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(57) ABSTRACT 
Determining an amount of motion in a second frame of video 
with reference to a first frame of video. Adaptively predicting 
a cropping factor for the second frame in response to the 
determined amount of motion. The cropping factor specifies 
a portion of the second frame that is to be excluded from the 
second frame. The predicted cropping factor is adaptively 
changed for a successive plurality of frames by buffering the 
first frame to predicta desired cropping factor for the second 
frame, wherein the first frame occurs prior to the second 
frame. 

20 Claims, 3 Drawing Sheets 
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1. 

MOTON ADAPTIVE CROPPING FOR VIDEO 
STABILIZATION 

TECHNICAL FIELD 

The exemplary and non-limiting embodiments of this 
invention relate generally to electronic imaging and, more 
specifically, to motion adaptive cropping for video stabiliza 
tion in electronic devices such as digital cameras and other 
devices related to computational photography. 10 

BACKGROUND ART 

This section is intended to provide a background or context 
to the embodiments disclosed below. The description herein 15 
may include concepts that could be pursued, but are not 
necessarily ones that have been previously conceived, imple 
mented or described. Therefore, unless otherwise explicitly 
indicated herein, what is described in this section is not prior 
art to the description in this application and is not admitted to 20 
be prior art by inclusion in this section. 

In digital video stabilization, frames may be cropped to fill 
the stabilized frames with content. In conventional applica 
tions, about 5-10% of the frame may be cropped and 
removed, with the amount of cropping being constant over 25 
time. One disadvantage of cropping is that it may reduce the 
field of view (FOV) of the stabilized frames. Providing a 
reduced field of view should be avoided if at all possible. The 
reduced field of view is especially problematic in wide angle 
applications. However, if a captured scene exhibits no global 30 
movement, there is no need to perform any cropping. Global 
movement refers to movement of an entire scene which may 
occur, for example, if the photographer's hand shakes while 
images are being gathered. Essentially, the Smaller the move 
ment is in a captured scene, the less cropping that is needed, 35 
and vice versa. 

SUMMARY 

According to a first set of exemplary embodiments of the 40 
invention, a method comprises determining an amount of 
motion in a second frame of video with reference to a first 
frame of video, and adaptively predicting a cropping factor 
for the second frame in response to the determined amount of 
motion, wherein the cropping factor specifies a portion of the 45 
second frame that is to be excluded from the second frame. 

According to a second set of exemplary embodiments of 
the invention, an apparatus comprises at least one processor 
and a memory storing a set of computer instructions, in which 
the processor and the memory storing the computer instruc- 50 
tions are configured to cause the apparatus to perform deter 
mining an amount of motion in a second frame of video with 
reference to a first frame of video, and adaptively predicting 
a cropping factor for the second frame in response to the 
determined amount of motion, wherein the cropping factor 55 
specifies a portion of the second frame that is to be excluded 
from the second frame. 

According to a third set of exemplary embodiments of the 
invention, a non-transitory computer readable memory is 
encoded with a computer program comprising computer 60 
readable instructions recorded thereon for execution of a 
method comprising determining an amount of motion in a 
second frame of video with reference to a first frame of video, 
and adaptively predicting a cropping factor for the second 
frame in response to the determined amount of motion, 65 
wherein the cropping factor specifies a portion of the second 
frame that is to be excluded from the second frame. 

2 
According to a set of further embodiments of the invention, 

the predicted cropping factor is adaptively changed for a 
successive plurality of frames by buffering the first frame to 
predict a desired cropping factor for the second frame, 
wherein the first frame occurs prior to the second frame. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the nature and objects of the 
embodiments described herein, reference is made to the fol 
lowing detailed description taken in conjunction with the 
following drawings, in which: 

FIG. 1 is a block diagram showing an illustrative apparatus 
for performing motion adaptive video stabilization using 
frame cropping according to a set of exemplary embodiments 
of the invention described herein; 

FIG. 2 is a flowchart that illustrates a method, and a result 
of execution by one or more processors of a set of computer 
program instructions embodied on a computer readable 
memory, for performing motion adaptive video stabilization 
in accordance with a set of exemplary embodiments of the 
invention described herein; and 

FIG. 3 is a block diagram of an illustrative electronic 
device for practicing a set of exemplary embodiments of the 
invention described herein. 

DETAILED DESCRIPTION 

Conventional video stabilization uses a constant cropping 
factor wherein the cropping factor specifies a portion of the 
frame that is to be excluded from the frame. In other words, 
the cropping factor remains the same for each of a plurality of 
successive frames. Moreover, conventional video stabiliza 
tion is performed on a frame-by-frame basis without taking 
into consideration video data in preceding or Successive 
frames. Although there are video stabilization solutions 
which may provide a buffer for frames in order to “predicta 
future movement direction and amplitude, these implemen 
tations use a fixed cropping factor without any adaptation or 
prediction of desired cropping. 
New methods, apparatuses, and Software related products 

(such as a non-transitory computer readable memories) are 
presented hereinfor video stabilization using motion adaptive 
cropping. These methods, apparatuses, and Software related 
products may, but need not, be implemented in the form of 
electronic devices such as digital cameras, camera-phones, 
Smartphones, and similar devices related to computational 
photography. According to various embodiments described 
herein, the cropping factor may be changed adaptively from 
frame to frame based at least on a future prediction of motion 
in a frame in order to optimize a field of view (FOV) based on 
a determined or measured amount of motion of at least one 
object in a scene comprising a frame. An optimal cropping 
factor or a minimized cropping factor may be used based on 
the future prediction to make the cropping factor change 
Smoothly over time. From the perspective of a user, changing 
the amount of cropping in a frame may be conceptualized as 
being similar to Zooming in or out. Changing the amount of 
cropping on a frame-by-frame basis over time can be per 
formed smoothly and intelligently, as will be described 
herein. 

According to an illustrative set of embodiments, an appa 
ratus such as a digital camera, camera-phone, or Smartphone 
receives a plurality of image frames (for example, consecu 
tive image frames) of a scene. The apparatus determines a 
cropping factor for each of the plurality of image frames, 
wherein the determined cropping factor is based upon detect 
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ing an amount of motion for each of the plurality of video 
frames to provide a desired or specified amount of image 
stabilization. A prediction or recalculation of the cropping 
factor is performed for a first image frame of the plurality of 
received image frames. The prediction or recalculation may 
be performed using a predetermined criterion based on one or 
more previously determined cropping factors for one or more 
previously received image frames of the plurality of image 
frames that were received prior to the first image frame. The 
prediction or recalculation is used to determine a cropping 
factor for at least a second image frame that is received 
Subsequent to the first image frame. 

Future prediction for the cropping factor may be imple 
mented, for example, by providing a ring buffer to store a 
plurality of frames which together comprise a prediction 
period. Motion analysis may be performed for a newest 
frames in the ring buffer. The cropping is performed on an 
oldest frame or an oldest set of frames in the ring buffer. This 
approach provides a Smooth implementation of the required 
cropping factor for the plurality of received frames. When the 
motion of one or more objects in the scene is increased or 
decreased (as known based on more recent frames), the crop 
ping factor may be Smoothly adapted to meet that increase or 
decrease. 
On the other hand, if a new motion starts very suddenly so 

that Subsequent frames may be totally blurred, the cropping 
factor change could be implemented more rapidly or even 
instantaneously, such that the user would not be able to detect 
any Zooming effect. 

It is also possible to utilize information (such as frame 
analysis or hardware sensor analysis) not related to the 
motion in order to optimize the cropping factor. For example, 
if there is a face (or another object of interest) detected in the 
received image frames, it may be desired to avoid cropping 
the object altogether. Cropping may also be performed non 
centrically or non-symmetrically with respect to one or more 
image boundaries (such as cropping in a predominant direc 
tion) to avoid cropping an important Subject. For example, if 
a face is detected and the image frame only requires horizon 
tal stabilization, a vertical crop only of the image frame could 
be implemented. 

The approach described herein may be also used to opti 
mize image or video quality, Such as enhancing sharpness by 
using an up-scaling process. In other applications, the crop 
ping may decrease the resolution of a frame to make the frame 
take up less memory storage space than a specified or desired 
maximum. If the input resolution is expected to be the same as 
(or even lower than) the expected output, up-scaling may be 
performed constantly. However, the more up-scaling that is 
required, the more image quality that is lost. With an adaptive 
cropping factor, the quality or sharpness may be sacrificed in 
situations where there is increased movement of objects in the 
scene, because the visual sharpness may be less important in 
these scenarios. With more Sophisticated tuning of the adap 
tive cropping factor, the optimal up-scaling factors (e.g. spe 
cific for ISP or scaling algorithm to be used) may be priori 
tized and mapped to use cropping factors. 

Determining a minimum cropping factor in order to obtain 
a maximum FOV, while, at the same time, maintaining image 
quality is important for Some applications. For example, in 
editor use cases, there is no extra resolution available for 
stabilization. Also, the input resolution can be larger than the 
target output resolutions. In this case, the cropped image can 
be adjusted to the correct size by either downscaling or up 
Scaling. Furthermore, the cropping factor determination and 
video stabilization may be performed either during the cap 
ture or after the capture as an editor feature. 
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4 
FIG. 1 is a block diagram showing an illustrative apparatus 

10 for performing motion adaptive video stabilization using 
frame cropping according to a set of exemplary embodiments 
of the invention described herein. The apparatus 10 comprises 
at least a ring buffer of frames 14, a camera 11, and a video 
encoder 25. The ring buffer of frames 14 may be part of an 
adaptive stabilization module 12. An exemplary process flow 
for the apparatus 10 may be described as follows. 
A plurality of image frames designated as N,N-1, N-2 ... 

N-X-1, and N-X are captured by the camera 11 and received 
by the adaptive stabilization module 12. At step 20, each of 
the image frames (N, N-1, N-2 . . . N-X-1, and N-X) is 
analyzed by a processing module included in the adaptive 
stabilization module 12 to determine a cropping factor for 
each of the plurality of image frames N,N-1, N-2 ... N-X-1, 
and N-X so as to provide image stabilization for each of the 
plurality of image frames. Next, at Step 22, each of the plu 
rality of image frames N,N-1, N-2 ... N-X-1, and N-X is then 
stored in the ring buffer 14 with the determined cropping 
factor. The ring buffer 14 is configured to hold a certain 
number of frames and may be continuously or periodically or 
repeatedly updated with new frames. For example, the num 
ber of frames stored by the ring buffer 14 may, but need not, 
be 10 frames or 16 frames. 
At step 24, the determined cropping factors stored in the 

ring buffer 14 are analyzed by the processing module in the 
adaptive stabilization module 12 to predict, calculate, or esti 
mate an applied cropping factor to be applied to a most recent 
or last frame N stored in the ring buffer 14. The predicted, 
calculated, or estimated cropping factor for an oldest or first 
frame N-X may, but need not, be the same as an individual 
cropping factor that was determined for the first frame N-X at 
step 20. Thus, a knowledge of the cropping factor for one or 
more Subsequently occurring frames N makes it possible to 
apply the predicted cropping factor to one or more previously 
occurring frames N-X to provide for a gradual transition from 
a first cropping factor to a second cropping factor, wherein the 
first cropping factor is not the same as the second cropping 
factor. Therefore, a smooth transition is provided between 
relatively high cropping factors and relatively small cropping 
factors and Vice versa, by using one or more Subsequently 
occurring frames stored in the buffer 14 to determine an 
appropriate cropping factor for one or more previously occur 
ring frames. Thus, the predicted cropping factor may be con 
ceptualized as an optimized cropping factor. 
At step 18, the oldest or first frame N-X is image stabilized 

by cropping using the optimized or predicted cropping factor 
determined at step 24. The cropped first frame N-X is passed 
forward to the video encoder 25. The oldest or first frame N-X 
is removed from the ring buffer 14 and a new frame can be 
fetched from the camera 11. 

According to a further set of embodiments, predicting, 
calculating, or estimating the cropping factor at step 24 may 
be performed not only for the “oldest first image frame N-X 
(such as the first received image frame during a prediction 
period that includes frames N,N-1, N-2...N-X-1, N-x), but 
also for other frames received during the prediction period. In 
this case the cropping factor (as determined at step 20 and/or 
step 24 for the frame N-X) can be used for predicting the 
frames received earlier than frame N-X (and not only for 
“later frames received after N-X), such that the cropping 
factor (determined and/or predicted) for N-X can be taken into 
consideration for predicting the cropping factor for these 
earlier frames. 

Table 1, presented hereinafter, is an exemplary Cropping 
Factor Table that may be used to implement steps 20, 22 and 
24 of FIG.1. More specifically, Table 1 illustrates determin 
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ing the cropping factor and performing Smooth cropping (as 
described in the context of steps 20 and 24 of FIG. 1). As seen 
in Table 1, the predicted cropping factor that is actually used 
to perform cropping of an individual frame may be the same 
as the cropping factor that was determined for this individual 
frame, as is shown with reference to frames 1, N-5, N-7). 
Alternatively or additionally, this predicted cropping factor 
may be different than the cropping factor that was determined 
for this individual frame, such as may be observed with ref 
erence to frames N-1, N-2, N-3, N-4, N-6, N-8, N-9 and N-10. 

TABLE 1. 

6 
At step 56, the apparatus predicts a cropping factor to be 

applied to at least one of the plurality of image frames (such 
as the oldest frame or first frame that was received during a 
specified prediction period). The predicted cropping factor is 
based on the determined and stored cropping factors for other 
received image frames of the plurality of image frames. Next, 
at Step 58, the apparatus performs cropping of the at least one 
of the received image frames using the predicted cropping 
factor of step 56. 

Cropping Factor Table 

Frame Number 

Determined cropping 19 19. 190 3% 196 6% 6% 
for individual frames 
(as step 20 in FIG. 1) 
Predicted smooth 
cropping (step 24 in 
FIG. 1) 

19 2%. 3% 4% S90 6% 7% 

Thus advantages and novel features of the embodiments 
described herein include (but are not limited to) the following 
features: 

providing a stable video image with a maximized field-of 
view and a maximized level of quality; 

providing adaptive cropping based on an amount of 
detected motion of the object(s) in the scene; 

providing a smooth change for the cropping factor over 
time (to avoid bad user experience); and utilizing “his 
tory' buffers to optimize/predict the smooth change of 
the cropping factor from frame to frame. 

FIG. 2 is a flowchart that illustrates a method, and a result 
of execution by one or more processors of a set of computer 
program instructions embodied on a computer readable 
memory, for performing motion adaptive video stabilization 
in accordance with a set of exemplary embodiments of the 
invention described herein. The method of FIG. 2 may be 
performed by an electronic device Such as, for example, a 
camera, camera-phone, electronic displaying device, com 
puter, image processing device, or Smartphone. The order of 
steps shown in FIG. 2 is not absolutely required, so in prin 
ciple, the various steps may be performed in or out of the 
illustrated order. Also, certain steps may be skipped or 
selected Steps or groups of steps may be performed to meet 
the requirements of certain specific applications. 

The operational sequence of FIG. 2 commences at step 50 
where an apparatus receives a plurality of image frames. 
Illustratively, these image frames are received through an 
external wireless or wired communications or using an inter 
nal camera to capture the image frames. Next, at step 52, for 
each respective image frame of the plurality of image frames, 
the apparatus determines a corresponding cropping factor 
based upon detecting an amount of motion in the respective 
image frame relative to at least one other frame of the plurality 
of image frames, to provide image stabilization for the 
respective image frame. 

At step 54, the apparatus stores in a buffer memory (such as 
a ring buffer) the determined cropping factor for each of the 
plurality of image frames. These stored cropping factors may 
be used by the apparatus for predicting cropping factors for 
one or more Subsequently received image frames, as 
explained herein. 
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N-8 N-9 N-10 

2% 19 19. 

6%. 49/o 2% 

FIG. 3 is a block diagram of an illustrative electronic 
device 60 for practicing a set of exemplary embodiments of 
the invention described herein. The electronic device 60 may 
be implemented as a portable or non-portable electronic 
device, a computer, a wireless communication device, a cam 
era, a camera phone or the like. The device 60 includes an 
adaptive stabilization application module 12. The adaptive 
stabilization application module 12 may include, for 
example, the ring buffer 14 of FIG. 1 for implementing steps 
50-58 of FIG. 2 as described herein. The adaptive stabiliza 
tion module 12 (FIG. 3) may receive an image frames signal 
63 via an external link 73, as performed at step 50 of FIG. 2. 
The external link 73 may represent, for example, a wireless 
communication link or a wired connection or any of various 
combinations thereof. Alternatively or additionally, the 
image frames signal 63 may be generated by a camera 62 
included in the apparatus 60 or an external camera. 
The device 60 further comprises at least one memory 70 

that stores program code for implementing the adaptive sta 
bilization module 12. The device 60 also comprises at least 
one processor 76 operatively coupled to the memory 70. 
Various embodiments of the memory 70 (such as a non 
transitory computer readable memory for example) may 
include any data storage technology type which is Suitable to 
the local technical environment, including but not limited to 
semiconductor-based memory devices, magnetic memory 
devices and systems, optical memory devices and systems, 
fixed memory, removable memory, disc memory, flash 
memory. DRAM, SRAM, EEPROM and the like, imple 
mented as non-transitory computer readable memories. Vari 
ous embodiments of the processor 76 include, but are not 
limited to, general purpose computers, special purpose com 
puters, microprocessors, digital signal processors (DSPs) and 
multi-core processors. 
The adaptive stabilization module 72 may be implemented 

as an application computer program Stored in the memory 70, 
but in general it may be implemented as Software, firmware 
and/or hardware module or a combination thereof. In particu 
lar, in the case of software or firmware, one embodiment may 
be implemented using a software related product Such as a 
computer readable memory (such as non-transitory computer 
readable memory), computer readable medium or a computer 
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readable storage structure comprising computer readable 
instructions (such as program instructions) using a computer 
program code (i.e., the Software or firmware) thereon to be 
executed by a computer processor. Furthermore, the adaptive 
stabilization module 72 may be implemented as a separate 
block or may be combined with any other module/block of the 
electronic device 60, or it may be split into several blocks 
according to the functionality of the several blocks. 

It is noted that various non-limiting embodiments 
described herein may be used separately, combined or selec 
tively combined for specific applications. 

Further, some of the various features of the above non 
limiting embodiments may be used to advantage without the 
corresponding use of other described features. The foregoing 
description should therefore be considered as merely illustra 
tive of the principles, teachings and exemplary embodiments 
of this invention, and not in limitation thereof. 

It is to be understood that the above-described arrange 
ments are only illustrative of the application of the principles 
of the present invention. Numerous modifications and alter 
native arrangements may be devised by those skilled in the art 
without departing from the Scope of the invention, and the 
appended claims are intended to cover Such modifications and 
arrangements. 

What is claimed is: 
1. A method comprising: 
an apparatus determining an amount of motion in a second 

frame of video with reference to a first frame of video; 
the apparatus adaptively predicting a cropping factor for 

the second frame in response to the determined amount 
of motion, wherein the cropping factor specifies a por 
tion of the second frame that is to be excluded from the 
second frame; 

the apparatus transforming the second frame by applying 
the cropping factor to the second frame to generate a 
cropped second frame; and 

the apparatus storing in a buffer memory of the apparatus 
corresponding cropping factors for respective first and 
second image frames, wherein the apparatus uses at least 
one of the stored corresponding cropping factors to pre 
dictat least one applied cropping factor to be applied to 
one or more of the respective frames. 

2. The method of claim 1 wherein the apparatus adaptively 
changes the predicted cropping factor for a successive plural 
ity of frames by buffering the first frame to predict a desired 
cropping factor for the second frame, wherein the first frame 
occurs prior to the second frame. 

3. The method of claim 1 further comprising the apparatus 
detecting a face or other object of interest in at least one of the 
received image frames, and adjusting the cropping factor So 
as not to exclude any portion of the face or other object of 
interest. 

4. The method of claim 3 wherein the cropping factor 
specifies the apparatus performing cropping non-centrically 
or non-symmetrically with respect to one or more image 
frame boundaries. 

5. A method comprising: 
receiving at an apparatus a plurality of image frames of a 

Scene, 
for each of respective image frames of the plurality of 

image frames, determining at the apparatus a corre 
sponding cropping factor based upon detecting an 
amount of motion in the respective image frame relative 
to at least one other image frame of the plurality of image 
frames to provide image stabilization for the respective 
frame; 
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8 
the apparatus transforming the respective image frame by 

applying the cropping factor to the respective image 
frame to generate a respective cropped image frame; and 

storing in a buffer memory of the apparatus the correspond 
ing cropping factors for the respective image frames, 
wherein the apparatus uses at least one of the stored 
corresponding cropping factors to predict at least one 
applied cropping factor to be applied to one or more of 
the respective image frames. 

6. The method of claim 5, wherein the at least one applied 
cropping factor that is applied to an image frame of the one or 
more respective image frames is different from the corre 
sponding cropping factor for the image frame that is stored in 
the buffer memory. 

7. The method of claim 5, wherein the apparatus performs 
predicting of the at least one applied cropping factor to pro 
vide a smooth change of the cropping factor from a first image 
frame to a second image frame in the plurality of image 
frames. 

8. The method of claim 5, wherein the plurality of image 
frames are temporally consecutive frames. 

9. The method of claim 5, wherein one of the received 
image frames is a first received image frame out of the plu 
rality of the image frames. 

10. The method of claim 5, wherein the predicting of the at 
least one applied cropping factor is based on increasing or 
decreasing of a motion of one or more objects in the scene 
within the plurality of image frames to provide a smooth 
adaptation of the applied cropping factor within the plurality 
of image frames. 

11. The method of claim 10, wherein the predicting of the 
at least one applied cropping factor is based upon a sudden 
increase or decrease of a motion of one or more objects in the 
scene within the plurality of image frames, to provide a 
Smooth adaptation of the at least one applied cropping factor 
Such that a that a user does not detect a Zooming effect. 

12. The method of claim 5, wherein the predicting of the at 
least one applied cropping factor is further based on a content 
of the plurality of image frames. 

13. The method of claim 5, wherein the predicting of the at 
least one applied cropping factor for the at least one of the 
received image frames is based on analysis of image frames 
received only before the at least one of the received image 
frames. 

14. The method of claim 5, wherein the predicting of the at 
least one applied cropping factor for the at least one of the 
received image frames is based on analysis of image frames 
received before and after the at least one of the received image 
frames. 

15. The method of claim 5, wherein receiving the plurality 
of image frames comprises receiving by the apparatus the 
plurality of image frames externally through a wireless or 
wired link. 

16. The method of claim 5, wherein receiving the plurality 
of image frames comprises acquiring by the apparatus the 
plurality of image frames. 

17. An apparatus comprising at least one processor and a 
memory storing a set of computer instructions, in which the 
processor and the memory storing the computer instructions 
are configured to cause the apparatus to perform: 

determining an amount of motion in a second frame of 
video with reference to a first frame of video; 

adaptively predicting a cropping factor for the second 
frame in response to the determined amount of motion, 
wherein the cropping factor specifies a portion of the 
second frame that is to be excluded from the second 
frame; and 
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storing in a buffer memory of the apparatus corresponding storing in a buffer memory the corresponding cropping 
cropping factors for respective first and second image factors for the respective image frames, and using at 
frames, wherein the apparatus uses at least one of the least one of the stored corresponding cropping factors to 
Stored corresponding cropping factors to predict at least 
one applied cropping factor to be applied to one or more 5 
of the respective frames. 

18. The apparatus of claim 17 wherein the predicted crop 
ping factor is adaptively changed for a successive plurality of 
frames by buffering the first frame to predict a desired crop 
ping factor for the second frame, wherein the first frame 10 
occurs prior to the second frame. 

19. An apparatus comprising at least one processor and a 
memory storing a set of computer instructions, in which the 
processor and the memory storing the computer instructions 

predict at least one applied cropping factor to be applied 
to one or more of the respective image frames. 

20. A non-transitory computer readable memory encoded 
with a computer program comprising computer readable 
instructions recorded thereon for execution of a method com 
prising: 

determining an amount of motion in a second frame of 
video with reference to a first frame of video, and 

adaptively predicting a cropping factor for the second 
frame in response to the determined amount of motion, 

are configured to cause the apparatus to perform: 15 wherein the cropping factor specifies a portion of the 
receiving at an apparatus a plurality of image frames of a lime that is to be excluded from the second 

Scene; s storing in a buffer memory of the apparatus corresponding 
cropping factors for respective first and second image 
frames, wherein the apparatus uses at least one of the 
stored corresponding cropping factors to predictat least 
one applied cropping factor to be applied to one or more 
of the respective frames. 

for each of respective image frames of the plurality of 
image frames, determining at the apparatus a corre 
sponding cropping factor based upon detecting an 20 
amount of motion in the respective image frame relative 
to at least one other image frame of the plurality of image 
frames to provide image stabilization for the respective 
frame; and ck k < k cic 
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