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Background

• Flexibility: Dealing with Variations in Products and Processes with 
Minimum Effort and Time Based on Edge-Brain Framework .

• Incorporation of Edge Computing AI Solutions for AI-Vision 
Capabilities, Flexible Gripping, Multiple Collaborative Robots 
and Equipment  into Automated Planning and Scheduling as well 
as Monitoring, Control and Execution.

• Building an Easy-to-Implement Environment over Ultra Low 
Latency Networks for integrating Edge Computing AI Solutions 
with Legacy Systems.

• Project by an Industry-Government Research Institute-
University Consortium
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Edge-Brain 
Automation 

for Tasks  with
Multiple 

Collaborative
Robots and
Equipment

l Dealing with Variations in Product and Process based on Edge-Brain Framework
l AI Solutions for Automated Monitoring, Controlling, and Managing Task Executions  

by Multiple Collaborative Robots and Equipment
l Validation and Verification 

Edge Brain
Platform

Task Generation, Distribution 
and Allocation

Work Order Analysis Robot, Equipment
Collaborative Execution

AI Solutions Control 

Situational and Work
Knowledge DB and Analysis

Vision
Data

Sensor 
Data

Data Collection and 
Analysis of Environment,

Robot, Equipment
Task Generation and 

Allocation
Collaboration and 

Control of Multiple 
Robots and Equipment

Objectives

Core
Technology

Sensor/Environment Data 
Task Planning and Execution

Monitoring and Control of Multiple 
Collaborative Robots and Equipment

Machine Learning for Collaborative 
Robots and Equipment1 2 3

Process
Data

CEP Engine
(Complex Event Processing)

Digital Twin 
Manager

Validation Multiple Collaborative Robots and Equipment Scenarios 4

API Gateway

Brain Module 
Manager

Machine Learning 
Manager

Edge Brain Framework
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Edge Computing AI Solution
• Panoptic Segmentation: Semantic and Instance Segmentation
• Cascaded Yolo-YOLACT with Depth-Based Tone Mapping and Part 

Configuration Loss for High Performance
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Scenarios
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Application Scenarios: Example 1 

• Multi-Robot Cooperative Drinks Bin Packing
• Robot-CNC Machine Collaborative 3D Printing Postprocessing
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Application Scenarios: Example 2 
• Multi-Robot Collaborative Toy-Kit Assembly
• Multi-Robot Auto Part Assembly, Inspection and Packaging
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Application Scenarios: Example 3 
• Robotic Auto-Body Sanding, Painting, Surface Treatment
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AI-Vision Solutions:
Technologies
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3D Workspace Modeling: Real-Time
Panoptic Segmentation

• Panoptic Segmentation: Semantic and Instance Segmentation
• Cascaded Yolo-YOLACT with Depth-Based Tone Mapping and Part 

Configuration Loss for High Performance
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Object Segmentation Part Segmentation
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3D Workspace Modeling: Real-Time
6D Pose Estimation

• Fast and Accurate 6D Pose Estimation between Camera and Object 
Frames

• Dual Associative Point Auto-Encoder for 6D Pose Estimation with Full 
Model Reconstruction 

Reconstructed
Object

CAD Model
(Object GT)
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3D Workspace Modeling
• Real-Time 3D Workspace Modeling System with Integrated Panoptic 

Segmentation and 6D Pose Estimation
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Optimal Grasp Pose Prediction 
Based on AI-Vision Solutions

• Collision-Avoidance Optimal Grasp Pose Prediction Based on Object 
Model Reconstruction, 6D Pose Estimation and 3D Workspace Modeling

6D Graspable 
Pose Manifold

Deep Grasp Pose Prediction
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Applications
AI-Vision Solutions:
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• Benefits of a Cascaded YOLO-YOLACT (mIoU 90.47%) structure
ü High Speed: over 20 FPS/Scene
ü Accurate Boundary Segmentation 
ü Reliable Segmentation of Small Objects
ü High Accuracy in Part Segmentation by Preventing Inter-Class Confusion
ü mIoU 90.47% with Cascaded YOLO-YOLACT compared to mIoU 72.51%

Ground Truth Directly Scene Segmentation

Ablation Study 1:
Perform scene level segmentation instead of object level

Ablation Study 2:
Not separating models based on object features

Panoptic Segmentation
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6D Pose Estimation
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6D Pose 
Estimation

Handling ill-Conditioned Real Data
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• LineMod Dataset: Dataset for comparing 6D pose estimation accuracy 
in real environments with heavily occluded objects.

• Performance Comparison in the LineMod Leader Board
Rank AR AR(VSD) AR(MSSD) AR(MSPD)

1 PFA-MixPBR 0.797 0.658 0.843 0.890

2 Ours 0.792 0.719 0.825 0.840

3 GDRNPP 0.792 0.651 0.836 0.889

4
SurfEmb-PBR-R

GBD
0.760 0.615 0.809 0.856

5 RCVPose 0.749 0.682 0.773 0.792

1.7 sec.
0.6 sec.

Processing Time

LineMod Competition
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Pick and Place Application
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• Deep Learning Based Visual-Audio 3D Modeling: a deep learning system 
implemented in a wearable device enables multi-modal 3D modeling of 
the surrounding environment, which is useful for the visually impaired.

Multi-Modal 3D Workspace Modeling 1

AI
-V

is
io

n 
So

lu
tio

ns
: A

pp
lic

at
io

ns

21

Multi-Modal 3D Workspace Modeling 1
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AI-Robot Skills
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AI-Robot Skills for Automated Task-Level 
Programming of Collaborative Robots and Equipment
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• AI-Robot Skills combined with Conventional Engineering Solutions
for ease in Implementation à A Framework of Reinforcement
Learning  with Sim2Real Transfer Learning

• Synthesis of Work Skills Based on Unit Task Skills and AI-Vision 
Solutions

Object 
Recognition

6D Pose 
Estimation

3D Workspace 
Modeling

Real-time 
Monitoring

Unit Task SkillsAI-Vision 
Solutions

Collision-Free Path 
and Trajectory

Pose Alignment

Collaborative 
Moving and 

Pushing

Work Skills

Pick & Place

Dual Robot
Assembly

Collaborative
Bin Picking

Collaborative 
Bin Packing

Optimal Grasping

Insertion/
Screwing/Cutting
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Skill-Based Task-Level (Meta) Programming 
Environment
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• Provision of a Unit Task Skill Library
• Skill-Based Task-Level (Meta) Programming Environment for 

Multiple Collaborative Robots and Equipment
• S/W Development Platform for integrating AI-Robot Skills with 

Conventional Engineering Solutions

Digital 
Twin

Unit Task
AI-Robot

Skill Library

Task-Level 
(Meta) 

Programming
Environment

Modeling and 
Control: 

Real and Virtual 

Skill
Editor

Legacy
Engineering 

Solutions 

AI-Vision
Solutions
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Unit Task Skills
AI-Vision
Solutions

AI-Robot Skills:
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Optimal Collision-Free  Path and 
Trajectory Generation Skill
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• Simulation/Digital Twin-Based Reinforcement Learning (RL) for 
Global Path/Trajectory Planning

• Sim2Real Transfer Learning with Episodic Memory to fuse RL-based 
Global Planning and Reactive Online Real-Time Local Planning
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Insertion/Screwing/Cutting Skills

AI
-R

ob
ot

 S
ki

lls
: U

ni
t T

as
k 

Sk
ill

s

• Integration of Simulation-Based Reinforcement Learning and Classical 
Impedance/Compliance Control Based on Sim2Real Transfer Learning
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Synthesis of Multi-Robot Collaborative Work Skills 
Based on Unit Task Skills 
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• Learning Interaction Policy at the Upper Hierarchy of Skills Based on 
RL and Sim2Real Fusion Framework
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AI-Robot Skills:
Industrial Bin Picking
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Industrial Bin Picking 
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Ø Machine learning approach to the real-time bin picking of randomly filed 
3D industrial parts
• Hybrid Approach
• Deep Learning Approach

Hybrid Learning
Approach

Deep Learning
Approach
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Industrial Bin Picking 
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Ø Deep Learning Objects and Object Parts Detection
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Industrial Bin Picking 
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Ø Hybrid Approach

• Feature Matching and 3D Pose Estimation
ü Extracted part features from the cascaded

object/part and part feature detector are
conveniently used to extract the point and
line features.

ü The point and line features are involved in
individual part features that can be
assigned with 3D data by incorporating 3D
point cloud data from 3D camera.

• Part Matching with CAD Model
ü Based on the extracted part features, we

can approximated estimate the object pose
by matching them with the pre-defined
CAD features

Point and Line Feature Extraction Based 
on the Object/Part Features Detected 
by Object/Part Feature Detector Net

Matching between the extracted part 
features and the pre-defined CAD 

features for pose estimation
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Industrial Bin Picking 
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Ø Deep Learning Approach

• Deep Learning Approach: 
ü Background Removal of 

Object/Part Images
ü Pre-process the Image by Depth 

based Tone Mapping Algorithm

Results of Background Removal

• Deep Learning Approach: 
ü Deep Partial-to-Full 3D Point 

Cloud Transformation

Partial-to-Full Transformation Network based on
Bias-Induced Point AE

The pose estimation Performance based 
on Deep Learning approach
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Industrial Bin Picking - Demo 
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AI-Robot Skills:
Industrial Bin Packing
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3D Bin Packing Problem
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• Problem: recommend an item i stored in a buffer, orientation r and a 
discrete loading position (x, y) at  each time step t.

• Goal: optimize space utilization.
• Constraints: (1) Instability check for safe placement. (2) The cuboid  

items are constraints in size to half of the bin dimensions.
• Challenges: (1) NP-hard combinatorial problem. (2) Incomplete 

knowledge of the conveyor sequence during inference.
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Approach 1
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• A new modality based on item buffering
• A novel data augmentation to improve on sampling efficiency
• Showing competitive results with an AlphaGo inspired model-

based reinforcement learning approach.

The architecture is composed of two subnets:

● Policy net: predicts the action probability placements for every location, orientation and item.
● Value net: predicts the discounted future reward.
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Approach 2
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Approach 3
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Results
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Thank You!
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