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ABSTRACT

If a person is lost in the wilderness it is increasingly normal
for the area in question to be over-flown by an Unmanned
Aerial Vehicle (UAV) whose on-board video camera transmits
a view of the terrain below. It is then the task of a human
operator to visually inspect that view by means of a visual
interface specifically designed to enhance the likelihood of
the missing person being located.

We investigate a novel approach to the visual inspection of
the terrain image: that of presenting small segments of that
image for very short periods of time, though commensurate
with the speed at which the UAV flies.

Participants took part in an investigation in which the
challenging task was to identify the presence, in typical
terrain images, of human beings. Six representative terrain
maps were involved, and the six degrees of segmentation
explored were such as to provide individual terrain image
viewing times between 3.9 s and 108 ms.

We report the result of investigating the proposed seg-
mentation approach to visual inspection in the demanding
and realistic context of Wilderness Search and Rescue. Our
investigation reveals a clear and distinctive change of visual
search strategy as segmentation increases, equating to a shift
between well-established notions of serial attentive search
and parallel (pre-attentive) recognition.
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1. INTRODUCTION
If someone is lost in extensive and inaccessible terrain such

as a mountainous or sparsely populated region, one approach
to the search for that person is to fly an Unmanned Aerial
Vehicle (UAV) over the area in which the person may be
found, and arrange for images taken by a camera on the
UAV to be transmitted to a base station where they can be
interpreted by trained human operators. This activity is gen-
erally referred to as Wilderness Search and Rescue (WiSAR).
The question arises as to what is the best way to present
those images to the human operator in order to maximize the
likelihood that the missing person or relevant evidence may
be identified. Self evidently, even small improvements in iden-
tification performance through appropriate visual interface
design can have important consequences.

The WiSAR motivation is to locate a missing person within
the limits of a plausible terrain search area [7]. Where large
terrain areas must be searched, aerial survey represents the
normal, and in some cases the only feasible, approach. The
primary measure for success in this task is the correct iden-
tification of these visual rescue “targets”, with a secondary
criteria of minimizing false identifications which might lead
to the wasteful misdirection of ground based resources.
Specifically, we investigate whether it is better to search

for the targets within the context of a large image area for
a relatively long period of time, or to look instead for those
targets within smaller segments of the same image area, but
for a correspondingly shorter time. We adopt a laboratory-
based approach, using simulated (but photo-realistic) search
targets embedded in actual aerial terrain imagery taken from
the Montana State Library Natural Resource Information
System (http://nris.mt.gov/gis/).

Figure 1 shows how this trade-off between image area and
presentation time is achieved within the interface design.
Images from six different fly-past terrain areas are each
divided into six different segmentation degrees. At the top is
a terrain image of one complete strip of land to be searched
for potential targets (corresponding to a swept ground area
of 2341 × 117 m, at a ground resolution equivalent to six
inches (15 cm) per pixel). The segmentation degrees 1–6
successively divide the total image area into smaller image
tiles, each shown at a correspondingly faster rate. A number
of visual targets are randomly embedded in each terrain strip.
The key question is how many of these targets are correctly
identified at each segmentation level/speed combination: are
some combinations more effective than others?

Our approach was inspired by reported research into text
based RSVP (Rapid Serial Visual Presentation), a technique
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Figure 3: Identification rates

interpretation, as an ANOVA1 shows that none of these
differences by segmentation is statistically significant to p <

0.05 (F (5, 55) = 1.907, p = 0.108). We note that the lack of
difference across segmentations is in itself interesting.
For Mistaken Identification, any apparent correlation be-

tween a segmentation degree and number of mistakenly iden-
tified targets should be treated with care. An ANOVA analy-
sis2 of these data reveals a p value of 0.895 (F (5, 55) = 0.327).

7. DISCUSSION AND FUTURE WORK
The main, and unexpected, finding from this study is the

apparent constancy of target recognition across the range of
segmentation degrees. This is perhaps more so because there
is a clear shift in visual search strategy from segmentation
degree 1–6; a transition from a generally “serial” (attentive
search) to a forced “parallel” (pre-attentive) strategy [8].
The observation that target identification can take place

with a presentation rate as short as 108 ms is surprising, as
is the the 60% identification rate at this highest degree of
segmentation. This result appears to confirm, first, that pre-
attentive perception is a primary method of identification,
and, second, that the potential of very brief presentation of
terrain images is worthy of future investigation.

At the very shortest presentation times (154 and 108 ms)
target loss through blinking is a potential issue. Close in-
spection of the gaze traces reveals that this happened four
times in total: about 4% of the target instances. Equally,
brief lapses of concentration, or gaze movements away from
the screen area become increasingly significant at higher
rates. As presentation rate decreases, from degrees 4–1, the
significance of these issues reduces.
We have only tested identification to a maximum full

screen size (1024× 768 on a 15 inch monitor). There is an
improvement trend in recognition scores (figure 3) across
segmentation degrees 3 = 45%, 2 = 72% and 1 = 77%, and
there might be further recognition performance gains to be

1A within-subjects ANOVA was used to test for Identification
differences amongst segmentation degrees with an arcsine
transformation applied to the Identification results to satisfy
the assumptions made by the analysis.
2A one-way within-subjects ANOVA was used to test for Mis-
takenly Identified differences among segmentation degrees.

made in testing yet larger and slower presentations.
Every tile is displayed at its native resolution (six inches

ground area per pixel). There is a well-established correlation
between visual acuity (distance from fovea) and the size of a
target [e.g. 1]. It would be informative to determine whether
magnifying (using standard image scaling techniques) the
higher segmentation degrees to artificially change observable
size would affect target identification. While no extra resolu-
tion would arise it would provide insight into this size/acuity
trade-off. Mardell et. al. [5] have reported on using selective
magnification based on gaze position.

There is a reduction in gaze movement from segmentation
degree 1 (average of 1443◦ per experiment trial) to degree 6
(540◦), suggesting that reduced gaze travel does not markedly
affect recognition rates. This tends not to support the notion
that improvements in reading rates in text RSVP is primarily
due to this reduction in gaze travel.

8. SUMMARY AND CONCLUSIONS
We have investigated the effects on visual search of a

straightforward trade-off between image size and presenta-
tion time, using a simulated WiSAR scenario. We observed
that small targets can be effectively recognized within com-
plex photo-realistic scenes with very short exposure times
(∼100 ms), when presented in small segments (in the style of
a Rapid Serial Visual Presentation). We also observed that
the recognition rate did not differ markedly from when the
same targets were to be identified in equivalently larger image
areas, but for a correspondingly longer time. Using eye gaze
recording equipment we confirmed that this equivalence is
maintained across two quite distinct visual search strategies,
active search and parallel (“pre-attentive”) recognition.
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