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Reference Prediction
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Background: Human Pose Estimation in 2D and 3D

2D: pixels

3D: meters

(x1, y1, …, xN, yN)

(X1, Y1, Z1, …, XN, YN, ZN)

(1.5 m, 0.6 m, 3.1 m, …)

(126 px, 50 px, …)
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Background: How to Represent Joint Positions?

2D: pixels

3D: meters

X coordinate

Y coordinate

(x1, y1, …, xN, yN)

Represent as activation values 

(X1, Y1, Z1, …, XN, YN, ZN)

Represent as activation location 

?
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Related Work: Generalizing Heatmaps to 3D Pose

• [Pavlakos17CVPR] As activation location 

Volumetric heatmaps (2.5D)

• [Mehta17TOG] “Hybrid”: Location maps 

(X1, Y1, Z1, …, XN, YN, ZN)
(X1, Y1, Z1, …, XN, YN, ZN)
(X1, Y1, Z1, …, XN, YN, ZN)

(X1, Y1, Z1, …, XN, YN, ZN)



6vision.rwth-aachen.de/metrabs

Direct regression of coordinates 2.5D heatmaps

 ❌ Needs post-processing for metric 3D

 ❌ Can only predict within FOV

 ✔ Effective use of convolutional structure

 ⚠️ High-resolution needed?

 ⚠️ Discrete output?

 ✔️ Can directly regress metric 3D

 ✔ Not limited by image truncation

 ✔ Continuous output

 ❌ Does not exploit the conv. structure

Key Idea: Combine the Benefits
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Direct regression of coordinates 2.5D heatmaps

 ❌ Needs post-processing for metric 3D

 ❌ Can only predict within FOV

 ✔ Effective use of convolutional structure

 ⚠️ High-resolution needed?

 ⚠️ Discrete output?

 ✔️ Can directly regress metric 3D

 ✔ Not limited by image truncation

 ✔ Continuous output

 ❌ Does not exploit the conv. structure

 ✔ Heatmap representation 

 ✔️ Directly regress metric 3D

 ✔ Not limited by image truncation

 ✔ Continuous output

 ✔ Low-res heatmap is enough

 ✔ Simple and fast architecture

Our approach

Key Idea: Combine the Benefits



Background: Scale/Distance Ambiguity

• d: Distance of person to camera

• f: Focal length

• S: Metric size of person

• s: Projected size of person

Very hard to estimate 
directly from a crop

Often known and 
calibrated, otherwise 

hard to estimate

Easy, direct image 
measurement

Moderately hard, 
but plausible
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MeTRo 3D Heatmap vs 2.5D Heatmap
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Image-space
2D heatmaps

Root-rel., complete,
metric 3D pose

2D pose
(potentially
truncated)

Differentiable
absolute pose recovery
(geometry, not learned)

Root-rel.
3D loss*

2D loss

Absolute
3D loss*

Noisy
detections

2D soft-
argmax

3D soft-
argmax

MeTRo 3D
heatmaps

Off-the-shelf
backbone

1x1
conv

1x1
conv

(Optional,
for MeTRAbs)

Camera intrinsics

Soft-argmax: [Levine16JMLR, Nibali18Arxiv, Sun18ECCV]

Our Approach
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Results: Human3.6M
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Results: Truncated Human3.6M

(*No strong truncations applied during training)



18



19

Results: MPI-INF-3DHP
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Scale 
normalized

Unnormalized
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Results: MuPoTS-3D
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ECCV’20 3DPW Challenge Win

• Trained MeTRAbs on the union of many public datasets

• ResNet-101 backbone

• 5-crop test-time augmentation competitions.codalab.org/competitions/24938#results
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Inference Speed
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Publicly Available for TensorFlow 2!
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Summary

• End-to-end learned scale-recovery (metric output)

• Express everything as heatmaps

• Guess joints outside the input crop (truncation-robustness)

• No focal length needed for (root-relative) metric output

• Fast and simple architecture (up to 511 crops per second)

• Extension to absolute pose with differentiable root joint reconstruction

• State-of-the-art results on Human3.6M, MPI-INF-3DHP, MuPoTS-3D

• 1st place at the ECCV2020 3D Poses in the Wild Challenge



28vision.rwth-aachen.de/metrabs

I. Sárándi, T. Linder, K. O. Arras, B. Leibe:

Metric-Scale Truncation-Robust Heatmaps for 3D Human Pose Estimation

In: IEEE Intl. Conf. Autom. Face and Gesture Recog. (FG) (2020)

I. Sárándi, T. Linder, K. O. Arras, B. Leibe:

MeTRAbs: Metric-Scale Truncation-Robust Heatmaps for Absolute 3D Human Pose Estimation

In: IEEE T-BIOM “Best of FG” Special Journal Issue (2020)

Conference Version

Journal Version
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• Contact: sarandi@vision.rwth-aachen.de
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Thank you!

István Sárándi1 Timm Linder2 Kai O. Arras2 Bastian Leibe1 
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