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Visual inspection and search are important tasks in many fields, including
quality control, security surveillance and medical diagnosis. We investigate
whether it is better to visually inspect a moving image as opposed to a series
of equivalent static images using the challenging problem of locating individuals
lost in a wilderness.
Wilderness Search and Rescue may be approached with a systematic aerial

search assisted by an Unmanned Aerial Vehicle (UAV) whose camera relays the
terrain below for human inspection. We investigated two presentation modes of
simulated UAV video feeds. The first mimics the live video from the downward
facing camera. In the second, “Serial Visual Presentation” (SVP) mode, a static
image remains in view until replaced by a new image at a rate equivalent to
the live video mode.
We established a statistically significant improvement in the number of de-

tected targets in SVP mode when compared to Moving mode. However, these
improvements were accompanied by an increase in the number of incorrectly
identified targets in SVP mode. UAV speed has a significant effect on target
identification in both modes, presumably due to the extra time available for
viewing at lower speeds. We found no significant interaction between speed
and presentation mode.
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1. Introduction

1.1. Existing Issue

If someone is lost in inaccessible terrain such as a mountainous area, 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. Moving images taken by a camera on the UAV may then

be transmitted to a base station where trained human operators attempt to identify the

missing person or related cues as to their location (Simerson 2004, Cooper 2004, Goodrich

et al. 2008). The image stream is generated ‘on-the-fly’, and there is therefore a pressing

need for it to be inspected as rapidly as possible, and preferably in real time, so that the

UAV flight trajectory can be appropriately controlled and the missing person identified

quickly and reliably. The question therefore arises as to the most suitable visual interface

in which images returned by the UAV’s camera should be inspected.

Wilderness search is often conducted by human observers searching the terrain from

a light aircraft, but the use of remotely piloted aerial vehicles is likely to become in-

creasingly prevalent for this task. We consider an idealised abstraction of the Wilderness

Search and Rescue task suitable for laboratory investigation. In all cases we assume a

stabilised, downward facing camera and ignore various flight artefacts such as vibration

and banking effects. We also assume that the UAV flies at a height commensurate with

the resolution of the imaging device, to give adequate detail to secure identification of

the expected target type (person, vehicle, aircraft, etc.), and at a speed consistent with

the required inspection rate (Goodrich et al. 2008). These assumptions are consistent

with currently available UAVs such as the IAI Heron (http://www.iai.co.il/) and

the General Atomics Predator (http://www.ga-asi.com/). Goebel (2010) describes the

types and uses of a wide range of UAVs in detail.
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A Wilderness Search and Rescue team typically consists of a mission manager, a UAV

operator, a sensor operator and ground searchers (Goodrich et al. 2008), but the principal

role relevant to our study is that of the sensor operator. The task of the sensor operator is

to interpret the imagery generated by the on-board camera. The sensor operator identifies

possible rescue targets, providing feedback to other members of the Search and Rescue

team so that the UAV can be appropriately guided and ground searchers provided with

greater situation awareness.

Following its launch the UAV performs a search pattern of the designated area (Simer-

son 2004, Goodrich et al. 2008). The search pattern adopted depends on the circum-

stances of the emergency. Where a “last known position” can be estimated, a spiral or

box search may be employed, starting at that position and working outwards. Where a

known flight path is available, a search parallel to that path may be adopted in the first

instance. Figure 1 shows another possible search pattern for an area search, known as a

‘creeping line’, to methodically cover a broad area.

1.2. Previous Research

The task addressed in this paper necessarily involves aspects our ability to locate targets

in the visual field. Although visual inspection in general has been the subject of many

studies (see, for example Wolfe 1994, Findlay and Gilchrist 2003, for reviews of the

field), few have directly addressed real world inspection tasks of the particular type

exemplified by Wilderness Search and Rescue (WiSAR) (Simerson 2004). Goodrich et al.

(2008) investigated a range of image enhancement techniques to facilitate identification

of (simulated) human targets from actual aerial video footage.

Various aspects of perception exhibit change when presented with moving as opposed

to static images. Related research into this area concluded that the human visual system
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Figure 1. The ‘creeping line’ WiSAR search pattern

cannot discern low-contrast objects moving at more than 32○/s (Burr and Ross 1982).

They noted a degradation of ability at movement speeds equivalent to only 2○/s. It

seems reasonable, therefore, to enquire whether this reported phenomenon would have

an appreciable effect under more realistic Search and Rescue conditions.

Not unconnected with a consideration of speed is the established profound importance

of eye-gaze for target identification in a SAR scenario. Croft et al. (2007), for example,

recorded gaze performance of air to ground search crews, both during flight and under

laboratory conditions, concluding that foveal gaze coverage is quite sparse over the terrain

extent. Previously, Stager and Angus (1975) monitored gaze patterns from film of existing

crash sites, discovering no significant differences in eye-movement behaviour between
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näıve and experienced spotters. Neider et al. (2010) have reported briefly on the potential

advantages of using shared gaze cues between operators to enhance the SAR task.

It is well established that eye-movements associated with the inspection of static im-

ages consist of a sequence of short (200–300 ms) but stable gaze fixations (Chan and

Courtney 1996), where information can be gathered, separated by rapid (30 ms) sac-

cades (Tatler and Wade 2003) for short distances. However, eye-movements associated

with moving images frequently invoke episodes of smooth pursuit (e.g. Kowler 2011),

in which gaze appears to track items of potential interest. Again, saccadic movements

separate these tracking episodes. In a prior experiment Mardell et al. (2009) evaluated

the gaze properties of ten participants when presented with search and rescue images,

both static and moving, at a range of simulated flight ground speeds (between 20 and 120

mph, approx. 9 and 5 ms−1). A sharp contrast in gaze behaviour between the modes was

reported. Such observed gaze behaviours strongly suggested the possibility of a corres-

ponding significant difference in target identification performance between the Moving

and SVP modes.

1.3. Current Research Objectives

In this paper we address the problem of how best to present the imagery captured

by the onboard video camera to the person responsible for performing the search. In a

laboratory abstraction of the Search and Rescue (SAR) activity, we compare and evaluate

two alternative image presentation modes in depth.

The first presentation mode (Moving) straightforwardly emulates that of a live video

feed commensurate with the “flight” speed of the UAV. In the second presentation mode

(“Serial Visual Presentation” or SVP) the current static image remains in view until

replaced by a new image at a rate equivalent to the Moving mode. Figure 2 illustrates a
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typical scenario and the two presentation modes.

In light of earlier studies and observations, and notably those of Burr and Ross (1982),

we proposed to examine the effect of image motion using speeds commensurate with the

flight speed of currently available UAVs. Typical cruising speeds of UAVs1 range from

60–120 mph (97–193 km/h), corresponding to effective display movements equivalent

to 3.89–7.78○/s. The ability for the observer to discern and identify objects or targets

using different eye-gaze behaviour is of prime importance in both this field of SAR

and other industrial and security inspection roles such as quality control and baggage

inspection (McCarley et al. 2004).

On the basis of existing knowledge summarised above, as well as earlier pilot stud-

ies (Mardell et al. 2009), we formulated two hypotheses relating to visual search in the

context of Wilderness Search and Rescue:

H1 That there would be a significant difference in target recognition between the

moving and SVP presentation modes previously described.

H2 That the effective flight speed of the search would have a significant impact on

target recognition.

We were mindful that differences in terrain type might also have an impact on target

recognition performance. We were also interested in the subjective opinions of the par-

ticipants relative to a number of established criteria. We further recorded participants’

eye-gaze performance with a view to establishing correlations relating to the main hypo-

theses.

1IAI Heron cruising speed: 92–127 mph (170–204 km/h); MQ-1 Predator cruising speed: 81–103 mph (130–
167 km/h)
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2. Methodology

2.1. Simulated Ground Images

We prepared six distinct ground images, ranging from mostly open ground through to

heavily forested areas and including some man-made features (e.g. buildings). Each

ground image represents an effective search area of 384 ft by 7680 ft (117 × 2341 m)

and the sequence presentation lasted for 87.2, 58.2 and 43.6 seconds at the respective

speeds. The video sequences were presented to the users at their native resolution (1024 ×

768 pixels). This resolution is commensurate with that currently achieved by the HDTV

standard and may be assumed to be readily available for video transmission from an

aerial vehicle.

In the Moving mode, features appear at the right and travel to the left (“eastward”

flight across the screen). In the SVP mode, the complete image sequence was segmented

into a series of non-overlapping static images and presented sequentially, as illustrated

in Figure 2. In this latter mode targets and features appear static on the screen for the

duration of the presentation, although overall timings were maintained.

15360 px Ñ 7680 ft Ñ 2341 m

768 px

384 ft

117 m

1024 px

512 ft

156 m UAV

Camera 

Flightpath 

Figure 2. The SVP mode (upper) and Moving mode (lower) and effective dimensions of an
example terrain sequence

To create a simulated moving terrain image suitable for the experiment, high-resolution
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(6 in/px) selected parts of aerial photographs obtained from the Montana State Library

Natural Resource Information System (http://nris.mt.gov/gis/) were converted into

a live video stream using a custom application utilising the SDL (Simple Direct-media

Layer, http://www.libsdl.org/) library.

The resulting video simulated the feed from a UAV travelling at three different apparent

ground speeds: 60, 90 and 120 mph (approx. 26.8, 40.2 and 53.6 ms−1) for an image

swept width of 384 ft (117 m). Table 1 summarises the overall timings, times for each

image in SVP mode and speed across the screen (pixels) in Moving mode for each speed

setting. These speeds are broadly commensurate with Predator UAV flight parameters.

The range of speeds was chosen to bracket the view from cognitively “too slow” to

“too fast”. We conducted extensive pilot studies to determine the appropriate range of

speeds, other parameters and experimental procedures prior to the trials reported in this

paper (Mardell et al. 2009).

Table 1. Speeds and timings for the presentations

Ground Speed Sequence
Duration (s)

SVP Frame
Duration (s)

Moving
Image (px/s)

(mph) (m/s) (km/h)

60 26.8 96.6 87.2 5.8 176
90 40.2 144.8 58.2 3.9 264
120 53.6 193.2 43.6 2.9 352

Each ground image sequence contained three simulated rescue targets. Each of the three

targets consisted of either an isolated person or of two or three people in a tight group.

The targets were selected from a collection of photographs of people photographed from

above and artificially inserted, at the correct scale, into the ground image using standard

photo-manipulation techniques. Examples of these targets are shown in Figure 3 (open

ground) and Figure 4 (forest). For purposes of illustration the targets are indicated with a

circle in these figures, but they were not so indicated in any way during the experiments.
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The area within the circle is also shown magnified on the right of each of the figures. It

should be noted that the targets were just distinct from the ground images in terms of

contrast, but many were still challenging to identify (see section 3.1.3).

Figure 3. Example open area target (circled and detail)

Figure 4. Example forest area target (circled and detail)

2.2. Experimental Design

Each participant engaged in a session comprising six presentations of the ground im-

age sequences, observing each sequence only once at each of the combinations of mode
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(Moving and SVP) and speed (60, 90, 120 mph) according to the resolvable randomised

block design schedule shown in table 2. Each participant was therefore exposed to all 18

targets. Participants were required to press the keyboard space bar (visible in Figure 5)

whenever they identified a target and these were automatically recorded.

Table 2. The randomised block design schedule

Participant
Presentation

1 2 3 4 5 6

1 ▶ 120 C ▶ 90 B ∎ 60 D ∎ 120 F ∎ 90 E ▶ 60 A
2 ∎ 90 D ▶ 120 B ∎ 120 E ▶ 60 F ∎ 60 C ▶ 90 A
3 ∎ 90 C ∎ 120 D ∎ 60 B ▶ 60 E ▶ 120 A ▶ 90 F
4 ▶ 120 F ∎ 90 B ▶ 60 D ▶ 90 E ∎ 120 C ∎ 60 A
5 ∎ 60 F ∎ 90 A ▶ 60 C ▶ 90 D ∎ 120 B ▶ 120 E
6 ∎ 120 A ∎ 60 E ▶ 120 D ▶ 90 C ∎ 90 F ▶ 60 B
7 ∎ 90 E ▶ 120 C ∎ 60 D ▶ 90 B ∎ 120 F ▶ 60 A
8 ∎ 90 D ∎ 60 C ▶ 120 B ∎ 120 E ▶ 60 F ▶ 90 A
9 ▶ 90 F ▶ 120 A ∎ 90 C ∎ 60 B ∎ 120 D ▶ 60 E
10 ∎ 60 A ▶ 90 E ∎ 120 C ▶ 120 F ▶ 60 D ∎ 90 B
11 ▶ 120 E ▶ 90 D ∎ 60 F ∎ 120 B ▶ 60 C ∎ 90 A
12 ▶ 120 D ∎ 60 E ∎ 120 A ∎ 90 F ▶ 90 C ▶ 60 B
13 ∎ 120 F ▶ 90 B ∎ 60 D ▶ 60 A ∎ 90 E ▶ 120 C
14 ∎ 60 C ▶ 120 B ▶ 90 A ▶ 60 F ∎ 120 E ∎ 90 D
15 ▶ 120 A ▶ 60 E ∎ 60 B ∎ 120 D ▶ 90 F ∎ 90 C
16 ∎ 90 B ▶ 60 D ▶ 120 F ∎ 120 C ∎ 60 A ▶ 90 E
17 ▶ 90 D ∎ 90 A ▶ 60 C ▶ 120 E ∎ 120 B ∎ 60 F
18 ∎ 90 F ▶ 90 C ▶ 120 D ∎ 120 A ∎ 60 E ▶ 60 B

▶ Moving presentation mode
∎ Serial Visual Presentation (SVP) mode

60, 90 or 120 Ground speed in mph
A–F Terrain image sequence

During the ground image sequence presentations we recorded the eye-gaze behaviour

of each participant with an LC Technologies (http://www.eyegaze.com/) system. One

measurement of the x, y coordinate of the gaze location on the screen was recorded

every 16.6 ms (60 Hz). Accuracy of the system is quoted at 1○ (about 15 screen pixels).

The camera used to detect gaze position is placed just below the screen in front of the

participant (Figure 5).
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Figure 5. The experimental set-up

2.3. Experimental Procedure

To test the two primary hypotheses we invited 18 participants to each identify rescue

targets across the two modes (Moving and SVP) at three effective flight speeds (equival-

ent to 60, 90 and 120 mph). A total of 18 such targets were randomly placed within six

distinct aerial terrain image sequences (denoted A, B, C, D, E and F, of the form shown

in Figure 2 and, later, Figure 13), with exactly three targets per sequence. Participants

were not told how many targets to expect. Every participant observed each of these six

terrain sequences once, each with a specific combination of presentation mode and speed.

Therefore every participant saw all six combinations of mode (×2) and speed (×3).

In order to minimise potential learning effects and interaction artefacts a resolvable

randomised block design schedule was employed. This ensured that all combinations of

mode, speed and terrain image were tested within a group of six participants. Over a

total of 18 participants, each of the six terrain sequences was therefore assigned to each of

the six mode/speed combinations exactly three times. This experimental design provides
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a rich but controlled combination of the fixed factors: Mode, Speed and Terrain.

The experiment involved 18 (2 female, 16 male) volunteer participants drawn from the

general student and research population of the University: none had received specialist

training in the techniques of Search and Rescue. Each participant gave consent and was

introduced to the task from a script. They were then shown a static test card of example

terrains and targets and required to locate all the example targets on it. Participants sat

with an eye distance of approximately 72 cm from a 15 inch LCD screen of 1024×768

pixels. The physical set-up for the experiment is shown in Figure 5, with the experimenter

seated to the left of the participant, able to manage, observe and record the progress of

the trial without causing distraction to the participant.

A standard 9-point gaze calibration procedure for the eye-gaze recording equipment

was then performed. Any visual conditions were noted. The experimental procedure

was then conducted. All participants successfully completed both the calibration and

experimental procedure.

After each ground image sequence presentation (six per participant), participants were

asked to complete a questionnaire, shown in detail in section 2.4. They were also invited

to offer comments both during and after the experiment, and these were noted.

2.4. Subjective Questionnaire

Using a brief questionnaire (Figure 6) we sought the participants’ opinions on immers-

iveness, ease of use and their personal assessment (as opposed to the recorded results)

of task difficulty and their performance. The questionnaire design is derived from the

Swedish User-Viewer Presence Questionnaire (Larsson et al. 2001). The nine questions

were formulated to discover opinions about, and differences between, the Moving and

SVP modes of presentation, and were completed after each presentation.
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Figure 6. A sample of the questionnaire form

Each response was recorded using an 11-point Likert type scale, and answers consolid-

ated across tests and participants. In general, the questions and scales proved self-evident

to the participants, but for the avoidance of doubt, participants were asked to treat “5”

as “just right” for the speed setting in Q9 “how fast did you find the sequence?”

3. Results

3.1. Target Identification Results

For the primary analysis we have treated only Mode and Speed as independent factors

(a 2×3 design). Later in this section we further consider the possible effects of terrain

type, made possible by virtue of segmenting and randomising the total terrain image in
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the experimental procedure.

The main focus of this study is the dependent variable of target recognition, which can

be separated into three distinct categories:-

(1) Identified: the subject reported the presence of the target by means of a space-bar

press while a target was present on the screen (a True Positive, TP, result).

(2) Unidentified: the subject failed to report the presence of a target using the space-

bar (a False Negative, FN, result).

(3) Mistakenly Identified: the subject reported a target by space-bar press when none

was present on the screen (a False Positive, FP, result).

Obviously, the Identified (TP) condition is the ideal, while the Unidentified (FN) con-

dition is very serious, corresponding to a missed target and potential failure to rescue

the victim. The Mistakenly Identified (FP) condition can lead to a waste of resources,

and should be minimised. A True Negative (TN, no response to an absent target) has

no meaning in this context. The percentages of Identified (TP) and Unidentified (FN)

responses must sum to 100% within each terrain sequence presentation, whereas there is

no limit to the number of false positives (FP).

3.1.1. Testing the Hypotheses

A primary finding from this study is that participants performed significantly better

at the target detection task in SVP mode when compared to Moving mode.

In SVP mode participants detected an average of 74.7% (SD = 23.1%, N = 54) of

targets across all speeds and terrain sequence presentations, whereas in Moving mode

they detected an average of 56.2% (SD = 35.0%, N = 54) of the targets. These aggregated

results are shown in Figure 7. The upper bars show the overall ratio of Identified and

Unidentified Targets (always summing to three clusters of targets per trial). The lower
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bars show the average number of Mistaken Identifications per trial, which is unbounded.

The error bars indicate the standard deviations.

 0

 0.5

 1

 1.5

 2

 2.5

 3

Moving Static Visual Presentation

A
v
e

ra
g

e
 N

u
m

b
e

r 
o

f

T
a

rg
e

t 
C

lu
s
te

rs
 p

e
r 

T
ri
a

l

Presentation Mode

Identified

Unidentified

Standard

Deviation

 0

 0.5

 1

A
v
e

ra
g

e
 N

u
m

b
e

r 
o

f

O
c
c
u

ra
n

c
e

s
 p

e
r 

T
ri
a

l

Mistakenly

Identified

0.370

0.800

Figure 7. Direct comparison of Modes

Analysis by two-way ANOVA for the aggregate Mode data (Table 3, Mode line) clearly

indicates that the difference in target identification between Moving and SVP modes is

significant at both the p = 0.05 and 0.01 levels (p = 0.002). We take this to confirm

Hypothesis One, that presentation mode (Moving v. SVP) significantly affects a user’s

ability to identify targets, within, of course, the confines of this experimental procedure.

It should be noted that the target identification responses constitute binomial percent-
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Table 3. ANOVA Two-way analysis of variance for Mode-
Speed

Source df Sum Sq. Mean Sq. F p

Mode 1 1.901 1.901 9.714 0.002
Speed 2 1.971 0.985 5.034 0.008

Mode:Speed 2 0.212 0.106 0.541 0.584
Residuals 102 19.965 0.196

ages and hence do not conform to the assumptions required for a conventional ANOVA

procedure. We therefore applied the appropriate correction, the angular (arcsine square-

root) transformation (see Zar 1999), prior to computation. We also confirmed the effect

of this transformation by visual inspection of the quantile plot, actual against predicted.

The Mistakenly Identified values suggest that, for the SVP mode, the gain in correctly

identified True Positives (TP) is also accompanied by an increase in false positives when

compared with the Moving mode (0.800 v. 0.370 errors per sequence presentation).

Figure 8 summarises the aggregate consequence for target identification of effective

flight speed across both Modes. As effective flight speed has a direct effect on the viewing

time available, it is perhaps unsurprising that Hypothesis Two is confirmed (p = 0.008,

Table 3, Speed line). The ANOVA conditions are as previously described. There is no

clear consequence for mistakenly identified targets.

3.1.2. Interaction Between Mode and Speed

Taken as an aggregate, the data show that there is no overall interaction between Mode

and Speed (p = 0.584, Table 3, Mode:Speed line). Figure 9 shows the target recognition

rates for each of the six Mode and Speed pairs. The trends in this figure might indicate a

disproportionate effect of speed across the two presentation modes. The one-way ANOVA

analysis of Table 4 shows that there is at least one significantly different pair (p = 0.002)

within the five degrees of freedom presented.
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Figure 8. Direct comparison of Speeds

Although the experimental design adopted here is not conducive to more specific ana-

lysis, we suggest that this finding might indicate an interesting line for further investig-

ation as it may lead to insights into optimising flight speed (and hence area coverage)

against target identification.

Table 4. ANOVA one-way analysis of variance for Mode-
Speed

Source df Sum Sq. Mean Sq. F p

Setting 5 4.084 0.817 4.173 0.002
Residuals 102 19.965 0.196
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Figure 9. Comparison of Modes at different Speeds

3.1.3. Detailed Analysis of Results

Up to this point we have made the assumption that all six terrain image sequences are

to be taken as a single entity, treating only Mode and Speed as independent variables.

This is appropriate to the WiSAR inspired task at hand. However, the experimental

procedure adopted allowed for the component parts of the total terrain sequence image

to be segmented, facilitating a secondary analysis treating terrain type as an additional

independent factor. Figure 10 indicates the relative target identification across the six

terrain image sequences (A, D, B, C, E, F: ordered by difference). It may be noted that
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SVP Mode (square markers) is consistently better and more consistent than Moving

(triangle markers).

Figure 10. Target recognition differences between Modes by terrain sequence

In order to determine whether any of these differences were significant in their own right

we conducted a Generalised Linear Mixed Model (GLMM) analysis, specifically a logistic

regression with participants and sequence as random effects (Venables and Ripley 2002).

This analysis treats the data as a 2×3×6 design (Mode, Speed, Terrain Sequence). This

analysis indicates that only the difference between Modes for Terrain sequence F (heavily

forested) may be considered statistically significant (p = 0.0074). Overall the p-value of

Mode to Terrain Sequence (p = 0.038) strongly supports the overall trend observed in

Figure 10, and would therefore indicate the potential value of further investigation into

methods for terrain image classification, possibly by automatic analysis methods.
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In more detail, Table 5 shows the individual performance by the 18 participants against

the 18 targets presented (the data as organised here is not in the order of the randomised

presentation). It may be seen that most participants (the rows) detected between 10

and 13 (incl.) targets (M = 11.7, SD = 2.2), however participant #17 detected only 6,

and participant #6 detected all but one, but at an elevated False Positive rate (10).

Participants made an average of 3.5 False Positive identifications (SD = 2.5), aggregated

across all six sequence presentations.

There is a greater variability in the recognition rate for individual targets (the

columns), perhaps indicating that, for investigative purpose, there was an appropriate

range of target difficulty (M = 11.8, SD = 5.4). At the extremes, target D2 (shown in

Figure 3) provided an easy target noted by all, whereas target F1 (shown in Figure 4)

was detected only twice in the 18 appearances. No participant or target represents an

outlier by the 3σ measure (99.9%).

Moving mode presentations are indicated in Table 5 by triangles in the cells, and SVP

by squares (speed variations are not shown). The figure shows the relative detection rate

for each target (A1–F3) in both the Moving and SVP modes. The number of instances

where the target was more frequently detected by SVP is 11; by Moving is 2, with 5

equal.

3.2. Subjective Questionnaire Results

Figure 11 shows a summary of the questionnaire responses for both the Moving and SVP

modes during the experiment (Q1–Q9). Generally it may be seen that there is very little

discernible difference between the two presentation modes.

When tested for statistical significance with a Wilcoxon Rank Sum test, only the results

for the eye-strain (Q5, “How much eye-strain did you experience?”) were found to be
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Table 5. Target detection matrix (re-ordered)

Participant
Number

Map and Target Total
(N )

False
PositivesA B C D E F

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

1 ▶ ▶ ▶ ▶ ▶ ▶ ▶ ▷ ▷ ∎ ∎ ∎ ◻ ∎ ◻ ◻ ∎ ∎ 13 4
2 ▶ ▶ ▷ ▶ ▶ ▷ ∎ ◻ ∎ ◻ ∎ ∎ ∎ ∎ ◻ ▷ ▷ ▶ 11 1
3 ▶ ▶ ▷ ∎ ∎ ◻ ∎ ◻ ∎ ∎ ∎ ∎ ▶ ▶ ▶ ▷ ▷ ▷ 12 4
4 ∎ ∎ ∎ ◻ ∎ ∎ ∎ ∎ ∎ ▶ ▶ ▶ ▶ ▷ ▷ ▷ ▷ ▷ 12 5
5 ∎ ∎ ◻ ∎ ∎ ◻ ▷ ▷ ▶ ▶ ▶ ▶ ▷ ▶ ▷ ◻ ∎ ∎ 11 1
6 ∎ ∎ ∎ ▶ ▶ ▶ ▶ ▷ ▶ ▶ ▶ ▶ ∎ ∎ ∎ ∎ ∎ ∎ 17 10
7 ▶ ▶ ▶ ▷ ▶ ▷ ▶ ▷ ▶ ∎ ∎ ∎ ∎ ∎ ◻ ◻ ∎ ∎ 13 4
8 ▶ ▶ ▶ ▷ ▶ ▷ ∎ ∎ ∎ ∎ ∎ ∎ ◻ ∎ ◻ ▷ ▷ ▷ 11 3
9 ▶ ▶ ▷ ∎ ∎ ∎ ∎ ∎ ∎ ◻ ∎ ∎ ▶ ▶ ▶ ▷ ▷ ▷ 13 6
10 ∎ ∎ ∎ ∎ ∎ ∎ ∎ ◻ ∎ ▷ ▶ ▶ ▷ ▷ ▷ ▷ ▷ ▷ 10 1
11 ∎ ∎ ∎ ∎ ∎ ◻ ▶ ▷ ▶ ▶ ▶ ▶ ▷ ▷ ▶ ◻ ∎ ∎ 13 5
12 ∎ ◻ ∎ ▶ ▶ ▶ ▶ ▷ ▶ ▷ ▶ ▶ ◻ ∎ ◻ ∎ ∎ ∎ 13 7
13 ▶ ▶ ▶ ▷ ▶ ▷ ▶ ▷ ▶ ∎ ∎ ∎ ∎ ∎ ◻ ◻ ∎ ∎ 13 1
14 ▶ ▶ ▶ ▶ ▶ ▷ ∎ ◻ ∎ ◻ ∎ ∎ ∎ ∎ ◻ ▷ ▷ ▶ 12 3
15 ▷ ▶ ▷ ∎ ∎ ∎ ∎ ◻ ∎ ◻ ∎ ∎ ▷ ▶ ▷ ▷ ▷ ▷ 9 4
16 ∎ ∎ ∎ ∎ ∎ ∎ ◻ ◻ ∎ ▶ ▶ ▶ ▷ ▶ ▶ ▷ ▷ ▷ 12 2
17 ◻ ∎ ◻ ◻ ∎ ◻ ▶ ▷ ▶ ▷ ▶ ▷ ▷ ▷ ▷ ◻ ◻ ∎ 6 2
18 ∎ ∎ ∎ ▷ ▶ ▷ ▶ ▷ ▶ ▷ ▶ ▶ ∎ ∎ ◻ ◻ ◻ ∎ 11 0

Total (N ) 16 17 12 12 18 8 16 3 17 10 18 17 9 14 5 2 7 11 63

▶ Moving mode, target Identified (TP) ∎ SVP mode, target Identified (TP)
▷ Moving mode, target Unidentified (FN) ◻ SVP mode, target Unidentified (FN)

statistically significant to the p < 0.05 level (W = 1813.5, p = 0.02625) indicating greater

reported eye-strain during Moving mode (Median = x̃ = 4) compared to the SVP mode

(x̃ = 2). At a lesser confidence level (W = 1177.5, p = 0.08256) participants reported the

task in SVP mode (x̃ = 6) being easier (Q2, “How easy was it to perform this task?”)

than the task in Moving mode (x̃ = 5).

A detailed view (not shown) of the speed question (Q9, “How fast did you find the

sequence?”) indicates that the 90 mph setting was very close to a 5 score (“just right”),

the 60 mph somewhat too slow and the 120 mph somewhat fast, consistent with our pilot

study findings. One participant noted that the speed appeared too slow on open ground

and too fast (more time required) for the densely featured (forest) areas and suggested

the possibility of manual speed control.
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Figure 11. Summary of questionnaire findings by Mode

3.3. Eye-Gaze Results

Through the data collected from the eye-tracking equipment we were able to compare the

eye-gaze patterns of participants between presentation modes. The top row of Figure 12

shows the cumulative gaze position across all participants and speeds for both the Moving

(top left) and SVP (top right) modes. Each plot accumulates some 190,000 individual

gaze position readings, with darker areas indicating places of high gaze activity. The

cumulative plot for the Moving mode shows a strong tendency for gaze position to be

concentrated to the right of the screen area. This corresponds to the area where the

moving image first appears before travelling to the left on the screen. The cumulative

plot for the SVP mode (top right) suggests that gaze moved to various salient features

on the screen, with a noticeable tendency to centralisation, following the normal pattern



25th June, 2013 19:20 Behaviour & Information Technology iimc

Behaviour & Information Technology 23

of rapid saccades and fixations (Tatler 2007).

A separate representation of a single example experiment trial is shown on the bottom

row of Figure 12. Gaze movements shorter than the threshold of 30 pixels were omitted

(15 ft, 4.6 m on the map corresponding to a visual angle of 2○), as these largely equate

to fixations (Duchowski 2007). Particular interest should be paid to the Moving mode

gaze-movement plot (lower left). Tracking episodes by this participant in the Moving

mode (Figure 12, lower left) can be seen as line segments. Each line segment represents a

period when the participant’s gaze followed a particular visual feature as it moved across

the screen from right to left. Each tracking episode persisted while the current recorded

gaze position on the screen was within the 30 pixel distance threshold from the last

reading (recall that gaze position readings are made every 16.6 ms, section 2.3). Once

any gaze location exceeded the threshold distance from the previous one, the tracking

episode was terminated. This termination is typically the result of a saccade to another

part of the screen.

Figure 12, lower right, shows the equivalent screen gaze episodes in SVP mode over

one complete map presentation to a single participant. Each clustered sequence of gaze-

movements that remains within the 30 pixel threshold represents a fixation—when gaze

is effectively static with respect to the screen image. It is generally agreed that cognitive

processing and perception takes place during fixations (and, by implication, the equi-

valent tracking episodes described above, compensating for image motion). Again, any

saccade to a different part of the screen terminated the fixation and hence is not drawn.

These two images show the distinct behaviour between the two presentation modes typ-

ical of the participants.

Figure 13 shows cumulative gaze position relative to features on the terrain image

sequences as seen by all the participants (all gaze points for each sequence are shown here
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Figure 12. Cumulative gaze plots for all gaze readings in Moving (upper left) and SVP modes
(upper right), compared to individual tracking events for a single presentation (Moving mode,
lower left) and fixations (SVP mode, lower right)

in pairs). The upper image in each pair shows the features treated as salient in Moving

mode. The lower image shows the equivalent salient areas in SVPmode. Concentrations of

gaze points are indicated by intensity of colour, superimposed over the (greyed) terrain

images. The three targets in each sequence are shown circled. Note that there is an

apparent correlation in the patterns of major salient features observed between the two

modes.
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Figure 13. Terrain sequence cumulative heat-maps for Moving mode (upper) and SVP mode
(lower) (terrain coordinates)

4. Discussion

4.1. Conclusions

The superiority of the Serial Visual Presentation (SVP) of still images over the video-like

Moving modes, at a wide range of speeds, was clear and of statistical significance. We were

somewhat surprised, however, by the general lack of difference in opinion expressed by the

participants between the two presentation modes arising from the main questionnaire.

As the use of UAVs for search and rescue increases, so will the availability of real flight

data, allowing these findings to be further tested under increasingly realistic conditions.
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While it is not possible to say at this time whether these findings will translate to other

inspection and visual search tasks, we believe they are sufficiently interesting to warrant

further investigation on a case-by-case basis.

4.2. Implications

Ours is a laboratory investigation, but it highlights a range of interesting issues rel-

evant to a wide range of search and inspection tasks where the targets are embedded

in a moving environment. If the main finding—the superiority of SVP over the Mov-

ing mode—extends to other related tasks and situations it has a number of interesting

implications.

One such implication is the possibility of minimising bandwidth requirements for data

transmission from the UAV, a sequence of high-resolution images generally requiring a

lower data-rate than the equivalent video. This will assist in the deployment of swarms

or groups of UAVs to conduct a broader area search where a limited communications

channel must be shared by several vehicles. The visual search task as presented here

is clearly only inspired by, rather than immediately relevant to the Search and Rescue

problem.

Sequences of still images are, of course, not equivalent to a live video stream. Our use of

a moving, but essentially static, image for the tests precludes the use of ancillary cues by

the observer that might provide valuable extra information to support an identification

decision, such as movement by the victim (waving, for instance, or using reflective objects

to attract attention), or by virtue of the changing perspective view. However, still images

can also avoid some of the artefacts involved with a live video stream such as motion

blur and other distortions.

The Search and Rescue task is challenging and targets typically hard to spot (Simerson
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2004). In practice, imaging may also be multi-spectral using, for example, both the

visible spectrum (colour) and infrared thermal imaging, giving rise to the possibility of

automated feature salience evaluation or enhancement by fusing information from these

different imaging modalities (e.g. Doherty and Rudol 2007, Goodrich et al. 2008).

Our motivation here has not been to directly advance understanding of the psycho-

logy of perception, but rather to establish the comparative performance across different

presentation modes. However, during these studies we have accumulated a large quantity

of gaze data, which we intend to analyse in this respect at a later date.

4.3. Future Directions

The findings presented in this paper identify a number of research directions. The po-

tential offered by the SVP mode suggests the possible advantage to target recognition of

segmenting the static images, thereby presenting smaller sections of the terrain image,

but more rapidly. One might, for example, divide each frame in SVP mode into four, but

present each of the resulting images for one quarter of the time. Indeed, higher degrees

of segmentation, in which each terrain image may be visible for as little as 100 ms, may

bring with them the established advantages of so-called Rapid Serial Visual Presentation

(RSVP, e.g. Cooper et al. 2006). Such an investigation would also help towards an un-

derstanding of what aspects of the human visual system are responsible for the observed

differences between static and moving modes.

We would hope to extend our studies to include real video footage (and still images)

from terrain over-flights, with a variety of different target types and to investigate further

presentation modes. For example, real flight video data would permit a more realistic

evaluation of the Moving and SVP modes, and trials over an extended “shift” would

highlight any possible effects of fatigue and inattentiveness. Clearly, input and guidance
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from Search and Rescue practitioners would be invaluable.
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