
 
 

AUTOMATION OF BASIC COOKING PROCESS THROUGH NOVEL ROBOTIC 
MECHANISMS AND ARDUINO-BASED SYSTEMS FOR DATA ACQUISITION AND 

SUPERVISORY CONTROL 
 

 

 

A Thesis by 

Ujjeev Joel Koripalli 

Bachelor of Technology, Swarnandhra College of Engineering and Technology, 2014 

 

 

 

 

 

Submitted to the Department of Mechanical Engineering 
and the faculty of the Graduate School of 

Wichita State University 
in partial fulfillment of 

the requirements for the degree of 
Master of Science 

 

 

 

 

 

 

July 2018



 

 

 

 

 

 

 

 

 

 

© Copyright 2018 by Ujjeev Joel Koripalli 

All Rights Reserved 

 

 

 

 

 

 

 

 

 

 

 

 



iii 
 

 

AUTOMATION OF BASIC COOKING PROCESS THROUGH NOVEL ROBOTIC 
MECHANISMS AND ARDUINO-BASED SYSTEMS FOR DATA ACQUISITION AND 

SUPERVISORY CONTROL 
 
 
The following faculty members have examined the final copy of this thesis for form and content 
and recommend that it be accepted in partial fulfillment of the requirement for the degree of Master 
of Science, with a major in Mechanical Engineering. 
 

 

________________________________________ 

Yimesker Yihun, Committee Chair 

 

______________________________________ 

Rajeev Niar, Committee Member 

 

________________________________________ 

Deepak Gupta, Committee Member 

 

 

 

 

 

 

 

 

 



iv 
 

DEDICATION 

 

 

 

 

 

 

 

 

To my advisor, Dr. Yimesker Yihun 

Who have been a consistent source of inspiration and knowledge for me 

and 

To all My Family and Friends 

  



v 
 

ACKNOWLEDGEMENTS 

 

The completion of this thesis is a triumphant endeavor in my education. I am thankful to 

many people whose contribution is sincerely appreciated and gratefully acknowledged.  I am 

highly thankful to my advisor, Dr. Yimesker Yihun, for believing in me. His guidance and 

relentless support to see me as a successful student was essential in motivating me to stay 

committed and not only turn my thesis in on time, but to turn in a thought-out thesis on time. 

I would like to take this opportunity to heartfully thank my committee members, Dr. Rajeev 

Niar and Dr. Deepak Gupta, for being a part of the committee, reviewing the report and providing 

me with thoughtful, constructive feedback.  

I also like to thank the staff of mechanical department and office of admissions, specially 

Mr. Stephen Copeland for providing necessary support. Special thanks to Pankaj, Ateh and Suresh 

for guiding me through technical difficulties. 

I am so grateful for the family of New Life Covenant church, especially Kisers for believing 

in me and providing me a great support throughout this process. 

Many people have helped me immensely throughout the process. I would like to extend 

my sincere gratitude to Bekah Hallaway for proofreading my report. 

At last but not least, I am forever thankful to all my family and friends for their endless 

support. I truly couldn’t not have done this momentous feat without these people.  

  



vi 
 

ABSTRACT 

 

Robotics has already emerged into so many sectors, including manufacturing industries, 

military and defense, food and beverage factory to assist, handle, and automate repetitive and most 

tedious tasks. This thesis is aimed at incorporating innovative robotic systems into the automation 

of the cooking process. Cooking is a tangled, day–to-day activity that demands multi-tasking, 

coordination, planning, and intuitive abilities that require effort and time to perform physically in 

the kitchen. As the human body ages, mental and physical endurance in the body diminish, which 

affects their ability to cook nutritious, higher effort meals. Additionally, the changes in social 

structure and economic hardships force younger people to work multiple jobs and long hours for 

financial security. This also affects their ability to cook nutritious meals, as their time and energy 

is extremely limited. In this thesis, the cooking process is automated through cost-effective, novel 

mechanisms and supervisory control systems. The system involves raw material processing, such 

as the handling, chopping to the desired size, maintaining the desired quantity, and the stirring 

processes; it is also easily accessible and equipped with a self-cleaning mechanism.  All these steps 

of cooking processes are automated, supervised and controlled through a centralized control 

system.  

The sub-cooking automation mechanisms are actuated through DC motors and monitored 

through a variety of position and force sensors embedded in the system. These motors are 

controlled through cost-effective PID controllers implemented through an Arduino 

microcontroller. To maintain the consistency of the quality of food and repeatability of the cooking 

process, the desired parameters are defined, set, and stored based on a machine learning algorithm 

that can learn through a demonstration. This algorithm will help to store the process of cooking 

for any specified recipe, such as the type and quantity of ingredients, the cooking process time, the 

temperature, and the manipulation / stirring frequency. The stored program and information can 

be shared with others who are using a similar device to enjoy the same recipe with a predefined 

quality and quantity of food. The user interacts with the device through a touch pad integrated into 

the system. In the future, the technology can be extended to work over a network so that people 

can interact remotely with the device. 
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     CHAPTER 1 

1. INTRODUCTION 

 

1.1 Background and Motivation 

 

Automation is becoming a predominant part of human life in various disciplines. There is 

growing development of smart technologies that are focused on supporting and improving the 

quality of human life by assisting them with daily activities [2, 3]. Developing smart home 

technologies by incorporating technologies like IoT to automate repetitive tasks that are necessary 

for getting through the day, such as cooking, and cleaning can save a lot of time that can then be 

invested in many other non-repetitive important activities. Such technologies and automations will 

also provide an independent inclusive workspace for people with disabilities and the elderly. 

Several studies indicate that the longevity and the quality of human life has significantly increased 

over the years resulting in the increase in population of the elderly. Recent US population figures 

show that there are over 44.7 million people who are 65 years of age or older. This is approximately 

14.1% of the total population. Census also predicts that by 2050, there will be many surviving 

baby boomers more than 85 years old and the percentage of them will be increasing [4, 5]. 

Performing daily activities in the kitchen to prepare healthy meals can be difficult for them, which 

challenges their ability to live independently [2]. There is also a relatively small amount of effort 

that has been reported towards helping people in the kitchen who cannot prepare meals that require 

more hands-on work and mental attentiveness. 

The divergence in the user demands, diversity of requirements, privacy, legal regulations, 

safety aspects as well as the technical design possibilities still involve a lot of unsolved challenges 

in the automation of the household cooking industry. Cooking is a very important everyday task 
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that usually demands a lot of time, practice, coordination and experience. Therefore, an automated 

cooking system that can replace manual cooking is highly desirable. As the longevity and the 

quality of life is increasing day-by-day, it is vital for society, as a whole, to enable the elderly and 

people with disabilities with automated devices, so that they can live more independently. Often, 

these people are forced to move into retirement homes or institutions, because they can no longer 

cook for themselves as the process itself is complex and challenges their safety.  

 Research and product development efforts have made several products appear in the 

market, some of these products are summarized in Table 1. These technologies have been 

developed to automate specific sub-tasks, and to adapt to the diverse user requirements. 

 

Table 1 Existing Smart Cooking Technologies for Kitchen Assistance 

 

Name of the 

product 

 

Manufacturer 
(year of 

development) 

 

Product Description 

 

View of the 
product 

Robotic 
Kitchen[6] 

Moley Robotics 
(2018) 

Automatic cooking machine capable 
of cooking over 2,000 recipes with 
two bionic arms that cook with the 

skill and flair of a master chef.  

Spyce 
Kitchen[7] 

MIT student 
project (2016) 

Delivers freshly prepared meals in 
minutes and includes recipes created 

by world-renowned chefs and 
ingredients that are locally sourced 

from trusted partners 

 

Cooki[1] Sereniti Kitchen 
(2015) 

Pre-processed ingredients are fed 
into the device, which then executes 

the cooking process  
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Table 1 (continued) 

 

Some of the existing products differ in various automated capabilities. A fully automated 

product like the Robotic Kitchen can cook and deliver food to customers without any human 

involvement. The device has a library of recipes created by detecting and recording the process of 

preparing a meal by a master chef. In addition to creating meals, the machine can even  clean 

dishes by itself [10]. However, this device is very expensive to be afforded by the majority of 

households, it costs about $50,000.00 [11]. Other systems, such as Onecook and Cooki, are semi-

automated. When using these products, the correct ingredients must be placed in the machines 

correctly, and upon finishing the cooking process, the dishes and devices must be 

cleaned.  Additionally, systems like Spyce Kitchen (MIT) need human intervention, as the food 

must be chopped and fed into the machine’s feeders.  The food cannot be stored inside the 

equipment, so the product should be completely cleaned after its use [2]. 

Most of the products on the market are only focused on the average working-age adult. 

However, there are other members of the demographic that may need more assistance than this 

typical group, including the elderly, the physically disabled and mentally challenged. Products like 

Robotic Chef [11] and Spyce Kitchen [12] tend to be more difficult to operate, especially with the 

plethora of features and options that they boast. Furthermore, these products are priced at a level 

that is not affordable for the average person which also defeats the purpose of these products, as 

One 

Cook[8] 

Team TNL 
(2017) 

The company provides packed meal 
trays that must be placed in the 

machine and cooked. 
 

Steam 

Oven[9] 

Tovala (2017) The oven operates by scanning the 
barcode of a pre-packed meal; the 

recipe is then cooked  
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the people who need them cannot afford them [13].  As a result, there is a sizeable gap between 

those who can afford and use these kinds of products and those who need them.  Currently, there 

seems to be very few products that are affordable for common people yet still possess the automatic 

capabilities to independently cook meals for families or single individuals. Devices like One Cook 

[14] and Tovala [15, 16] cook meals from pre-processed food containers made by the companies 

themselves. Unfortunately, this method sometimes does not satisfy people who have wider or 

different taste preferences. Other products like Spyce Kitchen [12, 17], have numerous functions 

and easy to operate, however are only for commercial purpose and do not address the task of 

domestic cooking. As different people have different palates based on their cultural backgrounds, 

there is a need for a product that can meet most of the customer’s requirements and be adaptable 

for new recipes.  

 

1.2 Research Objective 

 

The goal of this thesis is to provide appropriate and adaptive cooking assistance mechanism 

with optimal automation for different tasks in cooking.  It introduces a novel automated cooking 

mechanism and a software framework that executes the cooking process with precision and ease, 

while retaining the taste of a specific recipe. This prototype features a framework for the 

integration of different electrical components, sensors and an interfacing control unit that can allow 

users to cook the desired recipe. Research in the area of machine learning and sensor fusion has 

been done to implement a system that can record and store cooking process data, such as the type 

and amount of ingredients used, the temperature, the total cooking time, and stirring frequency and 

direction. This will allow the complete process to be executed in subsequent use without any 
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human involvement for similar food preparations. Emerging of these kinds of smart robots to 

kitchen would save people lots of time in their busy lives and would create an independent 

atmosphere for physically and mentally challenged people and the elderly.  Using such smart chef 

will help people to maintain their diet preference. In general, the proposed smart chef is expected 

to provide the following benefits: Provide instant, fresh food with customized cooking preference. 

In the future, this device can be remotely ordered and programed to execute its task. This will help 

people who has a busy schedule due to work or personal business. The same program can be shared 

among different people and be used in different device. This feature will help people who are 

living away from their family and missing their favorite foods. Most importantly the device will 

help people who have physical and mental constraints in preparing their own meal. 

       The main contributions of this work are: 1) Development of innovative mechanisms to 

automate food processing, such as chopping of vegetables and meat in the desired size, automatic 

scale mechanism to maintain the desired quantity of each ingredients, and stirring mechanism for 

cooking, 2) Implementation of an embedded system which integrates microcontroller, actuators, 

and sensors that can  easily actuate and monitor the process, 3) design and  implementation of a 

centralized supervisory control system that integrates machine learning and PID control system, 

and 4) experiments demonstrating the integration of  cooking sub-processes and real-time control 

of the cooking device. 

 

1.3 Organization of the Thesis 

 

This thesis is structured in the following order: 
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• Chapter 1 presents background, motivation and research objective. It provides a brief 

introduction about the technologies available in the market, and discusses the challenges 

associated with the automation in cooking industry for assisting the elderly and people with 

disabilities. 

• Chapter 2 presents the literature review of the existing cooking technologies. It talks about 

the existing kitchen assisting devices in detail. This section also discusses mechanisms, 

control systems and intelligence employed in the cooking operation with their advantages and 

limitations. 

• Chapter 3 presents the mechanism design and analysis of the proposed device. It covers the 

details of individual parts and their failure analysis. It also talks about the integration of 

subsystems to perform the desired automation of cooking tasks along with methodology 

considered for design and comparison of different available products with proposed design. 

• Chapter 4 presents the implementation of control systems into the cooking device to maintain 

consistency of the desired pre-cooking and cooking parameters.   

• Chapter 5 consists of prototype experimentation and testing results of the design mechanism, 

such as precision analysis through multiple iterations, data storage as a program and execution 

of the saved program using Arduino microcontroller. It also analyses the functions of different 

sensors through Arduino user interface. 

• Chapter 6 talks about the machine learning techniques and applications along with the human 

machine interface system. 

• Chapter 7 concludes with the feasibility of design in terms of application, its advantages, 

limitations and suggestions for future works. 
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  CHAPTER 2 

2. LITERATURE REVIEW 

 

2.1 Introduction 

 

The advancement of technology has greatly impacted the quality of our lives. Tasks that 

previously would have taken days can now be completed in a matter of hours or even seconds with 

the innovative technologies and robotic systems available on the market. There are several 

industries that are taking advantage of such technologies which include but are not limited to 

manufacturing, aerospace, defense, and hazardous and dangerous environments. There are 

numerous ways in which robots make tasks possible that people had difficulty doing. To attain 

complicated tasks, humans provide the cognitive and decision-making capabilities while the robot 

provides the strength and endurance capabilities. The possibilities are nearly infinite with how 

robots will completely revolutionize humanity’s role in society and the engineering feats that will 

be possible because of the robots. For many years, automation of home technologies has been 

recognized as a high potential sector for not only ensuring safer environments for people with 

disabilities but also helping the older generation to maintain independence and good health.[18]. 

Smart homes are targeted to promote wellness in all stages of life. Since early eighties, several 

technologies have emerged to enhance human life providing comfort and safety [3]. One potential 

area that requires advancement is an automation of the kitchen which can promote an independent 

life for the elderly and people with disabilities. Incorporating innovative robotic systems into the 

automation of the cooking process will have a positive impact in the wellbeing of people’s life. 

Cooking is a tangled, day–to-day activity that demands multi-tasking, coordination, planning, and 

intuitive abilities, as well as requiring effort and time to perform physically in the kitchen [19]. As 
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people age, the need for automation increases, as the physical and metal demands of cooking 

become more difficult. 

Research has been done to overcome some of the challenges faced by the elderly and 

people with disabilities around and in the kitchen. This research results technologies that can assist 

people with disabilities and the elderly to maneuver around the kitchen while maintain safety. 

Safety and Hygiene are very important aspects of cooking automation as well [20]. When it comes 

to cooking, reports and statistics of National Fire Protection Association(NFPA) about cooking 

fires and safety mentions that there are 16,100 reported fire accidents that are related to kitchen 

every year in the USA resulting in an average of 480 civilian deaths [21]. Conventional fire safety 

systems are unmonitored and are checked once every six months by the technicians [22]. These 

systems are not very reliable for immediate responses [23].  

There is also a high risk of food contamination if the ingredients are processed without 

following healthy practices  that help prevent cross-contamination. Centers for Disease Control 

and Prevention(CDC) estimates that 48 million people are getting sick from a foodborne illness 

every year and 3000 deaths are recorded [24].  Technology that can maintain safety and hygiene 

is essential to reduce such risks while preparing food that is still fresh and nutritious. Excessive 

and unnecessary left overs are also not good for the environment. According to Food and 

Agriculture Organization of the United Nations, one-quarter to one-third of all the food produced 

is being wasted worldwide [25]. Almost 50% of the produced food is thrown away as waste in 

America [26]. This causes a significant negative impact on the environment. Adding a 

weighing/sizing mechanism in the cooking automation to measure the ingredients for a specific 

number of people and dispense into the cooking pan can help to reduce food waste as the person 

specifies the required quantity of an ingredient for the recipe. Having a good diet in an appropriate 
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amount can also benefits in good health [27]. There are several successful exercise and weight loss 

programs such as CrossFit [28], Zumba [29] and F-45 [29]. These programs emphasize the 

importance of keeping a track of food consumption.  

Currently, researchers have developed robotic technologies that can provide guidance and 

safety measures around the  kitchen, however some of these 

technologies do not help physically in actual cooking process 

itself, such as Hobbit AAL [30], Casper Robot [31], and 

Phyno - Japan Kitchen Robot [32, 33]. Hobbit AAL [30] is a 

robotic project included with Ambient Assisted Living 

technology that can create an intelligent environment to be aware of all the things happening in 

the surroundings to assist the elderly or the people with physical disabilities. This can help to 

interact with people and follow their commands by their gestures, hand motions, voice commands 

and touching the screen by motion capture and speech 

recognition techniques  as shown in Figure 1 and Figure 2 [30].  

It is equipped with a smoke detector to detect any risk of fire on 

the stove. So, it alerts people if the stove is extremely hot or 

burning food goes unnoticed while the cooking process is going on.  Casper Robot (Figure 1) helps 

elderly who suffer with memory loss, verbal deficiency skills to remember their meal time, kitchen 

location and assist them in their meal preparation by guiding them through the cooking process.  

Similarly, Phyno - Japan Kitchen Robot in Figure 3, can help people in guiding through 

the cooking process. It has cameras all around and records the data from different angles when the 

person is cooking. It records details such as ingredients used, cooking time. Later, when the other 

person starts to cook, it will guide them vocally by showing the steps that they previously have 

Figure 1 Casper Robot 

Figure 2 Hobbit AAL 
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done.  It will check after finishing every step so that they can proceed to the next step [33]. This 

self-teaching robot can save all the information and can guide the next person on how to execute 

the saved data. The accuracy of this robot is said to be 80 percent for now.  This can only guide or 

assist the new people how and what to do, but it can't actually cook the recipe. Most older people 

prefer using non-intrusive technologies to physically support them with their daily living [34]. 

Therefore, a device that can physically cook in the kitchen to make cooking faster and easier while 

maintaining quality, quantity and safety is much more preferable.   

Currently, there are also several automated kitchen applications and robots in the world to 

serve people in the preparation of meals, including Pizzamat [35], Robotic Chef-Moley 

Robotics[6], Kitchenbot, Sereniti- Cooki [4], and Spyce Kitchen [12]. Other patent works have 

also been submitted in the area of cooking such as: Automated cooking apparatus having air flow 

regulation and reduced fire hazard [36], Robotic chef: an automated food preparation system [36] 

and Chinese robotic cooking system [37]. Some of these technologies provide assistance in the 

preparation of specific food, for instance Pizzamat.  Pizzamat 

automates the process for making of pizza. It contains a touch 

screen with pressure and heat sensitive sensors that give 

access to the customer to select the desired toppings based on 

their preferences. Such technology has become successful in 

business sectors, such as restaurants or pizzerias as it is 

focused on a specific food like pizza, which is a very popular food in America and many other 

countries [38]. At the same time, when robots that are multi-tasked and able to cook varieties of 

food, they become very expensive to be owned by individuals in need; for instance, Robotic Chef-

Moley Robotics. This robot can execute more than 2000 recipes, but it is expensive to be afforded 

Figure 3: Phyno - Japan Kitchen 
Robot  
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by many people. It is expected to cost more than $50,000 [13, 39]. Therefore, there is always a 

demand for a technology that can balance functionality and cost.  

 

1.2. Mechanisms and Control Systems employed in the Cooking Automation 

 

2.2.1. Cooking Automation Mechanisms 

 

The existing technologies for the automation of cooking in kitchen can be broadly seen as 

simple mechanisms that are tailored to a specific process, such as stirring, chopping or slicing, etc., 

or robotic manipulators that mimics human arms and hands.  

For instance, Sereniti- Cooki [1] a semi-automatic cooking 

device is limited to one stirring motion to prepare a meal 

(Figure 4). This device can make pre-designed recipes 

easily and the food should be processed before feeding 

inside the machine.  Most of the cooking automations 

however, lies in the second case, i.e. integrated with robotic manipulators to semi or fully automate 

cooking processes.  For example, in Pizzamat, Lynxmotion AL5D 4 Degrees of Freedom Robotic 

Arm [40] is used to transfer the pizza . This arm has an accuracy of 0.36 degrees or 255 steps for 

about 90 degrees or 0.72 degrees or 255 steps per 180 degrees. 

Similarly, Robotic Chef-Moley Robotics uses two bionic arms 

designed by Shadow Robotics  to  mimic human movements 

[41]. The company’s online storage cloud has a wide range of 

2000 different recipes for customers which they can download 

and execute those recipes with the help of this robot [6]. This 

Figure 4 Sereniti- Cooki [1] 

Figure 5 Robotic Chef-Moley 
Robotics 
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whole robotic kitchen setup comes with a stovetop, a sink, an oven, a blender and some additional 

utensils (Error! Reference source not found.). Limitation of this device is that it can only execute c

ooking process only if all the ingredients are placed in their respective bowls as it still requires 

human intervention in the placement of ingredients. 

Another example of a robotic arm in cooking automation is Kitchenbot [42]. It is an 

assistive robot mounted vertically on the top of kitchen with an overhead track to assist people 

with upper extremity disability for regular works in the kitchen (Figure 6). It can help people in 

doing tough and heavy kitchen tasks which they cannot do 

independently [43].  The setup for this kitchen technology 

includes lot of hardware, a separate vertical rail inside the 

kitchen and can be complicated to operate when the things 

are not in reach of the arm. This robot cannot cook the 

recipes by it-self which makes it unpreferable for the 

challenged people. From this kind of robotic application, it is evident that the newly developed 

products should be less complicated with their implementation and should be easier to handle. It 

can be helpful with lifting heavy objects, or hot pots from one stove to another.  

 

2.2.2. Control Systems and Intelligence in Cooking Automations 

 

An implementation of an appropriate control system is a key step for the automation of 

robotic arms and safety. For the automation and integration of sub-systems, mostly a centralized 

processing unit is used. For instance in Pizzamat, FXon brand Micro-Plc produced by Mitsubishi 

is used [44]. This PLC can coordinate with all the inputs such as temperature sensing, time of 

Figure 6 Kitchenbot 
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process flow, and can command a required output for the process. PLC can be both programmable 

and expandable to alter the program based on different changes or various specifications for 

different set of customers based on their preferences. It has rugged, rack-based modular design 

and allows flexible configurations for inputs and outputs 

As cooking has several uncertainties that create a dynamic environment that comes from 

the different type, size, shape and quantity of ingredients, to name a few, most of the existing 

technologies/ robotic arms require human intervention for a proper execution of the cooking task. 

Such human-Robot interaction poses some challenges. Safety is always a concern when people are 

working in close proximity with robots. Additionally, communication between the robot and 

human is a big challenge because of all the different ways humans used to communicate which are 

both explicit and implicit [45, 46]. A human can give specific geometric instructions, but it 

becomes more difficult when trying state how and when to move, and what objects to avoid. This 

requires a more complex language and increases the odds of unintended consequences. Michael 

Kaiser proposed Robot Programming by demonstration [47]. He suggests that one of the best ways 

for humans to direct a robot on a certain task is to demonstrate the task first while the robot collects 

data. This requires a learning process in the robot that allows it to use the data to copy the same 

task done by the human. In this approach the robot doesn’t need to be aware of what the teacher is 

perceiving and the amount of communication between the robot and the human is reduced. The 

robot is learning solely through imitation. Demonstration-based communication is also adopted by 

Robotic Chef-Moley Robotics [41], in which recipes are created by a master chef, and the robot 

gathers all the data required such as ingredients used, cutting motion, stirring details by the help 

of vision sensors by motion capture system. Currently, this is considered as the most advanced 

human mimicking robot that can perfectly execute the stored commands. 
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Researchers are underway to utilize artificial intelligence (AI) in the cooking industry, 

currently US Military is creating a robot that can learn to cook by watching videos from YouTube 

[33]. This can help the people serving in the military to taste new recipes without human 

involvement in cooking. Currently, it’s a broad range development and the work is still going on. 

This robot works with the primary intelligence of detecting the ingredients, kitchen utensils and 

the process involved in cooking. But, it can be challenging for a robot to recognize things from the 

video. Researchers say this robot works with two algorithms, one to detect the things from the 

database of cooking videos from YouTube and another to execute the same process which it has 

seen from the video. The goal of this robot is to learn cooking through self-teaching cooking and 

to execute it with a high accuracy.  

 

2.2.3. Challenges and Limitations of Existing Cooking Automation Devices 

 

The existing cooking automation products have their own challenges and limitations in the 

process of making kitchens completely automated. Devices like Robotic chef-Moley robotics, 

Pizzamat, Spyce kitchen utilize complicated mechanisms and robotic arms for the cooking process 

and are expensive [39, 48]. Robotic chef-Moley robotics is said to be fully automated, but, still the 

ingredients should still be placed in the designated containers which contradicts a fully automated 

capability [49]. Most of the devices discussed above require a complete preprocess stage 

completed by a peraon, such as cutting and cleaning all the ingredients before introducing them 

into the device. Robots like Hobbit [12] and Casper [33]  have screens for users to interface and 

follow the commands. Unfortunately, elderly who has problems with vision [50] cannot make a 

best use out of it. Similarly cooking devices such as Robotic chef, Hobbit and Cooki demands 

technical or computer expertise to operate which challenges the elderly. These devices need more 
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simplification or user-friendly interfacing mechanism so that they best assist the elderly. Products 

like Spyce kitchen, Pizzamat and Flippi are semi-automatic and are mainly designed for 

commercial purpose and not for domestic assistance. Pizzamat is controlled by a PLC for 

automated mechanisms as discussed above. But, it cannot address cooking in general as it can only 

make pizzas. Currently, there are several automated cooking devices with different designs are 

available in the market such as Thermomix [51], [52], and [53].  But, there is still a huge void in 

the area of assisting older people efficiently in the kitchen. 

This thesis is determined to create an automated kitchen assisting device that can store, 

slice, chop and stir without any expensive and complex robotic arms. The device is cost effective 

and consists of variety of sensors and actuators for data acquisition and supervisory control. An 

Arduino Microcontroller-based centralized control system is used to automate the mechanisms for 

its cheap price and there is also a vast library of data for trouble-shooting. Similar to Phyno - Japan 

Kitchen Robot, the proposed device can save all the cooking process information and can guide 

the next persons how to execute the saved data, this is done based on the sensor readings and 

machine learning algorithms without having any vision system which may add-up to the cost. 
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CHAPTER 3 

3.   COOKING AUTOMATION MECHANISM DESIGN AND ANALYSIS 

 

3.1 Introduction 

 

In this research, unlike most of the existing devices that uses robotic arms for the cooking 

automation, here, novel mechanisms that can perform major cooking procedures, such as, food 

handling, slicing, chopping, quantifying the desired amount of an ingredient, and stirring are 

designed and integrated. The integration has been made through a unique, compact and portable 

configuration that can allow desired flow from one task to the other with no human intervention. 

The mechanisms have been designed, analyzed, and optimized in the CATIA software to meet 

certain performance parameters, such as access for cleaning, maintenances, route for electric 

cables and actuators, safety, and overall size. The designed cooking device is portable to be used 

as a standalone device or can be integrated to the top of a regular stove. According to US standards, 

electric stove units have dimensional limits; the standard width of the stove should be 30 inches 

and the height of the countertop should be 36 inches, etc. [4]; these and other dimensions have 

been taken into consideration during the optimization procedure. As the design is portable, 

consumers can carry it with ease or it can be installed permanently in the kitchen. The ability of 

this device to be self-cleaning adds major benefits for elderly who suffers with musculoskeletal 

issues. This design features pressurized water jet to clean the utensils after every consecutive use. 

Cooking pan is designed to self-heat and even to rotate itself. Edges of the design are round and 

smooth which keeps food from sticking to corners. 
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The cost of the product has also been considered as a key factor in this development, which 

can make a significant impact on the target consumer market. Optimal automation with an 

affordable price is the primary goal involved in the design of this product. The mechanisms are 

designed to avoid expensive robotic arms and to run through simple actuators and controlled 

through a cost-effective centralized Arduino Microcontroller. The level of automation of the 

device is targeted to have no or minimal human intervention so that people with disabilities and 

the elderly can benefit from the product. The objective is to develop an affordable technology that 

requires little or no human attention or supervision in the cooking process.  

To design this product, Sprint methodology [54] used by google to develop their products 

such as google home [55] is considered as it is simple and prominent toolkit to structure the design 

process. This framework is developed by understanding different design thinking, business 

strategies and user research methods. It has 5 major steps involved as shown in the Figure 7. 

 

Figure 7 Sprint methodology for product design 
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This device is designed by researching the products available in the existing market and 

understanding the gap in the research area to automate the cooking process optimally. Several 

published works have been studied thoroughly to identify the target customers. Existing products 

has been analyzed and compared with different factors such as cost of the device, automation 

capacity, product feasibility etcetera. Several iterations have been performed to generate the design 

to address the research gap. A few existing solutions were included in the design process by taking 

their advantages and disadvantages into consideration. This design is developed to a workable 

prototype by using rough, fast and flexible tools to test the design in the practical environment for 

understanding its concerns. This design is validated for the failure modes and they are minimized 

by including few changes in the existing design. All the steps discussed above are followed 

throughout the design process for this device. 

 

3.2 Mechanism Design for the Automation of Cooking Process  

 

The mechanism design procedure is started by identifying the major pre-cooking processes 

that are required for the preparation of a complete meal and their requirements, such as slicing, 

chopping, quantifying, stirring, and handling as shown in Figure 8. Then, novel mechanisms are 

designed to meet the requirements of each processes while maintaining the process flow and 

integration of the entire system for automation. Such integration and automation will reduce the 

hassle for the elderly and people with disability from standing, concentrating and being attentive 

throughout the cooking process.  
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Figure 8 Hierarchy of Design components 
 

3.2.1. Unprocessed Food Container  

 

Accommodating ingredients in the device itself can facilitate handling and pre-cooking 

processes, such as slicing and chopping ingredients. Several design options had been considered 

during the design iterations to hold unprocessed foods, such as vegetables and meat that will be 

used in the cooking process (Table 2). For ease control of ingredient amounts, a rectangular 

container has been considered, however the design was not convenient for the integration of other 

cooking processes and to maintain weight balance in the system. Then, a circular container has 

been considered and designed from Stainless steel; this design is convenient for the integration of 

sub systems and also eliminates sharp corners so that the vegetables will not stick in between the 

edges. Similar works are attempted by other cooking devices  [36, 56]. 

 

 



20 
 

Table 2 Design Iterations for Container 
 

 
Rectangular container  

 
First circular container 

design 

 
Optimized circular container 

 

 The designed circular container has 6 compartments to hold different ingredients. The 

design is modified and optimized to accommodate food handling, safety, and access for 

automation. As food safety is a primary concern in many of the existing designs, ingredients in 

this design are stored in a reusable cup that can exactly sit in the compartment. This makes the 

storage process easy to refrigerate the ingredients before use and makes the cleaning process 

simple. This cup is also equipped with a removable lid in the bottom, when the lid is removed, the 

vegetables can be easily pushed through the blade mesh. The final design of the container with the 

required features is shown in Figure 9 and the overall dimensions are also shown in Figure 10. The 

dimensions are represented in millimeters (mm). 

 

Figure 9 Circular vegetable container 
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Figure 10 CAD drawing of the circular container 
 

The container has enough space to hold the desired amount of food for a small family. The 

volume and material information used in the simulation are shown in Table 3. Stainless steel is 

considered for the material. Having a circular ingredient dispenser integrated into the product itself 

eliminates the need of a person or a robotic arm to handle food during the cooking process which 

devices like Thermomix [51], Onecook [14,TNL, 2016 #55] and Tovala [9,Tovala, 2018 #104] 

failed to address.  

Table 3 Cad Model Parametric Values for The Circular Container 
 

 

 

 

 

 

Parameter Value 

Density 7860 kg.m3 

Volume 45.898 in3 

Mass 5.912 kg 

Surface 0.45 m2 
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 Even though there is no major load applied to this container, there will be a torsional load 

that may cause gear tooth failures when the container is fully loaded. To analyze the design during 

the process, the weight of the ingredients placed inside should also be considered, as it will increase 

the weight of the whole structure. From the CAD model for each container pocket, the volume of 

shelf space is 31.325 cubic inches. There are 6 shelves of the same volume. Therefore, the total 

volume in which we can place the ingredients to the optimum is: 31.325 x 6 = 187.92 cubic inches. 

To specify the weight of ingredients, data from different sources has been collected to find out the 

average weight of vegetables for a cubic inch. Considering the vegetables, they take 0.079in3 of 

volume per gram[57] on average. This value is considered including the vegetable types people 

eat the most in everyday life such as mixed, frozen, cooked, boiled and drained etcetera. For 

example, potato, cabbage, tomato and beans take 0.059, 0.085, 0.059 and 0.06 cubic inches/ gram 

respectively[58, 59]. By considering the average volume that a vegetable takes per gram as 

0.079in3, we can accommodate 31.325 / 0.079 = 396.51grams in each shelf  to reach its full 

capacity (which is not generally an ideal case since we cannot use the total volume). This 

information gives the weight of the ingredient container when it is fully loaded with vegetables as 

396.51x 6 = 2379.11grams. Considering meat, the values vary slightly. For example, chicken, 

pork, lamb and steak takes 0.031, 0.057, 0.041 and 0.053 cubic inches/gram respectively[58]. By 

considering the average volume that meat takes per gram i.e. 0.042in3/gram, we can accommodate 

745.88 grams in each shelf on its full capacity (which is not generally ideal, since we cannot use 

the total volume). This information gives the weight of the ingredient container when it is fully 

loaded with meat as: 745.88 x 6 = 4475grams. For the stress analysis of the system, the worst-case 

scenario has been considered by assuming that each compartment contains meat which is heavier 

than vegetables in the same volume 
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3.2.2 Slicing Automation 

 

This container is designed with a central grid blade mesh with an exterior frame at the 

bottom to hold the vegetables. The center has a tubular, cylindrical shape that will allow the 

supporting shaft to pass through it. This mesh helps to give the vegetable a vertical cut when they 

pass through it as it is a part of a circular vegetable container with the  above-mentioned diametric 

reinforcements. Thus, the central grid blade mesh is made as a part of circular container frame 

without possibility of detaching, while the total structure of the frame allows absorbing the stress 

resulting from the use of this blade mesh[60]. This is very important because it is composed by a 

multiplicity of cutting blades arranged in a framework of quadrangular opening or in parallel with 

longitudinal passage openings. A linear actuator is used to push the ingredients through the blade 

mesh to give a vertical cut. 

 

Figure 11 CAD model of Central grid blade mesh 
 

3.2.3 Chopping Automation 

 

To address chopping process, a rotatable chopping unit is attached to the bottom of the 

container to cut a previously sliced vegetable by means of a rotating cutting disc. It has two sharp 

blades that rotate continuously with the help of a DC motor to give a horizontal cut to the 
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vegetables coming through the cutting grid. This structure is attached to a gear and driven by a 

gear from another gear attached to a DC motor. This DC motor speed is controlled through PID 

implemented in the Arduino microprocessor. Varying the speed will help control the chopping 

size. For example, meat can be ground at a higher speed or chucked at a slower speed. The 

chopping mechanism is also provided with a support around its edge to have a good grip while the 

chopping process is going on. 

 

Figure 12 CAD design of Chopping blade structure 
 

 

3.2.4 Quantification of Ingredient amount 

 

  The taste and quality of food is significantly dependent on the amount of ingredients being 

used. To keep track of weight of the ingredients dispensed from the container, this design is 

included with a weighing pan. This can help 

people to be attentive to the food consumption 

that would result in excellent health benefits[61]. 

This weighing pan integrated with a load cell, Figure 13 Weighing pan mechanism 
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measures the weight of ingredients. This design is made to fit the total quantity of ingredients 

present in a single container shelf. This is connected to a servomotor that can flip the pan to dump 

the ingredients inside it into the weighing pan after every consecutive use based on a pre-defined 

amount of ingredient for a meal.  

 

3.2.5 Stirring Automation 

 

  Stirring is an important factor in the cooking process. The flavor and evenness of food 

taste is greatly dependent on the way food is mixed while 

cooking. Stirring also helps all the ingredients to be 

exposed to the right amount of heat to be cooked. Two 

stirring mechanisms have been considered, one integrating 

a constrained spherical joint underneath of the  non-stick 

pan, that can allow food to flow depending on the given 

inclination and direction, similar to [62]; this option will 

require a specific setup in the oven and customized pan 

design, which may add up to the cost. The second option  

is based on a mechanism with satellite bevel gear is considered shown is adopted to fit on the lid 

of the pan as shown in Figure 14. This will eliminate the presence of complicated robotic arms, 

which can add more space and cost to the design. The whole stirring mechanism can move up and 

down through a passive and an active linear guide. A linear actuator will be used to drive the 

mechanism along the active sliding joint and to accordingly guide the system within the 

constrained and desired motion. 

 

Figure 14 CAD design for stirring 
mechanism 
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3.3 Integration of Sub-systems 

 

The mechanisms designed to automate individual pre-cooking processes  are integrated to 

perform the cooking process systematically. A basic integration flow chart based on the processes 

is shown in mechanism is shown in Figure 15 below: 

 

Figure 15 Flow Chart for the Mechanism 

3.3.1 Container placement Mechanism 

 

 A spur gear connected to a stepper motor drives the gear attached to the container shelf.  

This stepper motor is connected to an Arduino through ULN2003A stepper driver board to receive 

digital output signal that drives the container shelf to the required position. Using a stepper motor 

helps to track the exact position very precisely. This helps the container shelf to be exactly in the 

right place for the next operation. Stress analysis is performed on the spur gear mesh used to rotate 

the container with its full capacity and the results were discussed in the section 3.2.1. Having direct 

Start
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Slicing

Chopping

Weighing 
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Dropping to pan
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gear-to-gear contact from the stepper motor to 

the container itself can help to have a very 

precise movement in its rotation.  

Stepper motors can move a fraction of a step 

(with less power). The equation 3.1 is used to 

calculate the number of steps per inch for the 

stepper motor [63]. 

 

 𝐿𝑒𝑎𝑑𝑠𝑐𝑟𝑒𝑤 (
𝑟𝑒𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛

𝑖𝑛𝑐ℎ
) ∗

1

𝑀𝑖𝑐𝑟𝑜𝑠𝑡𝑒𝑝
∗ 𝑀𝑜𝑡𝑜𝑟 (

𝑠𝑡𝑒𝑝

𝑟𝑒𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛
) =

𝑆𝑡𝑒𝑝

𝑖𝑛𝑐ℎ
 (3.1) 

 

3.3.2 Slicing the ingredients 

 

This step is followed soon after the 

container comes into the exact position and 

the task is achieved by a linear actuator 

which is used to push the ingredients through 

the blade mesh for having a vertical cut. A 

pusher block which fits the exact dimensions 

of the cup is attached to the bottom of linear 

actuator to cover the whole surface area of 

the cup. Linear actuator is provided with the 

potentiometer to track the length of advancement. This serves as an input sensor that can 

communicate with the DC motor used for chopping through Arduino. It helps to dispense the right 

Figure 17 CAD model for Slicing mechanism 

Figure 16 Container placement mechanism 
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quantity of ingredients as it is directly proportional to the length of linear actuator extruded.  If this 

process is handled by humans, it consume a lot of time and there is also a risk of contamination[64]. 

Complete analysis for this step is discussed below. This automated process of cutting ingredients 

eliminate manual labor for cutting vegetables in higher quantities as they develop musculoskeletal 

disorders which can often result in bad posture [65].  

3.3.3 Analysis of the slicing mechanism 

 

Speed of cut and edge sharpness are major factors for required cutting force and energy 

needed for slicing or cutting operations and influence the shape of final cut of the vegetable. 

Results from an experimental data conducted on 9 vegetables [66] with varying textures at cutting 

speeds of 20, 30, 40 mm min-1 and single-cut knife-edge angles of 15, 20 and 25° using a Universal 

Testing Machine[67]. Significance of the effects of all the independent variables on cutting force 

and specific energy were evaluated using analysis of variance[68]. To find out the effect of 

independent variables (X1 and X2) on the dependent variable (responses, Y), the following 

quadratic regression equation was fit in equation (2) 

 

Y= b0 + b1X1 + b2 X2 + b3 X3 + b4 X4 +… 

+ b12X1 X2 + b13 X1 X3 + b14 X1X4 +…. 

+ b23X2 X3 + b11 X1
2 + b22 X2

2 +…. 

                       + b33 X3
2 + b44 X4

2 (2) 

 

  A regression equation (2) has been used for relating the different variables for knife speed 

and cutting force with the help of the same software. A and B are knife speed and knife-edge 
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angle, respectively, and Y is the response (peak cutting force or specific energy) expressed in 

equation (3) 

 Y = b0 + b1 A + b2 B + b12 AB + b11 A2
 + b22 B2 (3) 

 

Where b-terms (b0, b2, b12, b11 and b22) are coefficients of the regression equation(3) [68] 

 

Table 4 Cutting Forces for Stalk Samples 
 

Specimen of  Samples  Mass in pan 
(gm)  

 (N)   (N)  Tc 
(Nm)  

 (N)  

  
  

Mango  

  650  6.376  8.244  1.577  49.747  

  690  6.768  8.636  1.653  52.145  

  
  

Guava  
  

  490  4.806  6.674  1.277  40.284  

  460  4.512  6.380  1.221  38.517  

  
  

Custard apple  

  460  4.512  6.380  1.221  38.517  

  340  3.335  5.203  0.995  31.388  

  
  

Drum sticks  

  470  4.610  6.478  1.239  39.085  

2 440  4.316  6.184  1.183  37.318  

  

Considering the above information  [69], the selected linear actuator is good enough to provide the 

required amount of force. The maximum force that can be exerted by the selected linear actuator 

is 75 N, which is more than the amount of force required to cut most of the vegetables shown in 

Table 4. 
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3.3.4 Analysis of the design 

 

In the cooking device gears are utilized for motion and power transmission purpose, and 

they are considered as the critical component for the integrity of the system and to limit the motor 

output and deliver the required amount of  torque and motion. Therefore, analysis of stresses on 

gears is important to reduce the failures in the system. Gears have different modes of failure, and 

the contact stress is one of the important parameter to analyze in gear design [70]. Finite Element 

method is most widely used to validate stress analysis at gear contact [71]. In this research, FEM 

analysis is performed using ANSYS workbench to determine the maximum stresses and 

deformations caused in the body when subjected to different loads in real time conditions. A 

tetrahedron solid element is used to generate the fine mesh for better accuracy of the result and the 

convergence of the mesh [72]. Number of elements in the total structure is 75437 with 191232 

nodes. The boundary conditions that are considered for this analysis includes choosing a 

frictionless contact between the gear and the rotating shaft to apply the moment. Driven Gear is 

attached to the circular container to place it to the desired position. The whole container is 

considered for the analysis as it gives a better understanding of stresses and can allow to consider 

the total weight attached to the driven gear. Point of contact is given for the gear tooth where the 

contact actually happens in the process. Steel material is considered for the structure. As both the 

gears are in contact with each other, driving gear is subjected to a moment of 10 N-m which is 

much more than the required moment to drive the container in a practical scenario.  
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From the results, we can notice that the max stress obtained when 10 N-m moment is 

applied is 1.9934e+8 Pa (Figure 19) and the yield strength for structural steel is 250 MPa. From 

these values, Factor of safety for the structure is calculated as 1.253. The moment of 10 N-m is 

much more than the ideal case scenario where less than 2 N-m of moment is sufficient to drive the 

total structure for practical conditions. So, the value of Factor of safety is more in practical case.  

Deformation is obtained at the edges when the moment is applied. Figure 18 shows the maximum 

frictional stress caused in the structure is at the gear contact with the value of 2.734 10-7 pa. 

Maximum Deformation on structure is 1.8561e-5 m on the gear is very minimal and negligible. 

Figure 18 Frictional stress Figure 19 Von misses stress 

Figure 20 Deformation of structure 
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The deformation is mostly caused on the outer edges of the structure as shown in Figure 20. This 

is mostly due to the centrifugal force developed on the structure. But in ideal case, the structure 

just rotates till it reaches to the next compartment in the process. So, a significant centrifugal force 

will not be developed in the structure. 

 

3.3.4 Slicing the ingredients 

 

The ingredients that comes out through the blade mesh needs to be given a horizontal cut 

to achieve the required size. This chopping 

unit is driven by a DC motor with a gear to 

gear contact. The DC motor speed is 

controlled by a PID control technique for 

maintaining a constant speed of the cut. 

Integrating this mechanism will prevent 

users from having cuts when they chop 

ingredients manually. The motor specifications are given below [73]. 

 
Table 5 Specifications of Gear Motor Used 

 

Voltage (Nominal) 12V 

Voltage Range (Recommended) 6V - 18V 

Speed (No Load) * 170 rpm 

Current (No Load) * 0.10A 

Current (Stall)* 3.8A 

Figure 21 Cad model of Chopping 
mechanism 
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Table 5 (continued) 

Torque (Stall)* 306.09 oz-in (22.04 kgf-cm) 

Gear Ratio 57:1 

Gear Material Steel 

Gearbox Style Straight Cut Spur 

Output Shaft Diameter 4mm (0.1575”) 

Output Shaft Style D-shaft 

Output Shaft Support Bushing 

Electrical Connection Male Spade Terminal 

Operating Temperature -10°C ~ +60°C 

Mounting Screw Size 3mm 

Product Weight 0.20lb (3.25oz) 

 

 

3.3.5 Weighing pan Mechanism 

 

A weighing pan which is operated by a 5kg load cell is attached to the design to measure 

the weight of ingredients dispensed from the container. This weighing pan can be rotated from 0-

180 degrees by a servo to introduce 

ingredients into the cooking pan for 

every consecutive use. The load cell, 

which is designed with a metal 

structure, works as a force sensing 

module. It uses strain gauge to convert 

the load acting on them into electrical signal which is very small and needs an amplifier to measure 

Figure 22 Weighing pan Mechanism 
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the output. HX711 Load cell amplifier is used in this case as it has 1046 PhidgetBrige for 

amplifying the signal. The mechanical and electrical specifications [74] of load cell are mentioned 

below in the Table 6.  

Table 6 Load Cell Specifications 
 

Product Specifications  

Mechanical  

Housing Material   Aluminum Alloy 

Load Cell Type Strain Gauge 

Capacity 5kg 

Dimensions 55.25x12.7x12.7mm 

Cable Size 30 AWG (0.2mm) 

Cable - no. of leads 4 

Electrical  

Precision 0.05% 

Rated Output 1.0±0.15 mv/V 

Input Impedance 1130±10 Ohm 

Output Impedance 1000±10 Ohm 

Insulation Resistance (Under 50VDC) ≥5000 MOhm 

Excitation Voltage 5 VDC  

Safe Overload 120% Capacity 

Ultimate Overload 150% Capacity 
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This load cell is initially calibrated to zero considering the weighing pan weight by the 

following formula: 

 𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑓𝑜𝑟𝑐𝑒 = 𝐴 ∗ 𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑
𝑚𝑉

𝑉
+ 𝐵(𝑜𝑓𝑓𝑠𝑒𝑡) (4) 

A weighing pan is attached to the load cell that is designed by considering the maximum 

possible volume of a container shelf to collecet chopped ingredients dispensed from the container 

shelf which is 31.325in3. Another end of the load cell is attached to a servo, which is fixed in a 

housing. This servo can flip the weighing pan to dispose the ingredients into the cooking pan by 

an analog output signal from Arduino. 

 

3.3.6 Spice dispensing mechanism 

This mechanism consists of a spice holder that is attached to 

a spice dispenser. Spice dispenser can dispense 0.25 tbsp of spice for 

every disposal in its full capacity. A 180 degree servo motor is used 

to drive this mechanism. Since it can dispense in such small 

proportions, it can add the best flavor for the meal which is being 

prepared  maintaining consistency all the time. The details of the 

mechanism are shown in the Figure 23. 

 

3.3.7 Cleaning Mechanism 

The cleaning mechanism consists of a linear actuator which drives the base plate with hoses 

for pressurized hot water and soap water. This mechanism uses CIP(Clean In Place) technology 

for cleaning [75]. CIP is the process of cleaning the equipment without dismantling or manual 

cleaning and can help maintain health and hygiene conditions while reducing the cleaning time of 

Figure 23 Spice Dispenser 
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the equipment [76]. After the ingredients in a compartment are processed through the cutting 

mechanism, the compartment is rotated 180 degrees to go through the process of cleaning.  

Pressurized hot water is sent first 

to clean the compartment and 

then followed by soap water and 

hot water at the end to remove 

the ingredients residue 

completely. Linear actuator 

moves to clean the total 

compartment from the top to the 

bottom. The dirty water is taken 

out by the means of water drainer and can be guided into the sewer.  

3.3.8 Oil Dispensing Mechanism: 

Oil is a key ingredient in preparing a recipe for several cuisines. This mechanism uses a 

linear actuator to dispense oil loaded in the syringe. The 

potentiometer present in the linear actuator can help to 

measure the amount of oil quantity dispensed into the cooking 

pan form syringe. The radius and height of the syringe are 0.5 

inch and 5 inches respectively. It can accommodate 250ml  of 

oil in its full capacity. The usage of oil varies greatly for 

different food types. The recommended average consumption 

of cooking oil per person is from 20ml-30ml per day. So, the Figure 25 Oil dispensing 
mechanism 

Figure 24 Cleaning mechanism 
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oil stored in this device is sufficient for cooking several meals. Similar mechanism has been used 

in the work [77].                                                                                    

The integration of the above sub-processes and mechanisms are shown in Figure 26. Note 

that the stirring mechanism, oil dispenser and spice dispenser are not shown  in the Figure 26. 

Several mechanisms with different actuators work together to accomplish this deterministic goal 

of the automation of cooking.  

 

  

Figure 26 Cooking system with few electrical components 
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3.4 Comparison of existing products with the prosed device 

  

 As the devices discussed in sections 2.3 & 2.4 have different functions, specifications, 

automation capabilities etc. Comparing the proposed design with the existing devices gives a better  

understanding of the device. There are several measures and factors to be considered for 

developing a product [78]. Few important factors that are considered to compare the proposed 

device with the existing devices are discussed in the Table 7. These design factors are rated from 

1-5 where 5 is the best. 

Table 7 Significance of the design factors considered 
 

Design Factor Significance Weighted 

Percentage 

Size & 

Assembly 

Size of a product is vital while targeting users from different demographics. 

For example, in metropolitan cities the living space is limited. So, bigger size 

products are hard to install in smaller kitchen areas as discussed in 2.3. 

10% 

Adaptive Different people have different taste preferences based on their 

background,  culture, region etc. It is very important for a cooking product 

to satisfy diverse taste preferences by adapting to different recipes. 

13% 

Cost As discussed in sections 2.3 & 2.4, cost is a key factor to consider for 

marketing a product. For example, many older people live with their 

retirement income. Affording expensive products can be hard for them. 

16% 

Safety Safety is very important while designing an automated system as the human 

intervention is minimal. For example, fire accidents can happen if the device 

is not equipped with proper hardware. Cleaning aids are also important to 

maintain hygiene conditions. 

22% 

Automation As mentioned in sections 2.3 & 2.4, levels of automation can differ from 

product to product. Automation capabilities affects the effort of customer 

in kitchen. Providing more automation capabilities is more desirable. 

18% 

Maintenance It is important to consider the effort and cost to maintain an automated 

device. For example, as robotic arms and PLC’s used in several systems, 

replacing them can be very expensive. 

6% 

User 

Interference 

It is very essential to communicate with user in an efficient way. Keeping 

interface system simple and straight will help older people to operate the 

system better as it can be hard for them to understand the modern 

technology. 

15% 
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A decision matrix is developed to compare few different products that are currently 

available in the market based on customer needs. Selection criteria contains of key factors for the 

development of a cooking device that are also used in similar work [79]. This matrix shown in 

Table 8 helps to understand the capabilities of different devices discussed in this report. This 

proposed cooking device stands as the most desirable product for the users with the highest 

weighted score.  

Table 8 Decision matrix for different cooking devices 
 

  Robotic 
Chef 

 Spyce 
Kitchen 

 Cooki  Proposed 
Device 

 

Selection 
Criteria 

Weights Rating Weighted 
Score 

Rating Weighted 
Score 

Rating Weighted 
Score 

Rating Weighted 
Score 

Size & 
Assembly 

10% 2 2 1 1 5 5 5 5 

Adaptive 13% 4 5.2 4 5.2 3 3.9 4 4 
Cost 16% 2 4.4 2 4.4 4 8.8 4.5 9.9 
Safety 22% 5 8 4 6.4 3 4.8 3 4.8 
Automation 18% 4.5 8.1 4 7.2 1 1.8 3.5 6.3 
Maintenance 6% 2 1.2 2 1.2 3 1.8 4 2.4 
User Interface 15% 3 4.5 3 4.5 2 3 3 4.5 
Total Score   33.4  29.9  29.1  36.9 
Rank   2  3  4  1 

 

 The novel mechanisms that are discussed in the chapter works combinedly to fulfill the 

given cooking task. These individual mechanisms should communicate in a controlled 

environment to execute automated cooking process. 
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CHAPTER 4 

4. AUTOMATION AND CONTROL 

 

4.1 Control System Implementation 

 Automation use various control systems for operating different equipment or mechanisms. 

This chapter presents the design and implementation of a control system integrated with machine 

learning algorithms for tuning the input parameters. Matlab/Simulink package has been used to 

design and perform performance analysis of the controller. Arduino mega 2560 microprocessor is 

used for the real-time implementation of the control system. As most of the actuators used in the 

cooking automation device are DC motors, the control system design and implementation 

procedure will be emphasized into these motors.  

 

Usually, the DC motor’s speed and directions can be controlled by varying the input 

voltage using pulse width modulation (PWM) [80] and reversing the polarity of the motor 

respectively. DC motor speed is proportional to the supplied voltage, the voltage need to be 

maintained in a certain range in order to get enough power to turn and carry a load, however the 

motor can also run at varying speeds within a certain range of voltage. The most effective way to 

adjust the speed is by using pulse width modulation, i.e. pulse the motor on and off at varying 

rates, to stimulate a voltage. The simulated/ effective voltage can be controlled by the pulses 

duration (𝑡0) that repeat every (𝑡𝑐) units of time, the pulses/ the output of the PWM is either 𝑉𝑠 or 

zero volts. When such signals are supplied to a motor, the motor experience an equivalent DC 

input with an effective voltage (𝑉𝑒𝑓𝑓) as shown in Figure 21, and this effective voltage is calculated 

as equation (5). And control by adjusting the duty cycle of the pulses (𝑡0

𝑡𝑐
). 
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 𝑉𝑒𝑓𝑓 = 𝑉𝑠

𝑡0

𝑡𝑐
 

(5) 

                    

  

 

 
Figure 27 PWM and Simulated Voltages 

 

For the direction control, a switching arrangement called H-bridge controlled through 

microcontroller is generally utilized [81]. 

In the cooking process, the desired (set) speed of the motors are dependent on several 

factors, such as the type of food, desired size (e.g. finely chopped), and the coordination and timing 

of the other processes.  Once the desired speed is set, maintaining this seed throughout the  

 

process is also challenging due to the associated external disturbances involved. Such challenges 

with the latest technological advancements and newer applications have opened a new window of 

Figure 28 PID control for a DC motor 
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research efforts for control types. Satisfactory results on design, modeling and dynamics of various 

robotic system demands a significant study on the control strategies. Many machines/robotic 

systems have various issues to be addressed depending on the type. Also, as the number of degrees 

of freedom increase more and more challenges arise thus posing more research interests. Over the 

decade various types of control types have been researched, such as feed forward control [82], 

adaptive control [83], robust control [84, 85], optimal control [86], singular perturbation control 

[87], PID control [88], observer based inverse dynamics control [89], and nonlinear control [83]. 

Each of these control types has their own pros and cons, for instance robust control types are used  

when there are disturbances and/or uncertainties in the system, which play a significant role in the 

stability and control analysis. Uncertainties are incorporated because mathematical models are 

used to approximate the true models. To design a robust control system knowledge of the 

uncertainties and disturbances is must and difficult to implement for wide ranges of unexpected 

uncertainties[90]. 

PID control types are widely used controllers in many applications. They are easy to 

implement, reliable and are broadly applicable. A simple PID controller is used in [91] to compute 

the torque required to apply at the joints for compensating the dynamic imperfections and 

disturbance rejection of the given physical mode. Tuning the parameters can be difficult for a 

complicated model and PID controllers are not ideal for complicated non-linear systems. 

In this research, a low cost PID controller is implemented to control the DC motor speed 

via an Arduino Mega 2650 board.  The system output is continuously measured through embedded 

sensors and the result is compared to the desired operating conditions to obtain the corresponding 

error and maintain the stability by compensating the error due to disturbances or system dynamics 

changes. This error is managed through each gain parameters in the PID controller, i.e. through 
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the proportional term, the present error will be compensated, and through the integral term an error 

recovered from the past will be compensated. Similarly, an anticipated future error is also being 

considered through the derivative term.  The gain parameters can be tuned through different 

methods, such as Manual tuning, Ziegler-Nichols open loop and closed loop method [92], Chien-

hrones-Reswick PID tuning [90], Cohen-coon tuning method [93], and the Wang-Juang-Chan 

tuning method [82]. There are also several cooking devices that use a PID control system for 

automation [94-96]. In this research, Forward Euler’s method has been employed for the tuning of 

the gain parameters. 

 

The PID control system is applied to the cutting mechanism in this design to acquire a 

consistent speed when the blades are subjected to different loads. Maintaining the chopping 

mechanism with a constant speed is very 

important to get uniform cut from the ingredients. 

Variety of ingredients are used in cooking a 

particular recipe subjecting the chopping 

mechanism to different loads. This causes 

slowing in speed of chopping blade resulting 

inconsistency in the desired size of the 

ingredients. The cutting mechanism discussed in this thesis includes a linear actuator integrated 

with a DC motor to perform vertical and horizontal cuts on ingredients respectively as shown in 

the Figure 29. This model uses Arduino mega 2560 to get commands for executing the cutting 

process. 

 

Figure 29 Chopping Mechanism 
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4.1.1 DC Motor  Modeling  

 

In this thesis a DC motor with PID control is used for the chopping process. The motor 

specifications  [2] are shown in Table 9. 

 

TABLE 9 DC Motor Specifications 
 

Voltage (Nominal) 12V 

Voltage Range (Recommended) 6V - 18V 

Speed (No Load) * 170 rpm 

Current (No Load) * 0.10A 

Current (Stall)* 3.8A 

Torque (Stall)* 306.09 oz-in (22.04 kgf-cm) 

Gear Ratio 57:1 

Gear Material Steel 

Gearbox Style Straight Cut Spur 

Output Shaft Diameter 4mm (0.1575”) 

Output Shaft Style D-shaft 

Output Shaft Support Bushing 

Electrical Connection Male Spade Terminal 

Operating Temperature -10°C ~ +60°C 

Mounting Screw Size 3mm 

Product Weight 0.20lb (3.25oz) 
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Each stages of the cooking process automation requires wide range of speed variations to maintain 

the desired size of ingredients. The actuator requires a control system to keep the desired speeds 

accordingly. To develop the control model, the mechanical and electrical components of the DC 

motor need to be represented mathematically based on its parameters. Here, the DC motor [96] is 

schematically  represented as shown in the Figure 30. Accordingly, the simplified electrical and 

mechanical models are represented below.  

  

Figure 30 Schematic representation of a DC motor 
 

Combining the mechanical and electrical components of the motor, the block diagram of 

the DC model  [97] is represented as shown in Figure 31.  

 

Figure 31  DC motor Block Diagram 
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The parameters and values required for calculating the dynamic model and simulating the 

DC motor are listed in the Table 10. 

 
 

 
Table 10 Control Function Parameters 

 

 

 

 

 

 

 

 

 

 

Based on the dynamic model of the DC motor is developed and the transfer function between the 

position angle and the input voltage is obtained as shown in equation 6. 

 
𝜃(𝑠)

𝑉𝑎(𝑠)
=

𝑘𝑇

𝑆(𝑅𝑎𝐵𝑚 + 𝐾𝑒𝑘𝑇) + (𝑅𝑎𝐽𝑚 + 𝐵𝑚𝐿𝑎)𝑆2 + 𝐿𝑎𝐽𝑚𝑆3
 

(6) 

By substituting the values from the Table 8 into  equation (6), the transfer function is calculated 

as shown in equation 7. 

 𝐺𝑃𝑜𝑠𝑖𝑡𝑖𝑜𝑛(𝑆) =
𝜃(𝑠)

𝑉𝑎(𝑠)
=

235

𝑆(9.09) + (12.77)𝑆2 + (0.0015)𝑆3
 

(7) 

 

Parameter Nomenclature Value 

Torque constant KT 0.0235 N-m/A 

Voltage constant Ke 0.0299 V-s/rad 

Friction torque Tf 0.0296 N-m 

Armature Resistance Ra 2.06 ohms 

Armature Inductance La 0.238 x 10-3 Henry 

Armature Inertia Jm 6.2 x 10-4 N-m-s2/rad 

Armature viscous friction Bm 1 x 10-4   N-m-s/rad 
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4.4 Design of the closed loop PID control System 

 

Based on the DC motor model, a PID controller is developed to control the speed of the 

motor. The design involves several stages such as: choosing an appropriate algorithm (P, PI or 

PID), tweaking the gains of the controller, simulating the controller in the DC motor model and 

implementing the  tuned gains. For validation of the developed PID controller, Matlab Simulink 

package has been utilized with different inputs and disturbance model. The parameters of  the DC 

motor used in the simulation  [98] of the PID controller are shown in the Table 11.  

 

Table 11 DC Motor Parameters 
 

Parameter Value 

Damping 3 Hertz 

Inertia 10.6 g.cm2 

Back emf 11.94 Volts 

Resistance 2.06 ohms 

Inductance 0.268 mH 

 

The DC motor along with the PID controller are modeled in the Simulink as shown in Figure 26.  

In this model,  to stimulate the input voltage, a PWM  that fluctuates between 0 and 2 volts with 

duration of 6 sec  that repeat every 12 seconds is used as an input to the model. As the cooking 

mechanism interacts externally with uncontrolled size, weight and type of ingredients, there will 
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be disturbances both at the actuator and in the sensing devices. To reduce the disturbance and the 

PID controller is tested through simulated disturbance models as shown in Figure 32.  

 

 

Figure 32 Simulink model for simulating the PID controller 
 

Initially, with the  controller was tested with an ideal scenario in which the disturbances 

from sensor sources are considered negligible. And the result for this simulation is shown in Figure 

33. This simulation has provided an overshot of 0.808% with the rise time of 112.957 milli seconds 

while the gain parameters of the PID controller are 17.54, 197.5, -0.1707 for KP, KI and KD 

respectively. Then these gain parameters are tuned manually with KP, KI and KD values as 40.25, 

379.6, -0.3125 respectively. And the simulated result is refined as shown in Figure 34 this has 

improved the overshoot to 1.529% and rise time to 48.396 milli seconds. 
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In the real time conditions, there will be a disturbance caused by other sensors and actuators 

from the system. Therefore, the results are simulated by introducing noise and are shown in the 

Figure 33 Simulink result of PID tuned signal without disturbance 

Figure 34 Result of manually tuned PID controller without disturbance 
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Figure 35. The PID control is auto-tuned by using Forward Euler integrator and filter method, with 

the obtained parameters, the graphs generated are shown below. The Amplitude fall time, Pre-

shoot, Over-shoot and Under-shoot are obtained as 4.01, 100.49ms, 19.69%, 10.604%, 20.714% 

respectively. 

 

Figure 35 Simulation result of PID control after tuning with disturbance 
 

 

4.4 Real-time implementation of PID  controller through Arduino Microcontroller 

 

 PID controller is implemented to the DC motor used for the chopping mechansm 

to maintain a consistant speed based on the requirement from linear actuator to obtain uniformity 

in the size of a chopped ingredient and to dispense right amount of ingredients to the weighing pan 

(Figure 36). An input from the weight pan sensor is integrated to swich on and of the choping 

process. The source code for the implemntation of the control sytem is shown in Apendix A. From 

the source code, we can clearly notice that output speed is calculated by applying PID correction 
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for the input speed. A machine learning technique is used to teach Arduino to save and execute the 

program of a recipe for further use. 

 

The Arduino microprocessor functions as a centralized control system for this cooking 

system as shown in Figure 37. It is connected and operated through computer via Arduino 

software as an interface. This microprocessor can be programmed to accept user requirements, 

such as  type of  food and quantity,  temperature, size of the ingredients based on individual’s 

preference. In this case, inputs such as potentiometer, temperature sensor, load cell, and 

smoke detecting sensor are connected to the system. Arduino gathers the data from these 

sensors and executes the output commands through the output devices such as stepper  motor, 

DC motors and servo motors based on the way it has been programmed. Once the program is 

compiled in the microprocessor, it can be functional and execute the same program even after 

it is detached from the computer.  

 

 

Required 

weight 

from 

weighing 

pan 

Measured 

Weight 
 

Figure 36 General Structure for PID control 
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Figure 37 Centralized control for  complete cooking system  
 

 It is very important to understand the operation capabilities of a device in the real time 

conditions. A prototype is made by integrating the central supervisory control system to test 

the proposed mechanisms and the control system. 
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CHAPTER 5 

5. PROTOTYPE AND TESTING 

 

A prototype of the complete system has been developed to test and to apply the control 

system on the mechanism in real-time conditions. Other than actuators and sensors, all the parts 

of the system were made by using 3D printing technology and then assembled to the final model. 

Figure 32 shows the initial prototype of the final assembled cooking system. The prototype is 

fabricated to show the mechanisms working principles and the integration of the whole system, 

as the cooking system is subjected to temperature which ranges around 200-300 degrees 

Fahrenheit in the medium setting and can reach up to 500-degree Fahrenheit when it is on the 

high setting. Therefore, using PLA material limits the freedom to actually cook food using high 

temperature. However, it can help to analyze the mechanisms in the real-time and it is financially 

lucrative compared to the metal proposed for actual design. Stainless steel is considered for the 

actual design because of its anti-corrosive nature and anti-reactant nature towards alkaline foods 

[99]. Currently, this metal is best for food handling applications[100] in the market as it exhibits 

great physical and mechanical properties. 

The Arduino microprocessor is used to run the sensors and actuators in the control system. 

Arduino is a great low-cost platform and a good source for testing [101] mechanisms. It is reliable 

and has vast online support information. This microcontroller board is powered via USB 

connection or an external DC power jack. The board can operate within a voltage range of 6V-

20V. If it is supplied lesser than 7V, the 5V pins on the board may supply lesser voltage than 5V 

and the total board can be unstable. If more than 12V is applied, the voltage regulator may 

overheat and damage the whole board. Therefore, 7V-12V range is preferred[102]. 
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Figure 38 shows the integration of different mechanisms in the prototype. The linear 

actuator shown pushes the ingredients through the blade mesh and acts as a key device in  

slicing mechanism. Chopping mechanism shown in the Figure 39 is driven by a DC motor and 

accommodate the blades for cutting the ingredients. All these components are held together by 

means of a center-shaft. 

Figure 38 Prototype of cooking system 

Figure 39 Chopping system Figure 40 Arduino microcontroller 
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 Arduino Mega 2560 Micro controller used in this system drives all the mechanisms in the 

cooking system. A 5V relay and H-bridge are connected to DC motor and linear actuator 

respectively as shown in the Figure 40. 

 The process is demonstrated with an example recipe to prepare an Indian Curry chicken 

[103]. This recipe is modified by not compromising in taste from the source to make it more 

adaptable for this proposed device. For example, whole spices used in the recipe are used in the 

powder form as garam masala. This recipe requires 500gm of chicken meat, 100gm of onion, 

70gm of tomato, 25gm of  peppers, 1 tablespoon of garam masala, 2  tablespoons of salt, 1 

table spoon of chilli powder and 20ml of cooking oil. The process flow for cooking this recipe 

will be as shown in the Figure 41.  

 

 

Figure 41 Sample recipe of an Indian curry chicken 
  

This prototype can record and execute the saved cooking process for a specific recipe using 

machine learning algorithms. A Human interface model is developed to communicate efficiently 

with the device. 
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CHAPTER 6 

6. MACHINE LEARNING AND INTERFACING OF SYSTEM 

 

Several mechanisms with different actuators work together to accomplish this deterministic 

goal of automated cooking. A machine learning technique is used to teach Arduino to save and 

execute the program of a recipe for further use. Machine learning is a type of Artificial Intelligence 

that provides processors to learn without being explicitly programmed [104]. 

The classification of  machine learning algorithms [105] is shown in the Figure 42.  

 

Figure 42 Machine learning algorithms classification 
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In supervisory machine learning control system, a human is constantly monitoring in the 

teaching process by giving inputs and appropriate solutions. Whereas in an unsupervised learning 

applies clustering method to find hidden pattern in the given data. A few popular models in 

machine learning includes decision trees, neural network, discriminant analysis and support vector 

machine. The designed cooking automation device can learn the process of cooking through 

classification-based machine learning by providing it with clear instructions through 

programming. An anomaly detection algorithm can be used to detect accidents that may occur in 

this device. For example, if the temperature is programmed to a specific value but it started 

increasing because of an external error while the cooking process is going on, Temperature and 

smoke detecting sensors can detect this situation and alert the user.  

HMI (Human Machine Interface) plays a major role in communication of machine with the 

user. It provides a visual representation of a control system and provides a real time data 

acquisition as shown in Figure 43. In this project, the Arduino code is run through an Arduino 

computer interface. This programming asks the user to give input values. But, it can be integrated 

with a keypad or an HMI device for better communication. 

 

Figure 43 Block diagram of Human Machine Interface 
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Initially when the person is cooking, they can operate by interacting with this device 

through Arduino software interface. The program starts with the initial time of 0seconds. Once the 

program starts, Arduino requests for the commands from the user such as container location 

number, weight of ingredients required, quantity of spice required and value of temperature 

etcetera. As the commands are given, it learns the program through classification machine learning 

algorithm and saves the process as a program in a lock file inside the Arduino storage. Arduino 

can be connected to external memory card for more space to save multiple recipes. 

Arduino software interface can be connected to a thin film transistor touch screen that can 

display the functions of the device. Figure 44 shows the HMI screen to communicate with the user. 

Each mechanism is assigned with a touch button that will activate the mechanism in the process.  

 

Figure 44 Block diagram of  Human machine Interface 
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CHAPTER 7 
 

7. CONCLUSIONS AND RECOMMENDATION  

 

In this thesis, a cost-effective cooking automation has been presented. The pre-cooking 

processes, such as slicing, chopping, quantifying, stirring and cleaning require physical strength  

and full concentrations, and this can be very challenging for the elderly and people with 

disabilities. In this thesis, these processes have been automated with novel mechanisms. The 

mechanisms are well integrated and automated to reduce the need of human interventions. The 

design does not involve expensive robotic arms that are mostly used by other existing cooking 

devices. Arduino microcontroller is used as a central processer to reduce the overall cost while 

performing the desired automation through an easily accessible and adaptable codes. PID 

controller has been designed and implemented to control some of the cooking parameters that 

would be affected by the actuators and the surrounding disturbances. This controller is  verified 

and tested through Matlab, Simulink software,  and the results have indicated a good performance. 

In the future, this device can be enhanced through network application so that it can be 

operated remotely to execute its task. The same program can be shared among different people 

and be used in different cooking . This feature will help people to have their favorite food while 

the master cook is not around. As the input and output components can also respond to other 

control processors, this cooking system can be integrated to other systems like Programmable 

Logic Controller (PLC) , Programmable Automation Controller (PAC), Industrial PC (IPC) [106] 

and Raspberry pi [107] based on different requirements from the consumer. 
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APPENDIX 

 

1. Arduino Source code for Linear Actuator and Cutting mechanism test 
 

const int motor1Pin = 8;    // H-bridge leg 1 (pin 2, 1A) 

const int motor2Pin = 9;    // H-bridge leg 2 (pin 7, 2A) 

 

const int motor3Pin = 10;     

const int motor4Pin = 11; 

 

int potentiometerPin = A0; 

int distance; 

  

void setup() { 

    

  Serial.begin(9600); 

  

    //set all the other pins you're using as outputs:  

   pinMode(motor1Pin, OUTPUT); 

   pinMode(motor2Pin, OUTPUT); 

 

    pinMode(motor3Pin, OUTPUT); 

    pinMode(motor4Pin, OUTPUT); 

  } 

 

//void potentio() { 

  //distance = analogRead(potentiometerPin); 

  //Serial.println(distance); 

 

//In the main loop() read the switch. If it’s high, turn the motor one way by taking one H-bridge pin 
high and the other low. If the switch is low, reverse the direction by reversing the states of the two H-
bridge pins. 

void motors() {   

     digitalWrite(motor2Pin, LOW);   // set leg 1 of the H-bridge low 
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     digitalWrite(motor1Pin, HIGH);  // set leg 2 of the H-bridge high 

  delay(10000); 

 

 digitalWrite(motor1Pin, LOW);   // set leg 1 of the H-bridge low 

   digitalWrite(motor2Pin, LOW);  // set leg 2 of the H-bridge high 

  delay(6000); 

   

  digitalWrite(motor1Pin, HIGH);  // set leg 1 of the H-bridge high 

  digitalWrite(motor2Pin, LOW);   // set leg 2 of the H-bridge low 

  delay(6000); 

 

    digitalWrite(motor1Pin, LOW);   // set leg 1 of the H-bridge low 

    digitalWrite(motor2Pin, LOW);  // set leg 2 of the H-bridge high 

    delay(6000); 

 

digitalWrite(motor3Pin, LOW);   // set leg 1 of the H-bridge low 

digitalWrite(motor4Pin, HIGH);  

distance = analogRead(potentiometerPin); 

Serial.println(distance);// set leg 2 of the H-bridge high 

delay(10000); 

 

 digitalWrite(motor3Pin, LOW);   // set leg 1 of the H-bridge low 

 digitalWrite(motor4Pin, LOW);  // set leg 2 of the H-bridge high 

 delay(3000); 

   

  digitalWrite(motor3Pin, HIGH);  // set leg 1 of the H-bridge high 

  digitalWrite(motor4Pin, LOW);  

   distance = analogRead(potentiometerPin); 

  Serial.println(distance);// set leg 2 of the H-bridge low 

  delay(10000); 
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digitalWrite(motor3Pin, LOW);   // set leg 1 of the H-bridge low 

  digitalWrite(motor4Pin, LOW);  // set leg 2 of the H-bridge high 

  delay(3000); 

} 

void loop() { 

  // potentio(); 

   motors();    

} 

// PID Control program for Cutting mechanism 

 

 void getMotorData()  {                                       // calculate speed 

static long countAnt = 0;                                                    // last count 

//Calculating the speed using encoder count 

speed_act = ((count - countAnt)*(60*(1000/LOOPTIME)))/(30);            

  countAnt = count;                                           //setting count value to last count 

} 

int updatePid(int command, int targetValue, int currentValue)   {      // compute PWM value 

float pidTerm = 0;                                                           // PID correction 

int error=0;                                   

static int last_error=0;                              

  error = abs(targetValue) - abs(currentValue);  

  pidTerm = (Kp * error) + (Kd * (error - last_error));                             

  last_error = error; 
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APPENDIX (continued) 

  

 return constrain(command + int(pidTerm), 0, 255); 

} 

 

 

2. Arduino Source code for the Cutting mechanism integrated with weighing mechanism 
 

HX711 cell(4,5); 

long grams(0),gramsTarget(0),lastPrintTime(0); 

String input; 

// Addressing Load cell pins to Arduino 

int LA1pin = 12; 

int LA2pin = 13; 

int DC1pin = 14; 

int DC2pin = 15; 

 

void setup() { 

 Serial.begin(9600); 

 

// Defining the pins function 

 pinMode(LA1pin, OUTPUT); 

 pinMode(LA2pin, OUTPUT); 

 

 pinMode(DC1pin, OUTPUT); 

 pinMode(DC2pin, OUTPUT); 

} 

 

void loop() { 

 if (Serial.available()>0){ 

  input = Serial.readString(); 
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APPENDIX (continued) 

 

//  Serial.println(input); 

 

  if (input == "startF"){ 

   startActuator(true); 

  } 

  else if (input == "startB"){ 

   startActuator(false); 

  } 

  else if (input == "stop"){ 

   stopActuator(); 

  } 

  else { 

   gramsTarget = input.toInt(); 

   Serial.println("Target Set: " + String(gramsTarget)); 

  } 

 } 

 

 grams =  cell.read()-8444306; 

// grams = 100; 

 if (millis() - lastPrintTime > 1000) { 

  Serial.println("Weight: " + String(grams)); 

  lastPrintTime = millis(); 

 } 

 

 if (grams >= gramsTarget) { 

  stopActuator(); 

 } 

 

 delay(10); 

} 
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APPENDIX (continued) 

 

void startActuator(bool direction){ 

 if (direction){ 

  Serial.println("Starting linear actuator forward"); 

  digitalWrite(LA1pin, LOW); 

  digitalWrite(LA2pin, HIGH); 

 } 

 else { 

  Serial.println("Starting linear actuator back"); 

  digitalWrite(LA1pin, HIGH); 

  digitalWrite(LA2pin, LOW); 

 } 

 

} 

void stopActuator(){ 

 Serial.println("Stopping linear actuator"); 

 digitalWrite(LA1pin, HIGH); 

 digitalWrite(LA2pin, HIGH); 

 

} 

 

void startMotor() { 

 digitalWrite(DC1pin, LOW); 

 digitalWrite(DC2pin, HIGH); 

} 

void stopMotor() { 

 digitalWrite(DC1pin, LOW); 

 digitalWrite(DC2pin, LOW); 

} 




