Lornell University, oschool of Electrical and Computer Engineering

Authors: Labhansh Atriwal, Ta-Wei Yeh, Yunshan Lui Advisor: Prat. Kirstin Petersen
Uther team members: Emilie Baker (ME), Connor Rahn (SE), Jonathan Jaramillo (St), Paolo Arguelles (ECE)

Human-Robot Swarms
3. aystem Uesign

|. Human Robot dwarms

Many experts envision situations where a group of non-expert humans must collaborate with robots, thus forming an ad-hoc human-robot . .
swarm to accomplish a global, high-level task. An example is efficient building evacuation in emergencies. In this broad scope, our project E [: a n I [: a B E | E [:tl‘l I [: a | 9 W&:mm‘“ s &
is to design a custom robotic rover with the following features : ] Back Tor ARMAY 0 [ @ i

 Small scale to allow navigation in close confines

 Low cost to promote mass production

o Light weight to permit easy manual transport

o Differential drive and collision avoidance

 Wireless communication for remote control

* Modular software architecture to permit easy integration of future functionalities

o Visual, auditory, and tangible interface for user interaction, in the form of an
inflatable bladder that permits the robots to convey or receive information from non-expert
users (see figure to the right)

We designed a custom PCB to integrate of all
the electrical components, and to distribute
power all over the rover.

Components  include  UART, time-of-flight
sensor connections, battery, projector, an
additional microcontroller (Arduino), motor
drivers and connections.
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(Not shown: Projector, internal and external cameras,
speakers, motor drivers, base plate, pumps, bladder.)
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For our first version of the rover, we... JSON command
» selected and tested the electrical components including - - Our Rover has an embedded controller based on the Intel® Aero Compute Board, alongside the Intel®

chassis, motors, sensors, batteries, RiG and RGB-D cameras, Aero Vision accessory kit. |t is driven using low-torque brushed motors. Collision detection is done Command Command 1o

speakers, projectors, Bluetonth remote control, and more. Q @ using three time-of-flight sensors on the front and rear. There are air pumps to inflate and deflate the lueue Executor h e
» and wrote software infrastructure for low-level contral, as bladder. It is Wi-fi enabled to receive commands from a remote operator. User interaction is done | Orive

well as graphics projection onto the bladder., text-to-speech, using internal speakers or by projecting images on the bladder. User feedback, like gestures, are | M”d”|E ILF Comm

image capturing and face detection. and automatic wireless graphics, (O gaphics  size, graphics, @ grephics captured using the real sense depth camera mounted on the rover. g l l l
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For our second version of the rover, we.. - ‘ ‘ ‘ ~ Priority
o formally designed the system architecture first and then integrated everything (Sec. ) The bladder is composed of light-weight, rip-stop nylon that is easly =0 lueue
e added functionalities including bladder touch detection, and a protocol design for better user contraol penetrated with the light from the projector. e eover saftware i< desianed to take a varety of inouts fom the remdte ooeratoe We have alsq desianed a
° dESigﬂE[ 30 DFiﬂtEd parts for iITI|JI"[IVEd ITIEIUI'ItiI'Ig of motors, DFDjEEtI]I"S, cameras, and bladder We tested several dggigng for structural intggrity; ; T F[I’[I][:gl 0 rover contral Eyl'ld . EIJI][TI Wy I'ﬂEII'II?_IEll ' d
» designed PCBs for better power routing » Metal spirals (from laundry hampers) with motors and pulleys for B T ' ' ' |
e switched to Agile/Scrum development to improve our team dynamics and throughput 'deflation’
In collaboration with Prof. Kress-bazit, the robot can now be controlled in a mation capture space e [rigami-like folding of the bladder to support repeatable in/deflation }
e Air-filled channels on the perimeter, made of welded PTE
e |nternal tendons and wires support the bladder during motion
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In this project, we successfully designed an inexpensive (<§2.3K), light weight (<Zkg) wirelessly * lime-of-flight sensors UAE e Customized orotocal
controlled rover, capable of relatively fast motion (~7km/hr), obstacle avoidance, projection of B =N * UART connection to Aero % J_V . WL.I_SFDmlzgl Sm e TR
J il / i-Fi enabled communication with the rover
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information onto an inflatable bladder, and auditory text-to-speech.

Face detection (frontal and non-frontal view), enhanced
F to work at steep angles to accommodate the camera
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This summer the rover will be used in human robot experiments, showing how robots can guide \ mounted at the hase of the raver

participants through a complex scenario. In the future, this robat will use the internal RGB-D cameras T T S e

to detect information passed from the user to the robat through physical interaction with the bladder. [ ] [ ] e RGRB-D camera for detection of user feedback an the
bladder
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