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Motivation

▶ You know how to control robot to reach the target pose (SE3)

▶ Where to get the pose for the given task?
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6D pose estimation

TCO ,M = festimate(I ,K ,D)

▶ I image

▶ K camera matrix

▶ D database of meshes

▶ M ∈ D mesh of the object
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6D pose estimation

TCO ,M = festimate(I ,K ,D)

▶ I image

▶ K camera matrix

▶ D database of meshes

▶ M ∈ D mesh of the object

6D pose tracking

T i+1
CO = ftrack(I ,K ,M,T i

CO)

▶ I image

▶ K camera matrix

▶ M mesh
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Why is 6D pose estimation difficult?

▶ Projection, pinhole camera model1

▶ λ
(
u v 1

)⊤
= Kxc

▶ u, v - pixel coordinates
▶ xc - 3D point in camera frame
▶ K - camera matrix

▶ K =

fx 0 cx
0 fy cy
0 0 1


▶ With projection we are loosing

information about depth

1https://docs.opencv.org/4.x/d9/d0c/group calib3d.html
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6D pose estimation pipeline

Object detection in image Coarse pose estimation Pose refinement



Object detection
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Object detection

▶ Goal: detect object in image
▶ mask
▶ bounding box
▶ object instance id
▶ confidence of prediction

▶ Neural network - Mask R-CNN
▶ needs good training data
▶ annotated images
▶ synthetic images
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Trained Mask R-CNN results
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Object detection without retraining

▶ Segment Anything Model (SAM)
▶ segment any object, in any image, with a single click
▶ dataset of 10M images, 1B masks
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SAM results
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SAM results



CosyPose

Consistent multi-view multi-object 6D pose estimation
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Coarse pose estimation

▶ Input: image crop and mesh model2

▶ Goal: estimate 6D pose
▶ Approach:

▶ render and compare strategy
▶ neural network
▶ initial position is estimated from

camera matrix
▶ initial orientation is identity

▶ Training
▶ synthetic and real data
▶ 10 hours on 32 GPUs

2Image based on: https://arxiv.org/pdf/2204.05145.pdf



AGIMUS Winter School | Perception 14 / 35

Coarse pose estimation results
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Refiner

▶ The same render-and-compare
strategy

▶ Network learns to
predict small corrections

▶ Evaluated iteratively

▶ Another 10 hours on 32 GPUs
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Refiner results
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Refiner results
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BOP challenge

▶ BOP: Benchmark for 6D Object Pose Estimation
▶ Main benchmark/competition for 6D pose estimation

▶ Tasks on seen objects
▶ Model-based 2D detection/segmentation of seen objects [new in 2022]
▶ Model-based 6D localization of seen objects

▶ Tasks on unseen objects [new in 2023]
▶ Model-based 2D detection/segmentation of unseen objects
▶ Model-based 6D localization of unseen objects
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CosyPose at BOP challenge
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CosyPose variants: FocalPose, FocalPose++
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CosyPose variants: RoboPose
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CosyPose variants: RoboPose
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CosyPose limitations

▶ Training time
▶ For each dataset

▶ 10 hours on 32 GPUs for coarse estimator
▶ 10 hours on 32 GPUs for refiner

▶ Coarse pose estimation often not accurate enough for refinement



MegaPose

6D Pose Estimation of Novel Objects via Render & Compare
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MegaPose - coarse estimation

▶ Re-casted estimation into classification

▶ Poses sampled randomly [original]

▶ Poses uniformly distributed [new]

▶ Allows multi-hypothesis evaluation
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MegaPose - refiner

▶ Multi-view rendering

▶ Render and compare

▶ Iterative refinement
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MegaPose - training data

▶ Generalization to unseen object
achieved by big training dataset
▶ only synthetic dataset
▶ thousands of objects
▶ 2 millions of images

▶ Training
▶ 100 hours on 32 GPUs
▶ trained only once, models are available



AGIMUS Winter School | Perception 27 / 35

MegaPose - results



HappyPose

Open-source toolbox for 6D pose estimation
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HappyPose

▶ Developed in AGIMUS project (https://github.com/agimus-project/happypose)

▶ Re-implements CosyPose and MegaPose

▶ Packaging, testing, documentation

▶ Used for the practicals
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HappyPose at BOP

BOP Challenge 2023 Award
 

The Best Open-Source Method
  

Task 4: Model-based 6D localization of unseen objects

MegaPose
Elliot Maître, Mederic Fourmy, Lucas Manuelli, Yann Labbé

 
8th International Workshop on Recovering 6D Object Pose, ICCV 2023

BOP
2023



Applications
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PCB manipulation based on the estimated pose



euROBIN taskboard pose estimation

▶ euROBIN
▶ robotics network of excellence
▶ technology exchange programme
▶ brain magnet programme
▶ workshops/schools

▶ WP1 taskboard
▶ measures the performance

of robotics skills
▶ used in Robothon challenge



AGIMUS Winter School | Perception 34 / 35

Practicals

▶ Mask R-CNN detection

▶ CosyPose pose estimation

▶ MegaPose pose estimation

▶ CosyPose/MegaPose for tracker initialization
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Questions and Answers

Contact details

Vladimir Petrik
vladimir.petrik@cvut.cz


