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Abstract - The objective of this work is to develop adaptive
control for mechanical design of a biomimetic undewater
vehicle. The aim is to construct vehicle control prmtypes with
propulsion mechanisms with the lowest possible corfgxity by
using vibrations with adaptive control. This mechaical design
can be then used to produce various gaits of locomion in
response to various hydrodynamic events.

Success made in biological research mean we know chumore
about how animals survive, for instance deep-sea eatures'
sensory organs or geckos' gravity-defying feet. Thepeed, power,
and size of computers mean we can create programisat mimic
neurophysiologic brain functions. Reverse engineerg (tracking
a result through its process to its source) has astenet that the
cause exists. Therefore, just knowing there is an anal that can
track moving objects while flying through space wihout visible
light, proves that it's possible [1]. At present, he research in
biomimetic underwater robotics has been partially diven by the
necessity to develop more efficient, flexible, mangerable, stable
and adaptable vehicles capable of operating in arge variety of
hard environments. The main driving force of the deelopment is
that the underwater vehicles in use today are desigd for stable
and open waters. These machines use propellers tongeate
thrust, and have very limited maneuverability.

Therefore, Biomimetic underwater vehicles are mainlyneeded
for environments where good maneuverability, abiliy to produce
thrust in many directions and rapid real-time control in response
to sudden hydrodynamic events is a must. Rapid camt and high
maneuverability as well as the decreased scale asach achieved
without an increased complexity.

Another advantage of the proposed mechanical desigmodel
is that it is fairly easy to model and control in eal time. There is
a good theoretical understanding developed over yea about
vibrations of elastic cords. It makes it possiblea analyses the
kinematics of the fin actuators and controls themThe control of
the fish is then equivalent to finding appropriate excitation
frequencies to produce the desired locomotion pattes.

Keywords - biomimetic, robotics, fish motion, underwater
vehicle, motion control, optimal synthesis, fish fi mower

I. INTRODUCTION

During millions of years the result of natural dlation
has created many unique underwater organisms, iGunirad
of which is characterized by reliability, low engrg
consumption, precision, and rationality? Harmony lif,
ability of organisms to adapt various changes ofitipla
factors of environment, diversity of adaptive réats — all
that sets up the richest collection of live samptesechnical
systems to be constructed.

Due to that the best result in construction of téchl
systems can be reached in bionics. It is possiokatve a lot
of time and efforts, if we use solutions found lature during
long selection process. Obviously there is no rfeec blind
following nature and thus denying human intellectrhprove
natural solutions.

Construction of underwater robots which use prilespof
motion of underwater organisms could solve follogviasks
of civilian and military use:

- Testing water quality and finding pollution soesc

- Testing integrity of underwater fuel pipelines.

- Finding large fish populations, providing commanid
fishing vessels.

- Inspection of underwater parts of ships withordsgnce
of divers. Determination of ship hull fouling.

- Determination of marine stream velocity in diffat
depth.

- Search for underwater mineral resources.

- Search for sunken ships and UXQO’s.

-Passing through anti-submarine nets in ports|ligeace
tasks, etc.

In order to perform similar tasks, a robot in anfioof a fish
needs to consist of following parts:

- strong load carrying hermetic body,

- mover,

- energy source,

- stabilization elements and control system,

- different types of sensors,

- devices for illuminating, photography, etc.

Robot needs to be supplied with artificial inigdihce such
as an on-board computer. Functions of the computer:
information storage, memory of the motion contrsignal
output for correction of a motion, control of mameting.

II. REVIEW OF TASKS ALREADY PERFORMED

Search for bionic analogies started in 60’'s o #0th
century, and soon become regular, systematic arg lan
scope. Experimental underwater devices with fin emswere
created and investigated in 70's — 80’s of the 2@&thtury in
the department of underwater moving devices. Durgagnt
years due to rapid development of calculation naghand
control systems there are many interesting findingbe area
of water and underwater robots, e.g. model of arsming
robot fish is described in [2].
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Such models have two-sections of tail and remotgrob
by a microcomputer. Sensing device allows for aototo
avoid obstacles. More sophisticated underwater trgfish)
was designed at the University of Washington arsb ddas
three parts: two sections of tail with a fin [3]olBot has full
autonomous control from power source and microcdarpu
placed inside of the robot. The robotic fish ispeled by its
tail and pectoral fins - these also enable thetbstwim in any
direction,
Underwater robot fish with a pneumatic drive wasdean
“Festo” company [4]. Electronics and pneumatics faidglen
within its waterproof head and control
movements of the tail fin via two fluidic muscl&swo further
muscles are used for steering. The fin consistsanof
alternating traction and pressure edge.

High level research is performed in the United Kiam, in
University of Essex [5, 6]. The robotic fish hasser-based
controls and autonomous navigation capabilitiedheytcan
find their own way around the tank safely, avoiditige
objects, and reacting to their environment. Theotiol group
at Essex is one of the largest in the UK and ithatcutting
edge of research into human-centered robotics. oBicél
issues, hydromechanics of swimming, kinematics ofiom of
water organisms are described in [5, 6].

Fig. 1. Some devices of underwater robot in prdjeidbse”[1]

Fig. 2. Motion of non — autonomy robot inside sntaiik [1]

Investigations of robot fish swimming processes an8|i

constructions of new devices are at the startingjtipns in
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project “Filose” [1]. Some devices of underwatebab are
shown in Fig. 1, 2. Additional theoretical and espental
investigations of Mechanical design in project tsg” are
givenin[7 —9].

The objective of the presented article is the esad
methods of theory of oscillations in mechanics aladhoration
of new types of fin-type movers.

The initial stage of the research is discussedaise of a

make tight turns and even go backwardéin, placed on a mechanism moving in water.

Rather simplified system with one degree of frerds
investigated. It is assumed that mass and momeinedfa of

the S-shapetthe body are significantly larger than mass and ewtnof

inertia of the fin. That allows by using of a siiifigd system
to determine approximate results and to
recommendations (Fig. 3).

Stick point O Hull

h=]

Fig. 3. Calculation scheme

Ill. FORCE ACTING TO A TAIL FIN

Initially forces and moments will be considered evhiare
acting on the tail fin in still water.

Following assumptions are in use [8]:

- body 1(hull) is static and it is connected witte tfin 2
over a joint O (Fig. 4, 5);

- In the joint there is another elastic restitutimpment
(spring) and also a moment generated by the dpleeed on
the body to invoke oscillations (Figures 6, 7).

- tail fin is made as a rigid thin rectangular plat

- forces of interaction of the fin with water degefrom
squared velocity in a local point (Figure 6);

- turbulent flow of the water is neglected;

- the motion takes place in a horizontal plane.

IV. EQUATIONS OF MOTION OF THE FIN

Differential equation of motion of the fin aroundaxis,
directed through the point O, can be representefla§lO0,
11]:

Jap=M(t,0,p)-C-p-b-g—k -Bx
L

xsign(p-¢)-[(p-¢)° ¢ d. "
0

Here J o— moment of inertia of the fin in respect to z axis

rected through the point O;
@ - angular acceleration of the fin;
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Fig. 4. Velocities in local points

From theorem of motion of the mass cemiref the fin along
Ox axis it follows (2):

o L . L
m-| ¢ -E-COS(zH-(z)-E-SIn(p =

=0Ox-k, - B-sin(p) - sign(¢ - ag) x
L
X p-EV - dE |.
[{((/) £) éj o
After simplification from (1, 2) we get (3, 4):

M(t,a,a)-C-a—-b-a+

.1
= —" 4 i
T3 |k Besigna)-at ) ®

L 1
Ox=m-{¢*-—-cosfp) + —
{o > @) JAX
M(t,p,9)—C-p-b-9+
x = sing +
(—k, - B-sign) - ¢ ‘7) 2
3

1k -B-sin() - sign- ¢) - ¢ %

(4)

Thus, equations (3) and (4) allow approximate eatédn of
action of the fin to the body (see Figures 3, 4f).for
example, average value of the reaction in a stestdye
process is negativeQ, < 0), then the fin in average will pull
body backwards. Oppositely, B, > 0, then fin will push
the body ahead. In mathematical form it can be esqed as

() [7]:

whereT — time interval.
In this way by exchange of control momeM (t, @, @)
different criterion K may be obtained.

V. CONTROL ACTIONS

As example a harmonica excitation is in form:

M (t.¢,9) = M, sin(kt),

wereM, — constant amplitude.

Exam

ples of modeling are shown in Fig. 5 — 7. Beeaiull

impulse is positive harmonica excitation will nat bsed for

plane

tail actuator drives.
1
0.33 K—A
7033 u
-0.3 0 0.3

Pn
Fig. 5. Motion in phase plane for harmonica exmtat
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Fig. 6. ReactiorDx in contact point O
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Fig. 7. Sum of full impulse in time domain (5). Ioipe is positive and
therefore will not be useful for plane tail

do/dt | +MO

»

+MO

V-e

- MO

Fig. 9. Two level MO adaptive control as one phamerdinates function

VI. SYNTHESIS OF REAL SYSTEM

To get the most effective moment control, the aantr |n project [1] robot fish actuator with PID and atge control
system must be organized with a feedback system, fen the base of two solenoids was made (Fig. 10— 12

example a proportional-integral-derivative congéoll(PID
controller), that is widely used in industrial casitsystems. A
PID controller attempts to correct the error betwea

measured process variable and a desired set pgint b

calculating and then outputting a corrective actibat can
adjust the process accordingly, rapidly and eféetyi, to keep
the error minimal.

Analysis of PID control shows that in this caseésessary
to know three parameters: - proportional gain,tegnal gain
and derivative gain. By tuning the three constamtghe PID
controller algorithm, the controller can providentol action
designed for specific process requirements. Thporese of
the controller can be described in terms of theaesiveness
of the controller to an error, the degree to whiwd controller
overshoots the set point and the degree of sysseitiadion.

The use of the PID algorithm for control does nadrgntee
optimal control of the system or system stabilit2] unless
adjusted properly. More efficient way of realizirgptimal
control is to use adaptive control as a function pbfase
coordinates form the equation:

M =M(p,9).

Two examples of adaptive control excitation in ghagane
are shown in Fig. 8, 9, where M1, M2 and MO arestaint.

do/dt
+M2 +M1
¢
M1 M2

Fig. 8. Two level M1 and M2 adaptive control as two
phase coordinates functions
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Fig. 10. 3D scheme of actuator with two solenoids

sstoke adjustment screw
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Fig. 11. For tail angle measurement actuator htentiometer
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Fig. 15. Middle value of full impulséV , - SIgN(¢?)

As can be seen from Fig. 14, 15, full impulse igatve. It
means that middle value of reaction in point O puskhto the
right and this control may be used for robot acitsat

Fig. 12. Cross section of actuator with two soldsdh and B

Example of adaptive control moment as angular Vsloc
function (6) was investigated. Vil. CONCLUSION
The field of use of natural-shaped bodies and nwigyet
M(t.p.0) = M, - Sign(). (6) little known to the researchers. Obviously the ferand drives
adapted in the nature have taken thousands anabmsilbf
years to develop till the current state. Thoughsihmrobably
this is not the final, nor most optimized possibtaly design.
Field research has proven swimming efficiencies for
1 biological fish as high as 95% [1.] in comparisan kest
robotic fish locomotion results so far have reacbaly 25%
efficiency, that directly shows the potential growef the
o 0 f\ subject. For sure research and development of swizthmers
has a great future for applications needing redftivsmall

Results of modeling are shown in Fig. 13 — 15.

_9._._0 23 bodies with a high mechanical efficiency in margtds.
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Guntis Kulikovskis, Maris Abele, Edgars Kovals, Igors Tifans, Semjons Cifanskis, Maarja Kiisma, Zan-Gai Fontains, Jinis Viba. Robota zivs astes
kustibas ierosme ar adafvu vadibu

Si darba narkis ir izstrdat metanisko dizainu biometriskam zemiens transpofidzeklim ar adagvu vadbu. § mérka steno3anai pareds izgatavot
transportidzeKa vadbas prototipus ar iesfami vienkirsiem dzinekem, kustbas ratsanai lietojot vibicijas ar adapiu vadbu. So melnisko dizainu pc tam
var lietot, lai $kak izpetitu kustbu daZdas hidrodinamiskajs vides.

Biometriskie roboti savu ufvi aizguvusi no dwam radbam, pieneram, cilekiem vai insektiem. To $jas ir nokogtas no pasaules izékajiem veiksmes
piemeriem - daviem organismiem. To izt@§aras neparedzaipasaul ir veiksngaka neki laboratorijas vid. Robotu inZenieri ir sjigi apvienot biolgijas
zinatnes ar skajbSanas zifitném. Biologiska izpéte mums sniedz padiriatu izpratni par to, & dZivnieki izdavo. Piengri - dzilo adepu radbu uztveres omni
vai gekona gravitiju parvarod@is kijas. SkailoSanas i@tu atrums, jauda un izars lauj mums atveidot primitas neirofiziolgiskas smadzai aktivitates.
Apgriezt inZenierija (meldjot rezul&tu caur procesu uzlkumu) pimem, ka skums eksist To, ka tas ir iesfams, pieida fakts, ka ir dwnieks, kas s§
noteikt kusigus objektus, lidojot bez redzama gaispasnena [1].

PaSlaik biometrisko zefdens robotu izfti sekné nepiecieSafba [Ec efekivakiem, elasigakiem, manewit spgjigakiem, stabiikiem un piendroties
spejigakiem objektiem, kas var sekgi funkciorgt bargos apsklos. Galvenais dzenoSaisekp ir tas, ka Sodienas zadens transpofdzeHli ir paredzti
atvertiem un stabiliemadegiem. Sie apaiti lieto dzenskilves, lai iegtu dzirsjspeku, un tiem irloti ierobeZotas maneitsyejas. Biometriskie zendens
transportidzeHi ir nepiecieSami galvenakt vides, kur ir viéili nepiecieSama laba manétspzja, efekivs dzirgjspeks daudzos virzienos uitra rellaika
reakcija.Atra vadba un augsta manetspeja ka an samagziati izmeri tiek iegiti bez paaugstittas sarefitibas pakpes.

Piedivatajam mehniskajam dizaina modelim ir vieakSa mod&Sana un vatha. Gadu laik ir iegata stingra ziaSanu laze par elasgo auklu vibacijam. Tas
lauj analizt spuru aktuatoru kineftiku un to vadbu. Zivs vadba var tikt izteikta ar piednotu ierosmes gwstibu atraSanu, lai ra elamos kusbu musturus.

I'ynrnc Kyankosckuc, Mapuc Adeie, darape Kopasc, Urope Tunanc, Cemen Ludanckuii, Maapes Kpyycmaa, )Kan-TI'ait ®@onraiin, SAnuc Buoda.
Bo30y:x1eHue 1BH:KeHHS XBOCTA PbIOBI ¢ IANTHBHLIM YIPaBJIeHUEM

CyTb 3T0i1 paboTHI - pa3paboTaTh MEXaHMYECKHI AN3AiH C aJaTHBHBIM YIIPaBJICHHEM JUIs OHOMETPUYECKOTO MOIBOIHOTO

CpencTBa IMepeABIDKeHHS. JUIsS peamu3anyuy 3TOH LEeNH IUIAHHPYeTCS M3TOTOBUTH IPOTOTHIIBI TPAHCHOPTHBIX CPEACTB B PAMKAX BO3MOXKHOCTH IIPOCTHIMU
JIBIOKHTEIISIMH, UCIIOJIB3Ys BUOPALMH C aJalITHBHBIM YIIPABJICHHEM JUIS CO3NAHUS IBUKCHUS.

bromerpuueckre poOOTHI CBOE CTPOESHHE YCBOMIIM OT XKUBBIX CYIIECTB KaK JIFOAU MJIM HaceKoMble. MIX CITOCOOHOCTH CKOMMPOBAHBI U3 CAMBIX 3aMeYaTelIbHBIX
IIPUMEPOB yIauH - XKUBBIX OPTaHU3MOB. VX moBeneHHe B HENPeABHACHHOM MHpe 0ojee y[aadHa, 4eM B cpene Jaboparopud. MmxeHepsl poOOTOB CIOCOOHBI
00BCAMHUTD 3HAHUS OMOJIOTMH N KOMIIbIOTEpOB. broornueckue nccienoBanus 1aeT HaM yriryOJIeHHOE TOHATHE O TOM, KaK )KMBOTHbIE BEDKHBAIOT, HAIIPUMED,
MHTEPECHBIMU SBIISIOTCS OPTaHbl BOCIPHUATHS TTyOMHHBIX JKMBOTHBIX WJIM HOTHM TCKOHA, IPEBO3MOraroliie rpaButaiuio. CKOpocTh, MOIIHOCT M pa3Mep
BBIYHCIIIONIMAX MALIMH IT03BOJISIET HaM BOCHPOM3BECTH ACSATEIBHOCTh IPUMUTHBHOTO HEBPO(U3HONOrHIeckoro Mo3ra. ObparHas HHKeHepHs (KOraa pe3yabTaT
M3BICKMBACTCS Yepe3 MPOLECC Ha HAayayo) MPHHUMAET, YTO HAYaylo CyliecTByeT. [Ipi TOM, 3Hast )KHBOTHOE KOTOPOE CIIOCOGHO OMPEIETHTh MOBIKHBIC 00BEKTHI
0€3 BUIMMBIX CBETHIILHUKOB, 9TO BO3MOXKHO [1].

IMoTpebHOCTH B O071€e 2()(HEKTHBHBIX, HIACTUIHBIX, MAHEBPOBBIX, CTAOMIBHBIX U IIPUCIOCOOICHHEIX 00BEKTOB, KOTOPBIE MOTIH OBl YCIICNTHO (YHKITHOHHPOBATH
B CYPOBBIX YCJIOBHUSIX, CIIOCOOCTBYeT HCCIEIOBaHHE OMOMETPHYECKHX POOOTOB IOABOIHOTO IBIKEHUS. [7MaBHOWM ABIKYyHIEH CHIION SBISETCS TO, YTO
HBIHCIITHUE TTOJBOJHBIC arperarhbl MPEAyCMOTPEHBI Ul pa0OTHI B OTKPBITHIX M CTAOMIIBHBIX BOAAX. DTH arperaTsl HCIONb3YIOT BUHTHI JUIS CO3JaHUS JBUKCHNS,
U SBISIOTCS OYCHb MajJ0 MaHEBPOCIOCOOHBIMH. B OCHOBHOM OHOMeTpHYECKHE MOABOAHBIC TPAHCIIOPTHBIC CPEACTBA HEOOXOAUMBI B CHTYAIHsX, I7e
s¢deKTuBHAs ABIDKYIIAs CUia U ObICTpas peakius B pealbHOM BPEMEHH BHTAIbHO HeoOxommma. BeICTpoe ympaBieHHE M BBICOKAs MaHEBPOCIOCOOHOCTH
yCBaMBaeTCsl O€3 MOBBIMICHHON CTENCHH CII0XKHOCTH.

JIOIOMHUTENBHBIM KaueCTBOM IM3aiHa JaHHOU MEXaHHYECKOH MOJENH SBISETCS IPOCTOe MOACIHPOBAHHE H yHpaBleHHE. 3a MHOTHE TOAbl HAKAIUIMBAIHCH
3HAHUS O BHOpAIAX DIACTUYHBIX IIHYpOB. Temepp 3TO MO3BOJACT aHAIM3MPOBATh KMHEMATHKY IUIABHHKOB M UX YIpaBieHHe. Toraa ympaBieHHE pPHIOBI
HIEPEHOCUTCSI Ha Pa3bICKUBAaHUE MOAXOMAIIETO PEKUMa KOIeOaH i, YTOObI TTOTy4UTh KeTaeMble ABIKCHHUS 00BEKTa.
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