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Abstract: An image tracking algorithm, which was originallgad with the particle image
velocimetry (PIV) to determine velocities of buoyawolid particles in water, is modified
and applied in the presented work to detect maifdire ant on a planar surface. A group of
fire ant workers are put to the bottom of a tub axdited with vibration of selected
frequency and intensity. The moving fire ants aaptered with an image system that
successively acquires image frames of high digéablution. The background noise in the
imaging recordings is extracted by averaging huglief frames and removed from each
frame. The individual fire ant images are identfwith a recursive digital filter, and then
they are tracked between frames according to the, &irightness, shape, and orientation
angle of the ant image. The speed of an individmalis determined with the displacement
of its images and the time interval between framidge trail of the individual fire ant is
determined with the image tracking results, anthassical analysis is conducted for all the
fire ants in the group. The purpose of the expanime to investigate the response of fire
ants to the substrate vibration. Test results atdithat the fire ants move faster after being
excited, but the number of active ones are noees®d even after a strong excitation.
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1. Introduction

A vibration-based technique is under developmenthat University of Mississippi’s National
Center for Physical Acoustics (NCPA) for inducingtion of black imported fire ants (BIFAS) in a
tub. The tub is normally situated inside of largétdck boxes” used by research entomologists at the
Biological Control of Pests Research Unit (BCPRW)Stoneville, Mississippi, to provide an arena
whereby worker ants are exposed to attacks by ipaichsphorid flies Pseudacteon curvatus
Borgmeier) in a dedicated effort to increase aitfi mass production of phorid fly pupae inside the
bodies of fire ant workers [1, 2]. In order to gtifynthe distribution and motion of the fire ants the
tub, a digital imaging system is used to recorcessive image frames of fire ants on the tub bottom
surface. The digital ant image recordings are @@ in a similar way to those for processing garti
image velocimetry (PIV) recordings of low-image-diy (LID) mode.

PIV is an optical measurement technique for flladvE seeded with tiny tracer particles [3-7]. In a
standard PIV system a laser light sheet is uséitltoinate a plane in the measured flow field. Iraag
pairs are usually taken with a digital camera tword displacements of tracer particles in the plane
during a selected time interval. Many differentaithms can be used to determine the particle image
displacements in a digitized PIV recording pair teat the velocities of the flow tracers can be
calculated. The velocity of a tracer particle refifethe fluid flow velocity around the tracer pelei
The PIV technique can be modified and applied ®itisect motion measurement. To fit PIV to the
ant tests, the following factors should be congde(l) Since the ant motion can be limited inanpt
surface, the laser light sheet can be omitted. eweéhe shadow of the ants on the surface shaaild b
avoided because the size of an ant is much langer & tracer particle. (2) To capture moving olsject
in a natural illumination situation, the digitalsara should have a high sensitivity to the lighttrsat a
short enough shutter time can be used. (3) Witaguianar illumination, the noise in the background
that includes reflection, shadow and unexpectedabbjis recorded together with the images of ants.
Therefore, image-processing techniques are requoeextract ant images from the disturbed raw
recordings. (4) Because the distribution densitamfimages is much lower than that of the particle
images in usual PIV recordings, a particle imageking (PTV) algorithm should be used to determine
the ant image displacements, thus, suitable methoglsequired to identify and track individual ant
images. In the present work the first two factars, (1) and (2), were taken into account at the
hardware selection and system setup, whereasghena factors, i.e. (3) and (4), were considergd b
developing appropriate image processing methodewaaldation algorithms.

Many different algorithms have already been dewaiopo track particle images in LID PIV
recordings, e.g. [8-11]. In most PTV algorithmse tbenters of particle images are identified to
determine the particle image displacements, andptrécle images are paired according to their
relative position to spatially or temporally neiginbd particle images. Because the images of tracer
particles are usually very small, very few PTV aijons use the information of particle size,
brightness and shape. The authors constructed ageirtnacking technique for fire ants based on the
method and algorithm used to determine the velafithe buoyant solid particle in a water tank, i.e
the images of solid particles in the water tankemelentified with a recursive digital filter, andety
were tracked between frames according to the brzghtness, shape of the particle image [12, 13].
Since the fire ants have a similar size and fixieaps, the orientation angle was added to the two-
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frame tracking function to improve the reliabilif the algorithm. The image of background
disturbances was extracted with averaging a gréumage frames and removed from the individual
image frame [14].

In this paper we shall at first introduce some itieta the experiment. Then, the image processing
method and evaluation algorithms will be descrild&dally, typical test results will be presentedian
discussed.

Figure 1. Schematic illustration of experiment setup for frg tracking.

Wireless
Thermometer ' Computer
» & Data Storage
Digital \
Camera
Light Light Signal Amplifier

@i

0poooo
@ 000000

& Analyzer

\ 4
© IZI:DIZII]DD

@
@

R s BT

Acceleromete
M Heater Power Amplifier Function Generatc
Shaker L] I
o D -
B Ch oooooooo
—‘T [oxe) o

2. Experiment setup

0

As shown in Fig.1, a small isolated room measuabgut X2x2 ni* was used as the experimental
chamber. A small space heater was used to reghlatambient temperature to 26-28 °C, which was
monitored by using a remote wireless thermometanfoutside of the chamber. As a play stage for
fire ants, a plastic tub measuring 350x190x120°mvas placed in an aluminum support frame,
confining the perimeter of the base of the tub &lldwing for general deformation of the bottom
surface of the tub. The 120-mm sides of the tuteweated with FlushAD1 to prevent the ants from
escaping. The 350x190 mrmner bottom of the tub was painted with grid $inef distance of 31.75
mm (1 ¥ inches) for vibration mode analysis andgenealibration. Since the vibratory sensory organs
of fire ants appear to be most sensitive to theelacation of the substrate vibration [15], 12
accelerometers were attached to the outer bottofacguof the tub to monitor the vibration. The tub
support frame was connected to the center insextsbiaker by a steel rod. The shaker was placed on
vibration absorbent pad in order to minimize tHe@t of ambient seismic energy. Four small halogen
lamps served as light sources for imaging purpasesthey were placed to prevent shadows. A 10-bit
CMOS digital camera with 1{dm pixels was attached to a tripod and fixed to akwg distance of
600-mm to capture images of the fire ants befor@ after excitation. The CMOS camera has a
memory big enough to save more than 1,200 frameadh of 10 separate zones, so that image groups
of multiple tests can be acquired without pausimgdata downloading. The camera acquired image
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frames of 1024x512 pixels at a frame rate of 6Q fgsich covered an area of 418x209 frim the
objective plane with an imaging scale of 2.45 pixeh. The exposure time of 1/500 second allowed
for sharp images of moving ants.

Other equipment components were placed outsiddieofrdom to minimize human interferences
with fire ant behavior. The shaker was driven by tutput of a power amplifier, and the vibration
signals acquired at the tub bottom were amplifisthgl low-noise amplifiers and processed using a
dynamic signal analyzer. A computer was used tarobithe image acquisition and to download
images after a test case was completed. Imagegsiogeand evaluation were completed offline.

200 workers of fire ants were collected and put ithie tub for each test case. Acclimation to the
new environment was allowed for 24 hours prior tmmencement of experimentation, with drip
irrigation providing a source of moisture. Liglgimside the chamber room was regulated by turning
the lights on at ~ 8:00 AM every morning and thaming them off at ~ 5:00 PM to simulate the
daylight cycle.

According to previous tests [16], the exciting fnegcy was selected to be 466 Hz to effectively
stimulate the fire ants distributed on the tub dott Several groups of image frames were recorded fo
each test case: the first ant image recording grmeap taken one minute before the excitation as a
reference. The second ant image recording group aggsired a few seconds after the ants were
excited. The remaining 8 ant image recording groupse obtained at different time delays to observe
the development of the ant motion within a one-hpeniod. Each image group has 1228 frames that
were acquired at a rate of 60 fps in about 20 s#scol sample image is shown in Fig.2. In this sampl
image, most of the ants cluster on the lower lefher of the image frame; some of the ants randomly
distribute on the tub bottom; and a food sourcewafHeliothis virescengupae is placed on the mid-
high right.

Figure 2. Sample image taken at the bottom of the testfitd:ants, food source, dusts,
grid lines, and shadows are included.
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3. Image processing and evaluation
3.1 Removing background disturbances

As shown in Fig. 2, the bottom of the tub is notfermly illuminated, and the painted grid lines
and unexpected objects like the food source, dodt dead ants are imaged together with the
investigated active moving ants. The ant imagerkogs must be cleaned before being evaluated to
ensure reliable and accurate results. The methectibed in [14] can be used to effectively extthet
image of the constant background disturbances anetrhove it from each ant image recording.
Assume an ant image recording group Nasames, and the gray value distribution of eaemf is
represented aSy(x,y) (k=1,2,3, ZIN). (x,y) is the position of each pixels in the image fraifiee first
step is to average all the frames to obtain ana@eet gray value distribution as

Gn(xy)=

1 N
NZGK(X! y) (1)

k=1

The second step is to subtract the averaged gtag dastributionG(x,y) from each image frame,
le.

Ga(xy)-Gc(xy) for G,(xy)>G,(x)
Gixy)= (2)
0 for Gm(x, y) <G, (x, y)

Equation (2) is valid only when dark objects mowebright background, otherwise the images
should be inverted. Fig.3 demonstrates the effetttebackground removing determined by equation
(1) and (2) foN=1228. Fig. 3a shows a part of a raw ant imagerdautg of size of 258128 pixels. In
the raw image sample the grid lines, food resoudead ants, and dust pieces are included. In the
averaged image, i.e. Fig. 3b, some of the ant is\aligappear because they are images of active
moving ants whose contribution to the averaged gedye is divided by 1228. When the background
disturbances are removed by using equation (2 onhges of active moving ants stay in the
processed image frame, see Fig. 3c. Note tharnthenages in Fig. 3c are inverted.

Figure 3. Sample images (25628 pixels).(a) Raw image(b) Averaged{c) Cleaned.

L AN .

(a) G(xy) (b) Gn(x.y) (c) Gk(xy)

3.2 Image identification

The tracking of individual ants between image frane based on ant image identification, i.e.
determination of the position and characters ofheaat image. In order to complete image
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identification, the processed digital image recogdas shown in Fig. 3c is binarized according to a
selected gray value threshold, so that the bounofatlye ant image is fixed. The binary effect oé th
ant images is shown in Fig.4. In the presented, ¢thsebinarized ant images consist of teens to@éns
square bright units (pixels of gray value 1) in ek background (pixels of gray value 0). As
schematically illuminated in Fig. 5, a multi-pasgi@l filtering is used to identify ant images. ftst,

as shown in the first picture from left, the brightits of the binary image are numbered one by one,
whereas a great number (ie@). is given to pixels of the background. Thus, a thmensional field of
numberdN(x,y)are obtained. Then, the number field is procebgadking following recursive filter

N(x,y):min{N(x+i,y+ j);i =-101; | =_1’01}
for N(x,y) # oo

3)

i.e. the number of each pixel in the field shoutdtlbe minimum in the 3 by 3 neighborhood, except

for those of pixels with numbes. To complete Equation (3), an iterated scanninthefnumber field

is performed. The effect of the first scan of the filtering is shown in Fig. 5 in the secondtpie
from left. The 34 numbers in the first picture aeeluced to 18 numbers in the second picture. The
filtering with equation (3) is iterated until noamges can be made anymore in the number field. The
final result is shown in Fig. 5 in the picture ¢w tright, in which the pixels of each ant imageéehthe
same number that different from those of otherianaiges. The two ants in the X65-pixel image
sample in Fig. 5 finally have number 1 and 9, respely.

Figure 4. Sample image including 2 ants: (left) grayscalege)dright) binary image.

Figure 5. Schematic illumination of the image identificatialgorithm.
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After the iterated filtering with equation (3), thetal number of ant imagesl{), the number of
pixels (i.e. size) of each ant imad# for n=1,2,3//M,), and the position of each pixel for certain ant
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image (X, Yn,i) for i=1,2,3,/[8,) are determined, that directly enables a furthetemnination of the
position and brightness of the ant images as below.

Image center position:

Sn S
)= S0 2w @
Mean brightness:

iiek (Xn,i . yn,i) 5)

:U’

Wherein G(x,y) is the gray value distribution of the original dantage recording as shown in
Fig. 4a. The shape and orientation of the ant imagen also be determined with the image
identification results.

Figure 6. Roundness and orientation angle of ant image.
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As shown in Fig. 6, the roundnes®)(and orientation angled( are used to represent the shape
characters of an ant image.The main orientatiaih@fant image is determined by a least squarerlinea
fit of all the pixels of the ant image, afds the angle between the fitting line and the rection. The
definition of the roundness is based on the défimibf the moment of inertia for bodies with comgta
thickness in the axis direction and a uniform dgndistribution. @ is the ratio of the moment of
inertia between the ant image and the equivalamtddody, i.e.
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% 2
P

__n_i;_ZHS" _ 2 _ )
en_ Ie _051085/77-_85 ;[(Xi Xn) +(yi Yn) ]l (6)

wherein p is the mass of each pixe® equals 1 for perfect round images, otherwiel. For
square images the roundne3ss about 1.05. There is no dominate orientatioaation for round and
square images, but the orientation ar@leecome an important character wh@&n1.05.

3.3. Image tracking algorithm

Image tracking function:

Assume there are Mo and No numbers of ant imag#seifirst and second frame of an ant image
recording pair, and the image identification resfiitr the two frames are represented as {X1,m, Y1,m
S1i,m, Blm,©®1,m, 81,m for m=1,2,8IMo} and {X2,n, Y2,n, S2,n, B2,nG2,n, 62,n for
n=1,2,3MNo}, respectively. A tracking function is defined below to quantify the likeness of two ant
images.

D(m,n)=c{szvnsz%m} {BB Bm} .

1Lm
2 2
e2n_elm HZn_HLm
3 s + Cg 3
(©) 057

Whereincs, cs, Co andcg are weighting coefficients, which are determinedoading to experience
in previous tests. Tracking functidd(m, n) describes a sum square difference of weightedhtani
rates of image size, brightness, shape, and oti@ntangle between imaga in the first frame and
imagen in the second frame. The orientation anglenay not be used in usual PIV for tracking
spherical particles, e.g. [12], however, it may duate the tracking because many ants have similar
size and shape, and their images have the santerass level.

(7)

Co

1m

Table 1. Example of ant image identification results.

n X Y S B o 6

1| 30.33 4.33 15 170.1 1.86 -1.27
2 | 84.29 28.11 17 171.% 2.25 -0.37
3 | 176.43 45.68 16 166.7 2.39 -1.25
4 | 103.00 46.50 16 167.7 2.55 -0.62
5 | 149.56 56.81 16 172.9 2.95 1.23
6 | 133.53 55.66 15 163.9 2.60 0.05
7 | 167.62 83.31 39 169.4 2.69 -0.47
8 | 241.65 85.94 17 172.4 2.15 0.15
9 | 85.21 | 110.00 14 190.6 2.26 -1.20
10| 89.50 | 114.00 20 176.4 2.00 1.41
11| 155.50 | 122.25 16 171.5 2.63 1.5
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Image tracking criteria:

The criteria to judge that image’ in the first frame and imageg in the second frame are images of
the same ant is given as

(i )= mm{( (®)

D(m',j) for j = 123N, and }
x2,j _me')2+(Y2,j - 1m) <Rs

wherein search radil is used to limit the search for the image partrien the neighbored area of
the tracked imagen’, so that some false tracking can be avoided aadcdéimputation time can be
reduced.

Image tracking results:

The final results of the two-frame image trackimg position(X,Y)and displacemer(dX, 4Y) of
the tracked image pair, i.e.

9)

The speed of the ant is then determined by

AX(m n)

vV, (m,n) = A

: (10)

whereint is the time interval between the two frames inaheimage recording pair.

Variation limits:
To validate an image tracking result, variationitgrare set for all the tracking parameters, i.e.

SZ,n'S: Sl,m' < qos ’ BZ,n'B_ Bl,m' < %'
m 1,m (11)
eZ,n' - el,m' < 92,n' - Hl,m' % )
O 0517

If ant image paifm’,n’) does not fulfill the conditions described in egoiat(11), the tracking result
is considered to be wrong. Limis, ¢, @ andg are determined according to experience or an vera
analysis of the digital ant image recordings.

Reversibility of image tracking:
Another way to validate an image tracking resultasconduct a reverse tracking. The reversed
tracking function is defined as
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D,(m,n):c{M} +CB[BLm—Bz,n} .

BZn
RS o o 1t (12)
Oun = s Lm — Y2
Ce{ ©,, } +C{ 0577 }
If image pair(m’,n’) is determined with equations (8) but not fulfitirmition
CN Dr(i,n') fori =12300M, and
D, (m\,m)= mln{ (%, = X, )2 + (¥ =Y, )2 < R } , (13)

the tracking is not reversible. A tracking resuithwut reversibility may be considered as a failure

4. Experiment results

Two tests cases were conducted in two differens dayd the acquired data provides sufficient
information for the test purpose. To effectivelyrailate the fire ants distributed on the tub botttime
exciting frequency was selected to be 466 Hz adegrit a previous investigation [16]. The excitatio
applied in the first case (case #1) resulted inntla@imal acceleration amplitude of 0.72 fiigar the
tub center, whereas the exciting signal appliesenond case (case #2) resulted in the maximal
acceleration amplitude of 82.13 m/at the same position. Therefore, case #1 and #aseere
considered as a weak excitation and a strong eéxcifaespectively. Since the vibration of the tub
bottom surface is perpendicular to the image pkame with limited amplitude, it does not have any
obvious influence on the recording of fire ant rooti

Figure 7. Individual image tracking results: trgk) and speedb) of a selected ant in 20
seconds.
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With the described image tracking technique thé &ad speed of each active moving ant were
determined in a 20-second data acquisition pe@dan example, Fig. 7 shows the trail and speed
time history of the ant indicated with a white avrm Fig. 2, which belongs to the ant image reaugdi
group in case #2 for a few seconds after the diaitaFig. 7a shows that the trail of the ant stat
position (0, 0), goes along &™ shape in a region of 960 mnf in the 20-second period. In Fig. 7b
the ant speed varies between 0 and 40 mm/s wigryacomplex distribution on time. The tracking
results for a single ant enable study of the imiliai ant behavior. However, in the present work we
concentrated on the overall behavior of the grdup08 ants. Fig. 8 displays the overlapped posstion
(8a) and speed vectors (8b) of identified 62 acthaving ants in 1228 frames, which are evaluation
results of the second ant image recording grougdse #2. In Fig. 8a the trail of an individual ean
hardly be identified, however, the overlapped awgifions present a distribution of ant appearance
probability in the observed area. Fig. 8b showsctireesponding ant moving speed vector at each ant
position. Since so many vectors are overlappedspleed of an individual ant cannot be seen cléarly
the figure. In the current test case the constanEs). 7 were all set to 1, and those in Eq. 11evadr
set to 2.

Figure 8. Esemble image tracking results: overlapped anttiposi(a) and speed vectors
(b) in case #2, 2nd group (view area: 418x209nm

(a)

(b)
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The evaluation results are further processed, apontlore useful information can be extracted from
the available raw data. At first, the number of Hative ants is investigated for the both cases at
different delay time in the one-hour test perioad @he results are given in Fig. 9. For each chse t
first symbol on the left represents the activeramhber before excitation, and the second symlsol, i.
at “time delay’=0, represents data obtained a fewosds after the excitation. The followed eight
symbols represent data obtained in the time pesfostoration, i.e. 3, 6, 9, 12, 15, 30, 45 and 60
minutes after the excitation. As shown in Fig.€kttresults of both cases indicate that the nurober
active moving ants reduces after being excited urfase vibration of the tub, and it reaches to the
minimum at around 10 minute of the time delay. A® minutes, the number of the active moving
ants is back to normal, i.e. the number beforetation. After 40 minute the active ant number
increases to a little higher than that of beforeitexion.

Figure 9. Number of active ants in two test cases duringlome-test period.
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A probability density function (PDF) of ant movirgpeed is determined for each ant image
recording group with about 36000 speed values awrshn Fig. 8b. The probability density functions
(PDFs) of ant speeds determined before excitatidey seconds after excitation, and 6 minutes after
excitation are given in Fig. 10 and 11 for the ti@st cases, respectively. The PDFs of the two test
cases are similar before the ants being excitatipaty a little difference can be observed betwe@n
and 30 mm/s when they are plotted together. Théesttmded PDFs have a maximum near to 5 mm/s,
and they reduce exponentially with increasing geesl. It can be seen in Fig. 10 and 11 that the PDF
of ant speed is obviously changed in a few secaftds the excitation, but it returns to the undisad
distribution in about 6 minutes. The excitationtbé tub surface vibration reduces the probability
density of the low ant speed but increases thahetfhigh ant speed. In order to clearly compare the
changes of the PDFs between the two test caseBDke of the undisturbed ant speed are subtracted
from the PDFs of the ant speed determined a feansiscafter excitation. The differences are shown in
Fig. 12. The figure indicates that the excitatinrcase #1 increases the PDF of ant speed in thenreg
of more than 10 mm/s, whereas the excitation ie ¢&sincreases the PDF of ant speed for speed more
than 20 mm/s. The increasing peak of the PDF isirefo30 mm/s for both cases. As a direct
consequence of the PDF increasing at the high sgresdthe PDF decreases in the region of 0-9 mm/s
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in case #1 and 0-20 mm/s in case #2. Obviouslysttanger excitation (i.e. in case #2) makes the
moving ants a little more active, i.e. at a higbeeed level.

Figure 10. Probability density functionsf ant speed for Case #1 at three different test
times.
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5. Summary and conclusions

In this paper an image tracking algorithm is usethvestigate moving fire ants on a planer surface.
The digital images of fire ants are recorded withigh resolution video system, processed to remove
the background disturbances, identified with a reige digital filter, and tracked with their positi,
size, brightness, shape and orientation angles.

The fire ant image tracking is conducted in two syaye. individual image tracking and ensemble
image tracking. The individual image tracking iartgd with a selected fire ant at the first framh@ o
successively recorded image group. The selectedafit image is tracked from frame to frame until it
stops or goes out of the image frame. Since thgidhl fire ant image tracking may fail when two o
more fire ants meet together, the tracked trailughde confirmed with a video playback. If the
individual fire ant tracking is successfully contel@, a position time history of the selected fing ia
determined and the speed variation can be invéstigdhe ensemble image tracking can be conducted
with a minimum of two frames, and the speed valoks group of fire ants are determined for
statistical analysis.

Tests were conducted with a group of 200 fire anmtkers in a plastic tub. The test fire ants were
excited with tub surface vibration of selected fregcy and intensity. The experiment shows that,
after acclimation to the environment for 24 howsyund three quarters of the ants keep calm in
clusters, whereas about one quarter of the ant® mctwely. The speed of the active moving firesant
increases directly after the excitation, and retuank to the normal level in about 6 minutes. The a
speed level is a little higher after a strong etwn than after a weak excitation. Experiment ltesu
indicate that the number of the active moving aliss not increase as expected after the excitation
with substrate vibration, in the contrary, it deses within 10 to 20 minutes after the excitation.

The application example demonstrates that the inteagking algorithm, which was originally
described for tracking big buoyant particles in @ewv tank, can be effectively used to track imaxgfes
moving fire ants on a planar surface with a necgssadification, i.e. including the orientation dag
in the tracking function. The background image remg erases not only disturbances in the image
background, but also images of fire ants that donmave, so that the active moving fire ants can be
counted precisely. The used image identificatiothoe is effective but simple, so that it can eab#y
put into a computer program. The presented algaritnd method may be further improved with
recent advancements in particle image velocimetgy,[17-18], and used to track other insects ngvin
on a planar surface.
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