
4. Deliverable D – Conceptual Design
1. First Subsystem: Data Collection and Analysis System
This component would be responsible for gathering raw data straight from the production line.

The data would be stored, processed and displayed in real time on the user interface. This data would be

used later in the second subsystem for predictive analytics. This subsystem’s objective is to gather as

much information on the production line in the fastest way possible. The following are concepts from

each team member:

Diego: Small sensors could be placed along the production line. The sensors could be small and

compact. They are intended to be used near the production lines and machines. They are rugged,

durable, and able to withstand the conditions of the production line environment. Installing the sensors

would require an assessment of the assembly line to determine the best location for each sensor. They

would be placed strategically in order to accurately measure and track the speeds of the production line.

The sensors can be secured to the desired machines carefully using clamp mounting, without disrupting

the machines’ functionality. The clamp could be adjusted whenever to ensure the sensor is positioned

correctly. Once all the sensors are installed, they can be configured in order to ensure that they are

transmitting data properly to the web-based application. This could be done by providing known data to

them in order to see if they will display this information accurately. After this testing is completed, they

can be reset and ready to use.



Riley: High-speed overhead cameras collect raw visual data of the various stages of the

production line. This data is processed by a machine learning algorithm to delineate and measure the

deviation of the positioning of cans, bottles, and kegs on the line. It will be supported by a robust truss to

ensure consistent and accurate data. To improve the accuracy of the programs constant automatic

delineations, the conveyors will be colored a bright green.



***Joseph: Senors placed along the production line track various variables such as weight, speed

( rate at which cans/kegs/bottles are moving through the line) and position accurately and at multiple

points in the line. With the use of many sensors the source of any issues in the production line can be

identified much more efficiently. Rather than having a single sensor telling us that the production speed

is off, with multiple sensors the client will be able to tell exactly at what point the production speed

encounters issues. The speed sensors should be easy to implement into a line as they could simply be

clamped onto a line, weight sensors would require slight modification to the line and may be less

convenient. However they are the less important ones. Advantages of this design include low cost and

easy implementation and a disadvantage is that the sensor cannot work on conveyors that are too wide.



James: Topdown infrared lasers can be placed before and after each machine in the line and

measure the input and output of each machine. Every time the laser is stopped by something passing

through it the sensor would count it as a can/bottle passing through. Infrared lasers and sensors can be

small and cheap. There would be a bottoming with holes cut out of it to allow the laser to pass through

with a sensor detecting the frequency of the blinking laser on the other side. This means a new

component is added to the line before and after each machine. Advantages are works on conveys that

are more than 2 cans wide. Disadvantages more parts so more things could go wrong, as well as it would

be more expensive to implement compared to others.



2. Second Subsystem: Predictive Maintenance Subsystem
This component is purely analytical. It will analyze the data and use predictive analytics and machine

learning algorithms to predict and identify areas of non-conformance in the short term, as well as long

term improvements. The information gathered from this subsystem would provide alerts and

notifications to workers on an easy-to-use interface with the objective of suggesting appropriate

preventative measures to avoid downtime.

***Diego: The sensors would be individually connected through a web-based application that

could be accessed with any device with internet access. Once the raw data is gathered, the application

will use machine learning algorithm to find patterns and establish relations between data. The system

would be trained on historical data too not only from the sensors. This will allow it to get a better

understanding of the production line and make appropriate recommendations. The app would provide

the following information: Real time data to alert workers of abnormal or sub-optimal results,

Visualizations and alerts, long term recommendations based on large amounts of data, technical

recommendations and equipment monitoring in case of a malfunction in the machines.

Riley: With the real-time positional data of the cans, bottles, and kegs on the production line, we

can compile information into a a table display on an interface located nearby or at the station of a



supervisor. If a station is operating at a speed below standard, the status of that station will be a

computer-generated suggestion based off of the raw data, otherwise there will be a displayed status of

normal. The interface will automatically slow an area of non-conformance pending action. Medium to

long term data storage in the form of time-performance graphs will provide useful data for manual-

analysis.

James: The data collected from the sensors will be physically connected to on-site computers

that will, in real-time, compare speeds (CPM/BPM/KPG) to ideal speeds and report the slower speeds

(with tolerance) to workers. Workers that are on site will get a notification on their personal or work

devices indicating an issue with a specific point in the line. All workers will also be able to access an

overview containing the real-time speeds of the conveyors as well as the current day's data.

Joseph: By using the multitude of sensors along the production line, issues that may occur on

the line can be identified and pinpointed at a much faster rate. The sensors can differentiate between a

production rate that is too slow or too fast, and feed this information to a computer system. The

computer can tell workers where the issue is, what the issue is and the fix for the issue. Additionally, this

computer system could be fitted with an alert and speaker system that can notify employees about the

issue without requiring them to go check the computer system, allowing them to fix the issue faster. If

there are multiple issues the computer system can also rank them in term of importance by calculating

which ones will have the greatest impact on production in a positive way if they are fixed. Advantages

include fast fixes to issues and the disadvantage would be the price.

Final Idea: The sensors would be individually connected through a web-based application that

could be accessed with any device with internet access ( with the valid credentials). Once the raw data is

gathered, the application will use machine learning algorithm to find patterns and establish relations

between data. The system would be trained on historical data too not only from the sensors. This will

allow it to get a better understanding of the production line and make appropriate recommendations.

The app would provide the following information: Real time data to alert workers of abnormal or

sub-optimal results, Visualizations and alerts, long term recommendations based on large amounts of

data, technical recommendations and equipment monitoring in case of a malfunction in the machines.

Additionally, this computer system could be fitted with an alert and speaker system that can notify

employees about the issue without requiring them to go check the computer system, allowing them to

fix the issue faster. If there are multiple issues the algorithm would also rank them in term of importance

by calculating which ones will have the greatest impact on production in a positive way if they are fixed.

Advantages include fast fixes to issues and the disadvantage would be increased cost.



Joseph:



4. Third Subsystem: Data Storage and Protection Subsystem
The third and final subsystem would be responsible for managing data.

Diego: The data collected from the sensors should be up to date and accurate. The system

should be able to provide tools such as backup and data recovery in case there is a system crash,

ensuring the data is safe and accessible whenever possible. Data security is also very important. The

system should have strict security measures to protect all data from unauthorised users, hackers, and

other cyber-security issues that may arise. The system should also allow the users to share the data with

authorized users and stakeholders.

Riley: As the production line runs, large amounts of raw data is collected. Each day the system

compresses the days raw data, and timestamps it. Abnormalities in production line speeds and

efficiencies, will be collected and compiled into a separate directory. This way, the large amount of

nominal data will take up minimal space but can still be referred to and looked at if needed, and the raw

data, as well as the recorded problem and computer generated suggestion, will be accessible.

James: The speed data in each line will be collected, averaged, and stored on an unchosen

interval of time that would best fit long-term analysis. Separate data of the #of stoppages and downtime

for each will also be stored when they occur. This data will be saved physically and sent to a cloud server

too avoid loss of data due to corruption and physical problems. The data saved will be able to be viewed

in graphs and tables with computer-generated suggestions for upgrades/maintenance based on the data

but should be properly analyzed by a human to confirm long-term upgrades/solutions. Advantages are

that the data is almost impossible to lose as it is backed up physically and on a cloud server, Also the data

can be accessed without internet. Disadvantages are that it is more costly to have in-house computers

and pay for cloud service, as well as the majority of the data interpretation is done by a human and not

machine.

Joseph: The data collected by the sensors will be compiled by the computer over time to give the

user information regarding the efficiency of their equipment. For example the system should be able to

use the data to tell the user that a certain component of the production line is slowly loosing efficiency

as it gets older and can suggest what components need to be fixed or replaced the most urgently.



Additionally, the system should provide data recovery and backup options along with having a rigours

security system. Advantages are increased efficiency on the line and the disadvantage would be that it

costs a fair bit of money to have a server/cloud data storage center.



Decision matrix

Subsystem 1

name Price Longevity Ease of

mplementation

Accuracy Predicted

maintenance

Total

Diego 3 1 3 2 3 33

ames 1 2 2 3 1 27

oseph 4 3 4 4 4 54

Rliey 2 4 1 1 2 26

Weight 2 2 1 5 4

Price was determined by the price of the parts and software needed to construct. Switch sensors are

very cheap and that is why joseph ranked the highest.

Longevity was determined by how long the sensors are good for. Riley’s setup is a single camera which

lasts a very long time and that’s why it scored the highest.

Ease of implementation was based on how easy it can be adapted to the current setup as well as how

easy it is to set up.

Accuracy is based on what is believed to be the most precise when measuring the speed of the

conveyers.

Predicted maintenance is based on what is believed to require the most maintenance. The decision was

based on how many parts there are in the design as well as the complexity of each of the parts.

Sub System 2

name price Simple to use Ease of

mplementation

Accuracy Total

Diego 2 3 3 3 11

ames 4 2 3 2 11

oseph 2 4 2 4 12

Riley 4 3 2 3 12

Weight 2 2 2 5

Sub system 3

Name Price Simple to use Ease of

mplementation

Accuracy Total



Diego 4 3 2 3 12

ames 3 2 3 2 10

oseph 4 4 2 4 14

Riley 2 2 4 1 9

Weight 2 2 2 5

Final Idea
Switch sensors placed along the production line to track the speed (rate at which

cans/kegs/bottles are moving through the line) and position accurately and at multiple points in the line.

With the use of many sensors the source of any issues in the production line can be identified much

more efficiently. Rather than having a single sensor telling us that the production speed is off, with

multiple sensors the client will be able to tell exactly at what point the production speed encounters

issues. The sensors can be clipped onto the side of a conveyer (if 1 or 2 can/bottles wide) if more than 2

cans wide, the switch sensors can be mounted on a bar above the conveyer to make the switches hit the

tops of the cans/ bottles.



The sensors would be physically connected to on-site computers. Once the raw data is gathered,

the application would provide the following information: Real time data to alert workers of abnormal or

sub-optimal results, visualizations and alerts. Additionally, this computer system could be fitted with an

alert and speaker system that can notify employees about the issue without requiring them to go check

the computer system, allowing them to fix the issue faster. If there are multiple issues an algorithm

would also rank them in term of importance by calculating which ones will have the greatest impact on

production in a positive way if they are fixed. Advantages include fast fixes to issues and the

disadvantage would be increased cost.

The purpose of the third subsystem is to collect, process, and analyze data from the sensors on

the production line. This subsystem will ensure that the data collected is up to date, accurate, and

secure. This data will also be stored both physically and digitally, on a cloud server connected to the web

application. This can ensure that the data is protected and prevents data loss in case of system failure.

The system should also have security measures in place to protect the data from unauthorised users and

potential cyber-security threats. The system will utilize the data to make computer-generated

suggestions for upgrading and maintenance based on the production line’s efficiency over time.

Task List
- Draft design (est 3 days)

-Gather materials (dependant of draft) (est 1 week)

-Design user interface (est 3 days)


