialization:

1. First, the acquisition unit, the control boards, and barcode reader are initialized

at the beginning.

2. Second, the acquisition unit initializes each control board.



After all the components are initialized, they send back their status to the control

software. The status of all components is displayed in the user interface screen and paper

notifications to the user are issued.

4.2.2. Operation state

The operation state can be divided also into 3 sub-states.

1. Experiment state

2. Channel state

3. System state

All of sub three states interact with each other. Experiment states control the

channel state. For example, if there is an experiment running, the channel is not avail-

able.

The channel states control the system state. If all channels are occupied, the

system is not available.

4.2.2.1. Experiment states

As shown in Figure 4.2, the operation of the experiment state can be explained as

follows:

1. The experiment starts with the scanning of the cell container with the barcode

reader.
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FIGURE 4.2: Experiment operation state diagram
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2. System identifies the barcode and recognizes the experiment either as a new or

continuing "old" one.



66

2.1 For a new experiment, the system checks its own status (e.g. whether it can

accept another experiment.) If there is a channel available, the system prompts

the user by selecting this channel.

2.2 For the continuing experiment, the cell container is assigned to the channel

that this experiment was running in previous. If there is an experiment running on

this channel, the user will be asked to cancel the current experiment. If the user

decides not to cancel, the current experiment will continue. If the user decides to

cancel, the system will pause the current experiment and ask the user to remove

the corresponding cell container.

3. After the select by system channel has been identified to the user, the user inserts

the cell container into the corresponding holder.

4. Following container insertion, the wizard page changes to the setup page. On the

setup page, the light setup can be performed by clicking on the light setup button.

The light setup page allows the user to adjust light intensity.

5. After the setup is completed, the experiment can be started. On the starting

page, the user can choose to start the experiment immediately or wait to start the

experiment later.

6. After the experiment is started, the experiment enters the running state. In the

running state, the snooze function can be used to extend the overall experiment

time. The abort function terminates the experiment while the pause function

interrupts the experiment.

7. When the experiment is finished, the channel is returned to the pool of available

channels. Similarly, abort and pause functions make the channel available.
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4.2.2.2. Channel states

The state of the channel alternates between "not available" and "available". As

shown in Figure 4.2, the channel is "not available" after the system senses the cell

container inserted into the container holder. The channel state is available after the

experiment is paused, aborted, or finished.

4.2.2.3. System states

Similar to the channel states, the system status alternates between the "available"

and "not available". The system is in available state, if there one or more channels

are available. On the contrary, the system is in the "not available" state, if there is no

channel available.

4.2.3. Termination state

After the user finishes with all the experiments and desires to shut down the

system, the system enters the terminating state. As shown in Figure 4.3, terminating

state is divided into 3 stages.

To terminate the system, the first step is to terminate the hardware connection.

The hardware connection termination is performed from the last initialized hardware to

the first initialized hardware. Cameras, camera units and barcode reader are terminated

first. Then, the acquisition unit and the control boards are terminated. Finally the

hardware connection is terminated and the software is terminated.
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FIGURE 4.3: Terminating state diagram

4.3. System Testing

There are several factors to consider when designing the system test. For example,

one may use the system functions, a combination of the inputs, and the environment in

which the system operates.

The test can be divided into 4 phases[17]:

1. Testing environment

2. Testing scenarios

3. Performing test

4. Testing results



4.3.1. Testing environment

This section focuses on the description of the interactions between the system and

its environment[17].

Typically, this system will be used in a biological laboratory or in the field. Most

of the system operation is designed to facilitate instrument control. Users are able to

control and manipulate the system by using the mouse. However, some of the inputs

require the keyboard.

as:

Therefore the system test environment includes:

1. Input device: keyboard and mouse.

2. Output device: monitor.

3. Acquisition device: Matrox 4SightII, Orion dual acquisition module, cameras, cam-

era units, control boards, and barcode reader.

4. Software: Windows 2000 Professional edition (with service pack 2), Matrox imaging

library 7.1.

Moreover, the system should be able to operate in a partial error situation such

1. Some of the cameras and camera units are disconnected.

2. Some of the control boards are disconnected.

4.3.2. Testing scenarios

Test scenarios explain the type of tests which the system is subjected to[17]. Ide-

ally, these scenarios should include all the possible situations in which the system might

be used. According to the system requirements, the system should be able to handle
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various kinds of experiment. As shown in Figure 4.4, the experiments can be combined

in various configurations. The figure shows the number of each type of experiment in

each channel.

There are 5 main scenarios that are going to be tested.

Ii- 'fl

FIGURE 4.4: Possible Experiment combination

4.3.2.1. System start up test

Purpose : To ensure that the system starts up and initializes correctly.

Test description : Power up the system and start the software.

4.3.2.2. Single channel test

This test focuses on the acquisition from a single channel. The test can be divided

into 2 phases.

1. Single experiment

Purpose : To ensure that the system is able to acquire and save the data from the

single channel continuously.
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Test description: Perform a single experiment on each channel without interrupt-

ing the experiment

2. Multiple experiments

Purpose : To ensure that each channel is able to handle multiple experiments,

collect the data, and recognize the series of data correctly.

Test description : Perform multiple experiments on each channel.

4.3.2.3. Multiple channel test

This test focuses on the acquisition from multiple channels. Similar to the single

channel test, this test can be divided into 2 phases.

1. Single experiment

Purpose: To ensure that the system is able to perform the acquisition from multiple

channels and recognize the series of data correctly.

Test description: Perform a single experiment on each channel without interrupt-

ing the experiment.

2. Multiple experiment

Purpose : To ensure that the system is able to acquire from multiple channels and

recognize the series of data correctly.

Test description : Perform multiple experiments on multiple channels.

4.3.2.4. Exceptional test

This test focuses on exceptional cases that might occur during the operation. The

system should be able to perform the functions listed below:
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1. Snooze

Purpose : To ensure that the snooze function is working properly.

Test description : Perform a single experiment on a single channel. Near the

experiment preset termination time, click snooze button.

2. Cell container removal

Purpose : To ensure that the system handles the cell container removal correctly.

Test description : Perform a single experiment on a single channel. After running

the experiment for some time, remove the cell container without notifying the

system.

3. Cameras or camera units disconnection

Purpose : To ensure that the system performs correctly when some of the cameras

or camera units are disconnected.

Test description : Perform an experiment while some of the channels are discon-

nected.

4. System or channel not available

Purpose: To ensure that the system is able to handle the unavailability of channel

or system correctly.

Test description : Try to start the experiment while the system is not available

and try to continue an experiment on "not available" channel.

4.3.2.5. System termination test

Purpose : To ensure that software and system terminates correctly according to

the state diagram that shows in figure 4.3.

Test description : Shut down software and system.
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4.3.3. Performing test

This section focuses on executing performing the test scenarios[17]. Each scenario

is tested according to the test description. The test is performed and monitored by

following the state machine that is shown in Figure 4.1, 4.2 and 4.3.

4.3.3.1. System start up test

Following the state machine in Figure 4.1, the start up process begins with the

interface initialization. Next, the system initializes the acquisition unit, control boards,

and barcode reader. Lastly, acquisition unit initializes cameras and control boards mi-

tialize camera units. These steps are shown in Figure 4.5.

FIGURE 4.5: Start up process diagram
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4.3.3.2. Single channel test

This test is divided into 2 parts:

1. Single experiment test

This test focuses on performing a single experiment.
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FIGURE 4.6: Single experiment process diagram



75

As shown in Figure 4.6, the single experiment process follows the dotted line in the

diagram. The process starts with the scanning of the cell container by the barcode

reader. The system selects the channel number 1. Normally, channel number is

retrieved from the system. However, since there are no other experiments running,

the system selects the first channel. Next the user inserts the cell container into

the channel holder. The internal micro-switch senses the cell container and notifies

the system to change channel number 1 status to "not available". The user sets

the acquisition and light parameters, and starts performing the experiment. After

the experiment is finished, the system updates the channel status to "available".

2. Multiple experiment test

This test focuses on testing multiple experiments on a single channel. In order to

test performing multiple experiments on a single channel, the remaining channels

must be disconnected.

The dotted line in Figure 4.7 shows the process of multiple experiment testing.

The user starts the first experiment as in the Single experiment test. After the first

experiment is started, the user pauses the first experiment. The system updates

the channel status to "available". Next, the user removes the cell container from

the holder and starts the second experiment. The process of starting up the second

experiment is identical to that of the first experiment. After the second experiment

is completed, the user scans the first experiment cell container. The system should

recognize the first experiment pause the second experiment ask the tester to insert

the first cell container into the same holder. The first experiment should then

continue until its completion.
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4.3.3.3. Multiple channel test

No
Cantinue
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According to the test scenarios section, this test is divided into 2 parts.
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1. Single experiment test

This test focuses on performing an experiment on every channel. To be able to

perform an experiment on every channel, all the channels must be connected.
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As shown in Figure 4.8, the user scans the first cell container. The system Se-

lects channel number 1 and the user starts the first experiment. While the first

experiment is running, the tester scans the second cell container. System selects

the channel number 2 and the user starts the second experiment. These steps are

repeated until all 12 experiment are running. When the 12th experiment is started

the system should update its status to "not available".

2. Multiple experiment test

This is the most complicated test. The user performs multiple experiments on

every channel. All the channels must to be connected to be able to perform this

test.

Two experiments are going to queue on each channel. The test is performed in the

same manner as the single channel with multiple experiments test. First, the user

starts an experiment on every channel simultaneously to test multiple channels

with single experiment. When all the experiments are running, the user pauses

the first channel and starts another experiment. Then, the user performs similar

operations on the rest of the channels.
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4.3.3.4. Exceptional test

1. Snooze

This is the test of snooze function.
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As shown in Figure 4.10, the user performs single experiment. While the experi-

ment is running, the user clicks on the snooze button. The system increases total

images count and experiment time according to the snooze function parameters.

This increment is shown in the experiment progress area.

2. Cell container removal

This is the test of the error handling of the cell container removal.
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FIGURE 4.11: Cell container removal diagram



The user performs a single experiment. While the experiment is running, the user

removes the cell container from the holder. System displays the error message that

the cell container has been removed. System pauses the acquisition and ask the

tester to reinsert the cell container. After the cell container is reinserted, there

is a warning message notifying the user that the experiment is turned into an

interrupted one. Then, the user triggers experiment continuation function The

state of cell container removal is shown in Figure 4.11.

3. Cameras or cameras units disconnection

This is the test how the system performs while some of the cameras and camera

units are disconnected.

This test is similar to the test of a single channel with multiple experiments. The

user disconnects the cameras or camera units and leaves one of the channels con-

nected properly. Then, the user performs multiple experiments on a single channel.

4. System or channels not available

This test shows how the system handles a request for an additional experiment

while the system or channels are "not available."

This test is divided into 2 phases:

4.1. System not available The user starts the experiment on all the channels.

After all the channels are occupied (not available), the user tries to start another

experiment on the system. System displays the message "No more experiment can

be started". The diagram of this test is shown in Figure 4.12, following the dotted

lines.

4.2. Channel occupied The user disconnects the cameras on all the channels except

the channel that is going to perform the experiment and starts the first experiment

on the channel. When the first experiment is running, the user pauses the first

experiment and starts the second one. Next, when the user tries to continue the
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first experiment, the system displays a message to let the user know that there

is an experiment running on the channel and asks the user whether he would like

to interrupt the running experiment. The user interrupts the running experiment

and continues the first one. The diagram is shown in Figure 4.13.
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4.3.3.5. Terminating system test

This test focuses on testing the software and system shutting down.

After all the experiments are finished and the user desires to shut down the system

the process follows the diagram shown in Figure 4.14.
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FIGURE 4.14: System termination process

After clicking on the exit button, the acquisition unit terminates the camera con-

nections, the control boards terminate the camera units' connections, and the system

terminates the barcode reader connection. Then the system terminates the acquisition

unit and control board connection. After that, the software interface is terminated.



4.3.4. Testing result

This section focuses on analyzing the test results. After performing the test, the

method to ensure that the data is acquired correctly is to check the location of the stored

data.

The data is stored in the file hierarchy as shown in Figure 4.15.

q:: Ch3nn I

E4enid I
ExeNmert2

Chann1 2

cchnn412

FIGURE 4.15: Data storage hierarchy

Each channel has its own folder to store the experimental data. Each experiment

folder stores only its own data. The number next to the channel corresponds to the

camera number. Each experiment folder is named by using the time of this experiment

at startup. The name is in the format of "Year/Month/DayJlour/Minute/Second".

Each saved image has the name in the format of "Channel number/Experiment warn-

ber_Experiment folder name_Elapse time (compare to the starting time of the experiment)

time(in milliseconds)". Elapse time is measured from the time that the experiment

begins.

The test verifies that the data is saved in the proper location and it is labeled

correctly.
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4.4. Summery

This chapter explains the overall system interface and the software testing. Follow-

ing the design diagram for each part of the system, all the parts are integrated together,

taking into account the interaction between various controls.

The testing of the overall system is also explained testing environment, testing

scenarios, performing test and analyzing the test results. The system testing is performed

by the designer and software tester before sending the unit to be tested by the actual

operator.



5. DISCUSSION

5.1. Introduction

This chapter focuses on future research and possible system usage. This discussion

includes 2 main topics:

General sensor applications - discusses use of the system developed here to other

types of sensors.

Interface design improvement discusses possible improvements of the user inter-

face.

5.2. General sensor application

The interface designed for this thesis can be applied to various types of sensors.

Two main groups of applications are identified.

5.2.1. Biosensov application

Our application relies only on visual means for detection of cell changes in the

biosensor. In general biosensors are based on a broad range of physical and biological

properties. These include such properties as electrical conductivity, temperature, and

breath rate for more complex organism all of which can be affected by the toxic agent.

These properties are measured by different detectors which could send their data to

the system. Using the interface, developed here the user can easily control and monitor

an arbitrary experiment.

The multi-channel application not only allows the user to control the same kind

of sensors but also allows for each channel to host a different sensing device. As shown

in Figure 5.1, the proposed system can control and monitor various types of sensors.



FIGURE 5.1: Overall project diagram

5.2.2. Other sensors applications

This application is not limited to only biosensors. In fact, the concepts developed

here apply to any multichannel measurement system. In the real world parallel data

analysis is one of the means to increase performance of the overall system.

The system is applicable to many applications.

In the electrical engineering applications, the users are often required to measure

and analyze the data from multiple channels. For example, in electronic circuit devel-

opment monitoring, acquiring, and analyzing multiple channel data from signal source,

voltage and current meters is very important.

In the manufacturing process, each piece of equipment has its own measurement

data such as material flow rate, material mixture etc.

All of these data should be measured and controlled by a single application. Thus,

the operator can simply run one application instead of switching between various appli-

cations which may lead to confusion and errors.
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As another example in chemical labs, various quantities must be measured con-

currently (e.g. flow rates, concentration, etc.) By using a multi-channel system, many

type of measurements can be performed in a synchronized manner allowing comparative

analysis.

During medical procedures, doctors have to measure heart rate, blood pressure,

breathing rate, oxygen levels and etc. Multi-channel measurement system aids this

process by allowing to monitor all the data streams simultaneously.

In surveillance systems there are typically multiple cameras to monitor various

locations at the same time.

Security systems may include fire alarms, motion sensors, glass-break detectors,etc.

In a communication network, there are many variables which need to be monitored

and analyzed, e.g. network traffic, network load, etc.

In ecological studies, keeping track of animals and their behavior requires moni-

toring wireless transmitters attached to many animals.

All these applications can use the multichannel monitoring and control system

developed here.

5.3. Interface design improvement

Since the interface "connects" users to the system, it is a crucial factor in efficient

system operation. Possible improvements include the following:

5.3.1. User interface for physically impaired person

The interface designed here assumes an unimpaired user. To extend the system

usage to, for example, visually impaired, the user interface can be based on voice. Voice

commands could replace the keyboard and mouse entries, and the system could notify

the user and communicate the analysis results in the spoken words.
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Such improvement would not only aid physically impaired users but would also

allow more flexible system operation in environments which may not be conducive to

visual communication.

5.3.2. Adaptive user interface

Due to the variations between the users capabilities and the experimental environ-

ment, it is impossible to design a fixed interface that meets all the requirements. One

solution is to adapt the software to the user and the environment.

5.3.2.1. Adapt to user

In a typical user interface, the commands and protocol are fixed, and users are

expected to follow them closely. Even though the user familiar with the operating pro-

tocol could easily skip some steps to save time, he must now always follow step-by-step

procedure.

To be able to serve the user more efficiently, the user interface can adapt itself

to each individual user. For example, some of the protocol steps can be skipped by

experienced users.

On the contrary some users may be confused by abbreviated protocol. In this case,

the user interface can facilitate a more detailed operation.

Thus, an adaptive user interface can facilitate an efficient system operation and

be able to handle different users' habits and skills.
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5.3.2.2. Adapt to environment

The interface should be usable in different environments. In this case, the interface

should be designed to operate on various operating systems, and computing platforms.

The differences between computer environments may cause inconsistent system opera-

tion. To compensate for, this the following adjustments can be included.

1. Resolution adjustment

Due to the variation in viewing capabilities, the interface that is installed on dif-

ferent computing platform should have different display resolution capability.

For example, the resolution of handheld devices is much lower than that of the

typical PC. Adaptive software should be able to detect the device resolution and

set the level of displayed details accordingly.

2. Content adjustment

In some situations, adjustment of resolution is not sufficient. Therefore, the proper

selection of the viewing displayed information is very important.

Adaptive software could select the displayed content based on the device capability

and the user goals. For example, biology experts are more interested in the results

of the experiment analysis than in the acquired data itself. On the other hand, an

operator is interested mainly in controlling and monitoring the image quality and

content.

3. Machine capability adjustment

The system includes various functions such as acquisition, image processing and

data analysis. Depending on the device's processing capabilities, different func-

tions can be installed. Each software component is designed as a separate module.

The adaptive software diagnoses system capabilities and decides what components

should be installed. For example, a PDA might allow only a few software compo-
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nents to be installed, and a typical work station may allow a more complete set to

be installed.

5.4. Summery

This system framework is applicable to different uses from stand-alone units to

very large scale sensor networks.

A stand alone unit can be used with different types of sensors (e.g. biosensors,

electronics gauges, wireless transmitter, etc). The flexibility of design allows various

applications' to use all this same system design.

In a large scale application, the system can be used in a distributed environment.

The user can monitor and control a distributed environment from one central control

location.

In the future, software will be able to adapt itself to different environments (e.g.

user or computing platform) to maximize its performance.



94

6. CONCLUSIONS

This thesis focuses on the design and implementation of the image acquisition unit

for the Cytosensor. The acquisition unit provides input to the entire Cytosensor system.

The novel design system increases the data acquisition performance

The design is based on the biological and computer requirements. These require-

ments combine different points of view. Biological requirements are specified by the

biology and the end-user, and list od basic functions that the system must be able to

perform.

Computer requirements are specified so that the biological requirements are met.

The computer requirements are specified by the system designer.

Every single step of implementation and component must be carefully design to

satisfy the two requirements. The implementation is divided into two parts: Hardware

and Software.

Hardware implementation is concerned with the selection and the interaction of the

hardware components. Hardware selection provides physical platform for the software

development.

Software implementation is concerned with the data acquisition and device oper-

ation software. This software manages the acquisition and interaction between user and

the system. The software usage should resemble the operation of an typical biological

experiment as closely as possible.

After integrating all the components. the system us tested based on a typical

operation. This test included various scenarios that may occur during the experiments.

The last part of the thesis discuss the possible application and future work. The

possible applications include the standard sensor application and the large the large scale

sensor network. The system is not limited to the image acquisition only, but can be used

with various data formats.
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Sensor networks can be applied to large systems for example the manufacturing

plants, ecological studies, and medical applications.

The future human interface is not going to be fixed, but will adapt itself to satisfy

the user and environment needs. For example, the user interface adapt itself to the user

style of operation.

Another future development is to adapt the user interface according to the op-

erating environment, The software identifies computing platform and the experimental

requirements, and describes which functions are going to be installed.

The overall goal of this work is not only to meet the biological and computer

requirement in order to provide a working system. It is also an attempt to optimize

user-device interactions by providing friendly, error resistant human interface.
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