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Motivations and Challenges ) Objectives \

Cooperative
Control and
Complex and strongly coupled sensing-motion The overall research objective 1s to establish and demonstrate a generic motion-sensing co- e
dynamics of swarming CPS de81gn .p].focedure that , _ . .
Inherent environmental uncertainties such as - significantly reduces the complexity of mission design for swarming CPS
communication delay and package loss, oreatly facilitates the development of effective and efficient control and sensing -
unpredictable and/or confined spaces, and strategies, which are computation efficient, communication light, and adaptive to Actuated
highly spatially and temporally varying various environment uncertainties /

environments
Resource constraints of mobile computing

entities such as limited computational power, Cooperatlve Motion and Sensulg CO-deSIgl’l \
communication capability, and sensing abilit ' ' ' s i
) Y S 4 ) Distributed Source Seeking Collision Avoidance
Source seeking is one of the o We employ the collision cone approach to determine analytical

oguldance laws for collision avoidance

fundamental and representative . . . ,
These analytical guidance laws lead to computational savings on

MI Underwater Communicati()ns & Localizati()n \ missions for swarming CPS with a wide

range of practical applications T hob resource-constrained robotic platforms
Channel Model for 3D Directional MI Coil° Transmission range can be We propose a dual-module control These guidance laws o determll}ed for objects Of. arbitrary
Data information is carried by a time varying 1ncreased by using optimal approach that achieves fast source shapes, and do not require the ObJ.eCtS to be approximated by
magnetic field generated by the modulated sinusoid  ©OPerating frequency and the seeking in time-varying fields circles/polygons as 1s commonly done in the literature

Two cases are considered for the collision
avoldance acceleration magnitude (a,) Collision between objects of arbitrary shapes
and direction (0 ):

a, is of variable magnitude, and 0 is such that a,
acts orthogonal to the velocity vector of the robot.

larger size coil antennas
Influence of the operating
frequency and coil antenna size
on the MI channel path loss in
the lake water

Key 1dea: velocity decomposition
Linear velocity: motion control
Angular velocity: formation control

Only two nonholonomic mobile robots

current along an MI coil antenna at the Tx

Rx retrieves the information by demodulating the
induced current along the receiving coil antenna
Small sensor can achieve 20m & 10m range 1n Case

2 and 2 but less than 1m range in Case 1 As the operating frequency are needed in 2D - o o 15 e
High conductive seawater induces significant Eddy  increases from 100 KHz to 15 No gradient 1s estimated = reduced dp 15 OL constalit Magnitude, an 15 Variabie.
current incurring very high path loss MHz, the MI path loss computational cost Besides collision avoidance, the
ST n decreases at the first and keeps The algorithm has been validated in a collision cone approach has also been
,;z_ e Q;;:;;’;’;;M - " Increasing after a point. multi-robot testbed using both M3p1 used for:
- = Path loss can be further | robots and Kilobots Analytical laws governing safe e T
’ e | metmezd by IMemESTng Gie i trajectories for a robot to make a < &
(a) Path loss of MI underwater communications, ™mssenosarce " Operatng Froquency () Transmission Disance (m 070 P Radus turns of the coil antenna. precision 3-D maneuver through 9 = 15 Qo ? %%:/ [MJ )
small orifice. The orifice may be fixed, 1 N
. . =3 moving and/or closing in size TP m—
Path Loss qf Unlz 3D Receivers Effects of Surface Wave S Analytical laws for area coverage by 1
MI antenna with 3 A 3 1 The reflection and surface wave mobile robot sensor networks. Demonstration of collision avoidance laws in a dynamic environment with

Orthogonal cpils ¢, can significantly increase the time (sec) multiple obstacles
Omni-directional mo\/\ﬁ | Ll communication range of
communications A ; TR
Enhanced received 7S BN underwater MI.
signal strength ‘ —oio” " wwn s If the depth of the underwater Smart- materlal ACtuated B]_()I‘Ob ()t]_C F]_Sh
Can be used for 3D e transceiver 1s not very hig
localization ST o B S R 10 T T T T ° °
2D Maneuverable Robotic Fish Design Fabrication Result
Lateral wave n i . The total weight of the robot: 290 grams
4 reg;?;iza | % :4 To the right pectoral fin Assembled robotic fish Pectoral fin Caudal fin Xbee communication
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Lossy water medium

Digital output

MI-based Relative Localization
Multi-path fading-free MI channel & orthogonality of tri-coil MI

antennas > accurate, simple, and convenient localization strategy
By using 3 coils 1n orthogonal planes, we can N

Estimate distance in each of three directions separately e Z. reached up to 1.5 rad/sec. S i /// -
Calculate angular coordinates of the sensor node to a reference | gl | o onerseee - . e
node, e.g., the MI anchor node e ik || | Tothe left pectoral fin | $3 g/ F F g 04 S | -~ \

Only one anchor node 1s needed, e.g., MI data sink, to determine /@‘ Ty ‘ - : - .

_ the positions of sensors 1n 3D space Wireless control system design Zemverd selimiing g NEh-ATi e
Z

Digital
output
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IPMC and caudal fin :

}
' cerdcs The forward-swimming speed reached 0.5 cm/sec, and

. - PMCand pctorl both the left-turning and right-turning speeds Power Consumption
To the caudal fin Robotic fish propelled by Multi-IPMC fins e
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