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OpfHO 13 MHTEPECHbIX HanpaeneHwi npuMeHeHns W, He 6aHknpamu, 4Tobbl HenoBeykaMm KpeauTbl BapyeaTb Un BCAKUM yXapsiM
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dpaHLy3bl BOBCIO CelYac TPEHepPYIoT CBOW XeNeaHble MO3ri Ans Toro YTo6.
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FIGURE 1. The RexRov2 platform simulated in Gazebo.

A. DESIGN OF THE MODEL-BASED PART OF THE
CONTROLLER

The complete modelling of the RexRov2 platform is chal-
lenging [5], [38], but it can be summarised in the state-space
representation form [22] as:

n=Jomv,

Mv + C(v)v + D(v)v + g(n) = 8 + Scable. (4)

where n and v are the position and velocity vectors
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Cosnanv BupTyanbHyio NoABOOHYIO PeasibHOCTb C Pa3NNYHLIMM NPENSTCTBMSIMU U B HEM FOHSIIOT "61onoao6HbIe" ( o4eHb rpybo
roBOpS - ABa YPOBHS 00y4YeHMUsi C KPaTKOBPEMEHHOV 1 I0NITOBPEMEHHOM NaMSITbIO ) KOTOPbIE AOMXKHbI OPUEHTMPOBATLCS MO
penepHbIM TOUKaM U OPUEHTUPOBOYHOM KapTe naHawadoTa, Hy U MEIoLLMMCS B Hanuyum "npmubopam” , a Takxe ecnv B cTae To
yepes obueHne Mexay coboii ( He B 3TOW cTaTbe )

no exhaustive hyperparameter tuning was required. The
PyTorch framework and CUDA toolkit were used to imple-
ment this architecture along with an Nvidia RTX 2070 GPU
card for gradient and simulation processing. The ANNs
were optimised using the standard Adam method and
regularisation techniques were used to prevent overfitting.
It has been demonstrated that regularisation does matter
for Policy Gradient methods [20]. Following these results,
we added regularisation to the critic NN only by means of
a weight degradation of 0.001. Given that this work uses
the maximum entropy framework, no further regularisation
was applied to the actor NN. The learning rate for all
networks was set to /, = 3e~*. The Leaky ReLU activation
function was applied to all hidden layers and gradient
descent was performed using a mini-batch of size 256. Layer
normalisation [4] was added before the activation function
of all hidden layers. The weights and biases were initialised
from the Gaussian distribution A(0, \/2/f), where f is the
input of the layer.

IV. A BIO-INSPIRED EXPERIENCE REPLAY (BIER)

The Biologically-Inspired Experience Replay (BIER)
method, proposed in this work, assumes two distinct memory
units: the sequential-partial memory (B1), which stores
incomplete temporal sequences, and the optimistic memory
(B2), that emphasises the best transitions as measured by
the reward with respect to the current policy. As illustrated
in Figure 2, BIER takes advantage of the resilience of the
on-policy sampling while maintaining the efficiency of the
data from the off-policy formulation.

Buffer B1 has a similar function to the memory buffer
used in the original definition of ER in reinforcement
learning. In a robotic domain, the optimal behaviour is
highly temporally correlated, since early action sequences
have a more pronounced effect on future gains. In addition,
a vehicle’s behaviour is bounded by the natural constraints
of its actuators. Thus. the shane and number of possible
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"TpaekTopus" NOHSATHA - Kak 06y4art Tak BbIMYCTAT B BOAY - ECN MOMHUTE Ncan npo pbib po6oToB B LOME NMMOHEPOB

https://aftershock.news/?q=node%2F 1056942

WM NOABOIHbLIV APOH 32 ABE MUHYTHI

https://aftershock.news/?g=node%2F 1229848

Ectb BOMNPOC Mo noBoAy aHeprun onsa AsnU>XeHus BOT 3TUX pbl60K rynnwu, 6aTape|7|Kv| 6bICTp0 cAa0yT... HO TyT naen MHOro, OCHoBHasi

13 "NnoaBoAHbIX TeHEeHNA" n3BneKarb - BOT cnanapl 13 KOTOpPbIX MOHATHO O 4YEM peyb

Figure 1. Proposed subsea swarm of EELs. Original artwork by Pyro-E.

Table 1. Projected Power Budget: Generation.

Nominal Capacity % Duty Load RMS Power
Mode: Station-Keeping 819w 20% 1.64 W
Mode: Passive Gliding 410w 80% 328W
Total Generation 4.92 W
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Table 4. Station-Keeping Modes and Excitation Regimes.

H=0.05m H=0.1m H=0.2m H=04m H=0.8m H=16m

Small Medium Large
Excitation Excitation Excitation

In this mode, EEL will be submerged at a shallow depth below the free surface of water. The kinetic
energy of subsurface currents is to be harvested by EEL at depths up to a few meters and converted to
electric current. In simulations, it is assumed that this depth is less than 2 m. To represent ambient waves
and resulting excitation in a representative domain, the conditions listed in Table 4 are used.
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Figure 3. Hydrodynamic forces acting on EEL prototype, proposed by Pyro-E.

Preliminary study by Pyro-E with low-fidelity coupled fluid structural simulations using Ansys

TyT 6e3 BMPTyanbHOCTV CAenanu B Xenese



to be relayed through the segments and hinges towards the tail to generate sufficient deformation.

(c) Velocity field around EEL showing high velocity flow at curved surfaces of the head body

Figure 9. EEL design in vertical orientation.




3.1.2.2 EEL Orientation for Horizontal Oscillation: In a horizontal orientation, EEL performed
noticeably better in terms of qualitative agreement with test observations, as well as agreement
with quantitative displacements of similar magnitude. This comparison is shown in Figure 10.

Velocity: Magnitude (ft/s)
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Despite larger oscillations of the EEL segments and ta
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Bot cnesa Ha ¢poTo.
B 03epax Takoe paboTatb KOHEYHO He ByLeT... Hy MOXET U XOPOLLO.

Ho 4To cTOMT OTMETUTB - ecnn Bce ByAeT NaTh Tak Kak uoet ceityac, To rnobansHasi Mopckasi Toproenst 6yaeT paHo Uim No3aHo
paspylueHa (yBbl B TOM Yncne ceeMmopnyTb 1 aHanorn) MNOTHOCTBIO!

Tak Kak 370 BCe, Hy 04eHb AelleBo, 0cODEeHHO eCcnv B CEPUIO 3anycKaTb 1 He CTYAEHTaMu, a Kopramu.
Ha cywe kak 1o 6e3onacHeit 4To nn.
P.S.

B kaMMeHTax NpaBubHOE 3aMeyaHWe No NOBOAY FPaBUTALIMOHHOM KapThbl - HO TYT PeYb KOHEYHO CKOpee NPOCTO 06 opueHTaumm npu
BbINONHEHWUW PABOT.... U MONYYEHNE CBOETO NMONOXEHNS st KOOPAMHALMM C OPYrUMX ECN B CTAE UAYT.
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