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Abstract. It is often the case that prescription pills do not come with blister or alu alu packaging
where the identity of the pill is available, rather it comes in air-tight plastic bottles or labeled
Ziploc bags. Problem with such bottle or pack is that, if the label is removed then it becomes
difficult to tell what the pill is. Moreover, there is the issue of visually impaired people having
difficulty identifying pills outside the pack. There are such many scenarios where it is good to
have an automated pill recognition systemn. Due to the large variety of size, shape, color, texture
itis a difficult task for human to tell about the identity of any individual medical pill. To localize
a pill from a given dataset using computer vision techniques requires multiple steps. This paper
will describe how to split a dataset according to the shape of pill. To find the shape information
we used intrinsic geometric properties such as: eccentricity, extent and narrowness of pill which
can be extracted from image using carefilly selected image processing techniques. Reference
values of discriminative parameters are determined using ‘RxIMAGE’, National Library of Med-
icine, USA database. The overall shape discrimination accuracy of the proposed system is
93.75%.
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1 Introduction

Prescription pills are available in blister, alu-alu or container (bottle) pack and Ziploc
pack. When a medical pill is out of its pack, it is almost an impossible task to recognize.
It is also possible that in any way the label can be damaged. In many cases someone has
to take two or more pill at a time, so it is hard to find the correct pill from several where
the label 13 damaged or all of them are out of designated containers. Older people will
face even more difficulty identifying pills out of its container.

For a visually impaired person this problem is even worse. As the printed labels are
of no help to them. Though sometimes they can identify some pills by touching the em-
bossed imprints on the surface of a pill. However, this works with some tablet form of
pills, as in the capsule form of pill it is not possible to emboss any text. Moreover, some-
times the pills may not even have any imprint on them. However, sometimes here may
be some imprint on the surface of a capsule but that is not sensible by touching. All of
these 1ssues may leads to wrong medication. Which may cause an unwanted serious
health hazard.
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Automated recognition of medicine is relatively a new concept though there exists a
few work on this issue. Lee et al. [8] developed an application that is able to automati-
cally identify illicit drugs. Hartl et al. [4], and Hartl [5] in their work tried to recognize
medical pills using mobile device. However, their proposed method is limited to find
shape and color of the pills.

In this paper we propose a method to provide an initial sorting of pill images based
on proper measurement of their intrinsic geometric parameters values.

2 Proposed Method

The usual approaches to find features in image for object recognition are the use of,
Scale Invariant Feature Transform (SIFT), Speeded Up Robust Features (SURF), Pyr-
amid Histogram of visual Words (PHOW) [6,7, 9-11].

Above mentioned feature descriptors perform excellent with objects that contains
variations within the object under consideration. However, medical pill does not con-
tain enough texture or corner features thus SIFT or SURF cannot extract enough dis-
criminating features to separate pills from each other. The most dominant features for
pills are size, shape and color. Hagedoom [2], and Veltkamp and Hagedoorn [3] in their
work provide a detailed survey about shape recognition techniques or algorithms. Such
as tree pruning, Hough transform, Fourier descriptor, statistics, wavelength transform,
deformable templets, curvature scale space, relaxation labeling, and neural network.

Because only features available for discrimination are shape, size and color; the pro-
posed method intends to extract values of intrinsic geometric property of medical pills
from image by using image processing techniques for a set of training image and then
determine a threshold of those parameters and use it on differentiate pills.

2.1 The NLM Dataset

It is common practice to use standard datasets [1, 12] for developing and testing a new
idea. On January 2016, NLM open a challenge under a federal notice “Pill Image
Recognition Challenge [1]”. NLM’s purpose of this Challenge is to find a set of algo-
rithm and software that can rank an input pill according to the similarity to images of
unknown prescription pills to known prescription pill images in the NLM RxIMAGE
dataset. There is two image-set one for consumer quality image and other for reference
image and a ground truth table.

The RxIMAGE dataset contains 5000 images of 1000 different pills in the consumer
quality image-set. To mimic the quality of image in consumer level the photos were
taken with digital cameras built in to mobile devices. Fig. 1 shows some sample images
from the database.

-

Fig. 1. Sample images from the reference set of the NLM RxXIMAGE dataset
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2.2 Image Processing Steps

Ones the images are collected next task is to measure the geometric properties of the
main object (pill) in an image. However, before we can do so, series of image pro-
cessing steps are required to acquire the shape of the pill in the image. Consider the
image in Fig 2(a). It is not possible to measure the intrinsic parameters values directly.
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Fig.2. (a) 24-bit Color pill image from the reference database, (b) 8-bit Gray pill im-
age for the image from color image, (¢) Detected Edges of the pill image for the Gray
image, (d) Edge image after application of closing morphological operator, (¢) Image
after application of fill morphological operation, (f) Segmented pill region from pill
image.

Converting RGB image to Grayscale image: Every reference image in the data-
base is a 1600 X 2400 X 3 matrix. For farther processing the color image is converted
into a 1600 X 2400 8-bit grayscale image (Fig. 2(b)).

Edge Detection: Ones the images are converted into an 8-bit gray image Canny
edge detection algorithm is applied on it to acquire edge in the image (Fig. 2(¢c)).

Closing Mor phological Operation: To segment out the pill from image it is nec-
essary to find the boundary of pill. Morphological c¢losing operation is used with disk
shape structuring element to connect any edge pixel that is missed in the Canny edge
detector during edge filtering process (Fig. 2(d)).

Fill Morphological Operation: Note that the image in Fig. 2(d) contains many
smaller components, however we are interested in a single object representing the pill.
Thus we apply fill morphological operator to finally acquire a single object (Fig. 2(e)).

Detecting the Pill in the Image: Now apply boundary enclose on the whole image
the pill will be detected in the image (Fig. 2(f)).

2.3 Metric for Shape Measurement

Now that we have the pill image in more suitable form for measuring geometric param-
cter values. Depending upon the types of measurements used in image processing or
analysis it is possible to split and categorize any datasct in various way. One can cate-
gorize the measurement types based on scale. Roundness, which can express the radius
of curvature of the object corners in the next smaller scale measurement. The types of
measurement can also be categorized based on the assumption level and the degree to
which the results are calculated. In this case linear results such as area, perimeter can
be calculated from the pixel map of the image. By these other results such as spherical
equivalent volume and the circular equivalent diameter are calculated.

Finally, using several relations and ratios of the mentioned factors, metrics such as
the aspect ratio, circularity, convexity, solidity, spherical equivalent volume, eccen-
tricity, extent, elongation, convex hull area etc. may be calculated.

To categorize the RxXIMAGE dataset we used Eccentricity, Extent and Narrowness
(using aspect ratio) to separate the dataset into four categories. These are, Circular,
Oval, Oblong, and Special (Fig 1).
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Eccentricity: The ratio of the distance between two focal of the ellipse and its major
axis length is known as eccentricity. Fig. 3(left) illustrates, how eccentricity can be a
measure of shape. Its value is between 0 and 1. The shape with 0 (zero) eccentricity is
actually a circle and eccentricity 1 (means) it’s a line or line segment. It is a rotation
and scale invariant property.

>

Fig. 3. (left) A perfect circle has an eccentricity of 0, while an oval or ellipse has 1,
(right) Dimension of bounding box for a circle

Extent: It is the ratio of the area of the region to the total area of its bounding box
(bounding box: the smallest rectangle containing the region) Fig. 3(right) illustrate and
Eq. 1 gives the formula to measure extent of an image object. Though it scale invariant,
however not rotation invariant. Thus we have to rotate the image according to its major
axis to measure the correct value of extent. In theory if the extent is 0.7854 it’s a circular

shaped object.

Fxtent Object Area 1
rtent = Bounding Box Area M

Narrowness: It is defined as the absolute difference of agpect ratio and inverse of
aspect ratio. The ratio between major axis and minor axis length is the measure aspect
ratio (Eq. 2). If the narrowness is 0 (zero) the shale is circular. A higher value of nar-
rowness (Eq. 3) will means the object is narrower.

fRatin — majorAxisLength 2
aspectiatio = minorAxisLength @)
1
narrowness = abs (aspectRatio - 7) (3)
aspectRatio
3 Experimental Results and Discussion

We did all our experiments using the reference image-set from the RXIMAGE dataset.
Table I provides distribution of data according to class.

TABLE I. Distribution of training and testing image

Type Training Set Testing Set
Circular 814 90
Oval 188 20
Oblong 722 80
Special 78 8
Sub-total 1802 198
Total 2000
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For all the images of the train dataset we had caleulated the wvalues for Eccentricity,
Extent and Narrowress and empirically measured the rainiroarn and mactivonm values
for all three features such that we can differertiate four shapes fromm each otler. The
rowst irenarn atud rod niveoara walues for theee featores is given in Table 11 Here note that, it
iz possible to find in theoryrone precise walue foreach of the features, howewer in reality
the walue is rather a range not a single floating point number. We believe this is hap-
pering becauss:, during the mage processing steps, nformation lose ocows and shapes
does not appear as strict and stroe tured the rshould be. Morecwver, the shapes of the pills
are raost of the time circle like, oval like, oblong like, tiangle like, trapezoid Like rot
exactly the geometric shape thevare supposed fo be.

TABLE IL Shapes ws naanonn and macd nam vahie of the feahires

Grrular Oval Oblonz Special
. Min 0.0107 07212 07637 0025E
Eccentricily 02104 08938 0,249 0a52
— Mim NGIE 0 70% WG iJEAKN)
M NEES REIE) 0oTe TS

- Mm | Oolla7 | 0,750 EDE E
arrowness T 1515 VERE] T

Baszed on the rmirniram and maxivanmm values of all three feature walues of Tahle I1
test dataset was tested. Walue of Table IT can group the test dataset into four shape
category with 93.75%, acowracy, Detailed result of this testing is given in Table IIT

TABLE Il Detailed test wesults for all shapes of the test dataset

_ InT est Image Set Correcily Idendified Accuracy
Circular ] 1] 100%%
Oval ] X 100%%
Thlong A X 100%%

i 2 S
15% R
Q3.750

Fig 4 Tropill images that wete classified as oval shaped image instead of b eing classified

as special type
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Here note that, except the special shaped pills all others are correctly grouped ac-
cording to their shapes. The two pills that are not correctly identified are classified as
Ovals. In Fig 4 we are providing the pill images that are not correctly identified. Tt can
be said that this particular morph is from an oval shaped object roughly we may call it
oval. Intrinsic value suggest that it is an oval however visually they are not.

4 Conclusion

In this paper we have proposed an intrinsic geometric feature based approach to dis-
criminate pill images into four categories: Circular shaped, oval shaped, oblong shaped
and special shaped. The proposed method can discriminate them with 93.75% accuracy.
However, it might appear in mind that size and color should be more dominant feature
to discriminate prescription pills from their images. However, taking size as a feature
to discriminate pills from images is a difficult one, as size is not scale invariant and
photo is taken from two different height, so pills will have different size in the image.
The goal of this work 1s to provide an initial screening of the pill images into smaller
groups and then next we are working on how to farther split the dataset according to
the color of the pill. Moreover, we intend to incorporate OCR techniques to farther
refine the search. Such that we can determine the text or symbol inside the interior of a
pill, and that will help us more to accurately identify what kind of medicinal pill is that.
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