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APPARATUS AND METHOD FOR MONITORING HAND WASHING

Backaround of the Invention

1. Field of the Invention

The present invention relates to an apparatus and
method for monitoring hand washing. A soap with a particular
feature (e.g., color and opaqueness) that .allows it to be
differentiated from a user's hands and a background is also

disclosed.

2. Brief Description of the Prior Art

According to Restaurant News, "The unwashed or poorly
washed hands of food service workers leads to an estimated 12.5
million cases of food borne illnesses in the U.S. each year."
Recent outbreaks and deaths due to salmonella and E. coli food
poisoning have re-focused industries' attention on the on-going

neglect of proper hand washing by food service employees.

Food service establishments have rules concerning hand
washing but the honor system does not work. An employee could
be posted in each rest room to oversee washing but this is costly
and raises privacy issues. What is needed is an effective method

to monitor compliance.

There is only one hand washing monitoring system on the
market at the present time. The system is sold by UltraClenz
Corporation and comes with a digital readout screen that leads

employees step by step through a complete "hand washing cycle."

The UltraClenz system controls hot and cold water
valves on an accompanying stainless steel sink dedicated to hand
washings. An employee enters his or her identification number
into the system's keyboard and a readout screen instructs the
employee to wet his or her hands. Water flows automatically from
the faucet for 10 seconds, after which the employee is instructed
to "Apply soap" by placing his or her hands below a dispenser.
The employee is then supposed to lather and scrub for a
recommended- 20-second period. If the employee avoids the "Apply
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Soap" phase, the program will shut down and must be re-initiated -
by entering the employee's identification code. What the

employee does with the soap and whether he or she lathers and

'scrubs is not monitored. The 20-seconds are displayed as a

"count-down" on the monitor and, at the end of the period, the
water is automatically turned on again for rinsing. When the
rinse water stops, the employee is instructed .to dry his or her
hands thoroughly. Completion of the "hand washing cycle” is
confirmed and registered when an employee waves his or her hand

in front of an electronic sensor.

While the focus of the discussion has been on food
service workers, a rash of reports in the Journal of the American
Medical Association, Lancet and other medical journals cite
studies linking the breakdown of basic hygiene to outbreaks of
pacterial and viral illness in hospitals, nursing homes and
child-care centers. An effective method for monitoring hand

washing in these institutions would also be useful.

Summary of the Invention
In view of the above, it is an object of the present

invention to provide an effective apparatus and method for
monitoring hand washing. It is another object to provide
documentation that demonstrates "reasonable care" and "due
diligence" if an employer is held accountable in litigation for
employee spread disease. Other objects and features of the
invention will be in part apparent and in part pointed out

hereinafter.

In accordance with the invention, an employee, after
being identified, is checked for the application of soap to his
or her hands by converting an optical image of the soaped hands
against a background into a digital image which is inputted to
a computer. A first reference feature, such as color or texture,
is identified that distinguishes the background from the soap and
from the subject's hands and a second reference feature is
jidentified that distinguishes the soap from the background and

from the subject's hands. An algorithm executing in the computer
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compares the digitized image, pixel by pixel, with the first and -

second reference characteristics. The algorithm accunulates the

‘number of pixels matching the second reference characteristic,

indicating the area to which socap is applied, and the number
matching neither the first or second reference characteristic,
indicating the area of the hands to which soap has not been
applied, calculates the amount of area to which soap has been
applied compared with the area of the hands to which soap has not
been applied and compares that with a predetermined level of
required coverage. If the area to which soap has been applied
is less than the level of coverage required to pass, the subject
is given an unsatisfactory report and is instructed to try again.
Documentation is kept automatically. A soap for use in
accordance with the present invention must have a particular
feature (e.g., color and opaqueness) to be differentiable from

the user's hands and the background.

Brief Description of the Drawings

In the accompanying drawings, in which one of various
possible embodiments of the invention are illustrated,
corresponding reference characters refer to corresponding parts

throughout the several views of the drawings in which:

Fig. 1 illustrates an apparatus for monitoring hand

washing in accordance with the present invention in use;

Fig. 2 is shows a monitor allowing management to review

reports made by the apparatus;

Fig. 3 is an exploded perspective view of that portion
of the apparatus including a background in front of which a
subject may display his hands, an input monitor with an
integrated digitizer, and a video monitor for displaying the

results; and,

Fig. 4 is an enlarged view of a digitized optical image
of one of the subject's hands and a second digitized image

showing those portions of his or her hands covered with soap.
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Detailed Description of the Invention
Referring to the drawings more particularly by

reference character, reference numeral 10 refers to an apparatus

for monitoring hand washing in accordance with the present

invention. In major part, apparatus 10 includes an input device
12 in front of which a subject places his or her hands 14 after
he or she has applied and spread a layer of soap or detergent 16
over the front and back of his or her hands. A light source 18
may be provided for illuminating the subject's hands. Input
device 12 converts light reflected from soap 16 and hands 14 into
an optical image. A device 20 digitizes the optical image into
a plurality of pixels which are processed in a computer 22 as

more particularly described below.

A reference feature that distinguishes soap 16 from
hands 14 is stored in the computer. The reference feature can
be any property of the soap which can be computationally
extracted. Reference features include, but are not limited to,
color and texture. Pattern matching can be used to help assure
that a human hand and potentially who's hand is presented to the
apparatus. Identifying the shape of the object presented to
apparatus 10 as including fingers will help ensure that some

other foreign object was not placed in the input device's view.

Texture mapping can be used to supplement or replace
color identification by storing an image of each employee's hands
without soap. The texture of the image with soap will be

'different enough to aid in soap detection. Using textures in

addition or as a replacement for color identification should

provide an increase in soap detection accuracy.

When the reference feature is color, it is preferred
that the subject place his or her hands in front of a background
24 so that the optical image includes the background and the
subject's soaped hands. Input device 12 can be a digital color
camera into which digitizer 20 is integrated. A first reference
feature is provided that distinguishes the background from the

soap and the subject's hands and a second reference feature is
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provided that distinguishes the soap from the background and the -
subject's hands. Since human hands 14 are primarily red or brown

in color, background 24 is preferably blue and soap 16 green or

'vice versa. The reference feature of background 24 is determined

by the following steps:

A. Digitizing an optical image including only the
background.

B. Converting each pixel's RGB (Red, Green and Blue)
values to a color space such as HSV (Hue, Saturation and Value).

C. Filtering out all colors which are not a derivative
of blue or green into color space or HSV values.

D. Creating a list of unique color space or HSV values
which were not filtered out and counting the occurrences of each.

E. For each unigque color space or HSV value allowing
for small percentage differences in the hue, saturation and
brightness. The percentage being different for each color space
or HSV value.

F. Starting from the most common color space or HSV
value based upon occurrence in step D, clustering the color space
or HSV values by using the percentage range from step E and
building a list of ranges/clusters which include all background
colors measured.

G. Identifying shadow color ranges based upon the
background color ranges. The color space or HSV value ranges for
shadow are precomputed and supplemented by the background color
ranges. In other words, the actual color of the shadow is
dependant upon the color of the background and other objects.
The precomputed color space or HSV ranges are obtained by
examining the color space or HSV values for shadows using various

background colors.

The reference feature of soap 16 is determined by
processing an image which is comprised of background and mostly
soap. To image properly, the soap must have a certain amount of
opaqueness and a color quality that allows it to be adequately
distinguished on a hand by input device 12. This image can be
of a human hand covered with the expected soap or can be soap in

an open flat container. The percentage of the image which is not
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background must contain a preponderance of soap to get an-
accurate reading of the soap colors and it is preferred that at

least 65% of the image be soap, and less than 35% uncovered hand

or container. Identification of the soap color ranges is almost

jdentical to that of identifying the background color ranges and
includes the following steps:

A. Converting each pixel's RGB values to color space
or HSV.

B. Filtering out color space or HSV values which are
background or shadow. If the color space or HSV values fall
within a background or shadow color space or HSV range, then it
is considered background or shadow. Filtering out colors which
are not based on blue or green. Again the background must be
either blue or green, and the soap color should be the other
color not used. The background and soap do not have to be
exactly blue or green, but the closer to true blue or true green,
the better.

C. Creating a list of unique color space or HSV values
which were not filtered out and counting the occurrence of each.

D. Starting from the most common color space or HSV
value based upon occurrence from step C, clustering the color
space or HSV values by allowing small percentage differences in
color space or HSV. Building up a list of ranges/clusters which
include all soap colors.

E. Examining the ranges for the soap colors,
identifying any outliers by occurrence and proximity to the bulk
of the ranges. This is performed due to the soap can be
presented on human hands or in an open container, which filters
out the color ranges which are most likely the hand or container.
In this step it is preferred that at least 65% of the non-
background colors be soap. This step uses 65-98% of the color
ranges to identify the soap, the 2-35% is assumed to be some

other object besides soap.

The first and second reference features are stored in
computer 22. An algorithm executed in the computer compares the
digitized image of the subject's hands in front of the background

and compares it, pixel by pixel, with the first and second
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reference features and accumulates the number of pixels that -
match the first reference feature, indicating the area to which

soap is applied, or that matches neither reference feature,

indicating the area of the hands to which soap has not been
applied. The algorithm may then calculate whether the number
pixels matching the second reference feature plus those matching
neither reference feature divided by the number of pixels
matching the first reference feature are less than a
predetermined amount, e.g., 30%, creating a report that too much
of the image is background. The algorithm then calculates
whether the number of pixels matching the second reference
feature out of the total number of pixels matching the second
reference feature plus the number of pixels matching neither
reference feature is greater than a predetermined level of
coverage and creates a report that is sent through the output.
A coverage of 50% is easy to obtain, while 85% is more difficult.
The predetermined level of coverage is configurable by the

manager.

If lighting conditions confuse input device 12 (i.e.,
shadows are taken as part of the hand), a lower percentage of
coverage may be required to pass (e.g., about 70%). Reducing the
required percentage of coverage also provides a margin of error
if part of the user's wrist is included in the optical image.
There are other ways to cancel the effect of shadows or the
inclusion of the wrist. For example, the effect of shadows could
be canceled by scanning the user's hands at two wavelengths, one
in the infrared which would not be fooled by lighting conditions.
The effect of including the user's wrist could be canceled by
comparing the image with known hand proportions. For example,
if the average length of a hand is twice the length of the index
finger, the image of the user's hand could be truncated at that

distance thereby eliminating the effect of including the wrist.

A video monitor 26 in view of the subject may be
provided for displaying the report as to whether the subject's
hands were covered with the required percentage of soap to pass.

In addition to satisfying the employee's desire to see the
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results, the presence of the monitor will have a public relations

effect on customers and patients who will be pleased to see that

~employees are tested for hand washing. The algorithm in computer

22 may create a second digitized image from the optical image
containing only those pixels that match the second reference
feature, indicating the area to which soap is applied, or that
match neither reference feature, indicating the area of the hands
to which soap has not been applied. The second digitized image
is outputted from the computer in a form that the areas are
visually distinguishable when displayed on video monitor 26. As
shown in Fig. 3, monitor 26, light source 18, input device 12 and
digitizer 20 integrated with input device 12 may be housed in a

box with a removable face panel 27.

Apparatus 10, as more particularly described below, may
be connected to a detector which identifies subject 28 when he
or she enters a rest room. Each employee may be outfitted with
a optically scannable bar code or with an ID that be read with
a radio frequency transponder (RFID) or the like. When subject
28 enters the room, the detector identifies the employee and
sends a signal to computer 22 which initiates operation of
apparatus 10. To avoid an unsatisfactory management report,
subject 28 must pass inspection by apparatus 10 before he or she
ljeaves the rest room. If more than one person can be in the rest
room at a time, a second detector may be provided for the purpose
of identifying the employee as the employee approaches the sink.
Every time the employee enters the rest room, the employee must
wash his or her hands even if the employee is only in the room

for the purpose of combing his or her hair.

Input device 12 is preferably located close to a soap
dispenser. To pass inspection, subject 28 must take a dose of
soap and rub it over the back and front of his hands. If input
device 12 detects that a prescribed percentage of the user's
hands have been coated with soap, monitor 26 instructs the user
to wash his or her hands. System 10 can be adapted to
simultaneously view the front and back of the user's hands or it

can be designed to monitor only one side.
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Once monitor 26 signals subject 28 that he or she has
passed inspection, the user will lather and scrub for the

recommended 20-second period set out by FDA food safety

'recommendations, and possibly longer, to get the soap off his or

her hands. By changing the rheology, etc. of the liquid soap,
the amount of scrubbing and rinsing it takes to remove the soap
can be regulated, thereby extending or shortening the period of
time the user must spend lathering and scrubbing. If the
employee tries to rub the soap off on a paper towel or on his or
her clothes, enough soap will be left on the employee's hands to
be uncomfortable, promoting lathering and rinsing as described
above. And even if he or she avoids the water, the bacterial

soap on the employee's hands will have done its work.

The reports are stored in computer 22 where they can
be called up for management review on a second monitor 30. By
clicking on an employee's name in frame 32, the days that he had
rest room activity are shown in frame 34. The level of activity
(i.e., how many times he or she used the rest room) may be
indicated by varying the intensity of the numbers of the active
days. A list of rest room activity by date appears in frame 36.
If the manager clicks on a date, the original digitized optical
image of the subject's hands will appear in frame 38 or the
second digitized image showing the subject's hands and those

areas covered with soap will appear.

In view of the above, it will be seen that the several
objects of the invention are achieved and other advantageous
results attained. As various changes could be made in the above
constructions and methods without departing from the scope of the
invention, it is intended that all matter contained in the above
description or shown in the accompanying drawings shall be

interpreted as illustrative and not in a limiting sense.
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WHAT IS CLAIMED:

1. An apparatus for monitoring hand washing comprising

an input device in front of which a subject places his
or her hands after he or she has applied and spread a layer of
soap or detergent over the front and back of his or her hands,
said input device converting light reflected from the soap and
subject's hands into an optical image,

a device for digitizing the optical image into a
digitized image with a plurality of pixels,

a computer having an input for the digitized image and
an output for a report,

a reference feature that distinguishes the soap from
the subject's hands, said reference feature in the computer,

an algorithm executed in the computer that compares the
digitized image, pixel by pixel, with the reference feature and
accumulates the number of pixels that match the reference
feature, indicating the area to which soap is applied, and the
number of pixels that do not match the reference feature,
indicating the area of the hands to which soap has not been
applied, calculates whether the number of pixels matching the
reference feature out of the total number of pixels matching the
reference feature plus the number pixels not matching the
reference feature is greater than a predetermined 1level of

coverage, and creates a report sent through the output.

10
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2. An apparatus for monitoring hand washing comprising -
a background in front of which a subject places his or

her hands after he or she has applied and spread a layer of soap

.or detergent over the front and back of his or her hands,

an input device for converting light reflected from the
background, soap and subject's hands into an optical image,

a device for digitizing the image into a plurality of
pixels,

a computer having an input for the digitized image and
an output for a report,

a first reference feature that distinguishes the
background from the soap and the subject's hands and a second
reference feature that distinguishes the soap from the background
and the subject's hands, said first and second reference features

stored in the computer,
an algorithm executed in the computer that compares the

digitized image, pixel by pixel, with the first and second
reference features and accumulates the number of pixels that
match the first reference feature, indicating the area to which
soap is applied, or that matches neither reference feature,
indicating the area of the hands to which soap has not been
applied, calculates whether the number of pixels matching the
second reference feature out of the total number of pixels
matching the second reference feature plus the number pixels
matching neither reference feature 1is greater than a
predetermined level of coverage, and creates a report sent

through the output.

3. The apparatus of claim 2 further comprising a video

monitor in view of the subject for displaying the report.

11
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4. The apparatus of claim 3 wherein the algorithm
creates a second digitized image from said first digitized image,
'said second digitized image containing only those pixels that
match the second reference feature, indicating the area to which
soap is applied, or neither reference feature, indicating the
area of the hands to which soap has not been applied, said image
in a form that the areas are visually distinguishable on a
monitor, said second digitized image displayed on the video

monitor.

5. The apparatus of claim 4 wherein the first
digitized image is displayed on the video monitor for visual

comparison with the second digitized image.

6. The apparatus of claim 2 further comprising a light

source for illuminating a subject's hands against the background.

12
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7. A method for monitoring hand washing comprising
having a subject place his or her hands in front of a

background after he or she has applied and spread a layer of soap

or detergent over the front and back of his or her hands,

converting light reflected from the background, soap
and subject's hands into an optical image,

digitizing the image into a digetizing image with a
plurality of pixels,

identifying a first reference feature that
distinguishes the background from the soap and the subject's
hands and a second reference feature that distinguishes the soap
from the background and the subject's hands, said first and
second reference features in a computer, and,

executing an algorithm in the computer that compares
the digitized image, pixel by pixel, with the first and second
reference features and accumulates the number of pixels that
match the first reference feature, indicating the area to which
soap is applied, or that matches neither reference feature,
indicating the area of the hands to which soap has not been
applied, calculates whether the number of pixels matching the
second reference feature out of the total number of pixels
matching the second reference feature plus the number pixels
matching neither reference feature is greater than a

predetermined level of coverage, and creates a report.

8. The method of claim 7 further comprising displaying

the report on a video monitor in view of the subject.

9. The method of claim 8 wherein the algorithm creates
a second digitized image from said first digitized image, said
second digitized image containing only those pixels that match
the second reference feature, indicating the area to which soap
is applied, or neither reference feature, indicating the area of
the hands to which soap has not been applied, said image in a
form that the areas are visually distinguishable on a monitor,

said second digitized image displayed on the video monitor.

13
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10. The method of claim 9 wherein the first digitized
image is displayed on the video monitor for visual comparison

.with the second digitized image.

14
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