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PROJECT THREE: MILESTONE ONE: PROBLEM FRAMING 
AND CONCEPTUAL DESIGN 

Milestone 1 (Stage 1) – Initial Problem Statement, Objectives 
and Constraints 

Team ID: Fri-37 
Complete this worksheet individually before coming to Design Studio. 

Initial Problem Statement 

1. Write the initial problem statement in the space below. This was discussed in your 
first lecture and is provided in the Avenue announcement. 

Design a system for sorting and recycling containers. 

 

Objectives and Constraints 

Create a list of objectives and constraints in the table below. The exact number you should 
have depends on what information you have gathered from the Project Module and previous 
lectures. 

Objectives - Code is easy and intuitive to use by user  
- Code accurately identifies container and sorts it 
- Containers are securely transported to correct bins without being 

dropped  
- Mechanism angle chosen such that container is precisely deposited 

into correct bin 
- Program efficiently and quickly identifies container type and deposit 

bin 

Constraints - Code is written in Python 
- Code uses human input (is not completely autonomous)  
- Workflow/steps outlined in Project Module are followed (Qbot 

transfers container, deposits it, returns to home, etc.) 
- Different types of containers are deposited to their respective bins 

(determined by material, contamination, etc.) 
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- Actuator must mount within a specific region of designated 
mechanism that connects to baseplate and connecting plate  

- Mechanism must connect to base plate and connecting plate 
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PROJECT THREE: MILESTONE ONE: PROBLEM FRAMING 
AND CONCEPTUAL DESIGN  

MILESTONE 1 (STAGE 4) – MECHANISM CONCEPT 
SKETCHES (MODELLING SUB-TEAM) 

Team ID: Fri-37 
 

1. Each team member is required to complete two (2) preliminary concept sketches for 
the mechanism design. You should incorporate a different actuator for each sketch. 
 Each sketch should be on a separate piece of paper  
 Be sure to clearly write your Team ID, Name and MacID for each sketch 

2. Take photos of your sketches 
3. Insert your photos as a Picture on the following pages 

Team ID: Fri-37 
 
Name: Milana Kalinic MacID: kalinicm 
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Team ID: Fri-37 
 
Name: Milana Kalinic MacID: kalinicm 
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ENGINEER 1P13: 
PROJECT THREE WORKSHEETS (INDIVIDUAL) 
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PROJECT THREE: MILESTONE ONE: PROBLEM FRAMING 
AND CONCEPTUAL DESIGN 

Milestone 1 (Stage 1) – Initial Problem Statement, Objectives 
and Constraints 

Team ID: Fri-37 
Complete this worksheet individually before coming to Design Studio. 

Initial Problem Statement 

1. Write the initial problem statement in the space below. This was discussed in your 
first lecture and is provided in the Avenue announcement. 

First, define the statement of fact:  

- About 30% of items placed in recycling bins aren’t recyclable. Most items contain 
contaminants such as food or beverage residue, and other items go through 
misdetection in current sorting technology, which all prevent items from being 
recycled appropriately. 

 

Now, define initial problem statement: 

- Our team’s goal is to design a sorting system that can accurately sort and detect 
recyclable containers, since current sorting technology for recycling does not offer 
a high level of accuracy.  
 

- Design a system for sorting and recycling containers 
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Objectives and Constraints 

Create a list of objectives and constraints in the table below. The exact number you should 
have depends on what information you have gathered from the Project Module and previous 
lectures. 

Objectives - Perform tasks with precision and accuracy. 
- Should take minimal time to detect material and prove whether it is 

recyclable or not (to allow for a quick and efficient process) 
- Should transfer recycle securely (no loose grip on items, to avoid 

failure of the item reaching the desired bin) 
- Assembly on Q-bot should be able to hold 3 containers at most 
- All assemblies should be secured onto the baseplate to avoid pieces 

falling apart 
- Should use sensors when and where needed (such as detection 

purposes) 
- Should define bin attributes in order for sensor to differentiate 

between different bins 
-  

Constraints - Program needs to be able to spawn exactly six containers (iterate 
through a list of six container ID’s) 

- Q-arm can only load a container onto the Q-bot if and only if: 
o Less than 3 containers loaded on Q-bot previously (no more 

than 3 containers of the same destination must be loaded on 
the hopper) 

o Total mass of all existing containers on Q-bot + new container 
must weigh less than 90 grams (does not exceed 90 grams) 

o New container must go to the same bin as all previous  
containers loaded on the Q-bot  

- Q-bot must follow a line on the floor to move to different locations 
(cannot make shortcuts i.e cut through the middle) 

- Each container ID must be assigned specific attributes and specific 
target bins (cannot randomly assign attributes) 
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PROJECT THREE: MILESTONE ONE: PROBLEM FRAMING 
AND CONCEPTUAL DESIGN  

MILESTONE 1 (STAGE 4) – MECHANISM CONCEPT 
SKETCHES (MODELLING SUB-TEAM) 

Team ID: Fri - 37 
 

1. Each team member is required to complete two (2) preliminary concept sketches for 
the mechanism design. You should incorporate a different actuator for each sketch. 
 Each sketch should be on a separate piece of paper  
 Be sure to clearly write your Team ID, Name and MacID for each sketch 

2. Take photos of your sketches 
3. Insert your photos as a Picture on the following pages 
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Team ID: Fri-37 
 
Name: Maahi Sharma MacID: sharm20 

Insert picture of preliminary concept sketch below 

** Please note that I have created two sketches for each actuator, a before and after. The 
“before” sketch displays the set up of the mechanism and actuator BEFORE being lifted, 
and the “after” sketch is the display of how the actuator moves the mechanism to lift the 
hopper.  

 

LINEAR ACTUATOR CONCEPT SKETCHES 

 

                                Before                                                         After 

 

 

 

ROTARY ACTUATOR CONCEPT SKETCHES (On next page!) 
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Before                                                               After 
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PROJECT THREE: MILESTONE ONE: PROBLEM FRAMING 
AND CONCEPTUAL DESIGN 

Milestone 1 (Stage 1) – Initial Problem Statement, Objectives 
and Constraints 

Team ID: Fri-37 
Complete this worksheet individually before coming to Design Studio. 

Initial Problem Statement 

1. Write the initial problem statement in the space below. This was discussed in your 
first lecture and is provided in the Avenue announcement. 

Design a system for sorting and recycling containers 

 

Objectives and Constraints 

Create a list of objectives and constraints in the table below. The exact number you should 
have depends on what information you have gathered from the Project Module and previous 
lectures. 

Objectives Identify different materials via sensors. 

Assess recyclability of items. 

Transfer items to a transport system. 

Facilitate the transport of items to their designated bin. 

Dispense items into their designated bin. 

Deposit mechanism should mount easily to frame. 

Return transport system to the original position to receive more items. 

Constraints Can only transport one item type at a time. 

Total item load cannot exceed 90 grams. 
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Only can transport 3 containers maximum. 

Only 4 possible bin designations. 

Deposit mechanism can only use linear or rotary actuator. 

Mechanism must function with given hopper and base plate. 
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PROJECT THREE: MILESTONE ONE: PROBLEM FRAMING 
AND CONCEPTUAL DESIGN  

MILESTONE 1 (STAGE 3) – SENSOR EXPLORATION 
(COMPUTING SUB-TEAM) 

Team ID: Fri-37 
 

Complete this worksheet individually during Design Studio. 

1. Each team member is expected to complete the demo for at least four (4) of the five 
(5) sensors available for characterizing bins 
 Refer to Table 3 in the Project Objective 3 section of the Project Module 

for a list of available sensors 
2. For each sensor: 

 Briefly describe how the sensor works 
 Indicate the attribute you would measure to characterize each bin 

3. Complete your sensor research on the following page 
 Be sure to clearly write your Team ID, Name and MacID 
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Team ID: Fri-37 
 
Name: Ben Malkovich MacID: malkovib 

 

Sensor Type Description Attribute(s) 

Ultrasonic Sensor 

 

 

 Measures the distance of the QBot bumper to the 
nearest bin face. 

 Sensor emits and receives ultrasonic waves to 
measure the distance to the nearest face. 

 Has a range of 2.5 meters, if the target face is out 
of range, returns 0. 

 On the side of the QBot. 

Distance to 
bin 

Active Infrared (IR) 
Sensor 

 

 

 IR emits and detects infrared radiation to 
determine how close an object is. 

 Has a range of 0.25 meters, if the target face is out 
of range, returns 0. 

 Outputs high voltage if an object is close, low if far, 
and low if out of range. 

 On side of QBot. 

Detects 
distance to 
bin 

Hall Sensor 

 

 

 Hall sensor determines if an object is metallic or 
non-metallic.  

 Outputs 1 for metallic, 0 for non-metallic. 
 Works within 0.10m. 
 On front of QBot. 

Detects 
metallic 
materials 

Colour sensor 

 

 

 Returns RGB values and raw sensor data of the 
closest bin. 

 Will not return values if out of range. 
 Has a range of 0.25 meters. 
 On side of Qbot. 

Detects 
RGB values 
of bin 

 
  

 

 

 

 
















