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Project Summary

Modern medicine is heavily dependant on pill-based medications for the treatment of various health problems. As a result, many people are prescribed pills to treat their individual cases. These pills, however, typically have specific caveats to taking them, though it varies from medication to medication. Others need to be taken at specific times. Still more may interact with each other to produce undesired results within the body, ranging from simple problems, such as drowsiness, to more serious issues like organ failure or death. Furthermore, patients may overdose on a given medication or completely forget to take a pill.

Our project, the automated pill dispenser, is an answer to the aforementioned problems. The device will audibly and visually alert a patient to take his or her pills according to a specific schedule as per a doctor or caretaker’s directions. The device will store a log of 
events such as the alarm going off, and whether a pill is dispensed or missed. It has a built in web interface for the device which will allow a caretaker to program and the patient to view the schedule for taking pills remotely.  That way, the caretaker need not visit the patient very often.
1 Engineering Requirements
1. The product should be relatively compact.

2. The product will be able to hold a fair amount of each of a variety of pills.

3. The product should be easy to use.

4. The display on the product should be easy to read.

5. The product will have an internal log.

6. The product will alert the caretaker to any problems.

7. The product will have a web interface for programming a schedule and viewing the log information.

8. The product will be safe and secure to use.

9. The product should be relatively durable.
10. The product should be fault tolerant.

For a detailed table of marketing/engineering requirements, look in Section 5, Appendix A Requirements.

2 Functional Requirements
To create our functional requirements, we look back at the requirements we had for our PDR presentation. After closely going over each requirement and grouping them into their respective sections, we came up with the following requirements:

· Power
· Back-up Battery

· Battery Charging Controller

· Micro-Controller

· Alarm

· Display

· Dispenser

· Storage

· Motors

· Motor Controller

Originally, there were more functional requirements, such as a clock, Ethernet ports, and internet security; however, we found a micro-controller that can fulfill each of these roles.
2.1 Level Zero Block Diagram 
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Figure 2.1 – Level 0 Diagram for Pill Dispenser
[Power and Data are the inputs to the Pill Dispenser Unit. Data is sent via web interface. The outputs are the Pills to be taken, Alarm and Display Alerts, and the Log Data sent back through the Internet to the web interface.]
	Module
	Pill Dispenser

	Inputs
	Data: Schedule information via web interface

Power: 120 volts AC, 60Hz.

	Outputs
	Log Data: Missed/Taken pills/fault detection is sent to web interface

Display Alert: Displays caretaker’s message to patient 

Audio Alert: An audible alert is sounded

Pills: Pills are dispensed at the caretaker’s set time

	Functionality
	A caretaker will program the Pill Dispenser using a web interface. The web interface will send data to the Pill Dispenser and output Pills with an audible alarm and display message. The dispenser will then log the pill data back to the web interface.


Table 2.1 – Level 0 Functional Block Table
[Shows inputs, output, and functionality]

2.2 Level One Block Diagram
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Figure 2.2 – Level 1 Diagram for Pill Dispenser
[These are the various components that comprise the Level 0 block diagram of the pill dispenser in Figure 2.1]
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Figure 2.2.1 – Level 1 Diagram for Module 1.1, Power Supply

[This module takes in power from a normal wall outlet and converts it into the power we need for our system]

	Module
	Power Supply

	Input
	110V 50Hz AC coming from a wall outlet

	Output
	12 V DC and 1000mA

	Functionality 
	It is to supply power to each different output


Table 2.2.1 – Level 1 Functional Block Table for Module 1.1, Power Supply
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Figure 2.2.2 – Level 1 Diagram for Module 1.2, Back-up Battery

[This module is used when, for some reason, the AC power stops working; we need the back-up battery to power the system for at least 24 hours. It should only be used when the AC power is out. It has a regulator (see battery .controller)]

	Module
	Back-up Battery

	Inputs
	· AC power charging the battery when necessary

· Battery Regulator



	Outputs
	· 12 V

· 1000mAh



	Functionality
	· To provide power to all different components of the automated pill dispenser when AC power is lost.




Table 2.2.2 – Level 1 Functional Block Table for Module 1.2, Back-up Battery
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Figure 2.2.3 – Level 1 Diagram for Module 1.3, Micro-Controller
	Module 1.3
	Micro-Controller

	Inputs
	· Pill Schedule.

· Pill Taken/Missed data.
· Power: ( 7-24V DC.

	Outputs
	· Pill Information

· Enable Speaker

· Display Information

· Log Data

	Functionality
	Process the schedule from the web interface and have the right pill dispensed with the correct display information and audible alert at the right time. Then it will see if the pill has been taken or missed (it will check to see if the dispense button has been pressed) and log it back into the web interface.


Table 2.2.3 – Level 1 Functional Block Table for Module 1.3, Micro-Controller
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Figure 2.2.4 – Level 1 Diagram for Module 1.4, Alarm
	Module 
	Alarm 

	Inputs 
	· 6V – 12V DC to the amplifier

· Electrical audio signal 

	Outputs 
	· Amplified Sound 

	Functionality 
	Produces an alarm sound, adjustable from 60 decibels to 112 decibels 


Table 2.2.4 – Level 1 Functional Block Table for Module 1.4, Alarm
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Figure 2.2.5 – Level 1 Diagram for Module 1.5, Display

[The display module allows the caretaker to customize a message for his or her patient through the web interface and print a message for the patient on the LCD screen]
	Module
	Display

	Input
	· Micro-controller

· 5 V



	Output
	· Output words to the LCD screen


	Functionality
	· It allows the caretaker to display a message to the patient, such as “Take Pill With Food.” 




Table 2.2.5 – Level 1 Functional Block Table for Module 1.5, Display
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Figure 2.2.6 – Level 1 Diagram for Module 1.6, Dispenser





Table 2.2.6 – Level 1 Functional Block Table for Module 1.6, Dispenser
2.3 Subsequent Levels  
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Figure 2.3.1 – Level 2 Diagram for Module 1.2.1, Battery Charging Controller
[This is the battery charging controller. It decides when the system will be running on AC power or battery power. If the battery drops below a certain power level while in standby mode, it will start charging the battery]

	Module
	Battery Charging Controller

	Input
	· Current Battery Power Level
· 8 - 24 V DC


	Output
	· Current to recharge the battery, if necessary



	Functionality
	· It will control whether or not the battery should be charging while it is connected to the AC power.  





Table 2.3.1 – Level 2 Functional Block Table for Module 1.2.1, Battery Charging Controller
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Figure 2.3.2 – Level 2 Diagram for Module 1.4.1, Alarm Amplifier

	Module 
	Alarm Amplifier

	Inputs 
	· 6V - 12V DC to the amplifier

· Electrical audio signal 

	Outputs 
	· Amplified electrical audio signal

	Functionality 
	Produces an amplified signal with a gain of between 60 decibels and 112 decibels 


Table 2.3.2 – Level 2 Functional Block Table for Module 1.4.1, Alarm Amplifier
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Figure 2.3.3 – Level 2 Diagram for Module 1.4.2, Alarm Speaker
	Module 
	Alarm Speaker

	Inputs 
	· Amplified electrical audio signal 

	Outputs 
	· Amplified, audible sound

	Functionality 
	Produces an alarm sound, adjustable from 60 decibels to 112 decibels


Table 2.3.3 – Level 2 Functional Block Table for Module 1.4.2, Alarm Speaker


[image: image10]
Figure 2.3.4 – Level 2 Diagram for Module 1.6.1, Dispenser Storage


Table 2.3.4 – Level 2 Functional Block Table for Module 1.6.1, Dispenser Storage


[image: image11]
Figure 2.3.5 – Level 2 Diagram for Module 1.6.2, Dispenser Motors


Table 2.3.5 – Level 2 Functional Block Table for Module 1.6.2, Dispenser Motors


[image: image12]
Figure 2.3.6 – Level 2 Diagram for Module 1.6.3, Dispenser Motor Controller


Table 2.3.6 – Level 2 Functional Block Table for Module 1.6.3, Dispenser Motor Controller

3 Concept Development for Level 1 Blocks
	Module 1.1 – Power Supply
	Description

	Concept 1.1.1 – Trisonic Universal AC/DC Adapter.


	It provide us with choices of 1.3V – 3V – 4.5V – 6V – 7.5V – 9V – 12V. It gives us 1000mA.  It also comes with 7 universal plugs 



	Concept 1.1.2  –  Koolatron Multi-Purpose Adapter


	In takes:

· AC 100~240V 

· 50/60Hz 

Provides us with:

· DC 12V

· 5A or less

· Overload and overcharge protection



	Concept 1.1.3 – PowerLine 0900-56


	In takes:

· 110V AC

· 50/60 Hz

Provide us with:

· 12V DC

· 1000mA

· Cool touch thermo plastic case 

· Thermal cut-off protection 




Table 3.1 – Level 1 Concept Alternatives for Module 1.1, Power Supply
	Module 1.2 – Backup Battery
	Description

	Concept 1.2.1 – RA-HAA10I5TM 


	· NiMH Battery Pack 

·  12 V

·  2200mAh

·  (LxWxH): 4"(102mm)x2.8"(73mm)x0.6"(15mm) 



	Concept 1.2.2 – PLH-703562K-S4 


	· Polymer Li-Ion Battery Pack

· 14.8V 

· 1400mAh

· (LxWxH)

 (2.6" x 1.4" x 1.3") 



	Concept 1.2.3 – SL-DAA10R2WR 


	· NiCd Battery Pack 

· 12 V 

· 1000 mAh 

· (LxWxH): 

76.2mm (3.0") x 51mm (2.0") x 32mm (1.25") 




Table 3.2 – Level 1 Concept Alternatives for Module 1.2, Back-up Battery

	Module 1.3 – Micro-Controller
	Description

	Concept 1.3.1 – NetBurner PK70
	Will already have all the hardware requirements integrated into the board. Easy to setup and use. More expensive but less assembly required.

	Concept 1.3.2 – Rabbit RCM4200 Core
	Also an integrated circuit with all the components we need. Less expensive but harder to implement due to the complexity of the design.

	Concept 1.3.3 – Freescale M52235EVB
	Hardest to implement but has the most flexibility with its hardware. Easy to expand if needed and can perform many functions that are not required for our project.


Table 3.3 – Level 1 Concept Alternatives for Module 1.3, Micro-Controller

	Module 1.4 – Alarm 
	Description 

	Concept 1.4.1 – Piezoelectric Loudspeakers and Amplifier 
	Operate at up to 112dB.  Usually operate at between 6V and 12V DC with amplifier. Can take up less than cubic inch.

	Concept 1.4.2 –Dome Tweeters and Amplifier 
	Usually operate around 90dB.  About 3 times as large as Piezoelectric speakers.  Operate within the range of 6V and 12V DC with amplifier.

	Concept 1.4.3 – Flat Panel Loudspeakers and Amplifier 
	Usually operate around 90dB.  Very thin.  Operate within the range of 6V and 12V DC with amplifier.


Table 3.4 – Level 1 Concept Alternatives for Module 1.4, Alarm

	Module 1.5 – Display 
	Description

	Concept 1.5.1 - 

NHD-0220JZ-FL-GBW

	It has 2 rows and each row can hold 20 characters. It needs 5V to operate. Its font size is 12mm X 6mm


	Concept 1.5.2 -

NHD-0220AZ-FL-YBW

	It has 2 rows and each row can hold 20 characters. It needs 5V to operate. Its font size is 9.22mm x 4.84mm



	Concept 1.5.3 -  

micro-LCD µLCD-320-PMD2

	Also uses 5 V. Full color with an embedded graphics controller. 240 x 320 pixel resolution, 256 or 65K true to life colors. The font size options are 5x7, 8x8, 8x12, and 12x16mm.




Table 3.5 – Level 1 Concept Alternatives for Module 1.5, Display
	Module 6.1 – Dispenser
	Description

	Module 1.6.1 – Storage

	Concept 1.6.1.1 – Hopper Fed System


	A large hopper with a funnel on the bottom stores pills so that a rotating cylinder with a spherical notch in it can collect and dispense a single pill.

	Concept 1.6.1.2 – Compartmental 

     System
	A storage disk with 32 compartments is driven by a gear motor on the outside edge and rotates freely around a fixed shaft, above a fixed base with a single hole in it, so that pills fall through the common hole into a dispensing tube at the bottom of the device.

	Concept 1.6.1.3 – Revised 

     Compartmental System 
	Same as above, but driven by stepper motors in the center and supported by 3 graduated external shafts.

	Concept 1.6.1.4 – Belt Based

     Compartmental System
	Motors drive a belt with attached dividing walls within an elliptical container so that pills are pushed into a hole as above.

	Module 1.6.2 – Motors

	Concept 1.6.2.1 – Parallax #27964: 12-Volt Unipolar Stepper Motor
	12V stepper motor, draws 259mA, 7.5° steps (1.5 steps required for our purpose), 57mm(L)*43mm(W)*23mm(H), $11

	Concept 1.6.2.2 – MOTS1 : Velleman 12VDC STEPPER MOTOR 32mA
	12V stepper motor, draws 32mA, 5.625° steps (2 steps required for our purpose), 34mm(L)*34mm(W)*19mm(H), $13.25

	Concept 1.6.2.3 – Anaheim Automation TSM25-075-15-5V-050A-LW4 (Stepper Motor)
	5V stepper motor, draws 500mA, 7.5° steps (1.5 steps required for our purpose), 38.8mm(L)*25mm(W)*15mm(H), $12.85

	Module 1.6.3 – Motor Controller

	Concept 1.6.3.1 – Transistor Switching

     Stepper Control (ULN2803)
	A single 18 pin chip of 8 Darlington transistor switches can be used to control and feed power to each of the 4 coils within 2 stepper motors via a logic signal from the control module.

	Concept 1.6.3.2 – Logic Gate Stepper 

     Control (XOR, Flip-flop, NPN

     transistors)
	Two logic chips and 4 external transistors can be used to the same effect to operate a single motor.


Table 3.6 – Concept Alternatives for Module 1.6, Dispenser

4 Concept Evaluations for Level 1 Blocks
	Module 1.1 – Power Supply

	Weight for Each Criteria (
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	Concept 1.1.1 – Trisonic Universal AC/DC Adapter

	Concept 1.1.2  –  Koolatron Multi-Purpose Adapter


	Concept 1.1.3 – PowerLine 0900-56



	Cost of components

Cost of components


	.1
	.27
	.23
	.5

	Simplicity of design


	.2
	.4
	.3
	.3

	Safety


	.3
	.2
	.4
	.4

	Reliability


	.4
	.2
	.4
	.4

	Weighted sums


	1
	.247
	.363
	.39


Table 4.1 – Level 1 Concept Evaluation for Module 1.1, Power Supply

	Module 1.2 – Backup Battery

	Weight for Each Criteria (
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	Concept 1.2.1 –

RA-HAA10I5TM


	Concept 1.2.2 – PLH-703562K-S4


	Concept 1.2.3 – SL-DAA10R2WR



	Cost of components


	.2
	.337
	.197
	.466

	Supply power


	.3
	.478
	.304
	.217

	Size


	.2
	.3
	.5
	.2

	Reliability


	.3
	.3
	.4
	.3

	Weighted sums


	1
	.361
	.351
	.288


Table 4.2 – Level 1 Concept Evaluation for Module 1.2, Back-up Battery
	Module 2.3.3 – Micro-Controller
	Weight for Each Criteria (
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	Concept 2.3.3A – NetBurner PK70
	Concept 2.3.3B – Rabbit RCM4200 Core
	Concept 2.3.3C – Freescale M52235EVB

	Cost
	0.39
	0.28
	0.38
	0.34

	Assembly complexity
	0.15
	0.94
	0.03
	0.03

	Power consumption
	0.07
	0.33
	0.33
	0.33

	Technical specifications
	0.39
	0.70
	0.23
	0.07

	Weighted sums
	1
	0.54
	0.27
	0.19


Table 4.3 – Level 1 Concept Evaluation for Module 1.3, Micro-Controller
	Module 1.4 – Alarm 
	Weight for Each Criteria (
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	Concept 1.9.1 – Piezo- Electric Speakers and Amp 
	Concept 1.9.2 – Dome Tweeters and Amp 
	Concept 1.9.3 – Flat Panel Loudspeakers and Amp 

	Cost 
	.2
	.6
	.4
	.1

	Size 
	.35
	.5
	.2
	.3

	Loudness
	.25
	.5
	.3
	.2

	Power Consumption 
	.2
	.6
	.3
	.1

	Weighted sums 
	1
	.540
	.285
	.175


Table 4.4 – Level 1 Concept Evaluation for Module 1.4, Alarm
	Module 1.5 – 

Display


	Weight for Each Criteria (
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	Concept 1.5.1 –
NHD-0220JZ-FL-GBW

	Concept 1.5.2 –
NHD-0220AZ-

FL-YBW

	Concept 1.5.3 –
micro-LCD µLCD-320-PMD2


	Cost of components


	.2
	.167
	.692
	.141

	Simplicity of design


	.1
	.45
	.45
	.1

	Power consumption


	.4
	.33
	.33
	.33

	Easy to read


	.3
	.35
	.2
	.45

	Weighted sums


	1
	.3154
	.3754
	.3052


Table 4.5 – Level 1 Concept Evaluation for Module 1.5, Display

	Module 1.6.1 – Storage


	Weight for Each Criteria (
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	Concept 1.6.1.1 – Hopper Fed System


	Concept 1.6.1.2 – Compartmental System
	Concept 1.6.1.3 – Compartmental System Revised


	Concept 1.6.1.4 – Belt Based Compartmental System

	Cost of components


	.2


	.3
	.15
	.1
	.25

	Simplicity of design


	.1


	.3
	.2
	.2
	.3

	Power consumption


	.3


	.25
	.25
	.25
	.25

	Reliability


	.4


	.15
	.23
	.32
	.3

	Weighted sums


	1
	.225
	.217
	.243
	.275


Table 4.6.1 – Level 2 Concept Evaluation for Module 1.6.1, Dispenser Storage

	Module 1.6.2 – Stepper Motor
	Weight for Each Criteria (
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	Concept 1.6.2.1– Parallax #27964: 12-Volt Unipolar Stepper Motor
	Concept 1.6.2.2 – MOTS1 : Velleman 12VDC STEPPER MOTOR 32mA
	Concept 1.6.2.3– Anaheim Automation TSM25-075-15-5V-050A-LW4 (Stepper Motor)

	Cost of components
	.2
	.37
	.31
	.32

	Size
	.3
	.1
	.4
	.5

	Power consumption
	.4
	.1
	.78
	.12

	Reliability
	.1
	.33
	.33
	.33

	Weighted sums
	1


	.177
	.527
	.295



Table 4.6.2 – Level 2 Concept Evaluation for Module 1.6.2, Dispenser Motors

	Module 1.6.3 – Motor Controller

	Weight for Each Criteria

(
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	Concept 1.6.3.1 – Transistor Switching


	Concept 1.6.3.2 – Logic Gate Switching



	Cost of components


	.2
	.8
	.2

	Simplicity of design


	.2
	.86
	.14

	Power consumption


	.3
	.7
	.3

	Reliability


	.3
	.5
	.5

	Weighted sums


	1
	.692
	.308


Table 4.6.3 – Level 2 Concept Evaluation for Module 1.6.3, Dispenser Motor Controller

5 Appendix A
Requirements
	Marketing Requirement
	Requirement
	Justification

	
	Physical Specifications
	 

	1
	The maximum size of the dispenser is a cube 30cm on each side.
	Requirement set forth by customer

	
	Dispenser
	 

	2
	The dispenser will dispense pills by the press of a button, but only when pills should be taken.
	Requirement set forth by customer

	2
	The dispenser will hold a minimum of at least 10 different types of pills.
	Requirement set forth by customer

	2
	The dispenser will hold a minimum of at least 30 of each type of pill.
	Requirement set forth by customer

	3
	The dispenser will be able to display special instructions for taking pills.
	This will allow the caretaker to program a message for the patient, such as to take a pill with food.

	3
	The dispenser will display the date, time, and day of the week.
	This will allow the patient to easily note the time when necessary.

	4
	The display will show messages in a large font.
	This allows people with vision problems to better see instructions.

	
	Alarm/Alert System
	 

	3
	The dispenser will have an alarm (audio and visual) to tell the patient to take pills.
	This will notify the patient when it is time to take pills.

	3
	The alarm will have adjustable volume.
	This way, the volume of the alarm can be adjusted to fit a particular environment, hearing ability, etc.

	6
	If a patient misses any pills, a text message or email (configured by the caretaker) will be sent to the caretaker.
	Requirement set forth by customer

	6
	If the dispenser loses connection, power, or is running on backup power, a text message or email (configured by the caretaker) will be sent to the caretaker.
	Requirement set forth by customer

	Marketing Requirement
	Requirement
	Justification

	
	Web Interface
	 

	7
	The dispenser itself will be connected to the internet.
	Requirement set forth by customer

	7
	The caretaker will be able to program the dispenser using a web interface.
	Requirement set forth by customer

	7
	The web interface will have two accounts: one for the caretaker to program the system, view the schedule, and view the log of events, and one for the patient to see the schedule and view the log of events.
	Requirement set forth by customer

	7
	The caretaker will also be able to configure a time window during which pills may be taken.  After that timeframe ends, the pills may not be taken.
	Requirement set forth by customer

	
	Memory
	 

	5, 7
	Sufficient memory to store logs and programming files.
	This ensures that the device is able to run all the programming that is installed, as well as the log of events.

	5
	Logs will be kept for each event that happens (date, time): alarm the user to take the pills, pills taken, pills missed, refills, and any alerts that will go off.
	The caretaker can know the status of the device and whether pills are being dispensed by looking at the log.

	
	Power
	 

	3
	Runs on 110 V, 60 Hz AC power.
	This is the standard U.S. wall outlet power.

	10
	There will be a backup power supply should the wall power fail. (If this is a battery, it must be rechargeable.)
	If something happens to the AC power, the dispenser must still be active so that no pills will be missed.

	10
	The backup power has to be able to last for 24 hours.
	This serves as a failsafe should it take a substantial amount of time to restore power.

	
	Safety
	 

	8
	The device has to be childproof so that a child cannot gain access to the pills whether they are being stored or dispensed.
	Children cannot be allowed to take pills that they are not supposed to for health and safety reasons.

	8
	The patient can only access the pills that need to be taken and only when they should be taken, otherwise the device will be locked.
	This ensures that the patient will not overdose.

	3, 8
	If the patient does not take the pill(s) within a certain amount of time, he/she can no longer access those pills for that particular appointment.  This can be toggled on and off by the caretaker.
	This prevents the patient from mixing medications that should not be mixed.

	Marketing Requirement
	Requirement
	Justification

	
	Safety (cont.)
	 

	8
	The web interface will feature an encrypted password system.
	This prevents someone from gaining access to and altering scheduling information.

	8
	The device will be splash proof.
	In case it is put in a wet environment, such as a bathroom or kitchen, it must be able to withstand a reasonable amount of water around it.

	8
	The power supply will have GFI protection.
	Should the device get wet, this prevents electrical shock by cutting off the power.

	
	Fault Tolerant
	 

	10
	The pill dispenser will have a recovery system for its programming.
	In case both backup and AC power are lost, it should restore its previous programming and reset its clock to continue functioning properly.


6 Appendix A
Quad Chart


Figure 6.1 – Quad Chart

Figure 6.2 – Visualization (from Quad Chart)
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