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EXECUTIVE SUMMARY 

 

This document reflects the process for designing new products with a good pointed 

objective, as structured method for design it produced the adequate documentation for 

future redesigns, including metrics, assumptions and constrains that will guarantee a 

improved development. 

 

The concept developed settled the functional structure for this device since it was primary 

thought as a product directed to the technology area. After some divergences the main 

product was based only as a PCB system but with the possibility to assembly a chassis 

structure in order to make it commercial; this fact showed, based on a structured design 

method, how to develop a product thinking in only functionality but always having on mind 

the Mission Statement, at the start of this development the product was totally directed to a 

simple market but after it was decided to leave open the option to make a commercial line 

of this device. 

 

In addition, a manufacture and industrial analysis was made in order to improve the 

building of this device, it also determined the viability and simplicity of the product 

guaranteeing constrains that demands the industrial design. In this case, as a target, a 

product dominated by the technology was necessary to make an equal weight between 

those aspects that determined that the device will fulfill the design expectative and at the 

same time assure the technological quality of the product. 

 

This development drove the selection of devices in order to facility the construction of this 

device in almost any area since most of these part devices are standard and very 

accessible on the commercial market, all this to fulfill the technical specifications settled 

through the design process. 

 

 

 

 



 11 
 

INTRODUCTION 

 

In the main market for computers, exists a lot of devices and software to test the correct 

functionality of these devices, also most of the normal computer devices cross an 

exhaustive process to certify the correct functionality of them. Most of these devices are 

shrink devices that in some cases are no autonomous like PCI cards and some others that 

use as power supply the Desktop computer power supplies which make them un-useful to 

determine the actual status of the machines if the root of the problem is the Power supply. 

 

The shrink systems have an enormous acceptance inside of the hardware companies 

since it does not depend of multitask operation system. They have their own dedicated 

system which is able to subsist with or without the main computer. With this, these 

systems have some autonomy which makes them reliable against main systems failures 

since they only use the main PC for simulation or display also since they are dedicated 

systems may allow to process information in real time. 

 

This application will allow the study and the research of new shrink methods for testing 

hardware devices based on technical appreciation, since the beginning of the high 

technologies development, it was necessary to produce also systems able to check and 

test the actual status of the devices, to verify if the were working or not; in the actuality 

these devices had been called sensors and far beyond the technology had demand 

autonomous systems, that is how we develop control systems and intelligent systems able 

to archive complicated tasks with only few instructions. 

 

The present report has been written describing a structured design method to develop a 

mechatronic system which would be able to improve the quality of work at the Casper 

maintenance department which at the moment does not count with a certain way to check 

if the power supplies are working or not; In another words the actual system used to test, 

is the empiric knowledge and the visual appreciation of the actual status of these devices.  
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1. OBJECTIVES 

 

General objective 

 

Design and build a hardware status system for 300, 350 and 400 Watts Desktops 

computer power supply. 

 

Specific Objectives 

 

� Design software able to display the status of power supply in real time. 

� Design a hardware platform which sense the actual status of the power supply and 

communicate this diagnostic to the software. 

� Develop a platform for future developments like main board, hard disk, etc diagnostic 

system. 

� To build a system with the most common devices on the electronic devices at the 

region in case (Istanbul. Turkey). 

� To make a research and leave documentation of the manufacture process for future 

improves and updates. 
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2. MISSION STATEMENT 

 

 

Description 

� Autonomous system able to diagnostic and display the actual status of a desktop 

computers power supply.  

Main marketing objectives 

� To introduce this device to the Casper technical departments all over the country. 

Primary market 

� Computer enterprises. 

Secondary market 

� Independent technicians. 

� Desktop natural users. 

� Computer maintenance departments at different enterprises. 

Assumptions and constraints 

� Electric autonomy. 

� Must be safe to use. 

� It must to protect itself against high voltages from the desktop power supplies. 

� The device must to allow communication with a pc for display of the information. 

� The device must be affordable for the primary budget of the maintenance 

department. 

� The device must be directed for industry but with the possibility to make it 

commercial 

Stakeholders 

� Maintenance department personal. 

� Casper Computer. 

� Assembly department 

� Programmers 

� Computer testers. 
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3. IDENTIFICATION OF NECESSITIES 

 

 

In order to carry out this classification it was consulted with the parts implied about the 

fundamental necessities for the design of this type of devices. 

 

Table 1. Structure of necessities 

# KIND NECESSITIES IMP 

1 Trustworthiness 
The device will tolerate margin for voltages to diagnostic a 
malfunction of the power supply 

3 

2 Structure The device will fit in small places 2 

3 Functionality 
The device can check ATX20 pin, ATX4_12v pin and 
standard 4 pin supply for IDE devices (300, 350 and 400 
Watts)  

4 

4 Functionality 
The device will work for more than 8 hours at day during 6 
days at week 

5 

5 Functionality 
The device provide the ability of communicate the status 
in real time 

5 

6 Functionality 
The device has the ability of transfer the data to a desktop 
computer 

4 

7 Structure 
The device will provide a long cable in order to check un-
removed power supplies from the computers 

4 

8 Functionality The diagnostic software is easy to use 4 
9 Functionality The entire system is plug & play 5 

10 Trustworthiness 
The device will protect itself from high voltages from the 
power supplies 

5 

11 Functionality The device can be programmed by the computer 2 

12 Functionality 
The device would allow to check the actual status with or 
without a pc 

2 

13 Functionality The calibration of the device would be easy to do it 3 

14 Structure 
Its part should be easy to obtain at the country where it is 
going to be assembled 

2 

15 Functionality 
The main system will provide a platform for future 
developments of main board status check and RAM 
memory status check 

5 
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3.1. TECHNICAL SPECIFICATIONS 

 

 

Since there is no such device on the market well known most of the decisions had been 

taken according to how the Casper technicians make de decisions about the status of the 

power devices. In order to this, it has been taken some safety decisions and mathematic 

calculations in order to provide to this device a long live and good archive of its tasks. Also 

in order to prevent malfunctions, it was consulted about normal standards for power 

managements at Turkey. 

 

Table 2. Preliminary technical specifications 

# MÉTRICS UNITS MARGINAL 
VALUES OPTIMAL VALUES 

1 Dimensions Cm 10 x 10 x 4 17 x 10 x 4 
2 Weight Kg 1 2 
3 Cost USD$ 17 100 
4 Useful live Years 1 5 
5 Cable extension Meters 1.0 2.0 

6 Communication A list - - 
7 Computing time Seconds 1.0 7.0 
8 Software B List - - 
9 Tolerance for voltages Volts +-0.2 +-0.9 

10 Function indicators C list - - 
11 Autonomous supply Volts 20 v DC 220 – 230 / 50hz 
12 Appearance Subj Bad Excellent 

 

 

 

 

 

 

# A LIST 

 1 USB 

2 Serial 

3 Parallel 

# B LIST 

1 Java 

2 C++ 

3 Visual Basic 

# C LIST 

1 LCD 

2 8seg Display 

3 Leds 
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THE NEEDS-METRICS MATRIX 
 

HIGH = 9 
MEDIUM = 5 

LOW = 3 
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No. NEED Imp # 1 2 3 4 5 6 7 8 9 10 11 12 

1 The device will tolerate margin for voltages  3          9    

2 The device will fit in small places 2  9 5          5 

3 
The device can check ATX20 pin, ATX4_12v pin and standard 4 pin supply 

for IDE devices (300, 350 and 400 Watts)  
4  5  5        3  

4 The device will work for more than 9 hours at day during 6 days at week 5     5       5  

5 The device provide the ability of communicate the status in real time 5      9 5 9 3     

6 The device has the ability of transfer the data to a desktop computer 4       9       

7 The device will provide a long cable  4  3 3   9 3       

8 The diagnostic software is easy to use 4         9     

9 The entire system is plug & play 5      5 3    3   

10 The device will protect itself from high voltages from the power supplies 5    9 9       9  

11 The device can be programmed by the computer 2      3   5  3   

12 The device would allow to check the actual status with or without a pc 2      3   3  9   

13 The calibration of the device would be easy to do it 3        3    3 5 

14 Its parts would be easy to find at the place to assembly 2     5         

15 
The main system will provide a platform for future developments of main 

board status check and RAM memory status check 
5    3 3    3 3    

 

 MARGINALS VALUES  Total 50 22 80 60 118 88 54 82 33 39 66 25 717 
   % 7.0 3.0 11.2 8.4 16.5 12.3 7.5 11.4 4.6 5.4 9.2 3.5 100 

Table 3. Needs-metrics matrix. 
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4. GENERATION AND SELECTION OF CONCEPT TO DEVELOP 

 

 

4.1. STEP ONE: CLARIFY THE PROBLEM 

Figure  1. Black box diagram 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Refinement showing sub-functions 
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4.1.1. Decomposition of the critical way.  It has been decided to determine the nature of 

every block in the last diagram since their functionalities are complex. 

 

Signal capture. 

This block refers to how is going to be detected the physical connection of the sockets. 

 

Socket plugged check. 

This block refers to how the socket is going to be prepared to check, this block has two 

parts, first one is how the hardware is going to sense the physical connection of the socket 

and the second one is how the software is going to handle this signal. 

 

Analysis AD/DC 

This block refers to how, in hardware it is going to be handle since the number of pins from 

the ATX power supplies is around the 25 and 30. 

 

Status Report 

This block refers to how it is going to set the malfunction of the power supply; in other 

words if it is going to be classified by comparators calibrated, by tables or another 

mechanism to classify the information. 

 

Communication of the report 

As its title, this block refers to how the information to communicate is going to be prepared 

in order to guarantee the real time status check. 
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4.2. STEP TWO AND THREE: EXTERNAL AND INTERNAL RESEARCH 

 

 

Based on the sources suggested by the Five-Step Method it has been done an external 

research using tools like the internet, information obtained from persons with extensive 

knowledge on the subject, and competitive benchmarking. And for the internal search it 

has been applied the brainstorming method. All of these ideas gathered in order to obtain 

as most solutions possible for the identified sub-problems. 

 

The research through the internet had provide information about the construction of this 

devices, most of them are built as PCI cards to test and make diagnostics, these devices 

are not power supply independent for that reason it had been decided to only think in 

autonomous power solutions. 

 

 

4.3. STEP FOUR: SYSTEMATIC EXPLORATION 

 

 

In this systematic exploration it was obtained a more precise knowledge of the possible 

solutions for the sub-problems by classifying the concepts and then combining them in 

order to generate integrated solutions. 

Figure 3.  Systematic exploration diagram 
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The result of the combination of this concept was around the 432, despite some of this 

concepts had been discarded since their implementation would complicate the 

development and also will increase the manufacture cost. 

 

 

4.4. CONCEPT GENERATION 

 

 

Sketches 

Based on the last diagram it had been chosen three concepts according to the 

Assumptions and constrains found at the mission statement. 

 

Concept A 

Figure 4. Concept A 

 

 

 

 

 

 

 

Standard ATX socket – led indicator – PIC16FXXX + MUX + Leds - Normal status table – 

serial 

 

This concept is based on a normal architecture but its work space is not enough wide, it 

based on led indicator that active themselves when the socket is plugged and also allows 

displaying the status through the led over the top face. 
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Concept B 

Figure 5. Concept B 

 

 

 

 

 

 

 

Universal 101 Pin socket – infrared sensor – Comparators and logical gates – External 

status reference – parallel 

 

This concept is based on a reference PCB from where could be calibrated the normal 

values also it provides a wide work area since it use a more complex electronic 

architecture based on Gates and operational amplifiers. 

 

Concept C 

Figure 6. Concept C 

 

 

 

 

 

 

 

Attached Pins – Touch sensor – PIC16FXXX + Mux + LCD – Normal status table – parallel 

 

This concept base its functionality on the touch sensor found under the pin base, this 

solution provides less interactions with the user but add more complexity to the design, 

also it use a LCD display to show the actual status of the power supply which is a good 

feature. 
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4.5. CONCEPT SELECTION: PUGH CONCEPT SELECTION 

 

 

As a reference to classify these concepts, it had been selected the product made by 

Coolmod. (http://www.coolmod.com) 

 

Figure 7. Concept Reference of Coolmod 

 

 

 

 

 

 

 

 

 

The main characteristics of this device are: it used a transparent acrylic which allows the 

user to watch the actual status while it protects the user against high voltage. 

 

It can not diagnostic the status since the only way to test is to watch the intensity of the 

leds which is not the best way to give a real status of this device and either posses an 

autonomous supply. Its price is around 17 Euros.  
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The considerations are: 

0 : For “Same as”  +: For “Better than”   -: For “Worse than” 

 

Table 4. Pugh concept matrix 

 

CONCEPT VARIABLES 

Selection criteria A B C Coolmod 

Cable extension + 0 0 0 

Computing time / software + - + 0 

Cost 0 - - 0 

Communication + + + 0 

Autonomoues supply + + + 0 

Dimension 0 - + 0 

Sum +’s  4 2 4 0 

Sum 0’s 2 1 1 6 

Sum –‘s 0 3 1 0 

Net score 4 -1 3  

Rank 1 3 2 - 

Continue? Comb No Comb - 

 

ANALYSIS OF THE RESULTS OBTAINED AT THE LAST FRAME 

 

Figure 8. Final concept selected 

As a main decision the concept A is a standard 

device but the concept D use an LCD and a 

different port to communicate the data, as an 

improvement it had been decided to preserve the 

communication port (serial) to reduce space and 

add the LCD display screen property. Other 

aspects will remain as the same. 
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As a request from the technical service master manger, there are going to develop a 

concept according to a product to introduce into a market but also as simple version for 

testers. 

 

Figure 8. Virtual Prototype of the combination of the concept A and Concept C 

See index 7.3 Geometric scheme of the product 

 

4.5.1. Conceptual valuation. Since there are only two concepts and the combination of 

these concepts improved the pug concept selection, there is no reason to make a 

valuation to identify the sensibility of the concept. 

 

Table 5. Final specifications  

# MÉTRICS UNITS FINAL VALUES 

1 Dimensions Cm 17 x 10 x 4 
2 Weight Kg 1.5 
3 Cost USD$ 65 
4 Useful live Years 5 
5 Cable extension Meters 1.5 

6 Communication A list Serial 
7 Computing time Seconds 1.5 
8 Software B List Visual Basic 
9 Tolerance for voltages Volts +-0.5 

10 Function indicators C list Leds + LCD 
11 Autonomous supply Volts 220 – 230 / 50hz 
12 Appearance Subj Good 
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5. DEVELOPMENT OF THE PRODUCT ARCHITECTURE 

 

 

Figure 9. Physical and functional relationship diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Physical vs. functional elements 

Since the relations between physical and functional elements is equal and those physical 

elements that has more than one function actually are achieving the same goal. Due to 

this, the main architecture had been classified as modular. 

 

Also this represents one the main goals for developing this systems which is to produce a 

new platform for future devices such as main board test, RAM memory test, etc. 
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5.1. PRODUCT SCHEME  

 

 

Figure 10. Grouping functional elements 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As an analysis of this diagram, the main function of the device would be concentrated on 

the PCB since this device is going to make the AD/DC conversion in order to check the 

status of the PC power supplies; in addition this system would communicate the diagnostic 

by two bias, the first one, by LCD display and leds and the other one by parallel port to a 

desktop computer through a software which is also going to be developed.  As a primary 

result, it had been decided to reduce the number of interactions through the control panel 

since this uses a LCD display. This includes leave only: Leds indicators for the plug of the 

ATX sockets and on/off status and remove voltage indicators. 
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Figure 11. Geometric scheme of the product 
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5.2. INTERACTIONS ANALYSIS 

 

 

The main objective of this is to realize some interactions none considered during the 

development process and identify problems due to this. 

 

Fundamentals 

It had been identified interactions between the subsystems in order to guarantee the 

optimal functionality of this device in development. 

 

� The PS-ON switch always must be on OFF position in order to guarantee that the 

connecting process would not produce discharges to the device. 

� The PCB must be in capacity to control all its peripherics and synchronize them with 

a logic flow. 

 

Incidentals 

Although this are estimated interactions, it had been done a subsystem diagram to 

illustrate these interactions since it is easy to denote them, these interactions may affect 

the optimal functionality of this device. 

 

Figure 12. Diagram of Incidental relation 
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Most of these interactions are related with the utile life of this product since this are inside 

of the normal functionality parameters, this interactions may produce deformations of the 

chassis and lost of appearance but not lost of functionality 

 

 

5.3. ELECTRONIC ARCHITECTURE 

 

 

This has been classified in three subsystems with the achievement of optimize the space 

and facilitate the peripherical devices connection.     

 

5.3.1. Serial communication.  This subsystem would be in charge to communicate the 

status of the power supply, also will communicate the status of the tester device to correct 

any malfunction. This communication is a normal eight bits serial communication based on 

the protocol RS232. 

 

5.3.2. Analytic module.  This subsystem would be in charge to make the AC/DC 

conversion and the instrumentation stage in order to manage the information and make a 

report of the actual status of the power supplies. It would be conformed by a four stages. 

 

1. From negative voltages to positive voltages. 

2. To a Multiplexor system. 

3. To a preparation system. 

4. To the AC/DC converser and to the microcontrolled system to make the status report. 

 

5.3.3. Power sector.  As a conclusion it had been decided to use an external supply 

system in order to not limit the device, even so, the PCB system would have a small power 

supply system which would be able to verify and correct the source in order to give the 

required supply for normal function of the tester device. This power source is a double 

power supply based on v-regulators 7815 and 7915. 
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6. INDUSTRIAL DESIGN 

 

 

6.1. INDUSTRIAL DESIGN VALUATION 

 

 

With the goal of make an aesthetic approach for the product, it had been analyzed aspects 

such as ergonomic and aesthetic since this product was though initially for the industrial 

use and after some deliberations it had been decided to make another product for 

commercial use. Based on the industrial use, these mentioned aspects are not so relevant 

for the main design but they are very important if the product has good results and it is 

decided to make a commercial version of this. 

 

6.1.1. Ergonomics.  Considerations about ergonomics were taken as “Not so important” 

since the persons who are going to use this system are technicians and testing-fixing 

computers personal; in despite of those persons who not related with this disciplines, the 

ergonomic consideration are centered on how much space it takes and how handled is the 

product. 

 

6.1.2. Aesthetics.  Aesthetic considerations are not so relevant for industrial devices 

since the main task is to work properly, even so the industrial look must be acceptable and 

it must be related with the intuition handling of this device. Since the handling is related 

with the differentiation of the functional parts, the esthetics considerations are going to be 

high. 
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Table 6. Industrial validation frame 

Industrial valuation 

Easy to use  

Easy for maintenance  

Quantity of interactions  

Interaction newness.  

Ergonomics 

Security.  

Product differentiation.  

Possession pride, 
Image or fashion. 

 

Aesthetics 

Group motivation.  

 

 

6.2. INDUSTRIAL DESIGN VALUATION AND IMPACT 

 

As a result of the last chart, it had been decided that the product would be dominated by 

the technology. 

 

Figure 13. Interfaces panel 

 

 

 

 

 

D. Technology D. User 

ON/OFF main 
switch 

Main fucntions 
leds 

Main control 
buttons 

LCD Display 
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6.2.1. Interface quality.  Since this device had been thought for industrial use, the 

interactions must be efficient and fast for operations, in other words they must be very 

intuitive in order to save time. 

 

6.2.2. Emotional requirements.  This device does not require giving good impression to 

the persons that use it, for this reason this valuation is not important for the development 

of the product. 

 

6.2.3. Easy for maintenance.  As a industrial device, it must be easy for maintenance 

because the stop may cause lost of time, for this reason this requirements must be 

considered with high score. 

 

6.2.4. Appropriated use of the materials.  Since this product is for industrial use, the 

materials are no so relevant and especially for this device this consideration might not 

influence the final product. Even so the commercial version must take care of this since it 

might increase the manufacture costs. 

 

6.2.5. Product differentiation.  Since there is no similar product on the market, there is 

no start point either comparison point. 

 

 

Table 7. Industrial valuation frame 

 

VALUATION OF THE INDUSTRIAL DESIGN 

Interface quality.  

Emotional requirements.  

Easy for maintenance.  

Appropriated use of the materials.  

Product differentiation.  
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7. DESIGN FOR MANUFACTURE & ASSEMBLY 

 

 

7.1. DESIGN FOR MANUFACTURE ANALYSIS. 

 

 

Since the main product to develop is the one with PCB design, the manufacture design is 

related to how set a main chassis for the product. 

 

The main analysis is how to setup up this device in the minimum time possible, to achieve 

this, the components must be standard and also easy to find, for that reason it had been 

decided that just the chassis is going to be only manufactured part. 

 

Chassis 

The material for this would be acrylic and its manufacture process is about how to use the 

less quantity of part for assembly, it had been decided that this commercial product will 

only count with one face to improve the manufacture process. 

 

Figure 14. Main chassis image 

 
 

7.2. DESIGN FOR ASSEMBLY ANALYSIS 

 

 

As a result of the last analysis, the assembly process also had been improved according to 

the new design, in fact this new chassis helps both manufacture and assembly process 
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since there are few parts to assembly and all of these are assembled lineally. The analysis 

to find the DFA index is based on the number of parts that the virtual mode produce, this 

exclude soldering process. 

 

Number of parts considered = 14. Considered time of assembly = 5 min 

Considered time for assembly = handling time x fit time = 10 x 17 = 170 s 

 

assemblyoftimeConsidered
sParts

indexDFA
3min# ∗=  

14.0
60*5
3*14 ==

s
s

DFAindex  

 

 

7.3. COST STRUCTURE ANALYSIS 

 

 

The objective of this analysis is to make an identification of those parts which can be 

unified in order to improve the assembly design. As said before, the main design would be 

based on the distribution of the PCB in order to assembly the chassis. 

 

Table 8. Cost summary, material and devices list 

 

COMPONENT QUANTITY ESTIMATED COST STANDARD 

PCB 1 USD$ 20  No 

Microcontroller PIC 16F876 1 USD$ 7,0 Yes 

4 Mhz Crystal  1 USD$ 1 Yes 

10pF Condensers  2 USD$ 0.25 Yes 

10uF Condensers 4 USD$ 0.34 Yes 

LM 324D 1 USD$ 0.85 Yes 

PS398 (8:1 Analog mux) 1 USD$ 1.5 Yes 
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PS396 (16:1 Analog mux) 1 USD$ 3 Yes 

ICL232 1 USD$ 1.5 Yes 

7815 V+ Regulator 1 USD$ 0.63 Yes 

7915 V- Regulator 1 USD$ 0.7 Yes 

DB9 serial connector 1 USD$ 1 Yes 

7805 V+ Regulator 1 USD$ 0.6 Yes 

1000uF / 30 v Condenser 2 USD$ 1.3 Yes 

Diodes bridge / 4 Amp 1 USD$ 0.55 Yes 

10k – ¼ W Resistor 11 USD$ 0.3 Yes 

Led diode 3 USD$ 0.12 Yes 

1k Trimmer 2 USD$ 1.72 Yes 

3k – ¼ W Resistor 1 USD$ 0.023 Yes 

1k – ¼ W Resistor 3 USD$ 0.06 Yes 

270 Ohm – ¼ W Resistor 1 USD$ 0.023 Yes 

Sip Supply connector 1 USD$ 0.12 Yes 

Two state switch  2 USD$ 0.24 Yes 

Three state switch 1 USD$ 0.3 Yes 

ATX 20 pins Socket 1 USD$ 0,5 Yes 

ATX 4 pins Socket 1 USD$ 0,4 Yes 

Standard IDE Socket 1 USD$ 0,3 Yes 

Serial cable (1.5 meters) 1 USD$ 2,3 Yes 

LCD Display 2 x 16 1 USD$ 6 Yes 

Chassis 1 USD$ 7,8 No 

Screws 12 USD$ 1 Yes 

Anti-slider gums  4 USD$ 1 Yes 

TOTAL 67 $USD 51,4 
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8. PROTOTYPES 

 

 

8.1. DEVELOPED PROTOTYPES 

 

 

In to obtain good results it had been realized some prototypes to test and probe that the 

concept to develop was the right one and also that there are no problems with the 

development. 

 

8.1.1. Analytic prototype AP01.  This analytic prototype was made with propose of 

testing the main system using ISIS, the objectives were to test the right functionality of the 

LCD screen and test that the address port for the multiplexor were working properly. After 

some corrections the prototype threw expected results. 

Stage: Test and refinement  

 

Figure 15. Analytic prototype running on ISIS 

 



 37 
 

7.1.2. Analytic prototype AP02.  This prototype was made with the objective to test the 

amplification stage and also test that the math calculus were right, this prototype was done 

using Workbench and the instrumentation worked properly. 

Stage: Test and refinement 

Figure 16. Analytic prototype running on Workbench 

 

 
 

7.1.3. Analytic prototype AP03.  This was a virtual prototype with the geometrical 

distribution to realize the space interactions. Also, as a requirement from Casper 

Technicians, a second virtual prototype was designed. 

 

In order to integrate these prototypes, was proposed by the design team the integration of 

this two prototypes, the result was a good opinion from the Casper technical department. 

Stage: Concept generation and concept selection 
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7.2. PHYSIC PROTOTYPES 

 

 

7.2.1. Alfa prototype PP01.  This prototype was mounted with the objective to determine 

problems due to the devices impedance and to identify loss of information due to the 

offsets on the operational amplifiers. This prototype also was mounted to prove that the 

RS232 protocol was working properly.                                    Stage: Test and refinement 

 

7.2.2. Beta Prototype PP02: The approach of the final device, it would be on test for the 

next two months in order to identify possible problems due to the plug and unplug of the 

PC Power supplies socket; also in order to identify if the system works for more than 8 

hour at day. 

 

Stage: Test and refinement 

 

Figure 17. Prototypes representation diagram 
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9. DETAILED DESIGN 

 

 

In order to clarify the how the design was conceived, and in based on the results provided 

by the manufacture analysis this section will spread the principle of functionality of this 

device. 

 

 

9.1. HARDWARE SYSTEM 

 

 

The main architecture is based on a 28 dil PIC microcontroller of reference 

PIC16F873/876, the main problem to solve was the fact that there were too many pins to 

read, around twenty eight pins, and the microcontroller only counts with four AD/DC 

channels, also the signals should be conditioned from zero - twelve to zero – five since the 

microcontroller only can read this margin. 

 

For this reason it had been decided to implement an analog multiplexor and control the 

address to read by 7 bits and one bit for enabling or disabling the MUX. After this, to 

condition with only one instrumentation stage. 
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Figure 18. Main hardware system 

 
LCD display 

 

The device used to show the information without the PC connection is a common serial 

function LCD with 2 lines each one with 20 visible characters and virtual availability of 40 

characters. It had been decided to use this device in serial mode using six pins, two for 

control and four for data since it only would be used for writing data and not for reading. 

The main circuit is shown bellow and the time sequence. 

 

Figure 19. LCD set up using 4 bits as data bus 
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Figure 20. Sampling sequence for transmitting data 

 

 

 

9.1.1. Power Management.  The first stage was to know how the Desktop power 

supplies works, in the next pin diagram is explain the main function of them. 

 

Figure 21. Power supply pins diagram 

 
 

PWR-OK Pin: This pin provides a TTL signal to the main board in order to give a simple 

status of the power supply, this in not enough since the signal is only related with the 

functionality of the internal device and does not check if it is giving the normal values or 

not. 

 

+ 5VSB Pin: This is a 5 volts stand by pin, low current but enough to turn on a led, it is 

used to identify if the main power cable or the ON/OFF switch are working or not. 
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PS-ON Pin: This is an inverted pin, in order to make the power supply works it is 

necessary that this pin would be connected to ground. 

 

The rest of the pins are +- voltages and grounds. As it is possible to see, there are several 

5v and GND pins, the main decision was to test the voltages and no the grounds, based 

on this decision, only one ground would be tested. In order to make works the power 

supply was thought to control the PS-ON pin by the Micro but if the power supply is not 

working properly it would make a several discharge over the micro; or that reason only a 

switch was implemented. 

 

 

9.1.2. Analog to digital conversion.  The main function of this device is to test the 

margin of the current voltage; the system was thought to read the values and not to 

compare. For this reason was implemented the AD/DC functionality. Even so, the result of 

this conversion would be in a different scale from 0x00 to 0xFF and the output of this 

device must be between in decimal scale and in zero to thirteen volts. 

 

Since the scale is linear, only a three simple rule had been needed to implement also a 

comparative table could be implemented but it would be extremely long. 

 

resultDCAD
v

voltsCurrent /
255
13=  

9.1.3. Diagnostics.  The diagnostic would only be a comparative result since only an 

intelligent entity can decide how bad or how good it is, even so the system has a +-0.5 

tolerance, if the read is out range the system would give an alert message. 
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9.2. SOFTWARE SYSTEM 

 

 

The software is developed on Visual Basic since the company has already the license, in 

despite of the system had been developed on UML techniques giving freedom about which 

platform use to develop the system. 

 

The software is based on a friendly interface from where the user would be able to read 

different channels, test particularly and store data about the readings. Also it had been left 

the option to type the reference code in order to recognize which device threw which 

results. 

 

Figure 22. Software splash image  

 

 
 

9.2.1. Interpretation of the information.  The source code in based on a simple 

conversion of the data received, the main hardware system would provide the information 

without any treatment in order to preserve the range and give certainly results. 
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Figure 23. Printed screen of the software 

 

 
 

 

9.3. CONTROL SYSTEM 

 

 

This is the flow diagram for the shrunk hardware system found on the microcontroller. 

Since there is no reaction produced by an action, the control system is reduced to how to 

manage and configure the devices and to handle with the user commands. 
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Figure 24. General Flow Diagram 
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10. RECOMMENDATIONS 

 

 

� Since the supply for this device can be between 32 and 45 volts at 2 amperes in AC 

and between 35 and 50 volts at 2 amperes in DC it is recommended to obtain an adaptor 

in order to provide safety to the dive. 

 

� As an improvement for this design would be appropriated to develop the adaptor for 

including this device to the main system. 

 

� Do not put the AC supply close to the Serial cable, it may cause interference and lost 

of the data transmitted to the PC and viceversa. 

 

� Before plug the ATX sockets verify that the PS-ON switch over the system is OFF, 

otherwise it may cause sparks that would decrease the useful life. 

 

� Do not use more than two meters long cable for serial connection, the data may be 

wrong or incomplete. 

 

� Keep the system away from water or any conductive fluid and do not plug the supply 

cable while the on/off power switch is ON position. 

 

� In order to preserve the useful live of this device plug the supply cable to an insolated 

regulator with connection to ground. 
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11. CONCLUSIONS 

 

 

� The product developed is the result of a structured mechatronic design process, which 

fulfill with the settled functionality requirements defined by the final user and constrains 

and assumptions found at the mission statement. 

 

� Since the developed device counts with characteristics well pointed to the technicians, 

it was essential to make an additional study of appearance and material to provide a 

commercial view of this device without affecting the technological functionality and 

preserving the serious, reliable and versatile image for this device. 

 

� The main objective in the development of the design stages was to determine the offer 

and demand market in order to introduce this device to the technological market and 

compete with a new device preserving the safety paradigm. 

 

� The architecture definition for this product was crucial for adding the possibility to make 

manifold implementations and to combine the product that is going to be used at the 

technical department and the product that is being thinking to be introduced to the market. 

Also to provide the main architecture that would be base for future implementations of 

testing devices such as main boards, hard disks and others. 

 

� Was made considerations in the manufacture and assembly design area that allowed 

anticipating the complexity for the assembly of this product and provide linear solutions for 

this assembly. 

 

� The main design followed parameters for the industrial design that would guarantee at 

least 65% of possibilities that the product pointed to the technological sector, would have a 

good industrial impact and would be known and differentiated among others.  
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ATTACHMENTS 

 

Attachment 1: HOQ house of qualities 
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Attachment 2: pieces plans 
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Attachment 3: Assembly plans 
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Attachment 4: Electronic plans 
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Attachment 5: Parts and places layer 

 

 
 

 

 Layers Negatives 

 

 
Top layer 
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Bottom Layer 
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Attachment 6: Software source code 

 
Option Explicit 
Dim connection As Boolean 
Dim readingPins(0 To 18) As Single 
Dim counter As Integer 
Dim adcResult As String 
Private Declare Sub Sleep Lib "kernel32" (ByVal dwMilliseconds As Long) 
 
Private Sub Check1_Click() 
Option1.Value = False 
pin4reading.Enabled = False 
End Sub 
 
Private Sub Check2_Click() 
Option1.Value = False 
pin4reading.Enabled = False 
End Sub 
 
Private Sub Check3_Click() 
Option1.Value = False 
pin4reading.Enabled = False 
End Sub 
 
Private Sub Command2_Click() 
 
If Check1.Value = 1 Or Check2.Value = 1 Or Check3.Value = 1 Or pin4reading.ListIndex > -1 Then 
    ProgressBar1.Value = 0 
    Timer1.Enabled = True 
    StatusBar1.Panels(1).Text = "Status: Reading serial port ... one momment please" 
    List.ListItems.Clear 
    List.Sorted = False 
     
    If pin4reading.ListIndex > -1 Then 
        MSComm1.Output = 2 
        MSComm1.Output = pin4reading.ListIndex 
    Else 
        If (Check1.Value = 1 And Check2.Value = 1 And Check3.Value = 1) Then 
            MSComm1.Output = 1 
        Else 
         
            If (Check2.Value = 1) Then 
                MSComm1.Output = 3 
            End If 
            If (Check1.Value = 1) Then 
                MSComm1.Output = 4 
            End If 
            If (Check3.Value = 1) Then 
                MSComm1.Output = 5 
            End If 
             
        End If 
    End If 
         
Else 
    MsgBox "Please select at least one option to read", vbInformation, "Atention" 
End If 
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End Sub 
 
Private Sub Command3_Click() 
    Timer1.Enabled = False 
    StatusBar1.Panels(1).Text = "Status: Reading stopped" 
    ProgressBar1.Value = 0 
    MSComm1.Output = 6 
End Sub 
 
Private Sub Command4_Click() 
If MSComm1.PortOpen = True Then MSComm1.Output = 6 
End Sub 
 
Private Sub Command5_Click() 
Unload Me 
End Sub 
 
Private Sub Form_Load() 
 
    StatusBar1.Panels(2).Text = "Software status: Disconnected" 
    List.BackColor = RGB(194, 198, 226) 
 
    On Error GoTo here 
    ' Using serial port 1. 
    MSComm1.CommPort = 1 
    ' 9600 bauds, no parity, 8 data bits and 1 stop bit 
    MSComm1.Settings = "9600,N,8,1" 
    ' Control will read all buffer when is using INPUT 
    MSComm1.InputLen = 0 
    MSComm1.PortOpen = True 
    MSComm1.Output = 6 
    Call Sleep(100) 
    MSComm1.Output = 7          ' PC master control signal 
    StatusBar1.Panels(2).Text = "Software status: Connected" 
    connection = True 
    Exit Sub 
     
here: 
        MsgBox "Impossible to open serial port, please check if there is no another application using it", vbCritical, 
"Error" 
        Unload Me 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
MSComm1.PortOpen = False 
End Sub 
 
Private Sub Option1_Click() 
If Option1.Value = True Then 
    pin4reading.Enabled = True 
    Check1.Value = 0 
    Check2.Value = 0 
    Check3.Value = 0 
End If 
End Sub 
 
Private Sub StatusBar1_PanelClick(ByVal Panel As MSComctlLib.Panel) 
 
If Panel.Index = 2 Then 
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    If connection = True Then 
        connection = False 
        MSComm1.Output = 6 
        MSComm1.PortOpen = False 
    Else 
        connection = True 
        MSComm1.Output = 6 
        Call Sleep(40)      '40 miliseconds delay 
        MSComm1.Output = 7 
        MSComm1.PortOpen = True 
    End If 
End If 
 
If connection = True Then 
    StatusBar1.Panels(2).Text = "Software status: Connected" 
Else 
    StatusBar1.Panels(2).Text = "Software status: Disconnected" 
End If 
 
End Sub 
 
Private Sub Timer1_Timer() 
Dim buffer As String 
 
If connection = False Then Exit Sub 
ProgressBar1.Value = ProgressBar1.Value + 1 
If ProgressBar1.Value = 1 Then Exit Sub 
 
buffer = buffer & MSComm1.Input 
If buffer = "" Then Exit Sub 
 
adcResult = adcResult & buffer 
 
If ProgressBar1.Value = 100 Then 
    Timer1.Enabled = False 
    StatusBar1.Panels(1).Text = "Status: Read completed" 
    data (adcResult) 
End If 
 
End Sub 
 
Private Sub data(reading As String) 
 
    Dim i, start, endVal, cont  As Integer 
    Dim temp As String 
     
    start = 1 
    endVal = 1 
     
    For i = 0 To Len(reading) 
        If Mid(reading, endVal, 1) = " " Then 
            readingPins(cont) = Format(13 * Mid(reading, start, endVal - start) / 255, "#.##") 
            start = endVal + 1 
            endVal = start 
            cont = cont + 1 
        Else 
            endVal = endVal + 1 
        End If 
    Next 
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    readingPins(cont) = Format(13 * Mid(reading, start) / 255, "#.##") 
     
    readingPins(5) = readingPins(5) * -1 
    readingPins(4) = readingPins(4) * -1 
     
    ' Information analysis 
    If pin4reading.ListIndex > -1 Then 
        counter = 0 
        showData (pin4reading.ListIndex) 
    Else 
        If (Check1.Value = 1 And Check2.Value = 1 And Check3.Value = 1) Then 
            For counter = 0 To 18 
                showData (counter) 
            Next 
        Else 
            counter = 0 
            ' Displaying IDE pins values 
            If (Check2.Value = 1) Then 
                For cont = 12 To 15 
                    showData (cont) 
                    counter = counter + 1 
                Next 
            End If 
             
            ' Displaying ATX20 pins values 
            If (Check1.Value = 1) Then 
                For cont = 0 To 7 
                    showData (cont) 
                    counter = counter + 1 
                Next 
                showData (11) 
                counter = counter + 1 
                For cont = 16 To 18 
                    showData (cont) 
                    counter = counter + 1 
                Next 
            End If 
             
            ' Displaying ATX4 pins values 
            If Check3.Value = 1 Then 
                For cont = 8 To 10 
                    showData (cont) 
                    counter = counter + 1 
                Next 
            End If 
             
        End If 
    End If 
     
    List.SortKey = 0 
    List.SortOrder = lvwAscending 
    List.Sorted = True 
     
End Sub 
 
Private Sub showData(pinRed As Integer) 
        List.ListItems.Add = pinName(pinRed) 
        List.ListItems.Item(counter + 1).SubItems(1) = colorName(pinRed) 
        List.ListItems.Item(counter + 1).ListSubItems(1).ForeColor = colorPin(pinRed) 
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        List.ListItems.Item(counter + 1).ListSubItems(1).Bold = True 
        List.ListItems.Item(counter + 1).SubItems(2) = readingPins(pinRed) & " v" 
        List.ListItems.Item(counter + 1).SubItems(3) = normValue(pinRed) & " v" 
         
        If (readingPins(pinRed) > Val(normValue(pinRed)) + 0.5) Or (readingPins(pinRed) < 
Val(normValue(pinRed)) - 0.5) Then 
            List.ListItems.Item(counter + 1).SubItems(4) = "WARNING: This value it out of the range" 
        Else 
            List.ListItems.Item(counter + 1).SubItems(4) = "Normal state" 
        End If 
End Sub 
  
Private Function pinName(num As Integer) As String 
    Select Case num 
        Case 0: 
           pinName = "ATX20 P04" 
        Case 1: 
           pinName = "ATX20 P06" 
        Case 2: 
           pinName = "ATX20 P09" 
        Case 3: 
           pinName = "ATX20 P10" 
        Case 4: 
           pinName = "ATX20 P12" 
        Case 5: 
           pinName = "ATX20 P18" 
        Case 6: 
           pinName = "ATX20 P19" 
        Case 7: 
           pinName = "ATX20 P20" 
        Case 8: 
           pinName = "ATX4 P3" 
        Case 9: 
           pinName = "ATX4 P4" 
        Case 10: 
           pinName = "ATX4 P1" 
        Case 11: 
           pinName = "ATX20 P03" 
        Case 12: 
           pinName = "IDE P1" 
        Case 13: 
           pinName = "IDE P2" 
        Case 14: 
           pinName = "IDE P3" 
        Case 15: 
           pinName = "IDE P4" 
        Case 16: 
           pinName = "ATX20 P01" 
        Case 17: 
           pinName = "ATX20 P02" 
        Case 18: 
           pinName = "ATX20 P11" 
    End Select 
End Function 
 
Private Function normValue(num As Integer) As String 
 
    If num = 0 Or num = 1 Or num = 2 Or num = 6 Or num = 7 Or num = 15 Then 
        normValue = "+ 5.00" 
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    ElseIf num = 16 Or num = 17 Or num = 18 Then 
        normValue = "+ 3.30" 
    ElseIf num = 3 Or num = 8 Or num = 12 Or num = 9 Then 
        normValue = "+ 12.00" 
    ElseIf num = 4 Then 
        normValue = "- 12.00" 
    ElseIf num = 5 Then 
        normValue = "- 5.00" 
    Else 
        normValue = "0.00" 
    End If 
     
End Function 
 
Private Function colorPin(num As Integer) As Long 
 
    If num = 0 Or num = 1 Or num = 6 Or num = 7 Or num = 15 Then ' red 
        colorPin = RGB(255, 0, 0) 
         
    ElseIf num = 16 Or num = 17 Or num = 18 Then 'orange 
        colorPin = RGB(255, 102, 0) 
         
    ElseIf num = 3 Or num = 8 Or num = 12 Or num = 9 Then 'yellow 
        colorPin = RGB(255, 255, 0) 
         
    ElseIf num = 4 Then ' blue 
        colorPin = RGB(0, 0, 255) 
         
    ElseIf num = 5 Then 'white 
        colorPin = RGB(250, 250, 250) 
         
    ElseIf num = 2 Then 'purple 
        colorPin = RGB(153, 0, 204) 
         
    Else 
        colorPin = RGB(0, 0, 0) 
    End If 
     
End Function 
 
Private Function colorName(num As Integer) As String 
 
    If num = 0 Or num = 1 Or num = 6 Or num = 7 Or num = 15 Then ' red 
        colorName = "Red" 
         
    ElseIf num = 16 Or num = 17 Or num = 18 Then 'orange 
        colorName = "Orange" 
         
    ElseIf num = 3 Or num = 8 Or num = 12 Or num = 9 Then 'yellow 
        colorName = "Yellow" 
         
    ElseIf num = 4 Then ' blue 
        colorName = "Blue" 
         
    ElseIf num = 5 Then 'white 
        colorName = "White" 
         
    ElseIf num = 2 Then 'purple 
        colorName = "Purple" 
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    Else 
        colorName = "Black" 
    End If 
     
End Function 
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Attachment 7: Microcontroller source code 
 
/****************************************************************************** 
*                                                                             * 
*                      POWER SUPPLY STATUS PROGRAM                            * 
*                   DESIGNED BY : Jorge Mario Lenis L                         * 
*       Program to read ADC0, show data on a display and allow serial         * 
*                 communication through the protocol RS232                    * 
*                      E-mail: serath@telesat.com.co                          * 
*                                                                             * 
*                      ©2005 ALL RIGHTS RERSERVED                             * 
*                           CASPER COMPUTER                                   * 
*                      TECHNIC SERVICE DEPARTMENT                             * 
*                           ISTANBUL - TURKEY                                 * 
*                                                                             * 
*******************************************************************************/ 
 
 
#include <16F876.h> 
#device adc=8 
#use delay(clock=4000000) 
#fuses NOWDT,XT, NOPUT, NOPROTECT, NOBROWNOUT, NOLVP, NOCPD, NOWRT, NODEBUG 
#use rs232(baud=9600,parity=N,xmit=PIN_C6,rcv=PIN_C7,bits=9) 
#include <string.h> 
 
   // --- Key control Pins --- \\ 
#define BACK         42    // PIN_A2 
#define FWD          45    // PIN_A5 
 
   // --- Mux controls --- \\ 
#define MUX_ENABLE   55 
 
   // --- LCD control pins --- \\ 
#define LCD_RS       60    // PIN_C4 
#define LCD_ENABLE   61    // PIN_C5 
 
// ---- Global variables and methods 
   void lcd_start(); 
   void lcd_char(int8 chrtosend, byte control); 
   void start_channel_read(int8 channel); 
   void message(char text[]); 
   void line(byte n); 
   void clear_display(); 
   void pinName(int8 num); 
   void print_volt(int num); 
 
   int8 reading[19];    // Variable to store the data produced by the read 
   int8 i,j,k; 
   char word[16]; 
   float actualVolt; 
   char connection; 
   char done; 
 
#int_RDA 
RDA_isr() 
{ 
 
   /******************************************************* 
             VARIABLES AND FUNCTIONS FROM THE PC 
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      FUNCTION 01. STARTS NORMAL SENSE. 
      FUNCTION 02. STARTS SENSE OF A SPECIFIC PIN. 
      FUNCTION 03. ONLY READ IDE SOCKET SUPPLY. 
      FUNCTION 04. ONLY READ ATX20 SOCKET SUPPLY. 
      FUNCTION 05. ONLY READ ATX4  SOCKET SUPPLY. 
      FUNCTION 06. PROGRAM RESET 
      FUNCTION 07. DECETECT PC CONNECTION 
 
   *******************************************************/ 
 
   switch (getch()) { 
 
      case 01:{ 
         // Starting signal 
         for (i=0; i<19; i++){ 
            start_channel_read(i); 
            putc(reading[i]); 
         } 
         output_b(0x00); 
         // Signal finished 
         break; 
      } 
 
      case 02:{ 
         int8 pin; 
 
         pin = getch(); 
         start_channel_read(pin); 
         putc(reading[pin]); 
         output_b(0x00); 
         break; 
      } 
 
      case 03:{ 
         for (i=12; i<16; i++){ 
            start_channel_read(i); 
            putc(reading[i]); 
         } 
         output_b(0x00); 
         break; 
      } 
 
      case 04:{ 
         for (i=0; i<8; i++){ 
            start_channel_read(i); 
            putc(reading[i]); 
         } 
         start_channel_read(11); 
         putc(reading[11]); 
 
         for (i=16; i<19; i++){ 
            start_channel_read(i); 
            putc(reading[i]); 
         } 
 
         output_b(0x00); 
         break; 
      } 
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      case 05:{ 
         for (i=8; i<11; i++){ 
            start_channel_read(i); 
            putc(reading[i]); 
         } 
         output_b(0x00); 
         break; 
      } 
 
      case 06:{ 
         reset_cpu(); 
         break; 
      } 
 
      case 07:{ 
         connection = 1; 
         break; 
      } 
   } 
} 
 
 
void main() 
{ 
 
   setup_adc_ports(RA0_RA1_RA3_ANALOG); 
   setup_adc(ADC_CLOCK_INTERNAL); 
   setup_spi(FALSE); 
   setup_counters(RTCC_INTERNAL,RTCC_DIV_1); 
   setup_timer_1(T1_DISABLED); 
   setup_timer_2(T2_DISABLED,0,1); 
   enable_interrupts(INT_RDA); 
   enable_interrupts(GLOBAL); 
 
   delay_ms(16); 
   lcd_start(); 
   output_c(0x00); 
 
   strcpy(word,"CASPER COMPUTER"); 
   message(word); 
 
   line(1); 
   strcpy(word,"Device ready..."); 
   message(word); 
 
   delay_ms(2000); 
 
   clear_display(); 
   strcpy(word,"CURRENT MODE:"); 
   message(word); 
 
   line(1); 
 
   if (connection)            // Check if there is connection with the PC 
      strcpy(word,"PC Connected"); 
   else 
      strcpy(word,"Autonomous Mode"); 
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   message(word); 
 
   delay_ms(2300); 
   clear_display(); 
 
   if (!connection){ 
      strcpy(word,"STATUS: Press"); 
      message(word); 
      line(1); 
      strcpy(word,"UP key for setup"); 
      message(word); 
 
         while(1){ 
            if ( input(FWD) & !done){ 
               delay_us(30);                 // Preventing double boot 
 
               // Starting signal 
               clear_display(); 
               strcpy(word,"Modes:"); 
               message(word); 
               line(1); 
 
               strcpy(word,"UP. Auto DW. Man"); 
               message(word); 
               delay_ms(1000); 
 
               while(1){ 
                  if (input(FWD)){ 
                     //modo auto 
                     clear_display(); 
                     strcpy(word,"PWR PINs STATUS:"); 
                     message(word); 
 
                     for (j=0; j<19; j++){ 
                        start_channel_read(j); 
                        print_volt(j); 
                        delay_ms(1700); 
                     } 
 
                     delay_ms(1000); 
                     clear_display(); 
                     done=1; 
                     j=18; 
 
                     strcpy(word,"Press Up key"); 
                     message(word); 
                     line(1); 
                     strcpy(word,"for re-start"); 
                     message(word); 
                     break; 
 
                  }else if (input(BACK)){ 
 
                     done=1; 
                     clear_display(); 
                     strcpy(word,"Manual mode"); 
                     message(word); 
                     line(1); 
                     strcpy(word,"UP & DOWN"); 
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                     message(word); 
                     delay_ms(1500); 
                     break; 
                  } 
               } 
            } 
 
            if (input(BACK) & done & !input(FWD)){ 
               delay_ms(300); 
 
               if (j==0) 
                  j = 18; 
               else 
                  j--; 
 
               start_channel_read(j); 
               clear_display(); 
               strcpy(word,"PWR PINs STATUS:"); 
               message(word); 
               print_volt(j); 
 
            }else if (input(FWD) & done & !input(BACK)){ 
               delay_ms(300); 
 
               if (j==19) 
                  j = 0; 
               else 
                  j++; 
 
               start_channel_read(j); 
               clear_display(); 
               strcpy(word,"PWR PINs STATUS:"); 
               message(word); 
               print_volt(j); 
 
            }else if (input(FWD) & input(BACK) & !done){ 
               delay_ms(300); 
               done=0; 
 
               clear_display(); 
               strcpy(word,"STATUS: Press"); 
               message(word); 
               line(1); 
               strcpy(word,"UP key for setup"); 
               message(word); 
            } 
         } 
   } 
} 
 
void print_volt(int num){ 
   line(1); 
   pinName(num); 
   strcpy(word,":"); 
   message(word); 
   actualVolt = ((float)13/256)*((int)(reading[num])); 
   sprintf(word,"\f%2.2f",actualVolt); 
   message(word); 
   lcd_char(0x76, 0); 
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} 
 
void pinName(int8 num){ 
   switch(num){ 
      case 0:{ 
         strcpy(word, "ATX20 P4"); 
         message(word); 
         break; 
      } 
      case 1:{ 
         strcpy(word, "ATX20 P6"); 
         message(word); 
         break; 
      } 
      case 2:{ 
         strcpy(word, "ATX20 P9"); 
         message(word); 
         break; 
      } 
      case 3:{ 
         strcpy(word, "ATX20 P10"); 
         message(word); 
         break; 
      } 
      case 4:{ 
         strcpy(word, "ATX20 P12"); 
         message(word); 
         break; 
      } 
      case 5:{ 
         strcpy(word, "ATX20 P18"); 
         message(word); 
         break; 
      } 
      case 6:{ 
         strcpy(word, "ATX20 P19"); 
         message(word); 
         break; 
      } 
      case 7:{ 
         strcpy(word, "ATX20 P20"); 
         message(word); 
         break; 
      } 
      case 8:{ 
         strcpy(word, "ATX4 P3"); 
         message(word); 
         break; 
      } 
      case 9:{ 
         strcpy(word, "ATX4 P4"); 
         message(word); 
         break; 
      } 
      case 10:{ 
         strcpy(word, "ATX4 P1"); 
         message(word); 
         break; 
      } 
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      case 11:{ 
         strcpy(word, "ATX20 P3"); 
         message(word); 
         break; 
      } 
      case 12:{ 
         strcpy(word, "IDE P1"); 
         message(word); 
         break; 
      } 
      case 13:{ 
         strcpy(word, "IDE P2"); 
         message(word); 
         break; 
      } 
      case 14:{ 
         strcpy(word, "IDE P3"); 
         message(word); 
         break; 
      } 
      case 15:{ 
         strcpy(word, "IDE P4"); 
         message(word); 
         break; 
      } 
      case 16:{ 
         strcpy(word, "ATX20 P1"); 
         message(word); 
         break; 
      } 
      case 17:{ 
         strcpy(word, "ATX20 P2"); 
         message(word); 
         break; 
      } 
      case 18:{ 
         strcpy(word, "ATX20 P11"); 
         message(word); 
         break; 
      } 
   } 
} 
 
void clear_display(){ 
   lcd_char(0x01, 1); 
   delay_us(1190); 
} 
 
void line(byte n){ 
   if (n) 
      lcd_char(0xC0, 1); 
   else 
      lcd_char(0x80, 1); 
 
   strcpy(word, "                    "); 
   message(word); 
 
   if (n) 
      lcd_char(0xC0, 1); 
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   else 
      lcd_char(0x80, 1); 
} 
 
void message(char text[]){ 
   for (i=0; i<strlen(text);i++){ 
      lcd_char(text[i], 0); 
   } 
} 
 
void lcd_start(){ 
 
   // Initialize 
   output_c(0x03); 
   output_high(LCD_ENABLE); 
   delay_us(5); 
   output_low(LCD_ENABLE); 
   delay_us(4500);            // Step 4 
 
   output_c(0x03); 
   output_high(LCD_ENABLE); 
   delay_us(5); 
   output_low(LCD_ENABLE); 
   delay_us(110);             // Step 6 
 
   output_c(0x03); 
   output_high(LCD_ENABLE); 
   delay_us(5); 
   output_low(LCD_ENABLE); 
   delay_us(4200);            // Step 8 
 
   output_c(0x02); 
   output_high(LCD_ENABLE); 
   delay_us(5); 
   output_low(LCD_ENABLE); 
   delay_us(45);              //Step 10 
 
   lcd_char(0x28, 1);      // Serial trasnfer confirmation 
   lcd_char(0x06, 1);      // Address Counter increment and must set stop 
   lcd_char(0x0C, 1);      // Display ON, Cursor ON, Without blinking 
} 
 
void lcd_char(int8 chrtosend, byte control){ 
 
   if (control) 
      output_low(LCD_RS); 
   else 
      output_high(LCD_RS); 
   delay_us(5); 
 
   SWAP(chrtosend); 
 
   if (control) 
     output_c(chrtosend & 0x0F); 
   else 
     output_c(0x10 | (chrtosend & 0x0F)); 
 
   delay_us(5); 
   output_high(LCD_ENABLE); 
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   delay_us(5); 
   output_low(LCD_ENABLE); 
   delay_us(5); 
 
   SWAP(chrtosend); 
 
   if (control) 
     output_c(chrtosend & 0x0F); 
   else 
     output_c(0x10 | (chrtosend & 0x0F)); 
   delay_us(5); 
   output_high(LCD_ENABLE); 
   delay_us(5); 
   output_low(LCD_ENABLE); 
   delay_us(5); 
 
   output_low(LCD_RS); 
   delay_us(45); 
 
} 
 
void start_channel_read(int8 channel){ 
 
int8 chan_toread; 
   /* Set the channel to read at the mux 
    ******************************************************************** 
    * 
    *    channel 0   ................ 0x00  ATX20 pin_4     +5v 
    *    channel 1   ................ 0x01  ATX20 pin_6     +5v 
    *    channel 2   ................ 0x02  ATX20 pin_9     +5v VSB 
    *    channel 3   ................ 0x03  ATX20 pin_10    +12v 
    *    channel 4   ................ 0x04  ATX20 pin_12    -12v 
    *    channel 5   ................ 0x05  ATX20 pin_18    -5v 
    *    channel 6   ................ 0x06  ATX20 pin_19    +5v 
    *    channel 7   ................ 0x07  ATX20 pin_20    +5v 
    *    channel 8   ................ 0x08  ATX4  pin_3     +12v 
    *    channel 9   ................ 0x09  ATX4  pin_4     +12v 
    *    channel 10  ................ 0x0A  ATX4  pin_1     GND 
    *    channel 11  ................ 0x0B  ATX20 pin_3     GND 
    *    channel 12  ................ 0x0C  IDE   pin_1     +12v 
    *    channel 13  ................ 0x0D  IDE   pin_2     GND 
    *    channel 14  ................ 0x0E  IDE   pin_3     GND 
    *    channel 15  ................ 0x0F  IDE   pin_4     +5v 
    * 
    *    channel 16  ................ 0x0B  ATX20 pin_1     +3.3v 
    *    channel 17  ................ 0x1B  ATX20 pin_2     +3.3v 
    *    channel 18  ................ 0x2B  ATX20 pin_11    +3.3v 
    * 
    ********************************************************************/ 
 
    chan_toread = channel; 
 
    switch (channel){ 
      case 10:{ 
         chan_toread = 0x0A; 
      break;} 
 
      case 11:{ 
         chan_toread = 0x0B; 
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      break;} 
 
      case 12:{ 
         chan_toread = 0x0C; 
      break;} 
 
      case 13:{ 
         chan_toread = 0x0D; 
      break;} 
 
      case 14:{ 
         chan_toread = 0x0E; 
      break;} 
 
      case 15:{ 
         chan_toread = 0x0F; 
      break;} 
 
      case 16:{ 
         chan_toread = 0x0B; 
      break;} 
 
      case 17:{ 
         chan_toread = 0x1B; 
      break;} 
 
      case 18:{ 
         chan_toread = 0x2B; 
      break;} 
    } 
 
    output_b(0x80 | chan_toread); 
    delay_us(2); 
 
    if (channel < 16) 
      set_adc_channel(0); 
    else 
      set_adc_channel(1); 
 
    delay_us(12); 
    reading[channel] = read_adc(); 
}  
 
 
 
 

 


