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1. Detailed Derivations
For the sake of completeness, we provide more detailed

derivations for the best-case 3D estimates and the resulting
minimal MPJPE under the normalized and weak perspec-
tive projection model.

1.1. Best-Case Normalized Perspective 3D Estimate

Recall that under the normalized perspective projection,
the 3D pose estimate only depends on the per-point depth
estimate Z̃i. Under normalization by translation as well as
scaling, the squared JPE has the same form, with
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where a and b are independent of Z̃i. With ∆d2i being a
square function in Z̃i, we obtain the best-case depth esti-
mate by differentiating ∆d2i w.r.t. Z̃i:
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Setting this expression equal to zero yields the optimal
depth estimate Z̃∗i , with
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1 + a2 + b2
. (3)

1.1.1 Minimal JPE under Translation Normalization

Under normalization by translation, we have a =(
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Ỹ ∗i − Yi

)2
+
(
Z̃∗i − Zi

)2
∗Authors contributed equally

=

√
(aYi − bXi)

2
+ (aZi −Xi)

2
+ (bZi − Yi)

2

1 + a2 + b2

=

√√√√dx2 ·
(

1
Zi

− 1
Z

)2
· (Y 2

i + Z2
i )

1 + a2 + b2

=

∣∣∣∣dx( 1

Zi
− 1

Z

)∣∣∣∣
√

Y 2
i + Z2

i

1 + a2 + b2
. (4)

1.1.2 Minimal JPE under Scale Normalization

Under normalization by scaling, we have a = ρ · Xi

Zi+dz and
b = ρ · Yi

Zi+dz . The resulting minimal JPE for joint Pi is
calculated as
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1.2. Best-Case Weak Perspective 3D Estimate

Recall that the weak perspective projection model allows
a perfect depth estimate Z̃i = Z ′i. The mean squared per-
joint error for the complete pose estimate is then reduced
to

∆d2(s) =
1
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∑
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2



Figure 1: Top to bottom: Additional test set examples from Human3.6m, MPI-INF-3DHP and CMU Panoptic (leftmost
person), respectively. The examples from left to right are selected at the 75, 90 and 99 percentiles with respect to the MPJPE
between the ground truth (red) and the best-case pose estimate under weak perspective projection (green). The best-case poses
under normalized perspective projection (blue) are depicted for the same examples and follow a similar error distribution.
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where s is the estimated weak perspective scaling factor for
the complete pose. This is again a square function in s, with
its derivative
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Setting this expression equal to zero yields the optimal scale
factor s∗, with
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2. Qualitative Examples
We provide additional examples of the best-case 3D hu-

man pose estimates under the normalized and weak per-
spective projection model. Figure 1 depicts examples from
the Human3.6m [1], MPI-INF-3DHP [3] and CMU Panop-
tic [2] datasets at different MPJPE percentiles. The inher-
ent simplifications in the projection models lead to guaran-
teed and clearly visible discrepancies compared to the 3D
ground truth pose. Note that the largest deviations can be
observed for persons that are either clearly off-center (top
right, bottom) or very close to the camera (mid), which
matches our quantitative results.
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