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Abstract. In most major search enginehe interfacefor image searclis the
same adraditional Web search:a keyword query followed by paginated,
ranked list of resultsAlthough many image search innovatiohave appeared

in both the literature and on theeb, few have seen widespread use in practice.
In this work, we explore the differences between imageganéralWeb search
tobete r s uppor t Firstsvedesribbesameumidus characteristics of
image search derived througiformal interviews with researchers, designers,
and manageregesponsible fobuilding and deploying a majd/eb search e-
gine Then, we present resuliom a large scale analysef image andWeb
search logs showing the differences in user behavidrounded in thesebe
servations, we present design recommendations for an image search engine
supportive of the unique experience of image search. Weeitenad number of
designsanddescrite afunctionalprototypethat we built
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1 Introduction

Mostmajor search engingseatgeneralWeb searchand image searorery similaty.

A searcher types in one or more keywords into a text box and ragoétar in a paig

nated viewordered by ranking algorithmghat arelargely based on texél features.
While the experience for image akéeb search are similar, we believe that there are
important differences that are not wedicognized oexploitedby search engine pf
viders.The goals of searchers using image search are likely quite different from those
using generalWeb search. In addition,mages occupy a higtimensional semantic

and visual space that could be used to improegrieval and the presentation
of/interactionwith search results.

Researchers have introducethny innovations in retrieval for image search (e.g.,
textual and visual featurg®], distance measurd®0], clustering[21], queryby-
image etc), althoughfew of these techniqueare used in practice in major image
search enginedn contrast to the excellent work in retrieval techniqubsye has
been littleresearch in understanding image search behaviour, particularly in Gempar
son to Web searciWe believe we can contribute more immediate valueclgsting



existing technologiesleployedfor image searchvithin a new interface and ietec-
tion model designetbr the unique aspects of the image search experience

In this paper wexplore ways to design mocempelling image seah experience
by sharing two main contribution$irst, we conductednformal interviews with
researchers, designers, and managenking to develop and deploy major can-
mercial search engine. From these interviews, we derived four main characteristics
that make image search unique fromWseb search counterpart. Following thiae
alsoreport on a largscale analysis of query logs characterise some of the diffe
ences between image aiWdeb searchin the user activity ofa major commercial
search enginésecond, bsed on these observations, gemerate dggn recommend-
tions for interfaces tuned for the needs of image sedmiexemplify these reguo-
mendations we describe dunctional prototype interface formage searchhat we
designed to support the unique features of insagech.

In the following sections, we review the literature @odneexistingimage search
engines We then describéhe methodology and resultsf our interviews and query
log analysis. Weletailhow theseesultsform the basis fothe desig of a new image
searchinterface We conclude with recommendations for evaluation and future.work

2 Related Wak

2.1Image Search Engines

The majorWeb search engines(g. Google, YahooBaidu, Microsoft Live, Askall

provide a similar experiencéor image searchkeywordbased queryesulting in a
grid of image thumbnailsvarious queryrefinements aravailabk, including image
size, aspect ratio, coloand different kinds of content (e.gillustrations or images
containing dace.

Besides the major search enginégré are a wide range of specialised, original or
experimentaimagesearch enginesn theWeb (we countecat leasttwenty-one and
imagine there arenany otherd. Though space precludes a full listingree of the
most interesting exampleare: captivating colour searcfiL3], in which images are
returned based purely on one or two chosen caldtieswzi [19], which presents
resul ts i n a iiflippmd therpagesfof adcookbeok siiten searching for
recipes, a combined photo and tag cloud, an Amazon book aiethGetty Catalyst
search 8], which leverages rich ontological and tag metadata to provide easg-refin
ment of searches.

While thereare a number afhnovative image search engindsey terd to either
be purely aesthetidriven or cater to niche communitieseither of whichincreags
functionalty for the average image search&@ur goalin this workis to explore a
design space that allovegppealingaesthetic treatment while stilupporing greater
efficiency in thetaskcentricbehaviour seen ithelarger search engines



2.2 Impr oving Retrieval and Presentation of Images

The majority ofacademiowork on image searchas focused on ba&nd technal-
gies.Suchimprovements include similarity space projecti@6][in whichimages and
gueries are projected into a third space such that relevant images are kept close to the
corresponding query; a framework to reduce the semantic gap in cbatst image
retrieval P0]; and automatic image annotation through a dorspicific ontology
[7]. Though all are promisinghese techniquesanface serious challenges Yueb
scaleimplementationandas far as we can telipne have seen commercial use.

A number of projects utilise new user interfaces to exploit work on the-draatk
In many cases, these comprise differefmgual representations efariousclusteing
techniques 7,3,5,21]. Other innovations in feature extraction have led to different
interfaces Liu et al.[15] display a one page overview adsults, with thumbnails
cropped to regions of interest based on-level features, andimilar images &-
playedneareach otherln Visual Islandg25], raw features are mapped to a 2D space,
and the images are snapped to a grid maintaining spatial layout of the 2DEBpace
joyPhoto P6] presents aubset of 'highguality' images scraped from forums with rich
metadataandthe user interface utdesfish-eye and force transfer implentations
for in-place browsing

CueFlik [6] is an interactive machinkarning interfaceto create rules for re
ranking images based on image characteristitected from representative examples
the searcher providebtentSearch4] categoriesa query image into one of several
predefined intention categoriewjth a specific similarity measure used inside each
category to combine image features forramking At the end of 2008, Microsoft
Live I mage Search released a feature allowing a
t h iHewever, he user interface remaid essentiallynchanged

To our knowledge, fewapes have focusegurely on supporting the image search
user experience through novel user interfaces. One exception to this is work by Porta
[18], which describes sever#échniques fopresenting allmageswithin a collection
in a short timeo support users who do not know precisely what to search for.

In summary,although there are manpnovativeimage retrievatechnologies in
the literature, the major search engines have been slow to adopt them. In order to
provide aWeb-scalable prototype that performs well for most scenarios of image
search (i.e. the long tail), we chose not to focus on complex retriewlthaigs, but
instead on presenting current search technologies within a new user interface and
interaction setting that is specifically designed for the unique qualities of image
searchHowever, to better understand those unique qualities,nécessarto unde-
stand how users actually use current technologies to search for images.

2.3.Image Search Usage

Previous work on understanding image seatcategieshas largely focused on sla
sifying the kinds of querieposed by professional#\nalysis of image rguests of
journalists[17] found thatover half were for a namegberson orobject, and that
browsing was an essential strategy, though it wageoerally wellsupported. Sitn



larly, a study of a newspaper image archi@?] indicatedthat around 40% ofer

guests were for a named person, with a significant number of redaegfeneral
objects or themedn a study ofqueries to a commercial database fgfessional
users[14], proper nouns accounted for only 9% of queries, whereassnaccounted
for around 50% of searcheandagainbrowsing and exploratiomere seen to be
undersupported

The most relevant work in understanding image sebettaviourwas undertaken
in 2001by Goodrum and SpinkLD] using the Excite search engirighey found that
image queries contained on average 3.74 words (though at least one of these was the
image requestterm e . g. O pi ¢ Theyasdreported high peecantage of
unique terms, and that modification of queries was common (accounting for 60% of
queries). An analysis of image search patte@jsfqund thatthe most commonly
occurring patterns were rapid browsing of thumbnaiigl individual imagesHung
[12] analysed search activities of journalism studamitfound that most activities in
all tasks were related to browsing and enlarging images. Finally, a recent query log
analysis 6] showed that more than 20% of imagersbajueries are related to bc
tion, natureand daily life categories.

The above work underlines the importance of flexible query modification and rapid
browsing in the practice of image search. Like gen@f/ab search, image search
appears to beised by a wide variety of people in support of many different tasks.
However, much of the detailed query analysis was done on search logs that were
collected at the dawn of th&eb. Current commercidlVeb search engines now have
dedicated image search tieals, and the number and variety of people using these
services is dramatically larger than it was in 20@8 a result, we believe it would be
helpful to explore howVebsearch and image search differ with current interfaces.

3 Understanding Characteristicsand Usageof Image Search

3.1 Informal Interviews to Characterise Unique Goals and Intent

To better understarttie fundamental characteristics of image seametspokewith 8
researchers, designers, andnagers associated witive Image SearchFrom these
discussions, we derived 4 characteristics of image search that may be relevant for
interface design.

1) The search results t hemémdesecarchlikengey f ul f i | a us
eralWebsearch can be both exploratory (information abarttatthe Louvre) or
goakdi rected (looking for a specific fact or im

to the query anbe found in the results paf@ either image oWebsearch and a
user need never click on any res@ne might find theanswer tothe query,
AWhen was t he thedaxtwiresult snipgetlintWelsearcm Sira
larly, the queryi What does the pyramid at the Louvre | o
just by examining a page of thumbnaisurned by an image search
2) Image search is often more exploratory thdeb search. Searchers may bekeo
ing for an image with a particular visual &ést)
or with certain characteristics, and they may not be able to express #&iose r



quirements untilthe desired image is found. This type of exploratory search
within the rich visual feature space of images is not well supported today.

3) Image search is often used purely for entertainment to play or explore in visual
space with no end goal. We see examplethis inFlickr6 8 | nt er est i ng
page, or the playful image search sites that allow search by something abstract
such as colouf13]. The inherently visuahature of image search lends itself-pa
ticularly well to the artful presentation of results.

4) Image search encourages tangents. Related to the previous point, the adsual n
ture of image search makes it very easy to become sidetracked when something
else ofinterest catches their eye, even if the initial query is-tasksed. And if a
searcher is browsing for entertainment, this kind of tangent is actlesdiyed

3.2 Search Log Analysis to Understand UseBehaviour

Building on findings in the interviewswe conducted large scale analysis of search
logs from the same search enginesHts presented in this paper degivedfrom a
one day sample (October12008, allowing a broad view aéver 55 million queries.
The logs contaimnonymisednformationaboutthe query, the number of result pages
seen, the number and location of clickad time spent looking at resulf® remove
variability caused by geographic and linguistic variation in search behaviour, we
filteredto only queries generated in thedlish speaking United States 13Gxale

We examined search activity at two @ifént levels of granularitythe query level
(i.e., an individual query with a nungp of result page viewsandthe session level
(i.e., multiple queries within a single sess)j. We demarcatedessiondy 30 minutes
of no activity (as used iref]). For both image anw/eb search, we exploredrsilar
guestionsat each level of granularity.

Tablel shows the query level statistics comparing image\Vded searchThe sta-
tistics fora single query incorporate afiteractions within that querfe.g., clicking a
result, clicking to see the next pagahd are resethena new query is issueéirst,
we see that thaverage number of result clicks per query is higher for insegech
than Web search Second, lte average depth (humber afnsecutiveresults pages
viewed for a single query) for image searcimigre tha twicethat ofWeb search. If
we filter tolook only atthe queries thabadresult clicks therebyexcludng all que-
ries in which the user jusbokedat resultson the results page without clickintnen
we see thaB0% of all queries for image search contained a result click, significantly
lower than the 43% foWweb search However,when a query did contain a clickn-
age queriebadmore clicks thatWebqueries.

Overall, the dwell timeife., the amount of time aser spends viewing a page of
search resuljswas significantly higher for image thaieb queries.

11t should be noted that inive Image Searclpagination is implemented through a continuous
scrolling mechanism, so total depth may be somewhat inflated over search engines with a
strict click-basedpagination. However, the general trend of increased average depth confirms
intuitions in discussions and the difference is quite dramatic.
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Table 1. Comparison of search log statistics at the query level, for imagé/abdearches.

Query level Image Web
Avg. depth 3.47 1.25
Median depth 2 1
Avg. clicks 0.73 0.63
Median clicks 0 0

% with > 0 clicks 30% 43%
Avg. clicks 25 15
Median clicks 1 1
Avg. dwell time (s) 85 52

Table2 details thesessiodevel statistics for the same measwshewnin Tablel. A
sessiorconsistsof a set of queriessued by a user in near temporal proximitie
sessiorends when there is a petiof inactivity ofat least30 minutesbetween ge-
riesfor a given (anonymous) DAt this level we are able to gain a broader view of
userbehaviouy focusing orthe number ofjueries issued within a session, and which
of those queries contained cliobs search results

At the session level, avseehat, on averagemorequeriesare issud and more e-
sults are clickedh an image seardmana Web searchsessionSecondeven though a
higher proportion of image search sessioesulted in no search result clickbe
average number of clicks for image search was significantly higher thawdor
searchamong sessions with a clickinally, echoingfindings atthe query level, the
average dwell time for a session was significantly longer for imageWedrsearch.

Table 2. Comparison of search log statistics at the session level, for imagietmsearches.

Session level Image Web
Avg. queries/session 2.45 1.59
Median queries/session 1 1
Avg. clicks per session 1.87 0.96
Median clicks/session 0 0

% with > 0 clicks 35% 42%
Avg. clicks 5.4 2.3
Median clicks 3 1
Avg. dwell time (s) 312 109

There areseveralreasongthat multiple queriesmay appeain a sessionincluding
different kinds of query refinemenaind consecutive unrelated searchiesorder to
understand thibehaviour we manually examineduery text fromaround 1000 s
sionschosen randomlfrom both imge andWeb search logs that contained sessions

of two or morequeriesWe t er m t h e s.&Ve datpgoase theminto8i | s 6
groups, thoseontainingunrelated tangentiallyrelated or obviouslyrelatedqueries

Though there is some overlap betwekase categories and the classification Is-su
jective, this schemegrovides a reasonable estimate of the progression of search terms
within a sessionTable3 displays the breakdown of classification, with examples.



Table 3. Classification and examples éarch log queries.

Query trail classif- Image Web Example

cation

Unrelated 20% 35% reebok3 family guy;
fitnessY deal or no deal

Tangential 10% 5% horned izardY horned lizard desert
Y desert color

Related 70% 60% spidersY hawaiian spiders

Y hawaiian sugarcane spiders

The majority ofquery sessionfor both image andVeb search comprisa trail of
relatedqueries although there are somewhat more for image thakVigln searchin
contrast,Web searchhas a largeproportion of trailswith unrelatedqueries.This
suggests that when searchers turn to image search, they expldiea single line of
guestioning or topicality, iterating on related querigss is less true fowebsearch,
where searchers are more likely to engage in unrelated queries within a session.

3.3 Summary and Analysisof Results

The findings fromour interviews andjuery log analysis suggest several interesting
implications for the design of interfaces Mfeb-based image searchn both query
and sessiotevel search statisticemage searchers view more pages of search results
(average depth), they spend more time looking at those pages of search results, and
they click on more results thaweb searchersThis implies thateither queryrele-
vanceis not as important for image as Mfeb search or that query relevance isisi
ply much worse for image search thateb searchWe hypothesize that the increased
click average is mainly due to two factofde firg is that there is often no definitive
answer to an image querythe sought after image could be one of many, iaigla
subjective resultThe second is that we believe image thumbnails offer visuply a
pealing objecthat searchemayclick onsolelyfor the aesthetic value.

Compared tdNeb searches,mage searches caim a greater number aofueries
that have no result clicks However, whenimage searchedo contain clicks, they
contain significantly moreWe hypothesize that the reasthere ae more queries
with no clicks is thathe answer (or lack of) is contained in the results page itself (i.e.
low relevance is obvious and no result clicks are necessary, or a question such as
6what does a passion fruitorthoudisnieielged i s answer
browsing for enjoymenfThe greater number of tangential query progressions implies
that there is a diverse rangeresults returned that inspieenew search and/or image
searchergaremor e conduci ¥ a shedVelgseaicherg Thélardge hum-
ber of related query trails shows that refinement and iteration are important in both
image andWeb search. However, we believe that a facility for such refinement is
particularlyimportantin image searchivhere agoal (a mental picture dghe desired
image may be far more difficult to specify with traditional keyword queries

In the following section we consider how the findings from our log analysis, as
well as from interviews and related work, can be used feigdgecommendations



4 Design Suggestions

Based on our findings, we derive design suggestions that range from pure aesthetics
to specific functionality in order to better support new image search experiences

4.1 Supporting Exploration

Exploratory interaction paradigm. Our analysis suggests that image searches are
more exploratory than Web search: more search pages viewed, 80% of query trails
directly or tangentially related, and looking for a raefinitive answer within a
multi-featured visual andemantic spaceélhe existing pagé&ased grid view ofm-

ages, though clean and simple, does not visually or conceptually conkey user 6 s
path througlthis spaceA literal representation of such a space would likely be-ove
whelming €.g., lists of featues mapped onto a mullimensional representation)
However,any smple metaphors or concepts to change the interaction and interface in
a way that supports the exploration of associated terms, or -bzsgel queries,
would be an advantagBecause imageesarchers tend to view many more results
(more queries per session, more page views per query, and more clicks per session),
support for rapid browsing would also be desirat#lehighly interactive system that
immediately displays more results is very intpot.

Entry point. Entry points for themajor image search enginase virtually indistn-
guishable from Web search:query box on alean,blank pageSuch a practiceein-

forces a taskentric approach to image search; a searcher is offered a blanthatate
they must fill with a keyword expressioBxploratory search is better served by a
lowing searchers to frame a search in various ways. One way to do this is to pre
populate the opening page with sample imagesj u st as some fAexperimenta
searctsites do Such images may be popular pictutbggstaken from current news,

or based on former searches (e.g., the tewshown by the Google Chrom#&eb
browser[11]). A searcher can easily launch a new query, but thpsaing images

also givea starting point fonon-directed browsingWe believe this woulgrovide a

more compelling visual experience, an opportunity to learn about current news stories
or popularsearched for topics, and increase the chance of serendifiihdings 1].

4.2 Fun and Aesthetics

In contrast toNeb search which is dominated by tekhage search is overtly visual.
We believe that the plain grid view of current search engines fails to adequately e
ploit this fact. Because the search results themselves are visual artefacts, there are a
variety of visual layout techniques that, while necessarily enhancing functionality
per se can provide a beautiful aesthetic and a more compelling search experience.

As noted in sectio8.1, acommon use of image search is pure imbhgersing
whether for general entertainment or $pecific informaéion need. As such, aesthe
ics arelikely very importantcompared to other search engines that are usaddo
utilitariantasks



4.3 Query Refinement

The image searchogs show a significant amount gfiery reformulation towards a
specific goakaround70% of all queries)Such reformulation supports our belief that
an image searchgenerally has a goadea of the type or style dhe desired result
prior to issuing thie query Though thismay also be true oiVeb search,in image
search, it ioften much more difficult to express this textually. For exangiémage
searcher maype lookingfort he émood6é or f foathei dongnam f an i mage,
colouror perhaps a particular pose or position of a subject
Some requirements can be expressedgusiisting refinements, such as aspeet r
tio, or black and whiteOthers requirenore complex features of the image (e.g., edge
histograms, colour histogramfce detection, efc.Some existing imagsearchsites
all ow query by i maauery Becaose af the meotal enodél thte t hi
searchers have of images, and the extensive reformulation as seen in the logs, such
featuresshould be considered essential refinement options.
Refinement based on semantics should also be considiers conext, sema-
tics of an image could be acquired frahe labels it has in the image database, the
query terms that led to clicks on that image, or‘ggsreratedags Since tags can be
at different granularities or conceptual levels, they allow for anoter of refire-
ment: broadeni ng, -steapingthexcurrer querfhey maywalson 6si de
be used alongside visual features in a édmore | il

Query and Refinement History. The easy refinement proposed abaddressethe
concern that current image search engines do not allow users texXplbrethe rich
visual and semantic space that images inh&lwtvever, suctsimple refinement and
explorationcan quickly lead to a complex history that is hard to retrace. A searcher
may wel | ask, AiHow did | get here nand how do |
tent | saw a Thereforemie need te desiga g luistory that dethds
current pathas well asa means to navigate that histokithin a session, this would
representexplicit queries (i.etext typed by a usgrandall the refinements that may
have been addg@.g. metadata filteringmore like this image Between sessions this
could act in a similar way t@eb browser historyandallow revisitation of previous
queries

4.4 View and Savelmages

Since about twice as many image search results are clickedsessiorthan Web
searchresults it is worth considerindhow one mightsupport easily viewing many
images(as discussed above in exploratory searahy saving them for lateviewing.
Though we have spent time considering the fun and aesthetics involved in image
search, there is still a core productivisiented componenEor such tasks, where the

end goal is important, it may be useful and efficienalfow saving of particulami-

ages from a result set, allowing the user to later revisit the saveSusét a feature
could be integrated with the withiand betweersession histories.



5 Design Conceptsand Implementation

Based on the suggestions derived from related work, discussions and log analysis, we
briefly presentsomenovel concepts in four design storybogrtefore discussing a
final designprototype we implemented

Fig. 1 shows fourearly storyboarddnitially, we wantedaradically different inte-
face that facilitated theapid browsing of thumbnaildn Fig. 1-A we focused on a
spherical metaphoihearea in theeentreisa 6 bl ack hol ed from which i ma
emerge and spread in a circle, eventuahiyinking and falling off at an edge, or the
reverse Also in this figure we see how an image could be used to seed a new query,
exploring similar visual and semantic content.

Focusing on the importance of query modification, our next storyboBiglsl¢B
and C) explored how a tag cloud and context menu could enable exploration and
refinement, and an opportunity to leasbout the search in a wider conte®he can
also seesome ofour investigationsnto the effect ofsubtle changes such as kac
ground colour orotationof imageson user experiencethe simple act of slight ra
dom rotation of images evoked positive responseformal testing

The storyboard irFig. 1-D further explores the notion that the query and subs
guent modifications are central to the search experidiieidea is thawith the right
visual feedback foselection and refinemerptimising a query to finthe appropr
ate image is a simple task.

YOURSEARCH:

Fig. 1. Four image search engine designs, baseddesign recommendations from
interviews and log analysis.



5.1 Final Design

The design we chose frototypeincorporates many of thfeaturesdistilled from
related work,interviews and from log behavioutOf course,this design is notn-
tended to ,0bebudtcoarplienteer pretation =r i
tions in sectio. We highlightsome ofthe limitations and future work in secti@n
Our designemphasizes thienportance placed upon query modificat seen in prav
ous designand highlightsexplorationof visual spacewhich unlike most of the pr

vious designs is also alluded to in the presentation of reblitsc k named &é6Tendril 6,

uses a metaphor of tendrils (or ivy vines) for an organic displamages The user
seeds a search, and explores the resulting path (tendril) through theT$maoeerall
space that a tendril could 6growd anto
tion of that spaceAlterations or modifications to the gueresult in branching off the
initial path Figure 2 shows the interface and selected details from the workirm prot

type

Layout and Launch Page The right hand side of the screen is used to disghlay
search box and current query, history, and refinement possibilitise main area, a
selection of images othefront pages usedo highlightthe exploratory(and not pure
keyword search experience, as well as to facilitate serendipitous brp{#m 2-B).

Result Display. To emphasise the exploratory nature of the search engine, and to
offer adistinctive andcompelling experience, the result display takes the form of a
0 t e nextendihgécross the screen, leading the searcher through tmgned vast
result spac¢Fig. 2A). Conceptuallythisis grounded in exploration of unseen sema

tic and visual space, something that in later iterations we hope to convey mare obv
ously withthecamerpanni ng out to see t he agawonr | d
a particular part.

Context Menu and Query Modification. Hovering over an image presents a context
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nstanti
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i nfini

ewob

menu with famil i ar andalsb enables quemnodificatianso 6 vi e wb ,

prevalent in related work and in our log analy§siery modification is a form of

pivoting, and could beused to findan i mage &6 mo toasethgsok @hert hi s 6,

metadatato broaden/narrow/sidestep the current sea¢d.have chosen texpose
the ability to s e(sinceitwashvailabledhnoagh dive llimagee t
Search XML),andwe have specifically designed the user interface to promote and
take advantage of such a featurbe user can select to search for more like this from
the context menu, or (soon) drag an image to the searctShoh a feature is esp

cially useful in those cases where users may have an idea of what they are looking for
but are unable to express it in wor@&emantic exploration in the form of keywords
(either taken from an image database, or ffdiokr or a similar servicg is also @-
sirable.While examples such as Getty aRlickr have this metadata, current search
indexes do not, or do not expose it in an efficient maringhe future, we would like

to includeit in the manner described ing-1-B/C.
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Fig. 2. The Tendril design concef): a full page with query and results. (B): the launc
page with a selection of random images. (C): enlarged view of history. (D): exampl
branching after querying for O6more |iku

Search Box Along with the initial query, this area acts as a control areadiery
modifications(Fig 2-E), wheree f i nement s o raddedtotheguessre | magesd
shown This is alsdhe regioninto which related images adeaggdfor refinement

Branching. As modifications are made to the query, the previous path through the
search space is no | onger valAmekamplaafd so0o a new |
this is seen ifrig. 2-D, where a new query has bassuedbased on an image

History. With the ability to easily explore and refine, a complex path could soon be

built. The history allows a user to see thath to their current searchsults and to

6step backé if, for instance, trimatuteat est modi fi
version of the tendril on that page (each tendril is unique) provides a representation

that could be used to aid navigation back to a previously seer{Figge-C).



