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Egg laying is an important phase of the life cycle of the nematode Caenorhabditis elegans (C. elegans). Previous studies examined
egg-laying events manually. This paper presents a method for automatic detection of egg-laying onset using deformable template
matching and other morphological image analysis techniques. Some behavioral changes surrounding egg-laying events are also
studied. The results demonstrate that the computer vision tools and the algorithm developed here can be effectively used to study
C. elegans egg-laying behaviors. The algorithm developed is an essential part of a machine-vision system for C. elegans tracking
and behavioral analysis.
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1. INTRODUCTION

The nematode Caenorhabditis elegans (C. elegans) is widely
used for genetic studies of development, cell biology, and
gene regulation. In particular, because of its facile genet-
ics, well-described nervous system, and complete genome se-
quence, it is particularly well suited to analysis of the molec-
ular and cellular basis of nervous system function and devel-
opment. The ability to functionally map the influence of par-
ticular genes to specific behavioral phenotypes makes it pos-
sible to use genetic analysis to functionally dissect the molec-
ular mechanisms underlying poorly understood aspects of
nervous system function such as addiction, learning, and
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sensory perception. However, many genes with critical roles
in neuronal function have effects on behavior that are diffi-
cult to describe precisely, or occur over time scales too long
to be compatible with real-time scoring by a human observer.
Therefore, to fully realize the potential of C. elegans for the
genetic analysis of the nervous system function, it is neces-
sary to develop sophisticated methods for the rapid and con-
sistent quantitation of mutant phenotypes, especially those
related to behavior.

One of the most important behaviors for the analysis of
neuronal signal transduction mechanisms is egg laying. Egg
laying in C. elegans occurs when embryos are expelled from
the uterus through the contraction of 16 vulval and uter-
ine muscles [1]. In the presence of abundant food, wild-
type animals lay eggs in a specific temporal pattern: egg-
laying events tend to be clustered in short bursts, or active
phases, which are separated by longer inactive phases during
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which eggs are retained. This egg-laying pattern can be accu-
rately modeled as a three-parameter probabilistic process in
which animals fluctuate between discrete inactive, active, and
egg-laying states [2]. Egg laying has also been shown to be
coordinated with locomotion: specifically, animals undergo
a transient increase in global speed immediately before each
egg-laying event [3]. Many neurotransmitters and neuronal
signal transduction pathways have been shown to have spe-
cific effects on egg-laying behavior; thus it has become an
important behavioral assay for the analysis of many neuro-
biological problems in C. elegans.

Computer vision tools [4, 5, 6] have been used success-
fully in recording, tracking, defining, and classifying C. el-
egans morphology and locomotion behaviors. Because egg
laying is infrequent, it is well suited for analysis by au-
tomated imaging methods. In previous egg-laying studies
[2, 3, 7, 8], individual worm movements were videotaped
and the centroid location and time information were saved at
1-second intervals during recording. The entire videos were
later played back and each video frame was examined by ex-
pert observers to look for egg and egg onset frames. In this
paper, we present an algorithm that can identify eggs and egg
onsets automatically. In addition, by combining this infor-
mation with the features (locomotion, morphology, behav-
ior, shape) extracted using our previously developed com-
puter vision methods, we are able to uncover relationships
between egg-laying events and other characteristics.

2. IMAGE ACQUISITION AND SEGMENTATION

2.1. Acquisition of the video images

Routine culturing of C. elegans was performed as described
in [9]. All worms analyzed in these experiments were young
adults; fourth-stage larvae were picked the evening before the
experiment and tracked the following morning after cultiva-
tion at 22◦. All animals used in this study were from the wild-
type Bristol (N2) strain.

C. elegans locomotion was tracked with a stereomicro-
scope mounted with a CCD video camera [4, 5, 6]. The
video camera used only a single eyepiece, and so did not have
stereo data; the system is equivalent to a conventional bright-
field microscope. A computer-controlled tracker was used to
maintain the worms in the center of the optical field of the
microscope during observation. To record the locomotion of
an animal, an image frame of the animal was snapped every
0.5 second for at least five minutes (20 minutes or more in
the longer recordings). Among those image pixels with val-
ues less than or equal to the average value minus three times
the standard deviation, the largest connected component was
found. The image was then trimmed to the smallest axis-
aligned rectangle that contained this component, and saved
as eight-bit grayscale data. The dimensions of each image and
the coordinates of the upper-left corner of the bounding box
surrounding the image were also saved simultaneously as the
references for the location of an animal in the tracker field at
the corresponding time point when the images are snapped.
The microscope was fixed to its largest magnification (50 X)

during operation. Depending on the type and the posture
of a worm, the number of pixels per trimmed image frame
varied. The number of pixels per millimeter was fixed at
312.5 pixel/mm for all worms.

2.2. Segmentation and tracking of the worm body

The segmentation process is presented in [6]. Briefly, an
adaptive local thresholding algorithm with a 5 × 5 moving
window was used followed by a morphological closing oper-
ator (binary dilations followed by erosions). A correspond-
ing reference binary image was also generated by filling the
holes inside a worm body based on image content informa-
tion. The difference between these two binary images pro-
vided a good indication of which image areas are worm body
and which are background.

Following binarization, a morphological skeleton was
obtained by applying a skeletonizing algorithm. Redundant
pixels on the skeleton were eliminated by thinning. To avoid
branches on the ends of skeletons, the skeleton was first
shrunk from all its end points simultaneously until only two
end points were left. These two end points represent the
longest end-to-end path on the skeleton. A clean skeleton can
then be obtained by growing out these two remaining end
points along the unpruned skeleton by repeating a dilation
operation.

The tracking algorithm is presented in [6], and included
automatic recognition of the head and tail for the worm in-
side each frame.

3. MODEL-BASED ATTACHED EGG DETECTION

3.1. Image analysis

To find the possible egg locations and limit the search area
for deformable template matching, we developed a series of
morphological image analysis algorithms to limit our search
area to around 2% of a typical region that a worm body cov-
ers. The search is greatly expedited and match accuracy is im-
proved by effectively eliminating potential false alarms. The
flowchart of attached egg detection is shown in Figure 1. For
each input video frame, the worm body is first segmented
from the background and the skeleton (medial axis) is ob-
tained by algorithms described in [6]. The laying of an egg
changes the shape of the binarized worm body (Figure 2),
which can be captured by examining the width profile in
the middle part of the worm body in the following way. For
each pixel in the skeleton pixel list, a straight line travers-
ing the worm body that passes through that skeleton pixel
is calculated. Seventy one additional lines are also calcu-
lated at 5-degree intervals to cover a 360-degree radius. The
worm body width at that skeleton pixel is the shortest of
the 72 lines, which has the shortest distance traversing the
binary image through the skeleton pixel. In the case where
the abnormal width is caused by an attached egg, one of
the two end point locations on the shortest-distance line is
enclosed by that egg. By abnormal width, we mean a dif-
ference greater than 7.5 pixels/24 µm between median and
peak width in the middle part of the body, indicating a
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Figure 1: Flowchart of the egg detection process.

potential egg event. Figure 2a shows the frame immediately
prior to an egg-laying event. Figure 2b shows the egg-laying
frame. The corresponding width profiles are shown in Fig-
ures 2c and 2d, respectively. The solid curves show the width
measured along the worm skeletons. The horizontal dotted
lines in Figures 2c and 2d show the median width for the
middle part of the worm body. A second horizontal line in
Figure 2d shows the threshold (7.5 pixels above the median
width value) that defines abnormal width. The width-profile

curves are normalized to 300 pixels for comparison. Since
egg laying is a rare event, over 90% of the frames are quickly
passed through and not subject to further analysis.

Since the abnormal width measure cannot tell us on
which side the egg is (which end point the egg encloses),
we extract the boundary from both sides of the worm body
and consider the side that has higher k-curvature values to
be the egg side. This way, the search area is constrained to
only one side of the worm body and half of the search area
is effectively eliminated. The process starts with isolating the
body area containing the abnormal width by cutting off the
worm body area, that is, 25 pixels/80 µm before and after us-
ing the minimal-distance straight lines passing through the
skeleton pixels. This cutoff area is 51 pixels/160 µm in me-
dial axis and has four boundaries. Two of the boundaries are
the straight cutoff lines, and the other two are the two sides
of the worm body (Figure 3b). A boundary-following algo-
rithm similar to the one in [10] is then used to extract the
two boundaries along the sides of the worm body (Figure 3c).
The k-curvature (k = [3, 7]) [11] of these two boundaries
is calculated, and the boundary that has higher (for all 5
k-curvature measurements) values is designated as the egg
side. If neither boundary has all the 5 measurements higher,
both sides are checked for eggs. The k-curvature is defined as
R = {(1/(n− 1))

∑n−1
i=1 θi}, where

θi = arctan
yi+2 − yi+1

xi+2 − xi+1
− arctan

yi+1 − yi
xi+1 − xi

, (1)

and (xi, yi), (xi+1, yi+1), . . . are the locations of consecutive
points that are k pixels apart along the worm side bound-
aries.

Once the location of the maximal peak is decided, the
search region Ω can be obtained by the region growing out
of the egg-side end point to enclose the egg center. A direc-
tional dilation algorithm such as the one in [12] can be used
for this purpose. Here we once again take advantage of the
worm skeleton. The directional dilation is achieved by ap-
plying two constraints in the dilation process: (1) dilation
starts from the end point and should remain inside the bi-
nary worm body; (2) dilation remains outside skeleton area
(dilated 4 times from skeleton) (Figure 3d). The dilation pro-
cess stops when more than 200 pixels are inside the region.
The directional dilation forces the search area to be inside
the worm body close to the side boundaries rather than close
to the skeleton. The final search region Ω (Figure 3e) typi-
cally contains between 200 and 250 pixels for each frame. In
the case that both sides are checked, a total of 400 pixels is
checked. Figure 3 illustrates the process.

3.2. Deformable template matching

Deformable template matching models have been applied to
a variety of image recognition and analysis applications with
success [13, 14, 15, 16, 17]. They not only enjoy the flexibil-
ity of a parameterized model, but also can be explained in
a Bayesian framework. Even though the attached eggs could
be partially obscured by shadows and/or by the worm body,
or partially laid, they share many common characteristics.
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Figure 2: Width profile change on egg onset. (a) Gray image right before egg onset. (b) Gray image right after egg onset. (c) Width profile of
(a). The dotted line is the median value of the middle part of the width profile. (d) Width profile of (b). The lower dotted line is the median
value of the middle part of the width profile. The upper dotted line is 7.5 pixels above the lower dotted line.

They tend to have oval shapes, and are generally brighter in
the middle and darker around the boundary. The eggs are
more or less similar in size. These characteristics make them
ideal for the elliptic deformable templates.

In an ideal case, the shape of the attached eggs can be
modeled by an elliptic model such as the one shown in
Figure 4 with 7 parameters v = (x, y, a, b, θ, ρ1, ρ2), where
(x, y) are the coordinates of the center, a and b are the semi-
axes, and θ is the rotation angle. Together, these 5 parameters
control the geometric shape and location of the inner ellipse
that captures the bright center part of the egg. ρ1 equals the
ratio between the area of the middle band and the inner el-
lipse, ρ2 equals the ratio between the area of the outer band
and the middle ellipse. The middle band encloses the dark
exterior part of the egg. The outer band covers part of the
worm body and part of the background. By studying the ho-
mogeneity of the pixels enclosed, the outer band can be used
to suppress noise and find the best location for the egg. For
example, if (x, y) is mistakenly inside the worm body, then
the outer band will have similar brightness to the worm body
(dark). If (x, y) is in the background area, the outer band
has similar brightness to the background (light). Half worm
body and half background inside the outer band indicate

a perfect attached egg location. To reduce model complexity,
we opt to use a simplified model (Figure 5) that does not have
the outer band, and use image analysis to restrain the search
area. The outer band in Figure 4 is only used for deletion pur-
poses when multiple eggs/peaks are detected. In these cases,
the pixels inside the entire outer ellipse are deleted and the
process is repeated to detect additional eggs. The outer band
is also shown in Figures 3, 7, and 8 to mark the location of
the best-fit ellipse. There are 6 parameters characterizing the
shape of the simplified elliptic model v = (x, y, a, b, θ, ρ).

From a Bayesian framework, we have p(v|E) =
p(v)p(E|v)/p(E), where E is the event that the image con-
tains an egg, and p(v|E) is the probability density function of
parameter configuration given that an egg is present. There
are many ways to define the likelihood function. We propose
the following model:

p(E|v) = 1
z

exp
{− (αµin(v) + βµout(v)

)}
, (2)

where µin(v) is the mean pixel value inside the inner ellipse,
µout(v) is the mean pixel value in the band around the inner
ellipse (Figure 5), and α, β are weights to be selected to give
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Figure 3: Illustration of egg-detection image analysis. (a) Grayscale image. (b) The cutoff portion containing egg. (c) Two boundaries. (d)
The highlighted area (gray) shows the dilation of the skeleton four times. This area is not searched for eggs. (e) The highlighted area (white)
shows final search region. (f) Best-fit ellipse.
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Figure 4: Ellipse egg model.

a proper weight for inside and outside areas. For calculating
the mean values, the pixel intensities are linearly rescaled to
go from −1 to +1. z is a normalization constant to ensure
that p(E|v) is a proper probability density of unit area.

The egg-finding problem can then be modeled as finding
the most likely parameter configuration vopt given that there
is an egg in the image. Using a maximum a posteriori (MAP)
estimator,

vopt = argv max p(v|E) = argv max
p(v)p(E|v)

p(E)
. (3)

Since the egg can occur in any orientation and location in

ρ

ab

θ

[x, y]

Figure 5: Simplified ellipse egg model.

the search space, it is reasonable to assume a uniform prior.
For simplicity, we also assume that a and b are uniformly
distributed in a narrow range. So (3) is identical to

vopt = argv max p(E|v)

= argv max
1
z

exp
{− (αµin(v) + βµout(v)

)}
.

(4)

Furthermore, because z is a constant, and we can absorb the
minus sign into the parameters α and β, (4) is identical to

vopt = argv max
{
αµin(v) + βµout(v)

}
. (5)
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Figure 6: A plot of the receiver operating characteristic (ROC) curve with threshold t varying from −1.5 to 1.5.

The optimal parameter configuration is the parameter v that
maximizes the function

U(v) = αµin(v) + βµout(v). (6)

We chose α = 0.5, β = −1, and ρ = 8 by feeding a small set
of training samples of egg and nonegg values of µin, µout into
the classification and regression tree (CART) algorithm [18].
The final model for locating eggs is as follows.

For a specified search space Ω in the image, find

vopt =
(
xopt, yopt, aopt, bopt, θopt

) = argv maxU(v), (7)

where U = 0.5µin(v)− µout(v). Notice U ∈ [−1.5, 1.5].
For every pixel (xc, yc) inside the search region Ω, U is

calculated for each configuration with a range (a = [3.4, 3.6],
b = [1.9, 2.1], θ = [0, 180]). If Uopt is greater than a threshold
value t, the location (xopt, yopt) is marked as the egg location
and an egg is declared found.

3.3. Experimental results

The egg detection algorithm was tested on 1 600 5-minute
video sequences from 16 different mutant types (100 videos
for each type) and five 20-minute video sequences of wild-
type animals treated with serotonin, which causes an increase
in egg laying. The data were collected over a 3-year period
by different individuals. A laborious manual check found
9 000 frames containing 200 different eggs. These eggs cover
a wide variety of recording conditions, mutant types, sizes,
and shapes. 100 000 nonegg frames were randomly selected
from the rest of the 800 000 frames as nonegg cases. By apply-
ing the above algorithm with the decision threshold t varying
from−1.5 to 1.5, the performance result is shown as an ROC
curve [19] in Figure 6 and Table 1. The true positive fraction
is over 98% when the false positive fraction is 1%. Figure 7
shows some examples of the locations and best-fit ellipses
identified by the algorithm. Some failure examples are shown
in Figure 8.

4. EGG ONSET DETECTION AND BEHAVIOR STUDY

4.1. Egg onset detection

Egg detection algorithms can be readily incorporated into a
broader scheme for egg onset event detection (identifying the
frames in which the egg first appears). Figure 9 shows one
algorithm to accomplish it. The main functions of the egg
onset detection routine are to use the single-frame egg detec-
tion result for a sequence. First, we decide whether the cur-
rent egg is a newly laid or a previously laid egg (worms some-
times crawl back to previous eggs). This is accomplished by
maintaining a list of all existing locations of eggs. When the
new location is not on the list, an egg onset event is detected.
Secondly, there are occasions when multiple eggs are laid at
the same time. Also, there are cases when multiple width ab-
normalities are detected for a single frame due to multiple
newly laid and previous laid eggs that remain near the worm
body. The egg onset detection routine runs the single-frame
egg detection routine repeatedly in the search regions after
the detected egg area (outer ellipse in the template model)
is removed from the image in each run. This way, clusters
of eggs can be detected. The egg onset detection routine also
runs the abnormal width detection routine repeatedly to find
out new search regions to detect all the eggs attached to the
worm body.

The onset detection algorithm was tested on 25 videos
of 20-minute recordings (500 minutes, 60 000 total frames).
These recordings include 5 serotonin videos previously used
for the egg detection test and 20 new normal wild-type
videos. By setting the thresholds conservatively (t = 0.5) and
declaring that an egg onset has occurred if one or more new
eggs are detected in three or more consecutive frames, our
algorithm is able to pick up all 88 egg onsets in one pass
through the videos. There are 131 false-alarm onset frames
for the entire data set of 60 000 frames. The false-alarm on-
sets are easily eliminated by inspecting each onset frame vi-
sually. Among the 88 onsets detected, there are 6 onsets that
are delayed from true onsets by 1, 2, 3, 4, 10, 18 frames, re-
spectively.
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Table 1: The false positive, true positive, false negative, and true negative values for part of the ROC curve. The boldface row is the final
threshold used in the egg onset detection.

Rate of nonegg
frames detected as
egg (false positive)

Rate of egg frames
detected as egg
(true positive)

Rate of egg frames
detected as nonegg
frames (false negative)

Rate of nonegg frames
detected as nonegg
frames (true negative)

Threshold t

0.0967 0.9985 0.0015 0.9033 0.35

0.0947 0.9983 0.0017 0.9053 0.36

0.0924 0.998 0.002 0.9076 0.37

0.0893 0.9977 0.0023 0.9106 0.38

0.0857 0.9972 0.0028 0.9143 0.39

0.0814 0.9964 0.0036 0.9186 0.4

0.0769 0.9961 0.0039 0.9231 0.41

0.072 0.9955 0.0045 0.928 0.42

0.0663 0.9946 0.0054 0.9337 0.43

0.0597 0.9927 0.0073 0.9403 0.44

0.0524 0.9915 0.0085 0.9476 0.45

0.044 0.9902 0.0098 0.956 0.46

0.0354 0.9893 0.0107 0.9646 0.47

0.027 0.9883 0.0117 0.973 0.48

0.0194 0.9865 0.0135 0.9806 0.49

0.0131 0.9851 0.0149 0.9869 0.5

0.0101 0.9826 0.0174 0.9899 0.51

0.0082 0.9785 0.0215 0.9918 0.52

0.0065 0.9729 0.0271 0.9935 0.53

0.0052 0.9658 0.0342 0.9948 0.54

0.0042 0.9531 0.0469 0.9959 0.55

4.2. Behavior study

Previous study [3] indicated significantly increasing loco-
motion activity prior to egg onset. We studied the behav-
ior changes before and after 55 wild-type egg onsets (a fresh
10-hour recording) detected by our onset detection algo-
rithm. The behavioral characteristics can be summarized by
extracting features proposed by the feature extraction sys-
tem [4, 5, 6]. For each feature, we looked for a significant
difference in that feature before and after the onset frame
by using the nonparametric rank sum test on paired data.
For each of the 55 eggs, we paired the data obtained from
the 40 seconds before the onset frame with data after the
onset frame. The 253 features examined include 131 mor-
phological features (thickness, fatness, MER, angle change
rate, etc.), 75 speed features (min, max, average speed over
1, 5, 10, 20, 30, 40 seconds, etc.), 35 texture features (head,
tail, center brightness, etc.), and 12 other behavioral features
(rate of reversals, omega shape, looping, etc.). Out of these
253 features, 14 were found to be significant at the 0. 01 sig-
nificance level as shown in Table 2. We also considered the
possibility that some features may be significantly different
both before and after egg laying compared to the values for a
worm that is not near an egg-laying time. So we also looked
at the paired data where the values obtained from the 40 sec-
onds before an egg-laying onset were paired with the values
from an equal number of frames starting from a randomly

selected nonegg frame, and similarly where the values after
an egg-laying onset were paired with the values from an equal
number of frames starting from a randomly selected nonegg
frame. There were 32 (Table 3) comparisons that were sig-
nificant at the 0. 01 significance level before egg onset and
32 after, respectively. We note that, by random chance alone,
out of 253 comparisons, we would expect to see 2.5 features
showing a significant difference at the 0. 01 significance level.

Most of the features found to be significantly different
were related to speed, confirming earlier results that were de-
termined manually. In particular, we found that the global
centroid movement as well as the local movement of the tail
and head were all significantly larger before the onset com-
pared to after (see Figure 10). Previous results only consid-
ered global movement. Local head movement is often re-
lated to foraging behavior. We also found some differences
in brightness parameters. Due to the multiplicity of compar-
isons being made, these remain to be verified when further
data are collected.

5. CONCLUSION

We have presented a computer analysis method for attached
egg detection and egg onset event detection. The testing re-
sults of egg detection on 100 000 frames and 200 eggs from a
variety of mutant types and recording conditions illustrate
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Figure 7: Some best-fit results of deformable template matching. Some figures are rotated for plotting. (a) A fully laid egg in perfect condi-
tion. (b) A half laid egg. (c), (d) Stacked eggs, identified by repeating the search. (e), (f) Two eggs laid together with close distance.

(a) (b)

(c) (d)

Figure 8: Some nonegg frames that are identified as eggs.

the effectiveness of our proposed algorithm. The behavior
study of egg onsets confirms the result from previous studies
and shows promise for new findings.

The algorithm proposed is flexible to suit differ-
ent needs. First, the abnormal width criteria (currently
7.5 pixels/24 µm) can be adjusted accordingly if prior
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Figure 9: Flowchart of egg onset event detection.

Table 2: The features which changed significantly 40 seconds before and after egg onsets.

Features Description

TLMV10MIN Minimal tail movement in 5 s

TLMV10AVG Average tail movement in 5 s

HDMV10AVG Average head movement in 5 s

TLMVHFMIN Minimal tail movement in 0.5 s

HDMV10MAX Maximal head movement in 5 s

REVSALTIM Total percentage of time the worm stays in reversal position

HTBRDMIN Minimal head and tail area brightness difference

HTBRRMIN Minimal head/tail brightness

BANGCRMIN Minimal whole-body-area angle change rate

LNWDRMAX Maximal length-to-width ratio of the bounding box

BANGCRAVG Average whole-body-area angle change rate

TLAMPMAX Maximal amplitude in the tail area

AMPMAX Maximal amplitude of worm skeleton wave

HDTLANMIN Minimal head-to-tail angle

knowledge of certain egg size and shape for a particular mu-
tant is present, or the purpose is to obtain a rough idea of
whether an egg is present. Secondly, the same applies to the
decision criterion t according to the expectation of the false
positive and the false negative rate. Third, the current algo-
rithm was applied on videos with frame rate of 2 Hz. The
same algorithms can be applied to videos that have different
frame rates. With increased frame rates, we anticipate an im-
proved detection result.

With more accurate and complex computer vision sys-
tems [4, 5, 6] being developed, we anticipate that many more
behavior features will be discovered. Therefore, we will be
able to combine the automatic egg onset detection and be-
havior studies together and explore the temporal correlation
between egg laying and other behavioral characteristics more
effectively. Moreover, the ability to automatically detect egg-
laying events will make it possible to use these correlations
between other behaviors and egg laying, which previously

could only be assayed through time-consuming human anal-
ysis of videotapes [3] as automatically-evaluated features for
use in phenotype classification and clustering studies [5].

More generally, egg laying has historically been an ex-
tremely useful assay for genetic analysis of diverse aspects of
neuromuscular function. For example, egg laying has pro-
vided a behavioral measure for the activity of the Go/Gq sig-
naling network in neurons and muscle cells [20] and for neu-
romodulation by serotonin, acetylcholine, and neuropep-
tides [7, 21, 22]. The egg-laying assays typically used in ge-
netic studies are generally indirect measures of overall egg-
laying rate, and consequently allow limited inference about
the functions of specific mutant genes in the behavior. Quan-
titative assays of the temporal pattern of egg laying can in
principle make it possible to distinguish effects on differ-
ent egg-laying signal transduction pathways [2, 7]. The au-
tomated methods for egg detection described here should
greatly facilitate these more detailed behavioral analyses.
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Table 3: The features which changed significantly between 40 seconds before an egg onset and 40 seconds starting from a randomly selected
nonegg frame.

Features Description Features Description

HDMVHFMIN Min. head movt. in 1/2 s WHRATMIN Min. width-to-height ratio of MER
HDMVHFMAX Max. head movt. in 1/2 s MAJORMIN Min. length of major axis
HDMVHFAVG Avg. head movt. in 1/2 s AMPRMIN Min. amplitude ratio
HDMV10MAX Max. head movt. in 5 s AMPRMAX Max. amplitude ratio
HDMV10AVG Avg. head movt. in 5 s ANCHRMAX Max. angle change rate
HDMV20MAX Max. head movt. in 10 s ANCHSMAX Max. angle change standard deviation
HDMV20AVG Avg. head movt. in 10 s CANGCRMIN Min. angle change rate in middle sect.
TLMV10MAX Min. tail movt. in 5 s CANGCRMAX Max. angle change rate in middle sect.
TLMV10AVG Avg. tail movt. in 5 s CANGCRAVG Avg. angle change rate in middle sect.
TLMV20AVG Avg. tail movt. in 10 s BANGCRMAX Max. body angle change rate
RV20MAX Max. reversals in 10 s HDAMPMIN Min. amplitude in head
RV20AVG Avg. reversals in 10 s TLAMPMAX Max. amplitude in tail
TOTRV Total reversals in 5 min CNTAMPMIN Min. amplitude in center

REVSALTIM
Total percentage of time the
worm stays in reversal position AVGAMPMIN Avg. amplitude

TAILBRMIN Min. tail brightness HDTLANMAX Max. head-to-tail angle
TAILBRAVG Avg. tail brightness TLANGMAX Max. head-angle change rate
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Figure 10: Velocity change 125 seconds before and after egg onset. The velocity is a moving average of 10-second interval. (a) Centroid
velocity. (b) Head velocity. (c) Tail velocity.
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The main focus of this special issue is on the application of
digital signal processing techniques for music information
retrieval (MIR). MIR is an emerging and exciting area of re-
search that seeks to solve a wide variety of problems dealing
with preserving, analyzing, indexing, searching, and access-
ing large collections of digitized music. There are also strong
interests in this field of research from music libraries and the
recording industry as they move towards digital music distri-
bution. The demands from the general public for easy access
to these music libraries challenge researchers to create tools
and algorithms that are robust, small, and fast.

Music is represented in either encoded audio waveforms
(CD audio, MP3, etc.) or symbolic forms (musical score,
MIDI, etc.). Audio representations, in particular, require ro-
bust signal processing techniques for many applications of
MIR since meaningful descriptions need to be extracted
from audio signals in which sounds from multiple instru-
ments and vocals are often mixed together. Researchers in
MIR are therefore developing a wide range of new meth-
ods based on statistical pattern recognition, classification,
and machine learning techniques such as the Hidden Markov
Model (HMM), maximum likelihood estimation, and Bayes
estimation as well as digital signal processing techniques such
as Fourier and Wavelet transforms, adaptive filtering, and
source-filter models. New music interface and query systems
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Although research contributions on MIR have been pub-
lished at various conferences in 1990s, the members of the
MIR research community meet annually at the International
Conference on Music Information Retrieval (ISMIR) since
2000.

Topics of interest include (but are not limited to):

• Automatic summarization (succinct representation of
music)

• Automatic transcription (audio to symbolic format
conversion)

• Music annotation (semantic analysis)
• Music fingerprinting (unique identification of music)
• Music interface
• Music similarity metrics (comparison)

• Music understanding
• Musical feature extraction
• Musical styles and genres
• Optical music score recognition (image to symbolic

format conversion)
• Performer/artist identification
• Query systems
• Timbre/instrument recognition
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Research into the design, development, and deployment
of networked sensing devices for high-level inference and
surveillance of the physical environment has grown tremen-
dously in the last few years.

This trend has been motivated, in part, by recent techno-
logical advances in electronics, communication networking,
and signal processing.

Sensor networks are commonly comprised of lightweight
distributed sensor nodes such as low-cost video cameras.
There is inherent redundancy in the number of nodes de-
ployed and corresponding networking topology. Operation
of the network requires autonomous peer-based collabora-
tion amongst the nodes and intermediate data-centric pro-
cessing amongst local sensors. The intermediate processing
known as in-network processing is application-specific. Of-
ten, the sensors are untethered so that they must commu-
nicate wirelessly and be battery-powered. Initial focus was
placed on the design of sensor networks in which scalar phe-
nomena such as temperature, pressure, or humidity were
measured.

It is envisioned that much societal use of sensor networks
will also be based on employing content-rich vision-based
sensors. The volume of data collected as well as the sophis-
tication of the necessary in-network stream content process-
ing provide a diverse set of challenges in comparison with
generic scalar sensor network research.

Applications that will be facilitated through the develop-
ment of visual sensor networking technology include auto-
matic tracking, monitoring and signaling of intruders within
a physical area, assisted living for the elderly or physically dis-
abled, environmental monitoring, and command and con-
trol of unmanned vehicles.

Many current video-based surveillance systems have cen-
tralized architectures that collect all visual data at a cen-
tral location for storage or real-time interpretation by a hu-
man operator. The use of distributed processing for auto-
mated event detection would significantly alleviate mundane
or time-critical activities performed by human operators,
and provide better network scalability. Thus, it is expected
that video surveillance solutions of the future will success-
fully utilize visual sensor networking technologies.

Given that the field of visual sensor networking is still in
its infancy, it is critical that researchers from the diverse dis-
ciplines including signal processing, communications, and
electronics address the many challenges of this emerging
field. This special issue aims to bring together a diverse set
of research results that are essential for the development of
robust and practical visual sensor networks.

Topics of interest include (but are not limited to):

• Sensor network architectures for high-bandwidth vi-
sion applications

• Communication networking protocols specific to vi-
sual sensor networks

• Scalability, reliability, and modeling issues of visual
sensor networks

• Distributed computer vision and aggregation algo-
rithms for low-power surveillance applications

• Fusion of information from visual and other modali-
ties of sensors

• Storage and retrieval of sensor information
• Security issues for visual sensor networks
• Visual sensor network testbed research
• Novel applications of visual sensor networks
• Design of visual sensors
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Filter banks for the application of subband coding of speech
were introduced in the 1970s. Since then, filter banks and
multirate systems have been studied extensively. There has
been great success in applying multirate systems to many ap-
plications. The most notable of these applications include
subband coding for audio, image, and video, signal anal-
ysis and representation using wavelets, subband denoising,
and so forth. Different applications also call for different fil-
ter bank designs and the topic of designing one-dimensional
and multidimentional filter banks for specific applications
has been of great interest.

Recently there has been growing interest in applying mul-
tirate theories to the area of communication systems such as,
transmultiplexers, filter bank transceivers, blind deconvolu-
tion, and precoded systems. There are strikingly many duali-
ties and similarities between multirate systems and multicar-
rier communication systems. Many problems in multicarrier
transmission can be solved by extending results from mul-
tirate systems and filter banks. This exciting research area is
one that is of increasing importance.

The aim of this special issue is to bring forward recent de-
velopments on filter banks and the ever-expanding area of
applications of multirate systems.

Topics of interest include (but are not limited to):

• Multirate signal processing for communications
• Filter bank transceivers
• One-dimensional and multidimensional filter bank

designs for specific applications
• Denoising
• Adaptive filtering
• Subband coding
• Audio, image, and video compression
• Signal analysis and representation
• Feature extraction and classification
• Other applications
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Source signal extraction from heterogeneous measurements
has a wide range of applications in many scientific and tech-
nological fields, for example, telecommunications, speech
and acoustic signal processing, and biomedical pattern anal-
ysis. Multiple signal reception through multisensor systems
has become an effective means for signal extraction due to its
superior performance over the monosensor mode. Despite
the rapid progress made in multisensor-based techniques in
the past few decades, they continue to evolve as key tech-
nologies in modern wireless communications and biomedi-
cal signal processing. This has led to an increased focus by the
signal processing community on the advanced multisensor-
based techniques which can offer robust high-quality sig-
nal extraction under realistic assumptions and with minimal
computational complexity. However, many challenging tasks
remain unresolved and merit further rigorous studies. Major
efforts in developing advanced multisensor-based techniques
may include high-quality signal extraction, realistic theoret-
ical modeling of real-world problems, algorithm complexity
reduction, and efficient real-time implementation.

The purpose of this special issue aims to present state-of-
the-art multisensor signal extraction techniques and applica-
tions. Contributions in theoretical study, performance analy-
sis, complexity reduction, computational advances, and real-
world applications are strongly encouraged.

Topics of interest include (but are not limited to):

• Multiantenna processing for radio signal extraction
• Multimicrophone speech recognition and enhance-

ment
• Multisensor radar, sonar, navigation, and biomedical

signal processing
• Blind techniques for multisensor signal extraction
• Computational advances in multisensor processing
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With the general availability of 3D digitizers, scanners, and
the technology innovation in 3D graphics and computa-
tional equipment, large collections of 3D graphical mod-
els can be readily built up for different applications (e.g.,
in CAD/CAM, games design, computer animations, manu-
facturing and molecular biology). For such large databases,
the method whereby 3D models are sought merits careful
consideration. The simple and efficient query-by-content ap-
proach has, up to now, been almost universally adopted in
the literature. Any such method, however, must first deal
with the proper positioning of the 3D models. The two
prevalent-in-the-literature methods for the solution to this
problem seek either

• Pose Normalization: Models are first placed into a
canonical coordinate frame (normalizing for transla-
tion, scaling, and rotation). Then, the best measure of
similarity is found by comparing the extracted feature
vectors, or

• Descriptor Invariance: Models are described in a
transformation invariant manner, so that any trans-
formation of a model will be described in the same
way, and the best measure of similarity is obtained at
any transformation.

The existing 3D retrieval systems allow the user to perform
queries by example. The queried 3D model is then processed,
low-level geometrical features are extracted, and similar ob-
jects are retrieved from a local database. A shortcoming of
the methods that have been proposed so far regarding the
3D object retrieval, is that neither is the semantic informa-
tion (high-level features) attached to the (low-level) geomet-
ric features of the 3D content, nor are the personalization
options taken into account, which would significantly im-
prove the retrieved results. Moreover, few systems exist so
far to take into account annotation and relevance feedback
techniques, which are very popular among the correspond-
ing content-based image retrieval systems (CBIR).

Most existing CBIR systems using knowledge either an-
notate all the objects in the database (full annotation) or

annotate a subset of the database manually selected (par-
tial annotation). As the database becomes larger, full anno-
tation is increasingly difficult because of the manual effort
needed. Partial annotation is relatively affordable and trims
down the heavy manual labor. Once the database is partially
annotated, traditional image analysis methods are used to de-
rive semantics of the objects not yet annotated. However, it
is not clear “how much” annotation is sufficient for a specific
database and what the best subset of objects to annotate is.
In other words how the knowledge will be propagated. Such
techniques have not been presented so far regarding the 3D
case.

Relevance feedback was first proposed as an interactive
tool in text-based retrieval. Since then it has been proven to
be a powerful tool and has become a major focus of research
in the area of content-based search and retrieval. In the tra-
ditional computer centric approaches, which have been pro-
posed so far, the “best” representations and weights are fixed
and they cannot effectively model high-level concepts and
user’s perception subjectivity. In order to overcome these
limitations of the computer centric approach, techniques
based on relevant feedback, in which the human and com-
puter interact to refine high-level queries to representations
based on low-level features, should be developed.

The aim of this special issue is to focus on recent devel-
opments in this expanding research area. The special issue
will focus on novel approaches in 3D object retrieval, trans-
forms and methods for efficient geometric feature extrac-
tion, annotation and relevance feedback techniques, knowl-
edge propagation (e.g., using Bayesian networks), and their
combinations so as to produce a single, powerful, and domi-
nant solution.

Topics of interest include (but are not limited to):

• 3D content-based search and retrieval methods
(volume/surface-based)

• Partial matching of 3D objects
• Rotation invariant feature extraction methods for 3D

objects



• Graph-based and topology-based methods
• 3D data and knowledge representation
• Semantic and knowledge propagation over heteroge-

neous metadata types
• Annotation and relevance feedback techniques for 3D

objects

Authors should follow the EURASIP JASP manuscript
format described at http://www.hindawi.com/journals/asp/.
Prospective authors should submit an electronic copy of
their complete manuscript through the EURASIP JASP man-
uscript tracking system at http://www.mstracking.com/asp/,
according to the following timetable:

Manuscript Due February 1, 2006

Acceptance Notification June 1, 2006

Final Manuscript Due September 1, 2006

Publication Date 4th Quarter, 2006

GUEST EDITORS:

Tsuhan Chen, Carnegie Mellon University, Pittsburgh, PA
15213, USA; tsuhan@cmu.edu

Ming Ouhyoung, National Taiwan University, Taipei 106,
Taiwan; ming@csie.ntu.edu.tw

Petros Daras, Informatics and Telematics Institute, Centre
for Research and Technology Hellas, 57001 Thermi, Thessa-
loniki, Greece; daras@iti.gr

Hindawi Publishing Corporation
http://www.hindawi.com



EURASIP JOURNAL ON APPLIED SIGNAL PROCESSING

Special Issue on

Robust Speech Recognition

Call for Papers
Robustness can be defined as the ability of a system to main-
tain performance or degrade gracefully when exposed to
conditions not well represented in the data used to develop
the system. In automatic speech recognition (ASR), systems
must be robust to many forms of signal degradation, includ-
ing speaker characteristics (e.g., dialect and accent), ambient
environment (e.g., cellular telephony), transmission channel
(e.g., voice over IP), and language (e.g., new words, dialect
switching). Robust ASR systems, which have been under de-
velopment for the past 35 years, have made great progress
over the years closing the gap between performance on pris-
tine research tasks and noisy operational data.

However, in recent years, demand is emerging for a new
class of systems that tolerate extreme and unpredictable vari-
ations in operating conditions. For example, in a cellular
telephony environment, there are many nonstationary forms
of noise (e.g., multiple speakers) and significant variations
in microphone type, position, and placement. Harsh ambi-
ent conditions typical in automotive and mobile applications
pose similar challenges. Development of systems in a lan-
guage or dialect for which there is limited or no training data
in a target language has become a critical issue for a new gen-
eration of voice mining applications. The existence of mul-
tiple conditions in a single stream, a situation common to
broadcast news applications, and that often involves unpre-
dictable changes in speaker, topic, dialect, or language, is an-
other form of robustness that has gained attention in recent
years.

Statistical methods have dominated the field since the early
1980s. Such systems tend to excel at learning the characteris-
tics of large databases that represent good models of the op-
erational conditions and do not generalize well to new envi-
ronments.

This special issue will focus on recent developments in this
key research area. Topics of interest include (but are not lim-
ited to):

• Channel and microphone normalization
• Stationary and nonstationary noise modeling, com-

pensation, and/or rejection
• Localization and separation of sound sources (includ-

ing speaker segregation)

• Signal processing and feature extraction for applica-
tions involving hands-free microphones

• Noise robust speech modeling
• Adaptive training techniques
• Rapid adaptation and learning
• Integration of confidence scoring, metadata, and

other alternative information sources
• Audio-visual fusion
• Assessment relative to human performance
• Machine learning algorithms for robustness
• Transmission robustness
• Pronunciation modeling
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Some modern applications require an extraordinary large
amount of complexity in signal processing algorithms. For
example, the 3rd generation of wireless cellular systems is ex-
pected to require 1000 times more complexity when com-
pared to its 2nd generation predecessors, and future 3GPP
standards will aim for even more number-crunching applica-
tions. Video and multimedia applications do not only drive
the complexity to new peaks in wired and wireless systems
but also in personal and home devices. Also in acoustics,
modern hearing aids or algorithms for de-reverberation of
rooms, blind source separation, and multichannel echo can-
celation are complexity hungry. At the same time, the antic-
ipated products also put on additional constraints like size
and power consumption when mobile and thus battery pow-
ered. Furthermore, due to new developments in electroa-
coustic transducer design, it is possible to design very small
and effective loudspeakers. Unfortunately, the linearity as-
sumption does not hold any more for this kind of loudspeak-
ers, leading to computationally demanding nonlinear cance-
lation and equalization algorithms.

Since standard design techniques would either consume
too much time or do not result in solutions satisfying all
constraints, more efficient development techniques are re-
quired to speed up this crucial phase. In general, such de-
velopments are rather expensive due to the required extraor-
dinary high complexity. Thus, de-risking of a future product
based on rapid prototyping is often an alternative approach.
However, since prototyping would delay the development, it
often makes only sense when it is well embedded in the prod-
uct design process. Rapid prototyping has thus evolved by
applying new design techniques more suitable to support a
quick time to market requirement.

This special issue focuses on new development meth-
ods for applications with high complexity in signal process-
ing and on showing the improved design obtained by such
methods. Examples of such methods are virtual prototyp-
ing, HW/SW partitioning, automatic design flows, float to fix
conversions, automatic testing and verification, and power
aware designs.
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Field-Programmable Gate Arrays (FPGAs) are increasingly
used in embedded systems to achieve high performance in a
compact area. FPGAs are particularly well suited to process-
ing data straight from sensors in embedded systems. More
importantly, the reconfigurable aspects of FPGAs give the
circuits the versatility to change their functionality based on
processing requirements for different phases of an applica-
tion, and for deploying new functionality.

Modern FPGAs integrate many different resources on a
single chip. Embedded processors (both hard and soft cores),
multipliers, RAM blocks, and DSP units are all available
along with reconfigurable logic. Applications can use these
heterogeneous resources to integrate several different func-
tions on a single piece of silicon. This makes FPGAs particu-
larly well suited to embedded applications.

This special issue focuses on applications that clearly show
the benefit of using FPGAs in embedded applications, as well
as on design tools that enable such applications. Specific top-
ics of interest include the use of reconfiguration in embedded
applications, hardware/software codesign targeting FPGAs,
power-aware FPGA design, design environments for FPGAs,
system signalling and protocols used by FPGAs in embed-
ded environments, and system-level design targeting modern
FPGA’s heterogeneous resources.

Papers on other applicable topics will also be considered.
All papers should address FPGA-based systems that are ap-
propriate for embedded applications. Papers on subjects out-
side of this scope (i.e., not suitable for embedded applica-
tions) will not be considered.
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As chips grow in speed and complexity, global control of an
entire chip using a single clock is becoming increasingly chal-
lenging. In the future, multicore and large-scale systems-on-
chip (SoC) designs are therefore likely to be composed of sev-
eral timing domains.

Global Asynchrony and Local Synchrony (GALS) is
emerging as the paradigm of choice for SoC design with
multiple timing domains. In GALS systems, each timing do-
main is locally clocked, and asynchronous communication
schemes are used to glue all of the domains together. Thus,
unlike purely asynchronous design, GALS design is able to
make use of the significant industrial investment in syn-
chronous design tools.

There is an urgent need for the development of sound
models and formal methods for GALS systems. In syn-
chronous designs, formal methods and design automation
have played an enabling role in the continuing quest for chips
with ever greater complexity. Due to the inherent subtleties
of the asynchronous circuit design, formal methods are likely
to be vital to the success of the GALS paradigm.

We invite original articles for a special issue of the journal
to be published in 2006. Articles may cover every aspect re-
lated to formal modeling and formal methods for GALS sys-
tems and/or target any type of embedded applications and/or
architectures combining synchronous and asynchronous no-
tions of timing:

• Formal design and synthesis techniques for GALS sys-
tems

• Design and architectural transformations and equiv-
alences

• Formal verification of GALS systems
• Formal methods for analysis of GALS systems
• Hardware compilation of GALS system
• Latency-insensitive synchronous systems
• Mixed synchronous-asynchronous systems
• Synchronous/asynchronous interaction at different

levels
• Clocking, interconnect, and interface issues in deep-

submicron design

• Modeling of interfaces between multiple timing do-
mains

• System decomposition into GALS systems
• Formal aspects of system-on-chip (SoC) and

network-on-chip (NoC) designs
• Motivating case studies, comparisons, and applica-

tions
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Synchronous languages were introduced in the 1980s for
programming reactive systems. Such systems are character-
ized by their continuous reaction to their environment, at
a speed determined by the latter. Reactive systems include
embedded control software and hardware. Synchronous lan-
guages have recently seen a tremendous interest from lead-
ing companies developing automatic control software and
hardware for critical applications. Industrial success stories
have been achieved by Schneider Electric, Airbus, Dassault
Aviation, Snecma, MBDA, Arm, ST Microelectronics, Texas
Instruments, Freescale, Intel .... The key advantage outlined
by these companies resides in the rigorous mathematical se-
mantics provided by the synchronous approach that allows
system designers to develop critical software and hardware
in a faster and safer way.

Indeed, an important feature of synchronous paradigm is
that the tools and environments supporting development of
synchronous programs are based upon a formal mathemat-
ical model defined by the semantics of the languages. The
compilation involves the construction of these formal mod-
els, and their analysis for static properties, their optimization,
the synthesis of executable sequential implementations, and
the automated distribution of programs. It can also build a
model of the dynamical behaviors, in the form of a transition
system, upon which is based the analysis of dynamical prop-
erties, for example, through model-checking-based verifica-
tion, or discrete controller synthesis. Hence, synchronous
programming is at the crossroads of many approaches in
compilation, formal analysis and verification techniques, and
software or hardware implementations generation.

We invite original papers for a special issue of the jour-
nal to be published in the first quarter of 2007. Papers may
be submitted on all aspects of the synchronous paradigm for
embedded systems, including theory and applications. Some
sample topics are:

• Synchronous languages design and compiling
• Novel application and implementation of syn-

chronous languages
• Applications of synchronous design methods to em-

bedded systems (hardware or software)

• Formal modeling, formal verification, controller syn-
thesis, and abstract interpretation with synchronous-
based tools

• Combining synchrony and asynchrony for embed-
ded system design and, in particular, globally asyn-
chronous and locally synchronous systems

• The role of synchronous models of computations in
heterogeneous modeling

• The use of synchronous modeling techniques in
model-driven design environment

• Design of distributed control systems using the syn-
chronous paradigm
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EURASIP JOURNAL ON EMBEDDED SYSTEMS

Special Issue on

Embedded Systems for Portable and
Mobile Video Platforms

Call for Papers
Video coding systems have been assuming an increasingly
important role in application areas other than the traditional
video broadcast and storage scenarios. Several new applica-
tions have emerged focusing on personal communications
(such as video-conferencing), wireless multimedia, remote
video-surveillance, and emergency systems. As a result, a
number of new video compression standards have emerged
addressing the requirements of these kinds of applications
in terms of image quality and bandwidth. For example, the
ISO/MPEG and ITU standardization bodies have recently
jointly established the new AVC/H.264 video coding stan-
dard.

In such a wide range of applications scenarios, there is the
need to adapt the video processing in general, and in par-
ticular video coding/decoding, to the restrictions imposed
by both the applications themselves and the terminal de-
vices. This problem is even more important for portable
and battery-supplied devices, in which low-power consider-
ations are important limiting constraints. Examples of such
application requirements are currently found in 3G mobile
phones, CMOS cameras and tele-assistance technologies for
elderly/disabled people.

Therefore, the development of new power-efficient en-
coding algorithms and architectures suitable for mobile
and battery-supplied devices is fundamental to enabling
the widespread deployment of multimedia applications on
portable and mobile video platforms. This special issue is fo-
cused on the design and development of embedded systems
for portable and mobile video platforms. Topics of interest
cover all aspects of this type of embedded system, includ-
ing, not only algorithms, architectures, and specific SoC de-
sign methods, but also more technological aspects related to
wireless-channels, power-efficient optimizations and imple-
mentations, such as encoding strategies, data flow optimiza-
tions, special coprocessors, arithmetic units, and electronic
circuits.

Papers suitable for publication in this special issue
must describe high-quality, original, unpublished research.

Prospective authors are invited to submit manuscripts on
topics including but not limited to:

• Power-efficient algorithms and architectures for mo-
tion estimation, discrete transforms (e.g., SA-DCT,
WT), integer transforms, and entropy coding

• Architectural paradigms for portable multimedia sys-
tems

• Low-power techniques and circuits, memory, and
data flow optimizations for video coding

• Adaptive algorithms and generic configurable archi-
tectures for exploiting intrinsic characteristics of im-
age sequences and video devices

• Aspects specifically important for portable and mo-
bile video platforms, such as video transcoding, video
processing in the compressed domain, and error re-
silience (e.g., MDC)

• Ultra-low-power embedded systems for video pro-
cessing and coding

• Heterogeneous architectures, multithreading, MP-
SoC, NoC implementations

• Design space exploration tools, performance evalua-
tion tools, coding efficiency and complexity analysis
tools for video coding in embedded systems

Authors should follow the EURASIP JES manuscript
format described at http://www.hindawi.com/journals/es/.
Prospective authors should submit an electronic copy of their
complete manuscript through the EURASIP JES manuscript
tracking system at http://www.mstracking.com/es/, accord-
ing to the following timetable:

Manuscript Due June 1, 2006
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NEWS RELEASE

Nominations Invited for the Institute of Acoustics

2006 A B Wood Medal

The Institute of Acoustics, the UK’s leading professional
body for those working in acoustics, noise and vibration, is
inviting nominations for its prestigious A B Wood Medal for
the year 2006.

The A B Wood Medal and prize is presented to an individ-
ual, usually under the age of 35, for distinguished contribu-
tions to the application of underwater acoustics. The award
is made annually, in even numbered years to a person from
Europe and in odd numbered years to someone from the
USA/Canada. The 2005 Medal was awarded to Dr A Thode
from the USA for his innovative, interdisciplinary research in
ocean and marine mammal acoustics.

Nominations should consist of the candidate’s CV, clearly
identifying peer reviewed publications, and a letter of en-
dorsement from the nominator identifying the contribution
the candidate has made to underwater acoustics. In addition,
there should be a further reference from a person involved
in underwater acoustics and not closely associated with the
candidate. Nominees should be citizens of a European Union
country for the 2006 Medal. Nominations should be marked
confidential and addressed to the President of the Institute of
Acoustics at 77A St Peter’s Street, St. Albans, Herts, AL1 3BN.
The deadline for receipt of nominations is 15 October 2005.

Dr Tony Jones, President of the Institute of Acoustics,
comments, “A B Wood was a modest man who took delight
in helping his younger colleagues. It is therefore appropriate
that this prestigious award should be designed to recognise
the contributions of young acousticians.”

Further information and an nomination form
can be found on the Institute’s website at

www.ioa.org.uk.

A B Wood

Albert Beaumont Wood was born in Yorkshire in 1890 and
graduated from Manchester University in 1912. He became
one of the first two research scientists at the Admiralty to

work on antisubmarine defence. He designed the first direc-
tional hydrophone and was well known for the many contri-
butions he made to the science of underwater acoustics and
for the help he gave to younger colleagues. The medal was
instituted after his death by his many friends on both sides of
the Atlantic and was administered by the Institute of Physics
until the formation of the Institute of Acoustics in 1974.

PRESS CONTACT

Judy Edrich
Publicity & Information Manager, Institute of Acoustics
Tel: 01727 848195; E-mail: judy.edrich@ioa.org.uk

EDITORS NOTES

The Institute of Acoustics is the UK’s professional body
for those working in acoustics, noise and vibration. It was
formed in 1974 from the amalgamation of the Acoustics
Group of the Institute of Physics and the British Acoustical
Society (a daughter society of the Institution of Mechanical
Engineers). The Institute of Acoustics is a nominated body of
the Engineering Council, offering registration at Chartered
and Incorporated Engineer levels.

The Institute has some 2500 members from a rich di-
versity of backgrounds, with engineers, scientists, educa-
tors, lawyers, occupational hygienists, architects and envi-
ronmental health officers among their number. This multi-
disciplinary culture provides a productive environment for
cross-fertilisation of ideas and initiatives. The range of in-
terests of members within the world of acoustics is equally
wide, embracing such aspects as aerodynamics, architectural
acoustics, building acoustics, electroacoustics, engineering
dynamics, noise and vibration, hearing, speech, underwa-
ter acoustics, together with a variety of environmental as-
pects. The lively nature of the Institute is demonstrated by
the breadth of its learned society programmes.

For more information please visit our site at
www.ioa.org.uk.


