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Human Motion
CHALLENGES AND OVERVIEW e et E=NIRWWN SCIENTIFIC IMPACTS
Moving robots out of cages and deploying them into flexible production lines will be an Em__,jrimmm o P{amﬁng The proposed SERoCS will lead to safe and efficient human-robot
inevitable trend, and factories of the future are anticipated to be spaces where humans and robots : M"Z‘:’;iff Mot:j)sm* collaboration as well as sate robot-robot collaboration, both of which are
co-exist [1] Model Library Libray essential in factories of the future. The major impacts are:
Objective: to establish a set of design principles of safe and efficient robot collaboration systems L TreCcRon.| utine Tusi * Different modules (perception, prediction, and planning) involved in Co-
(SER0CS) for the next generation co-robots. i g Robot system will be developed and open source to public to provide
Task 1. Environment Monitoring with Human Motion Prediction Human Five llfruff“;“f{ﬁ;i mﬁﬂg‘;;';';;sl etter solution and inspiration.
Task 2. Task Planning and Skill Library - Safe and Efficient Motion Planning and  Several Evaluation metrics for the co-robot system have been proposed.
. . . . . : Control (T3) .

Task 3. Safe and Efficient Motion Planning and Control in Real Time ; l | A demo of SER0oCS system 1s presented.
Task 4. Evaluation of the SERoCS by Analyses, Simulations and Experiments e fobot Motion Fommand

h e s e s e e e n e e e Robot developed both

Human «—— —— Robot offline and online

SOLUTIONS

Task 2. Task planning [2] Task 2. Skill Library For Grasping Task 3. Real Time Safe and Efficient Motion Task 4. Evaluation and Experiment
Offline learning Phase * Learn to Grasp with Less Supervision: A Data- Planning and COIltI’Ol e Task |
\ Sequential/ Efficient Posterior Grasp Sampling Loss [3] Motion planning algorithm: RRT*-CFS [4] Human Manipulator Mle:ill(i);;ﬁtor
Pemonstration ~| parallel task Planner i % |  Combining optimization-based algorithms and sample- worker
videos model -_i . . . : . Install CPU (1) Install memory Approach
..... o / ¥ based algorithms for better overall optimality while %;lgggff Bundle wires 2 <ard (1) worker (1.2)
e . | maintain convergence guarantee. 4 Put tag on the case (3)
f_,,-----"“* T _“"-----Hh — ¥ o % . . . _ Handover Receive
(Human + Environment _{ State & action ] [ Controller ] The RRT CFS motlc?n pletnner has stochastlcolty to avoid Tool sharing Tape (3) T3
~_ — estimation i bad local optima and inherits the CFS properties of
- _T_____ B e o .
0 N . CONVEISCNCE. Tool storing s}cliﬁgi’sv (e;) mtohfﬁeerfoi(iﬁffs 6)
* Constructing the task * Optimization-based task o~ Algorithm 1 RRT*-CFS :
. . Input Depth P Best G lure RRT*-CFS(fy, 0 yoa1; Msampies: &)
model planning with task S == B S GRAT gy 900k Taaml * Experlme}/l* M
G ET + Multi_thread RRT*(fy, 0,001 Tsampiess €) > Get the shortest RRT# path among all threads. i . Ny
% Sequential nodes: their child nodes must be context . ) Gr_asp models f p are + Results demons.trate 8X x" < generate_reference(®") > Generat the initial reference x” for CFS based on /17" V "f S
executed in the order from left to right, Zhor trained to recover more data-etficient than “Iul,{[;fit”_pﬁlmr?:l p :::lf fl;litl?|{}iix.;t~;jfx x(®) > 0} RO =Nl
‘ \ly)vhicllll ils de(ilot.etclll by tlllflgperztor -. ) st xpt +t, <t ground-truth grasp previous works with x40 —arg min /()
» raraiiel nodes. Well chl’d Nodes cafl be Tty <1 distributions with similar physical return x7
executed in parallel, which 1s denoted by ||. 4z — 1 o . . .
« Independent nodes: their child nodes can S limited observations, grasping success rate at Planning results

Th, x, € {0,1}"

be executed in any orders, which is such that 01.8%. -
denoted by L. Tp{c—cy}t =0 _ - s T ) 05
Trfo—c,y =0 6 = argémn L(G, fo(I)) "“
. . eqe _ " RRT* samples
t: completlon time C: capablh'ty set 3 where ) G is a set of success grasp labels; @;, W; ___,-@‘m,” coay ‘ | RRT path
X, assignment for the robot Cj,: human's capability set . 3 L — = rﬂ:*. <" ® > it
s I Xp, . assignment for the human  C,.: robot's capability set L(G, fo(I)) = Z —log P(pi|fo(I)) | are success grasp labels at pixel p;; ¢;, Ti‘-f LA @ *_goal y
to : the time human takes to complete the current action =1 o w; are predicted grasp at the same place :
t; : the time human takes to complete the assigned actions + MSE(¢s. 6:) ‘s
t, : the time robot takes to complete the assigned actions -+ MSE(w;, w;)
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