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Abstract—In this paper, the problem of single 2D image depth
estimation is considered. This is a very important problem due
to its various applications in the industry. Previous learningbased methods are based on a key assumption that the color
images having photometric resemblance are likely to have similar
depth structure. However, these methods search the whole dataset
for finding corresponding images, which is quite cumbersome
and inefficient process. To overcome this, we have proposed a
clustering-based algorithm for depth estimation of single 2D image using transfer learning. To realize this, images are categorized
into clusters using K-means clustering algorithm and features
are extracted through a pre-trained deep learning model i.e.,
ResNet-50. Images with similar structure as an input image, are
retrieved from a corresponding cluster based on their correlation
values. Then, retrieved depth images are employed to initialize
prior depth of a query image using weighted-correlation-average
(WCA). Finally, the estimated depth is improved by removing
variations using cross-bilateral-filter. In order to evaluate the
performance of proposed algorithm, experiments are conducted
on two benchmark datasets, NYU (v2) and make3D. The results
indicate that the proposed algorithm achieves improved results
as compared to state-of-the-art methods.
Index Terms—Depth estimation, transfer learning, 2D to 3D
conversion, K-means clustering.

I. I NTRODUCTION
Digital images are mostly represented in 2D image plane
which is different from the 3D world coordinates, as 3D
world coordinates also contain the depth/distance information
of every element. Humans have the natural ability to perceive
this 3D world but the simple image capturing devices lack
this functionality. When conventional 2D cameras capture the
pictures, the depth information is lost as a result of projection
of the scene onto the 2D image plane. However, estimation of
this lost dimension for recovering 3D geometry of the scene
has become an important research problem nowadays due to
its wide range of applications such as 2D to 3D image/video
conversion [1], robot vision [2], classify and recognize the
objects [3]. For depth estimation of single 2D images different
semi-automatic and automatic approaches have been presented
in literature. The semi-automatic approaches allow the interference of an expert operator for providing some rough guess
of depth, which assist in producing dense depth maps. For
example, a diffusion-based method was proposed in [4] to
create a dense depth map from the sparse values assigned by
the expert operator. Another approach, where the use of cross
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bilateral filter over sparse depth values was presented in [5].
A similar approach was proposed in [6], where an edge-based
filtering is used instead of cross-bilateral filtering. Likewise, a
more efficient and simplified algorithm was presented using
random-walks and a graph-cut-strategy in [7]. Due to the
dependency on the human operator, these methods are highly
costly and time-consuming [2], [8], [9].
In contrast, the automatic approaches generally required no
human interference and trained in a way to predict depth of
the scene automatically. A variety of automatic algorithms
have been cited in literature based on different cues like
defocus, haze, motion and shading. These algorithms rely
on different heuristic assumptions e.g., “camera motion”, and
“similarity in color or texture of images” [10]–[13]. Due to
relying on heuristic assumptions, these algorithms have certain
limitations and could not be used in complex scenarios [2], [8],
[14]. In recent years, machine learning approaches have drawn
much importance from researchers; which uses both color
images and corresponding depth maps as training data to infer
the depth of the unseen image. In this regard, different algorithms based on the idea that color images having photometric
resemblance likely present similar depth structure have been
proposed in literature. In such algorithms, researchers explored
different feature descriptors and also their combination for
retrieving the best-matched images from the repository of RGB
+ Depth. For example, a GIST feature descriptor over saliency
map is proposed to analyze the photometric resemblance of
images in [15]. The authors assumed that all the regions of
the query image do not require the equal visual consideration,
they assigned more weights to regions with high saliency in
the feature comparison step.
Another handcrafted feature descriptor HOG (histogram of
oriented gradients) is applied for the selection of candidate
images in [16], [17]. After that, the candidate depth images
are globally warped to estimate depth map of the query image.
Similarly, local binary patterns (LBP) is introduced as feature
extractor followed by a correlation parameter for the selection
of variable number of candidate images and removal of the
potential outliers in [18]. Likewise, the depth of the query
image is estimated by modeling the correlation between color
and depth images using a set of parameters in [1], [19]. In
another study, a pre-processing step is introduced to enhance
the visual appearance of images through multi-scale Retinex
in [20]. The authors claimed that the addition of multi-scale

