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Introduction

lWe build four representative baseline models where most of the current methods 
can be generally classified as one of them.

lWe design targeted adversarial attacks to detect whether 3D pose estimators are 
robust to different camera parameters and pose rotations.

lFor different types of methods, we present a comprehensive study of their 
performance under adversarial attacks on the Human3.6M benchmark.



Methods for 3D human pose estimation

We build four representative baseline models for 3D human pose estimation. (a) 3D coordinates regression. (b) 

learning volumetric heat maps. (c) learning 2D heat maps and joint depths simultaneously. (d) estimating the 2D 

pose for each view and perform the multi-view triangulation.



Methods for adversarial attacks

Fast Gradient Sign Method (FGSM) is a popular white-box attack method and can be specifically adapted for untargeted 

/ targeted attacks or single-step / iterative attacks. By using the subscript to denote the iteration number, the iterative 

untargeted attack (IGSM-U) can be formulated as:

The 𝐶ℎ𝑖𝑝 𝑥, 𝜖 makes sure that each element 𝑥! of 𝑥 falls in the range [𝑥 − 𝜀, 𝑥 + 𝜖]. This ensures that the 𝑙" norm of 

the adversarial noise cannot be greater than 𝜖. With step-size 𝛼, it projects adversarial noise 𝐼#$% into an 𝑙" ball of radius 

𝜖 around the input 𝐼. We empirically set 𝛼 to be around &
'

and slightly adjust its value under different settings.



Methods for adversarial attacks

Compared to the untargeted adversarial attack, the targeted attack (IGSM-T) is a more challenging task. It is adapted to 

push the network output towards a given target. We design two kinds of attack targets: poses projected from anther 

camera, pose rotations around the pelvis (shown in the figure below). The targeted adversarial attack is formulated to 

generate adversarial examples as: 



Results for untargeted attacks

We conduct experiments to compare untargeted adversarial 
attacks on different monocular network architectures. (a, b, c) 
depict the IGSM-U attack with 1 iteration, 10 and 100 
iterations under various 𝜖, respectively.

• Methods which learn volumetric heat maps has the lowest 
error under Protocol 1 and Protocol 2, and it is less 
vulnerable to adversarial attacks.

• Methods which directly regress 3D joint coordinates has 
the highest error under Protocol 1 and Protocol 2, and it can 
be more easily disturbed by adversarial noise.



Results for untargeted attacks

We conduct experiments to explore the robustness of multi-view systems under attacks from different number of 

views, iterations, and 𝜖. we employ JDR to evaluate estimated 2D poses and MPJPE to evaluate estimated 3D poses.

• As attacks come from more views, the non-convergence of SVD for the triangulation becomes more common.

• Multi-view methods are superior in accuracy but sometimes can be more vulnerable to adversarial examples.



Results for targeted attacks

We conduct targeted adversarial attacks on different 
monocular methods. In this experiment, we extract RGB 
images from one certain camera, and its camera id is 1. 
Then, we sequentially set corresponding 3D poses from 
the other cameras as attack targets. These cameras' id 
number are 2, 3, 4, respectively.

• As attack iterations increase, all monocular baselines 
tend to better align with given attack targets.

• Across different cameras, when attack iteration is 0 or 
20, Baseline (a) achieves a relatively better alignment 
with attack targets than other baselines, showing that 
regression-based methods can be more vulnerable to 
adversarial noise.



Results for targeted attacks

We conduct experiments to compare targeted attacks on 
different monocular models. We rotate the ground-truth pose 
by 10 or 30 degrees to generate attack targets. Then, we 
perform adversarial attacks with 10 or 100 iterations w.r.t.
given attack targets.

• By increasing attack iterations from 10 to 100, the 
alignment between the network prediction and the given 
attack target becomes much better.

• Among all monocular methods, we can also find that 
Baseline (b) is less harmed by attacks, as it better sticks to 
its original predictions and leads to a higher MPJPE.
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