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Engineers often view the eye as a kind of television camera with a certain 

bandwidth and dynamic range. Conversely, it is more natural for a 

biologist to see the visual system as an active synthesiser of the world we 

see. . . The visual system is dedicated to synthesising a world from 

inchoate patterns of light that reach the retina. Its ability to find order in 

a multitude of perceptual dimensions does, indeed. sometimes seem 

magical. 

Friedhoff & Kiely 

Computer Graphics World 1990 
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ABSTRACT 

Detection and recognition of early signs of breast cancer when represented by cancer-
related types of microcalcifications, are key requirements in breast screening 

mammography. Edge detection plays a vital role not only in observing detail in lesions 
with microcalcifications but also for the perception of often weakly defined stellate 
tumours. Mammograms are read at around 60 to 80 per hour. 

We develop a neurological based functional model for edge responses of on-centre 

(CL) and off-centre (CD) groups of neurons in the early vision physiology, from the 

retina to the striate visual cortex Vl. It is shown that the responses of the resulting 
differential equations at the retina and at Vl are of the Lotka-Volterra (LV) type. They 
display two important properties: consistency with the retinotopic property of early vision 

physiology and susceptibility to the 1/ f type noise for a stochastic resonance (SR) effect 

on the edge responses based on CL and Cv interactions. Computer simulations of 

repeated cycles of the L V responses when 1/ f noise was incorporated into the interaction 

terms of the equations, showed an increased probability of occurrences of closely coupled 

small values of CL and CD. This indicated an underlying stochastic resonance effect. 

Such occurrences suggested a method for improved edge detection for .. low observables" 
and improved detail in microcalcification regions in mammograms. 

An experimental viewing system using a dynamic polaroid and eyepieces with colour 

filters was developed to provide 1/ f noise to test this hypothesis. It provided for the 

resulting CL and C v inputs from the left and right eye of an observer to interact in the VI 

laminae. Using a set of 30 microcalcification region of interest images, tests were 
conducted in real-time readings with five observers, each at two different times. There 

was double blind randomisation of the sequence of images in addition to the order of 
presentation of "with" and "without noise". The experience levels of the observers 

ranged from a low level working with technical images (not mammograms) to a high 
level experienced radiologist. An initial series of 300 observations using ratings of detail 
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quality (I to 5) showed significance for an improved effect (p<0.05). A second series 

of 300 observations for a more stringent test with improved symmetrical experimental 

design of the equipment and alternative-forced-choice for observers to reduce 

subjectivity, showed a "trend to significance'' (p < 0.1). Observers with more experience 

had better performance in the tests (p"'0.07). Intra-observer variability was 

consistently good compared with inter-observer results. A parameter in the L-V 

equations which is related to observer attention, coupled with a spatial search 
requirement, may be part of the inter-observer variability. The findings also have 

implications for the training of radiologists in reading mammograms in real-time 
screemng. Recent developments in spectral properties of photonics materials may 

provide a simple implementation of the principles developed in the thesis. 
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Brief Outline of Thesis and its Significance 

The project deals with the early signs of breast cancer (details in lesions) with relevance 
to their visual detection in the breast screening process. Mammograms from screening 

are typically read at 60 to 80 per hour. Because only about 0.5% of these cases will have 

breast cancer, care and experience is required to find the often subtle indications of 

malignancy on a mammogram. Depending on the various data sources somewhere 
between 5% and 30% of women who do have breast cancer and have a mammogram are 

diagnosed as normal. Therefore any aid for detection of detail in real-time would be 

desirable. We develop a model for edge responses which allows us to test the ability of 

stochastic resonance to improve detection of stealthy edges and image details. Since 
microcalcifications are considered the earliest visible, non palpable features in nearly 

25% of mammograms, attention will be given to them for our observer tests.. Also such 

deposits are easier to see than early stellate tumours by inexperienced observers used in 

our test for improvement of detail in lesions. Although only about 15% of cancers are 
detected solely on the basis of microcalcifications, other cases which are biopsied often 

exhibit microcalcifications which were not detected on initial screening. (This can relate 
to the extent of surgical margin required). Microcalcifications (Fig 1) are byproducts of a 

lesion and are "signsn in detection whereas masses need direct detection. The model 

developed for improving the visual detection by adding a type of noise can apply to both 

since both involve the need for acutance and acuity for recognition of edges and detail in 
real-time breast screening. In mammography, contrasts are inherently low due to small 

differences in the X-ray attenuation coefficients. 

The thesis begins with an introduction to breast screening mammography and the nature 

and properties of microcalcifications which are used by radiologists when searching a 

mammogram. A good review of detection of microcalcifications is by Nishikawa (2002). 

We then proceed to the problem of actual edge detection. A seminal paper on the theory 

of edge detection by Marr & Hildreth (1980) developed a mathematical expression (not a 

model) to represent the "Mexican Hat'' shaped response of an edge in the visual cortex 
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(Fig 2). They briefly commented on neurological and psychophysical implications but it 
was not intended as a physiological mechanism. Our project requires a model for edge 

responses in the early vision system. We develop it from the on-centre CL and off-centre 

Cv neurons in early vision. The model allows us to investigate if our proposed addition 

of coloured 1/ f type noise might cause stochastic resonance with small objects such as 

microcalcifications close to the visual threshold. Such noise has correlations over most 

frequencies f in its power spectrum which declines as I/ f and these characteristics can 

be of value regarding possible resonances for size and cluster distribution. 

The primary visual pathway begins at the retina and involves the lateral geniculate 

nucleus (LGN) and the visual cortex VL A greatly simplified illustration of the visual 
pathways is shown in Fig 3a (Kulikowski, 1979). The LGN is a small but very important 

part ( ~ 1.5 million cells) of the thalamus in the pathway for each eye. Retinal ganglions 
receive spatial information in the form of excitatory ("light") and inhibitory ("dark") 

signals and transmit this information via action potential spike pulses to the separate 

layers of the LGN. Each LGN relays signals to the visual cortex Vl but it also is 

involved with extensive signals back-projected from the cortex and associated 

neurological processes, not all of which are known in their exact functions. 

The striate cortex V l has six laminae due to many myelinated axons running roughly 

parallel to the cortical sheet, (Fig 3b ). Its network of neurons performs extensive 
interactions of visual information originating from both eyes and sends rapid messages to 

many other parts of the brain. 

The shape of the retinal image is conformally preserved in its general spatial relationships 

in the transmission from the retina to the LGN and on to the striate cortex. This is the 

primary "retinotopic" map of early vision illustrated in Fig 4 (Cook, 1986). At the visual 

cortex on-responses and off-responses interact by processes indicated in Fig 5 (Crick, 

1994). The results of these interactions may be achieved in our model by a simple 
convolution process using the versatile properties of neurons. By using such processes 
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the cortical area can communicate its messages very rapidly because it is believed that it 
performs very few iterations before doing so. Therefore the usual concept of 

computations requiring many iterations probably does not apply (Crick, 1994). This is 

supported by the absence of extensive inhibitory neurons which would be needed for 

extensive computation. 

Much of our knowledge of the neurological structure and properties of cell types in the 

vision system comes from the extensive work of Hubel and Wiesel in the 1960's and 70's 

(eg see Hubel and Wiesel, 1977). (Nobel Prize in Medicine awarded 1981). Their work 

is still the basis of much research in vision. The two main information pathways in the 

vision system are for the on-centre and off-centre neuron responses which are initially 
generated at the receptive fields of retinal neurons. This is an efficient method used by 

the vision system for eventual contrast detection in the visual cortex of the observer. The 

important on- and off-spatial response gradients determine the "zero crossings"(ie light 

tt dark) corresponding to the arrows in Fig 2 at the inflexions of the edge intensity 

response. A surprising theorem of Logan (1977) shows that this information at zero 

crossings contains all that is required to define the response. We utilise this fact and 

designate the respective information content of on-centre and off-centre groups of cells 

involved for edge transition from dark(D) to light(L) as Cr and Cn. These respond 

antagonistically in excitatory or inhibitory mode depending on the light or dark regions of 

the image component presented at the particular spatial retinal receptors which are 

associated with subsequent convergence of signals on to a particular retinal ganglion. 

Signals from groups of ganglions are then responsible for the coded image messages sent 

into the optic nerve channels to the LGN. 

The two separated on- and off-pathways from the retinal ganglions undergo a division at 

the LGN into a magno (M, large cell) and parvo (P> small cell) path. There is also some 

individual "sharpening" of responses at the LGN in addition to psychophysical feedback 

from the reticular formation at the top of the brainstem via the inferior temporal cortex 

(ITC). By this stage the pathways carry spatio-temporal, size, and colour information as 

well as spatial frequency components of the image. Our experimental arrangement in 
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which 1/ f "coloured" noise is added, results in the effect being registered in the cortex 

VI in liaison with the cortex region V4 (for any colour perception). 

we use the visual system, s development of "information content" from Information 

Theory to allow us to compare the spatial information of CL and CD at VI and that which 

is input from the previous LGN level. The algebraic difference between results of 

processes at CL and CD for spatial gradient at LGN and Vl must be due to the processes 

for the result at Vl. This yields a differential equation for each of CL and CD from 

which their spatial response at VI can be formulated. The spatial gradients of CL and CD 

directly effect the intensity contrast for the actual perception by the observer at higher 

cortical levels. 

We show that a class of Lotka-Volterra differential equations can describe the retinal 

ganglions output and that similar equations also arise in the Vl striate cortex where the 

on-centre and off-centre responses are interactively combined. This similar class of 

equations at both locations is supported by the known retinotopic property of early vision. 

We then suggest that a property of the L-V differential equations in regard to responses 

from the addition of I/ f noise injected into the interaction process of our model at VI 

can produce a type of selective stochastic resonance (SR) in the cortex to improve 

contrast. This arises as follows: the brain, and neurons generally, are noisy but this 

random noise does not affect normal vision. However, published research has shown that 

other classes of noise including I/ f type noise, can produce resonance solutions to L-V 

equations. Our hypothesis is that in the physical system of our experiment, in which we 

can internally introduce (1/ /) noise to Vl of the observer, resonances in the on-

responses and off-responses can occur for edges and associated details. 

The results from 300 observations is an initial set of observations from two groups of 

observers indicate that the effect is present (p<0.05). In a subsequent second set of 300 

observations with more stringent conditions the significance value was p < 0.1. Values 
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of p rv 0.07 occurred for observers who have had some experience in viewing detail in 

images (not necessarily mammograms). The probable reasons appear to be associated 
with observer-related parameters in the L-V equations. Implications for breast screening 
are discussed in relation to attention and search methods used by observers. 

We note that a recent report (Kitajo et al, 2003) shows that random Gaussian noise 

introduced to only one eye during a periodic change in intensity of a patch area of 

illumination on a computer screen viewed by both eyes increased the observers' ability to 

detect the periodic change below the visual threshold compared with the eye without 
noise added. Although this indicates SR occurring in the cortex, it is not for 

improvement of edge detection which is quite a different neurological process which is 
not susceptible to Gaussian noise in our model, for stochastic resonance. Nevertheless it 

supports our approach of using signal interactions with l/ f noise at the visual striate 

cortex. 

Other applications of the. system may include resolving identification uncertainties 

between some types of calcium deposits and pulmonary nodules in chest X-rays, as 

suggested to us by a senior radiologist who had participated in our experimental 

observations. 

Forthcoming opportunities for other new technology from digital electronics and spectral 
properties of photonics materials hold promise for visual detection aids, based on the 

principles presented in the thesis. 
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Fig 1 a,b. (Lanyi, 1988) 
Details of mammograms (5 X ). 

a. Late1·al view: faint cluster of polymorphous microcalcifications. The cluster shape is 
difficult to evaluate (bottle-shaped! Triangular!). 

b. Craniocaudal view of the same area: the cluster is p1·opeller - or butterfly-shaped 

8 



edg_e 2 0 

F~g2 

Observed intensity shape resultil~g from CL and CD re.sponseS 
of an object of finite width. Zero crossings marked with arrows. 

Concentric 
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b) . 

Schematic diagram of the receptive fields of simple cells in the visual 
cortex: (a) line detector, (b) edge detector 

Fig Ja (Kulikowski, 1979) 
Schematic diagram of the main visual pathways from retina to occipital cortex, showing the 
response profiles of receptive fields at various points along the pathway (positive to light spots, 
negative to dark spots). Also a separate diagram of the receptive fields of simple cells in the 
visual cortex: {a) line detector, {b) edge detector 

llclin:ol 
po>glionJ 
cells 

Prim~ vi$Ulll cone& Vt 

Fig Jb (Milner and Goodale, 1995) 
Magno and Parvo Paths from LGN to Vl laminae 
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THALAMUS 

STRIATE 
CORTEX· 

Fig 4 (Cook, 1986) 
The Primary 'Retinotopic' Map 

RETINA 

In the visual system, the retinal image in the eye maintains its basic t:oniaguration as the pattern of 
stimulation is transferred from the retina to the lateral geniculate body in the thalamus to striate 
cortex. In the huinan brain, the central one or two degrees of the visual field (5 - 10 mm wide at a 
reading distance of 45 cm) is represented bilaterally. · 
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Fig 5 (Caic~ 1994) 

OUTPUTS 

! : 

to other · to thalamus 
cortical and 

areas claustrum 
mainly to 

non-cortical 
brain regions 

A g1-ossly simplified diagram showing some of the major pathways within 
co11ical area VI. There are many sideways connections that are not 
shown in this diagram. 
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