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I Insulin Pump Specifications 

What is an insulin pump? 

The most recently available advance in insulin delivery is the insulin pump. In the 

United States, MiniMed and Disetronic market the insulin pump. An insulin pump is 

composed of a pump reservoir similar to that of an insulin cartridge, a battery-operated 

pump, and a computer chip that allows the user to control the exact amount of insulin 

being delivered. 

How big is an insulin pump? 

Currently, pumps on the market are about the size of a standard communications beeper.  

How does an insulin pump work? 

The pump is attached to a thin plastic tube (an infusion set) that has a soft cannula (or 

plastic needle) at the end through which insulin passes. This cannula is inserted under 

the skin, usually on the abdomen. The cannula is changed every two days. The tubing 

can be disconnected from the pump while showering or swimming. The pump is used 

for continuous insulin delivery, 24 hours a day. The amount of insulin is programmed 

and is administered at a constant rate (basal rate). Often, the amount of insulin needed 

over the course of 24 hours varies depending on factors like exercise, activity level, and 

sleep. 

The insulin pump allows the user to program many different basal rates to allow for 

variation in lifestyle. In addition, the user can program the pump to deliver a bolus (large 

dose of insulin) during meals to cover the excess demands of carbohydrate ingestion.  

How common is an insulin pump? 

Over 50,000 people with diabetes worldwide are using an insulin pump. This number is 

growing dramatically as these devices become smaller and more user-friendly. Insulin 

pumps allow for tight blood sugar control and lifestyle flexibility while minimizing the 

effects of low blood sugar (hypoglycemia). At present, the pump is the closest device on 

the market to an artificial pancreas. More recently, newer models of the pump have been 

developed that do not require a tubing, in fact - the insulin delivery device is placed 

directly on the skin and any adjustments needed for insulin delivery are made through a 

PDA like device that must be kept within a 6 foot range of the insulin delivery device, 

and can be worn in a pocket, kept in a purse, or on a tabletop when working. 
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Probably the most exciting innovation in pump technology is the ability to use the pump 

in tandem with newer glucose sensing technology. Glucose sensors have improved 

dramatically in the last few years, and are an option for patients to gain further insight 

into their patterns of glucose response to tailor a more individual treatment regimen. The 

newest generation of sensors allows for a real time glucose value to be given to the 

patient. The implantable sensor communicates wirelessly with a pager-sized device that 

has a screen. The device is kept in proximity to the sensor to allow for transfer of data, 

however, it can be a few feet away and still receive transmitted information. Depending 

on the model, the screen displays the blood glucose reading, a thread of readings over 

time, and a potential rate of change in the glucose values. The sensors can be 

programmed to produce a "beep" if blood sugars are in a range that is selected as too 

high or too low. Some can provide a warning beep if the drop in blood sugar is occurring 

too quickly.  

To take things one step further, there is one particular sensor that is new to the market 

that is designed to communicate directly with the insulin pump. While the pump does 

not yet respond directly to information from the sensor, it does "request" a response 

from the patient if there is a need for adjustments according to the patterns it is 

programmed to detect. The ultimate goal of this technology is to "close the loop" by 

continuously sensing what the body needs, and then responding by providing the 

appropriate dose of insulin. While this technology is a few more years in the making, the 

strides in this direction continue to grow.  



Design Document InsulinPump 

 

Page 5 

II Design  Decision 

II.1 System Design Architecture  
Our design is based on 3-tier architecture which is reflected by three packages: GUI, Controller and 

Data.  

GUI includes classes related to GUI Design like, Frames, Buttons, Panels and etc. which is 

constructing our user interface. Controller  includes core classes like classes which control the pump 

functionality and Data package contains  a class which is responsible for storing and retrieving system 

data. 

 

GUI

Controller

Data

 
 

System Design Architecture 

II.1.1 GUI  

Our GUI s completely reflects a real insulin pump interaction. Instead of using common 

GUI widgets like menus we decided to implement the menus just like the menus exist in 

a real insulin pump. This approach facilitate detaching the controller part of the software 

and  embedding it in a real hardware with minimum effort. 

As you will see in the Class diagram we exploited the Command Pattern to control the 

complexity of different states of the buttons of the interface. As you will see in the state 

chart diagrams for the ACT button, its functionally changes according to the place the 

user interacting with. e.g while user is inside the menu the ACT button command differs 
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with the time the user setting the basal or bolus or even when the ser want to set the date 

and time. 

We also use singleton pattern for preventing some classes to have more than one 

instance throughout the life cycle of the system. e.g. ActBtn, UpBtn and other buttons in 

GUI. We should mention that we didn’t indicate explicitly this pattern on these classes 

in class diagram. However it should be considered in implementation. We demonstrated 

each button as a child of a Button class setting their captions differently. It would be 

better to show these kinds of situations by using Object diagram and only change the 

value for that instances, But we avoided to use Object diagrams to avoid moe 

complexity. 

For changing the screen inside the frame, say the place we show information to the user, 

we will create one instance of a Panel class and will change according to each state of 

the pump. 
  

II.1.2 Controller 

We represented Battery and Reservoir with the corresponding classes in controller layer. 

These classes simulate the functionality of these hardwares like consuming the battery of 

decreasing the reservoir insulin.  

The pump class acts as a core of a controller system. it almost controls and synchronize 

the activity of the pumps. There are some enumerations in control layer which represents 

different states of the system like “PumpState Enumeration”.  We used OCL constraint 

to specify the constraint of the system. these constraint are annotated in class diagrams 

elements. 

II.1.3  Data Layer 

Our data layer is responsible for storing system data. Actually there is one class in this 

layer doing all data related storing and retrieving tasks. For example we need to store the 

battery level and reservoir level when the pump is turned of (program closed) and then 

retrieve these data again when it is turned on (program started).  
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III OOM Diagrams 

III.1 Model level diagrams 

III.1.1 Diagram PackageDiagram_1 

Our Classesis organized in three packages,

GUI: it includes classes related to GUI 

Design like, Frames, Buttons, Panels and ...

Controler: It includes core classes like 

classes wich control the pump 

functionality

Data: This package contain a class which 

is responsible for storing and retriving 

system data

GUI

Controller

Data
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III.1.2 Diagram UseCaseDiagram_1 

Navigating Menus to access

Bolus Menu (This is a common 

Practice for other Usecases 

but I avoid to repeat it for 

simplicity)

Note: An insulin pump has five 

main buttons, including “UP”, 

“Down”, “B”, “ACT” and 

“ESC/Back” button and one 

indicator l ight

<<include>>

<<include>>

<<include>>

<<extend>>

pump Initialize

ShowPump Status

set Alerts

Set Bolus

lock and unlock pump

set Date TimeAccess Bolus 

Menu

Display Bolus 

History

Suspend & resume

<<abstract>>

Set Basal

Review  Basal

Set Single Basal Rate

Set Multiple Basal Rate

Patient

changeBatteryLevel

changeReservoirLevel
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III.2 Package diagrams Controller 

III.2.1 Diagram ACTButtonStateChart 

ActBtn.Click [Pump is in Normal State]

DownBtn.Click

UpBtn.Click

ActBtn.Click [Pump is in Normal State]

DownBtn.Click

UpBtn.Click

ActBtn.Click [Pump is in Normal State]

ReturnBtn.Click

DownBtn.Click

UpBtn.Click

DownBtn.Click UpBtn.Click

DownBtn.Click

UpBtn.Click

ActBtn.Click [Pump is in Normal State]

ActBtn.Click [Pump is in Normal State]

ActBtn.Click [Pump is in Attention State]

UpBtn.Click

DownBtn.Click

ReturnBtn.Click

ReturnBtn.Click

ReturnBtn.Click

ReturnBtn.Click

ReturnBtn.Click

ReturnBtn.Click

ActBtn.Click [[Basal.Rate > 0  and basal.

Time > 12A.M.]]/ NextBasalSetup()

ActBtn.Click [Bolus.amount > 0]/ 

StartDelivery

ActBtn.Click/ ShowNextDeliveryHistory

SetBolusHighlighted SetBasalHighlighted ShowPumpStatusHighlighted

ShowBolusHistoryHighlighted

Suspend2

Resume2

SetBolusSelected

SetBasalSelected

ShowPumpStatusSelected

ShowBolusHistorySelected

SuspendSelected

ResumeSelected
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III.2.2 Diagram Controler ClassDiagram 

tankCapacity>=0 and 

tankCapacity<=1000

Battery

-

-

charge

status

: int

: CapacityStatus Derived

+

+

+

getStatus ()

startConsumption ()

stopConsumption ()

: CapacityStatus

: void

: void

self<=100 and self>=0

charge>=0 and charge <=20 => status=low

1..1

1..*

rates

Ordered

1..1

1..1

1..1

1..1

1..1

1..1

reservoirStatus

1..1

1..1

BatteryStatus

1..1

1..1

1..1

0..1

0..1

0..*

boluses

Ordered

1..1

0..1

currentBolus

Pump

+

-

state

datetime

: int

: Date

+

+

+

+

+

+

+

+

+

-

initialize ()

getStatus ()

alarm ()

suspend ()

resume ()

changeBattery ()

changeResorvoir ()

finalize ()

lock ()

displayLocked ()...

: void

: void

: void

: void

: void

: void

: void

: void

Reservoir

-

-

tankCapacity

status

: int

: CapacityStatus

+ consume (int amount) : void

Bolus

-

-

amount

amountDelivered

: int

: int

+

+

start ()

stop ()

<<enumeration>>

PumpState

+

+

+

NORMAL

SPECIAL

ATTENTION

: int

: int

: int

Basal

- basalRateCounts : int Derived

+

+

+

addBasalRate (BasalRate brate)

deleteBasalRate (BasalRate brate)

clearBasalAll ()

BasalRate

-

-

Time

Rate

: Date

: double

<<enumeration>>

CapacityStatus

-

-

-

-

-

VERY_LOW

LOW

MID

HIGH

FULL

: int

: int

: int

: int

: int

BolusHistory

+

+

+

addBolus (Bolus bolus)

ClearHistory ()

exportToList ()

DataProvider

(Data)

- fi lePath : String

+

+

+

+

+

+

storeBasal (Basal basal)

retriveBasal ()

storeBatteryState (Battery Parameter_1)

retriveBatteryState ()

storeReservoirState ()

retriveReservoirState ()...

: Basal

: Battery

: Reservoir
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III.2.3 Diagram lockPump 

lockPump

4: execute( )

11: lock( )

10: setCmd(actlockedCmd)

9: setCmd(rlockedCmd)

8: setCmd(blockedCmd)

7: setCmd(downlockedCmd)

6: setCmd(uplockedCmd)

5: bindCmdsToBtns( )

3: create

2: lock( )

1: doubleClick

<<Actor>>

patient2

:ActBtn :Pump

LockedCmd:Command

:UPBtn :DownBtn :BolusBtn :ReturnBtn

4: execute( )

11: lock( )

10: setCmd(actlockedCmd)

9: setCmd(rlockedCmd)

8: setCmd(blockedCmd)

7: setCmd(downlockedCmd)

6: setCmd(uplockedCmd)

5: bindCmdsToBtns( )

3: create

2: lock( )

1: doubleClick
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III.2.4 Diagram lockPumpCollaboration 

1: doubleClick

2: lock( )

11: lock( )4: execute( )

3: create

5: bindCmdsToBtns( )

6: setCmd(uplockedCmd)

7: setCmd(downlockedCmd)

8: setCmd(blockedCmd)

9: setCmd(rlockedCmd)

10: setCmd(actlockedCmd)

<<Actor>>

patient2

:ActBtn

:Pump

LockedCmd:Command

:UPBtn
:DownBtn

:BolusBtn

:ReturnBtn
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III.2.5 Diagram Pump State Chart 

[Initial Action Completed]

suspend

resume

suspend

[self.battery.charge<10%]
[self.reservoir.tankCapacity<10%]

Initial

entry / Show Main Screen

do / DoPumpInitialization

Normal

deliver

delivery

idle

Attention

entry / showAttentionIcon

do / alertUser

exit / beep

Special

entry / showSpecialIcon

do / alertUser

[self.battery.charge<10%][self.battery.charge<10%]
[self.reservoir.tankCapacity<10%][self.reservoir.tankCapacity<10%]

lowBattery

lowReservoir

lowBattAndRes
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III.2.6 Diagram reservoir_Sate_chart 

Reservoir of pump must be changed in order to get more capacity then 

there are not reverse transition from lower capacities to higher ones.

[80%<self.tankCapacity <= 100%]

[self.tankCapacity<=10%]

[10%<self.tankCapacity<=40%]

[40%<self.tankCapacity<=60%]

[60%<self.tankCapacity<=80%]

consumeReservoir [60%<self.tankCapacity<=

80%]

consumeReservoir [40%<self.tankCapacity<=

60%]

consumeReservoir [10%<self.tankCapacity<=

40%]
consumeReservoir [self.tankCapacity<=10%]

very_low

low

middle

high

full
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III.2.7 Diagram resumePump 

resumePump

1: click( )

2: click( )

3: click( )

4: click( )

5[Pump is in Attention State]: resume( )

pump2:PumpdownBtn2:DownBtnupBtn2:UPBtnactBtn2:ActBtn
<<Actor>>

patient7

[ResumeMenu is Not Highlighted]loop

 

 

alt

1: click( )

2: click( )

3: click( )

4: click( )

5[Pump is in Attention State]: resume( )

 

 



Design Document InsulinPump 

 

Page 16 

III.2.8 Diagram resumePumpCollaboration 

4: click( )

1: click( )

2: click( ) 3: click( )

5[Pump is in Attention State]: resume( )

<<Actor>>

patient7

actBtn2:ActBtn

upBtn2:UPBtn

downBtn2:DownBtn

pump2:Pump
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III.2.9 Diagram setBasal 

setBasal

finally user click Act

 button to confirm 

its desired value.

user can use UP and 

Down key several times

 to get to the 

appropriat value

7: setDateTime( )

6: click( )

5: click( )

4: click( )

3: bindCmdsToBtns( )

2: execute( )

1: click( )

<<Actor>>

patient5
setBasalMnu:Menu setBasalCmd:Command upBtn1:UPBtn downBtn1:DownBtn actBtn1:ActBtn

[Condition]loop

Condition

Condition

alt

Show the Panel 

for setting Date 

and Time

p5:Pump

7: setDateTime( )

6: click( )

5: click( )

4: click( )

3: bindCmdsToBtns( )

2: execute( )

1: click( )
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III.2.10 Diagram setBasalCollaboration 

1: click( )

2: execute( )

3: bindCmdsToBtns( )

4: click( )

5: click( )

6: click( )

7: setDateTime( )

<<Actor>>

patient5

setBasalMnu:Menu

setBasalCmd:Command

upBtn1:UPBtn

downBtn1:DownBtn

actBtn1:ActBtn

p5:Pump
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III.2.11 Diagram setBolus 

setBolus

5: bindCmdsToBtns( )

14: destroy

11: destroy

13: showDefaultScreen

10: showDefaultScreen

4: create

9: saveBolus

12: click( )

8: click( )

7: click( )

6: click( )

2: create

3: execute( )

1: click( )

<<Actor>>

patient

bolusBtn:BolusBtn

bolusCmd:BolusCmd

actBtn:ActBtn upBtn:UPBtn dBtn:DownBtn rBtn:ReturnBtn

bolusScreen:BolusScreen

upClicked

downClicked

alt

[True]loop

[actBtn or returnBtn Clicked]break

5: bindCmdsToBtns( )

14: destroy

11: destroy

13: showDefaultScreen

10: showDefaultScreen

4: create

9: saveBolus

12: click( )

8: click( )

7: click( )

6: click( )

2: create

3: execute( )

1: click( )
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III.2.12 Diagram setBolusCollaboration 

1: click( )

3: execute( )

2: create

4: create

5: bindCmdsToBtns( )

6: click( )

7: click( )

8: click( )

10: showDefaultScreen

9: saveBolus

11: destroy

12: click( )

13: showDefaultScreen

14: destroy

<<Actor>>

patient

bolusBtn:BolusBtn

bolusCmd:BolusCmd

bolusScreen:BolusScreen

upBtn:UPBtn

dBtn:DownBtn

actBtn:ActBtn

rBtn:ReturnBtn
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III.2.13 Diagram setDateTime 

setDateTime

it bind new appropriat 

commands to every 

button including (UP, 

Down, Return, Bolus 

and Act)

4: setDateTime( )

3: bindCmdsToBtns( )

Show the Panel 

for setting Date 

and Time

2: execute( )

1: click( )

<<Actor>>

patient4

sDTMnu:Menu DTcmd:Command p2:Pump

4: setDateTime( )

3: bindCmdsToBtns( )

2: execute( )

1: click( )
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III.2.14 Diagram setDateTimeCollaboration 

1: click( )2: execute( )

3: bindCmdsToBtns( )

4: setDateTime( )

<<Actor>>

patient4

sDTMnu:Menu

DTcmd:Command

p2:Pump

 

 



Design Document InsulinPump 

 

Page 23 

III.2.15 Diagram showPumpStatus 

showPumpStatus

1: click( )

2: click( )

3: click( )

4: click( )

5: getStatus( )

<<Actor>>

patient8
actBtn3:ActBtn upBtn3:UPBtn downBtn3:DownBtn pump3:Pump

[ShowPumpStatus is Not Highlighted]loop

 

 

alt

1: click( )

2: click( )

3: click( )

4: click( )

5: getStatus( )
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III.2.16 Diagram showPumpStatusCollaboration 

4: click( )

1: click( )

2: click( )

3: click( )

5: getStatus( )

<<Actor>>

patient8

actBtn3:ActBtn

upBtn3:UPBtn
downBtn3:DownBtn

pump3:Pump
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III.2.17 Diagram suspending PumpCollaboration 

4: click( )

1: click( )

2: click( )

3: click( )

5[Pump is in Normal State]: suspend( )

<<Actor>>

patient6

actBtn:ActBtn

upBtn:UPBtn

downBtn:DownBtn

pump:Pump
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III.2.18 Diagram SuspendingPump 

SuspendingPump

5[Pump is in Normal State]: suspend( )

4: click( )

3: click( )

2: click( )

1: click( )

<<Actor>>

patient6
actBtn:ActBtn upBtn:UPBtn downBtn:DownBtn pump:Pump

 

 

alt

[SuspendMenu is Not Highlighted]loop

5[Pump is in Normal State]: suspend( )

4: click( )

3: click( )

2: click( )

1: click( )
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III.2.19 Diagram unlockPump 

unlockPump

11: unlock( )

8: setCmd( )

10: setCmd( )

9: setCmd( )

7: setCmd( )

6: setCmd( )

5: bindCmdsToBtns( )

4: execute( )

3: create
2: click( )

1: click( )

<<Actor>>

patient3

b1:BolusBtn b2:UPBtn p1:Pump b4:ActBtn b3:DownBtn b5:ReturnBtn

unlockCmd:Command

11: unlock( )

8: setCmd( )

10: setCmd( )

9: setCmd( )

7: setCmd( )

6: setCmd( )

5: bindCmdsToBtns( )

4: execute( )

3: create
2: click( )

1: click( )
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III.2.20 Diagram unlockPumpCollaboration 

1: click( )

2: click( )

7: setCmd( )

4: execute( )

3: create

5: bindCmdsToBtns( )

6: setCmd( )

8: setCmd( )

9: setCmd( )

10: setCmd( )

11: unlock( )

<<Actor>>

patient3

b1:BolusBtn

b2:UPBtn

unlockCmd:Command

b4:ActBtn

b3:DownBtn

b5:ReturnBtn

p1:Pump
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III.3 Package diagrams Data 

III.3.1 Diagram DataLayerClassDiagram 

DataProvider

- fi lePath : String

+

+

+

+

+

+

+

+

storeBasal (Basal basal)

retriveBasal ()

storeBatteryState (Battery Parameter_1)

retriveBatteryState ()

storeReservoirState ()

retriveReservoirState ()

storeBolusHistory (BolusHistory bolusHis

tory)

retriveBolusHistory ()

: Basal

: Battery

: Reservoir

: BolusHistory

Basal

(Controller)

- basalRateCounts : int

+

+

+

addBasalRate (BasalRate brate)

deleteBasalRate (BasalRate brate)

clearBasalAll ()

Battery

(Controller)

-

-

charge

status

: int

: CapacityStatus

+

+

+

getStatus ()

startConsumption ()

stopConsumption ()

: CapacityStatus

: void

: void

Reservoir

(Controller)

-

-

tankCapacity

status

: int

: CapacityStatus

+ consume (int amount) : void

BolusHistory

(Controller)

+

+

+

addBolus (Bolus bolus)

ClearHistory ()

exportToList ()

: Bolus

: void

: void
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III.4 Package diagrams GUI 

III.4.1 Diagram GUI Class Diagram 

Command 

Pattern

self.caption="ACT"

self.caption="Bolus"

Singleton Pattern

self.caption="UP"

self.caption="Down"
self.caption="Return"

MainScreen represent the default screen when 

pump is started OR when it is not at any other 

especial screen 

0..1

upMenu

0..*

subMenu

Ordered

0..1

1..1

0..*

0..1

cmd

0..1

0..1

1..1

1..*

1..1

1..*

PumpFrame

+ show () : void

Menu

- title : String

+ click ()

Button

{abstract}

#

#

-

caption

icon

action

: String

: String

: int

+

+

click ()

setCmd (Command cmd) : void

Command

{abstract}

+

+

execute ()

bindCmdsToBtns ()

: void

BolusCmd

- showBolusScreen ()

BolusBtn

{Rule_3}

ActBtn

{Rule_2}

UPBtn

DownBtn

ReturnBtn

PumpScreen

{abstract}

BolusScreen

MainScreen
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III.4.2 Diagram Pump Simulator User Interface 

Screen

UP

Down

Bolus Esc(Return) ACT

These are up and 

Down button

Pump Functional 

Buttons

Light

Frame

This is a Pump 

Panel, I may be 

represented by 

Panel Class in Java

 Pump Simulator User Interface

 


