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Synthetic dataset generation using a density function
• The density function Φ capturing the context of human-object (H-O) and object-object (O-O) 

relationships in a scene S is defined as:  Φ 𝑆 = Ψ(𝐻,𝑂; Θ)Ψ(𝑂,𝑂; Θ), where Θ is threshold of 
preferred occlusion of boundaries.

• We chose 4 industrial objects (i.e. chair, plant, table, and storage) based on an industrial environment, 
and 6 localized human body-parts of the human as object classes (i.e. head, body, upper-arm, lower-
arm, hand and legs).

• The density function describing the human-object and object-object relationships is defined as:
Ψ(H,O;Θ)	= ψ 𝐻012304 𝜓 𝐻6781 𝜓 𝐻67824279 𝜓 𝐻7:2194;4279 𝜓 𝑂012304 𝜓 𝑂67824279

𝜓(𝑂7:2194;4279)𝜓 𝐻, 𝑂 < 𝜓 𝐻, 𝑂 :1=;42798026

Ψ(O,O;Θ)= ψ 𝑂012304 𝜓 𝑂67824279 𝜓 𝑂7:2194;4279 𝜓 𝑂,𝑂 < 𝜓( 𝑂,𝑂 :1=;42798026)

Approach Overview

Comparison of the modeled 
and non-modeled training 
dataset, using mAR and 
mAP as a function of 
number of training 
synthetic depth frames (F ). 

Density Function

Top-view segmentation results for real-
world depth data.

Pixel-wise RDF 
predictions 
when trained on 
modeled dataset
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• Data Generation using a 
density function:

Ø We used a Virtual Robot 
Experimentation Platform 
(VREP) for modeling and 
dataset generation.

Ø The synthesized RGB-D 
training dataset incorporates 
modeled H−O and O−O 
relationships and interactions 
obtained using a density 
function based scene modeling. 

• The energy of the pairwise 
conditional random fields is 
minimized by alpha-expansion 
built on graph cuts.
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Goal
• Top-view scene analysis for safe human-robot collaboration.

Problem Statement
• In the industrial scenario humans and robots often share the

same workspace posing a lot of threats to human safety issues.
• We focus on:
Ø Intuitive and natural human-robot interaction.
Ø Safety considerations and measures in a shared work

environment.
Ø Realization of cooperative process
Ø Workflow optimization.

Contributions
• We model human and object interactions to learn these

interactions in RGB-D data in order to improve segmentation
which can be useful for safe human-robot interaction and
collaboration scenarios.

• We show that synthetic data generated from a density
function, that governs the human-object (H-O) and object-
object (O-O) interactions, can be effectively used to train
methods to achieve improved segmentation performance by
∼7% in mAP and mAR over state-of-the-art methods on real-
world data.

Synthetic Training Dataset: (Top) Ground truth labels of synthetic depth data (Bottom) 
generated using a density function with a synthetic KINECT sensor. 
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(Row 1:) Prediction results 
for real-world test depth data 
using the modeled and non-
modeled training dataset. 
The segmentation 
improvements can be seen in 
the modeled case: the 
misclassification around the 
border of the human has 
diminished significantly; the 
human hand placed on the 
table and the chair are 
classified well with reduced 
mislabeling. (Row 2-3:) 
shows the predictions 
obtained from the RDF 
classifier and the CRF 
modeling. 
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