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Grid-Based Image Cropping
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[0011] The present invention generally relates to image processing. Particularly, the
present invention relates to a method for automatically cropping a source image based on

grids.

Description of related art

[0012] Cropping plays a key role in recomposing taken photos. By removing unwanted
region of a photo or readjusting the arrangement of the content, cropping can make a photo
much more visually pleasing. Manually cropping by users is currently the most popular and
reliable way in most of the camera devices and image processing applications. However,
manually cropping photos is time-consuming especially when the number is large, and
requiring the users to know the rules of photography composition. A reliable and efficient
automatic cropping system can significantly improve the user experience and benefit billions
of users.

[0013] Existing image cropping methods can be divided into three categories according
to major drives of these methods.

[0014] The first category is directed to attention-driven methods. Earlier methods are
mostly attention driven, aiming to identify the major subject or the most informative region
of an image. Most of them [1], [18], [23], [24] resort to a saliency detection algorithm (e.g.
[12]) to get an attention map of an image, and search a cropping window with the highest
attention value. Some methods also employ face detection [30] or gaze interaction [21] to
find the important region of an image.

[0015] The second category is directed to aesthetic-driven methods. The aesthetic-driven
methods improve the attention-based methods by emphasizing the overall aesthetic quality of
an image. These methods [4], [7], [15], [20], [27]-[29], [30] usually design a set of
handcrafted features to characterize the widely recognized aesthetic properties or composition
rules. Some methods further design quality measures [15], [30] to evaluate the quality of
crop candidates, while some resort to training an aesthetic discriminator [4], [20]. The
release of two cropping databases [7], [27] facilitates the training of discriminative cropping
models. However, the handcrafted features are not strong enough to accurately predict image
aesthetics [6].

[0016] The third category is directed to data-driven methods. Most recent methods are
data-driven, which train an end-to-end CNN model for image cropping. However, limited by
insufficient number of annotated training samples, many methods in this category [2], [5],

[6], [8], [14], [25] adopt a general aesthetic classifier trained from image aesthetic databases
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such as the ones described in [19] and [16] to help cropping. However, a general aesthetic
classifier trained on full images may not be able to reliably evaluate the crops within one
image [3], [26]. An alternative strategy is to use pairwise learning to construct more training
data [3], [26]. However, annotation of ranking pairs is also very expensive because of the
subjective nature of image cropping. Recently, Wei et al. [26] constructed a large scale
comparative photo composition dataset using an efficient two-stage annotation protocol,
which provides a good training set for pairwise learning. Unfortunately, pairwise learning
cannot provide adequate evaluation metrics for image cropping.

[0017] Usually, traditional automatic cropping methods usually first detect the salient
objects or regions of an image using some hand-crafted features, then match a lot of crop
candidates to a set of pre-defined cropping rules. Both the handcrafted features and manually
defined rules have limited capabilities to represent various and complicated composition
styles. Data-driven methods together with advanced learning algorithms such as deep neural
network provide a more general and powerful solution. However, manually annotating
sufficient and reliable data to train a deep neural network is very expensive. Models trained
on limited number of images are not stable and have poor generalization capability.
Efficiency is another important issue for practical applications. Previous cropping methods
search hundreds of thousands of pixel-wise crop candidates, which is very time-consuming.

[0018] There is a need in the art for a more-efficient cropping method.

SUMMARY OF THE INVENTION

[0019] The present invention provides a method for automatically cropping a source
image to yield a cropped image. The method comprises the step of generating plural crop
candidates from the source image and the step of selecting the cropped image from the
generated crop candidates.

[0020] A first aspect of the present invention is to provide embodiments for generating
the crop candidates from the source image. A grid anchor based approach is disclosed and is
used to generate the crop candidates. Generating the crop candidates using the disclosed grid
anchor based approach shrinks the number of crop candidates from millions to less than one
hundred in certain situations, thus making an image cropping system based on this approach
very efficient. Redundant and unnecessary crop candidates are also discarded, making
cropping results more stable.

[0021] In generating the crop candidates from the source image, a preselected portion of

the source image is gridded to form an image grid having M X N grid units. The preselected
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portion may be the whole source image or a part thereof. An individual grid unit has a grid
anchor for identifying the individual grid unit. The grid anchor is located on or inside the
individual grid unit. In one option, the grid anchor is selected to be a center of the individual
grid unit.

[0022] After the image grid is formed, a first corner region of size m X n grid units and a
second corner region of size m’ X n’ grid units in the image grid are selected. The first and
second corner regions are diagonally-opposite to each other. Furthermore, m, m’, n and n’
are selected such that M —m — m’ and N —n — n' are positive. Thereby, first and second
pluralities of grid anchors identifying respective grid units in the first corner region and in the
second corner region, respectively, are created.

[0023] After the first and second corner regions are selected, an individual crop candidate
is created as a rectangular portion of the source image having a first anchor point and a
second anchor point. The second anchor point is diagonally-opposite to the first anchor
point. Hence, the crop candidates are generated via selecting a plurality of different anchor-
point pairs each consisting of respective first and second anchor points. The first and second
anchor points in each anchor-point pair are respectively selected from the first and second
pluralities of grid anchors rather than from a first plurality of image pixels in the first corner
region and a second plurality of image pixels in the second corner region. As a result, a
likelihood of obtaining similar crop candidates among the generated crop candidates is
advantageously reduced.

[0024] Preferably, the first and second anchor points are selected under a first constraint
that an area of the individual crop candidate is not less than a predetermined proportion of a
whole area of the source image. Optionally, the first constraint may be modified such that the
area of the individual crop candidate is not less than the predetermined proportion of a whole
area of the image grid.

[0025] Preferably, the first and second anchor points are selected under a second
constraint that an aspect ratio of the individual crop candidate is between a predetermined
lower limit and a predetermined upper limit inclusively. The aspect ratio is a ratio of a width
of the individual crop candidate to a height thereof.

[0026] The first and second constraints may be used together in the selection of anchor-
point pair. Itis also possible that only one of the constraints is used.

[0027] A second aspect of the present invention is to provide embodiments for selecting

the cropped image from the generated crop candidates. An approach of using feature
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information contained in both Rol and RoD in evaluating an individual crop candidate is
adopted. This approach is shown to be more effective in evaluating the generated crop
candidates and enables the image cropping system to handle more complicated scenes
possibly appeared in the source image.

[0028] In selecting the cropped image from the generated crop candidates, a suitability
score of using the individual crop candidate as the cropped image is determined. The
determination of the suitability score is repeated until respective suitability scores for all the
crop candidates are determined. A preferred crop candidate having a maximum suitability
score among the crop candidates is selected to be the cropped image.

[0029] The suitability score of using the individual crop candidate as the cropped image
is determined as follows.

[0030] A whole feature map of the source image is obtained, where the whole feature
map contains feature information of the source image. Preferably, the whole feature map is
obtained by processing the source image with a plurality of convolutional layers of a CNN.
[0031] The whole feature map is separated into a first feature map containing feature
information of a Rol and a second feature map containing feature information of a RoD. The
Rol is a region of the whole feature map containing feature information of the individual crop
candidate. The RoD is a remaining region of the whole feature map without the Rol.

[0032] The first feature map and the second feature map are resized to form a resized first
feature map and a resized second feature map, respectively. In one embodiment, bilinear
interpolation is used to resize each of the first and second feature maps. The resized first and
second feature maps are concatenated to form a combined feature map such that the
combined feature map contains feature information of both the Rol and the RoD. If spatial
resolutions of the resized first and second feature maps are different, before concatenation,
each of the resized first and second feature maps is processed with a fully connected layer of
the CNN for adjusting the resized first and second feature maps to have a same spatial
resolution.

[0033] The suitability score is determined according to the combined feature map.
Advantageously, feature information of both the Rol and the RoD is utilized in determining
the suitability score.

[0034] Other aspects of the present invention are disclosed as illustrated by the

embodiments hereinafter.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0035] FIG. 1 provides an example for illustrating local redundancy in image cropping,
indicating that small local changes, such as shifting and scaling, on the cropping window of
an acceptable crop (as shown in the bottom-right one in FIG. 1) are very likely to output
acceptable crops too.

[0036] FIG. 2 illustrates the grid anchor based formulation of image cropping in
accordance with an exemplary embodiment of the present invention, where M and N are the
numbers of grid units used for gridding the source image, and m and n define the adopted
range of grid anchors for facilitating content preservation.

[0037] FIG. 3 depicts a CNN architecture for image cropping model learning in
accordance with an exemplary embodiment of the present invention.

[0038] FIG. 4 depicts a flow diagram showing exemplary steps used for cropping a
source image to yield a cropped image, where the steps include generating crop candidates
from the source image and selecting the cropped image from the generated crop candidates.
[0039] FIG. 5 depicts a flow diagram showing exemplary steps used for generating the
crop candidates from the source image.

[0040] FIG. 6 depicts a flow diagram showing exemplary steps used for selecting the
cropped image from the generated crop candidates, where the steps include determining a
suitability score of using a crop candidate as the cropped image.

[0041] FIG. 7 depicts a flow diagram showing exemplary steps used for determining the
suitability score of using an individual crop candidate as the cropped image.

[0042] FIG. 8 provides examples for illustrating different choices of image grid coverage
on the source image.

[0043] FIG. 9 depicts, as examples, two choices of locations for setting up grid anchors
of grid units, where the grid anchors are used as anchor points for defining crop candidates.
[0044] FIG. 10 illustrates two arrangements of locating first and second corner regions in

an image grid.

DETAILED DESCRIPTION

[0045] As used herein, “a crop” is synonymous to a cropped image, and means an image
cropped from a source image. It is also used herein that “a crop candidate” means an image
cropped from a source image, where this cropped image is intended to contend with other

crop candidates for selection as a finalized cropped image for the source image according to

certain selection criteria.
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[0046] Disclosed herein are (1) a novel grid-based automatic cropping system which is
very efficient (shrinking the cropping candidates from millions to less than one hundred),
flexible (applicable to images taken by any camera devices with any resolution), and stable in
various scenes, and (2) a method for evaluating the cropping candidates by evaluating both
the Rol and RoD for each cropping candidate.

[0047] Section 1 elaborates embodiments regarding grid anchor based image cropping.
Section 2 describes embodiments regarding cropping model learning by a CNN. Section 3
provides experimental results. By condensing the details disclosed in Sections 1-3, the

present invention is detailed in Section 3.

1. Grid anchor based image cropping

[0048] Image cropping has a high degree of freedom and there is no unique optimal crop
for a given image. There are two practical requirements of a good image cropping system.
Firstly, a reliable cropping algorithm should be able to return acceptable results for different
settings (e.g., aspect ratio and resolution) rather than one single output. Secondly, the
cropping system should be lightweight and efficient to run on devices without powerful
computational resource. With these considerations, we develop a grid anchor based
formulation for practical image cropping, and consequently construct a new benchmark under

this formulation.

1.1. Grid anchor based formulation

[0049] Given an image with resolution H X W, a crop candidate can be defined using its
top-left corner (x4, y;) and bottom-right corner (x,, y,), where 1 < x; < x, < H and

1< y; <y, <W.Itis easy to calculate that the number of potential crop candidates is

H(H — )W (W — 1)/4, which is a huge number even for an image of size 100x100.
Fortunately, by exploiting the following three properties and requirements of image cropping,
the searching space can be significantly reduced, making automatic image cropping a
tractable problem.

[0050] Local redundancy: Image cropping is naturally a problem with local redundancy.
As illustrated in FIG. 1, a set of similar and acceptable crops can be obtained in the
neighborhood of a good crop candidate by shifting and/or scaling the size of the cropping
widow. Intuitively, we can remove the redundant crop candidates by defining crops on image

grid anchors rather than dense pixels. The grid anchor based formulation developed herein is
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illustrated in FIG. 2. We construct an image grid 210 with M X N grid units on the source
image. The image grid 210 is uniform in the sense that all the grid units of are same size. A
grid unit 230 is a rectangular block of minimal size in the image grid 210. Furthermore, the
grid unit 230 is selected such that the grid unit 230 is not as small as one image pixel of the
source image so as to achieve that the resultant grid anchors are not as dense as the image
pixels. We also define the corners (x4, y;) 221 and (x;, y,) 222 of one crop on the centers of
grid units. The two corners 221, 222 serve as the anchors to generate a representative crop in
the neighborhood. Such a formulation largely reduces the number of cropping candidates
from H(H — DWW —1)/4to M(M — 1)N(N — 1) /4, which can be several orders smaller.
[0051] Content preservation: Generally, a good crop should preserve the major content
of the source image [7]. Cropping should not dramatically change the subject of the source
image and should preserve a large proportion of the source image. Therefore, the cropping
window should not be too small in order to avoid discarding the image content too much. To
this end, we constrain that the anchor points (x4, y1) 221 and (x;, y,) 222 selected to form a
crop are located in two regions with m X n grid units on the top-left and bottom-right
corners of the source image, respectively, as illustrated in FIG. 2. It further reduces the
number of crops from M(M — 1)N(N — 1)/4tom(m — 1)n(n — 1).
[0052] The smallest possible crop 240 generated by the scheme developed herein covers
about a ratio of (M — 2m)(N — 2n)/(MN) in area of the source image, which may still be
too small to preserve enough image content. Preferably and advantageously, the area of
potential crops is further constrained to be no smaller than a certain proportion of the whole
area of source image, i.e.

Serop = ASpmage- (1)
where S¢rop and Sppqge represent the areas of crop and source image, respectively, and

(M —2m)(N — 2n)
(o=

(2)

is a predetermined proportion.

[0053] Aspect ratio consideration: Because of the standard resolution of imaging

sensors and displays, most people have been accustomed to the popular aspect ratios such as
16:9, 4:3 and 1:1. Crop candidates which have very different aspect ratios from these popular
ones are inconvenient to display and can make people feel uncomfortable. Preferably and
advantageously, the aspect ratio of acceptable crop candidates satisfies the following

condition:
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VVcrop

a; < < ay, 3)

crop
where W4, and Hepp, are the width and height of a crop. The variables a; and @, define
the range of aspect ratio and we set them to be a; = 0.5 and a; = 2 to cover most of the
common aspect ratios. With EQN. 3, the final number of crop candidates is less than

m(m— Dn(n—1)/2.

1.2. Grid anchor based cropping database

[0054] The grid anchor based formulation as developed herein reduces the number of
cropping candidates from H?W? to less than m(m — 1)n(n — 1) /2. It enables us to
annotate all of the crop candidates for each image. To make the annotation cost as low as
possible, we first make a small scale subjective study to find the smallest {M, N, m, n} that
ensure at least 3 acceptable crops for each image. We collected 100 natural images and
invited five volunteers to participate in this study. We set M = N (selected from {16, 14, 12,
10}) and m = n (selected from {5, 4, 3}) to reduce possible combinations. In EQN. 1, 4 is
set to 0.5. After the tests, we found that M = N = 12 and m = n = 4 could lead to a good
balance between cropping quality and annotation cost. Finally, the number of crop
candidates is successfully reduced to be < 90 for images with any resolution. Note that the
setting of these parameters mainly aims to reduce annotation cost for training. In the testing
stage, it is possible to use a finer image grid to generate more crop candidates.

[0055] With the above settings, we have constructed a GAICD. We first crawled ~50,000
images from the Flickr website. Considering that many images uploaded to Flickr already
have good composition, we manually selected ~1,000 images whose composition could be
obviously improved, as well as ~200 images with proper composition to ensure the generality
of the GAICD. The selected images covered a variety of scenes, weather and lighting
conditions. For each image, our annotation toolbox automatically generated all of the crop
candidates in an ascending/descending order of aspect ratios. There were 106,860 crop
candidates of the 1,236 images in total. The annotators were required to rate the candidates at

2%

five scores (from 1 to 5) which represent “bad,” “poor,” “fair,” “good,” and “excellent.”
[0056] A total of 19 annotators passed our test on photography composition and
participated into the annotation. The annotators were either experienced photographers from
photography communities or students from the art department of two universities. Each crop

was annotated by seven different subjects. The MOS was calculated for each crop candidate
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as its ground-truth quality score. We have found that for 94.25% crop candidates in our
dataset, the standard deviations of their rating scores are smaller than 1, which confirms the

annotation consistency under our grid anchor based formulation.

1.3. Evaluation metrics

[0057] The dense annotations of multiple crops for each image enable us to define more
reasonable metrics to evaluate cropping performance compared to the IoU or BDE used in
previous databases [2], [7], [27]. We define two new metrics for our database. The first one
is average SRCC. The SRCC has been widely used to evaluate the rank correlation between
the MOS and model’s predictions in image quality and aesthetic assessment [13], [17].
Denote the MOS and model’s predictions by g and p. The SRCC is defined as

SRCC(g p) = cov(1y, 1)/ 01, 0r, 4)
where: 75 and 1, are the rank indexes of g and p, respectively; and cov(.) and o(.) denote

covariance and standard deviation, respectively. The average SRCC is computed by

T

1

SRCC = SRCC(g:, o), 3)
i=1

where g; and p; denote the MOS and predictions of all crops in i-th image, and T is the
number of testing images.

[0058] Considering that users may care more about whether the returned crops are
acceptable or not than an accurate ranking order of all crop candidates, we define a more
intuitive metric for practical cropping applications, which we call “return K of top-N
accuracy” (Acck,y). For the i-th image associated with a set of pre-defined crop candidates
C;, we suppose that crops, whose MOS rank top-N, are acceptable for users and a cropping
model can return at most K (K < N) crops. Let S;(N) and {c;4, ¢;3, ***, Cix } denote the top-N

crop subset and the returned K crops. Furthermore, Accg y is defined as

T K
1
Accg )y = ﬁz Z True(ci,j € Si(N)), (6)

i=1 j=1
where True(x) = 1if * is true, otherwise True(*) = 0. We set N to either 5 or 10, and
evaluate K = 1,2,3,4 (K > 4 may lead to unacceptable user experience) for both N = 5 and
N = 10, resulting in two sets of accuracy indexes. Considering that each single index may
not be very stable, we further average the multiple indexes in each set, leading to two average

accuracy metrics: Acc/s and Accyq.
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2. Cropping model learning

[0059] Limited by insufficient training data, most previous cropping methods focused on
how to leverage additional aesthetic databases [3], [5], [25] or how to construct more training
pairs [2], [26], paying limited attention to how to design a suitable network for image
cropping itself. They usually adopt the standard CNN architecture widely used in object
detection. Our GAICD database provides a better platform with much more annotated
samples for model training. By carefully considering the special properties of image
cropping and its differences from object detection, we design an effective and lightweight
module for cropping model learning. The overall architecture is shown in FIG. 3, where the
architecture includes one general feature extraction module 310 and one image cropping

module 350.

2.1. Feature extraction
[0060] As in many previous works [2], [3], [S], [6], [8], [14], [25], [26], we truncate one
pre-trained CNN model (e.g. VGG16 [22] or ResNet50 [10]) as the feature extraction module

310. The spatial arrangement of content and location of objects in an image plays a key role
in image composition. For example, the “rule of thirds”, which is the most commonly used
composition rule, suggests to place important compositional elements at certain locations of
an image. Therefore, the feature extraction module 310 needs to preserve sufficient spatial
resolution for evaluating image composition in the following cropping module 350.
Truncating at shallower layers can preserve larger spatial resolution but the output feature
map 322 may not have enough receptive field to describe large objects in images. (The
output feature map 322 is generated by processing a source image 305 by a plurality of
convolutional layers 315. For reference, a cropped image 306 to be considered is also shown
on the source image 305.) Since, as far as we know, no previous work has addressed the
effects of due to the aforementioned truncation for the feature extraction module 310, we
conduct extensive experiments to decide the most cost-effective layer to truncate the standard

CNN models for image cropping.

2.2. Modeling both the Rol and RoD

[0061] The first significant difference between image cropping and object detection is
that object detection only focuses on the Rol (viz., the region of a feature map containing

feature information of the cropped image 306 where the feature map contains feature
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information of the source image 305), while cropping also needs to consider the discarded
information (i.e. the RoD, the remaining region of the feature map excluding the RoI). On
one hand, removing distracting information can significantly improve the composition. On
the other hand, cropping out important region can dramatically change or even destroy an
image. A CNN model is unavailable to such important information if only the Rol is
considered, while additionally modeling the RoD can effectively solve this problem.

[0062] Let F denote the whole feature map 322 outputted by the feature extraction
module 310. It consists of a first feature map 326 in Rol and a second feature map 327 in
RoD, denoted by Fg,; and Fg,p, respectively. We first employ the RolAlign routing [9] to
transform Fp,; 326 into FA,; 336 which has fixed spatial resolution s X s. The Fg,p 327 is
constructed by removing Fg,; 326 from F 322, namely, setting the values of Fg,; 326 to zeros
in F 322. Then RoDAlign (using the same bilinear interpolation as RoIAlign) is performed
for Frep 327, leading to Fay, 337, which has the same spatial resolution as F£,; 336. Then
F4, 336 and F#,;, 337 are concatenated along the channel dimension as one aligned feature
map (referred to as a combined feature map 342) that contains the feature information in both
Rol and RoD. The combined feature map 342 is fed into two fully connected layers 352, 353
for final prediction of a MOS 365.

2.3. Reducing the channel dimension

[0063] Another difference between image cropping and object detection is that the former
does not need to accurately recognize the category of different objects, which allows us to
significantly reduce the channel dimension of the feature map. In practice, we find another
way of generating Fa; 336 and F4,, 337 from F 322 such that we are able to reduce the
channel dimension of the feature map 322 (output by the VGG16 model) from 512 to 8§ using
1 X 1 convolution 355 without sacrificing much performance to form a reduced-dimension
feature map 362 that is subsequently transformed to Fz,; 336 and F4,;, 337. The low channel
dimension makes the image cropping module 350 very efficient and lightweight. More
details can be found in Section 3.

[0064] The Huber loss [11] is employed to regress the MOS of crop candidates:

(9 —p):when|g—p| <6

RE (|g —pl - %6),Otherwise, 7

where g and p respectively denote the groundtruth MOS and prediction of one crop, and § is

fixed at 1 throughout the experiments.

Page 14



WO 2020/034663 PCT/CN2019/084959

3. Experiments

3.1. Implementation details

[0065] We randomly selected 200 images from our GAICD as the testing set and the
remaining 1,036 images (containing 89,519 annotated crops in total) are divided into 1,000
images for training and 36 images for validation. In the training stage, our model takes one
image and 64 randomly selected crops of it as a batch to input. In the testing stage, the
trained model evaluates all the generated crops of one image and output the candidates with
the highest prediction scores. To improve the training and testing efficiency, the short side of
input images is resized to 256 and the other side is adjusted to the nearest multiple of 32 (if
necessary). The standard Adam optimizer with the default parameters was employed to train
our model for 40 epoches. Learning rate was fixed at 1e~* throughout our experiments. We
randomly adjusted the contrast and saturation of the source images for data augmentation in
the training stage. The MOS were normalized by removing their mean and dividing by their

standard deviation across the database.

3.2. Feature extraction module 310

[0066] We first conducted a set of experiments to determine the appropriate feature
extraction module on two pre-trained models (VGG16 [22] and ResNet50 [10]). For each
model, we truncated at five different layers, which cover various stride and receptive field,
and evaluated their effects on cropping performance. The image cropping module (including
both the Rol and RoD) was fixed for all cases for fair comparison. The truncating layer
(tlayer), stride (str), receptive field (1), parameter size (par) and cropping performance (

SRCC, Acc /s and Acc /10) for each module are reported in Table 1.

Table 1.
Model Tlayer Str tf Par SRCC Accys Accyg
(Mbit)
C4_1 8 60 11.1
C4.2 8 76 20.1
veglé | C5.1 16 132 38.1 0735 | 469 64.4
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C5_2 16 164 47.1
Pool5 32 212 56.1 0.683 41.1 57.6
C3_2 8 67 34
C3_4 8 99 5.6
resnet50 C4_3 16 195 19.9
C4_6 16 291 32.7
C5_1 32 355 55.8

[0067] We can make three observations from Table 1. First, for both the VGG16 and
ResNet50 models, using too large strides (e.g., 32) results in very poor accuracy. It is
because overly downsampling the feature map leads to loss of important spatial information
for image cropping. Specifically, for the input image of resolution 256 X 256,
downsampling with stride 32 results in feature maps of size 8 X 8, and consequently the
feature map of a crop candidate may only have a spatial resolution of 4 X 4, which is
insufficient to generate accurate crops. Both stride 8 and stride 16 seem to be acceptable
under our input image size. Second, a too small receptive field leads to dissatisfactory
performance too. Increasing the receptive field can significantly improve the cropping
accuracy at a cost of deeper architecture and more parameters. The performance plateaus
when the receptive field is increased to more than half of the image size. It is worth noting
that the above observations on stride and receptive field are based on certain input image size
(short side equal to 256 in our experiments), which may provide a good reference for other
input sizes. Finally, the VGG16 models generally outperform the ResNet50 models. It may
be because the ResNet50 models are easier to overfit on our database. We thus choose the
VGG16 model (truncated at conv5_1 layer) as the feature extraction module in the following

experiments.

3.3. Image cropping module 350

[0068] We then conducted ablation study on the developed image cropping module,
including the effects of parameter size, Rol and RoD.

[0069] Parameter size: There are two key parameters in the image cropping module:
spatial resolution (s X s) of the aligned feature map and channel dimension (cdim) after

dimension reduction. Table 2 below reports the cropping performance of using different

Page 16




WO 2020/034663 PCT/CN2019/084959

s X s and cdim. The number of filters (nfilter) was fixed at 512 for the followed fully
connected layers. The VGG16 model (truncated at conv5_1) is employed as the feature
extraction module for all cases. The parameter size (par (Mbit)) of the image cropping
module (including two fully connected layers with s X s X (s * cdim) X 512 and 1 X 1 X
512 x 512 kernels) is reported for each case. We first found that small s (e.g. 3 or 5)
resulted in obviously worse performance. It again proves the importance of sufficient spatial
information for image cropping. The selection s = 9 seems to be an appropriate choice since
further increasing the value will not bring obvious improvements. The channel dimension of
feature maps can be significantly reduced for the problem of image cropping. As can be seen
from Table 2, the performance is still reasonable even if we reduce the channel dimension to
1 (note that VGG16 output 512 channels of feature maps). The low channel dimension
makes the developed image cropping module both efficient and lightweight. In the following
experiments, we chose 8 as the reduced channel dimension which has a good tradeoff
between cost and efficacy. Under this setting, the whole image cropping module has only

3.53 Mbits parameters.

Table 2.

SXS Cdim nfilter Par (Mbit) SRCC Accys Accyqg
3x3 8 512 1.28 0.689 42.4 58.9
5x5 8 512 1.78 0.711 44.6 61.5
Tx7 8 512 2.53 0.725 45.4 63.1
9x9 8 512 3.53 0.735 46.6 65.5

11x11 8 512 4.78 0.736 46.8 65.6
9x9 32 512 11.13 0.733 46.4 65.3
9x9 16 512 6.06 0.736 46.8 65.8
9x9 8 512 3.53 0.735 46.6 65.5
9x9 4 512 2.27 0.731 45.9 65.1
9x9 2 512 1.63 0.719 45.1 64.1
9x9 1 512 1.32 0.706 43.8 62.6
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[0070] Rol and RoD: We made an ablation study on the role of Rol and RoD. The
results of using only Rol, only RoD and both of them are reported in Table 3 below. As can
be seen, modeling only the RoD results in very poor accuracy, modeling only the Rol
performs much better, while simultaneously modeling the Rol and RoD achieves the best
cropping accuracy in all cases. This corroborates our analysis that cropping needs to consider

both the Rol and RoD.

Table 3.
Module SRCC Accys Accqg
RoD 0.557 29.8 44.5
Rol 0.706 44.8 62.9
Rol+RoD 0.735 46.6 65.5
4. Present invention

[0071] The present invention is obtained and further developed according to the details
and embodiments disclosed above in Sections 1-3.

[0072] The present invention provides a method for automatically cropping a source
image to yield a cropped image. FIG. 4 depicts a flowchart showing exemplary steps of the
disclosed method. In a step 410, plural crop candidates are generated from the source image.
After the crop candidates are generated, the cropped image is selected from the generated
crop candidates in a step 420.

[0073] In a first aspect of the present invention, embodiments of the step 410 are
provided. FIG. 5 depicts a flowchart showing exemplary steps used for generating the crop
candidates from the source image. As shown in FIG. 5, exemplarily the step 410 includes
steps 510, 520 and 530.

[0074] In the step 510, a preselected portion of the source image is gridded to form an
image grid having M X N grid units. The grid units are of same size and each grid unit is
rectangular in shape. Optionally, a square grid unit may be used. The size and shape of the
individual grid unit are determined by those skilled in the art according to practical situations,
such as the predicted size of object of interest in the source image, and the computation

power available for performing the image-cropping task.
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[0075] An individual grid unit has a grid anchor for identifying the individual grid unit.
The grid anchor is located on or inside the individual grid unit. In a convenient choice, the
grid anchor is selected as a center of the individual grid unit, and this grid anchor is located
inside the individual grid unit. In another choice, the grid anchor is a top-left corner of the
individual grid unit, so that this grid anchor is located on the individual grid unit, and
equivalently, located on a boundary of the individual grid unit. For illustration, FIG. 8
depicts that (a) top left corners 831 of grid units are used as grid anchors, and (b) grid unit
centers 832 are used as grid anchors. Those skilled in the art will appreciate that other
choices of location in the individual grid unit are possible. As mentioned above, the size of
the individual grid unit is not selected to be one image pixel of the source image in order that
the resultant grid anchors are not as dense as the image pixels.

[0076] Although Section 1.1 mentions that the whole source image is gridded so that the
image grid and the source image have the same size, the present invention is not limited only
to the case that the preselected portion of the source image is the whole source image. In
some practical situations, it may be advantageous to grid only a certain portion of the source
image. For example, if it is known beforehand that an object of interest never appears in a
certain region of the source image, such as a region near the image boundary, then the
preselected portion of the source image may be selected to be the whole source image
excluding the aforementioned certain region. As examples, FIG. 9 shows three image grids
921, 922, 923 each obtained by gridding only a central region of a source image 910.

[0077] In the step 520, a first corner region of size m X n grid units and a second corner
region of size m’ X n’ grid units in the image grid are selected. The first and second corner
regions are diagonally-opposite to each other. In one choice, also shown in FIG. 10 as a first
arrangement 1010, the first and second corner regions are located at a top-left corner and a
bottom-right corner, respectively, of the image grid. Alternatively, as shown in FIG. 10 as a
second arrangement 1020, the first and second corner regions are located at a bottom-left
corner and a top-right corner, respectively, of the image grid. Furthermore, m, m’, n and n’
are selected such that M —m — m’ and N —n — n' are positive. This condition is imposed to
ensure that any two anchor points (namely, two diagonally-opposite corner points of a
rectangle that defines a crop candidate) respectively selected from the first and second corner
regions form a unique crop candidate such that no another pair of two anchor points selected
from the two corner regions can form this crop candidate. In one special case, the first and

second corner regions are of equal size, i.e. m = m’ and n = n’. This special case is
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considered in Section 1.1. However, the present invention is not limited only to this special
case. It is possible that m # m’ or n # n’. By establishing the first and second corner
regions in the image grid, first and second pluralities of grid anchors identifying respective
grid units in the first corner region and in the second corner region, respectively, are created.
[0078] In the step 530, the crop candidates are generated. Particularly, an individual crop
candidate is created as a rectangular portion of the source image having a first anchor point
and a second anchor point. The individual crop candidate is created in a manner as
mentioned in Section 1.1. If (x4, y1) and (x,, y,) are respectively the first and second anchor
points, viz., the coordinates of image pixels on the source image, then the individual crop
candidate is formed as a rectangular portion of the source image having four corners at
image-pixel positions (x4, y1), (x1,¥2), (x2,¥2) and (x;, y;). For convenience, denote that
the first and second anchor points form an anchor-point pair. The crop candidates are
generated via selecting a plurality of different anchor-point pairs. Note that the first and
second anchor points in each anchor-point pair are respectively selected from the first and
second pluralities of grid anchors, but not from a first plurality of image pixels in the first
corner regions and a second plurality of image pixels in the second corner region.
Advantageously, a likelihood of obtaining similar crop candidates among the generated crop
candidates is reduced as explained in Section 1.1 regarding local redundancy.

[0079] As elaborated in Section 1.1 regarding content preservation, preferably the first
and second anchor points are selected under a first constraint that an area of the individual
crop candidate is not less than a predetermined proportion of a whole area of the source
image. The first constraint is given by EQN. 1 above. The predetermined proportion is given
by A of EQN. 1. To take into account that the first and second corner regions may be of
different size, EQN. 2 may be generalized to

M-m—-mH(N—-—n—-n')
RCEEL YRR

(7

for enabling those skilled in the art to select a usable value of A.

[0080] It is possible that not the whole source image is gridded in forming the image grid
in the step 510. In this situation, the first constraint may be modified to that the first and
second anchor points are selected under a constraint that an area of the individual crop
candidate is not less than a predetermined proportion of a whole area of the image grid.

Under this modified first constraint, EQN. 7 is still applicable whereas Sppqge in EQN. 118

replaced by the whole area of the image grid.
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[0081] As elaborated in Section 1.1 regarding aspect ratio consideration, preferably the
first and second anchor points are selected under a second constraint that an aspect ratio of
the individual crop candidate is between a predetermined lower limit and a predetermined
upper limit inclusively. The aspect ratio is a ratio of a width of the individual crop candidate
to a height thereof. The second constraint is reflected in EQN. 3, in which the predetermined
lower and upper limits are @, and a,, respectively. As one practical choice mentioned in
Section 1.1, the predetermined lower and upper limits may be selected to be a; = 0.5 and
a, = 2, respectively.

[0082] The first and second constraints may be used together in the selection of anchor-
point pair. It is also possible that only one of the constraints is used. Similarly, if the image
grid does not occupy the whole source image, the modified first constraint and the second
constraint may or may not be used together in the selection of anchor-point pair.

[0083] When compared to generating crop candidates on the pixel-wise manner, the grid
anchor based approach via executing the steps 510, 520 and 530 can shrink the number of
crop candidates by several orders of magnitude.

[0084] In a second aspect of the present invention, embodiments of the step 420 are
provided. In the step 420, the cropped image is selected from the crop candidates generated
in the step 410. Although the crop candidates are preferably and advantageously generated
through executing the steps 510, 520, 530, in the present invention it is not intended that the
crop candidates used in executing the step 420 are generated only from the steps 510, 520,
530. The sequence of the steps 510, 520, 530 only forms certain preferred embodiments of
the step 410. It is possible that the crop candidates are generated by another embodiment of
the step 410.

[0085] FIG. 6 depicts a flow diagram showing exemplary steps used in the step 420 for
selecting the cropped image from the generated crop candidates. First, a suitability score of
using an individual crop candidate as the cropped image is determined, or estimated, in a step
610. The suitability score is to quantify whether the individual crop candidate is suitable to
be used as the cropped image. Particularly, the suitability score is a degree of suitability that
the individual crop candidate is suitable to be used as the cropped image. One example of the
suitability score is a MOS. In a step 620, the step 610 is repeated until all the generated crop
candidates are processed such that each of the generated crop candidates has a respective
suitability score determined. After all the suitability scores for the crop candidates are

obtained, a preferred crop candidate having a maximum suitability score among the
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suitability scores determined for the crop candidates is identified in a step 630. The preferred
crop candidate is selected as the cropped image.

[0086] An exemplary embodiment of the step 610 is illustrated as follows with an aid of
FIGS. 3 and 7. FIG. 7 depicts a flow diagram showing exemplary steps used for determining
the suitability score of using the individual crop candidate as the cropped image. As shown
in FIG. 7, exemplarily the step 610 includes steps 710, 720, 730, 735, 740, 745, 750 and 760.
Advantageously, the steps 710, 720, 730, 735, 740, 745, 750 and 760 are conveniently
implemented by a CNN. FIG. 3, which depicts a CNN model, is occasionally referenced.
[0087] In the step 710, a whole feature map of the source image is obtained. The whole
feature map contains feature information of the source image. Details of the step 710 are
elaborated in Section 2.1. In one CNN implementation as shown in FIG. 3, the whole feature
map 322 is obtained by processing the source image 305 with a plurality of convolutional
layers 315.

[0088] The whole feature map obtained in the step 710 contains feature information of a
Rol and of a RoD. The Rol is a region of the whole feature map containing feature
information of the individual crop candidate (i.e. the cropped portion of the source image).
The RoD is a remaining region of the whole feature map without the Rol.. In the step 720,
the whole feature map is separated into a first feature map and a second feature map. The
first feature map contains feature information of the Rol. The second feature map contains
feature information of the RoD. As shown in FIG. 3, the whole feature map 322 consists of
the first feature map 326 and the second feature map 327. Implementation details of
separating the first and second feature maps 326, 327 from the whole feature map 322 are
provided in Section 2.2.

[0089] Afterwards, the first feature map and the second feature map are resized to form a
resized first feature map in the step 730 and a resized second feature map in the step 735,
respectively. Details of the steps 730 and 735 are elaborated in Section 2.2. In one
embodiment, each of the first and second feature maps is resized by bilinear interpolation.
[0090] If the spatial resolutions of the resized first and second feature maps are the same,
the resized first and second feature maps are directly concatenated to form a combined
feature map in the step 750. Note that the combined feature map contains feature information
of both the Rol and the RoD. As shown in FIG. 3, the first feature map 336 and the second
feature map 337 both under the same spatial resolution are directly concatenated to form the
combined feature map 342. If, on the other hand, the spatial resolutions of the resized first

and second feature maps are not the same, the resized first and second feature maps are
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adjusted to align in spatial resolution in the steps 740 and 745, respectively before
concatenation proceeds in the step 750. In one embodiment, each of the resized first and
second feature maps is processed by a fully connected layer in a CNN (not shown in FIG. 3)
for adjusting the resized first and second feature maps to have a same spatial resolution. In
order to avoid the steps 740 and 745, therefore, it is preferable to resize the first and second
feature maps in the steps 730 and 735 to have the same spatial resolution.

[0091] In the step 760, the suitability score is determined according to the combined
feature map. Feature information of both the Rol and the RoD contained in the combined
feature map is advantageously used in determining the suitability score. In one embodiment,
one or more fully connected layers in a CNN are used for determining the suitability score
from the combined feature map. As an example shown in the CNN implementation of FIG.
3, the two fully connected layers 352, 353 are used to process the combined feature map 342
to give a resultant MOS.

[0092] The embodiments disclosed herein may be implemented using computing devices,
such as computers, computing servers, general purpose processors, specialized computing
processors, digital signal processors, processors specialized in computing convolution
products for images, programmable logic devices and field programmable gate arrays
(FPGAs), where the computing devices are configured or programmed according to the
teachings of the present disclosure. Computer instructions or software codes running in the
computing devices can readily be prepared by practitioners skilled in the software or
electronic art based on the teachings of the present disclosure.

[0093] The present invention may be embodied in other specific forms without departing
from the spirit or essential characteristics thereof. The present embodiment is therefore to be
considered in all respects as illustrative and not restrictive. The scope of the invention is
indicated by the appended claims rather than by the foregoing description, and all changes
that come within the meaning and range of equivalency of the claims are therefore intended

to be embraced therein.
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CLAIMS

What is claimed is:

1. A method for automatically cropping a source image to yield a cropped image, the
method comprising the step of generating plural crop candidates from the source
image and the step of selecting the cropped image from the generated crop candidates,
wherein the step of generating the crop candidates from the source image comprises
the steps of:

gridding a preselected portion of the source image to form an image grid having
M X N grid units, an individual grid unit having a grid anchor for identifying
the individual grid unit, the grid anchor being located on or inside the
individual grid unit;

selecting a first corner region of size m X n grid units and a second corner region
of size m’ X n' grid units in the image grid, the first and second corner regions
being diagonally-opposite to each other, m, m’, n and n’ being selected such
that M —m —m’ and N — n — n’ are positive, whereby first and second
pluralities of grid anchors identifying respective grid units in the first corner
region and in the second corner region, respectively, are created; and

creating an individual crop candidate as a rectangular portion of the source image
having a first anchor point and a second anchor point diagonally-opposite
thereto so as to generate the crop candidates via selecting a plurality of
different anchor-point pairs each consisting of respective first and second
anchor points, wherein the first and second anchor points in each anchor-point
pair are respectively selected from the first and second pluralities of grid
anchors rather than from a first plurality of image pixels in the first corner
regions and a second plurality of image pixels in the second corner region for
reducing a likelihood of obtaining similar crop candidates among the

generated crop candidates.
2. The method of claim 1, wherein the first and second anchor points are selected under

a constraint that an area of the individual crop candidate is not less than a

predetermined proportion of a whole area of the source image.
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3. The method of claim 1, wherein the first and second anchor points are selected under
a constraint that an area of the individual crop candidate is not less than a

predetermined proportion of a whole area of the image grid.

4. The method of claim 1, wherein the first and second anchor points are selected under
a constraint that an aspect ratio of the individual crop candidate is between a
predetermined lower limit and a predetermined upper limit inclusively, the aspect

ratio being a ratio of a width of the individual crop candidate to a height thereof.

5. The method of claim 1, wherein the first and second anchor points are selected under
first and second constraints, the first constraint being that an area of the individual
crop candidate is not less than a predetermined proportion of a whole area of the
source image, the second constraint being that an aspect ratio of the individual crop
candidate is between a predetermined lower limit and a predetermined upper limit
inclusively, the aspect ratio being a ratio of a width of the individual crop candidate to

a height thereof.

6. The method of claim 1, wherein the first and second anchor points are selected under
first and second constraints, the first constraint being that an area of the individual
crop candidate is not less than a predetermined proportion of a whole area of the
image grid, the second constraint being that an aspect ratio of the individual crop
candidate is between a predetermined lower limit and a predetermined upper limit
inclusively, the aspect ratio being a ratio of a width of the individual crop candidate to

a height thereof.

7. The method of any of claims 1-6, wherein the grid anchor of the individual grid unit is

selected to be a center of the individual grid unit.

8. The method of any of claims 1-6, wherein m = m’ and n = n'.

9. The method of any of claims 1-6, wherein the first and second corner regions are

located at a top-left corner and a bottom-right corner, respectively, of the image grid.
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10. The method of any of claims 1-6, wherein the first and second corner regions are

located at a bottom-left corner and a top-right corner, respectively, of the image grid.

11. The method of claim 1, wherein the preselected portion of the source image is the

whole source image.

12. The method of any of claims 1-6, wherein the step of selecting the cropped image
from the generated crop candidates comprises the steps of:
for an individual crop candidate, determining a suitability score of using the
individual crop candidate as the cropped image;
repeating the step of determining the suitability score until respective suitability
scores for all the crop candidates are determined; and
selecting a preferred crop candidate having a maximum suitability score among
the crop candidates as the cropped image;
wherein the step of determining the suitability score of using the individual crop
candidate as the cropped image comprises the steps of:
obtaining a whole feature map of the source image, wherein the whole feature
map contains feature information of the source image;
separating the whole feature map into a first feature map containing feature
information of a region of interest (Rol) and a second feature map containing
feature information of a region of discard (RoD), wherein the Rol is a region
of the whole feature map containing feature information of the individual crop
candidate, and the RoD is a remaining region of the whole feature map
without the Rol;
resizing the first feature map and the second feature map to form a resized first
feature map and a resized second feature map, respectively;
concatenating the resized first and second feature maps to form a combined
feature map such that the combined feature map contains feature information
of both the Rol and the RoD; and
determining the suitability score according to the combined feature map for
utilizing feature information of both the Rol and the RoD in determining the

suitability score.
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13.

14.

15.

16.

The method of claim 12, wherein each of the first and second feature maps is resized

by bilinear interpolation.

The method of claim 12, wherein the whole feature map is obtained by processing the
source image with a plurality of convolutional layers of a convolutional neural

network (CNN).

The method of claim 14, wherein the step of determining the suitability score of using
the individual crop candidate as the cropped image further comprises the step of:

before concatenation, processing each of the resized first and second feature maps
with a fully connected layer of the CNN for adjusting the resized first and

second feature maps to have a same spatial resolution.

A method for automatically cropping a source image to yield a cropped image, the
method comprising the step of generating plural crop candidates from the source
image and the step of selecting the cropped image from the generated crop candidates,
wherein the step of selecting the cropped image from the generated crop candidates
comprises the steps of:
for an individual crop candidate, determining a suitability score of using the
individual crop candidate as the cropped image;
repeating the step of determining the suitability score until respective suitability
scores for all the crop candidates are determined; and
selecting a preferred crop candidate having a maximum suitability score among
the crop candidates as the cropped image;
wherein the step of determining the suitability score of using the individual crop
candidate as the cropped image comprises the steps of:
obtaining a whole feature map of the source image, wherein the whole feature
map contains feature information of the source image;
separating the whole feature map into a first feature map containing feature
information of a region of interest (Rol) and a second feature map containing
feature information of a region of discard (RoD), wherein the Rol is a region
of the whole feature map containing features of the individual crop candidate,

and the RoD is a remaining region of the whole feature map without the Rol;
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resizing the first feature map and the second feature map to form a resized first
feature map and a resized second feature map, respectively;

concatenating the resized first and second feature maps to form a combined
feature map such that the combined feature map contains feature information
of both the Rol and the RoD; and

determining the suitability score according to the combined feature map for
utilizing feature information of both the Rol and the RoD in determining the

suitability score.

17. The method of claim 16, wherein each of the first and second feature maps is resized

by bilinear interpolation.

18. The method of claim 16, wherein the whole feature map is obtained by processing the
source image with a plurality of convolutional layers of a convolutional neural

network (CNN).

19. The method of claim 18, wherein the step of determining the suitability score of using
the individual crop candidate as the cropped image further comprises the step of:
before concatenation, processing each of the resized first and second feature maps
with a fully connected layer of the CNN for adjusting the resized first and

second feature maps to have a same spatial resolution.
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