AM-FM TEXTURE SEGMENTATION IN ELECTRON MICROSCOPIC MUSCLE IMAGING
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ABSTRACT

We segment the structural units of electron microscope muscle im-
ages using a novel AM-FM image representation. This novel AM-

FM approach is shown to be effective in describing sarcomeres and

mitochondrial regions of the electron microscope muscle images.

1. INTRODUCTION
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for this ideal case:
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In general images, (eg: Figure&) and 1b)), we can still model

the sarcomere regions as ideal regions that have undergone local
deformations. We model this deformation by a coordinate trans-
formation from the ideal image coordinatesaaf — z» to the de-
formed image coordinates (z1, z2 )—¢2 (21, 2 ). We express

a regular sarcomere image as the coordinate-transformed version

Accurate diagnosis of some neuromuscular disorders requires exyf an jdeal image [3]:

amination of muscle biopsies with the electron microscope. Ultra-
structural examination is often essential for confirming the diag-
nosis of metabolic myopathies and in particular those myopathies
that are caused by mitochondrial abnormalities. Such abnormal-
ities cause the accumulation of mitochondrial aggregates which
disturb the very regular anatomic pattern exhibited by normal mus-
cle fibres characterized by the repetitive arrangement of functional
units, called sarcomeres.

In some patients, suspected of suffering from mitochondrial

abnormalities, the mitochondrial aggregates are not as pronounced

making diagnosis difficult. In order to overcome this difficulty, a
novel AM-FM segmentation method has been developed for elec-
tron microscopic muscle images. The main objective is to train
the system on recognizing abnormalities that disturb the regular
sarcomere structure of muscle fibres using known "typical” diag-
nostic cases. The ultimate objective will be to test the ability of
the system to recognize "pathological abnormalities” in borderline
cases in order to supplement the diagnostic ability of human ex-
perts.

2. METHOD

Ligeal ($1(21, T2), P2(x1, 2))
Zcos[ ne1 (x1, 2) + me2 (1, x2) ]

n,m

Isar (1'1, $2)

In addition to variations in the arrangement of the sarcomeres,
we need to account for the presense of mitochondria (appearing as
small dark regions). We use amplitude functieng, supported
over the sarcomere regions, ang;: supported over the mitochon-
drial regions to differentiate between the two image regions (set
x = (w1, T2)):

I(x) = asar(x) Z n,m cos[ ng1(x) + me2(x) ]
+amit(x) Z bn, m COS [ n1(x) + mpa(x) ]

To segment the image into sarcomeres and mitochondria structural
units, we bandpass-filtered the image to extract the fundamental
harmonics of the AM-FM expansions. We leave the details on how
to compute these fundamental AM-FM harmonics for Section 3.
Once the fundamental AM-FM components have been deter-

Ideally, sarcomeres are perfectly aligned, with sarcomeres repeatmined, we use the local amplitud€-) and/or the local instanta-

ing regularly both vertically and horizontally. Hence, the two di-

neous frequency magnitudg Ve (-) || or || Vo, 1(+) |]), to iso-

mensional Fourier series would be an appropriate representatiorlate the mitochondrial regions from the sarcomere regions. We



expect the range of values for these two AM-FM parameters to be and below the “local mean” image intensity, and this is described
different for the sarcomere and the mitochondrial regions. This by large fundamental amplitude components for the regions be-
observation will be the basis of our segmentation algorithm. tween the units. Similar comments apply for the mitochondrial
regions. The dark mitochondria on a white background yield very
large amplitude components. Thus, it is difficult to differentiate
between sarcomere boundaries and mitochondrial regions, if we
tonly use the range of amplitude values for this purpose.

Clearly, the white and dark stripes at the boundaries of the sar-
comere units are thin as compared to the size of the units. Thus,
they are characterized by large instantaneous frequency magnitude
|| Vo1 (+) ||. This observation is clearly demonstrated in the result-
ing images in Figures(2), (e), (g), and also in 24), (f), (h).

For the normal case, overall, the boundaries of the sarcom-
eres have been successfully detected (see Figufey @nd (e)).

termined to be sufficient. Next, to estimate the AM-FM harmonics, Furthermore, the mid-region of the sarcomeres which c_orre_spond
to the | bands are also successfully detected as shown in Figure 2

we use the dominant component analysis (see [2], [1] for details).
In the dominant component analysis algorithm, a bank of Gabor _(g). The rest of the sarcomeres have also been detected (as shown

channels is applied to the image, and the channel with the maxi-"" Figure 2(0_))‘ I_t is evident t_hat in these imaggs a regular repet-
mum energy is selected for estimating the AM-FM parameters. If ltive pattern Is dlsplay_ed Wh'Ch closely_ approximates the normal
we lett . (-) denote the channel output at theth channel with fre-  T10re structure of physiological muscle fibres.

quency magnitude responé&,.(-), then the AM-FM parameters Next, we comment om the results for the case suspected as
are given by [2]: ' having mitochondrial abnormalities. A definite diagnosis of mito-

chondrial myopathy could not be made so this was considered as

Vi (x) borderline case. The amplitude segmented image (of Fig(§) 2
T () } ) shows that the proposed system has the potential to identify the
m abnormal regions. Normal regions are also included in Figure 2

3. IMPLEMENTATION

In this Section, we discuss how to use the dominant componen
analysis algorithm to estimate the fundamental AM-FM compo-
nents, and then apply simple thresholding to segment the image.
We must first isolate the fundamental AM-FM components.
We prefilter the image using an ideal, circularly symmetric, low-
pass filter with a circular radius cutoff ét15 cycles per image
length. The cutoff frequency allows AM-FM harmonics with an
instantaneous wavlength of ab@upixels and was empirically de-

V&(x) ~ Re |:

Im[t,, (x)] tm (x) (b), indicating that the system should be further enhanced in order
®(x) ~ arctan Re[tm (x)] [ a(x) = G [VOx] to enable it to cope with difficult cases such as the example pre-
m sented. The instantaneous frequency magnitude results of Figures
For our purposes, we are only interested in the amplity@eand 2 (d), (f) and (h) were less impressive than the corresponding
the instantaneous frequency magnityides(-) ||. To isolate the images for the normal case. Nevertheless, the amplitude results
structural units of the muscle, we select thresholdsafey and of Figure 2(b) are very promising, and it can be seen that the

| Vé(-) || using the histogram of the distribution of their values instantaneous frequency magnitude results can be combined with
(see Figures 1c)-(f)). For the instantaneous frequency magni- the amplitude results to improve performance (as for example by
tude, we threshold between the low peaks of the histogram, while removing the sarcomeres detected in Figurg® 2nd Zh) from

for the amplitude, we threshold at a level that appears to be at thethe mixed sarcomere-mitochondrial regions of Figuig) 2

right end of the main distribution (see the caption in Figure 2 for

details). 5. CONCLUDING REMARKS

4. RESULTS Our findings although preliminary suggest that the proposed sys-

tem can identify normal repetitive structure, with a good degree
We present the segmentation results in Figurés)2— (h). We of accuracy. Furtht_armo_re the system is capable of detecting ab-
first explain briefly how the values of the amplitude and the in- normal regions which disturb the reg”"?r pattern, SU‘?h as th_ose
stantaneous frequency can be associated with the local structur@€Sent in muscle pathology. More work is currently being carried

variations of the electron micrographs. We then comment on the out in order to make the system recognition more sensitive and im-
segmented images. pose its specificity. The wider applicapility of such systems will

We first explain (briefly) what the AM-FM parameters are also enhance our ability to quantify changes that affect the cellular

measuring. For the amplitude, we note that it describes the boundgltrastructure.

in the local intensity variations. For example, when the local image
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Figure 1: AM-FM analysis results | of II. Ifa), we show a normal, electron microscopy image(Hy we show a pathological case. In

(c) and (d) we show the histograms of the amplitudé) distribution for all local AM-FM components. Similarly, ife) and(f), we
show the histograms of the instantaneous frequency magnitude (note ¢ifattive frequencies must be multiplied B900 and the units
are cycles per image length).



(h)

Figure 2: AM-FM analysis results Il of II. Ifa), (c), (e) and(g) we present results for the normal image, whiléai, (d), (f) and(h)

we present results for the pathological image. forand(b), we show the results for thresholding the amplitudé:) < 20. The rest
of the results are for the instantaneous frequency magnifi§ies || < 0.046 for (c¢) and(d), 0.046 < || V¢ || < 0.08 for (e) and(f),

0.08 < || Vo]l < 0.15 for (g) and(h).



