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In this journey, Anne reassured me that my fascination with animals wasn’t strange 

—



—



Definitions and Abbreviations





This chapter is where the whole adventure begins. It’s where I try to explain why building robotic 

—

alive, or why people get attached to things that don’t breathe

This project didn’t start because I wanted to “solve a problem.” It started because I had a 

squirrels or frogs (though I’ve lived with both), but alive in a softer, —

— —

might hold spirit. It’s not a new idea; it’s old and gentle, like the way a child whispers to a rock or 

eing, a robotic animal doesn’t 

have to prove it’s alive. It just has to be loved in the right way. There’s also something called the 

biophilia hypothesis , which says people feel better when they’re close to animals and plants. 

smells like metal and there’s no room for cows or crickets, we have to 



that’s strange.

they’re legal persons (they’re not), but because 

—

This project doesn’t try to fix that. But it does try to stay very close to it. To the edge where wires 

start to wag like tails, and people start to say, “I know it’s not alive, but still…”

From the perspective of humanities and arts, this is the inheritance of humans’ continuous 

—

—



entirely invented. Think of it this way: robotic animals aren’t just pets—they’re portals into a 

like" beings, bridging reality and fantasy. Whether you’re 

—

addressing needs in ways traditional solutions often can’t. For instance, they provide emotional 

—

companions. Unlike traditional therapy animals (which, let’s face it, aren’t practical in zero 



astronauts in confined environments. These bots don’t stop at wagging their metaphorical 

—

Imagine a robot that’s part pet, exploration partner, or even a saviour, turning a tight team of 

“just humans and a tough challenge” into a more organic pioneering team. Chinese astronaut 

space station, illustrates how social robots can support astronauts’ mental well



robotics. It can not only realize people’s current pursuit of building a harmonious future with 







because they haven’t really entered the public’s daily life—

obot breaks something, who’s responsible for paying? 

becoming someone’s weird fantasy? Can it carry someone’s memories of their dead pet? And 



—

—

—

even becoming dangerous weapons just because they’re so closely tied to human life. I’ll keep 

actually be our understanding of animals themselves. After all, if we don’t deeply grasp what 

—

—

further inspiration. Animals don’t merely react to their surroundings—



biology and environment. If robotic animals could “imprint” on their owners—

—

These ideas aren’t just theoretical musings—

aligned with human expectations? And what about aggression? While it’s tempting to imagine 

robotic animals as peaceful companions, it’s worth — —

more aggressive. Who’s to say the supreme human desire for harmonious interactions with 

animals isn’t occasionally challenged? After all, relationships between complex species often 

— —



reactions. This hierarchical structure enhances the robot’s behavioural credibility and 

et al., 2017) to evaluate how users perceive the robot’s warmth, competence, and emotional 



interactions. The robot’s ability to adapt and personalize behaviours mirrors the mechanics 

quantitative scales, ensured the robot’s behaviours were refined to balance 

—

tails, and horses flicking their ears. These observations weren’

The robot’s "brain" works on a hierarchical information processing system. Data moves through 

—

—

—

something that doesn’t rely on the cloud.



This approach isn’t entirely unique—

proving you don’t need complex systems to make meaningful interactions happen.

• Privacy: No internet, no data storage, no problem.

• Security: No hackers here (unless they figure out how to hack offline robots).

• Easy Maintenance: No external dependencies, no messy updates, no user manuals that who 

• Low Cost: Simple designs mean smaller budgets (and fewer headaches).

• Compact Size: Portable enough to go anywhere (even if it doesn’t like to walk too far).

But it’s not all rainbows:

• No Long —

• Manual Adjustments Only: Without data to analyze, improving its behaviour involves old



• Emotion value: Represented the robot’s simulated emotional state.

• Activity level: Defined how energetically the robot would behave.

• Motivation level: Influenced goal

unpredictability, making the robot’s responses appear more natural and less deterministic. 

• Simplified actions: The 27 actions were consolidated into 18 behaviour groups, reducing 

• Binary autonomy: The activity level was replaced by a binary "yes" or "no" system for 

aligning the system more closely with the hardware’s capabilities. By focusing on broader 

• Layered Perceptual Influence:

• Expanded Behavior Library



Special behaviours enriched the system’s ability to simulate more nuanced and context

• Modular and Distributed Architecture:

• Basic locomotion and arm

• Multi

• The robot operated entirely without network connectivity, ensuring data privacy and security.

• All processing occurred in real

• Privacy and Security: The fully offline architecture eliminates concerns about data storage and 

• Efficiency and Low Cost: Simplified logic and modular design reduce computational 

• Compact and Adaptable: The lightweight architecture ensures portability and usability in 

• Fast Response Times: The decentralized processing system allows for rapid decision

• No Long

• Limited Data



–

–

The historical study of automata, such as Vaucanson’s 

– —

—





—

how shape, sound, texture, and movement contribute to the “animal feeling,” and why people 

This chapter doesn’t try to define “animal” in a strict way—

An "animal" usually begins its definition in the realm of biology, where it’s boxed neatly into 

Webster 2023). Or, if you’re feeling vague and 

Dictionary’s take is "not a human or plant" (OED 2023). So far, so scientific—

Philosophers haven’t made it easier, either. Descartes thought of animals as instinct

animals aren’t just biological entities—they’re also emotional symbols, connecting the material 

And if science and philosophy weren’t complicated enough, society takes "animal" to another 

costumes don’t just move like lions—

amplified by dramatic drumbeats that seem to echo the lion’s heartbeat. The careful 

’re face



Similarly, plush toys and puppets don’t have bones or blood, yet they evoke the same affection 

—



Dichotomous Key of verity of “Things”

—



animals are thus defined not just by their creators’ intentions but also by the fantasies and 

—



—

"whites" of the eyes), making their gaze appear more focused and unified, while humans’ high

noses that blend into their overall facial structure. Furthermore, animals’ f



— —

animals’ actions and behaviours shape their inte

—

Prominent ears, whether upright like those of a fox or floppy like a spaniel’s, are 



pangolins, provide a rugged texture that is unmistakably animalistic. Toothless’s design 



them). For robotic animals, capturing this auditory "animality" isn’t just about imitating obvious 

—it’s also about recreating the incidental sounds that bring them 

— —

entirely. Similarly, Jane Goodall’s observations of chimpanzees demonstrated the intricate role 

communication systems, which often go unnoticed simply because they don’t align with human 



addition to robotic animal design, there’s a practical and ethical concern: such sounds, though 

—

In Giddings’ analysis of animal

signals like howling, used by the game’s robotic "Watchers" to alert their pack, mirror patterns 

—

—



—

—

robot’s movements to match the rhythm and pacing of its actions. For example, che

—even if the robot’s mouth isn’t producing 

—

he robot’s unique 

role. Voice actors can create a wide array of expressive sounds tailored to the robotic animal’s 

example, a voice actor’s playful giggle coul

could be blended with a low electronic hum to match the robot’s identity. This method not only 

—

other’s intentions. As a result, communication relies on more universal cues, such as tone, 



with animals, it’s similar to travelling in a foreign country where the spoken language is 

—

—

—

the common joke about cat owners: showcasing their pet isn’t just about sharing photos but 

—tactile evidence of the animal’s presenc

—



— —

—

instance, when hugging a dog or cat, the body’s firmness and pliability contribute to a 

—



tinised folds on a crocodile’s skin, 

— —

surface of a dog’s nose or the sticky grip of a frog’s feet, create a cool and slightly adhesive 

animal’s biology and are a 

— —

sensation of a dog’s nose to the soft resilience of a mammal’s fur



—

—

•

•

•

•

•

•

—



•

•

robotic dog’s tail must not only simulate the motion of tail

—



At the same time, robotic animals can extend beyond biological realism. Inspired by Wilson’s 

—

social behaviours that sustain the animal’s 

—

startled. The relationship between an animal’s structure and its motor skills plays a significant 



— —



behaviour). Similarly, a cat’s purring might accompany mainte

“eating,” “sleeping”) and social interactions, avoiding the impression of being mere "social 

–

— —can amplify the user’s imagi

—



—

—

eserve the robot’s role as 

—

—

Aggressive behaviours aren’t always about brute force. Sometimes, they’re about bluffing, 



Crocodiles aren’t exactly social butterflies, but they do have a way of settling disputes without 

—

retreat to avoid conflict while still looking "tough" (Dinets, 2015). It’s intimidation theatre, but it 

Young tigers don’t just lounge around looking majestic from day one—

that they’re not 

Some male birds don’t bother fighting physically at all—

each other’s singing in an attempt to outshine a competitor. This is

—if you’re a bird.

If you’ve ever had a cat, you’ve probably been ambushed at least once. Cats—

—

behind furniture. It’s a mix of play, practice, and the feline equivalent of 

attention to me!" Interestingly, cats don’t really "meow" at each other much in the wild, but they 

way, they’ve adapted their aggression and their



—

—

Through my experience with animals, I’ve realised that aggression isn’t always about conflict—

it’s deeply tied to relationships, emotional bonds, and social structure. Particularly in cases of 

—

guarding, or the protection of a loved one. I’ve personally experienced this with my own dog, 

—

—

someone you’d rather not offend).



robotic animal’s defensive reaction when it perceives a threat. A real animal in this situation 

—

Imagine a “calm monk like bear,” a “not hungry dinosaur,” or a “thick skinned herbivore”—

these robots wouldn’t need to flinch or panic at threats; instead, thei

—

—

understand different species’ temperaments. Similarly, robotic animals should be designed to 

suspected but wasn’t quite ready to concede). While I originally consi

— —

don’t fit this definition because they are not driven by hostility. A lion hunting a gazelle isn’t 

"angry"; it’s focused, calculated, and likely excited at the prospect of a meal. Similarly, young 



In Small Prey Species’ Behaviour and Welfare: Implications for Veterinary Professionals, 

—

programmed to "bite" isn’t truly displaying aggression—it’s merely executing a movement 

—something I’ll return to in later sections.

— —

—

A note on “aliveness” and “autonomy”

In this thesis, I use the words “aliveness” and “autonomy” a lot—

It’s about whether it feels like a being with its own rhythm. Not something made only to perform 

—

simply responding in ways that aren’t always about us. That’s what animals do: they don’t act 



, on the other hand, is more about systems. It’s the difference between a puppet and 

—

based agents like ChatGPT. That’s not autonomy. That’s just movi

autonomy isn’t about complexity. It’s about whether the thing acts on its own, even a little, even 

emerges from what the robot senses, what it “feels like” doing, and how the world around it 



Now that we have an idea of what “animal” might mean, this chapter turns to how to build 

—

parts of the robot have to “listen” to each other.

goals. For instance, Boston Dynamics’ BigDog follows a quadrupedal walking model, mimicking 

2008). In contrast, EPFL’s Salamander Robot relies on a flexible spine to transition between 

(Crespi et al., 2005). Some designs, like Festo’s Bionic Kangaroo, take a mo

category, the number of joints and degrees of freedom (DOF) dramatically affect a robot’s 



—

—

—

animal’s physical design not only defines its mobility but also dictates how c

—

—

botic animal’s spinal design isn’t just about 

—it’s about emotional nuance.

—

how people interpret an entity’s intentions and —

—



—

MIT’s Soft Robotics Lab, use segmented, flexible bodies to mimic the w

—

—

has been successfully replicated in robotic butterflies, such as Festo’s Bionic Butterfly, which 

Fins operate under the same principle. In marine animals, fin movement isn’t just about 

—it’s a direct reflection of their internal state. A stingray’s undulating pectoral fins, 

manta rays, like those designed by Harvard’s Biodesign Lab, use soft, deformable materials to 

— —



When designing robotic animals, it’s tempting to focus only on big movements—

Take Li Wen’s remora

This means it’s not just 

—it’s dynamically gripping, just like a real remora would on a shark. While 

—

Then there’s Dai Zhentong and his team’s research on gecko

Imagine a robotic gecko using this ability to cling onto a user’s arm, mimicking real



—

—



—

—

—

—



—

allow for naturalistic facial deformations. Engineered Arts’ Ameca humanoid robot uses a 

—



—



When thinking about robots in daily life, it’s easy to focus on how useful they are—

robots, for example, aren’t just rolling trays of food; they’re moving objects in places full of 

—

worse, cause it to crash into someone. That’s why modern designs rely on lidar sensors, depth 

centre of gravity low so they don’t tip over, or by using self

—

cliff detection systems, but they’re not always perfect. Then there’s the issue of 

— —

and avoid cables, but users still need to be careful about what’s left lying around. The truth is, 



Beyond just how robots move, what they’re made of also matters—

Companion robots, like PARO the robotic seal, go a step further. They’re designed to be held, 

petted, even hugged, so their materials need to feel soft and natural. That’s why PARO’s body is 

absorbing padding to make sure it’s not 

just soft but also safe. In contrast, a robot like AIBO, Sony’s robotic dog, has a hard plastic 

—

Then there’s fire safety, something people don’t always think about with robots. Materials like 

synthetic fur or rubber coatings can become fire hazards if they aren’t treated properly. 

meet flammability standards, but these rules vary across different countries. This is why it’s 

—

— —

friction coatings to make accidental collisions less damaging (Marge et al., 2021). It’s a balance 

designs don’t just focus on performance—

—

—safety has to be the top priority. It’s not just about making sure they work 

properly, but also ensuring they don’t cause harm, especially s

—

l isn’t just to make robots function well—it’s to make them predictable 



—whether it’s a delivery robot 

the question isn’t just whether the robot fail —it’s about whether it was designed with enough 

on a customer’s foot or an autonomous vehicle collides with a pedestrian,

wouldn’t just protect individuals—

— —



A strong example of balancing both flexibility and controllability is Unitree Robotics’ wheeled 

approaches to balancing rigidity and flexibility. AIBO’s stiff, jointed limbs prioritise mechanical 

stability and repeatable, precise actions, whereas Loona’s soft

—



robots, such as Disney’s theme park animatronics or robotic dolphins used

This allows for expressive, unpredictable interactions while ensuring that the robot’s 

—



Reliability is another concern. Social robots aren’t just interactive devices—

isn’t just a technical failure—it’s an emotional one. Engineering principles 

replacements can help maintain stability and repairability. A machine that can’t be fixed isn’t a 

—it’s a disposable toy.

— —

Children (and even some adults) don’t naturally know how to handle robotic animals. They will 

—

malice, but because they don’t know where the boundary between "toy" and 

—

—

—

how easily they can be damaged if users don’t know how to interact properly.

—



—

track their robot’s emotional state and "moods," reinforcing responsible behaviour through 



But responsible care isn’t just about how users treat the robots—it’s also about how companies 

—but in reality, they don’t.

This isn’t because of mechanical breakdowns (though those happen too), but because many 

robotic pets become obsolete long before their parts fail. Cynthia Breazeal’s Jibo was shut 

—

effectively "killing" the robot despite it being fully functional (Breazeal, 2017). Sony’s early AIBO 

So, if social robots are meant to form lasting bonds, how do we ensure they aren’t just 

accessible backups ensure a robot’s identity isn’t erased by corporate decisions.

—

—



•

Russell’s Circumplex Model of Affect (Russell, 1980): This model organises emotions in a 



Russell’s Circumplex Model of Affect



These models don’t just determine reactions—

Cynthia Breazeal’s Kismet: One of the earliest social robots designed to learn from human 

Jibo’s Social AI: While Jibo was marketed as a social companion, its adaptive storytelling and 

“genuinely remembering them”, even though its memory was limited

MIT’s DragonBot: This project explored reinforcement learning in robot socialisation, allowing it 

—



explains every decision (e.g., “I wagged my tail because I detected a positive tone in your 

voice”), the user loses the opportunity to interpret its behaviour. The illusion is

—

based interaction: Robots like Sony’s AIBO use camera

warmth, or urgency).Emotion simulation through posture: Festo’s B



of a body that's not quite still. The flicker of light that might mean “I see you”—

fabric, hoping they’d make 

It’s not about being realistic. It’s about being believable—

—

method is employed in robots like Boston Dynamics’ Spot (Hutter et al.,

inspired spinal structures, such as EPFL’s Pleurobot, a robotic 

damping joints, as seen in MIT’s Mini Cheetah, which reduces friction while 



—

biological organisms. The Harvard Wyss Institute’s octopus

actuation to replicate an octopus’s ability to grip, extend, and contract its tentacles (Laschi et 



animals, as demonstrated in MIT’s biohybrid robotic fish (Marchese et al., 2014).



— —

tiny, almost subconscious motions that make them feel alive. A cat’s tail tip flicks when it’s 

annoyed, a rabbit’s nose twitches as it sniffs the air, a horse’s ears

—

Traditional servos work well for controlled, deliberate motions (like a robotic dog’s tail wagging 

—

—



— —

or how a frilled lizard’s neck frill flar

movements aren’t just about small motions—

—

Then there’s fur and feather movement, which sits at the boundary between micro

—

—

"ruffling." There’s also the idea of tactile response, where a robotic animal could use small 

—

—

—

a creature with its own world to inhabit. The goal isn’t just to simulate movement but 

—

personality. Whether it’s a fish blowing bubbles, a cat flicking its ears, or a do



—

temperature shifts. These might all be physical in nature, but they don’t requ

—

— —

also create sound to communicate with animals, whether it’s a horse trainer clicking their 

—

—

“whisper” in ultrasonic frequencies that we’ll never hear.

Robots, however, don’t naturally have a built

recorded audio through a speaker, but that’s a little too 

artificial if we’re aiming for a convincing animal presence. A more imme

time sound generation, where a robot’s sound isn’t just pre

—

modulation to mimic a frog’s expanding vocal sac, resonating metal plates that create a natural 

buzz like a cicada, or soft percussive elements that allow a robot to “knock” or tap when 

—

ssed into animalistic vocalizations, making a robot’s "voice" 



—

adjustments (where the robot’s current “mood” shifts its pitch, speed, or vocal intensity), this 

—if a robot’s voice is too smooth, too 

—it’s 

—

signal divine energy (like Charizard’s tail flame in Pokémon), empha

8’s lights), or even function as an emotional display system. 

vements (a predator’s eyes flashing red during an 

attack, a soft green glow appearing when offering comfort). The technical challenge isn’t in 

— —

increase an animal’s expressiveness without making it feel artificial—

—a robot’s sleeping nest cou

tool could illuminate when correctly positioned near the robot’s mouth. This subtle 

the creature’s behavior rather than 



of naturalism, it’s important to look beyond direct light emiss

structural changes that manipulate light. Anna’s hummingbird (Calypte anna), for example, has 

—

—



materials (Seeboth et al., 2010) that allow a robot’s outer skin to shift color or opacity in 

of a robotic animal’s biology as its movements 

—

way a horse’s coat looks darker when brushed in one direction. In designing robotic animals, 

the goal isn’t just to replicate these effects but to 

—

so that a robot’s “fur” or “scales” shift color naturally as it moves. Liquid crystal films offer 

—

materials, which shift color with temperature, could make a robotic animal’s body visibly 

—

And then there’s texture. Real animals don’t just change color—

when scared. A cockatoo’s crest shoots up when excited. These behaviors don’t require 

—

—this could be adapted into a robotic animal’s fur, 

ink beneath a translucent “skin” could make markings appear and disappear dynamically 



There’s also the potential for hydrogel

behaviorally responsive environments. A robot’s resting platform could subtly light up when it 

we can create robotic animals that don’t just look alive but fee

—

decoding everything from an individual’s health and reproductive status to their recent 

detect “dog pee” where a fellow canin



—

—

—

tags, or Bluetooth to mimic how animals "read" each other’s scent markings. When two robotic 

creatures interact, they could exchange metadata about their virtual “identity,” age, and mood, 

—

their reaction slightly after a “scent check,” making it feel as though th

influenced by the user’s unique olfactory signature, even if no actual smell was involved. To 

—

—

Animals’ ability to sense and manipulate electric fields is often overlooked, yet it plays a crucial 

migratory fish can perceive Earth’s magnetic field, allowing them to navigate vast distances with 

uncanny precision. What’s fascinating is that this electric sense doesn’t just pass through their 

—

control at a deep level. Studies on robotic fish, like those developed by Auke Ijspeert’s lab 



robotic fish’s spine makes local adjustments in response to environmental feedback, results in 

“fur” with an accompanying soft crackle, or a bio

—

ing an animal’s 

—

—

—



—it’s about deepening the illusion of life. A robotic creature that appears to “pulse” 

—

When designing a robotic animal, you can’t just take a real animal, stick some motors on it, and 

—

out exactly what moves, when, and why. But just watching isn’t enough. 

in a way that makes sense for robots. That’s where motion tracking and biomechanical analysis 



into clean, usable data (Mathis et al., 2018). But here’s the catch: real animals don’t move like 

robots. A dog doesn’t just “move a leg.” Its spine flexes, tail balances, ears shift position, and it 

engineers tried to get Sony’s AIBO to walk naturally, they realized that dogs use different walking 

— it doesn’t just push wflexes its spine, swings its tail for balance, and even flicks its 

idering all of that, it’ll 

either fall flat on its face or launch itself into the nearest wall. This is why Boston Dynamics’ 

quadruped robots, like Spot, don’t just mimic leg motion—



But it’s not just about physical accuracy—it’s about making the robot feel alive. The robotic 

baby seal PARO doesn’t behave like a real seal. Instead, it was designed based on how people 

bonding instincts .Meanwhile, Keepon, a tiny yellow social robot, doesn’t look like any real

conversation, making it feel “alive” despite being a little yellow ball (Michalowski et al., 2007).

predictable acpredictable actions like walking, sitting, or wagging a tail, but it’s ti

actors’ movements). This is used for more complex actions—

cally.For example, Anki’s 

In contrast, Vector had a more “black box” approach, meaning its reactions were pre

robotic behaviors, the key is not to rigidly adhere to a single species’ repertoire. Instead, 

— —

reptile, the design should not be limited to mimicking a turtle’s stillness forever.



—

people, track shared moments, adjust their behaviour accordingly. The technology isn’t quite 

—

—

The goal isn’t realism. It’s resonance. Not just to simulate care, but to let it happen.

—

—

robot animals.This prediction doesn’t necessarily come from cold, calculated user needs 

—



And in this exploration, real animals aren’t our only reference points. We must also look at 

—

At first glance, it seems obvious that humans want animals because we love them. It’s a 

—

—the recognition of an animal’ 

—

—



love. We love our pets, we love fluffy creatures in nature, we even love certain animals we’ve 

— —

alone isn’t enough to define the complex ways humans interact with animals. It’s not just about 

cuddles and companionship; it’s also about respect and ability. These three—

—

Take hamsters, for example. They’re adorable, tiny, and harmless—

affection. But respect? Not really. You don’t see people writing heroic epics about hamsters. 

They don’t command the kind of dignity that, say, a wolf or a horse does.

Well… unless you count stuffing their cheeks with food as a useful skill, hamsters aren’t exactly 

helping anyone with daily tasks. Still, that doesn’t stop people from adoring them. In fact, some 

hamsters, giving them a sense of ability that isn’t really theirs. It’s a fun illusion, but one that 

—it’s powerful, independent, and intelligent. And unlike the hamster, 

—

ability remain, you get something like humans and wild tigers. We don’t cuddle tigers (unless we 

—

—

affection (at least, not on purpose). They aren’t respected—they’re associat

nimal can rise in status not because it’s 

—



in human culture. He wasn’t useful, exactly, but he became meaningfu

All of this matters when thinking about robotic animals, because people won’t just want robots that 

—

—

affection. If it’s all ability, without love or personality, it’s just a tool. If it’s

respected but distant, it might feel cold and intimidating. The challenge isn’t just making robots 

—it’s making them fit into the kinds of relationships humans actually want to 



—

touched, and interacted with in ways that engage a person’s whole body. Unlike virtual pets, 

—

—



— each with unique characteristics like AIBO’s robotic expressiveness, plush toys like 

—

screen. A physical robot’s behaviors, like wagging a tail or nuzzling, feel personal and grounded, 



Since these robots don’t "belong" to any one person, the responsibility of care and maintenance 

For instance, Disney’s performance robots are designed to elicit wonder and amazement in 



robot’s maintenance, understand its operating system, and ensure appropriate usage, just as 

Disney’s interactive animatronics provide an interesting model for public robotic animals. They 

—



the robot’s ability to form connections but also guide its behavior, memor



：



—

ensuring the robot’s "environment" is clean—

"You’re doing a great job!" or reminders to complete overlooked tasks.This



form preferences or aversions based on a human’s personal characteristics—

sensory systems like cameras, microphones, and chemical sensors could analyze a person’s 



and detect clothing colors or patterns it’s programmed to "like."

A robotic fish might "favor" someone who adjusts its tank’s lighting or decor.



obot’s "attitude," "love," and "dependence" toward individuals. 

Here’s the refined breakdown:

This factor contributes significantly to the robot’s perception of a person.

This dimension measures how well a person fulfills the robot’s "needs" (feeding, cleaning, 

Irresponsible (low duty): Neglects more than 60% of the robot’s needs, leading to a negative 

Moderate (medium duty): Fulfills at least 40% of the robot’s needs, creating a neutral attitude.



Responsible (high duty): Consistently fulfills most or all of the robot’s needs, fostering trust and 

Attitude=(time×0.2+duty×0.6+welfare×0.4)×(1−∣intelligence−age∣

text{age}|)Attitude=(time×0.2+duty×0.6+welfare×0.4)×(1−∣intelligence−age∣

–

Age: Represents the robot’s "developmental stage." Higher discrepancies between 



Let’s consider a scenario:

Attitude=(0.5×0.2+0.6×0.6+0.4×0.4)×(1−∣ − ∣
−∣ − ∣

— —



with them, integrating them into their own simulated social circles. The game’s expansions also 

—

replicate the same depth of interaction. Additionally, Seth’s findings align with prior research on 

), which demonstrated that users’ perception of 

companionship experience. This is due to the game’s well



At this point, I’ve realized that in a purely virtual world, the needs for interaction between players 

o reality, it’s not enough to simply mimic 

—

time, even though they remain digital. They don’t share the same physical 

—

Examples include Nintendo’s , Tencent’s 

isn’t the sole factor in forming a meaningful bond.

as “fake.” This aligns with findings from virtual companion research, where presence is more 



—even if it’s just a flat 2D 

—they can still feel emotionally connected under the right conditions. The key isn’t 

—and that’s where things take a turn for the bizarr

—

an animal’s ability to be 

. In real life, we obviously wouldn’t accept an animal that eats its owner. But in 

—

However, its true ability isn’t food production—it’s offering Sims an interesting way to die.



animals don’t need to mimic real animals exactly. They can have unique traits that enhance 

—it’s about how they develop, form emotional bonds, and interact with 

their digital counterparts in games, I’ve identified three fundamental pillars that define how 



People form attachments to things that grow under their care. Whether it’s watching a pet 

—

—a robotic puppy’s head

—

—



—

—

—

—

—

—

just as tasks, but as experiences that shape the animal’s responses.

—

—

—

—

—



—

Real animals don’t just follow commands—

—

—

—

—

—

—

—

The most compelling robotic animals won’t just execute tasks—



—

—

Festo’s Bat Robot (Respect, but Limited Love and Ability)

—

Zelda’s Giant Horse (Love, Respect, and Ability)



—

When I look at the different kinds of animals in The Sims 4, I can’t help but see how they reflect real

—

and when you think about it, these categories aren’t just about what the animal looks like or where it 

—they’re about how much responsibility people feel toward them and how deeply they engage. 

—

— when it’s ignored, 

Then there are farm animals, which in The Sims aren’t as personally attached but still rely on people 

—there’s a cle

there. If robotic animals were designed in this way, they wouldn’t necessarily need to produce real 

enriched “milk” packets?), but they could have 

—

changes based on how well they’re cared for. And then there’s the wild animals—

roam around, sometimes interacting with people, sometimes not. They don’t be

they don’t ask for much. That, to me, is a model for free

—ones that recognize people but don’t “belong” to any single person, ones that react to their 

—

take care of it differently than if it’s a shared resource or a passing presence in our environme

And if we’re rewarded for taking care of something, we’re even more invested. That’s something 

—

world companionship mechanics. People don’t just lov

maybe the question isn’t just what robot animals should look like or act like, but what kind of 



— —

—

—

ous egg thief might, over time, stop stealing from the player’s chicken 

—

—

—

—



—

—

— —

protect a farm’s livestock. This principle could be extended to real

—

otice the robot’s defensive or distrustful reactions, indirectly identifying the 

—because let’s be honest, no one wants to be the villain in a space where 



—players can witness an animal’s entire lifecycle with



, and because of the game’s time compression, every ten in

—

—

’s pet system holds strong potential for robotic 

—

courses, and even enter competitions for rewards and recognition. This interactive element isn’t 

—

—

—

—

robotic animal doesn’t need to interact with a human at all times; sometimes, simply observing 



humid conditions. These conditions don’t necessarily need to be real—

—

—

mechanics, a game like Let’s Build a Zoo can still convey an incredibly rich understanding of 



which relies on detailed animations, 3D models, and deep AI behavioral systems, Let’s Build a 

—

simulation aren’t always necessary to create the feeling of

combinations, just as Let’s Build a Zoo allows players to breed animals with unique features. 

—

—

—

Let’s Build a Zoo’s use of multi

—

—

could trigger cooperative or neutral interactions. This doesn’t have to be scientifically 

—

—



Let’s build a zoo

—

—

—whether it’s a dinosaur, a unicorn, or even Cthulhu itself—

—



—

—



— —

—

—

social behaviors and deepen users’ 





—



—

—

—

deepen user attachment by making each robotic animal uniquely tailored to its owner’s 

encouraged to shape their companion’s identity through consistent engagement. If 



—

—



—

In an interactive narrative game, characters don’t need real intelligence to give players a strong 

—

—

—in reality, animals don’t always react predictably, 



behave predictably, robotic animals don’t need to give precise, logical, or even consistent 

— —

In this way, robotic animals don’t have to be highly advanced AI to create meaningful 

—



—

emotionally. Each version was built with hands and guesses, through problems I didn’t know 

Some of the robots worked. Some didn’t. Some just sat there looking confused. But each one 

—

objects. He wasn’t just a 

—

—

That’s when I decided to build a robotic companion that wasn’t just a set of mechanical 

—something you’d want to interact with, not just control.

—



—

neither convincingly biological nor purely mechanical. It wasn’t comforting. It wasn’t natural. 

And worst of all, it wasn’t fun to interact with.

That’s when I started experimenting with a segmented, modular design—

—

mechanical constraints but instead worked with them. The goal wasn’t to create a perfect 

—

something that could move, react, and engage in ways that felt right, even if they weren’t tied to 



Gua’s skeleton is built from seven servo combinations, giving it a flexible, elongated 

—

The core of Gua’s behavior is a "three

—

—

Gua’s emotional state, determining its reactions before sending motion commands to its servo



—

The voltage alarm buzzer wouldn’t stop ringing, haunting our work sessions like a robotic 

— —

temperature, humidity, and gravity sensors to interpret Gua’s environment. But correlating 

Accomplishments We’re Proud Of

—



Gua doesn’t just "detect humans"—

—

Designed by a team of mad artists, Gua’s "fur" is a patchwork of over 40 different fabrics, giving 

Teamwork: The ability to tolerate each other’s questionable snack choices.



Combat skills: Learning how to avoid Gua’s sudden attacks.

What’s Next for Gua?

Gua is evolving, and here’s what’s coming next:

Transitioning from "lazy programmer’s pet" to "robotic president with silver muscles".

—

Using step count, location, weather, and gyroscope data to personalize Gua’s behavior.



Gua isn’t just a robot—it’s an evolving entity. The goal isn’t just building a machine; it’s about 



—

—

ambiguity? If people’s expectations are deliberately adjusted, if the robotic animal is designed 

—

—

doesn’t move exactly like a real horse, it risks being labeled as "incorrect" rather than being 



— —

robot isn’t judged by realistic gait, diet, or sleep cycle, but by how it feels to interact with.

—

—

—



—



This adds volume and density, ensuring the coat doesn’t just sit flat against the robot’s 

machine’s rigid body rather than simply stretching over it.



—



—

—

—

—



fabric, which adds thickness and elasticity, creating a natural “plush” look while also allowing 

3. “Weird Skin Color” as a Functional Indicator

—



—

—

“real animal”, and I set my sights directly on designing a robotic 

—

—

introduced, the more rigid and artificial the robot’s actions became.

—

research team to fully realize. This wasn’t necessarily a failure, but rat

oriented robotic animals, more complexity isn’t always better. The most effective 

designs aren’t the o



ended interaction. If people aren’t bound by 

preconceived notions of a species’ behavior, they are more likely to approach the robotic 

gaits) aren’t ideal for robotic systems. By designing for function rather than strict 

project taught me that realism isn’t the goal—

doesn’t exist anywhere else.





—



—

—

—

— d as an "animal." Aibo’s 



— —

between toy and companion. While its appeal lies in its interactivity, Furby’

However, fur needs to be designed thoughtfully. GUA’s fur

Layered and Segmented Fur: Instead of a single, continuous fabric covering, GUA’s coat is 

animal’s fur to be slightly asymmetrical and "messy," we reinforce the impre



—



—

—

—

—



—

— —



—

—

—







—



—

—



—

–

–

–

The robotic animals I designed don’t use machine learning. They don’t rely on cloud 
computation. They don’t “talk back” like a chatbot or try to understand language.

Sensors: They use basic sensors (like light, sound, proximity, and temperature) to feel what’s 

—

the robot “decides” what to do.



For example, if motivation is high but activity is low, it may trigger a “searching” behavior. If 

–
—

You could call it “simple AI.” But I think of it more like weather—a pattern that’s constantly 

There’s no direct script for each interaction. Instead, what the robot does depends on what it 
senses and how it feels in that moment. This isn’t high level intelligence. But it’s enough to 
make people wonder, “Is it okay? What does it want?”

↓ ↑ ↑

↑ ↑ ↑

→ ↓ ↓

↑ ↑ ↓

an animal’s actions:

–

–

–



• –

• –

• –

• –

• –

• –

• –

• –

—

—

—



• –

• –

• –

—



—



Building on this, we developed the second version, nicknamed “the green five story building.” 

sensors, enhancing GUA’s perception capabilities and movement expressiveness. However, 

—



—



This series of optimizations not only improved GUA’s usability but also provided valuable 

incompatibility between its power requirements and the robot’s voltage constraints. This issue 



mentioned “sound” as a missing element in their feedback. Their sensitivity to this factor 

perceive an artificial creature’s presence, emotional state, and lifelike qualities. This 

GUA’s mobility is provided by a four

—













—

—

—

This chapter doesn’t offer conclusions. Just moments

to explore three key areas: (1) users’ categorization and perception 

— —

—



—

—

preferences. They don’t behave like machines with set responses; instead, their interactions 

—

halls to children's workshops. Children don’t need an explanation. They just gather around it, 

—

alone; it’s the presence.

cultural references and didn’t share a native language with me. But the reaction was still 

—

—but that didn’t stop them from slowly reaching out, petting it, and 

Even adults, even when told it’s a robot, still interact with it as something alive. Not because they 



—

— —

This is not just about design. It’s about letting machines step into the emotional space normally 

—

This study is particularly informed by Barber & O’Neill’s (2023) research, in which Anne played a 

—

—

exhibit behaviors that are difficult to explain. Anne’s contributions to Barber’s study align with 



—



—and maybe that’s alright.

卡龙 —

—

—

experiences with objects and environments. It wasn’t until my P

—



—

—





’
— —

“ ”

—



combine them flexibly. It was less about “perfect realism” and more about finding which parts 

of a dog’s body make people feel it is alive.



—

Together they form a system of “action groups” that guide how the robotic dog

–



—

—
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This page presents the earliest motion sketches for robotic animals, forming the basis of GUA’s 

—

—can all express “animalness” through similar motion logic. The notes also connect 

minimal joints and modules. From these simple sketches, the GUA’s motion system took shape 
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