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Development of Autonomous Swarm Robot and Its Control based on Vector Field

o0000O0O0OOOO (DOOOODO)

* Yoshiyuki HOMMA and Masafumi OKADA (Tokyo TECH)

Abstract— So far, we have developed the swarm control method based on the vector field for congestion
reduction. In this method, assuming that the individuals in the swarm take their own motion following the
defined vector field, the swarm behavior is modeled by continuum. The density of the continuum is calculated
by the continuity equation and the position of the poles that prevent the flow are determined based on the
obtained density. The effectiveness of the proposed method is evaluated by the simulations, however, it is
necessary to confirm its phenomenon by an experimental environment in the real world. In this paper, we
design and develop the autonomous mobile robots. They have a two-dimensional localization sensor, range
sensors for collision avoidance, CPU, battery and a wireless LAN module to communicate with a host PC.
The control algorithm is implemented to the CPU and the usability of the robots is verified.
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Fig.1 Vector field and robot motion definition
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Fig.2 Autonomous mobile robot

Table 1 Specification of the designed robot

Weight 2.8 kg

Size H150 x ¢200mm

Communication | WirelessLAN(LANTRONIX WiPort)
32bit 48MHz(RENESAS SHT7144)
Lithium polymer 14.8V 8000mAh

Controller
Battery
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Fig.4 Wheel of the robot

Table 2 Specification of the power train

| Elements | Type | Specification

Wheel Omni-directional wheel | ¢$50 mm

Gear Harmonic Drive 1:30

Motor maxon RE-max 24 12V 11W
Encorder | MR Type M (built-in) | 128 count/rev
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Table 3 Specification of the motor driver

Communication | Protocol : RS232

Speed : 9600 baud

32 Bytes/Speed command

PWM Fregency : 93.75 kHz

Resolution : 8 bits

Control method | PD control

Controller FPGA (Xilinx Spartan 3E X3S500E )
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Table 4 The specification of localization sensor

Sensor Size : D50 x W50 x H28 mm
Repetitive precision : 20 mm
Angle resolution : 1.0 deg
Measurement speed : 20/sec
Distance(Marker to Sensor) : 2m
Communication | Protocol : RS232

Speed : 115.2 kBaud
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Fig.5 Location of the range sensors
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Table 5 Specification of the PSD range sensor

100 mm-800 mm
1.65V-2.15V
38.3ms =+ 9.6ms

Measuring range
Output voltage
Sensing time
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Fig.6 Block diagram of the control system
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Fig.7 Output voltage of PSD sensor and distance
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Fig.9 Robot motion control

Fig.8 Robot control algorithm
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