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Sammanfattning 
Att ta mediciner vid föreskrivna tidpunkter är mycket viktigt för personer med psykiska problem 

som schizofreni, alzheimers, demens och depressioner. Dock kan deras tillstånd hindra dem från 

att göra det. De är antingen glömska eller så väljer de att inte ta medicinen avsiktligt. Sådant 

beteende kan leda till saknad dosering eller överdosering, vilka båda är farliga för personens 

hälsa. Därmed behövs en pillerask som övervakar doseringen och hindrar dem från att komma åt 

pillerna vid oönskade tidpunkter. Syftet med examensarbetet har varit att designa en sådan 

pillerask för företaget Victrix AB i Stockholm, Sverige, genom att utöka sin nuvarande ask, 

Dosis. I projektet designades låsmekanismen noggrant  i faser, genom en ökad förståelse av 

användarförhållandena, för att hålla locken stängda,. Slutresultatet blev en låst daglig pillerask 

som är ergonomisk för personer i olika åldrar med mentala och fykiska problem. Produkten 

skiljer sig från dess konkurrenter genom att vara kompact, inte ha ett typiskt medicinskt utseende 

samt mycket enkel att använda.  
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Abstract 
Taking medication at the prescribed times is very important for people with mental issues like 

schizophrenia, dementia Alzheimer’s and depression. But their condition itself keeps them from 

doing so. They are either forgetful or choose not to take the pills intentionally. This could lead to 

missing dosage or overdosing both of which are dangerous to the person’s health. Hence a pill box 

that monitors the dosage and keeps them from being able to access the pills at undesired times is 

needed. The aim of the thesis is to design such a pill box for the company Victrix AB in Stockholm, 

Sweden, by expanding on their current pill box, Dosis. In the project, the locking mechanism to 

keep the lids closed was rigorously designed in phases after understanding the user conditions. 

The end result is a locked daily pill box that is ergonomic to use for people of all ages, mental and 

physical conditions. The product sets itself apart from its competitors by being compact, less 

medical looking and very easy to use.  
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  1 INTRODUCTION 

1.1 Background 

To live a peaceful and happy life, having a balanced mental health is very important. 

Unfortunately, there are a number of mental challenges that affect people which makes their 

lives hard. Diseases like schizophrenia, Alzheimer’s, dementia and depression due to various 

reasons makes people’s lives miserable. The field of medicine has found medications to reduce 

the symptoms and keep them in check. If the patients stick to the prescriptions, there are chances 

that the symptoms of the disease are subverted to such an extent that patients can lead a normal 

life. However, the issue with taking pills is that their conditions themselves stop them from being 

able to take the medication. They are either forgetful or choose not to take the pills willingly. 

This further aggravates their condition and in the worst case, this is fatal. This calls for a pill box 

that the patients can carry easily that notifies them when to take the pills and registers that they 

have ingested the medication prescribed at that time so that a caretaker or the doctor themselves 

can monitor the patients. 

 

There are thousands of pill boxes in the market that allow patients to carry the medicines for a 

day, a week or even for the whole month. However, most of them are basically cups with lids. 

These pill boxes depend on the patients to remember to take pills by themselves or will need 

them to use alarm clocks of some sort to remind them to take pills. While this works for people 

who are mentally capable and willing to take the pills, it does not work for people with the said 

mental issues because of the lack of the same reasons. They tend to forget or avoid taking pills or 

take the pills forgetfully at undesired times. These are equally bad as they are undermedicated or 

overmedicated. There are very few companies that design pill boxes for these types of patients. 

And this is the market Victrix AB a pill box company based in Stockholm wants to explore. 

 

Victrix AB has been producing pill boxes for a while now. Their pill boxes come with a clock 

device that notifies patients when it is time to take the pills according to the prescription. 

Multiple alarms can be set on the clock device and it registers when the pills are taken so that the 

dosage can be monitored as a log. What sets them apart from their competitors is the ergonomic, 

efficient and aesthetic designs of the pill boxes that any person, even who face physical 

challenges can use. However, their current products are only suitable for users who are mentally 

healthy. And now, they want to expand their product range to meet the needs of people with 

mental issues. This is where the thesis takes its shape.  

1.2 Design brief 

The company wants to design locked pill boxes that allow patients to access pills only when it is 

time to take their medication. The design is to be based on their ‘Dosis’ pill box, so that there is a 

coherence in the product range and performs exactly as Dosis. The product should perform 

effectively for people of all age and gender with mental and physical challenges. 
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1.3 Dosis pill box 

The current design of the Dosis is shown in the figure 1 below. 

Figure 1. Current Dosis pill box (1) 

Dosis is a daily pill box that has a clock device which is the heart of the pill box and pill cases that 

can be attached by sliding them, on either side of the clock device. There are four pill cups in each 

pill case. The user can choose to have pill case on just one side or on both sides according to the 

number of pills or the frequency at which they will have to take the pills each day. The lids open 

individually and are held closed by simple snap fits. When the alarm (in various ways) goes off in 

the clock device, the user is notified which pill cup needs to be accessed via the display on the 

clock device or by a voice pronouncing the number or a blinking LED at the right pill cup. The 

lids have numbers etched on them and also have the numbers in Braille. The user takes the pills 

and then presses the centre ‘stop button’, from here on referred to as the ‘button’ simply, to confirm 

that they have taken the pills. This dosage is registered in the memory of the clock device. The log 

can be accessed by caretakers or the doctors to make sure that the users are taking their pills. 

The users can buy multiple pill cases so that they can all be prepped one time for a few days or 

weeks and swap the empty ones attached to the clock device with the prepped ones, as and when 

depending on the frequency of medication per day.  

The designs of the two parts are described below: 
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Clock device 

The figure 2 shows the design of the clock device 

Figure 2. Current Dosis pill box- clock device (1) 

The clock device hosts all the electronics, alarm systems, display unit and buttons to set alarm and 

other functions. There is a small speaker and microphone on the side. On each side faces, it has 

slots for sliding the pill cases. The ends of the slot has small bumps that help in holding the pill 

cases in place. The casing of the device can be divided into upper and lower casing, which 

constitutes the assembly. There are four holes on the slots on each side. These holes have LED 

lights inside them which flicker to help in identifying the correct pill cups when the alarm goes 

off. The clock device is powered by three AAA batteries. 

 

Pill case   

The figure 3 shows the design of the pill case. 

Figure 3. Current Dosis pill box- pill case (1) 

The pill case has four pill cups and lids that open individually. The lids stay closed through snap 

locks. The lids are transparent so that the users can see through them to see the pills. There are 

numbers etched and also embossed in Braille so that users can identify the correct pill cup. The 

back side of the pill case has a trap so that it can be slid into the slots on the clock device. 
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1.4 Expected product usage 

A timeline of user interaction with the pill box helps one to understand how the Dosis pill box is 

expected to be used. It has mainly two types of users- the caretakers and the patients with mental 

and/ or physical disabilities. The caretakers are the ones who prep the pill cases according to the 

prescription by a physician. They could be family members if the patient lives in a home or 

could be nurses in the case where a patient is in a care home or a hospital. They have access to 

all the medicines and distribute the pills into different pill cups and set alarms in the clock device 

as suggested in the prescription. The frequency of prepping the pill case depends on the number 

and frequency of dosage per day and on how many pill cases the patients buys. 

 

The other user of the pill box are the patients. The caretakers or the patients themselves (if they 

are capable to) slide in the prepped pill case for the day into the slot on the side of the clock 

device when it is time to swap, mostly in the mornings. When the alarms go off, the patient takes 

the respective pills at different times. The patient presses the ‘Stop’ button on the clock device to 

stop the alarm. This is also the way to register if the pills are taken which is stored in the memory 

of the clock device and this log can be accessed by the caretakers or physicians frequently to 

make sure that the prescription regiment is being followed. The figure 4 below shows this 

timeline. The steps 3 to 6 are cyclic and depends on the frequency of prescription and the 

number of pill cases the user decides to buy. 

 

 

Figure 4. Timeline of user interaction with the pill box 

  

1.5 Delimitations 
Based on the current Dosis pill box, for the design of the locked version of the design, there are a 

few delimitations. They are listed below: 

- The functional design of the clock device must not be changed drastically- this is a black 

box meaning- is out of scope of the project. 

- The project should focus on designing the locking mechanism and the construction of the 

pill case 

- The pill cases must be swappable  

- The pill cases in the new design should be slid into the clock device the same way as it is 

done now 

- The new pill box needs to have pill case on just one side as the frequency of dosage 

would be at most four times a day. This also makes sure that the pill box is not too big. 

- The new pill case should have individual lids like it does now 
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1.6 Method 

The process of designing was started by researching the major mental and physical challenges 

that would affect the overall design of the product. An effort was made to understand the mental 

state of the users. Extreme personas were created so that the product functions well even for 

severely challenged users. Then a market research was done to identify the competitors and a 

competitors’ graph was made to realize where our product would have to be.  Based on the 

research, the different types of users were identified and their demands from the final design was 

understood. The next phase was to breakdown the design into functional units and identify how 

they could be performed using functional means trees. It was then time to start designing.  

 

The designing process was divided into three phases. The first phase was to design around the 

functional means that were recognized. The options were then analyzed for their advantages and 

disadvantages. Comparative analysis was done through thorough discussion and through Pugh’s 

evaluation method to choose the better options among them. Parameters that would affect how 

the product would be assembled and used were identified, and options were explored for each of 

them. Through a comprehensive analysis of these options, the better ones were chosen. A 

morphological matrix was made to tabulate the building blocks and the parameters to identify the 

best possible combinations to end up with the best final design of the pill box. Two possible 

combinations were chosen. 

 

In the second phase, the two designs were developed in some detail and CAD models were 

produced. Some parts were developed iteratively. The locking mechanism design was simplified 

to 3D print prototypes and to perform tests. After confirming the performance of the mechanism, 

a simple Life Cycle Assessment (LCA) was done with the Eco Audit + tool in CES Edupack 

software after assigning materials to the components. The two designs were compared on the 

basis of energy consumption, CO2 footprint and cost, for the material extraction and 

manufacturing phases of the product’s life cycle. The better design of the final product was 

chosen.  

 

In the third phase, the components of the chosen design were sketched in detail. The sketch of 

the final look of the assembled product was made. Finally, the circuitry needed for the product to 

function as expected was designed. In the discussion section the final design is analyzed to verify 

if the initial demands of the products are met. In the future work section, areas for improvements 

in the current design are discussed and scope for a new project is suggested.  
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2 RESEARCH 

2.1 User conditions  

There are many reasons and conditions for which a person has to take pills throughout the day. 

Such pills are called “maintenance pills” (2) and are used to treat conditions that are chronic or 

long term such as Attention Deficit/ Hyperactivity Disorder (ADHD), various types of cancers, 

Alzheimer’s disease, psychosis, hormonal imbalance, diabetes, depression, Parkinson’s disease, 

body part transplantations, etc.  

Although the users suffer from various diseases, the conditions can be broadly categorized into 

two: 

- Physical – These represent the physical challenges a user might be suffering from. These 

include diseases such as Parkinson’s disease, Rheumatoid arthritis and dystonia. These 

diseases severely compromise the ability of the users to use their hands and fingers to 

perform basic tasks normally, which includes the act of opening pill boxes and taking the 

pills. Users suffering from the above conditions are our extreme users and if the design 

works well for them, then it will work for everybody else. Physical conditions will help 

in making design decisions on how the user interacts with the pill boxes.  

- Mental – These represent the mental challenges and conditions the user might be 

suffering from. These include diseases like Schizophrenia, depression, Alzheimer’s 

disease and dementia. The diseases mentioned will make people delusional and/or 

forgetful and/or suicidal which could make them want to force open the lids at undesired 

times. Understanding their intensions will help in designing the locking. 

Physical conditions 

a) Parkinson’s disease 

It is a neurodegenerative disorder that affects dopamine producing neurons in the brain. It results 

in tremors, slowness in movement, limb rigidity and gait balance problems (3). It is a progressive 

disease that occurs mainly in people over 60 years. Some of the complications of the disease are 

depression, anxiety, loss of motivation and fear. The disease itself does not have a cure, but the 

symptoms can be alleviated by medication and surgery in later stages of the disease. The 

medication is a substitute for dopamine (4) 

  

The video titled ““Smart” spoons for Parkinson’s sufferers” on YouTube (5) shows how it is 

tough for patients to eat with a spoon. The hands shake uncontrollably which makes it very hard 

to perform tasks that need precision and accuracy. The same would apply for the pill box as well. 

There is a possibility that the patients could find it difficult to open the pill box and could spill 

their pills due to shaky hands.  

 
b) Rheumatoid arthritis 

It is an autoimmune disease that is caused due to body’s immune system mistakenly attacking 

the joints, causing thickening of the insides of the joints (the synovium) resulting in swelling of 

the joints causing pain (6). If untreated, the cartilage of the joints is damaged, causing loose, 

unstable joints which could lose its mobility over time. This is irreversible and progressive and 

must be aggressively treated in its early stages. The disease affects the joints of the hands, feet, 

wrists, elbows, knees and ankles. This means the opening of the lids is a challenge for such 

people. The figure 5 below shows the effects of the disease on a patient’s hands.  
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Figure 5. Knuckles and fingers of a patient affected by Rheumatoid arthritis (7) 

 
c) Focal Dystonia 

It is a neurological disorder that result in involuntary spasms of small muscles. It occurs due to 

overuse or repetitive stress of the muscles (8). Focal hand dystonia causes fingers to get curled 

up or extend outward uncontrollably. This makes performing basic tasks with the hands a 

challenge. The figure 6 below shows the effect of the disease on a patient’s hands. 

 

Figure 6. Knuckles and fingers of a patient affected by Focal Dystonia (9) 

 

Main takeaways 

Four types of issues should be considered while designing the pill boxes. Shaky hands, 

weakness, deformation and rigidity of the fingers. These issues will help in the overall 

construction of the pill box in order to make it ergonomic to use. 



 9 

Mental conditions 

Understanding the behaviours and tendencies of people with mental challenges helps us in 

setting up design requirements on the locks. The challenges that were studied were 

schizophrenia, depression, dementia and suicidal tendencies. The conditions are explored below: 

 

a) Schizophrenia 

It is a severe long-term mental condition which causes various psychological symptoms. The 

exact cause of the disease is unknown. The symptoms include hallucinations, delusions, thought 

disorder, changes in the behaviour and psychosis. These severely impair a person’s ability to 

make sense of things normally (10). The disease itself does not necessarily have a cure, but the 

symptoms can be reduced by medication and remission can be achieved. Although a person can 

recover completely from the disease if medicines are taken properly, there is a chance that they 

could relapse if the medication is discontinued (11). The medicines to reduce the symptoms have 

side effects such as drowsiness, restlessness, muscle spasms, tremors, blurry vision, etc. These 

along with a false sense of being cured when the symptoms reduce due to medication, causes 

patients to discontinue medication and will eventually relapse and start experiencing the 

symptoms again. 

 

The video named “Four patients with schizophrenia” on YouTube showcases the typical 

behaviours of a patient with schizophrenia (12). Psychotic episodes are a main problem as they 

make the patients delusional and hallucinate. They have voices in their heads talking to them, 

rendering the patients to lose the ability to distinguish between the real and the unreal world. 

These makes them very vulnerable and could lead to substance abuse and in the worst- case self- 

harm and suicide (13).  

 

Being very susceptible to psychosis, there is a tendency for the patients to get restless and 

aggressive. This puts a demand on the lock to be concealed and protected so that it is hard for 

such users to reach to the lock and break into the pill cups.  

 

b) Depression  

According to the American Psychiatric Association, depression is a serious medical illness that 

negatively affects how you feel, the way you think and act. It can affect anybody from the late 

teen years and women are more susceptible than men. It affects one in every six people at some 

point in their lifetime. The causes of depression are diverse, some of the factors that can play a 

role are biochemistry, genetics, personality and environment of the person.  

The symptoms of depression include- feeling sad, loss of interest in activities once enjoyed, 

change in appetite, feeling worthless, thoughts of suicide, etc. Depression can be cured through 

medication, psychotherapy and electroconvulsive therapy for people with severe depression. 

There are many coping methods to reduce the symptoms such as exercising, eating a healthy 

diet, getting good sleep avoiding alcohol (14).  

 

Being susceptible to suicidal thoughts, there is a chance that such users could try and break into 

the pill cups. Also, since the cognitive ability of such patient is comparable to the norm, if 

persistent, one could try to pick the locks or even try to forcefully break open the lids. Hence, the 

lock should be strong and protected well.  

 

c) Dementia 

Also known as the “long goodbye” is a set of symptoms such as memory loss, difficulties with 

thinking, problem solving and language. It is caused due to damage to the brain from various 

diseases, mainly Alzheimer’s disease or a series of strokes (15). It is a progressive disease that 

worsens with time, but the symptoms can be reduced in the early stages (16).  
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Severe memory loss in the users tend to hinder them from being able to perform simple tasks that 

require some steps. This puts a demand on the process of opening the lids to be as simple as 

possible.  

 

d) Suicide and mental conditions 

People commit suicide for various reasons, but they can be generalised into six main reasons 

according to M.D. Alex Lickerman. In his article (17) he mentions the following: 

1. Depression- It is the most common reason for committing suicide. Depression is curable 

and patients must seek help and relatives should try to pick up on symptoms and hints 

and try to talk to the patients. The condition warps the thinking ability of the patients, 

making them feel worthless. A readthrough of the Reddit conversations under the thread 

“suicidalthoughts” gives an understanding of how suicidal people are and what goes 

thoughts lead them there. However, it is sad and depressing to read through the 

conversations as it is an echo chamber where people are encouraging each other to 

attempt suicide although with good intentions thinking that it would relieve their 

suffering once in for all.  

2. Psychosis- Hallucinations and voices in the heads command patients to commit suicide. 

Suicide is the leading cause of deaths of schizophrenia patients. About 5-13% of all the 

patients die through suicide (18). The rate of suicide attempt is much higher considering 

multiple unsuccessful attempts. Again, a readthrough of the conversations in Reddit 

under “schizophrenia” will give an insight into the delusions and what the voices in the 

heads tell the patients.  

3. Impulsive decisions- Often related to drug abuse, some people impulsively want to end 

their lives. Given the time and opportunity to contemplate the decision, they feel remorse. 

However, it is still likely that they could try committing suicide again. 

4. Crying out for help- The person here is trying to draw attention towards their problems or 

to get back emotionally at someone who hurt them. They don’t intend to die, but 

sometimes tragically end their lives due to misinformed attempts.  

5. Philosophical desire to die- The decision to commit suicide is based on a reasoned 

decision. These people are mostly terminally ill and want to end their sufferings and take 

control of their destiny.  

6. Made a mistake- People risk their lives by suffocating themselves to feel high and the 

action goes too far and out of hand, killing them. 

 

People commit suicide knowingly or unknowingly. But there is a huge chance of remission and 

contemplation, that keeps away suicidal thoughts and attempts. According to the study (19) 69% 

of the subjects were free from suicidal thoughts after a year of attempt and 87% of all the 

subjects didn’t attempt suicide.  

 

Takeaways 

 

With a direct access to a lot of pills that potentially could be harmful and fatal if consumed in 

large quantities, there is a credible risk that patients could attempt suicide via overdosing. If not 

fatal, overdosing has harmful effects anyway. From the conversations on Reddit, it is plainly 

evident that many of these patients are motivated and driven to end their lives. This puts a huge 

demand on the pillbox and the locking mechanism to eliminate any attempt of overdosing over 

the pills and validates the necessity of a locked pill box.  

 

The users with mental challenges suffer from symptoms like forgetfulness, psychosis, delusions 

and suicidal thoughts. Their cognitive abilities and physical strength lie on a spectrum from 
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normal to severely compromised to such an extent that they cannot perform simple task. This 

demands that the lock be strong and hard to break in like in the case of users with schizophrenia 

and depression, but not complicated to use so that users with severely compromised cognitive 

abilities like in the case of dementia and Alzheimer’s can still operate the pill box. This makes 

the designing process more interesting as these two demands appear rather contradicting.  

2.2 Personas  

With all the above information, it is good to create personas that cumulate all the main issues 

which need our consideration while designing. The personas are as below: 

 

1. Sara- 30 years 

She is a manager at a small company and has a lot of responsibilities. She is constantly and 

around people in the office. She suffers from severe depression as she was diagnosed with lung 

cancer and has contemplated suicide. She needs to constantly take pills for the cancer and for 

depression. She feels embarrassed to take pills in front of her colleagues as she is afraid, they 

would judge her.  

 

2. John- 50 years 

He was retired from his job as a construction worker recently due to his diagnosis of 

schizophrenia. He also suffers from Parkinson’s disease with resting tremors meaning tremors 

occur when not doing anything, which he had been trying to hide from people around him for 

about a year now. He needs to take medications constantly for these diseases. Having 

experienced a few psychotic episodes, he is suicidal and looking at overdosing on the pills as an 

option. He carries his pills with him when he goes out every day to meet his friends in the park 

and has been thinking of attempting suicide there under no supervision.   

 

3. Roy- 60 years 

He is a retired teacher, who now suffers from dementia and has rheumatoid arthritis. He lives in 

a care home with other patients with dementia but wants to be independent and perform tasks 

himself. Although he struggles with the tasks, he finds satisfaction in doing so.  

 

The personas above could be called “extreme users” and they may not be necessarily real. The 

combination of the conditions allows the product to be able to function for such rare cases if at 

all, in the process accounting for people with much less severe conditions.  

2.3 Market research 

As mentioned in the introduction before, there are thousands of pill boxes which are basically 

cups with lids. The next version of these would be some sort of clock device attached to an array 

of cups and lids.  However, these products are not the competitors for our product as ours will be 

a locked pill box with a clock device. Hence, the research was restricted to locked pill boxes with 

a clock. 

 

It was found by a quick scan through pill boxes of the type of our concern that the options 

available can be classified on the basis of the shape of the pill boxes as round and rectangular. 
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The models available for the two options are seen below: 

  
Round 

 

All three designs that are shown in the figure 7 below, bring the right pill cup to the place where 

the pills can be taken from by rotating the cups. At the centre they have the clock. 

 

 

  

 
Figure 7. Circular shaped locked pill boxes with clock. (i) MedReady (20), (ii) DAP (21) and (iii) Careousal (22) 

 

Rectangle 
 

There are two major competitors, and their products are shown in the figure 8 below. 
 

 

Figure 8. Rectangular shaped locked pill boxes with clock. (i) Accutab (23) and (ii) Medminder (24) 
 

The Accutab although has the same mechanism as the round type, it does not have a clock. 

However, the design is inconspicuous as it can be hidden under the table.  

Medminder is high tech in that it is controlled by an app. The locking mechanism is patented, 

and the lids are opened by a key that travel the length of the pill box. 

 

All the above pill boxes have 28 pill cups. The designs are also very bulky and very conspicuous. 

They are heavy as well.  
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Since the locked Dosis pill box will be a daily type, the size of the final product will be much 

smaller than all of these competitors. This makes the pill box very inconspicuous compared all 

the competitors and this totally sets our product apart from all of these. The figure 9 below 

shows the placement of locked Dosis pill box in the competitor’s graph.  

Figure 9. Graph showing the competitors and the expected placement of the Dosis locked pill box 

2.4 Customer values 

Having understood the mental and physical challenges, customer values for different types of 

users were identified. The users could be differentiated into three main types. The caretaker, the 

physically challenged and the mentally challenged. Each of them has different but specific needs 

that the product should satisfy. They are as below- 

 

The caretaker: They are the ones who in most cases prep the pill boxes. They usually prep the 

pill boxes for a few days to a week depending on individual cases. The below are the customer 

values for this segment 

1. All the lids open simultaneously- helps in prepping the pill cases by reducing the number 

of steps 

2. Easy to swap pill cases- helps to switch prepped pill cases easily. 

3. Simple to set alarms- this pertains to how the clock device functions. But this is out of the 

scope of this thesis as the function of the clock device is not to be changed. However, the 

ease of opening the lids will help in this process.  

The physically disabled: They are the users with the before discussed physical challenges. The 

customer values for them are as below 

1. The pill box should be stable- helps people with shaky hands. 

2. Easy to open the lids- helps for people with shaky and/ or weak and/ or deformed fingers  

3. Easy to take out the pills- helps to make the process less irritating 

4. Should be waterproof- there are chances that water could be spilt on the pill box while 

taking the pills. 
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The mentally disabled: They are the users with the before mentioned mental challenges. The 

customer values for them are as below 

1. Strong locks- the lids should be able to hold up to the persistence of a user 

2. Reliable locks- the locks should not breakdown easily and must have a long lifetime.  

There are a few customer values that are a common to all the segments 

1. Easy to identify right pill cup- so that the user access pills from the right pill cup 

2. Resistance to humidity- as the pill box might get humid if there is residual water if the 

user had spilt on it 

3. Resistant to impacts- so that users will not be able to break into 

4. Easy to carry- so that users can easily carry in their pockets, around their neck or their 

bags 

5. Inconspicuous- to boost self-confidence of users so that they can take pills freely. 

Having identified the customer values, it would be sensible to make a customer value rating table 

to see how important these values are to each of these users. This gives a better understanding of 

which values need to be focused on more while designing the pill box. The table 1 below shows 

the ratings. 

Table 1. Customer values rating 

 

It appears that the most important value to satisfy is to make sure that the lids open easily, 

however, the locks should be strong as well. Other important values are- it must easy to identify 

the right pill cup, should be resistant to impacts and it must easy to take out the pills. There are 

however important values that must be fulfilled for a type of user which may not be as important 

to others. All lids opening simultaneously and reliable locks are examples of this.  

 



 15 

3 DESIGN BREAK DOWN 

Having established the customer values for each user type, the designing can be initiated. Since, 

the unique selling point of the pill box is that it is locked, it is important to focus on the locking 

mechanism first. Since the design would be complex, it would make sense to breakdown the 

mechanism into building blocks that perform certain functions. This is done in the section below. 

3.1 Break down  

The locking mechanism is the main focus of this thesis. It has to perform two functions. One, 

regulate which lid opens when? Let’s call this the “regulator function”. And two, lock the lids. 

Let’s call this the “lock function”. The two are explained below. 

 

Regulator function 

The caretakers or the patients themselves if they are capable to do so, set alarms for taking pills 

at the prescribed times through the day. When the alarm goes off, the regulator function of the 

locking mechanism should make sure that only the right lid can be opened, and that the rest are 

held closed. The regulator mechanism which will be coupled with the locking mechanism will 

unlock the lids.  

 

Locking function 

Parts must be designed to be able to perform the locking action. This is essentially the lock itself. 

The design of the lock will depend on the regulator function. The locking mechanism is also the 

load bearing component of the lock. There is a need for a ‘primary’ and a ‘secondary’ lock. The 

primary lock will be the main load bearer and will be responsible to perform the actual locking. 

The secondary lock will have to hold the respective lid closed until the user decides to open it. 

Else, there is a good chance that if the primary lock fly opens the lids, pills would spill out or get 

contaminated by its environment.  

 

Let us explore the ways through which the above two functions can be achieved. 

3.2 Functional means tree 

Functional means trees are a basically flow charts that allow us to brainstorm and document the 

functions that is to be performed and the means through which that function can be achieved. 

Below you can find the functional means trees made for the two functions described above. The 

rectangular boxes contain functions and the trapezoidal boxes the means. 

 

Regulator function 
The function here is to make sure that the right lid will be opened, and others will be held closed. 

This can be achieved through mechanical and electric means. Mechanical means include cam 

and follower setup and gear systems. These will be rotated by a motor which get signals in the 

form of electric pulses for certain specific duration of time from the clock device. The actuation 

point is singular for such mechanisms, which is at the motor. 

 

Electrical means mainly includes programmable microcontroller which will send electric signal 

to the right actuator. The actuators could be solenoids, bi- metallic strips and piezoelectric 

materials. In this case the actuation point is decentralised, as each actuator will need a circuit of 

its own. For bi- metallic strips and piezoelectric materials to produce higher force and 

movement, more energy and material is needed, which is a disadvantage and makes them not the 

best solutions.  
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The functional means tree below enlists the options for regulator function. 

 

 
 

Figure 10. Functional means tree showing the means to achieve regulation function 
 

Advantages and Disadvantages of the two means are tabulated in table 2 below: 
 

Table 2. Comparison between mechanical and electrical regulators 

 

Mechanical  Electrical 

Advantages 

• Could possibly take structural 

loads 

• Can withstand external forces 

better 

• Simple circuitry needed- just send 

electric pulses 

• Less material mix 

• Could be bought off the shelf 

• More reliable 

• Decentralised design would mean 

less chance of system failures 

• Can be designed to be very accurate 

• Less moving parts and less assembly 

• Compact and light 

Disadvantages 

• More and meticulous assembly 

required 

• High material usage  

• Adds to the weight of the product 

• Parts will need very high 

tolerances 

• Demands more space 

• Will need in house manufacturing 

• Problem in the motor will lead to 

system failure.  

• More circuitry needed 

• Material mix is high 

• Force and movement produced is 

limited. 
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Locking function 
As discussed before, the lock is divided into primary and secondary locks. The two types of 

locks are explained below. 

 

Primary lock 

This takes care of the main locking of the lid. It has to bear the loads and the external forces if 

and when applied to break the lock. The designs of the locks can be adapted to the type of 

regulator mechanism and actuator being used. So, it is hard to have a universal design. However, 

there are two ways to perform the locking action- direct and indirect.  

In direct locking, the actuator itself will bear the loads. For example: the shaft of a solenoid. This 

would put more demands on the actuator and could reduce the reliability, efficiency and the 

lifetime of the component. In indirect locking, the actuator could be coupled with a load bearing 

part. This way, the load on the actuator itself is reduced and the demand of load bearing is 

designated to a separate part specially designed to withstand the expected types of forces. This 

decoupling of the demands will increase the reliability and lifetime of the pill box.  

 

Secondary lock 

The function of the secondary lock is to hold the lid closed until the user deliberately wants to 

open them to take the pills. This secondary step adds a cautionary step to the process of opening 

the lid. In the absence of this secondary locking, pills could spill and/ or get contaminated if the 

primary lock were to fling open the lids.  

 

The functional tree below enlists all the options for the locking function.  

 

 
 

Figure 11. Function means tree showing the means to achieve the locking function 
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4 DESIGNING- EXPLORATION 

The designing idea used in this thesis is that of “form follows function” as the function is the 

main unique selling point (USP) for the product. Hence, the first phase of designing was 

dedicated to brainstorming ideas for opening the lids, secondary locks, primary locks and 

placement of these mechanism.  

 

To design the mechanisms, and to do it systematically, it is important to start from recognising 

the end result and work our way down and design components to make this function possible. In 

our case the desired end result is that the right lid should open somehow when it is time to take 

the pills. Mechanisms should be designed in order to reach this final goal. So, it is better to 

explore the ways the lids can be opened first and design the secondary and primary locks based 

on these options and decide where to place these mechanisms. This is the design decision 

hierarchy that was followed in this thesis and is visualized in the figure 12 below. 

 

Figure 12. Figure showing the design decision hierarchy 
 

4.1 Opening the lids 
 

As established before, we want a deliberate attempt by the patient to open the lid when it is time 

to take the pills. This serves two purposes- one, the action of opening the lid could leave a 

memory of taking the pills. This is important as the target users have a huge tendency to be 

forgetful. And two, the pills do not spill out this way.  

 

The process of opening the lids should be as simple as possible. The lesser the number of steps, 

the better it is, as some of the target users will have lost the ability to comprehend complicated 

tasks. So, the best design would be to have just one step. Also, process of opening the lid must 

require very less physical effort as the target users includes people with physical challenges. 

Keeping these in mind, the following lid opening methods were designed. 
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a) Button on the clock device 

The figure 13 below illustrates the mechanism.  

Figure 13. Opening lids by pressing the button on the clock device 
 

Working: When the alarm goes off to take the pills, the user just needs to press a button on the 

clock device. This confirms that they acknowledge that it is time to take the pills. The button 

sends signals to the microcontroller in the clock device so that it sends signal to the respective 

actuator to open the lid. The lid springs open due to the spring attached to the lid. The springing 

open of the lid makes it very easy to identify which pills to take, making the process less 

demanding on the user.  

 

Pressing button is the easiest for people with physical challenges as their hands are too shaky 

and/ or deformed and/ or weak. Pressing button reduces the effort to take pills significantly. For 

people with severe mental challenges who cannot comprehend a lot of steps, the blinking light 

under this button will grab their attention. When the button is pressed, the lid popping open will 

grab their attention again. This could potentially make them realise that they need to take the 

pills. 

 

Pressing the button to open the lids also makes the process of registering if the pills have been 

taken more watertight. In the current design of the Dosis pill box, user need to press the button to 

stop the alarm and register that they have taken the pills. Since the alarm will be ringing until 

they press the button, the user can get irritated or even triggered with aggression as they are 

dealing with mental challenges. To avoid this, they could simply press the button to stop the 

button first to shut the alarm off. However, this is a problem because the user must then 

remember to take the pills, which is hard if they are mentally challenged. Hence, if pressing the 

button stops the alarm and pops open the lid, the chances of irritation are reduced and increases 

the chance of the users actually taking the pills as it is almost like a magician forcing to pick the 

card they desire. This also adds to making the pill box inconspicuous as the alarms do not ring 

for a long time.  
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b) Button on the pill case 

 

The figure 14 below illustrates the mechanism. (green arrow)  

Figure 14. Opening lids by pressing button on the pill case and by lifting manually 
 

Working: When the alarm rings, a signal is sent to the actuator to move a normally closed 

switch. The switch has a hole which aligns with the pin of the button as shown in the figure 

below. The user then presses the button on the side of the pill box, which releases the pin of the 

lid. The lid then springs open due to the spring fixed to the lid. The switch must be held in this 

position for the time period for which the user is to take the pills. A flashing LED light inside the 

pill cup will indicate the patient which lid they need to open. A blinking LED could also be 

placed in each button so that it is even easier to comprehend which button to push.   

 

The design of the button to perform this function is shown in the figure 15 below. 

 

Figure 15. Idea for the button assembly 
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When the hole in the switch aligns with the button, the user will be able to successfully push the 

button. This will release the pin of the lid from the lock of the button. The lid spring will open 

due to the springs pushing it open. When the button is released by the user, the spring will push it 

back to its normal position. The hook and the lock part of the button will need to be designed 

further.   

 

c) Manually lift open the lid 

The figure in the previous section illustrates the mechanism (red arrow) 

 

Working: In this method, the user would just have to simply lift the lid manually. Flashing LED 

light will tell the user which lid they need to open. The lids in this case would have some kind of 

a snap fit and the flaps of the lids will have to designed ergonomically.  

 

Comparison 

Out of the three ways to open the lids, the best method would be to press the button on the clock 

device. The reasons are explained below: 

- The number of steps is one 

- The lids open by themselves, which puts less physical and mental demand on the user 

- Open lids are easy to identify compared to figuring out which lid to open manually or 

which button to press. 

- The complexity of the mechanism is less than that of pressing a button on the pill case 

and needs fewer mechanical abilities than compared to opening the lids manually. It 

would just need the actuator to unlock the primary lock. 

Hence, pressing the button on the clock device is the best option among the others.  

 

4.2 Secondary lock 
 

The design for secondary locks will directly affect the design of the primary lock. The operation 

of secondary lock can be simplified as, hold the lids closed till a deliberate signal from the user is 

received. As we have seen from the functional tree before, this can be achieved by snap joint, 

permanent magnets, electromagnets and pressing a button to spring open the lids.  

 

a) Snap joints: Simple mechanical locks that need manual effort to open the lids.  

 

b) Permanent magnets: There would be opposite magnetic poles on the lid and on the pill case, 

which will hold the lid as they attract each other. Lids are to be opened manually. 

 

c) Electromagnets: There would be two coils, one each in the underside of the lid and one on 

the pill case. Current signal would be sent such that it induces magnetic fields in the coils that 

repel each other. This spring open the lids. This however will have to be timed to match the 

unlocking of the primary lock. This mechanism demands timing and more circuitry, and this 

approach can be overlooked as it only makes the design more complicated.  

 

d) Pressing button to spring open the lids: The user must press a button which operates the 

primary mechanism, unlocking the lid. The lid is spring loaded, and springs open by itself.  

This method is the best among the options recognised as it makes sure that the user deliberately 

opens the lid and the number of steps is one, both of which were desired as discussed previously 

under the comparison section of ‘opening the lids’ part of designing.  
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4.3 Primary lock 
 

The design of the primary lock is obtained by combining the regulation and locking functions. It 

is contingent on the type of actuation that it is coupled with. So, it would make more sense to 

ideate the designs for each type of actuator. The designs are explored below.  

 

Cam and follower mechanism 
a) Cam design- horizontal 

The design of the mechanism is shown in the figure 16 below.  

Figure 16. Cam design- horizontal 
 

Working: A motor gets the signal from the clock device and rotates the cam shaft. The profile of 

the shaft is such that the lock pin hooks on to it and gets pulled as the rotation continues. The 

motor stops at this point resulting in an open lock. The pin is held in this position for a time 

interval for which the patient is expected to take the pills from the box, say 30 mins. When it is 

past this time, the motor further rotates slightly so that the pin gets unhooked from the cam 

profile. The spring pushes the pin back to normally close the lid.  

 

The cam is designed such that the there are four profiles, one for each pin operating individual 

lids. The angles of the hooks on the profiles are offset progressively by a specific angle, allowing 

the pins to be pulled at different times as the motor rotates. There is one hook which is at the 

same angle in all the profiles. When the rotation of the motor corresponds to this angle, all the 

pins are pulled back, meaning all the lids are opened. This position can be used by the caretakers 

to open the lids simultaneously so that it is easy to prep the pill box.  

 

Advantages 

- Less circuitry needed as there is only one motor 

- Mechanism is simple 

Disadvantages 

- Needs more space 

- Needs some precision manufacturing and assembly 

- Wearing of the parts 

- The lids cannot spring open by itself which was established as the best option.  
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b) Cam design- vertical 

The design of the mechanism is shown in the figure 17 below 

 
Figure 17. Cam design- vertical 

 

Working: The operation is same as the previous mechanism, except the followers are pushed 

upwards. The followers in this case have a hole through which the pin of the button (previously 

discussed design) can be pushed through, which otherwise would be blocked by the solid part of 

the follower. Here again there is one angle at which all the lids are openable.  

 

Advantages 

- Simple circuitry due to one motor 

- The cam and follower mechanism is more reliable 

Disadvantages 

- Need more space 

- Needs precision manufacturing and assembly 

- More components and thus complexity 

- Works only with a button 
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Gear mechanisms 

 
c) Rack and pinion- 1   

The design of the mechanism is shown in the figure 18 below 

 

 
Figure 18. Rack and pinion- 1 design 

 

Working: The motor gets the signal from the clock device and rotates the rack. The gearing with 

the pinion results in the pinion to move horizontally. The pinion has a sloping form on top which 

will push the switch upwards as the motor continues to rotate. The motor stops at this point and 

the hole in the switch is aligned with the pin of the button. The user can press the button to open 

the lid. This position is held for the time period allotted for taking the pills. When this period is 

over, the motor rotates slightly to push the pinion to a no activation zone so to say between two 

switches. Simultaneously the spring pushes the switch back to its normal position which would 

block the pin of the button, resulting in a normally closed lid.  

 

Advantages 

- Simple mechanism 

- Very good external shock absorption due to the rack and pinion and the support track 

- Less circuitry 

- Parts are easy to manufacture 

Disadvantages 

- The caretaker will have to open the lids one at time to prep the pill boxes. This would 

mean that the number of steps while prepping would be high. This is a problem 

especially if they are to prep pillboxes for many patients with different prescriptions. It 

could lead to distractions and makes the job mentally tiring.   

- Needs precision manufacturing and assembly 

- The weight distribution of the pill box is affected as the motor is on one side. This could 

be avoided by placing it in the centre, but it would need more gearing, making the design 

more complicated.  

 

 

 

 

 

 

 

 

 



 26 

d) Rack and pinion- 2 

The design of the mechanism is shown in the figure 19 below 

 

 
Figure 19. Rack and pinion- 2 design 

 

Working: The principle mechanism is the same as the Rack and Pinion- 1. But the pinion design 

and the pill case design is different. The pinion has a curved form, which when it engages with 

the flap on the lid, opens the lid. The flap is flexible and engages with the stub, which is a 

projection from the pill case, on the underside of the lid, resulting in a normally closed lid.  

 

Advantages 

- Simple mechanism 

- Very good external shock absorption due to the rack and pinion and the support track 

Disadvantages 

- Although the mechanism is simple, there are chances that misalignments due to wearing 

in the gears or fatigue in the flap could lead to parts getting jammed, which essentially 

stops the whole mechanism 

- Precision alignment is needed as the tolerances are tight 

- The number of steps for a caretaker is high. This is explained in the disadvantages of rack 

and pinion- 1. 

- Weight distribution is affected as explained above in the disadvantages of rack and 

pinion- 1 
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Coil and spring mechanisms 

 
e)  2 coils mechanism 

The design of the mechanism is shown in the figure 20 below 

 

Figure 20. 2 coils mechanism design 
 

Working: The switch is initially in the normally close position and traverses along a slot. A 

signal is sent to coil 2 (C2), which will induce a magnet field in the coil. The magnetic field 

attracts the iron core attached to the switch. The bumps on the switch get caught in the female 

form in the slot and hold the switch in this position. This is to conserve energy that is being sent 

to the coil, else a constant current supply to the coil would be needed to hold the switch in this 

position. Also, in doing latter, the magnetic field would heat up the iron core by the principle of 

induction heating, which is a problem. Hence the bump. At this open position the button pin can 

pass though the hole in the switch, opening the lid.  

When a signal is sent to coil 1 (C1) the switch is pulled back due to the magnetic field induced in 

coil 1. The bump on the switch is released, bringing back the lock to normally closed position. 

The spring attached to the switch helps in keeping the switch in the normally closed position by 

absorbing shocks and other external forces. It seems that the voltage needed to operate coil 2 

would be higher than that is needed for coil 1 as the switch needs to latch on to the female form 

and also overcome the pushing spring force trying to keep the switch in the normally closed 

position.  

 

Advantages 

- Design consists of coils that can be easily made. 

Disadvantages 

- Lot of precise manufacturing and assembly is needed 

- The mechanism is very susceptible to failure as the tolerance for any error is very less.  

- Very complex design and a lot of things can go wrong 

- The space available to assemble, given the width of the pill box could prove to be 

inadequate   

- The number of circuits needed are high 
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f) Coil and spring mechanism 

The design of the mechanism is shown in the figure 21 below 

 
  Figure 21. Coil and spring design 
 

Working: The signal sent to coil will induce a magnetic current, attracting the iron core. The 

bump on the switch gets caught in the female form in the slot for the switch to traverse in. This 

aligns the pin of the button with the hole in the switch, meaning the lid can be opened. This 

position is held for the time period for taking the pills. To lock the lid, a high voltage spike is 

sent to the coil which will induce a magnetic field with higher strength, pulling the iron core with 

higher force. This will release the bump. Simultaneously, the spring which is attached to the 

other end of the switch is elongated even further, implying more energy being stored in it. The 

idea is to supply enough voltage to the coil such the pulling force in the spring would be 

sufficient enough to not allow the bump to get caught in the female form while retreating. This 

brings the switch back to the normally closed position. The spring also absorbs shocks and keeps 

the switch in the normally closed position.  

Advantages 

- Better than the 2 coils mechanism described above 

Disadvantages 

- Very likely to not withstand external jolts in open position as there is already a pulling 

force by the spring 

- Extremely sensible 

g) Solenoid Design 

Off the shelf solenoids 

The design of the mechanism is shown in the figure 22 below 

 

Figure 22. Off the shelf solenoids design 
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Working: A signal is sent to a solenoid with spring. The solenoid shaft retracts which is attached 

to the pin which locks the lid. However, the solenoid should not be activated for long duration 

like said before as this will heat up the core due to induction heating. When the signal to the 

solenoid is cut off, the spring brings back the solenoid to its normal position, locking the lid.  

A push type solenoid also could be used to unlock the pin, but the design has to be tweaked to 

accommodate this. It must also be kept in mind that direct loading meaning, the solenoid shaft 

itself holding the lid closed, must be avoided as this puts too much demand on the solenoid. 

Loading here refers to the forces applied by patients to break the lock. This mechanism if 

coupled with indirect loading, meaning the solenoid just performing the regulator function and a 

separate part designed to take the load, can potentially result in a very simple mechanism which 

is effective. 

 

Advantages 

- The solenoids can be bought from a supplier, implies less manufacturing  

- Simplest mechanism of all the other options 

- Highly reliable  

Disadvantages 

- Although the solenoids can be bought off the shelf, after searching various online sellers, 

it seemed that it is hard to find ideal solenoid for our design. The reasons are as below: 

It is a necessity that the final pill box is as compact as possible. For this the solenoid dimensions 

should be minimum, but yet should have enough stroke length to operate the locks with a good 

tolerance for errors and misalignments so that the locks are reliable. An extensive search for the 

right solenoid resulted in the conclusion that, a custom solenoid might be needed. In the existing 

solenoids, the ones with a stroke length of 10 mm which is a safe bet for our design, had lengths 

about 45- 60 mm. These were industry grade solenoids which could generate forces which are 

not necessarily needed for our designs. These solenoids were also lot heavier than that we can 

afford to put in the pill box. There are manufacturers who could design and manufacture 

solenoids to our needs and this would be the better way to go about it. Since there will thousands 

of these pill boxes made, buying solenoids in bulk will cut down the manufacturing costs.  

 

Pugh’s evaluation  
Since, there are various mechanisms and each of them have their advantages and disadvantages, 

it would be good to identify the best design among these, which could be developed in the 

second phase of designing the pill box. To identify the best mechanism the Pugh’s evaluation 

method is used, wherein a reference design is chosen, and other concepts are given the scores of 

‘+’ or ‘-’ or ‘0’ compared to the reference design.  

The off the shelf solenoid mechanism was chosen as the reference as it appears to be the best 

among the others. The common grounds for comparison are listed and elaborated below: 

- Number of parts: As it suggests it is the number of parts needed to assemble the 

mechanism. This contributes to the assembly time, cost, complexity of the mechanism, 

which is better if kept low, etc.  

- Degree of custom-made parts- It refers to the number of parts that we would have to 

design by ourselves to make the mechanism work. This adds to the R&D cost and also 

the mould costs for manufacturing. The lower degree, the better 

- Ease of assembly- It refers simply to the process of assembly. The factors that influence 

this are the size, shape of the parts and the number of items.  

- Sensitivity to external forces- This refers to the ability of the locking mechanisms to 

absorb jolts or hits when the user drops the pill box or tries to break into and keep the lids 

locked still.  
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- Power consumption- This refers to how much energy will be consumed by the locking 

mechanism. The lesser the consumption, the better.  

- Efficiency- It is the efficiency of the design. Simplicity, the amount of movement, 

number of moving parts and repeatability of results contributes to this.  

- Number of steps- It is the number of steps a caretaker or a patient needs to follow to open 

the lids. The lesser the better as it makes it easy for patients to comprehend and open the 

lids and also reduces the monotonicity of the job for caretakers. 

- Lifetime- It refers to the approximate life of the mechanism 

- Dimensions- It refers to the dimensions of the mechanism assembly and the space needed 

to place it.  

Table 3 below shows the Pugh’s evaluation matrix to see how the other mechanism compare to 

the reference mechanism- off the shelf solenoid on the criteria listed above. The off the shelf 

solenoid mechanism was chosen as the reference as it seemed to be the best option among the 

others intuitively.  

 
Table 3. Pugh’s evaluation matrix 

Criteria Off the 

shelf 

solenoid 

Cam 1 Cam 2 Rack and 

Pinion 1 

Rack and 

Pinion 2 

2 Coils Coil and 

Spring 

No. of parts  R - - - + - - 

Degree of 

custom-

made parts 

E - - - - - - 

Ease of 

assembly 

F - - - 0 - - 

Sensitivity 

to external 

forces 

E - - + + - - 

Power 

consumption 

R 0 0 + + - - 

Efficiency E - - - - - - 

No. of steps N 0 0 - - 0 0 

Lifetime C + + + + - - 

Dimensions E - - - - + + 

Sum of +  +1 +1 +3 +4 +1 +1 

Sum of -   -6 -6 -6 -4 -7 -7 

Total  -5 -5 -3 0 -6 -6 

 
Analysis:  

It appears that off the shelf solenoid mechanism (SM) is easily better than the other mechanisms, 

except the Rack and Pinion 2 (R&P 2) mechanism as the total score is zero, meaning that this 

mechanism is equally as good. It would mean that a more detailed analysis of the comparison 

between the two is needed as the positives and negatives do not describe the magnitude well. The 

comparisons are made for each criterion below.  

- No. of parts: With R&P 2, the parts needed would be the rack and pinion, pill case with 

the lids a motor and wiring. With the SM, parts needed are four solenoids, four pins 

(depends on direct or indirect locking), wiring and lids. The number of parts is 

marginally less for the R&P 2. 

- Degree of custom parts: The rack and pinion mechanism is clear loser in this category 

as all of the parts are custom made apart from the motor. The design is centred around 
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these parts. This means the cost of production and optimisation of the design would be 

much higher compared to the SM. This would make the SM significantly more desirable. 

- Ease of assembly: The R&P 2 and the SM are very simple to assemble as it does not 

need to be precise. The components can be screwed on easily. However, the parts are 

precision manufactured in R&P 2. 

- Sensitivity to external forces: The R&P 2 is again the better of the two as the rack and 

pinion mechanism in itself is resistant to the such forces and the track makes it even 

better.  

- Power consumption: The R&P 2 consumes much less electricity as the unlocking 

position is held without the need to constantly supply the current. Also. The motor need 

to rotate small angles which will only need a short pulse of current.  

- Efficiency: The SM as the design is simple and involves less moving parts, making the 

design very efficient. The reliability of the solenoid is also high. Also, there are chances 

of the lid flap in R&P 2 mechanism to become fatigued due to bending repetitively for 

long cycles. This could lead to misalignments and the mechanism getting stuck. 

- No. of steps: The number of steps in the case of R&P 2 is very high for the caretakers. 

This was explained previously in the mechanism description. This gives a huge negative 

disparity to the mechanism compared to SM.  

- Lifetime: Since the R&P 2 mechanism is based on mechanical parts, they tend to last 

long. However, there could be wear. Solenoids in SM also could function for huge 

number of cycles if designed right. So, it is a hard comparison, but the R&P 2 could be 

slightly better in this criterion given that there are less electrical components. 

- Dimensions: The SM should take a slight upper hand here if the solenoids are custom 

made to fit our needs. R&P 2 also needs precision manufacturing, which needs extra care 

with the dimensioning.  

Conclusion:  

Although the Solenoid Mechanism and the Rack and Pinion 2 mechanism get the same score in 

the Pugh’s evaluation, it can be seen that the positives and negatives of the Rack and Pinion 2 

mechanism do not compare evenly. The negative scores of degree of custom parts, efficiency 

and number of steps for Rack and Pinion 2 mechanism far outweigh its positives.  

Hence, for Phase 2 of designing, it would be the better option to develop concepts based on the 

Solenoid Mechanism.  

 

 

4.4 Placement of the mechanism 
 

The mechanism could be placed inside the clock device or as a part of the pill carrier that can be 

attached to the clock device. The two ways are explained below.  

 

Attached to the clock device 

There are two ways in which the locking mechanism can be attached to the clock device. In the 

first design, the mechanism is placed away from the clock device. The bridge in the middle will 

contain the wiring coming from the clock device to the mechanism. The pill case will be 

sandwiched between the clock device and the mechanism. In the second design, the mechanism 

is placed close to the clock device. In this case the pill case hangs outside.  
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The two designs have their own advantages and disadvantages. They are discussed below 

 

a) Away from the clock device 

The figure 23 below shows the assembly sketch 

 
Figure 23. Assembly of pill case and the clock device for the case of mechanism attached to and away from the 

clock device 
 

Advantages 

- The pill case gets extra security from external forces as it is sandwiched in between 

- The trap of the pill case will only have to make sure that the pill box will not slide out 

horizontally as it is supported from the bottom by the bridge which takes care of shear 

forces 

- The weight of the pill box when it is assembled will be well balanced 

- The upper casing of the clock device can be retained as it is in the existing and only the 

lower casing will need a new mould. This reduces the manufacturing cost. This also adds 

to the sustainability factor as we are salvaging what we already have. 

Disadvantages 

- The bridge is susceptible to breaking when the pill case is not attached. However, this 

could be solved by well dimensioning the bridge with higher safety factor and also by 

adding ribs for structural strength. Choosing a good material also solves the problem. 

- Little extra assembly will be needed 
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b) Close to the clock device 

The figure 24 below shows the assembly sketch  

 
Figure 24. Assembly of pill case and the clock device for the case of mechanism attached to and close to the clock 

device 
 

Advantages 

- Needs less wiring 

Disadvantages 

- The trap of the pill case would be on the same side as the holes for the actuator to open 

the locks. This compromises the structural strength of this side making it susceptible to 

breaking if it takes big forces. 

- The trap will have to withstand the shear forces and also keep the pill case from sliding 

out horizontally. The previous point makes this function harder. 

- The top casing and the bottom casing of the clock device will need new moulds, which 

increases the cost of production. 

It seems from the advantages of having the mechanism away from the clock device is the better 

option out of the two. 
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Placed inside the pill case 

The figure 25 below explains how the assembly would look like  

 

 
Figure 25. Assembly of pill case and the clock device for the case of mechanism placed inside the pill case  

 

 

The locking mechanism which includes the actuators and the lock, is placed inside the pill case 

itself. The electrical signal from the clock device to the actuators comes from pins sticking out 

on the side of the clock device below the slot for the trap of the pill case. The actuators can be 

placed either towards the clock device or away from it, however, placing it towards the clock 

device reduces the circuitry needed.  

Discussion 

The pill box is to be designed for the user scenario where it is used as a daily pill box. Say, the 

user in this case will have to take medications four times a day. Then the user will have to swap 

the pill case every day. If the pill box is prepped for a week by the caretakers, then it would 

mean that seven pill cases will be needed for such a user. Now, the advantage of attaching the 

locking mechanism to the clock device is that, each user will only need four actuators for the 

four lids. The pill case in this design will have normally closed lids, which will be operated 

through holes on the side of the actuators. This significantly reduce the number of actuators 

(four) per user, compared to having the locking mechanism placed inside each pill case. For the 

latter design and for the user such as above, the number of actuators needed per user would be 

4*7= 28. That would need a lot more parts and assembly which potentially could increases the 

cost of production. However, an argument could be made that not every user will have 

prescription of four dosages per day or that caretakers could prep the pill cases more frequently, 

then they will not need as many pill cases. In such cases, pill cases with mechanism inside them 

could be used instead. But the argument of number of actuators still holds. The number of 

actuators per user is still over the best possible number of four.  

 

Advantages of having four actuators are that it significantly reduces the cost of manufacturing 

and assembly. It will need less material resources and this makes it more sustainable. If the 



 35 

locking mechanism in the pill case has issues, then only that pill case which is made of plastic, 

needs to be discarded if it is not repairable in the worst case, instead of discarding the whole pill 

case with all the actuators. This increases the ease of recycling the product too as there is less 

material mix in the broken pill case.  

 

One probable disadvantage of having the actuators attached to the clock device is that, it might 

affect the profit margins for the company. A pill case with mechanisms in it would cost more 

compared to that of pill cases without them. However, it could be the case that the higher costs 

could influence the users to refrain from buying 7 pill cases. They could buy fewer and increase 

the frequency of prepping the pill cases so that they will not have to spend a lot of money buying 

them. This cannot be known for sure at this moment as it would need extensive market research 

and a comprehensive cost analysis of the two types of pill cases. 

 

 
4.5 Morphological matrix 
 

A morphological matrix is a method of tabulating the required functions and the means to 

achieve the desired results. It helps in identifying the possible combination of the means to 

produce the end product that performs all the functions expected from it.  
 

Table 4. Morphological matrix with the best combinations 

 
 

Takeaways 

Identifying and evaluating the different options available to build the mechanism of the pill box, 

the takeaways or the design directions for the next phase are listed below:  

- The lids must automatically spring open 

- The lids open at the press of a button when the alarm goes off 

- The primary lock is to be designed around the indirect off the shelf solenoid mechanism. 

- The placement of the locking mechanism cannot be decided as of now. A comprehensive 

assessment is needed. In the next step this could be evaluated, and a decision be taken. 

In the table above, the two green lines consolidates the takeaways discussed above into the two 

better combinations. These are evaluated in the next phase of designing.  
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5 DESIGNING- COMPARISON  

Drawing from the takeaways from the first phase, now we design the pill box. Not being able to 

conclude where to place the pill box, in this phase, designing two concepts with the mechanism 

attached to the clock device and inside the pill case and comparing them with the Life Cycle 

Assessment tool, CES Edupack might give us some grounds to compare them and choose the 

better design.  

 

As discussed earlier, there are two ways to design the lock- direct and indirect. It was established 

as to why indirect method would be the better way to go about doing it previously. Hence, two 

concepts were designed with a pin and with a slider for load bearing, which were then compared 

to choose the better one for the next phase. The concepts are explained in detail below. 

 

5.1 Pin vs Slider 
 

Pin 
The figure 26 below shows the assembly of the design. 

 

 
Figure 26. Indirect locking method with pin 

 

The pin clutches the lid in a normally closed position. When the solenoid gets a signal from the 

clock device, the pin is retracted and the spring of the lid, lifts it open. When the lid is to be 

closed, the pin and the hook or the T shaped feature under the lid is designed such a way that it 

pushes the pin slightly so that the lid closes completely and the pin is pushed back to the closed 

position by the solenoid spring, locking the lids.  
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The pin as can be seen in the figure is supported by the pill case. This creates a cantilever 

support for the pin, which will bear most of the loading on the pin if the user were to try and pull 

open the lids. However, there would still be some load being transferred to the solenoid shaft and 

it could break at the joint. The figure 27 below illustrates this.  

 
Figure 27. Loading on the pin 

 

 

Slider 
 

The figure 28 below shows the assembly of the design. 

 

 
Figure 28. Indirect locking method with slider 

 

The slider clutches the lid in a normally closed position. When the solenoid gets a signal from 

the clock device, it pushes the slider. When the slider moves beyond the hook of the lid on its 

underside, the spring of the lid lifts it open. The spring behind the slider pushes it back to its 

initial position. When the lid is to be closed, the user pushes the lid downwards. The hook of the 

lid is designed such that the slider is pushed backwards till the lid flushes with the pill case. In 

this position, the spring behind the slider, pushes it back to its initial position locking the lid in 

its normally closed state.  

 

The load bearing in the slider design is better than the pin design. This is because, the surface 

area over which the force will be distributed is higher and there is no shear force acting on the 
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parts. Also, since the slider is enclosed on the top by the pill case, it also gets support from the 

top surface, which increases the material that is taking the load, improving the strength of the 

lock. The figure 29 below illustrates this.  

 

 
Figure 29. Loading on the slider 

 

Hence, the slider is the better option compared to the pin and the mechanisms should be designed 

with a slider.  

 

5.2 Slider concepts 
 

Three concepts were designed. They are explained below:  

 

a) Pivot head 
The design is shown in the figure 30 below 

 
Figure 30. Indirect locking method with pivot head 

 

The pivot head has a slot on the top for the hook of the lid to get caught in. The edge on which 

the hook slides to push the pivot back, has a chamfer so that the inclined surface slips easily with 

less hindrance. There are two springs which make sure that the head comes back to the neutral 

position. The solenoid pushes the surface on the bottom, which then releases the hook of the lid 

when the pivot head rotates enough. The spring in the lid lifts it open. The pivot is fixed using a 

metal rod that acts as the axle.  

There a few issues with this design and they are listed below: 

- The manufacturing of such a part is very hard as it is small and the shape- complex. The 

above part is designed such that it can be injection moulded. However, for the hole, the 
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manufacturers will have to pass rods through the mould or drill holes later, making the 

process little harder. 

- Assembly of the part will be hard and meticulous.  

 

b) Slider 1 and Slider 2 
 

Iteration 1 

The designs of the two sliders are almost the same but the only difference is the direction of 

sliding. Slider 1 moves perpendicular to the length of the pill box and Slider 2 moves parallel. 

The designs of the two sliders are shown below.  

 
Figure 31. Slider 1 design 

 

Figure 32. Slider 2 design 
 

The top face of the slider has slot for the hook of the lid to get caught. It has an I shaped feature 

under it so that it can be assembled in the slot on the sliding surface which is part of the pill case. 

The slot guides the slider and acts as an anchor to the slider, when a user tries to open the lid 

forcefully.  
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Although this design is simpler than the pivot head design, there are a few issues in the design. 

They are listed below: 

- The I shaped feature for sliding is highly vulnerable to slip and slide problems, which 

could in the worst case get jammed due to misalignment. In that case the reliability of the 

design is lost. 

- The stress concentration at the slot for sliding would be high and the flaps can break. This 

makes this a bad idea. 

- The hook of the lid could find it hard to push the slider as there is no gap between the 

slider and surface of the pill case it touches in the front.  

- The sideward sliding design may not fit our dimensional constraints. 

Hence, the design needs to be improved and this is done in iteration two below. 

 

Iteration 2 

The improved slider design is shown in the figure 33 below. 

 

Figure 33. Improved slider design 
 

The slider works the same ways as the previous slider, but the bottom part of the new slider is 

flat and hollow. The improvements are described below: 

- The stick and slip action is reduced significantly as the surface is flat. The side walls 

however could experience to this to a small extent, but this can be reduced further by 

dimensioning the slider properly 

- The load if the user tries to pull open the lid is bore by the top cover of the pill case. This 

increases the surface area on which the load is distributed which reduces the stress 

concentration.  

- The top half of the front face of the slider is offset backwards so that the hook can easily 

and reliably fit in the gap between the front face and the face of the pill case 

- The manufacturing of this slider with injection moulding is much simpler. The 

component will also easily pop out of the mould. 
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However, the front face of this design needs improvements as the hook of the lid does not have 

enough space to easily fit between the front face and the pill case. There are chances that the 

hook would not be even able to fit in the gap and could get stuck. This problem is shown 

pictorially below.  

Figure 34. Problem with the slider design 
 

Iteration 3 

The figure 35 below shows the new design. 

Figure 35. New slider design 
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The front face of the slider is offset in this design. This gives more space for the hook to fit in the 

gap and the problem of it getting stuck is avoided. This is shown in the figure 36 below.  

Figure 36. The problem being averted with the new slider design 
 

This slider could be utilised in the designing of the two pill boxes with the mechanism attached 

to the clock device and the one with inside the pill case.  

 

5.3 Pill box design 
 

Having established that the design of the pill box should be based on the slider for load bearing, 

the mechanisms for the two cases of attaching the actuators to the clock device and placing it in 

the pill case are designed. The designs are explained in detail below.  

 

a) Design 1: 4 solenoids (4S) design 
The 4S design is based on attaching the actuators to the clock device. The pill case in this design 

contains normally closed lids. The solenoids move the slider in the pill case to unlock the lid. 

The lid being spring loaded, will lift open the lid when the slider has moved past the lock pin on 

the underside of the lid. As decided in the earlier discussion, the solenoids are placed away from 

the clock device. The figure 37 below shows the design. 

 

 
 

Figure 37. Assembled 4S pill box 
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b) Design 2: 4X7 solenoids (4X7 S) design 
The 4X7 S design is based on placing the actuators along with the lock inside the pill case itself. 

The operation of the mechanism is the same as the 4S design, except for the placement of the 

mechanism. The figure 38 below shows the mechanism. 

 
 

Figure 38. Assembled 4X7 S pill box 
 

 

5.4 Prototyping 
 

To test if the mechanism actually works, the CAD of the mechanism was made. It was then 

simplified with all the essential components (see Appendix A) so that it is easy to 3D print the 

parts and simulate the actual desired movements. The figure 39 below shows the assembly.  

Figure 39. Prototype assembly 
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The prototype was designed to answer a few questions. The results were as below: 

 

1. Does the mechanism work? 

Answer: Yes, the prototype gave good results with the mechanism. The theory works. 

 

2. How much stroke length would be expected from the solenoid? 

Answer: About 8- 10 mm. 10 mm would be better. Knowing this, it will be easy to design our 

custom solenoid. 

 

3. Will the pill cups be big enough to easily store and access the pills? 

Answer: Yes. This was tested because in the new design. However, the bridge would reduce the 

height of the pill cup compared to that of the current Dosis pill box. 

 

4. Can the mechanism be easily assembled? 

Answer: Yes. The assembly would need very less effort as the slider just needs to be placed in its 

position. The lid and the hook can be designed easily to move the slider. Only tricky assembly 

would be attaching the spring to the slider on the back. But this can be simplified by adding a 

stub on the rear face, so the spring does not go out of position. 

 

Conclusion 

The mechanism works and the prototype is a working model to prove it. The mechanism should 

work better with proper tolerances and material selection.  

 

 

5.5 Life Cycle Analysis (LCA) 
 

As the two designs (4 S and 4X7 S) are hard to compare as discussed earlier, it was decided that 

LCA be conducted in order to compare the two on the basis of sustainability. Although the 

analysis was not done extensively due to lack of information at this point of designing, an 

analysis at this stage would still be helpful in choosing the direction for the next step of 

designing. The CAD models for the two designs were designed with some degree of detail to get 

better results. The models can be seen in Appendix B. The LCA was done with the EcoAudit+ 

module of CES Edupack software. Before we could do the analysis, materials need to be selected 

for the components. For this, the CES Edupack software could have been used, but it was hard to 

pinpoint the best material as the constraints to filter out the material options did not yield good 

results or rather a very large number of options. Hence, it was decided to look for the best option 

through more research.  

 

Material selection 
The main parts for which the material must be selected are the pill case, the top and bottom 

covers, slider and the lid. The pill case, the top and bottom covers and the lids could be of the 

same material. They all need to perform the functions of withstanding external forces when the 

pill box falls down or when the user tries to break in to access the pills. The lids however need to 

be transparent so that the user can see the pills inside. Using the same material as much as 

possible reduces the material mix which makes the recycling process easy and efficient. The 

slider should be of different material as it needs to slide inside the pill case. The different 

material will ensure that the friction between is reduced. The slider also should be strong enough 

to withstand forces well, hence it needs to be hard.  
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The material for pill case and the and top and bottom covers was chosen to be Polycarbonate 

(PC) opaque. The reasons are as below (25):  

- The material is available extensively  

- It has high impact resistance and tensile strength 

- It has wide temperature range. This is important because the users of the pill box could be 

anywhere in the world, from the hottest deserts to the coldest places 

- The material is self- exhausting when on fire 

- It is very easy to thermoform and machine if necessary  

- It is a good electric insulator 

- BPA free PC is food grade (26)  

The material for the lids was chosen to be Polycarbonate (PC) transparent. The reasons are as 

below:  

- The material can be made as transparent as glass 

- All the previously mentioned properties hold true for this as well 

The material for the slider was chosen to be Acrylonitrile Butadiene Styrene (ABS). The reasons 

are as below: 

- The material is available extensively  

- Can be easily used in injection moulding 

- It has high impact resistance and tensile strength which are important for withstanding 

forces 

- The surface could be made very smooth, which reduces friction 

Having chosen the materials, the LCA was made. The specifications for the analysis can be seen 

in the Appendix C. The LCA was made only for the two life phases of material extraction and 

manufacturing. The transportation, usage and disposal phases were not considered as there is no 

data as of now. 

 

Assumptions:  
- The end of life for all the components were chosen as landfill as that would consider the 

worst possible case of disposal 

- The parts are manufactured and assembled in Sweden 

- The solenoids would need about 10g of copper. 
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Comparison 
The charts comparing the 4S and 4X7 S designs on the grounds of Energy consumption, CO2 

footprint and Cost incurred are shown below. These numbers are estimates based on the data 

base of CES EduPack.  

 
Figure 40. Graph comparing the 4S and 4X7 S designs in the basis of Energy consumed 

 

The total energy consumption for the 4S design is almost half that of the 4X7 S design, making 

the 4S design the better option in this category. The reason could be because of the copper in the 

solenoids. 

 
Figure 41. Graph comparing the 4S and 4X7 S designs in the basis of CO2 footprint 

 

The CO2 footprint of the 4S design is again almost half that of the 4X7 S design. 4S design 

comes out to be the better option again. 
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Figure 42. Graph comparing the 4S and 4X7 S designs in the basis of cost 

 

The total cost of 4S design is again half of that of 4X7 S design. This could be attributed to the 

higher usage of copper in the solenoids. The 4S design is the better option in this category as 

well.  

 

Conclusion 
In all the categories, 4S design is clearly the better option by a huge margin. Hence, the final 

design must be based on the 4S design. This means that the solenoid actuator mechanism must 

be attached to the clock device and the pill cases must contain normally closed lids. This design 

is further developed in the next phase of designing.  
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6 DESIGNING- DETAILED CONSTRUCTION 

Having explored, designed and compared all the building blocks of the final design, we have the 

best options for each building block. In this step, these best options are refined further if possible 

and the final design of the pill box will be established.  

 

The designs of the components are shown and explained below.  

 

Clock device 
The clock device has two parts, the upper and lower cases.  

 

Upper case 

The design remains exactly the same as the existing product. The figure 43 below shows the 

design of this component. 

Figure 43. Sketch of the top case of the clock device of the final design 
 

Lower case 

The design of this component is shown in the figure 44 below. 

 
Figure 44. Sketch of the lower case of the clock device of the final design 
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The new lower case has some major improvements in the form of the side flap and the pin hole 

protector mover (see Appendix B to compare it to the old design). The side flap protects the pill 

case from sideward forces, reducing the chances of the pill case sliding out. The function of the 

pin hole protector mover will be explained later in the pill case section. The mover rests slightly 

above the level of the holes for the solenoid shaft holes and might have to be stuck to the flap 

using industrial glue or by screwing. The bridge of the lower case has a top cover to hide and 

protect the wires and provide a flat surface for the lower part of the pill case to sit on. The cover 

attaches via snap joints. The bridge is reinforced with ribs. 

 

The lower case is designed such that the whole component can be injection moulded easily. The 

holes for the solenoid shafts and for wires must be drilled later and the mover be fixed.  

 

Pill case assembly 
 

The pill case assembly has the following parts- pill case, lids, sliders, pin hole protector, springs, 

upper cover and lower cover. The designs of the components are explained below. 

 

Pill case 

The figure 45 below shows the pill case design 

 

 
Figure 45. Sketch of the pill case of the final design 

 

The pill case is designed such that it can be injection moulded easily. The bottom cover of the 

pill case is assembled by snap joints and the top cover also with snap joints and gluing with 

industrial grade glue for plastics. Their designs remain as it is from the previous iteration. The 

front face of the pill case has a slot for the pin hole protector as can be seen in the cross section. 

The holes for solenoid are drilled once the mould is ready. The trap has bumps so that the pill 

case latches to the trap slot in the clock device.  
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Lids 

The figure 46 below shows the lid design. 

 
 Figure 46. Sketch of the lid (upside down) of the final design 

 

The lids are designed to be injection moulded easily. They are fitted to the pill case with metal 

rod. This will result in a strong hinge. The lids are lifted open by torsional spring assembled at 

the back of the lid. The metal rod will pass through the spring, keeping it in place as well. 

Numbers are etched and also embossed in Braille so that the users can identify the pill cups. 

 

The lids when assembled in place in the pill case will be flushed meaning, the lids will be neatly 

enclosed by the walls of the pill case. This makes it hard for users to get a good grip or leverage 

to force open the lids. The top surface of the lid is made sure that it is flat for the same reason. 

The flushed design also makes sure that the water runs off easily if a user spills it on the pill box. 

The assembly not only is functional but also makes the pill box more aesthetic. The figure 47 

below shows the assembly. 

 
Figure 47. Sketch of the flushed assembly of the lids in the pill case 
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Sliders 

The figure 48 below shows the slider design 

 

 
Figure 48. Sketch of the slider of the final design 

 

The slider is designed to be easily injection moulded. It goes in the slider compartment of the pill 

case. The spring is assembled in the back.  

 

Pin hole protector 

The figure 49 below shows the pin hole protector design 

 

 
Figure 49. Sketch of the pin hole protector of the final design 

 

This is a new component that was designed to protect the pin holes of the solenoids. Without this 

the lock is vulnerable as one could open the lids by pushing the slider with a small stick. The 

protector reduces this vulnerability to an extent by adding another step of security.  
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The protector has two features that act as springs that rest on the lower cover of the pill case. In 

its normal state, the protector covers the holes and protects them. When the pill case is slid on 

the clock device, the pin hole protector mover passes through the slot on the side of the pill case 

to push this protector downwards. This opens up the holes for the solenoid shaft to pass through. 

When the pill case is pulled out, the spring pushes the protector up, covering the lids. 

If the user wants to open the locks now, they will have to first push the protector down and then 

push the sliders. This demands some mental capacity on the part of the users, which in most of 

the cases is not there. If they are capable of opening the locks, it was confirmed by the supervisor 

from the company that, if the user takes all the medications for the day at once it would still not 

be fatal. This was one of the reasons why the company had chosen to design a daily pill box in 

the first place. However, this problem has to be solved. The slot on the side of the pill case for 

the mover to fit, could have something like in the child safe plug points to cover the slot. This 

adds another layer of protection. The ways to protect the pin hole in itself could be an interesting 

new project and at this point of time, we will have to leave it at that. 

 

Springs 

The springs for the slider could be easily made by coiling thin wire of steel. The spring force 

should be high enough to push back the slider back in the locked position and small enough that 

the solenoids will not have to push with too much force to even move the slider. 

 

Pill case covers 

 

The pill case has two covers- top and the bottom. These are to be glued or snapped onto the pill 

case separately. This breakdown of the pill case was needed to make the moulding of the pill 

case easy. The breakdown also aids in easy assembly of the slider and the spring the pill case 

(top cover) and reduces the material usage to mould the pill case (lower cover). The design and 

the functions of the two covers are explained below: 

 

a) Top cover- It is the main load bearing part in the locking mechanism. The slider relies on this 

cover to hold the lids closed. The top surface of the slider is in contact with the lower face of the 

cover. When a user tries to lift open the lids, the hook in the lid pulls the slider upwards, but this 

is kept in place by this cover. Hence, it is crucial that this cover is properly dimensioned and 

rigidly fixed to the pill case. The figure 50 below shows the design sketch. The rectangular 

trimming is for the hook of the lids to pass through to meet the slider. 

Figure 50. Sketch of the top cover of the pill case 
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b) Lower cover- The main function of this part is to cover the void on the underside of the pill 

case. This part can be simply snapped on to the lower edges permanently as its only function is 

to close this hole. The void is a result of trying to reduce the material needed to mould the pill 

case. If the underside was solid, meaning if the void was not present, the overall weight of the 

pill case would get concentrated and material would be wasted for no reason. The void can in the 

future be used to house some electrical components if needed. The figure 51 below shows the 

design of the lower cover.  

 
Figure 51. Sketch of the lower cover of the pill case 

 

Circuit design 
 

The illustration 52 below shows the circuitry of the electrical components. The microcontroller 

Atmel 32 will act as the regulator of the signals.  

Figure 52. Circuit diagram to perform the regulation function 
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The Circuit diagram aims to holistically describe the design endeavour. The key components that 

are instrumental for its functioning are the Atmega 328p microcontroller, a reverse ended display 

unit, a system of solenoids preferably of high thermal capabilities, an analog switch that helps 

toggle between the different compartment units as per the need. The system consists of a closed 

loop, where a button or in the circuit diagram an analog switch forms a feedback network with 

the display unit. The idea behind this is that the display unit in the finished product is a clock 

which initiates an alarm when the time to administer medicine is nearing. The user then pushes 

the button, activating a signal that goes to the display unit and a feedback is sent from the display 

unit into the microcontroller (Atmega 328p) through a variable resistor, the resistance of which 

will dependent on the design and load of the solenoids used. The microcontroller will be 

programmed on Embedded C and will have a set of subroutines which helps it to distinguish 

between the compartments and which compartment in the product it has to open and for how 

long it has to open. The reason why I have chosen this particular microcontroller is the small 

build, durability, and low cost. Above all else it is FLASH programmable and can be customized 

as per use or as per the patient’s requirements. This board is connected to a structure of four 

solenoids, each of which can open or close the lid of individual compartments. Other boards that 

have similar functioning are Arduino Uno, Raspberry Pi, most Atmel boards, and the code is 

platform independent and the current code will work for any of the boards. 

 

For caretakers all lids opening simultaneously was an important requirement. This is achieved by 

programming a code into the microcontroller which sends signals to all the solenoids at the same 

time. This program can be password protected using the four other buttons on the clock device to 

set a pattern lock. This works for caretakers at home as the number of pill cases that need to 

prepped is not too high. As for caretakers in a care home or at a hospital who would have to prep 

pill cases for many patients, a master clock device could be made available which has one 

program only that just sends signals to all the locks. This reduces the steps needed significantly 

making the task less monotonous and less energy consuming.  
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Final assembly 
 

The figure 53 below shows the final assembled view of the pill box.  

 
Figure 53. Sketch of the assembly of the final design 

 

The overall dimension of the pill box when assembled is 118x 110x 22.5 mm and weighs around 

a 100 g approximately without considering the weight of the electronics inside. Also. this weight 

could be lesser or higher by a few more grams as the dimensions of the parts was chosen 

arbitrarily. The length 118 mm could vary somewhat depending on the length of the custom 

solenoid. The dimensions and weight are still much less than all the other competitors in the 

locked pill box with clock market. The design also looks less medical. These two factors clearly 

separate Dosis locked pill box from its competitors. 
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7  DISCUSSION AND CONCLUSIONS 

7.1 Discussion 

Before we started designing, a set of design requirements were established for each type of 

users- the caretakers, the physical challenged and the mentally challenged. Having completed the 

final design of the pill box, it is time to see if these design requirements are met for each of them. 

Caretakers: 

The requirements were that all the lids open simultaneously, that it is easy to swap the pill cases 

and that it is easy to set alarms. All three needs are met by the design. To open the lids 

simultaneously a programme could be installed in the clock device such that the chip sends 

signals to all the solenoids simultaneously. This will spring open all the lids. The programme 

could be made password protected with the help of the four other buttons around the main 

button, by pressing the four buttons in pattern. Else, a master clock device could be provided to 

the caretakers which is programmed to just send signals to all the solenoids, if the caretaker has 

to prep pill cases for a number of patients. As for swapping the pill cases, the trap on the pill case 

takes care of this. Since the number of steps to open the lid is one for both the cases with a 

master clock and with password, it is easy to prep the pill cases and set alarm.  

Physically challenged: 

The requirements were that the pill box should be stable, easy to open the lids, easy to take out 

the pills and should be waterproof. The stability aspect is taken care by flat bottom surface of the 

product. Opening the lids is as simple as pressing a button. Pills can be easily taken out as the 

pill cup is dimensioned to be big enough to use fingers to take the pills. Also, the curved face of 

the cup helps in easy lifting. The pill case is waterproof as the material used to manufacture is 

PC and the lids are smooth and flat, which will run off the water. It can be made more 

waterproof by dimensioning such that there are no gaps i.e. making sure that the lids flush 

perfectly and by giving an incline to the lids. 

Mentally challenged:  

The requirements are that the locking mechanism must be strong and reliable. The strength 

aspect is taken care by assigning a component in the form of a slider to withstand the loads. The 

reliability aspect is taken care by using electrical regulation and through solenoids.  

There were few other common requirements. These are easy to identify the right pill cup. This is 

taken care by the blinking LED lights and the voice assistance of the clock device. Resistance to 

humidity and impact is achieved by choosing PC and ABS as the materials for the components. 

Since the final design is ensured to be compact by using custom made solenoids, the pill box will 

be easy to carry around. The clock device could have holes through which a lanyard can be 

attached. This adds to ease of carrying. The design is made to look as less medical as possible 

and the whole product is small. This makes the product more inconspicuous compared to all its 

competitors. 

Throughout the design process, the extreme personas that were created were kept in mind so that 

the design decisions were always motivated towards meeting their needs. The requirement for 

each persona were met by the final design and it is explained below: 
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- Sara- the main requirements were that the pill box must be inconspicuous and that the 

locks must be protected. These are met by keeping the pill box dimensions small, by 

reducing the duration of alarms ringing and making the pill box look less medical. 

- John- the main requirements were that the locks must be strong so that when he 

undergoes psychosis due to schizophrenia, he would not be able to break in and that the 

design be simple as well as he has Parkinson’s. His needs are met by protecting the locks, 

making the whole construction strong and hard to get leverage to open the lids, by 

choosing strong material, ensuring proper load distribution, protecting the pin holes and 

by keeping the design simple so that opening the lids is easy only when it is the right 

time.  

- Roy- the main requirements for him are that it must be very simple to use as he has 

dementia and rheumatoid. His needs are met by making sure that the lids open at the 

press of a button. This needs very less cognitive capacity and physical strength. The pill 

cases being easily swappable and the pin holes being protected, he can also live life with 

more freedom.  

Considering the current final design, it would not be the ideal situation for the users to have 

access to all the pill cases for a week. This applies especially for the users who are just depressed 

as these users have the mental ability to understand the locking mechanism and could pick the 

locks if they are very persistent. So, a caretaker or a family member could keep the prepped pill 

cases and just give them the right pill case when it is required.  

An argument could be made that users can open the lids at the desired times and store all the pills 

for the day elsewhere and ingest them all at once to attempt suicide. This is a possibility no 

doubt. The dosage for a day if taken all at once is dangerous but not fatal. This was confirmed by 

the guide from the company as they have a lot of experience in making pill boxes. This was one 

of the reasons the previous versions of Dosis pill boxes were all the daily type. 

The pill case only performs only to a level. A user, especially if mentally challenged should be 

monitored by their friends and family around them. The pill box is not a complete replacement 

for such help. It is an assistant that makes the job easier. It is to give some independence for the 

users and to reduce the inferiority complex and self-loathing. It is to encourage the user to not 

feel bad about taking pills in front of their colleagues and friends.  

Sustainability goals 

One of the expected requirements of the thesis and the design was that it should address at least 

two of the UN’s Sustainable Development Goals. Throughout the project, this was always kept 

in mind and the product was designed consciously to be as sustainable as possible. Three goals 

were addressed by the final product namely- Good health and wellbeing, Industry Innovation and 

Infrastructure and Responsible consumption and production. The means through which these 

were achieved are explained below: 

- Goal number 3. Good health and wellbeing- The product in itself satisfies this value. Making 

sure the users with mental and physical challenges take the right pills at the right times and this 

being monitored to ensure that they are sticking to the prescription regiment results in alleviating 

the symptoms of the diseases they suffer from. This improves their health and wellbeing.  

- Goal number 9. Industry Innovation and Infrastructure- The pill box is one of a kind. The 

mechanisms of the lock and the operation of the pill box are new innovations. This achieves this 

goal. 
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- Goal number 12. Responsible consumption and production- While designing the 

mechanisms for the locking mechanism, the ease and cost of production and assembly of the 

parts was always considered. The best and most efficient one among them was chosen to base 

the final design of the product. All the parts throughout the designing process was optimized to 

be as easy as possible to manufacture and assemble. LCA was used as the main basis to choose 

the better direction for designing the final product. Thus achieving this goal.   

7.2 Conclusions 

The final design satisfied most of the design requirements that were listed for each user type. 

With very small refinements as seen above, the final design can be made to totally satisfy all the 

design requirements. In the next iteration of the refining the design all these small adjustments 

can be made very easily. The final design also meets the plan to totally differentiate from the 

competitors in the market.  

Hence, it is safe to say that the final design meets all the established design requirements. 
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8 RECOMMENDATIONS AND FUTURE WORK 

Recommendations 

There are a lot of ways to improve the design of the current components. The lower case of the 

clock device can be made better by a better design of the pin hole protector mover design. The 

bridge can be reinforced maybe with a metal plate. A slot to fix the spring behind the slider can 

be moulded to hold and constrain the spring better. The slot for the pin hole protector mover on 

the pill case could have sliding lock like the ones in child safe electric plug points. This adds 

another layer of protection. The pill cases could have some sort of a locking mechanism to latch 

on to the clock device until all the alarms for the pill case are over. This ensures that the users 

will not be able to slide out the pill case and try to pick the locks.  

 Future work 

The pin hole protection is critical. This in itself can be turned into a project in the future. In this 

thesis, the final design was chosen to be the 4-solenoid design on the basis of a simple LCA. The 

4X7 solenoid design could also be explored further as the issue of protecting the pin hole is 

avoided in that case as the mechanism is within the pill case itself. A comprehensive market 

research and analysis could be done to see if the 4X7 solenoid design would have been a better 

option. The prospect of a pill case holder could also be explored, in which the pill cases are 

locked until the they can be used. This keeps the users from being able to access all the pill 

cases, making the whole locked pill box concepts much safer for the users.  

This thesis covers the first iteration of the design process due to time constraints. This same 

design can be looked for flaws and optimised in the next iterations. The dimensions in the 

current design can be optimised further with proper force analysis and performance tests. A 1:1 

prototype with the materials suggested can be made and tested for a better analysis. This can be 

tested out with the target users and an objective conclusion can be drawn on the performance of 

the design. This thesis lays down a base for improving the design further.  
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