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ÅA ñRobotɡ is mechanical or virtual artificial agent, usually an electro-

mechanical machine that is guided by a computer program or electronic 

circuitry. 

ÅRobots have replacedhumans in performingrepetitive and dangerous 

tasks.

ÅRecent advances in electronics and computer technology have allowed 

researchers to approach new robot system,biologically inspired or 

biomimetic robots has increased.
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ÅHowever, these systems have not performed as well as expected due to 

the limitations of mechanical based equipment.

ÅSome researchers cares deeply about using animals like as artificial agents.

Å Is not just relying on training or well trained animal, control the animal 

agent effectively by applying modern science and technology.
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Related research

Å Rat navigation guided by remote control
Talwar, S. K., Xu, S., Hawley, E. S., Weiss, S. a, Moxon, K. a, & Chapin, J. K. (2002). Nature. 

Å Recent developments in the remote radio control of insect flight
Sato, H., & Maharbiz, M. M. (2010). Frontiers in neuroscience.
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ÅMost  proposed  animal agent systems require  a  still well -trained  

animal or  cause  involuntary  behavior by  direct  stimulation  of  

the  corresponding musculature by an implanted (invasive) 

controller .

ÅSo,  we propose the new control system which is 

non-invasive, using voluntary behaviorand adaptable 

to untrained animals.

Research background



Å Non-invasive & voluntary scheme -> Using external senses (e.g. vision, hearing etc.)

Å All animals, including humans, usually act by reaction to stimuli. 

Å The cause of the response to external stimuli : Instinct or Experience

V Instinct : Instinct (or innate behavior) is the inherent inclination of a living 

organism towards a particular complex behavior. 

V Experience : Experience is the knowledge or masteryof an event or subject 

gained through involvement in or exposure to it. In our case, learning  or 

training (shaping) is essential. But, it could lead to the desired certain actions.

Å Firstly, we choose the óInstinctɞ that occurs quickly and doesnɞt needs shaping.

Å Main instinct of animals (orientation; taxis) [1]

:  Klinotaxis(̳ ♣)Ἓ), Tropotaxisל̇ Ἓ), Telotaxis(cל (ἛלṒᵆ)Ἓ), Menotaxisל

Å Based on these core instinct, animals react to external stimuli.

01 Introduction
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Then, howto control?

[1] Tinbergen, N. (1951). The study of instinct.



Target instinct behavior

01 Introduction
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ÅñEscape behaviorɡ

(escape response / escape reflex)

Å Escape behavior induces the operant responses that 

cause the animal to move away froman ongoing 

punishing or obstructing stimulus.

Å Through the interaction of various core instincts, this 

behavior evoke by a external stimulus. 

Å By evoke this instinct behavior through the specific 

stimulation (such as obstruction), we could guide animalɞs 

moving route.



Å In particular, a reactive behavior connected with bodily protection is 

essentialand must occur quickly,  and it must be evoked, mediated, and 

directed in a consistent manner by a stimulus. 

ÅThis behavior is a kind of expression of an

escape instinctive behavior. 

(move away from an obstructing stimulus)

ÅEspecially, in robotics, obstacle avoidance is the

task of satisfying some control objective subject

to non-intersection or non-collision position constraints.

Å In our research,  we have observed a consistent pattern of an animalɞs 

movement trajectory utilizing the innate instinctive behavior of obstacle 

avoidance, and we propose this as a animal movement guidance scheme.
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Obstacle Avoidance
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Modeling the 
behavioral pattern
& way of thinking

Instinct and 
Experience

Control the 

stimulus 

(system Input)

We can control the 

response term

(system output)

Programmed 
task & attainment



Å Living in various types of habitats on land and in 

water

Å Easy to detect their movement

Å Easy to attach devices

Å Four turtles ( average length = 15 cm) were 

grown indoors in laboratories

02 Turtle

Red-eared slider (Trachemys scripta elegans)
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Target animal: Turtle

?

Å Published on PLoS One journal. (IF. 3.73, April 17, 2013)

Å Submitted to Journal of Bionic Engineering (Revision)



Å Senses : Vision, Auditory, Olfactory (taste) and Tactus

Å Especially, it has superior visual sense (classify color in visible rays also feeders). [2]

Å In particular, there are earlier work on the observation that hatchling sea turtles 

recognize a white light source as an open space and so move toward it[3, 4].

Å So, we first conducted experiments to investigate in detail the turtleɞs obstacle 

avoidance behavior based on above characteristics of turtle.

02 Turtle

Characteristics of turtle
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[2] Arnold K, NeumeyerC (1987) Wavelength discrimination in the turtle Pseudemysscripta 

elegans. Vision Res 27: 1501ï1511.

[3] Verheijen FJ, Wildschut JT (1973) The photic orientation of hatchling sea turtles during water 

finding behavior. Netherlands Journal of Sea Research 7: 53ï67.

[4] Witherington BE, Bjorndal KA (1990) Influences of Artificial Lighting on the Seaward 

Orientation of Hatchling Loggerhead Turtles Carettacaretta. Biol Conserv55: 139ï149.



02 Turtle
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Preliminary experimentation



02 Turtle

Å Type of stimuli

V Closed loop stimuli (feedback O, ẋּתἶ♠▫͏)

V Open loop stimuli (feedback X, ּתἶ♠▫͏)

15

Method & Apparatus



Visual Recognition of Obstacles - Closed loop

02 Turtle
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Å Color Tracking System using MATLAB (able to tracking 
particular color patch)

Å The movement trajectories were tracked after turtles (red 
circles) were initially placed 50 cm in front of obstacles. 



Obstacle Recognition Distance - Closed loop

02 Turtle
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Å Turtles were initially located 15 cm (marked by 

red circles at mid-carapace) in front of a black 

obstacle wall.

Height of obstacles



Visually Planned Obstacle Avoidance - Open loop

02 Turtle
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Visually Planned Obstacle Avoidance - Turning Distance

02 Turtle
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ÅWe introduced the concept of

Average Turning Velocity (ATV) to measure 

the amount of displacement or shift from the 

turtleŚs previous heading per unit of time.

Å RoC? 

Å Angular Velocity?

Å These measures does not 

explain our desire exactly.



Visually Planned Obstacle Avoidance - Data statistical processing

02 Turtle
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Å Each movement trajectory was translated 

to place the location at which the stimulus 

was given at the origin, and then rotated so 

that its tangential line at that location 

coincides with the y-axis. 

After Stimulate

Before Stimulate

Stimulate point

0Á

90Á

Õ180Á

-90Á

Turn
Left

Turn
Right

Å The radii of curvature (RoC) of the red 

trajectories are plotted by mean and standard 

deviation. The average turning velocities (ATV) 

of the trajectories are plotted and analyzed 

as described for the RoC.



Controlling Turtleɞs Walking Path

02 Turtle
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Controlling Turtleɞs Walking Path

02 Turtle
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Å Examples of guided turtle navigation using the embedded control system to block 

the turtleŚs view. Each arrow indicates positions at which forward (F), stop (S), right 

(R) and left (L) directional stimuli were issued. 



Controlling Turtleɞs Walking Path

02 Turtle
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Å Turtle movement was controlled by alternately providing forward, right, left and 

stop stimuli causing obstacle avoidance. The desired (red) and actual (black) paths 

of the turtles are plotted.



Go outside!

02 Turtle
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Å In indoor experimental condition, we could easily control the ócontrol 

variablesɞ. 

ÅWe should check our scheme is also valid in  outdoor condition which has 

various variables.

ÅTo implement outdoor experiment, our stimulation device should be 

modified.

VTelecommunication

VPositioning system

VStimulation cylinder



02 Turtle
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Indoor test 

02 Turtle
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Indoor test

02 Turtle
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Indoor test

02 Turtle
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02 Turtle

CTE (Cross Track Error)
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Indoor test

02 Turtle
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Subject

(Human)
A B C D E Total

Avg. travel time (s)

(± Std)

497.2

(± 189.2)

758.6

(± 141.3)

531.6

(± 69.2)

425.2

(± 64.5)

479.4

(± 83.3)

538.4

(± 166.2)

Avg. travel distance 

(cm)

(± Std)

911.1

(± 3.0)

911.5

(± 14.5)

908.4

(± 10.4)

901.5

(± 10.4)

905.3

(± 9.6)

907.5

(± 10.9)

Avg. speed (cm s-1)

(± Std)

2.07

(± 0.63)

1.27

(± 0.34)

1.74

(± 0.26)

2.17

(± 0.35)

1.95

(± 0.38)

1.84

(± 0.52)

Avg. CTE (cm)

(± Std)

27.99

(± 3.00)

28.37

(± 14.52)

25.32

(± 10.36)

18.41

(± 10.35)

22.17

(± 9.59)

24.45

(± 10.92)

Optimal travel distance= 883.10 cm

Avg. speedof comparisongroup (unstimulated turtle) = 2.53 (± 0.42) cm s-1



Outdoor test

02 Turtle

31



Outdoor test

02 Turtle
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Field test

02 Turtle
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A
B

C

GOAL

ÅThe turtle covered a 40 m route that 

presented various geomorphological 

conditions (gravelly field, soil, lawn-

like surfaces, shallow-water hazards, 

etc.) and natural obstacles.

ÅMission for cyborg turtle

Capture images at each 

mission point



Field test

02 Turtle
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direction



Field test

02 Turtle
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ÅWe examined one of the essential responses for an organismɞ s survival: obstacle 

avoidance. by providing a visual stimulus that causes the behavior, we remotely 

guided a turtleɞ s walking behavior.

ÅWe examined the turtleɞ s visual recognition of obstacles  under  various  

conditions.  We found that the turtles, recognizing the white object as open space, 

headed for it regardless of other conditions. 

ÅWe tried to find out the turtleɞ s obstacle recognition distance. We discovered that 

no matter what the obstacleɞ s height (apparent size), the turtle  did not come 

closer to it than 15cm. 

ÅWe then designed a simple device and found that the more the turtleɞ s view was 

blocked by the obstacle, the sharper it turned away from it. 

Å By applying the above results, we were able to successfully guide the turtleɞ s 

walking paths.

02 Turtle

Summary



02 Turtle

Summary
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ÅWe redesigned the stimulation device and upgrade hardwareto implement  

outdoor experiments.

ÅWe then performed three kinds of tests. (indoor, outdoor, field test)

Å The results of these three tests showed that our scheme is still valid under indoor 

condition as well as outdoor condition.

Å Published on PLoS One journal. (IF. 3.73, April 17, 2013)

Å Submitted to Journal of Bionic Engineering (Revision)
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Target animal: Carp
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Å Superior visual sense

Å Spirited movement

Å Easy to maintain in the laboratory

Å 15 carps (average length = 35 cm) were 

grown indoors in laboratories

Common Carp (Cyprinus carpio)



03 Carp

Literature survey & Preliminary experimentation
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Å Through the literature survey and preliminary test, we could know that vision is 

dominant sensefor its locomotion.

Å Generally,  through the vision sense, fish detect the obstacles or check its position. [5]

Å A carp has very large field of view (30 m ahead, 270 degrees in each eye).

Å It could classify color in visible rays (400ŀ750nm),  it respond to likes green and 

yellow color/light sensitively.

Å It also has a óepiphysisɞ which could detect sensitively variation in contrast.

Å So, we focused on visual sense and planed the experiments.

[5] Shaw, E. (1978). Schooling fishes: the school, a truly egalitarian form of organization in which all members of the group 

are alike in influence, offers substantial benefits to its participants. American Scientist, 166-175.
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Literature survey & Preliminary experimentation
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Right Turn
(blocked left sight)

Left Turn
(blocked Right sight)



03 Carp

Obstacle avoidance test - Closed loop
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Semi-laminar flow Start zone

<Wall type obstacle>



03 Carp
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Å The carp faced toward the 

transparent side, but avoided the 

black side.

Å It recognized the black wall as an 

obstacle, but not the transparent 

wall



03 Carp

Obstacle avoidance test - Open loop
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Vibration motor & button cell

Blinder

Transparent section

Opaque section



03 Carp

Obstacle avoidance test - Open loop
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Left side stimulation

Right side stimulation



03 Carp
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03 Carp

Statistical verification
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Å Each experiment was conducted 50 times, and each session was recorded for 300 s, 

with 15 carp being used at random.

V In turtle case, one of the critical comment is óLack of samplesɞ and óNumber of 

experimentsɞ.

ÅWe analyzed the results of each experiment using ATV and the M-W U test.

Å In all cases where data were compared multiple times, we used a Bonferroni 

correction for multiple comparisons of each trial after stimuli presentation.

Å Lower case letters represent statistically homogeneous groups.

V For example, groups ñaɡ and ñbɡ are significantly different, whereas ñaɡ is not 

significantly different to ñab,ɡ which shares membership with group ña.ɡ



03 Carp

47

Turn Left

Turn Right

a ab ac d e f g



03 Carp

Summary

Å This study was designed using the simple concept that fish movement patterns may 

be controlled by stimulating their visual obstacle avoidance instinct.

Å Through two basic experiments, we demonstrated that the stimulation of visual 

senses could be used to guide fish along specified moving paths.

Å Especially, we found out carps show turning behavior more clearly when we give 

simultaneous stimulation, vision and vibration.

Å Therefore, the turning direction of carp is more effectively controlled when both 

stimulations are given in combination.

ÅWe believe these findings could be used to study on fish guidance system.

Å Also, we should be carefully studied more this topic (e.g. simultaneous stimulation) 

and analyze the experiment result.



Å Through these researches, we examined one of the essential responses for an 

organismɞs survival: obstacle avoidance. 

Å By providing an external stimulus that causes the behavior, we remotely guided our 

target animalɞs moving path. 

ÅWe first examined the turtleɞ s visual obstacle avoidance behavior. By applying the 

experiment results,  we were able to successfully guide the turtleɞ s walking paths.

Å Further, we attained success in remotely guiding the path of turtle in outdoor 

condition. 

Å Lastly, we expanded our target animal area, choose carp and implement primary 

experiments for developing a remote guidance system. 

04 Conclusion
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Overall summary



Å This research demonstrate the feasibility of animal (especially in turtle & carp)  

guidance system by evoking its innate instinctive behavior.

ÅWe find out specific behavior patterns for our target animals.

- Turtle

V They recognizing the black object as an obstacle, rather than the white 

one. (they recognizing white object as open space, headed for it 

regardless of other conditions.)

V They do not come closer to it than 15cm without regard to the 

obstacleɞs height.

- Carp

V They avoid visual obstacle stimulation effectively . 

V They determine turning direction effectively through the simultaneous 

stimulation.

04 Conclusion
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Contributions



Å If our scheme is so for animal remote guidance system,  we could resolve 

some of problems that invasive system have. (life-threatening (surgery), 

maintenance and sustainability etc.)

ÅAdditionally,

V This is the first attempt to guide reptile case.

V Also, we implemented guiding test in outdoor condition.

V There was few researches on of animal guidance system by evoking 

innate behavior when we prepare our first paper (in 2012).

04 Conclusion
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Contributions



ÅResearch on the remote guidance system by óexperience based behaviorɞ.

ÅAutomatic guidance systemusing line-of-sight guidance algorithm.

ÅCollaboration with photic stimulation research. 

ÅFurther studies & data analysis on carp case including stimuli manner.

04 Conclusion
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Ongoing & Future works - with our research team



Thank You

Q & A
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Å MEHTOD AND APPARATUS FOR MOVEMENT CONTROL OF A LIVING THING

(Applied in 2010, Final registered in 2012)



Å⁴⁷̯תּʺױᵑ Ϯ╥לⱠᴛ⁷˺ Ѥ˦╪ ⅝ Ṓ▐.

V Ͽ↔♣ḙ⁄ˢ ╥Ⱡל ▀Ἓ╙┬ּת ѤḢ ╖ᴛὡ♬ ₄̆, җṬ‡⁷̯╥Ⱡᶜ

֞ ⸗җ specific ˭ὡ♬ .

Å⁷̯Ͽ↔♬ᵙᵑ─ ⸗җ̑ ♠бᵙˤּש╙ ↔ ᶔꜜ˳╛.

V ͙Ⱶḛ ⁄ἌợⱠ Қ̑ ♠бᵙˤּש╙ ♪͐♥ ᵑ ʺ ₄̆, ѻ‚ ̑

бᶷḓ♇Ἄᵑ ᶷ ⱳỢḓ̑ ͙ ᾒ ╙ ҍᴛ ꜙᾒ ╙ἒ́ Ͽ↔╙

ʺ ₄╛. ( ↕˿╥Ṓ♬⅝אַ , ⁄תּ╪ ̆ᶷ ♪וֹ ͙)

Å˺̓ᵑ▀ḙ Ѥ ө╙ⱳᾔ ⅝ʺ▓╛

V ▫ᴮ♣ḙˢ ▀ḙ Ѥ ө╙ὡ♬ ̆,  ⁷̯˺̓ᵑб╥ ѤṨṪ⁄▓

‡Ἄ↕ᵙʺҍ╥̓˺╘‫ Ἄᵣᶘ Ⱡᾎ .

00 Comment
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Å BCI ṨṪ╘⁷̯♣ ╥ ♩╙ ᵙѤ˿ ╪▓╛

V BCI ⁷̯ṨṪ╘ḛ ▫ᴮ╥ַאᾔ⁄ἌợⱠ ̆, ʺ▫ᴮᵑ ṕᾎᾅ ╥ ↔

ᶔ⁄Ἄᾎҵӈ⁷̯ᴛἌᵣⱠᾎ .

Å Input ▫͏⁄ӻᵐỸᶹ ╥Ṩ♬ output variation╙ּתἶ♠╖ᴛ update ⁴

ⱳꜙ╥♬Ḍҵᵑ Ữᾎ ѤḢ ╪ ⅝ ӭ.

V ◓⁷̯ḓ ╖ᴛ╥⁷ֿ̯ב ⁄ҵᵰ↕ҵ∑╪ӇѤⱳ…╪גỸʻ . ṕⱳ…╙⁷

̯╥ˌἐ♩ḓ future work ṨṪ⁄ḙ₅ ̆, ֞ ҉ṨṪ⁄ҍ б╥ᵑ ─бᶷ

⁄ӻᴛ͙ὥ ˳╛.

Åᾒ ḓϿ↔ֿב ⁄▓‡, бᵙ♠̯Ἓ̓ ́♠₰˺Ἓ╙⸗җ Ṓ ⅝ʺ▓

ѻ.

V бᵙ♠̯Ἓ╙ Ṓ ͙─ ♣ Ͽ↔╙ὡ♬ ₄╖ᶒ,ᾒ ╥ ́♠₰˺Ἓ╙ Ṓ

͙─ Ỹᶹ̓͟ҍὡ̪ὡѶ╥▫ᶷ╖ᴛᾒ ḓṪἍ♥ ᵑἒ́ ₄╛.

00 Comment
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ÅỸᶹ ⱳꜙᾎᾅ ⁄ҍ ◑♩(┬↔Ἓ)╪ ˭̓◑Ӈ‡▓╛. ̑ ˁ╪ӇּתΏ╛

V ᵭ╛. ṕᾎᾅ ╘◑♩̓Ѿ♩╙ᶛӎʺּ̆ת▓╛. ◑♩ᵣ╪ṨʻӈṨṪ╪▓‴Қ˦

╪Ợᾒ╪̆, ◓Ѥ◑Ѿ♩ӎʺּתṨṪ╙ pair ˭ᵦῦӥᵙᴎ̆Яᴏ ₄̆, ҵ░ḓ

ᵡᶴᵙ⁄Ἄ⁷̯╥╥╥ ᶔ╥б╥ᵑַא♩╖ᴛ͙ὥ .

ÅỸᶹ Ἓ⁄ҍ ⸗җ♣ᶷ♠╬⁷̯ʺ ⅝ Ṓ▐.

V ♥ҍ♠╖ᴛ̑ˁ . ͎ ╪ꜙἌ˞ṩᾒϿⱳמ ⁄ѤỸᶹ ᾒ ♣ḙ⁄ҍ Ỹᶹ ̓

͟ҍὡ̪ὡѶ╥▫ᶷ╙Ḛῷֿב .  ͎ ᴅּתᵣῷֹבֿͥו ♬Ỹᶹ (₉.  ■‡) Ἓ

ṪἍ⁄ҍ ♣ᶷἛ╪Ṩⱴ ˦╘Ợᾒ.  ҉ṨṪ╙Ṓ₰ ͙─ ⁴⸗җ ♇ ♪

͐╙ ⁷̯ᵑֿב ˳╛.

ÅᾒⱠ♠┬↔ἛṒѻѤ feasibility demonstration⁄ ♩╙ᵭ Ѥ˦╪ ᾒ♠╬

scope ▀ӭ

V ῷֹוᾒⱠ♠┬↔Ἓ╙б ͙⁄Ѥᾎᾅ ╪ᵤ╪Ṩⱴ ˦╪ ᾒ▐. ᵰ↕♠ ♠תּ

Ỹʻג╪ ̆, ṕḛ ▫ᴮ⁄ἌѤ feasibility demonstration⁄ ♩╙ᵭ ѤḢ ╖ᴛ

♣ ♠╬б♩╙ὡ♬ .

00 Comment
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ÅḖỢ⁷̯⁄ ҉ analystical / theorical ⁷̯₮͙⁴╥ṨṪ╙‡Ԑ̐⁄ӑּת

Ỹʻ Ṓ ╖ᶔ

V ⁷̯╥ʺ◑͙⁴ᵑᵦ ѻᶔ, creative ⁷̯ᵑ ѻѤ♩⁄Ἄ╥╥ᵑӎ̆▫ .

V Practical ̓ theoricalᴛϮы‡Ỹʻ ѻᶔ, ῷמ₮ˉ╪ᵦῦӥᵙ̆ᾘ╛.

V ṕ⁷̯╥͙⁴ṨṪ╙ ˭ӎʺּתṨṪ╖ᴛỸʻ

ü ҿỸᶹ ᾒ ╙ ⁴ ˲Ỹᶹ (˞ṩ, ■‡)╥ ♬ ҿ ╙ Ὸ ̆▫͏⁄ҍ

♬ ҿ ╙ῼῷЃ.

ü ױ╪ Ỹᶹ ╥▫ḛ♠╬ᾋἛ╙╪↔ Ỹᶹ guiding ᾎᾅ ⱠΌ

V ҿỸᶹ ♠ ᶔ (theorical)

ü ᶀ♇, Ỹᶹ ⁄ṕѫ⁄ҍ ᶷ ⁷̯ᵑ ͙ ᾏתּ ᵞ

ü ◑ ᶹ ṕѫ▫͏⁄ҍ ѻ‚ ᾒ

× ▫͏∟ṉ ᾒ / ╬ᾏᾒ

× Open loop ▫͏Ṩ⁴

-˞ṩ⁄˭ open loop ▫͏╙תὡ▓Ѥ▫͏◑ ἒ́ ᾒ

-╪♣⁄Ѥ˞ṩ╘ẋᴡ Ỹᶹ ⁄Ἄҵ╪׳Ḣᾏ╥▫͏ᾒ ╘˞╥Ⱶ◓ Ώתּ

 ╛

× ╪⁄ӻᵐ ҿ ṪἍ , ♬ ḛ˸.

00 Comment
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ÅḖỢ⁷̯⁄ ҉ analystical / theorical ⁷̯₮͙⁴╥ṨṪ╙‡Ԑ̐⁄ӑּת

Ỹʻ Ṓ ╖ᶔ

V ̑ ♠ ᶔ (practical)

ü ͙Ⱶ╥Ỹᶹ ⱳꜙᾎᾅ ╥Ѿ♩ө╙▀Ṩ ˺ ὡ▓ѤḢḹ/ᾎᾅ Ⱡᾎ ͎̆ʺѫἛ

╙Ṓ▐.

ü ͙Ⱶ╥לᵆѤ╪ᴽҚ ᾋ♠ᾎᾅ ⁄ἌḺ‡Ϯ, ẋ ᾋ/▫ḛ♠ ҿ╙┬ҵ ѤỰᴛ⇔Ḣ

ḹ╙Ⱡᾎ

V ̕ᴐ⁷̯♇Вḓ⁷̯▫

ü Plos one ̩ Ⱡ

ü M. Maharbiz(Ợ╪Ṓ͎ẋ ⁷̯)̪ὡ ᾎ↕ᵙ⁷̯⁄ҍ ̕ᾔ ᶘ

ü Ḵ ⁷̯Ͽ↔╙ḛ ╖ᴛ╪‡⁷̯ ѻᵐלⱠөҵ ◓ᵙẋ♣֞ѤⱠ אַ

× ҍˠ ᾋбᶷ

× ӎḴ ˞ṩбᶷ

× ■‡ ҿ ṪἍбᶷ

- ῷֹוṒ₰ ṨṪ╪ᵤ╛. ּתἶ♠╖ᴛ▬‰ַא

ü Ỹᶹ ⱳꜙ֞Ѥ Bionic Ṫ‒⁄ἌѤ ᾐ ⁷̯ᴛ╬♬ḚѤѻѤּש˞

00 Comment
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Åṕѫ VS ᴐ, Ἄᴛ controversal ᶔ╪▓╛. ӑѻʺ◑♩/Ѿ♩╪Ӊὡ′╛

V ᴐ⁄╥ ⁷̯Ѥ ◓⁷̯ ╥͟ҍˠ Ỹ╥⁷̯ ᵡᴛֿב  .אַ

V ◓ᾒ ḓ♬ᵙᵑᵡ ̆бᶷⱠ Ữ .(Bionic Eng.)

00 Comment
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00 Appendix

Turtle ïindoor test - measure

61



00 Appendix

Turtle ïindoor test - measure
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00 Appendix

Carp - Turning behavior test - measure
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Typesof
stimulation

None
(Free 
state)

Vibration Vision Simultaneity

Right Left Right Left Right Left

ATV(cm/s) +0.0194 +0.2573 -0.1103 +0.9788 -0.6244 +1.3208 -1.1832

P value Ā 0.9533 0.8605 0.4219 0.4340 0.0029 0.0318

ñ+ɡandñ-ɡsigns indicate left and right turning directions, respectively.
The Mann-Whitney U test (M-W U test) with p < 0.05 wasbeen used.
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Å An embedded  control  module  (5.3x7.5x4.8cm,  133.5g)  was  mounted  on  the  

turtleɞ s  upper  shell  with  the circular color patch for tracking,  and  a  black 

semi-cylinder  was used  to block the turtleɞs view

Å The center of a circular  color patch  (radius=3cm) attached  to  the center of the 

turtleɞ s upper shellwas tracked by a color-based tracker that used a MATLAB 

(The Mathworks Inc., USA) image  processing  program  developed  by  Maptic

(See  http://www.matpic.com).
64
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Å A micro controller unit (ARM Cortex-M3, STM32F101V8T6) received an angular value 
to control the servo motor (Maximum output angle: 2,160 degrees, Resolution: 4.9 
degrees, Motorbank, KOREA), which could rotate the black semi-cylinder within Õ180 
degrees with respect to its body axis, from a PC control software written in C# via 
Bluetooth communication (Baud rate: 19,200bps, Firmtech, KOREA).

Å color-based tracker that used a MATLAB (The Mathworks Inc., USA) image 
processing program developed by Matpic (See http://www.matpic.com). The average 
distance between the center of the patch and the end of the turtleŚs head was 6cm.

Å The raw data from the color-based tracker was post-processed by projective 
transformation mapping of the oblique view to the top view,

Å a Kalman filter with linear models was used for both the dynamics of the system 
and the observation process.
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Å The embedded control module was based on the Raspberry Pi single-board 
computer with a Broadcom BCM2835 system on a chip (SoC), a Video Core IV GPU, 
512 MB of RAM, and a 16 GB SD card. 

Å This embedded module was connected to a servo motor which moved the 
stimulation semi-cylinder, as well as a 2600 mAh Li-Po battery. Altogether, the device 
weighed 171.5 g, with the embedded control module weighing 85 g and the battery 
86.5 g.

Å The controller unit received an angular value to control the servo motor, thus 
rotating the black semi-cylinder through Õ36Áwith respect to its body axis, from the 
PC control software via a Wi-Fi connection. 
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System

Animal Robot Interaction & Cybernetics

Trained Turtle Robot

Interaction

Goal

♬ ▫͏(Red Light)╙ ӻגʺᶔ ṒỮ(ᵿ╪)ᵑ Ѥל ˆ ᾋ╙ ˞ṩ╪ᵑ ᴐ

▫͏ (Red Light) ╙ control ὡ ▓Ѥ ᴛṙ╙ ˞ṩ╥ Ӯ⁄ Ṩ

Turtle╘ Robot╥ ▫͏(Red Light)╙ Ἄᴛ interaction ᶔἌ ṒỮ(ᵿ╪)╙ Ӧ

─ ᾎᾅ ╘ ḙṓ╙ Reinforcement Learning╙ ˆ

led

Fodder

Regulation


