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NRI: INT: COLLAB: Manufacturing USA: -

Intelligent Human Robot Collaboration for Smart Factory

Challenge

 Separating and highlighting relevant content from
irrelevant/ambiguous information in  sensing
data for human acton and command
recognition

 Accounting for uncertainty in human action and
trajectory prediction

 Estimating collision risk between robot and
human trajectory in collaborative action

Solution

« Background aware network,
mechanism, and sensor fusion

attention

» Probabilistic sequential modeling for
uncertainty quantification
« Temporal point clouds for trajectory

evaluation and collision prediction

2022 NRI & FRR Principal Investigators' Meeting

= Position detection

= Motion tracking

= Scene identification

= Action/state recognition
= |ntention inference

Scientific Impact

*Improved understanding of: 1) discriminative
features in sensing data relevant to action
recognition, and 2) sequential pattern
underlying human motion trajectory

«Ensured safety with mitigated risk of robot
mis-trigger and collision

= Multi-level probabilistic action prediction

= Context knowledge integration

® Stochastic human motion prediction

= Distributed high dimensional model realization

Action

Digital Prediction
-
‘I‘

= Obstacle avoidance
= Task segmentation
= Task adaptation

uoipubog

= Optimized robot planning
= Scalable collaboration

® Sensor Data Physical
= Surveillance camera, wearable sensor
" Real-time environment sensing

Distributed and Heterogeneous Manufacturing Enviranment

Broader Impact

* Demonstrated  viability of human-robot
collaborative solution that is generalizable to
various sectors, from education to healthcare

* Improved human trust in collaborative robots
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Sensing and Recogmtlon Real-Time Multi-modal

Human- Robot CoIIaboratlon Using Gestures énd Speech

Challenge: .ﬁ 4”»%.}*%%4&
« Real-time sensing, recognition and integration of L R T R T
dynamic gestures with temporal sequence features and

speech commands with  background noises ’ » "" M‘ “"

simultaneously in human-robot collaboration. i R
SO I u t I O n : h i CwW CCwW 5'[74"1’(/ Up Slow Down
- Realtime Motion History Image (MHI) method has MHIs samples of dynamic gestures in different backgrounds Waveform samples of speech commands

been proposed for feature extraction of dynamic —_—
gestures in different backgrounds.

« A multi-threading architecture has been constructed to
operate parallel tasks simultaneously in real time.

A data set of dynamic gestures has been designed and
a gesture recognizer is built using a multi-view data set
and a convolutional neural network (CNN). Robust
speech recognition is achieved through improvements
to an online open-source speech recognizer.
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Human Worker Microphone :

Camera B Robotic Arm
Obstag|ew— C.LE

Overview of the multi-modal human robot collaboration system using dynamic gestures and speech commands
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Sensing and Recqgnltlon':‘ Reconstructmg and R(gdicting 3D

Human Poses from Wearable Sensors

Reconstructing and

Cha”enge: predicting 3D poses
» For the human pose reconstruction
and prediction, we need a feasible ) ;
and an effective approach to (2) Our experimental setup (b) Our goal _ ‘} s
accurately sense human poses With 8 Fobserved aata rom D waiking poses i i
small set of wearable sensors. il o=y > eaner = | eer oo -
Observed data from y a 4 .
wearable cameras ) o romosed amoronc ! 3 ——— —
Sol ution: lllustration of our proposed approach The subject walks on slope
 We propose the wearable motion Q;% l&n il:g Q;w%m i | 4 Ground truth poses Predicted poses
capture problem of reconstructing £ = : Xf\-\‘ﬁ/ .
and predicting 3D human poses ' !
from a small number of wearable IMUs 55 & K‘/,{ Y KN ) P > 2
and wearable cameras. I S SR % i L i }%}
* We introduce a novel Attention- - o o § 3z | - k) M= g’*\ j*\
Oriented Recurrent Neural Network ¢ J} ¥ }*ﬁ‘ i N A [ . & ’ A
(AttRNet) to reconstruct the current R N P |
pose and predict the future poses. Visualization of predicted poses over time The subject walks on ground and avoid the obstacles
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Prediction: CoIIaboratlve Action Prediction Based on

Bramwaves

Alpha ,7-13 Hz
Challenge: AVA%»
« To investigate how human brainwaves can be . Re.axat,on&lff
leveraged to predict and control robot’s action in G::ii .
collaborative assembly, without the limitations of M!%M! :
sensing modalities such as vision and voice under ] »
environmental disturbance on the shop floor. = Perception & 80 8 16203240 vy Time ()

consciousness

EEG (time domain) A\/\/M \/\IJ\/\/\W
> 50
30
B-Spline: 80 Shannon: 149

100 0.536 1

- ﬁ:l'lme-frequency( (1)

Wavelet
transform Morlet; 172 Morse: 130

Channel 1 (u

Frequency (|

Common base wavelet and energy to Shannon entropy ratio
Brain structure and wavelet transform of brainwaves into time-frequency images

56 x 56 x 256

Solution:

 Arobot action prediction and control method based
on wavelet transform of brainwave EEG signals
has been developed and evaluated.

» Optimal base wavelet selection is based on

28 x 28 x 512
14 x 14 x 512

e

Pre-trained
VGG16

“Robot place cylinder” “Robot insert tube”
Predicted action: examples

112 x 112 x 128

Y 204 x 224 x 64 10,080 training images
4,320 validation images

maximizing the energy to Shannon entropy ratio Adamax optimisation o 7R TS g
g . gy . py ' - Crossentropy loss 80% s 63% I
. Trgnsfer learning is investigated to anpt a pre- i R e— " Y I .
trained VGG16 CNN structure for efficient robot <> 1x1x256 | T "
H : ' Convolutional and fully connected % .
aCtlvatlon and Contr0| USIng Wavelet tranSformed we/ghtsallowedto ch}a/ngedurmg > Adaptive Matched ~ Support Vector Dense Neural Adapted VGG16

daption process

EEG |ma eS aS |n ut to CNN Filtering Machine Network CNN
J P Pretrained VGG16 s;rct{[%ﬁrrggittli)annsfer for EEG-based Prediction accuracy comparison with other techniques
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Robot Action: Proactlve -n-Réactive Behawor;

Intelllgence

|
. Preplanned Task A
C h a I I e n g.e * . ) . Deﬂnitions / Shou der forsa hould(\r
« Seamless integration of sensing, cognition, and , v , 0 \
prediction into robot controller vyielding efficient i i O r; )
Proactive Adaptive Collaboration Intelligence (PACI) to 3. | Human/ Robot Proactive ==
) j ) . Segmentation g 8!
ensure safe interactions with humans and mitigate N i % ' Parent/child kinematic model
prOduction disruptions. ( Predictive Collision Detection h
1. Risk of Passage , Improved
M . \2. Surface Sweep Collision Detecnon/ ) v T .
SOIUtlon' v ” Robot Control Module ;[errcljporal po;,“t
. ) . ( ; 1. Execute Traject cloua generation
« Segmentation framework of predicted, real time, and RebOE Trajectory 2. Repian Trjectory. for gredicted
behavioral classifications to allow for modularity and Planning and Modeling foy—uu N uman-Tobot
> - Stop and Go -
flexibility within PACI for task and motion adaptation. ] hll St collision detection
« Parent-child human kinematics algorithm to correct = s E A
joint locations from vision trackers=> mis-trigger Online Human Intention T _
reduction and Trajectory Prediction | | Bedt Hug o Moion
o ) . . . T Il Real-Time Human Pose -
« Combining and filtering human poses from multiple Human ) (Lve Collision Detecton O et a
. . . . . ntention i P 2
cameras with skeleton tracking via stitching ‘best’ Bassd | 2 Surface Sweep. 2 Skefeton Fusion N
quaternion representations into a fused skeleton for Segmentation 4_Colision Detecton ey STRIIER T R '
more accurate tracking of human motion. | | Tracked human skeleton with
PACI control architecture robot as occlusion
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