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My Focus: Movement & Games

AI for biomechanically simulated climbing, SIGGRAPH 2017



My Focus: Movement & Games

ValoClimb, a.k.a., Augmented Climbing Wall, CHI 2016





How to produce good design reliably and repeatedly?



Design is iterative, i.e., slow and expensive

https://medium.com/@alexwyrick/ux-design-process-
a66e6796857e

https://www.discoverdesign.org/handbook



Users are unpredictable







Problem: Still Slow and Expensive



Digital twin simulation of both designs and users

Future of simulation-based design:



How to simulate and design?
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Computer Animation:
Simulated motor control



Computer Animation:
Simulated motor control

Computer vision:
Simulated perception
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Coupled Empowerment Maximisation (CEM)

• Observation: progress in games often aligned with 
increase in options and influence.

• Quantify this influence with empowerment [1]: 

• Coupled Empowerment Maximisation: 
NPC selects actions to maximise its own-, while 
minimising / maximising player’s empowerment.

(NPC = non-player character)

Christian Guckelsberger / Intrinsically Motivated Reinforcement 
Learning for Next-Generation Video Game AI / Aalto University

An agent’s perceivable influence on the 
world, including other agents.

[1] Salge, Glackin & Polani. "Empowerment – An Introduction." Guided Self-Organization: Inception. Springer, 
2014. 67-114.

[2] Guckelsberger et al. "Predicting Player Experience without the Player: An Exploratory Study."
In Proc. ACM CHI‘Play, 2017.
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Coupled Empowerment Maximisation (CEM)

• Combining 3 types of empowerment (R: world state, S: sensor, A: actuator):

• CEM Policy: 

1. NPC empowerment: NPC’s influence on its own sensor n steps ahead -

2. Player empowerment: Player’s influence on its sensor n steps ahead -

3. NPC-Player Transfer empowerment: NPC’s influence on player’s future sensor -



CEM-Induced Support (Companion NPCs)

Christian Guckelsberger / Intrinsically Motivated Reinforcement 
Learning for Next-Generation Video Game AI / Aalto University

Operational proximity Evade Protect

EnemyNPC Player Wall

Cf. Guckelsberger, Salge and Colton. "Intrinsically Motivated General Companion NPCs via Coupled Empowerment Maximisation ". 
In Proc. IEEE Conf. Computational Intelligence and Games, 2016.
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CEM-Induced Adversarialness (Enemy NPCs)

Christian Guckelsberger / Intrinsically Motivated Reinforcement 
Learning for Next-Generation Video Game AI / Aalto University

Cf. Guckelsberger, Salge, and Togelius. "New And Surprising Ways to Be Mean. Adversarial NPCs with Coupled Empowerment Minimisation". 
In Proc. IEEE Conf. Computational Intelligence and Games, 2018.

Push into lava Escape over lava Strike from a distance

OtherAgent Wall Lava Trigger Turret Goal
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Simulating curiosity

Bellemare et al. 2016 (Google DeepMind)



Simulating curiosity

Bellemare et al. 2016 (Google DeepMind)



Intrinsic reward = satisfaction of psychological needs







Micallef, Palmas, Oulasvirta, Weinkauf 2017: Scatterplot optimization





User Fatigue, joy 
of movement

RewardIntrinsic
reward

Input

Output

My group: Simulating VR games & interfaces





Horizons, hard problems





Maximize aesthetic impression, media virality, wearability



Project Runway challenge: Maximize judge scores, 
constrained by budget < X, all materials must be from a candy store



Maximize the feeling of tranquil awe.



Make the player feel grief,
but still have a somehow
satisfying experience



Though-provoking games: Maximize reflection. 
(user experience is not limited to product use!)



ACM CHI PLAY 2018



Simultaneously maximize simplicity of geometry, 
curious interest and engagement in movement play



Satisfying and meaningful gameplay in the absence of 
goals and rewards, in a malleable multiplayer world 

Minecraft E3 trailer, https://www.youtube.com/watch?v=Nq_Q77bJ3H0



Motivation

• Designing games etc. is slow, expensive, and success not guaranteed

• Reason: need to prototype and test with users



SystemUser
Motivation, 
emotion,
embodiment

Optimization

Target group

Design

User experience 
& behavior

Designer
User experience
& behavior goals

RewardIntrinsic
reward

Input

Output





Defining the target experience in the game Journey



How to evaluate the
objective function?

• Direct evaluation (theory-driven, data 
driven)

• Simulation-based evaluation (AI 
agents play the game)

• Interactive evaluation (human-in-the-
loop, implicit or explicit)

http://pcgbook.com/






