A Real-Time Depth Map Refinement and Disparity Ranges
Expansion System (DRDE) for Multiview Rendering
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ABSTRACT
Glasses-free stereoscopic three dimensional (3D) displays is
becoming a competitive alternative to traditional 2D display presentations. Depth sensation, however, is still a major problem for most existing 3D displays. Multiview displays usually exhibit a fairly shallow disparity of field, and
often fail to present sufficient disparity ranges for realistic
natural scene. Besides, multiview rendering by depth image based rendering (DIBR) requires high-quality depth estimates. However, the exiting depth refinement methods are
computational extensive, real time rendering for display is
difficult to achieve. In this paper, we present a practical
depth-map refinement and disparity ranges expansion system (DRDE) technique designed specifically for multiview
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rendering in 3D display. We use a reference image guiding method to quickly refine the initial depth map. After
our proposed depth refinement, the outlines of the objects
in the depth are enhanced while the areas with less texture
are simultaneously smoothed, resulting in high quality multiview rendering images. For a greater disparity range, we
modify the traditional parallactic transformation, which is
generated by a parallel geometrical model, to a rotation one,
during the virtual viewpoint image rendering process. We
carried out extensive visualization experiments, and the results showed that our algorithm significantly improved the
depth sensation in final 3D display. Our multiview rendering
system with 1080 × 1920 image resolution for auto stereoscopic multiview display is able to achieve a rendering speed
as fast as 62.5 frames per second (fps) for 9 viewpoints.

Keywords
Real-Time Depth Refinement; Disparity Ranges Expansion;
3D lenticular display

1.

INTRODUCTION

Three-dimensional display technologies have attracted fairly large attention for delivering 3D immersive sensation to
their viewers [1]. However, it is difficult to present a visually and perceptually pleasing 3D content on most of existing
3D displays because of the mis-match between the shallow
disparity capacity of display devices and that of realistic
nature scene. Depth refinement for 3D display [2, 3] is another problem, since stereo-correspondence algorithms often
produce noisy depth estimates, lead tong poor quality multiview rendering results. Basically, the exiting methods either
require hundreds of iterations for depth refinement or complex computation; therefore these methods, in their present
forms, are not well-suited for generating high-quality realtime 3D display.
To solve these problems, we proposed in this paper two
techniques: 1) a quick depth refinement method is proposed
for enhancing the outlines of the objects in the depth map
and smooth disparity in flat areas. 2) a parallactic transformation for rendering on multiview displays is modified.
A larger disparity range appears on the final glasses-free 3D
display device.

2.

METHOD OVERVIEW
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To generate content for auto stereoscopic multiview displays, we use the stereo-to-multiview conversion to create
additional virtual camera perspectives from available stereo input. The generation of additional views is based on
depth maps. First, we estimate an initial depth map with
Hirschmĺźlleraŕs
, implement of SGM [4] based on stereoscopic
images. Secondly, we use a reference image guiding method
to quickly refine the initial depth map for enhancing edge
disparity in regions and simultaneously smoothing depths in
areas with less texture ensures high quality multiview rendering, which is instructed by the work in [5, 6]. Then, with
this depth information, we are able to generate additional
virtual camera perspectives by applying depth image-based
rendering (DIBR) using a rotation transformation. After the
multiview render, virtual view images may contain missing
or damaged areas. We apply the occlusion-filling technique
based on the depth map to produce a plausible (rather than
an exact) 3D reconstruction for the image inpainting. Thus
it is possible to generate an arbitrary number of views and
adapt the number and position of these virtual views to meet
the demands of existing and future glasses-free 3D displays.
The synthesis image is obtained through a light field decomposition method in [7]

2.1

Figure 1. The result of refinement. (a)The outlines of
the objects in the depth map are enforced;(b)The
”error regions” (marked with blue square) are eliminated and the aśsmall
holesa,ś (marked with red cir,
cle) are filled.

Depth Refinement

Our method uses the RGB image (reference image) I to
guide the refinement of the depth map D. We define the
refinement kernel over a square neighborhood window Ωp
centered around every pixel p with window radius r.
A common assumption is that pixels with similar intensity
within a constrained area are likely from the same image
structure, therefore having similar disparity.
P
q∈Ωp kp,q Dq
ep = P
(1)
D
q∈Ωp kp,q
, where the refinement kernel is
kp,q = e

−(Ip −Iq )2
γ

Figure 2. (a) Rotation rendering from vertical view;
(b) Rotation rendering from step view.
(2)

The parameter γ shapes the range kernel. After the refinement, we enforce the outlines of the objects in the depth
map. Therefore, the objects in the new disparity map are
clear visible (such as the ”nose” in Figure 1(a)). The depths
in less texture area and discontinuity regions are simultaneously smooth , so the aśsmall
holesaś
,
, are filled. Besides,
”error regions”, which consist of ”convex” regions and ”concave” regions, are eliminated (in Figure 1(b)).

2.2

Stereo to Multiview

Figure 2(a) and (b) show a rotation geometrical model
for a two camera system for rotation rendering from vertical
view and side view, respectively. O is the center of rotation
and θ is the rotation angle. The two cameras’ optical centers
C0 , C1 are distance R apart from O. The focal length of
the cameras is (fx , fy ). u := (u0 , v0 ) is the pixel on the
reference image with the origin of optic center C = (cx , cy )
of the coordinate system.
From observing geometry in Figure 2(b), the following
relation is derived as follow:
u0
(3)
δ = arctan( )
fx

Figure 3. (a)Virtual view images with missing areas;
(b)Finding of disoccluded holes; (c)Depth map;
(d)Occlusion-filling technique based on the depth
map;(e)The process of occlusion-filling.
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q
1+

u0 2
fx

− 2Rsin( θ2 )cos( π−θ
+ δ)
2
√
)
(4)
L
q
, where L = (2Rsin( θ2 ))2 + (d 1 + ufx0 2 )2 − 2 · 2Rsin( θ2 ) ·
q
d 1 + ufx0 2 · cos( π−θ
+ δ), and
2
d

β = arccos(

α=β+δ−θ

(5)

0

Let us now define the u := (u1 , v1 ) in virtual image coordinate with the origin optic center C and for the virtual
camera we have:
v0 · d
u1 = fx · tanα and v1 = √
(6)
L · cos α
So, if we store the disparities d with the pixels u in the image associated with C0 , we can compute the image for any
virtual camera. The computation of desired pixel locations
for the desired viewpoint requires an addition and a multiplication.
After the multiview render, areas occluded in the reference image become visible after virtual view rendering.
Occlusion-filling technique based on the depth map is used
in this paper (in Figure 3). Take the blue window centered
in p for example. The pattern with a red border is selected from the area near the ”ear” in (b). The pixels marked
with green are the background pixels, which are detected
based on the depth image. The pixels marked with red are
the disoccluded holes, which are not taken into account in
the repairment of the pixel ”p”. The inpainting image is
calculated as following:
P
q∈Ω WD (q) × Wq × Iq
P p
(7)
Ip =
q∈Ωp WD (q) × Wq
,where the depth weight term is
(
1 if |Dq − Dp | < σ and q is a well point
WD (q) =
(8)
0 otherwise
and the distance weight term is
Wq =

1
|p − q|2

RESULT AND DISCUSSION

We implemented the proposed approach in C/C++ platform with an Intel(R) Core(TM) i7-4770K CPU@ 3.50 GHz
(8 CPUs), 3.5GHz and a GPU of NVIDIA GeForce GTX
TITAN Black (GK110).

3.1

Table 1. Quantitative comparison of depth accuracy
with middlebury stereo dataset.
PSNR
Initial
Shihet al. Ikehataet al. Proposed
(SGM)
[8]
[9]
Art
26.2361
27.5634
27.3537
29.6553
29.7532
31.5245
32.0055
Reindeer 28.0352
Books
29.4086
31.5238
32.9632
34.1683
Cones
32.7111
33.3842
34.6356
37.3317

3.2

Disparity range by rotation transformation

Figure 5 shows the disparity map generated by traditional
parallel re-projecting method (with b = 1 cm) and rotation
transformation rendering (with R = 120cm, Θ = π/180).
The results demonstrate that a bigger disparity range is produced by rotation transformation rendering.
The blur region on the final synthesis image (resolution
1920 × 1080) reflects the disparity range. In Figure 6(a)
and (b), ”a”,”b”,”c”,”d” lines represent disparity range of the
nose, face, cuff and background respectively (in Table 2).
The lengths of ”a” lines in two methods are almost the same.
However, the other linesa,ŕ lengths decline much more rapidly in rotation re-projecting, and a bigger disparity range
will appear on the glasses-free 3D display device : 1) Foreground and background are separated clearly; 2) The head
of Monchhichi’s has a more significant prominent than its
body; 3) Compared to the Monchhichi’s face , the nose has
a prominent sense. We also test the ”Reindeer” in the middlebury stereo dataset, the results are shown in Figure 6(c)
and (d). ”A”,”B” points represent the leftmost point of the
reindeer’s face and the midpoint of the nose on the wooden face respectively. ”B” points have the same position in
(c) and (d), however, ”A” points are different. The horizontal distance L between ”A” and ”B” is 546(pixel) in (c) and
588(pixel) in (d), which reflects a bigger disparity range in
(d).

(9)

Set empirically, σ controls the confidence level of depth value
similarity, and in our test, σ = 7.

3.

compared to the ground truth. The results are summarized
in Table 1.

Evaluation with Middlebury Stereo dataset

In Figure 4, all of the pictures in the second column above
are created with Hirschmĺźlleraŕs
implement of SGM. The
,
results are pretty impressive; however, they are noisier than
whataŕs
, seen in the ground truth. After our refinement, details are preserved and depths are simultaneously smoothed
in less texture and discontinuity regions. Besides, the ”small holes” in the depth map generated by SGM are filled.
We evaluate the performance of each method ([8, 9] and the
proposed) by measuring the PSNR of the depth error [2]

Table 2. Quantitative comparison of depth accuracy
with middlebury stereo dataset.
method
Disparity range (pixel)of MCC
”a”
”b”
”c”
”d”
(nose) (face) (cuff) (background)
parallel
128
85
68
65
rotation
125
62
49
30

Table 3. Implementation Time.
Implementation
Depth Refinement(window size: 30)
Stereo to Multiview(virtual image number: 9)
Synthesis image generation

3.3

Time
5(ms)
6(ms)
5(ms)

Time measurement

We have accelerated our algorithms by utilizing GPU. The
whole multiview rendering system with 1080 × 1920 image

7

resolution for auto stereoscopic multiview display shows the
rendering speeds of 62.5 frames per second (fps). The time
cost of each step is recorded in Table 3.

4.

CONCLUSION AND FUTURE WORK

Depth refinement and disparity ranges expansion for multiview rendering presented in this paper improves the depth
sensation in final 3D-TV display. The proposed reference
image guiding method for quick depth refinement avoid blurring in the synthesized views for high quality multiview rendering results. A rendering speed as fast as 62.5 frames per
second (fps) for 9 viewpoints is achieved.

5.

Figure 4.
dataset.

Evaluation with Middlebury Stereo

Figure 5. Disparity map generated by different
transformation.
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Figure 6. Synthesis image generated by differen-t
transformation.(a) Parallel re-projecting of MC-C;
(b) Rotation re-projection of MCC;(c) Parallel reprojecting of Reindeer;(d) Rotation re-projection of
Reindeer.
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