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STORING AND SERVING IMAGES IN 
MEMORY BOXES 

BACKGROUND 

0001 1. Technical Field 
0002 This invention pertains in general to online storage 
and management of images and in particular to methods of 
displaying collections of stored images. 
0003 2. Description of Related Art 
0004 Digital cameras have become a widespread tool for 
capturing photographs and videos. As the popularity of digital 
images has grown, it has become common for users to store 
Sometimes massive collections of many thousands of images 
through online image hosting services such as FLICKRR, 
PHOTOBUCKETR, VIMEOR), or YOUTUBER). Such ser 
vices are limited in the interfaces they provide to users for 
organizing and viewing their images. Also, the convenience 
of users is impacted by the speed at which users can access 
and view their images. 

SUMMARY 

0005 Embodiments of the invention provide methods of 
quickly and efficiently serving images and related data from 
an image server to a client device and conserving bandwidth 
consumed by updating the images and related data on the 
client device. For each stored image on the image server, a 
unique identifier for the image and parameters associated 
with the image are converted into a binary string. By convert 
ing the unique identifier for the image and the parameters 
associated with the image into a binary String, the relevant 
information can be conveyed in an efficient package and the 
overall size of the data conveyed is much smaller. Responsive 
to a received request from a client device for images, a times 
tamp is set, and all requested images are served to the client 
with the respective binary strings. The served images and 
binary strings are then locally cached by the client. Updates to 
the stored images and associated parameters are recorded by 
the image server along with a respective time of each update. 
Then, when the image server receives the next request from 
the client device for images, all the updates since the previ 
ously set timestamp are served to the client device, and a new 
timestamp is set. In this way, only the changes to the images 
and associated parameters since the last request for images 
are communicated to the client device, rather than serving the 
entire set of images with their respective binary strings again. 
0006. Other embodiments of the invention provide meth 
ods of laying out images based on time in a plurality of rows 
for display within a user interface. First, the next image in 
order by time is found by reference to the timestamps asso 
ciated with each image in the images to be laid out. Next, the 
shortest row of the plurality of rows is determined based on an 
accumulated length of each row. For example, the accumu 
lated length of each row is the sum of the widths of the images 
in the row plus the sum of the blank space between each of the 
images in the row. Then, the image is placed in the shortest 
row. The method can be iterated until there are no more 
images to layout based on time, or at least until a sufficient 
number of images have been placed in the plurality of rows to 
fill a screen of the client device that is used to display the 
layout. 
0007. Other embodiments of the invention include sys 
tems and a non-transitory computer-readable storage media 
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for serving images and related data and for laying out images 
for display according to the techniques described above. 
0008. The features and advantages described in the speci 
fication are not all inclusive and, in particular, many addi 
tional features and advantages will be apparent to one of 
ordinary skill in the art in view of the drawings, specification, 
and claims. Moreover, it should be noted that the language 
used in the specification has been principally selected for 
readability and instructional purposes, and may not have been 
selected to delineate or circumscribe the inventive subject 
matter. 

BRIEF DESCRIPTION OF DRAWINGS 

0009 FIG. 1 is a network diagram of a system environ 
ment for storing images on an image server, in accordance 
with an embodiment of the invention. 
0010 FIG. 2 is block diagram of the image server depicted 
in FIG.1, in accordance with an embodiment of the invention. 
0011 FIG. 3 is a block diagram illustrating an example 
data structure for an image, in accordance with an embodi 
ment of the invention. 
0012 FIG. 4 is a block diagram illustrating an example 
data structure for a memory box, in accordance with an 
embodiment of the invention. 
0013 FIG. 5 is a flow chart illustrating a method of serving 
images, in accordance with an embodiment of the invention. 
0014 FIG. 6 is a flow chart illustrating a method for laying 
out images based on time in a plurality of rows, in accordance 
with an embodiment of the invention. 
0015 FIG. 7 is a prior art example of a layout of images in 
a grid pattern. 
0016 FIG. 8 is an example of a non-grid layout of images 
in a plurality of rows, in accordance with an embodiment of 
the invention. 
0017 FIG. 9A is another example of a non-grid layout of 
images in a plurality of rows, including some images orga 
nized into stacks, in accordance with an embodiment of the 
invention. 
0018 FIG.9B is another example of a non-grid layout of 
images in a plurality of rows, with a time line displayed, in 
accordance with an embodiment of the invention. 
0019 FIG. 10 is a block diagram of the components of a 
computing system for use, for example, as the image server or 
the client devices depicted in FIG. 1, in accordance with an 
embodiment of the invention. 
0020. The figures depict embodiments of the present 
invention for purposes of illustration only. One skilled in the 
art will readily recognize from the following description that 
alternative embodiments of the structures and methods illus 
trated herein may be employed without departing from the 
principles of the invention described herein. 

DETAILED DESCRIPTION 

0021 Embodiments of the invention provide methods of 
quickly and efficiently serving images and related data from 
an image server to a client device and conserving bandwidth 
consumed by updating the images and related data on the 
client device. Other embodiments of the invention provide 
methods of laying out images based on time in a plurality of 
rows for display within a user interface. These embodiments 
of the invention can operate in the context of a system envi 
ronment 100 illustrated in FIG. 1. The system environment 
100 includes an image server 110, a network 120, and client 



US 2015/00741 07 A1 

devices 130A, 130B, and 130C (collectively 130). Although 
only three client devices 130 are shown in FIG. 1 in order to 
clarify and simplify the description, a typical embodiment of 
the system environment 100 may include thousands or mil 
lions of client devices 130 connected to image server 110 over 
the network 120. 

0022. The image server 110 receives images from the cli 
ent devices 130 and performs a wide variety of tasks related to 
storing and sharing the images. After a user contributes 
images to the image server 110, the contributing user can 
interact with the image server 110 to share the images with 
other users, organize the images into memory boxes, identify 
and tag people in the images, and perform many other tasks. 
In addition, the image server 110 can analyze the metadata of 
contributed images to find related images and perform facial 
recognition to automatically identify and tag recognized 
people in images. A detailed description of the image server 
110 is provided with reference to FIG. 2. 
0023 The network 120 relays communications between 
the image server 110 and the client devices 130. In one 
embodiment, the network 120 uses standard Internet commu 
nications technologies and/or protocols. Thus, the network 
120 can include link technologies such as Ethernet, IEEE 
802.11, IEEE 806.16, WiMAX, 3GPP LTE, integrated ser 
vices digital network (ISDN), asynchronous transfer mode 
(ATM), and the like. Similarly, the networking protocols used 
on the network 120 can include the transmission control 
protocol/Internet protocol (TCP/IP), the hypertext transport 
protocol (HTTP), the simple mail transfer protocol (STMP), 
the file transfer protocol (FTP), and the like. The data 
exchanged over the network 120 can be represented using a 
variety of technologies and/or formats including the hyper 
text markup language (HTML), the extensible markup lan 
guage (XML), etc. In addition, all or some links can be 
encrypted using conventional encryption technologies Such 
as the secure sockets layer (SSL), Secure HTTP (HTTPS) 
and/or virtual private networks (VPNs). In another embodi 
ment, the entities can use custom and/or dedicated data com 
munications technologies instead of, or in addition to, the 
ones described above. 

0024. The client devices 130 are electronic devices that are 
capable of communicating with the image server 110 over the 
network 120. For example, a client device 130 may be a 
Smartphone, a personal digital assistant (PDA), a tablet com 
puter, a laptop computer, or a desktop computer. A client 
device 130 may optionally include an integrated camera so 
that the device can be used to upload an image to the image 
server 110 directly after capturing the image. The client 
devices 130 are further used to display collections of images 
served to client device 130 by the image server 110. 
0025. A single user may use multiple client devices 130 to 
interact with the image server 110 using the same user 
account. For example, a user can use a first client device 130A 
(e.g., a Smartphone) to capture an image, and upload the 
image to the image server 110 using his or her user account. 
Later, the same user can use a second client device 130B (e.g., 
a desktop computer) to access the same user account and view 
images from the user's collection of images in the account. 
0026 FIG. 2 is block diagram of the image server 110 
depicted in FIG. 1, in accordance with an embodiment of the 
invention. The image server 110 includes an interface module 
202, a user account database 206, a metadata analysis module 
208, an image management module 210, an image store 212, 
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a memory box management module 214, a memory box 
database 216, a stack creation module 218, and a time line 
layout module 220. 
0027. The interface module 202 handles communications 
between the image server 110 and the client devices 130 via 
the network 120. The interface module 202 receives commu 
nications from users. Such as uploaded images and requests to 
share images and memory boxes, and passes the communi 
cations to the appropriate modules. The interface module 202 
also receives outgoing data, such as images and notifications, 
from the other modules and sends the data to the appropriate 
client devices 130, for example to display a user's images in 
a user interface display on a client device 130, such as the user 
interface depicted in FIG.9. 
0028. The user account database 206 stores user accounts 
that contain information associated with users of the image 
server 110. In one embodiment, each user account contains a 
unique identifier for the account, at least one piece of contact 
information for the corresponding user (e.g., an email 
address), and links to the user's accounts on external Social 
networking services (e.g., FACEBOOKR) or TWITTER(R). A 
user account can also be a shared account that contains con 
tact information, or social networking links corresponding to 
two users. Shared accounts allow two people (e.g., a married 
couple, close friends, or two people with some other relation 
ship) to access the image server 110 using the same user 
account while respecting that the two people are individuals 
with different identities. Since a user account is likely to 
contain sensitive data, the user account database 206 may be 
encrypted or Subject to other data security techniques to pro 
tect the privacy of the users. 
0029. The metadata analysis module 208 receives images 
and analyzes the metadata in the images to find related images 
in the image store 212. In one embodiment, the metadata 
analysis module 208 contains submodules that attempt to 
match individual types of metadata. For example, the module 
208 may contain a subject matching Submodule for finding 
other images that include the same people, a timestamp analy 
sis Submodule for finding other images that were taken at 
approximately the same time, and a location analysis Sub 
module for finding other images that were taken at approxi 
mately the same location. In alternative embodiments, the 
module may also contain Submodules for matching different 
types of metadata. The metadata analysis module 208 can 
then aggregate the results from the Submodules to generate a 
list of related images. 
0030 The image management module 210 manages the 
images in the image store 212. As used herein, an image is a 
media item that contains visual content, such as a photograph 
ora video captured by a user, and at least one item of metadata 
that describes the visual content. A detailed description of an 
example image 300 is presented below with reference to FIG. 
3. The image management module 210 can modify an item of 
metadata in an image after receiving a corresponding request 
from a user (via the interface module 202) or from a different 
module of the image server 110. The image management 
module 210 can also modify the visual content of an image. 
For example, the image management module 210 may scale 
images down, for example to a predefined maximum width. 
The image management module 210 also processes requests 
to add or remove images from the image store 212. An image 
is typically added to the image store 212 after a user uploads 
the image to the image server 110. In some embodiments, the 
image management module 210 may also create a copy of an 
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image that was previously added to the image store 212. The 
image management module 210 can remove an image from 
the image store 212 after receiving a request from the user 
who uploaded the image. 
0031. The memory box management module 214 creates 
and deletes memory boxes in the memory box database 216. 
As used herein, a memory box is an object that defines a 
collection of images in the image store 212, and a detailed 
description of an example memory box is presented below 
with reference to FIG. 4. After a new user account is opened, 
the memory box management module 214 automatically cre 
ates a primary memory box, and all of the user's uploaded 
images are added to the primary memory box by default. The 
memory box management module 214 can also create addi 
tional memory boxes for a user account. A user may submit 
requests to create additional memory boxes as a way of cat 
egorizing and organizing their images on the image server 
110. For example, a user might wish to create separate 
memory boxes for images of each of her children. Users may 
also Submit requests to delete memory boxes that they have 
created, and these requests are also processed by the memory 
box management module 214. 
0032. The memory box management module 214 also 
receives and processes requests to share memory boxes. After 
receiving a sharing request, either from the interface module 
202 or a different module of the image server 110, the 
memory box management module 214 accesses the requested 
memory box in the memory box database 216 and makes the 
requested change to the sharing settings of the requested 
memory box. 
0033. The stack creation module 218 can create and main 
tain stacks of related images for display to a user within a user 
interface. The stacks visually organize the display of images 
to a user in a user interface so that the user's display is not 
overly cluttered with many related images. Instead, by using 
stacks, the related images can appear as a vertical Stack of 
images having a cover image, and presenting a visual indica 
tion that distinguishes a stack from a single image, for 
example, by showing the border of several images slightly 
offset and behind the cover image to present the illusion of 
depth of a stack within the user interface. Examples of stacks 
are shown in FIG.9A, such as stack 909. The stacks may be 
manually initiated by a userby selecting images to be grouped 
into a stack, for example by dragging and dropping an image 
on top of one or more other images from within a user inter 
face, or the stacks may be automatically or semi-automati 
cally created by the stack creation module 218 through analy 
sis of the metadata 304 or image data 302. The images may be 
grouped into a stack by time, such as all images having a 
timestamp within a particular time window, wherein the time 
window may be user configurable to be short (e.g., on the 
order of a few seconds) or long (e.g., a day or a week). 
Alternatively or additionally, the images may be grouped into 
a stack by image similarity. Such as all images having similar 
image content in the image data 302 (e.g., similar group of 
people, similar pose, similar background, etc.) as determined 
through analysis by a third-party image comparison tool (not 
shown), or as determined based on the images being from a 
similar location and/or a perceptual match of the images. The 
stack creation module 218 may also determine which of a 
group of stacked images should be chosen as the cover image 
for the Stack, for example, by determining which image of the 
group is the highest quality. The highest quality image may be 
determined to be the image showing the face of a person that 
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appears frequently in the user's images at different times and 
locations (an "important person’ to the user), and where the 
important person's eyes are open, is Smiling, etc. The stack 
creation module 218 may also update metadata 304 corre 
sponding to each image to indicate that it is part of a stack, for 
example by assigning a unique stack identifier to each stack, 
and recording the respective stack identifier in the metadata 
304 of the images in the stack, and whether the image is the 
cover image of the respective stack. 
0034. The time line layout module 220 may be part of the 
image server 110, or in other embodiments, may reside in an 
application on the client devices 130. Regardless of its physi 
cal location, the time line layout module 220 formats the 
display of images according to time. Specifically, the time 
line layout module 220 may practice the method illustrated in 
FIG. 6 to layout images in a plurality of rows, which results in 
a layout such as shown in the example of FIG. 8, both of 
which are discussed in greater detail below. 
0035 FIG. 3 is a block diagram illustrating an example 
data structure for an image 300 Such as an image from the 
image store 212, in accordance with an embodiment of the 
invention. The image 300 contains image data 302 and meta 
data 3.04. 
0036. The image data 302 is the visual content of the 
image 300. As described with reference to the image store 212 
of FIG. 2, the image data 302 may be a photograph or a video. 
The image data 302 may be compressed using any combina 
tion of lossless or lossy compression methods known in the 
art, such as run-length encoding, entropy encoding, chroma 
Subsampling, or transform coding. The image data 302 may 
also include a stored perceptual value for images, such as a 
perceptual hash, for use in finding pixel-similar images. The 
stored perceptual data is used to find pixel-based similarities 
to determine if two images are duplicates or near duplicates. 
0037. The metadata 304 includes a contributor account 
identifier 306, sharing settings 308, location data 310, a 
timestamp 312, an activity 314, and tags of recognized people 
316. The metadata 304 may include additional or different 
information that is not explicitly shown in FIG. 3, such as 
identifying information for the camera that was used to cap 
ture the image data 302, the optical settings that were used to 
capture the image data 302 (e.g., shutter speed, focal length, 
f-number), the resolution of the image data 302, or a caption 
for the image 300. 
0038. The contributor account identifier 306 identifies the 
user account that was used to upload the image 300 to the 
image server 110. In one embodiment, the contributor 
account identifier 306 is the unique account identifier 
described with reference to the user account store 206 of FIG. 
2. Alternatively, the contributor account identifier 306 may be 
an item of contact information corresponding to the contribu 
tor account or some other piece of identifying information. 
0039. The sharing settings 308 is a list of identifiers for 
additional user accounts and sharing privileges that have been 
given to each additional user account. Sharing privileges 
specify the level of access that the contributing user has 
granted to the additional user accounts. For example, a first 
user account may only be allowed to view the image, whereas 
a second user may be allowed to view the image and add tags 
for additional recognized people 316. In general, the sharing 
settings 308 may be used to specify a different set of sharing 
privileges for each additional user account, and each set of 
sharing privileges specifies which items of metadata 304 the 
user account is allowed to change. Defining sharing settings 
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308 in the metadata 304 of an image 300 beneficially allows 
individual images 300 to be shared between users. 
0040. In an alternative embodiment, the sharing settings 
308 are omitted, and the sharing privileges granted to users 
are instead stored in association with the corresponding user 
accounts. In this case, each user account would include a list 
of identifiers for images 300 that have been shared with the 
user account, and the sharing privileges that have been 
granted to the user account for each image 300 would be 
stored in the user account in association with the correspond 
ing image identifier. In addition, a user may save a caption or 
Some other sort of user-specific annotation in association with 
an image identifier in his user profile. Saving captions and 
other user-specific annotations in the corresponding user pro 
files beneficially allows multiple users to assign different 
annotations to the same shared image 300. 
0041. The location data 310 is information that identifies 
where the image 300 was taken. The location data 310 may 
include, for example, coordinates from a global navigation 
satellite system (GNSS) which are retrieved and recorded by 
the camera at the time the image 300 is taken. Alternatively, a 
user may manually add GNSS coordinates to an image at 
some point after the image 300 is taken. The location data 310 
may also contain a textual location descriptor that provides a 
user-readable label for where the image 300 was taken. For 
example, the location descriptor may be “Home. “Soccer 
Field,” or “San Francisco. A user may manually add a loca 
tion descriptor. Alternatively or additionally, the location of 
an image can be determined in Some circumstances based on 
the IP address of the device used to upload the image at the 
time of capture of the image. For example, ifa user uploads an 
image from a Smartphone at the time of the capture, but the 
uploaded image does not contain geo-data, the IP address of 
the user's device at the time the user uploaded the image can 
be used to estimate the location of the image. 
0042. The timestamp 312 is the date and time at which the 
image data 302 was captured. The timestamp 312 may be 
retrieved from an internal clock of the camera and recorded at 
the time the image 300 is taken, or it may be manually added 
or modified by the user after the image 300 is taken. The 
timestamp 312 can be used for ordering images by the time 
that they were captured on a time line for display to a user, as 
will be described in greater detail with reference to FIG. 6. 
Additionally, timestamps can also be recorded when any 
changes to the image data 302 or the metadata 304 is stored. 
These timestamps can be useful in Synchronizing data that 
has been communicated to a client device, as will be 
described in greater detail with reference to FIG. 5. 
0043. The activity 314 identifies an event at which the 
image data 302 was captured (e.g., "soccer game.” “summer 
vacation.” “birthday party.” “high school graduation,” etc.) or 
an action in which the people in the image are engaged (e.g., 
"playing Soccer “swimming. "eating cake.” “graduating 
from high School.” etc.). A user may manually define the 
activity 314 based on pre-existing knowledge of the contextin 
which the image 300 was taken. For example, ifa user took a 
series of images at a Soccer game that occurred between 2 PM 
and 5 PM on Saturday at a local park, then the user can 
manually define the activity 314 for those images as "playing 
soccer or “soccer game' or “Saturday afternoon soccer 
game' or any other descriptive text for the activity that the 
user chooses. After the user uploads the image 300 to the 
image server 110, the metadata analysis module 208 may 
instead suggest or assign the activity 314 recorded for other 
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images having similar timestamps to be the activity for the 
image 300. For example, if the image store 212 contains 10 
images with timestamps within a 15 minute window that all 
have the activity 314 "playing soccer, when another image 
300 is uploaded with a timestamp within the same 15 minute 
window, the metadata analysis module 208 may suggest or 
assign the activity 314 "playing soccer as the activity 314 of 
the image 300. 
0044) The tags for recognized people 316 identify people 
who are shown in the image data. The tags 316 may be 
manually added by the user, automatically added by the facial 
recognition module (not shown), or added based on a combi 
nation of automatic facial recognition and user input. In one 
embodiment, the tags 316 are links to a corresponding facial 
recognition model in a facial recognition model storage. 
Alternatively, each tag 316 may simply specify a name for the 
recognized person. 
0045. In one embodiment, the metadata 304 is used in a 
multi-step process for determining if two images are dupli 
cates, even if they are in a different format, size, or encoding. 
First, the metadata 304 of the images are considered, includ 
ing file name, date, size, and source. Then, an MD5 Hash of 
each image is created. Finally, a perceptual match of the 
image is performed to determine if it is in face the same image 
as perceived by the user, but happens to be reformatted, 
resized, or in a different encoding. For videos specifically, a 
similar process can be performed, but for a pair of videos with 
different encoding, formats, and resolutions, rather than the 
MD5 hash match, a perceptual match is performed instead. A 
sampling of static frames from the same points in each of the 
Videos is extracted and compared using perceptual pixel 
matching. 
0046. In one embodiment, the recognition of duplicates or 
near duplicates is useful so that rotations and tagging applied 
to one of a group of highly similar images can be automati 
cally applied to the others. Thus, if a user tags (with recog 
nized people, location, and/or activity) and/or rotates an 
image that has a very similar perceptual match and/or capture 
time to other images, the metadata analysis module 220 may 
Suggest to the user or automatically apply the same adjust 
ments to the other images. 
0047 FIG. 4 is a block diagram illustrating an example 
data structure for implementing a memory box 400 from the 
memory box database 216, in accordance with an embodi 
ment of the invention. As illustrated, the example data struc 
ture includes links to images 402, a contributor account iden 
tifier 404, and sharing settings 406. 
0048. The links to images 402 identify images 300 in the 
image store 212 that are in the memory box 400. Thus, an 
image 300 is added to the memory box 400 when a link to 
the image 300 is added to the image links 402, and an image 
300 is removed from the memory box 400 when the corre 
sponding link is removed. In an alternative embodiment, the 
memory box 400 may hold a copy of the images instead. 
However, using links 402 is beneficial because the same 
image can be used in multiple memory boxes without being 
copied multiple times. This reduces the amount of Storage 
space that is used on the image server 110 and maintains a 
single set of metadata 304 for the image. 
0049. The contributor account identifier 404 identifies the 
user account for which the memory box 400 was created. 
Similar to the contributor account identifier 306 described 
with reference to the image 300 of FIG. 3, the contributor 
account identifier 404 in a memory box 400 may be the 
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unique account identifier described with reference to the user 
account store 206 of FIG. 2. Alternatively, the contributor 
account identifier 404 may be an item of contact information 
corresponding to the contributor account or some other piece 
of identifying information. The user account identified in the 
contributor account identifier 404 has full access privileges to 
the memory box 404 and is able to add and remove image 
links 402 and modify the sharing settings 406 of the memory 
box 400. 
0050. Similar to the sharing settings 308 of the image 300 
described with reference to FIG. 3, the sharing settings 406 
for the memory box 400 is a list of identifiers for additional 
user accounts and a set of sharing privileges that have been 
given to each additional user account. A set of sharing privi 
leges defines the specific read/write privileges of an addi 
tional user. For example, a set of sharing privileges may 
specify whether a user is allowed to add images, remove 
images, or modify images in the memory box 400 (e.g., by 
adding tags for recognized people or modifying other meta 
data). A set of sharing privileges may also specify whether a 
user is allowed to view every image in the memory box or 
only a subset of the images in the memory box 400. If the user 
is only allowed to view a subset of the images, then the 
sharing privileges may define the Subset. Alternatively, the 
Subset of images may be predefined (e.g., images that were 
taken at a particular location, on a particular date, etc). 
0051. As described above with reference to the sharing 
settings 308 of the image 300 in FIG. 3, the sharing settings 
406 of the memory box 400 may omitted in favor of storing 
the sharing privileges for memory boxes 400 in association 
with the corresponding user accounts. Thus, each user 
account in the user account database 206 would include a list 
of identifiers for memory boxes 400 that have been shared 
with the user account and the corresponding sharing privi 
leges that have been granted. 

Serving Images to Clients 
0052 FIG.5 is a flow chart illustrating a method of serving 
images for display on a client device 130, in accordance with 
an embodiment of the invention. The method can be advan 
tageously used to speed the delivery of images and related 
data over a network 120 for display on a client device 130, and 
to conserve the amount of bandwidth consumed by updating 
the images and related data on the client device 130. 
0053. In step 501, for each stored image, a unique identi 

fier for the image and parameters associated with the image 
are converted into a binary string. Examples of parameters 
may include parameters from the metadata 304, and/or a 
variety of other parameters. Specific examples of parameters 
include: whether the image is from a photo or video, whether 
the image is enhanced or not, what the Source of the image is, 
whether the image is rotated or not, whether the image is 
stacked or not, whether it is the cover image of a stack or not, 
the timestamp from when the image was created, the times 
tamp from when the image was imported to the image server 
110, etc. By converting the unique identifier for the image and 
the parameters associated with the image into a binary String, 
the relevant information can be conveyed in an efficient pack 
age and the overall size of the data conveyed is much smaller. 
In Some cases, the binary String is represented in hexadecimal 
notation to make the string more compact. 
0054. In step 502, responsive to a received request from a 
client device 130 for display of images, a timestamp is set. 
This timestamp marks the time at which the client request was 
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received. The client request may specify only a Subset of 
images in a memory box 400 through the user's account at the 
image server 110 that the user wants to view. For example, the 
client request may be as a result of a query for images that 
satisfy a certain metadata criterion or combinations of meta 
data criteria, Such as the people in the images (recognized 
people 316) the location in which the images were taken 
(location data 310), and/or the activity shown in the images 
(activity 314). Additionally or alternatively, the client request 
may specify only images from within a particular timeframe 
that a user wants to view on a time line, or the starting 
timeframe may be set by default (e.g., a default of images 
from this month, images from this year, etc.). 
0055. In step 503, all requested images are served to the 
client with the respective binary strings. Although the com 
pactness of the binary string reduces the amount of data that 
is transferred over the network 120 when the requested 
images are served from the image server 110 to the client 
device 130, the amount of data in the binary string is dwarfed 
by the size of the image data 302 for the requested images. 
The requested images and the respective binary strings 
received from the image server 110 are stored in local cache 
on the client device 130. 
0056. In step 504, updates to the stored images and the 
associated parameters are recorded by the image server 110. 
including the respective time of the update. The updates can 
include new images uploaded to the image server 110, or 
changes to metadata of the images. 
0057 Subsequently, in step 505, responsive to the next 
received request from the client device 130 for the display of 
images, all the updates since the previously set timestamp are 
served to the client device 130, and a new timestamp is set. In 
this way, only the changes to stored images and associated 
parameters since the last request for images from that client 
device 130 are communicated to the client device 130, rather 
than serving the entire set of images with their respective 
binary strings again. By serving only the information delta 
representing the incremental changes to the stored images 
and associated parameters since the last set timestamp, sig 
nificantly less data is transferred between the image server 
110 and the client device 130, thus conserving bandwidth and 
processing resources. In cases where the image data 302 is 
unchanged from the previously set timestamp, and merely 
one or more associated parameters are changed, it is unnec 
essary to send another copy of the image data 302 to the client 
device 130. Rather, only the updated respective binary string 
is sent instead. As indicated by the arrow looping from step 
505 back to step 504 in the flow chart illustrated in FIG. 5, 
steps 504 and 505 can be iterated as additional updates are 
recorded by the image server 110, and Subsequent requests 
for the display of images are received. Each time, only the 
updates since the previous timestamp need to be served in 
order to ensure that the client device 130 has the most current 
version of the images and associated parameters available 
from the user's account. 

Laying Out Images Based on Time 
0.058 FIG. 6 is a flow chart illustrating a method for laying 
out images based on time in a plurality of rows for display 
within a user interface, in accordance with an embodiment of 
the invention. In one implementation, the method illustrated 
in FIG. 6 is performed by a time line layout module 220 of an 
image server 110. In other implementations, the method illus 
trated in FIG.6 may be performed by a similar module resid 
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ing on a client device 130. It is assumed that the module 
performing the lay out has access to the images and a respec 
tive timestamp for each image that indicates when the image 
was created. 

0059. In step 601, the time line layout module 220 finds 
the next image in order by time by referencing the timestamps 
of the images. For convenience, all images to be laid out may 
be first ordered by their timestamps so that they are queued for 
quick placement. Otherwise, the next image in order by time 
may be identified from the remaining images to be laid out 
each time step 601 is iterated. At the beginning ofbuilding the 
layout, the next image may be the closest image in time to a 
user-provided or default first end of the time line. However, 
the first end of the time line can either be the most recent end 
of the timeline or the oldest end of the timeline. In other 
words, the time line can be built from a point in time forward 
in time or from a point in time backward in time, depending 
on the user's preferences. Likewise, the time line can be built 
horizontally or vertically, depending on the user's prefer 
ences. For clarity, this description will refer to a horizontally 
oriented timeline. This description will use the term “row” to 
refer to horizontally oriented rows for a horizontally oriented 
time line and also use the term “row” to refer to vertically 
oriented columns in a vertically oriented time line. 
0060. In step 602, the shortest row of a plurality of rows is 
determined based on an accumulated length of each row. At 
the beginning, all rows may be Zero in length, but as images 
are added to the rows, they will grow in length. In a horizon 
tally oriented time line, each row will grow in lateral extent by 
the width of an added image plus the width of a border or 
blank space between the previous image in the row and the 
added image. In a vertically oriented time line, each row will 
grow in Vertical extent by the height of an added image plus 
the height of a border or blank space between the previous 
image in the row. The accumulated length of each row is the 
sum of the widths of the images in the row plus the sum of the 
blank space between each of the images in the row. In cases 
where two rows are the same length, the tie may be broken in 
favor of the row closest to the top of the user interface for 
horizontally oriented timelines or closest to the left of the user 
interface for vertically oriented timelines. 
0061. In step 603, the image is placed in the shortest row. 
The placement of the image in the row may be spaced so as to 
maintain a border or blank space between the previous image 
in the row and the newly placed image, and the borders or 
blank spaces between each image in the various rows may be 
approximately the same to provide a cohesive and visually 
pleasing layout. 
0062. As indicated by the arrow looping from step 603 
back to step 601 in the flow chart illustrated in FIG. 6, steps 
601-603 can be iterated until there are no more images to 
layout based on time, or at least until a sufficient number of 
images have been placed in the plurality of rows to fill a 
screen of the client device 130 that is used to display the 
layout. Because the images vary in dimensions, the resulting 
visual display of the images in the user interface based on the 
layout method of FIG. 6 does not resemble grids that are 
commonly used in the prior art. An example of a prior art grid 
layout of 15 images is shown in FIG. 7. In this example, image 
15 is the newest and image 1 is the oldest. The dotted lines 
divide the display into approximately equal sections where 
the images 1-15 of various sizes are centered. FIG. 8 is an 
example of a non-grid layout of images in a plurality of rows, 
in accordance with an embodiment of the invention. This 
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example applies the method of FIG. 6 to lay out the same 15 
images from FIG.7 into three horizontally oriented rows 801, 
802,803, wherein the border or blank space 808 between each 
image in each of the rows is approximately the same. In this 
example, note that as the method places the images 15-8 into 
the rows 801, 802, 803 (moving backward in time while 
reading from right to left), when it is time to place image 7 
into a row, it is noted that the accumulated length of row 801 
(comprising the width of image 15, the width of image 12, the 
width of image 9, and two blank spaces between the images) 
is shorter than the accumulated length of row 802 (comprising 
the width of image 14, the width of image 11, the width of 
image 8, and two blank spaces between the images) and 
shorter than the accumulated length of row 803 (comprising 
the width of image 13, the width of image 10, and one blank 
space between the images). Thus, image 7 is placed into row 
801. Subsequently, image 6 is placed into row 803 because 
803 became the new shortest row with the placement of image 
7 in row 801, and so on until all of the images to be displayed 
are laid out. 

0063. In one embodiment, the method only lays out 
images that the user can currently view on the screen of the 
client device 130, and waits for the user to scroll in either 
direction to lay out further images in that direction. In another 
embodiment, the method lays out images that the user can 
currently view on the screen of the client device 130 plus an 
off-screen margin on either side of the current view, so that 
Small changes of the view in either direction (e.g., by the user 
scrolling slightly to the left or right) can be accommodated 
without need to perform further layout of images. 
0064 FIG. 9A is another example of a non-grid layout of 
images in a plurality of rows 901-903, including some images 
organized into stacks (e.g., stack 909), in accordance with an 
embodiment of the invention. The example of FIG. 9A 
includes both photographs (e.g., photograph991) and videos 
(e.g., video 992) organized by time. FIG. 9B is another 
example of a non-grid layout of images in a plurality of rows 
904-905, with a timeline displayed 910 between the rows 904 
and 905. The markers on the time line 910 indicate the date 
that the associated images were captured. In this example, all 
images captured on the same day are grouped together, for 
example by including one image from the day in a larger size 
(e.g., large image 911 taken Feb. 19, 2012) and the remaining 
images from the same day as a series of images in Smaller size 
(e.g., small images 912, 913) in a grid pattern next to the 
larger image, inaccordance with an embodiment of the inven 
tion. The non-grid layout of the larger images in the two rows 
904 and 905 above and below the timeline 910 may follow the 
technique described above with reference to FIG. 6. 

Physical Components of a Computer 

0065 FIG. 10 is a block diagram of the components of a 
computing system 1000 for use, for example, as the image 
server 110 or client devices 130 depicted in FIG. 1, in accor 
dance with an embodiment of the invention. Illustrated are at 
least one processor 1002 coupled to a chipset 1004. Also 
coupled to the chipset 804 are a memory 1006, a storage 
device 1008, a keyboard 1010, a graphics adapter 1012, a 
pointing device 1014, a network adapter 1016, and a camera 
1024. A display 1018 is coupled to the graphics adapter 1012. 
In one embodiment, the functionality of the chipset 1004 is 
provided by a memory controller hub 1020 and an I/O con 
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troller hub 1022. In another embodiment, the memory 1006 is 
coupled directly to the processor 1002 instead of the chipset 
1004. 
0066. The storage device 1008 is any non-transitory com 
puter-readable storage medium, Such as a hard drive, compact 
disk read-only memory (CD-ROM), DVD, or a solid-state 
memory device. The memory 1006 holds instructions and 
data used by the processor 1002. The pointing device 1014 
may be a mouse, track ball, or other type of pointing device, 
and is used in combination with the keyboard 1010 to input 
data into the computer 1000. The graphics adapter 1012 dis 
plays images and other information on the display 1018. The 
network adapter 1016 couples the computer 1000 to a net 
work. 
0067. The camera 1024 captures digital photographs and 
videos. As is known in the art, the camera 1024 includes an 
image sensor and an optical system (e.g., one or more lenses 
and a diaphragm), in addition to other components. The cam 
era 1024 may also include a microphone for capturing audio 
data, either as standalone audio or in conjunction with video 
data captured by the image sensor. In one embodiment, the 
camera 1024 is a separate computing device with its own 
processor, storage medium, and memory (e.g., a point-and 
shoot or DSLR camera), and the camera 1024 is coupled to 
the I/O controller hub through an external connection (e.g., 
USB). Alternatively, the camera 024 may be a component of 
the computing system 1000 (e.g., an integrated camera in a 
smartphone, tablet computer, or PDA). 
0068. As is known in the art, a computer 1000 can have 
different and/or other components than those shown in FIG. 
10. In addition, the computer 1000 can lack certain illustrated 
components. In one embodiment, a computer 1000 acting as 
a server may lack a keyboard 1010, pointing device 1014, 
graphics adapter 1012, display 1018, and/or camera 1024. 
Moreover, the storage device 1008 can be local and/or remote 
from the computer 1000 (such as embodied within a storage 
area network (SAN)). 
0069. As is known in the art, the computer 1000 is adapted 
to execute computer program modules for providing func 
tionality described herein. As used herein, the term “module' 
refers to computer program logic utilized to provide the speci 
fied functionality. Thus, a module can be implemented in 
hardware, firmware, and/or software. In one embodiment, 
program modules are stored on the storage device 1008, 
loaded into the memory 1006, and executed by the processor 
10O2. 
0070 Embodiments of the physical components 
described herein can include other and/or different modules 
than the ones described here. In addition, the functionality 
attributed to the modules can be performed by other or dif 
ferent modules in other embodiments. Moreover, this 
description occasionally omits the term “module' for pur 
poses of clarity and convenience. 

Additional Configuration Considerations 
0071. Some portions of the above description describe the 
embodiments interms of algorithmic processes or operations. 
These algorithmic descriptions and representations are com 
monly used by those skilled in the data processing arts to 
convey the substance of their work effectively to others 
skilled in the art. These operations, while described function 
ally, computationally, or logically, are understood to be 
implemented by computer programs comprising instructions 
for execution by a processor or equivalent electrical circuits, 
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microcode, or the like. Furthermore, it has also proven con 
Venient at times, to refer to these arrangements of functional 
operations as modules, without loss of generality. The 
described operations and their associated modules may be 
embodied in Software, firmware, hardware, or any combina 
tions thereof. 

0072 The present invention also relates to an apparatus for 
performing the operations herein. This apparatus may be 
specially constructed for the required purposes, or it may 
comprise a general-purpose computer selectively activated or 
reconfigured by a computer program Stored on a computer 
readable medium that can be accessed by the computer. Such 
a computer program may be stored in a computer readable 
storage medium, Such as, but is not limited to, any type of disk 
including floppy disks, optical disks, CD-ROMs, magnetic 
optical disks, read-only memories (ROMS), random access 
memories (RAMs), EPROMs, EEPROMs, magnetic or opti 
cal cards, application specific integrated circuits (ASICs), or 
any type of computer-readable storage medium Suitable for 
storing electronic instructions, and each coupled to a com 
puter system bus. Furthermore, the computers referred to in 
the specification may include a single processor or may be 
architectures employing multiple processor designs for 
increased computing capability. 
0073. As used herein any reference to “one embodiment' 
or “an embodiment’ means that a particular element, feature, 
structure, or characteristic described in connection with the 
embodiment is included in at least one embodiment. The 
appearances of the phrase “in one embodiment in various 
places in the specification are not necessarily all referring to 
the same embodiment. 

0074 As used herein, the terms “comprises.” “compris 
ing,” “includes.” “including.” “has.” “having or any other 
variation thereof, are intended to cover a non-exclusive inclu 
Sion. For example, a process, method, article, or apparatus 
that comprises a list of elements is not necessarily limited to 
only those elements but may include other elements not 
expressly listed or inherent to such process, method, article, 
or apparatus. Further, unless expressly stated to the contrary, 
“or refers to an inclusive or and not to an exclusive or. For 
example, a condition A or B is satisfied by any one of the 
following: A is true (or present) and B is false (or not present), 
A is false (or not present) and B is true (or present), and both 
A and B are true (or present). 
(0075. In addition, use of the “a” or “an are employed to 
describe elements and components of the embodiments 
herein. This is done merely for convenience and to give a 
general sense of the disclosure. This description should be 
read to include one or at least one and the singular also 
includes the plural unless it is obvious that it is meant other 
W1S. 

0076. Upon reading this disclosure, those of skill in the art 
will appreciate still additional alternative structural and func 
tional designs for performing the embodiments of the inven 
tion. Thus, while particular embodiments and applications 
have been illustrated and described, it is to be understood that 
the present invention is not limited to the precise construction 
and components disclosed herein and that various modifica 
tions, changes and variations which will be apparent to those 
skilled in the art may be made in the arrangement, operation 
and details of the method and apparatus disclosed herein 
without departing from the spirit and scope as defined in the 
appended claims. 
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What is claimed is: 
1. A computer-implemented method for storing and Serv 

ing images and associated properties, the method comprising: 
storing images in a computer system, wherein the images 

are associated with unique identifiers and parameters; 
for each of the stored images, converting a unique identifier 

and parameters associated with the image to a binary 
String: 

responsive to a first request from a client for display of a 
first set of the stored images, setting a first timestamp; 

serving the first set of the stored images and their respective 
binary strings to the client; 

recording updates to the stored images and associated 
parameters, and respective times for the updates; and 

responsive to a second request from the client for display of 
a second set of the stored images, serving the updates 
since the first timestamp and respective times for the 
updates. 

2. The computer-implemented method of claim 1, further 
comprising: 

creating at least one stack of images from the images stored 
in the computer system, wherein the first request or the 
second request from the client specifies to display a 
stack of images stored in the computer system. 

3. The computer-implemented method of claim 2, wherein 
the parameters associated with the stored images includes a 
unique stack identifier for the at least one stack of images. 

4. The computer-implemented method of claim 2, wherein 
the updates include identifications for a recently created Stack 
of images. 

5. The computer-implemented method of claim 2, wherein 
the parameters associated with the stored images specify 
whether the image is a member of a stack of images. 

6. The computer-implemented method of claim 2, wherein 
the parameters associated with the stored images specify 
whether the image is a cover image of a stack of images. 

7. The computer-implemented method of claim 2, wherein 
the at least one stack of images is automatically created by the 
computer system based on a predetermined criterion. 

8. The computer-implemented method of claim 1, further 
comprising: 

responsive to the second request from the client for display 
of the second set of the stored images, setting a second 
timestamp; and 
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recording additional updates to the stored images and asso 
ciated parameters, and respective times of the additional 
updates. 

9. The computer-implemented method of claim 8, further 
comprising: 

responsive to a third request from the client for display of 
images, serving the additional updates since the second 
timestamp and the respective times of the additional 
updates. 

10. The computer-implemented method of claim 1, 
wherein the binary string is represented in hexadecimal nota 
tion. 

11. The computer-implemented method of claim 1, 
wherein the first request or the second request from the client 
specifies to display stored images within a particular time 
frame. 

12. The computer-implemented method of claim 1, 
wherein the first request or the second request from the client 
specifies to display stored images taken at a particular loca 
tion or locations. 

13. The computer-implemented method of claim 1, 
wherein the first request or the second request from the client 
specifies to display stored images associated with a particular 
activity. 

14. The computer-implemented method of claim 1, further 
comprising: 

storing the unique identifiers of the images in a plurality of 
memory boxes in the computer system, wherein the first 
request or the second request from the client specifies to 
display stored images associated with one of the plural 
ity of memory boxes. 

15. The computer-implemented method of claim 14, fur 
ther comprising: 

storing sharing privileges for images associated with each 
memory box, wherein the sharing privileges define 
whether images specified in the first request or the sec 
ond request are allowed to be shared to a user. 

16. The computer-implemented method of claim 1, 
wherein the updates include images which are recently stored 
in the computer system after the first timestamp. 

17. The computer-implemented method of claim 1, 
wherein the updates include changes to metadata associated 
with the images stored in the computer system. 
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