
 

 

METR 4202/7202 -- Robotics & Automation Robotics Systems Lab 
 

Through the Looking Glass 
 

“Somehow it seems to fill my head with ideas—only I don’t exactly know what they are!” 
-- Lewis Carroll (Through the Looking-Glass, Chapter 1) 

 

Objective 
While robotics has many views and facets, its logic is never Jabberwocky!  This project explores 
the integration of the key elements of a modern robot: kinematics, sensing, motion planning, 
control and intelligent decision making. Teams are required to bring these elements together to 
develop a robot arm that can autonomously navigate through a cluttered environment. 
 
Let’s bring these facets together in a principled way to help escape the unknown. 
 

Requirement 
This project tasks your team with building an autonomous robot arm           
that can draw a path for and/or maneuver target(s) through an obstacle            
field to a specified goal state. The robot may have to content inclined             
geometries, clutter, reflections (mirrors), and transparency (glassy       
objects).  
 
The team demonstration mark will be based on the robustness of your            
system, its ability to complete the manipulation in environments of increasing complexity and             
your ability to explain and justify your implementation. 
 
In general, the system should be able to: 

● Identify the target(s) and goal spot(s) on the field 
● Identify obstacle(s) on the field 
● Plot a collision-free trajectory between the target(s) and the goal(s) 
● Draw path(s) to move the target(s) to the goal(s)  
● Move the target(s) to the goal(s) 

 
The demonstration is worth 50% of your final grade. Project demonstrations with take place              
10am Friday 26th October 2018. Team roles must be submitted to Platypus before your team               
demonstrates. There will be no late penalty applied if your team wishes to instead demonstrate               
on Friday 16th November 2018. A scaling factor of 1.1× will be applied to your team                
demonstration mark if you demonstrate on Friday 26th October 2018. 
 
Teams may only demonstrate once. 
 
Individuals will receive the team mark, scaled by their peer assessment factor.  
Peer assessment factor forms must be submitted prior to the demonstration. 
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Environment 
Workspace: The workspace is a 300×420mm rectangle (approximately an A3 sheets of paper).             
Teams need to design a camera and arm mounting structure that sits outside this workspace (see                
also setup restrictions below). 
 
Setup Restrictions:  

1. The arm and camera must be mounted outside the workspace.  
2. The camera cannot be more than 500mm above the workspace surface. 
3. No part of the camera or camera mount can extend into the region above the workspace.                

Note: On commencement of the demonstration, if a tutor deems a team’s system to be               
mounted in the prohibited region, they will move it to an arbitrary legal position. 

 
Target: The target is a short foam cylinder (35 mm high). It is permissible to manipulate the                 
target by sliding alone. 

 
Goal: The hole will be a black circle outline, 50mm in diameter.  [Template] 
To score a goal, the target must be inside the hole circle.  
An overlay will be placed over the hole and target for scoring. 
 

Performance Marks Target Position 
 (measured from the centre of the goal) 

Perfect 5 Within 35mm diameter circle 
Good 4 Within 40mm diameter circle 
Pass 3 Within 50mm diameter circle 
Fail 0 Outside 50mm diameter circle 

 
Obstacles: Cards and non-cylindrical foam blocks will be used as obstacles in some tasks, as               
specified in the task descriptions. The cards are the same as Problem Set 2. There are multiple                 
shapes (e.g., cube, rectangle, triangular prism) in 4 different colours (red, green, blue and              
yellow). Only shapes with a height of 35mm or 70mm will be used. In some tasks, you may be                   
required to move a specified obstacle out of the way in order to achieve the objective. In these                  
cases, the required obstacle will be specified by both shape and height. 
 
Environmental Variations: Difficult environments will be like the skillful variants from Lab 2.             
However, importantly, the plane that the task will be on may well be varied in roll and pitch by                   
upto 30 degrees (from gravity level).  The yaw may be any value.  
 

High Distinction: Teams will have to masterfully complete at least one of the Challenge Tasks.  
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https://drive.google.com/open?id=1b2DNqtBClohUgu6ArnmqiOmWFsq9Njo7
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The Walrus and the Carpenter: Robot Arms 
At the core of the laboratory is the robot arm. The arm must be built using the provided                  
Dynamixel-based UQ METR Dynamixel Kit. The system must operate with only the robot             
actuators and electronics provided in the kit. Teams can use other construction materials (e.g. 3D               
printing plastic, aluminium square) and are free to use the provided link templates, however, this               
is not mandatory.  
 
Any design of robotic manipulator is permitted. As a starting point, you could use a planar 2R                 
arm with 200mm link lengths. 3D printed arm links and design files are available here. The UQ                 
library offers 3D printing for $5 per part. There is no requirement to use 3D printing. The end                  
effector design will be up to the individual team. There are no marks assigned directly to arm                 
design. Likewise, there is no penalty for using the suggested design.  
 
Teams are advised to consider using a compliant end effector. Some of the various mechanisms               
for this include: a small paint brush, an eraser, a pendulum mass. 
 
A reference arm is detailed on the METR4202 Lab/Tutorial Webpage.  
 

 
 
Tweedledee and Tweedledum: Perception Pipeline 
The classic autonomous robotics pipeline is: Plan—Sense—Control—Act↩↩ 
More than sensing, the perception is an extensive “domain” of robotics in its own right and is a                  
key part of modelling the problem and the overall system’s operation. (n.b., in addition to               
equations, data are a model too). An example perception pipeline is given in the Open-Source               
Point Cloud Library documentation  (Shown also in Appendix 1). 
 
In particular for this lab, consider the following tasks: 

● Image acquisition and capture 
● Image features/keypoints to operate robustly 
● Segmentation of the object(s) 
● Registration of the object(s) 
● Geometric modelling and transposition between  

the extrinsics (environment) and the intrinsics (arm) 
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http://www.tribotix.com/Products/Tribotix/Kits/UQ_Kits.htm
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Of Wool and Water: Rules of Motion 
Each team will be allocated 10 minutes to demonstrate the functionality of their robot arm.               
Hardware cannot be touched or moved by a team member once the demonstration commences.  
 
Prior to the commencement of each run, the robot must be positioned in a standard ‘start                
position’. This position must be the same for every run and task. The obstacles and target will                 
then be placed on the workspace. Runs will be timed from the point that the code is commenced,                  
to the point that the robot returns to its ‘start position’.  
 
Teams must run the same code for each task. 
 
The success of a run is quantified by: 

1. Speed (time taken to solve and perform the task) 
2. Accuracy of the final target placement (target centre relative to the goal hole centre) 
3. Precision of the target(s) motion to the one prescribed/drawn initially 

 
The run is considered a fail and the robot must start again if: 

1. Any part of the target or an obstacle travels outside the workspace 
2. The robot arm or target makes contact with 2 or more obstacles (obstacles do not move) 
3. An obstacle is moved more than 2cm as a result of a collision (with the arm or puck) 
4. The target is lifted off the workspace floor by more than 1cm. 
5. The team decides they wish to reset 

 
There is no penalty for a failure on a single run, other than demonstration time wasted. Teams                 
have three strikes (i.e., “three strikes and you’re out”). A team may continue until they run out                 
of strikes (fail three times) or run out of demonstration time. At this point, the demonstration is                 
complete and the team’s demonstration grade is determined. 
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Task Descriptions 
 

Task 1: House of Cards  
The robot must perform the task of moving the target to the goal.  
Moral: This task focuses on: (1) deterministic/geometric motion planning methods (as the DOF             
in the C-Space is small) and (2) robot precision (as the path is followed multiple times). 
 
A] The "Jabber-writey": The first thing teams will be asked to do is to draw the path that                  
describes how the center of the cylinder’s base (a circle) will traverse through the workspace so                
as to achieve the task of getting from the start to the goal. A dry-erase marker is provided, but                   
reasonable alternatives may be considered (n.b., the tutors are the final arbiters of “reasonable”). 
The portion of the path that is covered by the target and/or obstacles that might be moved as part                   
of the plan need not be marked.  
 
B] Target(ing) Motion: The next step is to push the target cylinder from the initial to the final                  
path. This has to be done without placing any additional marks (on the cylinder, obstacles, etc.).                
Thus, teams could move the robot arm so that the marker is capped. This capped marker (which                 
may well have guides placed on it) will then be used to push the cylinder to the target.  
 
Teams may select the environmental difficulty level they wish to attempt. Tutors reserve the              
right to downgrade teams if the team has failed the difficulty level twice. In this task, all                 
obstacles must be avoided. A collision-free path is guaranteed to exist. 
 
 Easy Intermediate Difficult 
Number of Obstacles No obstacles 3 obstacles≤  8 obstacles≤  

Obstacle Height N/A 35mm 35mm and 70mm 
Maximum Time  60s 90s 120s 
Maximum Motion Planning Mark 5 10 18 
Maximum Accuracy Mark 10 10 10 
 
Motion Planning Mark: Teams will be marked based on their speed and precision. If the task is                 
completed within the target time, the maximum motion planning mark will be awarded. For each               
5s or part thereof that a team goes over, 1 mark will be deducted from the maximum motion                  
planning mark. 
 
Final Position Accuracy Mark: Teams will be awarded up to 5 marks for position accuracy               
and 5 marks for orientation accuracy to give a combined accuracy mark out of 10. Marks will be                  
awarded as outlined in the Environment Goal section. 
 
Moving On (Crossing the brook): Teams may only attempt subsequent challenge tasks (i.e.,             
Tasks 2-5) if they complete Task 1 in an intermediate or difficult environment.  
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Task 2: The Garden of Live Flowers 
The robot now may have to handle one or two additional factors: (first) multiple targets plus                
goals and to (secondly for higher distinction) it may intelligently move square / cube obstacles so                
as to create a collision-free path as one is necessarily guaranteed to exist in advance. 
Moral: This task focuses on: (1) multi-goal planning (i.e., the combination of two “hard”              
[NP-hard] problems: motion planning and destination sequencing [i.e., a “travelling salesman           
problem” or “TSP”]) and (2) motion planning methods with higher DOFs as the motion of the                
“obstacle that may move” increases the search space considerably and has to be considered.  
 
Similar to Task 1, your robot must move the targets [ranging from 2-4] to goal spots [also                 
ranging from 2-4, with the number of goals the same as the number of targets and for which the                   
order is invariant]. Here, a collision-free path will not necessarily exist. One foam obstacle              
type, the cube shape of any color, may be moved by the robot arm to allow a path to be found.                     
The moved obstacle must stay within the workspace.  
 
Said more poetically, flowers typically do not come by themselves and may have “thorns” that               
have to be moved out of the way.  So perhaps, it is no surprise that the path to Eden is not trivial. 
 
Your mark will be based on speed, as outlined in Task 1. The fail criteria associated with moving                  
obstacles do not apply to the obstacle that is allowed to be moved.  
 
Maximum time: 120 seconds 
 

 
 

Challenge Task 3: Through the Looking-Glass (literally)  
The Task 2 workspace will now contain a mirror! The mirror will be placed initially by tutors in                  
an arbitrary location, including serving as the workspace plane. The mirror itself may or may not                
be partially covered by paper. The robot will be expected to use its own motion to determine                 
which part of the sensed environment is a reflection and which one is the non-virtual image. For                 
even further “distinction” the robot is allowed autonomously move the mirror (as practicable). 
Moral: This task focuses on: active sensing and 3D estimation 
 
Maximum time: 180 seconds 
 
Challenge Task 4:  What The Robot Found There... 
What is on the other side of mirror? Non-lambertian objects (of course ☺). Here the Task 2                 
workspace will include a clear glass bottle. The bottle may be at any orientation. The robot will                 
have to trace a path around the bottle and/or push the bottle out of the way. For even further                   
“distinction” teams are allowed to request that the target and/or goal spot are in the bottle. 
Moral: This task focuses on: Handling non-lambertian object variation via sensing or planning. 
 
Maximum time: 180 seconds 
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Challenge Task 5:  “It’s my own Invention” 
Teams are allowed to propose their on challenge task that is agreed to by the teaching staff in                  
advance. The task should clearly focus on one or two (advanced) topics from the course.               
Some possible candidates include (but are not limited to): moving obstacles; dynamic motion;             
motion-planning in high-DOF C-spaces; motion planning that involves tight constraints          
(sometimes called “narrow-passage” problems); motion planning that involves non-greedy         
(sometimes called “bug-trap” problems), non-convex, or non-submodular constraints; partially         
occluded environments, reconstructing the full 3D geometry from limited number of views            
(SfM), reconstructing both the map and location of the robot without the encoder/arm kinematics              
(SLAM); handling compliance/deformation in a (soft) robot arm; controlling the arm using            
pixels only; reconstructing the 3D geometry from one view only; using one of the motors to pan                 
the camera around while also moving when mounted to the robot arm; completing the task with                
one two motor (underactuated robotics); the motion path can spell out a word/draw a pattern/etc.;               
or, any other similarly interesting, yet challenging, variation.   Have fun with it!  ☺ 
 
As custom challenge tasks ideas are sent in and approved, they will be posted here for the benefit                  
of other teams. 
 
Maximum time: 180 seconds 
 
 
 

Question and Answer (All Teams) 
Team members will be asked questions about the design and implementation. All team members              
need to understand and be able to explain all aspects of the design. The team will receive a                  
single, group mark for the Q&A that represents the accuracy and clarity of the responses given.                
This mark is at the tutor’s discretion. 
 
Minimum time: Teams should allocate at least 180 seconds to this task. This is in addition to                 
the overall 10 minute demonstration time budget, but may be done concurrently as it makes               
sense so as to fit within the 15 minute demonstration time slot. 
 
 

 ⇒⇒  Programming Systems  ⇐⇐  
You may elect to use programming languages and systems other than Matlab, such as Visual C or Python                  
(i.e., the class is language / system neutral). In particular, you may choose to use OpenCV. The only                  
supported programming system is MATLAB. 
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 Symbolism: Assessment Criteria for Overall Lab Mark 
Grades are not just about marks (or path markings). Here are some guidelines for how the                
robot’s story weaves its way into a final grade. 
 
All teams are expected to do Task 1 in an easy environment to pass the class. Task 1 in an                    
Intermediate to Difficult environment is the step-up to a Credit. Task 2, particularly in              
Intermediate environments, is the step up to a Distinction. The challenge tasks, particularly             
masterful completion, is the step-up to a High-Distinction. Higher level of marks in each grade               
band is had by performing in Difficult environment and performing quickly (in terms of clock               
time), elegantly, and masterfully. Thus, performing the challenge tasks intelligently, is a            
distinction at best. Successful completion of multiple challenge tasks is the spirit of the high-end               
of High Distinction.  
 
Grades will be determined by the teaching staff exclusively based on the performance and              
explanation of team members as they perform the aforementioned area tasks. A general, but not               
absolute, rule the mapping between points (or value) and the grades is: 
● 1-3: Teams attempt and are somewhat successful at a Task 1. Performance is mediocre.  
● 4: Teams are successful completing Task 1 in an Easy to Intermediate environment. Scenes              

are more highly structured and/or more attempts are required than is typically expected. 
● 5: Teams complete Task 1A and 1B in Intermediate environments.  
● 6: Teams masterfully complete Task 1 and as well as one facet of Task 2.  
● 7: Teams show deft skill and aptitude. Their solution robustly completes Task 1 in Difficult               

environment successfully. In addition, they are able to successfully complete a challenge            
task.  Even more highly distinctive teams will be able to complete multiple challenge task(s).  
 

As a rough guide that mapping between tiles and the grades is: 
Grade Description 

2 
(20-45) 

Task 1 is attempted. For example, you are able to get all the systems to turn on and for the 
robot to touch to the cylinder. 

3 
(45-50) 

Very substandard performance,  For example, you are able to detect the target and move the 
arm, but the solution does not complete the task properly. 

4 
(50-65) 

Basic level operation. For example, for Task 1A or 1B, you are able to detect the target and 
goal and handle Easy to Intermediate environments.  

5 
(65-75) 

Intermediate operation level. Task 1A and 1B are handled in Intermediate to Difficult             
environments.  

6 
(75-85) 

Very good intermediate to Advanced Level performance. Tasks 1A and 1B are completely 
adroitly.  One of the two facets of Task 2 is done to some Intermediate level.  

7 
(85-100+) 

Excellent performance. Tasks 1A and 1B are competed materfully.  Both facets of Task 2 
are done in intermediate+ environments.  A Challenge Tasks is attempted with highest 
distinction from successful completion of a Challenge Task.  Teams are able to robustly move 
objects in complex scenes with superb precision in intermediate+ environments. 
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Individual Grade  
Each member’s individual grade will be computed from: The average assessment of the team by               
the teaching staff at the demonstration, The peer assessment factor, and the report. 
 
The final score is then computed as follows: Individual Normalized Grade =  
([ PAF ]*[ Lab Demonstration (out of 100) ] + Group Lab Report (out of 15) + Individual Lab Report (out of 10))                       
* ... 
( [Total Score to Normalize to a Percentage (in this case 1/125) ]  ) 
 
[PAF] = ( ([Number of Team Members] * [Individual PAF]) /  ([Sum of PAFs for the Group])  ) ^ 0.60  
 

Demonstration 
The system will need to be demonstrated. Sign up will open on Thursday, October 18 (at the                 
beginning of the practical session). During the demonstration period, teams must demonstrate            
operation in the order of Tasks completed (e.g., Task 1. then Task 2, and then Task 4 for a team                    
that decides to skip Task 3). Teams are allowed to repeat operation up to two times as long as                   
they are within the time block. In both cases, the final score is the median performance. 
 
Given the number of teams, the demonstration times (of 20 minutes total including setup and               
discussion) will be strictly enforced. It is recommended that teams come 40-60 minutes in              
advance of their demonstration appointment. It is also recommended that teams practise their             
demonstrations as time limits will be enforced even if teams have not been able to demonstrate                
their solutions to the tasks (i.e., teams will receive grades on the solutions they demonstrate not                
the solutions they might have, but did not deliver). Teams must finish in 10 minutes               
demonstration time window so as to leave sufficient time for discussion. 
 

Judges 
The course coordinator, lecturers and tutors will act as judges. The course coordinator will act as                
chief judge. All decisions made by the judges will be final, and no correspondence will be                
entered into. Students may approach the teaching staff about possible designs that may be              
questionable under the rules listed above. Any queries will be treated confidentiality and will not               
be divulged. 
 

Due Date [Demo: Oct 26-Nov 16] 
Due to supplier issues with parts required for the Challenge Tasks, the lab due date has been a                  
free no-late penalty so that it should completed and demonstrated at a laboratory time between               
Friday, October 26, 2018 and Friday, November 16, 2018. A short, brief group report (~1               
page, details in class) should also be submitted at the day of demonstration. It is due by 11:59                  
pm on November 16, 2018 via the Platypus submission system. Early submission is encouraged.  
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Hints and Comments 
● It might help to have a compliant end effector (e.g., brush), but the arm can be rigid. 
● A pendulum mass (e.g., crane) is also an option (though this makes more sense in               

conjunction with input shaping (anti-sway control)).  
● Yes, even with the luxury of servo motors, it is still a controls problem. Some might                

even say that controls is a subset of planning ☺.  

Standing on the Shoulder of Giants 
Motion planning and robotics are actively researched domains. You are encouraged to adopt a 
principled approach and use cited-citations. Please be sure to reference appropriately.  
 

Caveats  
Some general “reasonable person” rules apply to the code and its execution: 

● It is expected that you will use source/version control 
● Codes with fixed (predetermined) estimates are not valid (even if the value is correct) -- read “NO                 

HARD CODING” 
● Internet access may or may not be present -- the code should assume that it will not have Internet                   

access during execution and thus operate in a self-contained manner. This proviso excludes UQ              
license servers that may be needed by the program (e.g., Matlab). A “Mechanical Turk” or               
“phone home” solution is explicitly disallowed.  

● Memory space may or may not be cleared between challenges and submissions -- The memory               
space might be cleared before each function. Thus, if your routines rely on parameters to be                
exchanged, it should do so by writing to a file. Similarly, if certain variables names (e.g.,                
counters) are used between functions, then be sure to initialize them correctly. 

● All source code(s) may be assessed -- Thus, it is requested that it is commented. If custom                 
precompiled codes are used (e.g., mex files), the source code and compilation instructions (e.g.,              
makefiles) should also be submitted. 

● Computational and memory resources -- the functions should be able to operate reasonably on a               
“standard” Laptop/Workstation class computer (such as the UQ EAIT PC Workstations). Judges            
may terminate execution after 5 minutes. 
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Appendix 1: The PCL Perception Pipeline  
An example of a perception pipeline as described in the Point Cloud Library’s Documentation. 
 

filters  features  keypoints 

 

registration  kdtree  octree 

   

 

segmentation  sample_consensus  surface 

 
   

recognition  io  visualization 
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 Appendix 2: Sample Images and Templates 
Some sample images (download all as ZIP)  and some goal spot templates. 
 
Task 1: 

  
 

Easy Intermediate Difficult 
 

Task 2: 

  

Level Inclined 
 

Challenge Task 3: 

  

 
Goal Spot Templates: 

● Marker template sheet (PDF) 
● Marker template sheet (MS Word) 
● As a target overlay (PDF) 
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