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In this supplemental material, we provide additional
evaluation and results of our shape completion method
”Shape Completion using 3D-Encoder-Predictor CNNs and
Shape Synthesis” [3].

1. Additional Results on Synthetic Scans

Tab. 1 shows a quantitative evaluation of our network on
a test set of input partial scans with varying trajectory sizes
(> 1 camera views). Our 3D-EPN with skip connections
and class vector performs best, informing the best shape
synthesis results.

| Method | 1-Err 32°) | 61-Err (128°) |
Ours (3D-EPN + synth) 0.382 1.94
Ours (3D-EPN-class + synth) 0.376 1.93
Ours (3D-EPN-unet + synth) 0.310 1.82
Ours (final) 0.309 1.80
3D-EPN-unet-class + synth

Table 1: Quantitative shape completion results on synthetic
ground truth data for input partial scans with varying trajec-
tory sizes. We measure the ¢; error of the unknown regions
against the ground truth distance field (in voxel space, up to
truncation distance of 2.5 voxels).

2. Results on Real-world Range Scans

In Fig. 4, we show example shape completions on real-
world range scans. The test scans are part of the RGB-D
test set of the work of Qi et al. [5], and have been captured
with a PrimeSense sensor. The dataset includes reconstruc-
tions and frame alignment obtained through VoxelHashing
[4] as well as mesh objects which have been manually seg-
mented from the surrounding environment. For the purpose
of testing our mesh completion method, we only use the
first depth frame as input (left column of Fig. 4). We use
our 3D-EPN trained as described on purely synthetic data
from ShapeNet [1]. As we can see, our method is able to
produce faithful completion results even for highly partial
input data. Although the results are compelling for both the
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intermediate 3D-EPN predictions, as well our final output,
the completion quality looks visually slightly worse than
the test results on synthetic data. We attribute this to the
fact that the real-world sensor characteristics of the Prime-
Sense are different from the synthetically-generated train-
ing data used to train our model. We believe a better noise
model, reflecting the PrimeSense range data, could allevi-
ate this problem (at the moment we don’t simulate sensor
noise). Another option would be to generate training data
from real-world input, captured with careful scanning and
complete scanning patterns; e.g., using the dataset captured
by Choi et al. [2]. However, we did not further explore this
direction in the context of the paper, as our goal was to learn
the completions from actual ground truth input. In addition
to 3D-EPN predictions and our final results, we show the
intermediate shape retrieval results. These models are simi-
lar; however, they differ significantly from the partial input
with respect to global geometric structure. Our final results
thus combine the advantages of both the global structure in-
ferred by our 3D-EPN, as well as the local detail obtained
through the shape synthesis optimization process.

3. Evaluation on Volumetric Representation

In Table 2, we evaluate the effect of different volumet-
ric surface representations. There are two major character-
istics of the representation which affect the 3D-EPN per-
formance. First, a smooth function provides better perfor-
mance (and super-resolution encoding) than a discrete rep-
resentation; this is realized with signed and unsigned dis-
tance fields. Second, explicitly storing known-free space
encodes information in addition to the voxels on the sur-
face; this is realized with a ternary grid and the sign chan-
nel in the signed distance field. The signed distance field
representation combines both advantages.

4. Single Class vs Multi-Class Training

Table 3 evaluates different training options for perfor-
mance over multiple object categories. We aim to answer
the question whether we benefit from training a separate



Surface Rep. \ £1-Error (32°%) \ {5-Error (32°) ‘
Binary Grid 0.653 1.160
Ternary Grid 0.567 0.871
Distance Field 0.417 0.483
Signed Distance Field 0.379 0.380

Table 2: Quantitative evaluation of the surface represen-
tation used by our 3D-EPN. In our final results, we use a
signed distance field input; it encodes the ternary state of
known-free space, surface voxels, and unknown space, and
is a smooth function. It provides the lowest error compared
to alternative volumetric representations.

network for each class separately (first column). Table 3
compares the results of training separate networks for each
class with a single network trained over all classes (with
and without class information). Our networks trained over
all classes combined performs better than training over each
individual class, as there is significantly more training data,
and the network leveraging class predictions performs the
best.

Separate EPN-unet | EPN-unet
EPN-unets w/o Class /w Class
Category (known class) Ours Final
(# train models) £1-Error {1-Error {1-Error
Chairs (5K) 0.477 0.409 0.418
Tables (5K) 0.423 0.368 0.377
Sofas (2.6K) 0.478 0.421 0.392
Lamps (1.8K) 0.450 0.398 0.388
Planes (3.3K) 0.440 0.418 0.421
Cars (5K) 0.271 0.266 0.259
Dressers (1.3K) 0.453 0.387 0.381
Boats (1.6K) 0.380 0.364 0.356
[ Total 257K) | 0422 | 0379 | 0374 |

Table 3: Quantitative evaluations of 322 3D-EPNs; from left
to right: separate networks have been trained for each class
independently (at test time, the ground truth class is used
to select the class network); a single network is used for
all classes, but no class vector is used; our final result uses
a single network trained across all classes and we input a
probability class vector into the latent space of the 3D-EPN.

5. Evaluation on Different Degrees of Incom-
pleteness

Fig. 1 shows an evaluation and comparisons against 3D
ShapeNets [1] on different test datasets with varying de-
grees of partialness. Even for highly partial input, our
method achieves relatively low completion errors. Com-
pared to previous work, the error rate of our method is rela-

tively stable with respect to the degree of missing data.
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Figure 1: Quantitative evaluation of shape completion using
our 3D-EPN and 3D ShapeNets [7] on different degrees of
partial input. For this task, we generate several test sets with
partial observed surfaces ranging from 20% to 70%. Even
for very partial input, we obtain relatively low reconstruc-
tion errors, whereas 3D ShapeNets becomes more unstable.

6. Comparison against Sung et al. [6]

In Tab. 4 and Fig. 2, we compare against the method by
Sung et al. [6] using the dataset published along with their
method. Note that their approach operates on a point cloud
representation for both in and output. In order to provide a
fair comparison, we apply a distance transform of the pre-
dicted points and measure the ¢, error on a 323 voxel grid.

£1-Error (32%)

Class (#models) Sung et. al [6] | Ours
assembly _airplanes (58) 0.56 0.50
assembly_chairs (64) 0.73 0.51
coseg_chairs (287) 0.72 0.57
shapenet_tables (37) 0.82 0.45
Total (446) 0.71 0.54

Table 4: Quantitative shape completion results on the
dataset of Sung et. al [6]. We measure the ¢; error of the
unknown regions against the ground truth distance field (in
voxel space, up to truncation distance of 3 voxels).

Ground Truth Mesh

Input Partial View

Sung et. al

Figure 2: Qualitative comparison against Sung et. al [0].
Note that the missing chair seat and front of chair back
introduce difficulties for inferring structure, whereas our
method is able to more faithfully infer the global structure.



7. Shape Embeddings

Fig. 3 shows a t-SNE visualization of the latent vectors
in our 3D-EPN trained for shape completion. For a set of
test input partial scans, we extract their latent vectors (the
512-dimensional vector after the first fully-connected layer
and before up-convolution) and then use t-SNE to reduce
their dimension to 2 as (z,y) coordinates. Images of the
partial scans are displayed according to these coordinates.
Shapes with similar geometry tend to lie near each other,
although they have varying degrees of occlusion.

References

[1] A. X. Chang, T. Funkhouser, L. Guibas, P. Hanrahan,
Q. Huang, Z. Li, S. Savarese, M. Savva, S. Song, H. Su,
J. Xiao, L. Yi, and F. Yu. ShapeNet: An Information-Rich
3D Model Repository. Technical Report arXiv:1512.03012
[cs.GR], Stanford University — Princeton University — Toy-
ota Technological Institute at Chicago, 2015. 1, 2

[2] S. Choi, Q.-Y. Zhou, S. Miller, and V. Koltun. A large dataset
of object scans. arXiv preprint arXiv:1602.02481, 2016. 1

[3] A. Dai, C. R. Qi, and M. NieBner. Shape completion using
3d-encoder-predictor cnns and shape synthesis. In Proceed-
ings of the IEEE Conference on Computer Vision and Pattern
Recognition, pages —, 2017. 1

[4] M. NieBner, M. Zollhofer, S. Izadi, and M. Stamminger. Real-
time 3d reconstruction at scale using voxel hashing. ACM
Transactions on Graphics (TOG), 2013. 1

[5] C.R.Qi, H. Su, M. NieBner, A. Dai, M. Yan, and L. Guibas.
Volumetric and multi-view cnns for object classification on
3d data. In Proc. Computer Vision and Pattern Recognition
(CVPR), IEEE, 2016. 1

[6] M. Sung, V. G. Kim, R. Angst, and L. Guibas. Data-driven
structural priors for shape completion. ACM Transactions on
Graphics (TOG), 34(6):175, 2015. 2

[7] Z. Wu, S. Song, A. Khosla, F. Yu, L. Zhang, X. Tang, and
J. Xiao. 3d shapenets: A deep representation for volumetric
shapes. In Proceedings of the IEEE Conference on Computer
Vision and Pattern Recognition, pages 1912-1920, 2015. 2



40 4o
1Ed FLirEs L et
# AR 11
. 1 4 P W A
/ O P N U Y §. 14 —\ ,K A l‘ ‘ o{
AN X PRI CAS Y VAN POV E AP L9 £ i - 4
AN N 17 o M 4o
AN ESIS LI FEO P B o
/ O i t4 > (o Ko foA 1 B 4 i ert]
AN AX 5% 44 44 R% 11 Y P AR P FEE i1
AN o RN A (¢ " KX AL
“ R R X KX oA o~ ‘l& ‘ 1‘
\ LR L £ 41 LER N TRER 1
AN PR FER S LRI LR E L £ v
AN w RERTES »
\ Wl It 1 (v
AN 1/ P
LAFY =) " [Z TNV, %
B OBVEEY IWN EiR v o» ..‘
FOLVEY PN (GL0IE4 09 11/ o
BN I e -0 e
' FOBAYS  JAFYMINIOMIG X Vi 1 -
INIVINES FRLAIY N e M LE 171707 4,45 ¥ W -
TORYINEY LAY T e ] 0wk wow -
IV WWIVEN  FOENTN LY AT 14 L9 — = R 1740 1 0" W “.--"
INES  JABYINES 2 NIV IV POLYEBAFOE b - e @ Cwpg WWIw W a7 W
K EVRSEY B B INEAPO IS RS EN AR s a A LS el J
TR === ELNALY VYT VEY A ) “maenw o o v ] W uth N "
W e IV B R o M Cee e el P aat T X T Y
R TN R RVE VY BN —meeenll et w7 v R AR A Al
[T S IR LY L N IAFNENEY B BN |4 e KJade o W_="T/ 101t wiree (7 we e
L ST Y 2 ol TR Yo Oy The wesuplanas o7 v e v wiRey @ 2
1) K YV LT R N K L TR el s [ "e e vy G
K WY N RnLY AT St b e easf man vy » “ o e
Y U TN BV BN Ry e LR 22T LSRR T Ve T # Xy o e
(RN AN Ly BVLN MGy B = CISRR o IRRKIY) &% 7T "o w 17 i
BN BV LY AN BV BN B\ A% n BVE\R\FAIS e 1 10 w 7z 2oy iz
. WY BsBe VRN RAEAGR™Y et L 2] 'y 4¢ (AR TN T TN
FE~agy v ives 806Ny w5, LN B T B e Hy N e v &
DA% 04 SN TR B0 DVEN DV By M L B it N D # L L] e
LAY Y TR ~dL PRy o, Gt me om B R Wl W N M [ X Y]
Wiy () BN T~ B - Wi # tetb et
SORVANBY AVBVBYRY VAN oV BV ONBE T~ IR ot v e e e
LUy BNV N IVEL DR F:/:: e e w " Xz
BY i BYAN BN 890NN BN DVRC 34 TVsaal. BB Rusem el v [ 74
0% vy BNANRT BNONRNAY BN FoLsLakc o o LA » [T R (G
A pv T v IV ININEY  BVEY MRS o et s o0 dess ]
BN svhtpvavm FYNS SN - I P ST 0L
w K PO A8 PN O o ey [ A e S
BORCHE  (Covmi py 1] o T Ry i QI =~
AES PR U RPC R Y P R TV S L) R e
i) WA F FU Y T O O . —
» ") PNy AN P
TR [T TR R R P TEE P e o
zvau&,t&\ Forat B9 @221 dheedd
| 2 M0 DA e
K PHAALLR Bl N b
R P e Forr
AN NRN L ONRIIBR N e e
g {14 2 M # P T
e Pt FLROFL ARE  F Fras N
el P MRepeBa  200R
e R R A =
e B (B B0 PR AR
\\\ wh & bEs A
\\\ =] "
\\\\ ‘\
\\ b
\\
L

Figure 3: t-SNE visualization of the latent vectors in our 3D-EPN trained for shape completion. The rendered images show
input partial scans. Four zoom-ins are shown for regions of chairs (top left), tables (top right), cars (bottom left) and lamps

(bottom right).
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Figure 4: Example shape completions from our method on real-world range scans from commodity sensors (here, a Prime-
Sense is used). We visualize partial input, 3D-EPN predictions, and our final results. In addition, we show the retrieved
shapes as intermediate results on the right. Note that although the retrieved models look clean, they are inherently different

from the input with respect to global structure.



