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Prospection 

– the capacity to anticipate the future – 

is the hallmark of cognition

www.africa.engineering.cmu.edu
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Rwanda



IROS 2024                                                                                  6                                                                                 Robotics in Africa Forum



IROS 2024                                                                                  7                                                                                 Robotics in Africa Forum



IROS 2024                                                                                  8                                                                                 Robotics in Africa ForumPhoto credit: Tallis Woomert



IROS 2024                                                                                  9                                                                                 Robotics in Africa ForumPhoto credit: Tallis Woomert



IROS 2024                                                                                  10                                                                                 Robotics in Africa ForumPhoto credit: Tallis Woomert



IROS 2024                                                                                  11                                                                                 Robotics in Africa Forumhttps://www.uci.org/article/globe-riders-africa-gearing-up-for-2025-uci-road-world-championships-in/33uOYFn6vsVjs0oE6Jfwci



IROS 2024                                                                                  12                                                                                 Robotics in Africa Forum
www.parcrobotics.org/



IROS 2024                                                                                  13                                                                                 Robotics in Africa Forum
www.parcrobotics.org/



IROS 2024                                                                                  14                                                                                 Robotics in Africa Forum
www.parcrobotics.org/



IROS 2024                                                                                  15                                                                                 Robotics in Africa Forum
www.parcrobotics.org/

ROS
Gazebo
OpenCV
Python
Matlab
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Benin
Cameroon 
Egypt
Ethiopia 
India
Kenya
Nigeria
Rwanda
South Africa
Tanzania
Togo
USA
Zambia
Zimbabwe

66 Registered Teams

201 Participants

https://cars4mars.co.za/
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"IRCAD (Institut de Recherche contre les Cancers de l’Appareil Digestif - Research Institute against Digestive Cancer) was 
founded in 1994 in Strasbourg, France by Prof. Jacques Marescaux a surgeon fascinated by technology."
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Source: https://robots.ieee.org/robots/davinci/
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https://www.istockphoto.com/photos/abdomen-palpation

An Ubtech CRUZR service robot deployed by ZoraBots Africa Ltd. to check the temperature of travelers arriving at Kigali International Airport, Rwanda.
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https://www.rti.org/impact/using-satellite-images-and-artificial-intelligence-improve-agricultural-resilience
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https://spectrum.ieee.org/robotics/drones/in-the-air-with-ziplines-medical-delivery-drones

Zipline
Drone delivery of blood in rural regions



IROS 2024                                                                                  28                                                                                 Robotics in Africa Forum
https://spectrum.ieee.org/robotics/drones/in-the-air-with-ziplines-medical-delivery-drones

Zipline Medical Delivery Drones
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Zipline Medical Delivery Drones
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https://keza-education.rw/
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https://www.instagram.com/rwandaict/p/C_5LPBiA-OF/?img_index=1
https://en.igihe.com/news/article/robots-to-be-integrated-into-student-learning-programs

26 pilot schools involved in the Rwanda National Robotics Program 
2024 
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https://x.com/RwandaICT/status/1834888620534104561

26 pilot schools involved in the Rwanda National Robotics Program 
2024 
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To find out more
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IEEE Robotics and Automation Magazine December 2019
https://ieeexplore.ieee.org/document/8931075
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Artificial Intelligence, Robotics, and Machine Learning in Africa
www.vernon.eu/wiki/Artificial_Intelligence,_Robotics,_and_Machine_Learning_in_Africa
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One more thought ...
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https://www.blog.google/around-the-globe/google-africa/google-ai-ghana/
https://www.kindpng.com/imgv/iiJhmwR_big-image-png-parachute-clipart-transparent-png/#gal_big-image-png-parachute-clipart-transparent-png_iiJhmwR_1805273.png

x
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"We need African solutions to African problems"

Michel Bézy
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The difference between Invention and Innovation 
is Adoption

Jeremy Rose
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Adoption depends on Trust 
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Trust
The expectation that 

a service will be provided 
or a commitment 

will be fulfilled
(Hofman et al., 2006)
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Trust
The expectation that 

a service will be provided 
or a commitment 

will be fulfilled
(Hofman et al., 2006)

Individual Context

Cultural Context

Organizational Context

Adoption of Robotics in Africa
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Adoption hinges on cultural competence 
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www.cssr4africa.org

Started in July 2023
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www.cssr4africa.org
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General

Knowledge

Cultural

Empathetic 
Interaction

Graphic based based on work by Bruno et al. (2017)
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Cultural knowledge representationCulturally Competent
Social Robot

{Bruno et al, 2017}
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Culturally sensitive planning and action execution

Cultural knowledge representationCulturally Competent
Social Robot

{Bruno et al, 2017}
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Culturally aware multimodal human-robot interaction

Culturally sensitive planning and action execution

Cultural knowledge representationCulturally Competent
Social Robot

{Bruno et al, 2017}
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Culturally aware multimodal human-robot interaction

Culturally sensitive planning and action execution

Cultural knowledge representation

Culture-aware human emotion recognition

Culturally Competent
Social Robot

{Bruno et al, 2017}
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Culturally aware multimodal human-robot interaction

Culturally sensitive planning and action execution

Cultural knowledge representation

Culture-aware human emotion recognition

Culture identity assessment, habits, and preferences

Culturally Competent
Social Robot

{Bruno et al, 2017}



IROS 2024                                                                                  66                                                                                 Robotics in Africa Forum

Culturally aware multimodal human-robot interaction

Culturally sensitive planning and action execution

Cultural knowledge representation

Culture-aware human emotion recognition

Culture identity assessment, habits, and preferences



IROS 2024                                                                                  67                                                                                 Robotics in Africa Forum

General

Knowledge

Cultural
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Pilot Survey of Rwandan Cultural Knowledge

• Online survey with 59 questions (English and Kinyarwanda)

• Conducted at Carnegie Mellon University Africa

• 143 responses (108 in English, 35 in Kinyarwanda)
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A Sample of African Culture-specific Knowledge

Spatial,
Non-verbal,

Verbal
Interaction

After (Bruno et al, 2019)

A Sample of Africa-centric 
Design Patterns for Social Robots 

After (Kahn et al, 2008)
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www.cssr4africa.org

Abstract system architecture for a culturally sensitive social robot 
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www.cssr4africa.org

Sensors personDetection

                                                                    

 /naoqi_driver/camera/front/image_raw

 /naoqi_driver/camera/stereo/image_raw

 /naoqi_driver/camera/depth/image_raw                     

soundDetection /naoqi_driver/audio

   faceDetection   
                                          

 /naoqi_driver/camera/front/image_raw

 /naoqi_driver/camera/stereo/image_raw

   overtAttention  

 /naoqi_driver/camera/front/image_raw

 /naoqi_driver/camera/stereo/image_raw

robotLocalization

 /naoqi_driver/camera/front/image_raw

 /naoqi_driver/camera/stereo/image_raw

 /naoqi_driver/odom

 /naoqi_driver/imu/base

 /joint_states

                                          

 /personDetection/data

behaviorController

                                                                    

 /personDetection/data

    speechEvent   

 /soundDetection/signal

 /soundDetection/direction

 /faceDetection/data

                                                                    

 /speechEvent/text

    tabletEvent    

knowledgeBase

/tabletEvent/prompt_and_get_response    

 /knowledgeBase/query    

 /overtAttention/set_mode    
 /overtAttention/set_activation    

animateBehaviour

                                                                    

/animateBehaviour/set_activation    

gestureExecution/gestureExecution/perform_gesture    

 robotNavigation  

/robotNavigation/set_goal    

  textToSpeech  

/textToSpeech/say_text    

 

 /overtAttention/mode

Actuators

 /pepper_dcm/Head_controller/follow_joint_trajectory

 /cmd_vel

                                                                             
 /pepper_dcm/RightHand_controller/follow_joint_trajectory

 /pepper_dcm/LeftHand_controller/follow_joint_trajectory

 /pepper_dcm/RightArm_controller/follow_joint_trajectory

 /pepper_dcm/LeftArm_controller/follow_joint_trajectory

 /pepper_dcm/Pelvis_controller/follow_joint_trajectory

 /cmd_vel

 /pepper_dcm/RightHand_controller/follow_joint_trajectory
 /pepper_dcm/LeftHand_controller/follow_joint_trajectory
 /pepper_dcm/RightArm_controller/follow_joint_trajectory
 /pepper_dcm/LeftArm_controller/follow_joint_trajectory
 /pepper_dcm/Pelvis_controller/follow_joint_trajectory
 /cmd_vel

                                                                    

 /robotLocalization/pose

 /robotLocalization/pose
 /robotLocalization/pose

 /robotLocalization/pose

 /knowledgeBase/query    

 /robotLocalization/reset_pose    

 /cmd_vel

ROS system architecture for a culturally sensitive social robot
(all software will be on GitHub at https://github.com/cssr4africa/cssr4africa) 
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Biological Motion for Engaging Gestural Communication in Social Robots

Cost function being minimized

Minimum Jerk Model  

Joint position

Joint velocity

Joint acceleration
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Biological motion during human-robot interactions

Warmth increased on average by 14%

Discomfort reduced by 13%

(assessed using a variation of the RoSAS metric) 

Biological Motion for Engaging Gestural Communication in Social Robots
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www.cssr4africa.org

Gesture subsystem in the abstract system architecture
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www.cssr4africa.org

Sensors personDetection

                                                                    

 /naoqi_driver/camera/front/image_raw

 /naoqi_driver/camera/stereo/image_raw

 /naoqi_driver/camera/depth/image_raw                     

soundDetection /naoqi_driver/audio

   faceDetection   
                                          

 /naoqi_driver/camera/front/image_raw

 /naoqi_driver/camera/stereo/image_raw

   overtAttention  

 /naoqi_driver/camera/front/image_raw

 /naoqi_driver/camera/stereo/image_raw

robotLocalization

 /naoqi_driver/camera/front/image_raw

 /naoqi_driver/camera/stereo/image_raw

 /naoqi_driver/odom

 /naoqi_driver/imu/base

 /joint_states

                                          

 /personDetection/data

behaviorController

                                                                    

 /personDetection/data

    speechEvent   

 /soundDetection/signal

 /soundDetection/direction

 /faceDetection/data

                                                                    

 /speechEvent/text

    tabletEvent    

knowledgeBase

/tabletEvent/prompt_and_get_response    

 /knowledgeBase/query    

 /overtAttention/set_mode    
 /overtAttention/set_activation    

animateBehaviour

                                                                    

/animateBehaviour/set_activation    

gestureExecution/gestureExecution/perform_gesture    

 robotNavigation  

/robotNavigation/set_goal    

  textToSpeech  

/textToSpeech/say_text    

 

 /overtAttention/mode

Actuators

 /pepper_dcm/Head_controller/follow_joint_trajectory

 /cmd_vel

                                                                             
 /pepper_dcm/RightHand_controller/follow_joint_trajectory

 /pepper_dcm/LeftHand_controller/follow_joint_trajectory

 /pepper_dcm/RightArm_controller/follow_joint_trajectory

 /pepper_dcm/LeftArm_controller/follow_joint_trajectory

 /pepper_dcm/Pelvis_controller/follow_joint_trajectory

 /cmd_vel

 /pepper_dcm/RightHand_controller/follow_joint_trajectory
 /pepper_dcm/LeftHand_controller/follow_joint_trajectory
 /pepper_dcm/RightArm_controller/follow_joint_trajectory
 /pepper_dcm/LeftArm_controller/follow_joint_trajectory
 /pepper_dcm/Pelvis_controller/follow_joint_trajectory
 /cmd_vel

                                                                    

 /robotLocalization/pose

 /robotLocalization/pose
 /robotLocalization/pose

 /robotLocalization/pose

 /knowledgeBase/query    

 /robotLocalization/reset_pose    

 /cmd_vel

Gesture subsystem ROS system architecture
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Robotics in Africa at IROS 2024 Posters
http://www.vernon.eu/downloads/CMU-Africa_Poster_Culture_Survey.pdf

Rwandan Culture Survey for Culturally-Sensitive Social Robotics for Africa
Eyerusalem Birhan and David Vernon

Carnegie Mellon University Africa, Kigali, Rwanda

Method Results

References
B. Bruno, C. T. Recchiuto, I. Papadopoulos, A. Saffiotti, C. Koulouglioti, R. Menicatti, 
      F. Mastrogiovanni, R. Zaccaria, and A. Sgorbissa. Knowledge representation for culturally     
      competent personal robots: requirements, design principles, implementation, and   
      assessment. International Journal of Social Robotics, 11(3):515–538, 2019.
Weiss and V. Evers, “Exploring cultural factors in human-robot interaction: A matter of 
       personality?” in Comparative Informatics Workshop. University of Amsterdam, 2011.
I. Papadopoulos, A. Saffiotti, F. Pecora, N. Y. Chong, Y. Lim, H. Kamide, J. Lee, C. Papadopoulos, 
       and G. Randhawa, “Culturally competent human-robot interaction: Impact on user 
       acceptance,” International Journal of Social Robotics, vol. 12, no. 4, pp. 1107–1120, 2020.
J. van Doorn, M. Mende, and A. L. Noble, “The role of human-robot interaction in consumers,”     
       Journal of Robotics and Automation, vol. 17, no. 3, pp. 450–460, 2021
T. Nomura, K. Kawakami, and K. Kanda, “Understanding cultural preferences for social robots,” 
       International Journal of Social Robotics, vol. 15, no. 2, pp. 230–245, 2023.
J. Wirtz, P. G. Patterson, and W. H. Kunz, “Customers’ acceptance of artificially intelligent service    
       robots,” Journal of Service Research, vol. 25, no. 1, pp. 50–65, 2023. 

Research Goals
Identify the verbal and non-verbal social and cultural norms of 
human interaction that are prevalent in African countries, 
specifically Rwanda.

Cultural knowledge Ontology

Ethnographic Study

Questionnaire
(59)

Survey
(143 responses)

Cultural
Knowledges

Sample Questions
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Robotics in Africa at IROS 2024 Posters
http://www.vernon.eu/downloads/CMU-Africa_Poster_Biological_Motion.pdf

Biological Motion for Gestural Communication by Social Robots
Adedayo Akinade and David Vernon

Carnegie Mellon University Africa, Kigali, Rwanda

Significance of Biological Motion Method Results

References
A. Akinade, Y. Haile, N. Mutangana, C. Tucker, and D. Vernon, “Culturally Competent Social Robots Target Inclusion 
in Africa”, Science Robotics, 2023.  
C. Carpinella, A. Wyman, M. Perez, and S. Stroessner, "The Robotic Social Attributes Scale (RoSAS): Development 
and Validation", in 12th ACM/IEEE International Conference on Human-Robot Interaction, 2017, pp. 254 – 262.
W. Chan, T. Tran, S. Sheikholeslami, and E. Croft, "An experimental validation and comparison of reaching motion 
models for unconstrained handovers: towards generating humanlike motions for human-robot handovers", in 
Proceedings of the 20th IEEE-RAS International Conference on Humanoid Robots, 2020, pp. 356-361.
M. Huber, H. Radrich, C. Wendt, M. Rickert, A. Knoll, T. Brandt, and S. Glasauer, "Evaluation of a novel biologically 
inspired trajectory generator in human-robot interaction", in 18th IEEE International Symposium on Robot and 
Human Interactive Communication (RO-MAN), 2009, pp. 639-644.
C. Bartneck, T. Belpaeme, F. Eyssel, T. Kanda, M. Keijsers, and S. Sabanovic, Human-Robot Interaction: An 
Introduction, 02 2019.
Puce and D. Perrett, "Electrophysiology and brain imaging of biological motion", in Philosophical Transactions of 
the Royal Society B: Biological Sciences, 2003, 358(1431), pp. 435 – 445.
P. Viviani, and T. Flash, "Minimum-jerk, two-thirds power law, and isochrony: converging approaches to 
movement planning", Journal of Experimental Psychology, Human Perception and Performance, 1995, 21(1), pp. 
32-53.

Models of Biological Motion

Trajectory Generation

Minimum Jerk 
(Chan et al., 2021)

Decoupled Minimum-Jerk 
(Huber et al., 2009) 

Cost function being minimized

Tangential Velocity Radius of Curvature

Velocity Gain Factor (> 0)

Trajectory in z-direction

Trajectory in xy-direction

Two-thirds Power Law
(Viviani and Flash, 1995) Empirical value !"

Impact Assessment

Form of trajectory that minimizes jerk

Boundary conditions

Joint positions

Joint velocities

Joint accelerations

Condition 1

Non-biological (Control) gestures Biological motion profile

Condition 2

RoSAS Assessment Variables
Carpinella et al., 2017

Uncanny Valley 
(Bartneck et al., 2019) 

Superior Temporal Sulcus activation
(Puce and Perret, 2003) 

CSSR4Africa System Architecture 
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Robotics in Africa at IROS 2024 Posters
http://www.vernon.eu/downloads/CMU-Africa_Poster_Behaviour_Trees.pdf

Behavior Trees for Culturally Sensitive Social Robots: African Culture Case Study
Ibrahim Jimoh, Heran Equbay, Clifford Osano, Tsegazeab Tefferi, and David Vernon

Carnegie Mellon University Africa, Kigali, Rwanda

Overview Methodology Preliminary Results

References
P. Zantou and D. Vernon, “Culturally Sensitive Human-Robot Interaction: A Case Study with the 

Pepper Humanoid Robot,” in 2023 IEEE AFRICON. Nairobi, Kenya: IEEE, Sep. 2023, pp. 1–6.
M. Iovino, E. Scukins, J. Styrud, P. Ögren, & C. Smith, "A survey of behavior trees in robotics and AI",, 

2020. https://doi.org/10.48550/arxiv.2005.05842.
M. Colledanchise and P. Ögren, Behavior Trees in Robotics and Al: An Introduction. CRC Press, 2018.
B. Louie, E. A. Björling, A. C. Kuo, and P. Alves-Oliveira, “Designing for culturally responsive social 

robots: An application of a participatory framework,” Frontiers in Robotics and AI, vol. 9, 2022. 
[Online]. Available: https://www.frontiersin.org/articles/10.3389/frobt.2022.983408.

B. Bruno, Recchiuto, C.T., Papadopoulos, I. et al. Knowledge Representation for Culturally Competent 
Personal Robots: Requirements, Design Principles, Implementation, and Assessment. Int J of 
Soc Robotics 11, 515–538, 2019. https://doi.org/10.1007/s12369-019-00519-w.

D. Faconti. 2019. ”BehaviorTree.CPP library”. https://github.com/BehaviorTree/BehaviorTree.CPP.

The goal of this project is to explore the use Behavior Trees to implement robot 

missions for a culturally sensitive social robot in Africa.

Cultural sensitivity in social robots' interaction is essential for fostering trust, 

ensuring respectful interactions, and enhancing user experiences. However, 

developing robots that can dynamically adapt to different cultural norms presents 

significant challenges.

Behavior Trees (BTs) were invented as a tool to enable modular AI in computer games 

but have received an increasing amount of attention in the robotics community in 

the last decade. Compared to other approaches, such as hierarchical finite state 

machines, they have clear advantages in terms of modularity, reusability or 

expandability. By developing a comprehensive and up-to-date cultural knowledge 

database and integrating these cultural norms into behavior trees and enabling 

dynamic adaptation, robots can achieve a higher level of cultural competence.

Frameworks and Tools

Robot Mission

Robot Mission Specification
(Using Groot2 the Robot Mission Specification will be created as a Behavior Tree and 

exported in XML format)

Groot2

Robot Mission Interpreter
(A C++ implementation utilizing the BehaviorTree.CPP library to construct and 

manage Behavior Tree nodes from the Robot Mission specification)

BehaviorTree.Cpp 4.6

Robot Mission Execution
(The Robot Mission Interpreter parses the Robot Mission Specification and 

orchestrates the robot's actions by dispatching commands through ROS service calls 
and topic messages)

ROS Execution Environment
Groot2 – IDE for designing Behavior Trees

BehaviorTree.CPP 4.6 – library for 
implementing Robot Mission Interpreter

Robot Mission Specification for “Lab Tour” Mission

Robot Mission Execution simulation, using stubs and drivers, and without including Cultural 
Knowledge
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Robotics in Africa at IROS 2024 Posters
http://www.vernon.eu/downloads/CMU-Africa_Poster_S-JEP.pdf

Semantically Modulated joint Episodic-Procedural Associative Memory
Muhammed Danso & David Vernon

Carnegie Mellon University Africa, Kigali, Rwanda

Overview Method Results

References
C. M. Atance and D. K. O’Neill, “Episodic future thinking,” Trends in Cognitive Sciences, vol. 5, no. 12, pp. 533–

539, 2001.
D. Cer, F. Y. Yang, S. yi Kong, N. Hua, N. Limtiaco, R. S. John, N. Constant, M. Guajardo-Cespedes, S. Yuan, C. Tar, 

Y.-H. Sung, B. Strope, and R. Kurzweil, “Universal sentence encoder,” Vol. abs/1803.111l75v2, 2018. 
W. Chan, N. Jaitly, Q. Le and O. Vinyals, "Listen, attend and spell: A neural network for large vocabulary 

conversational speech recognition," 2016 IEEE International Conference on Acoustics, Speech and Signal 
Processing (ICASSP), Shanghai, China, 2016, pp. 4960-4964.

E. Perez, F. Strub, H. de Vries, V. Dumoulin, and A. Courville, “FiLM: Visual reasoning with a general conditioning 
layer,” CoRR, vol. abs/1709.07871, 2017. 

M. S. Ryoo, A. Piergiovanni, A. Arnab, M. Deghani, and A. Angelova, “Tokenlearner: Adaptive space-time 
tokenization for videos,” Neural Information Processing Systems, 2021. 

D. L. Schacter and D. R. Addis, “The cognitive neuroscience of constructive memory: Remembering the past 
and imagining the future,” Philosophical Transactions of the Royal Society B, vol. 362, pp. 773–786, 2007.

W. X. Schneider, J. Albert,  & H. Ritter, "Enabling cognitive behavior of humans, animals, and machines: A 
situation model framework", ZiF-Mitteilungen (1), 21–34, 2020.

D. L. Schacter, D. R. Addis, D. Hassabis, V. C. Martin, R. N. Spreng, and K. K. Szpunar, “The future of memory: 
Remembering, imagining, and the brain,” Neuron, vol. 76, pp. 677–694, 2012. 

A. Stock and C. Stock. A short history of ideo-motor action. Psychological research, 68(2–3):176–188, 2004.
D. Vernon, J. Albert, M. Beetz, S.-C. Chiou, H. Ritter, and W. X. Schneider, "Action Selection and Execution in 

Everyday Activities: A Cognitive Robotics & Situation Model Perspective", Topics in Cognitive Science, pp. 
1-19, 2021.

The goal of this research is to give the CRAM Robot Cognitive Architecture the ability to 

automatically perform new everyday pick-and-place tasks (Vernon et al., 2021). This is 

achieved by integrating three schools of thought in cognitive science.

1. The situation model framework: composable behavioural episodes, dual process 

theory (System 1 & 2), working memory, and cognitive maps (Schneider et al., 2020).

2. Ideo-motor theory: goal-directed, prospectively-guided action and joint episodic-

procedural memory (Stock and Stock, 2004)

3. Semantically-primed episodic future thinking: episodic memory is used to imagine 

future states (Atance and O’Neill, 2001, Schacter et al. 2012)).

The is achieved using a deep multi-modal neural network. This memory produces 

composable behavioural episodes in the form of the parameters of a CRAM generalized 

action plan. This allows CRAM to automatically perform new pick-and-place tasks on the 

basis of an image of the current scene (as perceived by the robot) and a quasi-natural 

language action description.
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InclusionEquity

Diversity

Creates opportunities for greater mutual 
understanding of the contribution that a 
person of each background can make

The many different dimensions in 
which people differ & identify

Gender, sexual orientation, race, culture, socio- 
economic status, traditions, education, age, religious 
and spiritual beliefs, nationality, ethnicity, experience, 
physical ability
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InclusionEquity

Diversity

It is the act of empowering, 
the process that leverages the 
potential latent in diversity
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InclusionEquity

Diversity

Means that each person feels 
they belong in that environment 
and that their place is valued

This is the achieved by empathy 
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"The highest form of knowledge is empathy, 
for it requires us to suspend our ego and live in another’s world"

George Eliot 
Pen name of Mary Ann Evans
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"The highest form of knowledge is empathy, 
for it requires us to suspend our ego and live in another’s world"

George Eliot 
Pen name of Mary Ann Evans

Theory of Mind

Culturally Competent
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Cultural Sensitivity
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Culturally Competent 
Social Robotics 
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Cultural Sensitivity
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General

Knowledge

Cultural

Empathetic 
Interaction
Empathetic 
Interaction
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DEI is an ethical imperative

DEI in HRI empowers the individuals with whom the robots interact 

by actively valuing the cultural heritage of those individuals
 

cf. the message conveyed in the Opening Ceremony: 
The importance of preserving cultural heritage while pursuing technological innovation
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www.cssr4africa.org
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