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1 Introduction

Robotics has been identified as one of the key technologies that will have a transformative impact in various new
markets and on diverse human social aspects. Modern robotic systems are being deployed to tackle multiple appli-
cation domains such as disaster response, hospitality, healthcare, domestic tasks, transportation, space exploration,
manufacturing, and construction. However, there is still a gap between the current state of robotic capabilities
and the requirements that must be met to enable practical and impactful robotic deployments in the envisioned
applications. Therefore, robotic technologies have to be developed further using a human-centric approach to allow
these robots to operate autonomously in dynamic, unstructured environments while collaborating and interacting
with other robots and humans. We aim to focus on some of these enabling technologies by providing a demanding
set of benchmark robotics challenges.

This robotics competition aims to inspire undergraduate students from local universities to work on tackling
robotic challenges relevant to the modern societal and industrial problems.

The first version of this competition is organized and sponsored by Rochester Institute of Technology (RIT),
Dubai Future Labs (DFL) and Khalifa University. Future iteration of this competition to be co-organized and
sponsored by various academic and industrial institutes and research centres in the UAE.

2 Objectives

The objectives of this competition are the following:

• Challenge undergraduate students from local universities with relevant robotic problems.

• Encourage more students to advance their practical knowledge in robotics and similar disciplines.

• Improve students practical skills by allowing them to apply what they learned in real-world scenarios.
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3 Challenge 1: Manipulation

3.1 Motivation

Recent robots are being developed to perform tasks that are less creative and dull, dangerous, dirty, tiring and
repetitive in nature. Many of such tasks primarily involve physical interaction with objects and the environment.
Grasping and manipulation are key functional capabilities that enable a robot to achieve a physical interactive task.
Robotic systems utilize these robotic arms to perform useful tasks such as pick and place, soft robotic gripping,
packing, etc. These tasks will eventually enhance how we live once deployed in domestic and service scenarios to
perform activities such as cooking, cleaning, and e-commerce order fulfillment, among many other applications.

3.2 Objective

In this challenge, competitors will use a manipulator arm to perform pick-and-place of static objects autonomously.
The objective of this challenge is to develop a robotic pick-and-place manipulation system capable of picking super-
market items of different sizes, shapes, and weights from a table and place them inside a box. The objects will be
cluttered but spaced out and not overlapping. The objects are classified as follows:

• Rigid objects:

– light weight less than 200 grams (e.g., banana, orange, apple)

– heavy weight less than 1 kg (e.g., can, Pringles)

• Soft/deformable objects:

– light weight approx 100 grams (e.g., a bag of chips)

– heavy weight less than 1 kg (e.g., wet wipes, rice)

Figure 1: Potential manipulation objects.
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Figure 2: Manipulator setup with table dimensions.

Figure 3: Storage bin for dropping objects.

3.3 Challenge Setup

A manipulator placed in front of a table with the following setup:

• The objects will be randomly placed on the table, bounded within 100 cm length x 60 cm width.

• The table will be similar to the one found in Figure 2.

• The robot will be placed at least 5.0 cm away from the table.

• The objects will include items similar to those found in Figure 1.

• Teams have to provide the placement table or setup that their robot will be on.
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3.4 Challenge Specification

Each team will be given 10 minutes to finish the challenge run. After the judge gives the starting signal, the team
will be allowed to press the start button or run the code. During the run, the team is not allowed to manually or
remotely interfere with any of the system components (e.g., P.C, gripper, manipulator, joystick, or software). If any
interference in the robotic system is detected, the judge will be forced to cancel the run and the team loses any points
accumulated during this run.

At any time during the challenge run, a team can request a reset. The reset allows the team to adjust their setup
and ask the judge to start the run again. Each reset will be subject to a penalty as specified in the scoring Table 3.5
and the time will continue during a reset.

During each run, the team will have to detect the objects on the table, select an item they would like to manipulate,
pick it using their manipulator arm, and place it inside the bin located on the side of the table. See Figure 3 for the
storage bin, which can be purchased from Amazon.

3.5 Scoring

Behavior Points
Successful picking and placing of objects +2
Damaging object (e.g., crushing the bag of chips) -1
Collision with table -1
Collision with other objects -1
Challenge reset (max 3 rests allowed) -1
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4 Challenge 2: Navigation

In the second challenge, competing teams will use an autonomous mobile platform (either off-the-shelf or team
developed) that moves over a pre-defined track from one departure point back to the same point while obeying traffic
signal panels and avoiding obstacles.

4.1 Motivation

Autonomous mobile robots operate by sensing and perceiving their environment to make accurate navigation decisions
without any human intervention. Sensor integration is a key concept for a successful implementation of navigation
including localization, path planning, and obstacle detection and avoidance. Autonomous mobile robots can enhance

Figure 4: Challenge track with obstacles, traffic signals, pedestrian crossing, humps and working area safety cones.
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Figure 5: Challenge track legend.

the productivity and efficiency of many sectors including transportation, logistics, and shipping, among many others.

4.2 Objective

In this challenge, competitors will use a mobile robot for autonomous navigation. The objective of this challenge
is to navigate a road-like track seeded with several challenges such as obstacles, a zebra crossing area, a mid-road
dashed line, traffic light panels, and a working area.

4.3 Challenge Setup

Figure 4 illustrates the track that will be used for this challenge, and Figure 5 explains the legends used on the track.
The team members are requested to place their mobile robot at the departure line. The robot should wait until the
traffic signal at the departure area turns green indicating the start of the navigation process.

4.4 Challenge Specification

The aim of the challenge is to complete two laps around the track, starting from the area of departure and reaching
back the same area in the shortest possible time and with the least possible penalties. The mobile platform will be
facing several challenges, which are classified as follows:

• Obstacles: rectangular green boxes with a 15 cm x 30 cm base and a minimum height of 10 cm as shown in
Figure 7.

• Traffic signalling panels: the aim of the signalling panels is to simulate a realistic traffic scenario where
vehicles have to obey these signals in order to stop, follow straight ahead, and make a turn. The symbols
themselves are displayed over a black background and are bounded by a square box of 15 cm x 15 cm. They
will be suspended at an elevation of 120 cm from the surface of the track. Two traffic signalling panels will
be placed at the departure area and at a junction area, respectively. At the departure area, a red colored
“X” signal indicates a stop signal, while a green colored vertical arrow indicates a move forward/go signal, see
Figure 6b. At the junction area, a green colored vertical arrow indicates a move straight signal, while a right
pointing green horizontal arrow indicates a turn right signal, as shown in Figure 6c.

• Humps: they are placed at the zebra crossing areas with a height of 40 mm and a width of 39 cm, Figure 6a
depicts a representative hump that might be used during this challenge.

• Safety Cones: are placed in the U shape part of the track. They have a base of 19 cm x 17 cm and a height
of 30 cm, as shown in Figure 6d.
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(a) Hump at zebra crossing area. (b) Traffic signal at departure area.

(c) Traffic signal at junction area. (d) Working area safety cone.

Figure 6: Traffic related items.

Figure 7: Rectangular green box obstacle.

4.5 Scoring

The number of completed laps, the time taken to complete them and suffered penalties are taken into account to
calculate the score.

Behavior Points Type
Obeying signal traffic panel trigger of the departure +2 Required
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Obeying signal traffic panel of the junction +2 Required
Completing each lap +2 Required
Manual trigger of the departure -1 Penalty
Early departure -1 Penalty
Going outside the track (partial) -1 Penalty
Stopping outside the track at the end of second lap -1 Penalty
Collision with a track accessory -1 Penalty
Going outside the track (total) -2 Trial termination
Collision with track accessories altering geometry -2 Trial termination
Time under 3 min +1 Bonus
Fastest time +3 Bonus
Second-fastest time +2 Bonus
Third-fastest time +1 Bonus

4.6 Additional Challenge Rules

Additional rules related to this challenge:

• Each team has 5 min to finish their run/trial.

• Each team has only 2 trials/runs.

• The trial with the best score will be taken into account.

• The robot has to fit entirely into a rectangular parallelepiped box 30 cm wide, 50 cm long and 40 cm high to
qualify for this competition. A physical box with the same dimensions will be used where the robot should
completely fit.

• If the robot does not meet the required size, the team will be disqualified.

• The robot has to be a completely autonomous vehicle with entirely embedded energy sources.

• Competitors and team members are not allowed to include radio communication between the robot and other
electronic devices.

• The obstacle position on the track can vary between trials for the same robot.
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5 Application Process

Teams interested in participating in this competition should follow the requirements below.

Requirements

• Registering teams must consist of 3-6 members.

• At least half the team members should be from a local UAE based university.

• Members must be enrolled in a bachelor’s degree at the university.

• Teams must be supervised by a faculty member from the same university.

Application Form Information

• Team members with their field of study and their CVs

• Proposed team name

• The faculty member supervising the team

• University affiliation(s)

• List any previous experience with building robotic systems

• List any previous experience in participating in competitions

• List of robotic systems the team intends to use, or if the team will build their own

5.1 Prizes

The total prize money for the challenges will be 35K AED distributed as shown in the Table 3. Please note that all
prizes are in AED currency.

Challenge 1st Place 2nd Place 3rd Place
Manipulation 10K 5K 2.5K
Navigation 10K 5K 2.5K

Table 3: Prize money distribution

This competition encourages collaboration and open innovation. As such, a condition for accepting the prize
money is that winning teams should open-source and document their code and designs on an online platform (e.g.,
github, gitlab etc.) and provide access to anyone to replicate these systems and build on them.
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5.2 Timeline

Milestone Date
Announcement 01/11/2022
Registration deadline 25/11/2022
Site visit 19/01/2023
Trials 16/02/2023
Competition 23/02/2023

5.3 Organizing Entities

The competition is organized and sponsored by:

• Dubai Future Labs

• Rochester Institute of Technology

• Khalifa University
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