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Abstract

Forty years age, Enoch reported a central bias in eye movements made duting vigual
scarch tasks. Here we discuss how our Guided Search 3.0 madel incorporates that
oheervation into a general account of visual seasch behavior,

Yisual Search

Vision rescarch has a cyclical component. Important issues fade into the background
for a whale, only to reappear when a new generahion takes them up. In thiz paper,
we present our most recent work on visual search. Some of the core ideas in this
work are prefigured in papers written by Iay Enoch some 4 decades ago(], 7). Enoch
had subjects search for targets in aerial photographs and found that 35 were biased 1o
search the center of the image. Undersianding visual search in natural images of this
sorl has proven o be a difficult topic. Most of the progress in the last generation
has been made with more easily analyzed but less realistic stimuli. In thesc
laboratory tasks, the independent vanable is the number of items (set size) and one
dependent variable is the reaction time (RT) - the time to find the target or
determine that no target is present. Different asks produce charactedistically differem
results. In feature searches (Fig- 1a), the targer is defined by one basic feature (e.g.
oricntaton), RT is roughly independent of set size. Adding more horizental lines
does not slow search. In conjunction searches{ b}, the target 15 defined by a
combination of 2 {or more) basic fesures and RT increases about 5-10 ms for every
additional disrractor. Targets in gepia] scarches {1c) are defined by the spanal
relationship of features, Here each "T" and "L" 15 composed of a vertical and a
honizontal Line. Each additional "L" adds 20-30 ms wo RT on a target present tnal -
vwice that, 40460 ms, on a targel absent tral. Cases like lc can be called "senal
searches” bovasse the data are consmistear with a serial, self terminating search
through the nems at a pale of 20-23 HZ (314],
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Performance on these search tasks can be undersiood in Newssar's (5) framework. He
distinguished between prestientive processes that could perform simple tasks scross
the entire vizual field in parallel and arenive progesses that perform more complex
tasks only in a imited area at one ime. Treisman applied this idea 1o viswal search
in her Feature Integration Theory {8). It held that preatientive feature processes eould
perform feature searches in parallel, while attention from ilem 1o item was reguired
1o do all other scarches. Subscguent rescarch showed thal conjunction scarches were
100 efficient 1o be explained as purely serial, alteniive searches (7). Wolfe's Guidad
Search (GS) model accounted for this cfficicney by proposing thal preatientive
feature processes could guide the deployment of attention in conjunrction search, The
basic idea is shown in Figure 2. No preattentive process can identifly black vertical
conjunchions but a color process can mark all black 1tems and an onentation process
can mark all vertical items. If the cutput of those two preattentive processes is
cambined into an attention-guiding aclivabion map, attenhion will be most steongly
guided to itemns that zre both black and vertical - the target.
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Figura 2: The hazic idea of gukded seanch.

bﬁmulus

Guided Search 3.0

G5 (8) and (13 revision, G52 (9 successfully modeled a wide range of laboraiory

search tasks. However, the eventual goal of a model of visual search must be w
handle real world images hke those that interested Enoch in the 50's. (35 had ignored

two faclors central to Enoch's inteveste, First, the eyes move during real-world
visual search. Most searches involves an interplay of covert attenbional movements
and overt eve movements. Second, visual processing is much more detailed at the
fover, Presumably, eye movemanms in search exist 1o direct the fovea toward regions
of interest. Enoch found that viewers spent much more me looking at the center of
an image. More recently, il has been shown that visual search targets are found
fasier and more accuralely near fisaton than i the peniphery {101 GS53, the newest
version of our model (Fig. 3), incorporates cye movements and eccenrricity effects
s part of an effort 1o make GS & more realistic model of human search behaviar.

The simulation of GS3 starts with a Grav Scale Linage as ns input. Next the immage
15 provessed by an arvay of Quooand OIF-Conier Units, approximating retinal ganghion
cell response. These provide input 1o Preapentive Fealure Maps for brighiness and
anentation, These maps model the representation of the stimulus i V1 by a

complex log wansform (1L This realisuc overrepresemation of the foves cresics a
rile for eye mos cments and a substrate tor ecvenincity ffects in scarch.
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Figore 3; The archieciue of Guidsd Seach 3.0

In GS53, attention serves as a gate, allowing leawre information from only one
i:-bjrec: &t & ume o reach higher processes like object recognition. This atigniooal
gaie is under the contrel of the gglivation mag. Activity in the aciivation map is a
weipghted sum of activity in the preattentive feawre maps. Thus, if the target is dark
and vertical, information from "dark” and "vertical™ feature maps 15 given a large
weight. The activation map 15 a winner-take-all network that converges on & winner
aboul every 50 ms. This allows featural information about new items to pass
theough 1o the ideptification stage o a rate of 20-25 Hz. If the selected item iz not
the target, feedback from the identification stage to the activation map inhibiis that
itein, permitting a new tem to win access to the idennfication stage. Since the eyes
move. (ks pnhibition of reiurn aeeds o be in head-centered coordinates,
Accordingly, the activation map i1z converted to these conrdinates.

[n order 1o move the eyes, a gaccads map 15 created (12) 16 s the GS3 analog of the
superior colliculus. Activity in this map is a hlurred version of activity in the
activation map. Every Z00-250 ms, the eves are moved to the point of highest
activation in the saccade map. The spatial blumng of this map can cause short
larency saccades o be directed o locatons between nearby items if the eyves mave
before the activetion map has picked a clear winner. This speed-noccuracy trade-off i
seen in human eve movement data {1 3. The G53 architecture leads w0 a cooperative
relationship between cye movements and attentional deployments, Becawse central
portions of the visual field are overrepresented in the feature maps, activation tends
to be highest for central tems. Thus, dunng o Dixation, attention 15 deployed te 4 or
§ central wems. Assutrung that these are nol targets, their represenstaiions are
inhibited in the sctivation map. As a result, when i is nme for the eyves 1o move,
they fovears new iems. Thece are then examined by atenion and (his procecs
repeats ol the 1arget 15 found or & @Erget absent response 15 made.

F'ti ure 4 Twpreal G857 scan peahes for fewuee aed conjunction search asks



The G53 simulation produces data that mimic human data on 2 number of 1asks.
Searches for "white vertical" targets in gray scale images similar fo those n Fig. |
produce slopes of RT = set size functions that are comparable to human data.
Moreover, the increase of RT with cccentricily 15 the same in the G5 data as it i
m human data. GS3 eye movemants look similar o those recorded in human studies
(141, Samples are shown in Fig, 4.

To summarize, in G533, eye movements and coverl attentional deptoyments work
wogether o find a target in a representition with a realistic overrepresentation of the
central visual field, Further refinement of the model will be required before G53 can
be asked 1o perform the photointerpretation tasks that Enoch's subjects did 1n the
50s. However, having moved away from real images and natwral tasks for many
years, we are heading back toward models of real world visual search tagks,
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