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Abstract

Depth map upsampling is an approach to increase the spatial resolution of depth maps obtained from a depth camera. Depth
map quality is closely related to 3D perception of stereoscopic image, multi-view image and holography. In general, the
performance of upsampled depth map is evaluated by PSNR (Peak Signal to Noise Ratio). On the other hand, time-consuming 3D
subjective tests requiring human subjects are carried out for examining the 3D perception as well as visual fatigue for 3D contents.
Therefore, if an objective metric is closely correlated with a subjective test, the latter can be replaced by the objective metric. For
this, this paper proposes a best metric by investigating the relationship between diverse objective metrics and 3D subjective tests.
Diverse reference and no-reference metrics are adopted to evaluate the performance of upsampled depth maps. The subjective test
is performed based on DSCQS test. From the utilization and analysis of three kinds of correlations, we validated that SSIM and
Edge-PSNR can replace the subjective test.
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Fig. 1. Block diagram of the experiment methodology. (a) Correlation between two measurements and (b) measurement of 3D perception using

objective metric
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Fig. 3. Upsampled depth maps of Middlebury Bowling using seven upsampling methods. (a) is an original depth map and (b)~(h) are upsampled
depth maps obtained by seven methods. (BLU= bilinear upsampling, BCU=bicubic upsampling, BU= bilateral upsampling, JBU=joint bilateral
upsampling, VBU=variance-based bilateral upsampling, ABU=adaptive bilateral upsampling, and DTBU=distance transform-based bilateral upsam-

pling)
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Fig. 4. Upsampled depth maps of MSR Ballet using seven upsampling methods. (a) is an original depth map and (b)~(h) are upsampled depth

maps obtained by seven methods
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Fig. 5. Stereoscopic images in interlaced format generated by original RGB images and upsampled depth maps.
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Table 2. Average results of objective QA metrics. (BLU= bilinear up-
sampling, BCU=bicubic upsampling, BU= bilateral upsampling,
JBU=joint bilateral upsapling, VBU=variance-based bilateral upsam-
pling, ABU=adaptive bilateral upsampling, and DTBU=distance trans-
form-based bilateral upsampling)

Depth map | BLU | BCU | BU | JBU | VBU | ABU | DTBU

Image

PouR | 3585 | 35713564 | 34.15 | 35.64 | 33.16 | 34.86
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PSNR : : : : : : '
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BlQI 57.8 | 66.34 | 61.11 | 32.81 | 41.94 | 29.15 | 72

NIQE 15.95 | 13.11 | 13.94 | 11.82 | 12.47 | 13.41 | 13.82
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Table 3. Average results of 3D subjective test at scale [1,5]

BLU | BCU BU JBU | VBU | ABU | DTBU

visual | 376 | 364 | 389 | 384 | 403 | 346 | 3.99
Fatigue

3° T2 Hrtol et 7 JMEY e A 3

7b Ag4E BAFEth A IER g2 3.76(BLU),

3.64(BCU), 3.89(BU), 3.84(JBF), 4.03(VBU), 3.46(ABU)
9 3.99(DTBU)°Ith E& #E 0914 140 2 A1ty

w, oje, 2evlolal, MG AAASF S E o] HolF
o 29 78 tholol gl Helz Woh slEge] A
e melzth

I 40 w2, 3702 PSNRZ1A Edge-PSNR©] PSNR

) 8 5 w5a£°®%q.
7 2

ks
= ¢ AR E

[e]
=T B T A 3te 2y
o z

|

Hir rlo r°*'

[*]

7 & 2

2 73 3h(high frequency) A&

2t [14]9F 23 Aot dAgheh SSIMS PSNR¥#%

FAa FojE ARAsE o

%-_:u}. SSIM& uﬂ_E_ %)
= 7HAH, 3709 %

Nﬁ@ﬂiE%ﬂoJ%%ﬂﬂ§ﬂEﬁ%°‘

th. VIF A3 A4 g25e 92 4as

th. BIQIE AHEAY &9 @& 7N ok o]

BIQI7} Y&, AlZH# NEEE HEE on

T

rlo

i
N

g 2
NorR

F 4. M LZ0oh HEH HERIS| L|ofE, AT 0f2t
Table 4. Correlations of Pearson, Spearman and Kendall for visual
fatigue and objective metrics

AR A

Pearson Spearman Kendall Sum
PSNR 0.582 0.0357 0.0476 0.6653
Edge-PSNR 0.608 0.1429 0.1429 0.8938
Non-edge
PSNR 0.554 0.0357 0.0476 0.6373
Sharpness
-0.522 -0.3214 -0.1429 -0.9863
Degree
Blur Metric 0.293 0.1429 0.0476 0.4835
SSIM 0.505 0.3571 0.1429 1.005
VIF 0.019 0.1071 0.1429 0.269
BlQI -0.339 -0.3214 -0.2381 -0.8985
NIQE 0.132 0.1071 0.1429 0.382
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