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Motivation

• Human-Robot Collaboration (HRC)

• Enchance efficiency and safety in HRC

• Create a digital twin to enable robot’s 

perception of the physical world

Purpose

3D position estimation of the same 

objects using multiple cameras

Proposed Method

Detection of the same objects using

Conditional Random Field (CRF), a

graphical model, as a classification task

Feature Vector Extaction
using YOLO, an existed CNN

Position candidates

Class and position

・Types of classes (e.g., A, B)
・Classification with Conditional

Random Fields (CRF) 

Feature vector of 
position and vision

Input images

Observation (𝑌𝑙)

Hidden state (X’𝑙)

State  (Xi)

Output

Evaluation

Results

1. Detection of the same objects 

2. 3D position estimation

• Unary: Only using hierarchical 

clustering

• CRF&p: CRF with position features

• CRF&p+v: CRF with position and 

vision features

Methods

Environment setup

• 80% of estimated positions:
Error within 200 cm -> 30 cm

• Estimating 3D positions with 
an error of approximately 20 cm.
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