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(57) ABSTRACT 

An optical chemical test system and method detects infor 
mation from areas of a chemical test component in the field 
of view of a color camera. The chemical test component can 
be a card or a strip and has a color change test area that 
changes in appearance when subjected to a target chemical 
in Solution, which changes are detected by the color camera 
and used by an electronic control device to calculate a 
concentration value for the target chemical. Other areas of 
the chemical test component, when provided, calibrate the 
concentration value by providing further data that is recog 
nized by the color camera and used by the electronic control 
device for calibration. The chemical test component can 
include features Such as one or more indicia or locations for 
optical coding, card or strip identifiers and authenticators, 
one or more reference color areas and one or more reference 
white areas. Also, a color changing indicator can be pro 
vided for liquid temperature monitoring and determining 
whether or not a sample falls within an acceptable tempera 
ture range and/or for adjusting the displayed concentration 
to compensate for color shifts caused by variation in the fluid 
temperature. A housing system, when provided, facilitates 
use of controlled illumination in place of ambient illumina 
tion. The system and method are Suitable for incorporation 
into a dishwashing machine for sanitation monitoring. 
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OPTICAL CHEMICAL TEST SYSTEMS AND 
METHODS 

BACKGROUND 

0001 Field of the Disclosure 
0002 The present subject matter relates generally to 
chemical testing of liquid samples and more specifically to 
optical test systems and methods for general purpose deter 
mination of chemical concentration in a liquid solution. 
0003. Description of Related Art 
0004 Chemical test paper strips are known for use in 
measuring chemical concentrations, such as pH, water hard 
ness, and concentration of chlorine, ammonia, and many 
other chemical concentration levels in water and other 
liquids. Test strips are used in many industrial, medical and 
environmental applications. Typically, each test strip is 
delivered with a small color chart for the user to compare 
and estimate the resulting concentration of chemical in 
Solution. For example, chlorine test strips use potassium 
iodide as an active ingredient. In the presence of an oxidant 
such as chlorine, iodide is converted to iodine which then 
binds to starch molecules in the strip and forms a blue 
colored complex. In a specific example, test strips of this 
type are used to verify the correct concentration of chlorine 
in the rinse water of commercial dish machines used in 
restaurantS. 

SUMMARY 

0005. There are several aspects of the present subject 
matter which may be embodied separately or together in the 
devices and systems described and claimed below. These 
aspects may be employed alone or in combination with other 
aspects of the subject matter described herein, and the 
description of these aspects together is not intended to 
preclude the use of these aspects separately or the claiming 
of Such aspects separately or in different combinations as 
may be set forth in the claims appended hereto. 
0006. The present disclosure includes an appreciation 
that Such prior test strip systems can compromise overall 
accuracy inasmuch as measurement is dependent on the 
ability, experience and skill of the user to compare the color 
of the exposed strip with the color spectrum of the color 
chart associated with the Strip. Accuracy also is affected by 
exposure to humidity. Also, test strip life can be limited by 
exposure to light. Further, the degree of color change can be 
affected by the temperature of the liquid being tested. The 
degree of color change can be affected by the amount of time 
between exposure to the liquid and the reading of the 
resulting color change. Typical color chart systems rely on 
colors of a printed chart, which printed colors can vary 
between production runs or fade over time, negatively 
impacting accuracy in a non-liner and unpredictable manner. 
0007 An embodiment or aspect of the present disclosure 
provides an optical chemical test system that includes a 
chemical test card or strip, a color camera, and an electronic 
control device having an input port for the color camera and 
being associated with a data output component such as a 
printer, display, memory device or digital data connection. 
Suitable electronic control devices include a microproces 
sor-based board but other suitable devices may be used. The 
electronic control device can be associated with or include 
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a color detection Software program for processing color 
input data to concentration values of a target chemical or 
multiple target chemicals. 
0008 Another embodiment or aspect of the present dis 
closure provides an optical chemical test system that 
includes a chemical test card or strip that contains a reactive 
test area that changes color when in contact with the target 
chemical in the solution being monitored. When desired, the 
reactive test area or areas function as multiple indicators for 
different target chemicals. Also provided are a color camera 
and an electronic control device having an input port for the 
color camera and being associated with a data output com 
ponent Such as a printer, display, memory device or digital 
data connection. Suitable electronic control devices include 
a microprocessor-based board but other suitable devices 
may be used. The electronic control device can be associated 
with or include a color detection software program. 
0009. A further embodiment or aspect of the present 
disclosure provides an optical chemical test system that 
includes a chemical test card or strip, a color camera and an 
electronic control device having an input port for the color 
camera and being associated with a data output component 
Such as a printer, display, memory device or digital data 
connection. Suitable electronic control devices include a 
microprocessor-based board but other suitable devices may 
be used. The electronic control device can be associated with 
or include a color detection Software program. The test card 
or strip contains a reactive test area that changes color when 
in contact with the target chemical in the solution being 
monitored. The chemical test card or strip of this embodi 
ment also contains an optical code that can be automatically 
read by the camera and electronic control device. 
0010 Yet another embodiment or aspect of the present 
disclosure provides an optical chemical test system that 
includes a chemical test card or strip, a color camera and an 
electronic control device having an input port for the color 
camera and being associated with a data output component 
Such as a printer, display, memory device or digital data 
connection. The test card or strip contains a reactive test area 
that changes color when in contact with the target chemical 
in the solution being monitored. The chemical test card or 
strip of this embodiment also contains an optical code that 
can be automatically read by the camera and electronic 
control device, which optical code contains information 
including the type of chemical test being performed Such as 
chemical component concentration. Upon exposure to the 
Solution containing the target component, the color camera 
then captures the color of the reactive test area, and a color 
detection software program associated with the electronic 
control device converts the color of the test area into a 
chemical concentration, such as parts per million of the 
target chemical. 
0011. An additional embodiment or aspect of the present 
disclosure provides an optical chemical test system that 
includes a chemical test card or strip, a color camera and an 
electronic control device having an input port for the color 
camera and being associated with a data output component 
Such as a printer, display, memory device or digital data 
connection. The electronic control device can be associated 
with or include a color detection software program. The test 
card or strip contains a reactive test area that changes color 
when in contact with the target chemical in the Solution 
being monitored. The chemical test card or strip of this 
embodiment also contains an optical code that can be 
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automatically read by the camera and electronic control 
device, which optical code contains information according 
to one or more specific categories, including the type of 
chemical test being performed Such as chemical component 
concentration, an expiration date for the card, a unique serial 
number for the card for preventing its reuse, an optically 
recognized indicia for Supplying confirmation of authentic 
test strip or card, and any combinations of these categories. 
0012. A further embodiment or aspect of the present 
disclosure provides an optical chemical test system that 
includes a chemical test card or strip, a color camera and an 
electronic control device having an input port for the color 
camera and being associated with a data output component 
Such as a printer, display, memory device or digital data 
connection. The test card or strip contains a reactive test area 
that changes color when in contact with the target chemical 
in the solution being monitored. A plurality of the test cards 
or strips are delivered in a stack with an adhesive layer on 
the card or strip in a pattern to Surround the reactive area 
thereby forming a sealed environment for the reactive por 
tion, with the adhesive layer being between each card or 
strip in the stack. In this embodiment, at least some of the 
test cards or strips have an impermeable membrane coating 
on the back to enhance isolation of the reactive test area 
from the Surrounding environment until put into use by the 
operator. 
0013 Yet another embodiment or aspect of the present 
disclosure provides an optical chemical test system that 
includes a chemical test card or strip, a color camera and an 
electronic control device having an input port for the color 
camera and being associated with a data output component 
Such as a printer, display, memory device or digital data 
connection. The electronic control device can be associated 
with or include a color detection software program. The test 
card or strip contains a reactive test area that changes color 
when in contact with the target chemical in the Solution 
being monitored. In this embodiment a plurality of the test 
cards or strips are delivered in a stack with an adhesive layer 
on the card or strip in a pattern to Surround the reactive area 
thereby forming a sealed environment for the reactive por 
tion, with the adhesive layer being between each card or 
strip in the stack. 
0014. A further embodiment or aspect of the present 
disclosure provides an optical chemical test system that 
includes a chemical test card or strip, a color camera and an 
electronic control device having an input port for the color 
camera and being associated with a data output component 
Such as a printer, display, memory device or digital data 
connection. The test card or strip contains a reactive test area 
that changes color when in contact with the target chemical 
in the solution being monitored. A plurality of the test cards 
or strips are delivered in a stack with an adhesive layer on 
the card or strip in a pattern to Surround the reactive area 
thereby forming a sealed environment for the reactive por 
tion, with the adhesive layer being between each card or 
strip in the stack. In this embodiment, at least some of the 
test cards or strips have an impermeable membrane coating 
on the back to enhance isolation of the reactive test area 
from the Surrounding environment until put into use by the 
operator. 
0015. An additional embodiment or aspect of the present 
disclosure provides an optical chemical test system that 
includes a chemical test card or strip, a color camera and an 
electronic control device having an input port for the color 
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camera and being associated with a data output component 
Such as a printer, display, memory device or digital data 
connection. The test card or strip contains a reactive test area 
that changes color when in contact with the target chemical 
in the solution being monitored. In this embodiment, the test 
card or strip has an impermeable membrane coating on the 
back to enhance isolation of the reactive test area from the 
Surrounding environment until put into use by the operator. 
This membrane may be of an opaque material that limits 
light exposure of the reactive area until use is initiated. 
0016. Another embodiment or aspect of the present dis 
closure provides an optical chemical test system that 
includes a chemical test card or strip, a color camera and an 
electronic control device having an input port for the color 
camera and being associated with a data output component 
Such as a printer, display, memory device or digital data 
connection. The test card or strip contains a reactive test area 
that changes color when in contact with the target chemical 
in the solution being monitored. The electronic control 
device is associated with or includes a color data processing 
Software program that converts the color of the test area as 
captured by the color camera into a chemical concentration, 
Such as parts per million of the target chemical. The chemi 
cal test card or strip of this embodiment also contains one or 
more reference color areas and/or one or more reference 
white areas used by the data processing Software program to 
calibrate the calculation of target chemical concentration for 
the purpose of compensating for ambient light variation that 
could affect the color of the reactive test area on the card or 
strip. 
0017. A further embodiment or aspect of the present 
disclosure provides an optical chemical test system that 
includes a chemical test card or strip, a color camera and an 
electronic control device having an input port for the color 
camera and being associated with a data output component 
Such as a printer, display, memory device or digital data 
connection. The test card or strip contains a reactive test area 
that changes color when in contact with the target chemical 
in the solution being monitored. The electronic control 
device is associated with or includes a color data processing 
Software program that converts the color data of the test area 
into a chemical concentration, such as parts per million of 
the target chemical. The chemical test card or strip of this 
embodiment also contains a color changing indicator for 
liquid temperature monitoring and determining whether or 
not a sample falls within an acceptable temperature range 
and/or for adjusting the displayed concentration to compen 
sate for color shifts caused by variation in the fluid tem 
perature. 
0018 Yet a further embodiment or aspect of the present 
disclosure provides a Substantially closed housing contain 
ing a color camera and an illumination source, the housing 
having an opening through which a chemical test card or 
strip can be inserted by the user. The chemical test card or 
strip contains a reactive test area or areas provided for 
changing in color when in contact with a target chemical or 
chemicals in a solution being monitored, and the user inserts 
the exposed test card or strip through the opening, and the 
illumination source and color camera cooperate to capture 
data associated with the color of the exposed reactive test 
area or areas. Software converts the collected color data to 
concentration of each of the target chemicals. When desired, 
the chemical test card or strip can include one or more 
indicia or locations for optical coding, card or strip identi 
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fiers and authenticators, one or more reference color areas 
and/or one or more reference white areas, and a color 
changing indicator for liquid temperature monitoring and 
detemlining whether or not a sample falls within an accept 
able temperature range and/or for adjusting the displayed 
concentration to compensate for color shifts caused by 
variation in the fluid temperature. 
0019. Another embodiment or aspect of the present dis 
closure is a method for optical chemical testing that provides 
a chemical test card or strip that contains a reactive test area 
that changes color when in contact with the target chemical 
in the solution being monitored. When desired, the reactive 
test area or areas function as multiple indicators for different 
target chemicals. The chemical test card or strip is exposed 
to the Solution containing one or more target chemicals and 
then the reactive test area or areas is/are presented to a color 
camera, data from the color camera are collected and run 
through color detection software that converts the data 
reflecting the color of the reactive test area or areas into 
concentration value or values of the target chemical or 
chemicals. The method can include associating the software 
with an electronic control device having an input port for the 
color camera, and which can include associating a data 
output component Such as a printer, display, memory device 
or digital data connection. 
0020. An additional embodiment or aspect of the present 
disclosure is a method for optical chemical testing that 
provides a chemical test card or strip that contains a reactive 
test area that changes color when in contact with the target 
chemical in the Solution being monitored, as well as one or 
more colored/white reference areas. When desired, the reac 
tive test area or areas function as multiple indicators for 
different target chemicals. The chemical test card or strip is 
exposed to the solution containing one or more target 
chemicals and then the reactive test area or areas is/are 
presented to a color camera, data from the color camera are 
collected and run through color detection software that 
converts the data reflecting the color of the reactive test area 
or areas into concentration value or values of the target 
chemical or chemicals. The software of this embodiment 
processes predominant color and/or white levels data of each 
target area, typically in association with use of a median 
filter, and these color/white level data are used by the 
Software in determining target chemical concentration value 
or values. The method can include associating the software 
with an electronic control device having an input port for the 
color camera, and which can include associating a data 
output component Such as a printer, display, memory device 
or digital data connection. 
0021. An embodiment or aspect of the present disclosure 
provides a dishwashing machine having an optical chemical 
test system that includes a chemical test component such as 
a card or strip, a color camera, and an electronic control 
device in electronic communication with the color camera 
and being associated with a data output component such as 
a printer, display, memory device or digital data connection. 
Suitable electronic control devices include a microproces 
sor-based board but other suitable devices may be used. The 
electronic control device can be associated with or include 
a color detection software program for processing color 
input data to concentration values of a target chemical or 
multiple target chemicals. 
0022. A further embodiment or aspect of the present 
disclosure provides a dishwashing machine having an opti 
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cal chemical test system that includes a chemical test 
component such as a card or strip having one or more 
reactive areas, authentication areas or calibration informa 
tion areas, along with a color camera and an electronic 
control device in electronic communication with the color 
camera and being associated with a data output component 
Such as a printer, display, memory device or digital data 
connection. Suitable electronic control devices include a 
microprocessor-based board but other suitable devices may 
be used. The electronic control device can be associated with 
or include a color detection Software program for processing 
color input data to concentration values of a target chemical 
or multiple target chemicals. In this embodiment, the color 
camera and an illumination Source are within a housing with 
a slot through which the card or strip slides such that the 
reactive, authentication and/or calibration information area 
or areas are in the line of sight of the color camera, thereby 
significantly reducing the risk of ambient illumination 
inconsistency. 
0023. An embodiment or aspect of the present disclosure 
provides a method and device for checking chlorine levels in 
Swimming pools. Such include an optical chemical test 
system that features a chemical test component such as a 
card or strip, a color camera, and an electronic control device 
in electronic communication with the color camera and 
being associated with a data output component such as a 
printer, display, memory device or digital data connection. 
Suitable electronic control devices include a microproces 
sor-based board but other suitable devices may be used. The 
electronic control device can be associated with or include 
a color detection Software program for processing color 
input data to concentration values of a target chemical or 
multiple target chemicals. 
0024. An embodiment or aspect of the present disclosure 
provides a method and device for checking chlorine levels in 
Swimming pools. Such include an optical chemical test 
system that features a chemical test component such as a 
card or strip, a color camera, and an electronic control device 
in electronic communication with the color camera and 
being associated with a data output component such as a 
printer, display, memory device or digital data connection. 
Suitable electronic control devices include a microproces 
sor-based board but other suitable devices may be used. The 
electronic control device can be associated with or include 
a color detection Software program for processing color 
input data to concentration values of a target chemical or 
multiple target chemicals. In this embodiment, the color 
camera and an illumination Source are within a housing with 
a slot through which the card or strip slides such that the 
reactive, authentication and/or calibration information area 
or areas are in the line of sight of the color camera, thereby 
significantly reducing the risk of ambient illumination 
inconsistency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0025 FIG. 1 is a generally schematic illustration of an 
embodiment of a system of this disclosure; 
0026 FIG. 2 is a cross-sectional view of an embodiment 
of the disclosure wherein certain components are shielded 
from variations in ambient light; 
0027 FIG. 3 is a perspective view, partially in cross 
section, of an embodiment of the disclosure wherein a 
plurality of chemical test cards are stacked in booklet form: 
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0028 FIG. 4 is a flow chart related to an embodiment of 
the disclosure directed toward chemical concentration cal 
culation; 
0029 FIG. 5 is a perspective view of a typical chemical 

test card illustrating coloration factors associated with the 
flow chart example of FIG. 4; 
0030 FIG. 6 is a plot of data comprising a lookup table 
for a particular test chemical and color value; 
0031 FIG. 7 is a perspective view of a dishwashing 
machine having an optical chemical test system; 
0032 FIG. 8 is a plot of data comprising color density 
versus temperature regarding optical density; and 
0033 FIG. 9 is a plot of data comprising color density 
versus temperature regarding optical density from Hallcrest. 

DESCRIPTION OF THE ILLUSTRATED 
EMBODIMENTS 

0034. As required, detailed embodiments of the present 
disclosure are disclosed herein; however, it is to be under 
stood that the disclosed embodiments are merely exemplary 
of the disclosure, which may be embodied in various forms. 
Therefore, specific details disclosed herein are not to be 
interpreted as limiting, but merely as a basis for the claims 
and as a representative basis for teaching one skilled in the 
art to variously employ the present invention in virtually any 
appropriate manner. 
0035 FIG. 1 illustrates components of embodiments of 
the optical chemical test system. Included is a chemical test 
component 21 that can be a card or strip 21 having one or 
more reactive areas 22, as well as a digital color camera 23 
that captures color by encoding each pixel as a combination 
of colors, and the spectral content of the illumination deter 
mines the apparent color of a target area. Also illustrated is 
a processor 24 that receives and processes data from the 
color camera into concentration output for one or more 
target chemicals to which the reactive area or areas 22 of the 
chemical test component, card or strip is/are exposed. When 
desired, the chemical test component, card or strip can also 
include one or more of optical coding indicia 25, reference 
color areas 26, dots 27 of any shape that are of a material that 
changes color in response to temperature variation, and 
combinations threof. 

0036. The color detection software program uses the 
image captured by the color camera, converting the color of 
the test area or areas into a chemical concentration, which is 
in parts per million (ppm) or other suitable concentration 
units. Test areas of the test components, cards or strips may 
also contain one or more reference colors and/or white areas 
that can be used by the color detection Software program to 
calibrate the calculation of chemical concentration. For 
example, these reference color and reference white areas can 
generate data detected by the color camera that are used by 
the data processing system to compensate for variations in 
ambient lighting that may affect the color of the reactive test 
area of the test component, card or strip. The test compo 
nents, cards or strips also can contain color changing indict 
ors for a plurality of chemical species or a color changing 
indicator for liquid temperature. Multiple indicators can 
eliminate the need for multiple sampling by combining 
several tests into one card. A color changing temperature 
indicator can either be used to determine that the sample 
falls within an acceptable temperature range or be used to 
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modify the displayed concentration result to compensate for 
color shifts caused by variation in test sample liquid or fluid 
temperature. 
0037 Suitable optical coding indicia 25 include barcodes 
or QR codes, and the optical coding indicia contains infor 
mation on the type of chemical test being performed and 
other information specific to the card or Strip, such as its 
expiration date, a unique serial number, and other pertinent 
data. Other optical coding indicia can be provided as an 
optically recognizable watermark, insignia, logo or other 
recognition identifier that needs to be recognized by the 
system and method in order to prevent the operator to 
Substitute a non-compliant sheet or device rather than an 
authentic test card or Strip, to thereby side-step the system. 
The recognition identifier will prevent thwarting the system 
by using a piece of paper or device thus found to be 
incompatible. 
0038 An example of a suitable digital color camera 23 is 
the Mini 800TVL CMOS 6 mm MTV Board Lens CCTV 
Security Home FPV Tiny Box Color Camera. Another is 
ELP 2.1 mm Wide Angle Mjpeg 5 megapixel Ha Camera 
USB for Industrial, camera Module Usb Machine Vision. 
0039 Examples of the processor 24 include a micropro 
cessor-based board or a micro-controller-based board. Other 
devices, arrangements or systems also can be suitable. The 
processor 24 may itself contain Software programming as 
discussed herein, or any other Suitable approach can be 
utilized to carry out the objectives and tasks of the present 
disclosure. 

0040 FIG. 2 illustrates embodiments wherein compo 
nents of an optical tester, generally designated at 30, are 
arranged within a housing 31 that Substantially eliminates 
variation in illumination conditions under which the color 
camera 23 collects data from the exposed reactive area or 
areas 22 by virtue of same being closed to outside light 
except for a slot 32 in a wall of the housing that provides 
access for the test card or strip into the inner volume of the 
otherwise light-impervious housing whereby the reactive 
area or areas 22 or other area for providing pertinent 
information as noted herein are in a viewing orientation with 
respect to the color camera. The processor 24 is shown 
within the closed Volume of the housing, although same can 
instead be located outside of the housing at a convenient 
remote area facilitated by Suitable communication options 
Such as hard wiring, wireless and other communication 
approaches. In order to facilitate collection of color data by 
the color camera, an illumination source 33 can be provided 
to impart illumination within the housing. Typical illumina 
tion sources 33 include LED or other illumination devices or 
equipment. The approach of a Substantially closed housing 
and an internal illumination Source eliminates inaccuracies 
in reading caused by variations in ambient light. 
0041 FIG. 3 illustrates embodiments for color cards or 
strips that have objectives of protecting and maintaining 
viability of the color cards or strips for extended periods of 
time. A plurality of color cards or strips 21a are presented in 
the form of a booklet, generally designated at 41. Such as in 
the stacked array shown in FIG. 3. The booklet 41 of cards 
or strips 21a creates a sealed area between individual cards 
or strips to protect the reactive areas 22 from ambient light 
and humidity conditions. In the embodiment illustrated in 
FIG. 3, the card or strip is typically constructed on a 
Substrate 42 of paper, cellulosic, plastic and/or polymeric 
material, the Substrate Supporting the reactive area or areas 
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22 on its front face or Surface, while also supporting a raised 
layer 44 on its back face or surface. A back liner 43 also may 
be associated with the back face or surface. 

0042. The back liner 43, when included, typically is 
opaque to light and shields the reactive area or areas 22 on 
each test component, card or strip 21a from ambient light 
and/or humidity conditions, typically in the environment. 
Back liner 43 typically is an impermeable membrane, spe 
cific examples including Mylar R, polycarbonate and/or 
polyester. It will be appreciated that the arrangement of the 
illustrated cards or strips 21a in the booklet 41 is such that 
the opaque back liner of one card is opposite the reactive 
area or areas 22 of the adjacent card or strip in the booklet 
Such that the reactive area or areas face an opaque surface. 
The opaque surface can be provided by dark coloration of 
the substrate itself, by a layer coated or adhered on the back 
of the substrate 42. A typical dark color in this regard is 
black. The liner or membrane 43 can improve the isolation 
of the reactive test area or areas from Surrounding environ 
ment until first used by the operator. 
0043. When the raised layer 44 is included, same is in a 
pattern on the card or strip such that it Surrounds the reactive 
area on the card or strip thus forming a sealed environment 
for the reactive portion. Typically, the raised layer 44 is a 
peripheral raised layer on one card or strip 21a that engages 
a front face perimeter 45 of the substrate 42 of another card 
or strip when in the booklet 41 configuration; in this manner, 
the raised surface 44 and the perimeter area 45 engage each 
other, creating a pocket 46 or open space between a front 
face and a back face adjacent cards or strips 21a. Such a 
pocket or open space set out in a back Surface of one card 
or strip is opposite the reactive area or areas 22 and other 
components the opposing or adjacent card or strip that might 
be present and otherwise be sensitive to light and moisture 
or humidity of the environment, and/or susceptible to dam 
age due to physical contact with an adjacent card or strip. 
Raised surface 44 can be provided by any Suitable means, 
Such as unitarily with the Substrate, by means of a patterned 
or peripheral polymeric coating that securely adheres to the 
Substrate, or other Suitable arrangements. An example of 
material for the raised area is an adhesive layer coated onto 
the Substrate, examples being a low-tack adhesive, such as 
PS-0217 available from Polymer Science or 3M 1070 avail 
able from 3M Corporation. 
0044) With further reference to processor 24, same typi 
cally includes, provides or is associated with software pro 
gramming for transforming the data received from the color 
camera 23 and/or other data sources into concentration 
information attendant to the target chemical or chemicals to 
which the test card or strip is exposed during operation of the 
system of this disclosure. FIG. 4 is an algorithm flow chart 
for a particular embodiment. In this instance, the data reflect 
the state of areas of the test card or strip 21b that is illustrated 
in FIG. 5. FIG. 5 illustrates card or strip 21b having 
chemically sensitive target areas Such as reactive areas 22b 
(for example C1, C2 and C3) along with reference color 
areas, for example so-called white reference target areas 26b 
(for example, W1, W2 and W3) and so-called colored 
reference target areas 26c (for example, R1, R2, R3 and R4). 
An optical coding indicia 25b is shown, and color change 
dots, for example designated 27 in FIG. 1, could also be 
included but are not illustrated in FIG. 5. 

0045. Once the color camera 23 captures the image of the 
exposed test card or strip 21b, the optical coding indicia 25, 
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such as a QR code, is read in order to determine the type of 
chemical test and location of the QR code in the captured 
image. The locations of the target areas such as 22b, 26b and 
27b are determined relative to the QR code geometry in the 
captured image. The coding indicia embeds a code for the 
type of chemical being monitored and can also embed a 
unique sequential number for each test component, card or 
strip. Thus, the system can be used for reading chemical test 
cards and strips for concentrations including pH, chlorine, 
Sodium hypochlorite, iodine, iodide, quaternary ammonium 
or other chemicals or compounds in the liquid, typically 
Water. 

0046. A median filter is used to determine the predomi 
nant color or white level of each target area, such as 22b, 26b 
and 27b. A median filter is a software component that sorts 
all of the data from highest to lowest and takes the median 
value or a group of median values. For the present disclo 
sure, the median third of the data set are taken and then 
averaged to determine the predominant color of each target 
area. These data values are inputted to a mathematical 
function “F” by the software where target chemical concen 
tration level. Such as in parts per million, is determined, 
processed or calculated according to ppm=F(CO. . . Cx, WO 
... Wy., RO ... RZ). It will be appreciated that the response 
of the camera, lighting and color change are too non-linear 
to rely on a full equation; therefore, the present disclosure 
uses lookup tables for the software. This approach is espe 
cially computationally efficient. 
0047. An example of the function to calculate concen 
tration of the target chemical(s), Such as in parts per million, 
is based on a determination there is a definable non-linear 
relationship between chemical concentration and the color 
of the test areas of the test component, card or strip. The 
above-noted function F( ) is designed to mathematically 
model this relationship, even in the presence of non-uniform 
lighting and/or variations in color camera performance. 
Color is captured in the digital color camera 23 by encoding 
each pixel as a combination of red, green and blue. The 
apparent color of each target area is determined by the 
spectral content of the illumination, the color filters embed 
ded in the digital color camera sensor, and the white balance 
setting of the cameras internal software. The white target 
area or areas 26b (W1, W2, W3 in this example) of the test 
card or strip are used for the first order of compensation for 
these variations. In an example, the simplest case uses a 
single white target area and a single target are of the color 
changing portion of the card or strip to measure the values 
Rw, Gw and Bw (white level Red, Greeen, Blue) and Rc, Gc 
and Bc (color level Red, Green, Blue). From these values 
so-called “normalized' ratios are calculated as follows: 
Rr=Rc/Rw; Gr=Gc/Gw; and Br=Bc/Bw. 
0048. A minimal system for detecting chlorine concen 
tration, for example, in water can use only the blue value Br. 
This minimal system is simplified to deal with a single color, 
and a feature of the disclosure is the disclosure's determi 
nation that blue color has the largest amount of sensitivity to 
chlorine and displays the greatest change attendant to chlo 
rine concentration or content. This approach is followed in 
order to determine ppm. For this simplest of systems, the 
function F(.) calculates Brand then uses a lookup table to 
convert the normalized blue value (or Bc/Bw) to parts per 
million. The contents of the lookup table for this example are 
plotted in the table of FIG. 6 as chlorine ppm versus 
normalized blue color. 



US 2017/O160255 A1 

0049. As an illustration of further data that can be used in 
connection with this feature, FIG. 8 is a plot of the green 
response in terms of chlorine concentration (ppm) versus 
normalized green color. Thus, this plot can be considered to 
be that of a lookup table focused on the color green as it can 
be detected by the digital color camera 23. This gives a plot 
showing the relationship between ppm concentration and the 
green color read when green is implemented according to 
this feature of the disclosure. 
0050. The additional ratios Rr and Gr can be used in 
combination with Bras a quality check for the reading. For 
example, large Gr values in the absence of large Br values 
indicate that the test component, card or strip sampled is 
defective since the color detected for same is more green 
than blue. Test cards or strips for other chemicals would use 
a similar non-linear fit between predominant color change 
and concentration level for the chemistry of such other 
chemicals. 
0051. Additional white target areas can be used to com 
pensate for non-uniform illumination of the card. In many 
lighting conditions, the illumination pattern will form a 
gradient of light across the card or strip, resulting in a "light' 
and a “dark end of the test area. For this case, two or more 
white targets and multiple targets within the test area can be 
used according to the following arrangement. 
0052 Bwl=White level of target area W1 (blue channel). 
0053 Bw2=White level of target area W2. 
0054 Bc1=Color of area C1. 
0055 Bc2=Color area of C2. 
0056 Bc3=Color area of C3. 
0057. As an example, by utilizing Bw 1 and Bw2 along 
with the center distances between target areas, it is possible 
to calculate a “virtual white level for each target area within 
the color changing area or areas. Such calculations follow. 

Bwc1=Bw1+Bw2Bw1)x(Distance from W1 to C1) 
(Distance from W1 to W2). 

Bwc2=Bw1+(Bw2-Bwl)x(Distance from W1 to C2), 
(Distance from W1 to W2). 

Bwc3=Bw1+(Bw2-Bwl)x(Distance from W1 to C3), 
(Distance from W1 to W2). 

0058. These “virtual white levels then are used to cal 
culate three color rations according to the following. 
0059 Rbc1 =Bc1/Bwc1; Rbc2=Bc2/Bwc2: Rbc3=Bwc3. 
These three ratios then are combined into a single average 
color ratio that is used for the calculation of concentration 
level (e.g. ppm) using the lookup table. 
0060 Concerning the reference color targets 26, they are 
useful in enhancing accuracy of the concentration level 
determination. These are pre-printed on the component, card 
or strip to provide color areas or patches designed to mimic 
the color change of the chemical test area for specific 
concentrations of the target chemical. The data of the 
relevant lookup table, or their plotted curve, are modified to 
fit the colors picked up in the associated target areas (for 
example R1,R2 . . . RZ). Only then would the data or their 
plot curve be used to look up the concentration using the Br 
of the color changing test area. This effectively provides a 
calibration for the color content of the illumination and the 
color response of the camera. 
0061 More particularly, the reference color patches, 
when used, calculate Br, Grand Rr for a known concentra 
tion value. This can be used as a real-time check on the 
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lookup table of FIG. 6, for example. As an illustration, if a 
color patch or reference color target 26 is present, same 
displays the exact color to be expected according to this 
aspect of the disclosure. Such as for a 100 ppm sample, and 
the colors can be used to determine from this patch to look 
up its concentration value. If slightly off due to the ambient 
lighting or a change of camera output or white balance, this 
difference is available and usable to scale the table for a 
more accurate result. 

0062. With further reference to the areas 27 such as dots 
that change color in response to temperature to which they 
are Subjected, the disclosure recognizes an identifiable rela 
tionship between the intensity of the color change on the test 
components, cards or strips and the temperature of the liquid 
or solution containing the target chemical. As an example, 
chlorine test indicators display darker colors when the liquid 
of the sample is less than 120° F., while temperatures above 
160° F. dramatically reduce the levels of color change. By 
incorporating the color-changing dots 27, on the test com 
ponents, cards or strips, the liquid or Solution water tem 
perature is determined at the same time as the chlorine 
concentration (in this example). Armed with this tempera 
ture, appropriate adjustments or calibrations can be made to 
adjust for temperature variations. For example, temperature 
variation can occur and adjustments will be beneficial in 
uses where the solution or liquid being monitored is of an 
elevated temperature that can vary depending on particular 
environmental or machine conditions. An example is dish 
washing equipment 
0063 Color-changing areas 27 or dots are made from 
permanent change thermochromatic ink Such as that pro 
duced by LCR Hallcrest or Smarol Industry. Examples are 
LCR Hallcrest Thermochromatic ink (http://www.hallcrest. 
com/our--products/special---effect---ink---coating/ther 
mochromic---permanent---change---ink) and Smarol Indus 
tries Irreversible Thermochromic Pigment (http://www. 
smarol.com/Irreversible-Thermochromic-Pigment.html). 
Once the color of the dot is determined, a lookup table is 
used to calculate the water temperature. FIG. 9 is a plot from 
Hallcrest showing the relationship between temperature and 
the color changing area or paint or ink. The water tempera 
ture then is used to adjust the curve used to relate concen 
tration value to the color of the test area of the card or strip. 
One simplified yet effective'temperature compensation algo 
rithm shifts the curve left or right by the factor: 0.1*(T-130° 
F.)/10. This results in higher concentration (e.g. ppm) read 
ings for the same color but higher test liquid temperatures 
and lower concentration (e.g. ppm) readings for the same 
color at lower test liquid temperatures. 
0064. In a particular embodiment, the optical chemical 
test system and method are applied to dishwashing 
machines, finding particular advantage as an optical verifi 
cation system for dishwashing machines that forces the 
operator to verify the sanitation of a dishwashing machine 
after some pre-determined time interval of use other time 
limitation. Generally, good practices and regulations require 
dishwashing machine operators to verify sanitation usually 
at the beginning of each shift, after some time interval or 
number of cycles, or combination of criteria. Usually, sani 
tation criteria are in terms of ppm, often accomplished by 
using chlorine test Strips that are dipped into the final rinse 
Solution. In the usual approach, the chlorine strip must have 
a purple color corresponding to a visual color chart. In actual 
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practice, proper sanitation testing and compliance are not 
always consistently accomplished. 
0065. With the dishwashing machine embodiments, the 
Software program of the present disclosure can include paths 
to keep track of time or cycle count, being connected to the 
dishwashing machine. When desired, the present system can 
include electronic control to disable the dishwashing 
machine when non-compliance is indicated. The reactive 
area 22 of the cards or strips changes color when contacted 
with the designated sanitizing chemical in the rinse water, 
and the present system monitors sanitizing chemical con 
centration and reports non-compliance and/or removes 
power to the machine to prevent further use for dishwashing 
until corrective action is taken. 

0066 All of the features discussed herein with respect to 
the general application of the system and method can be 
incorporated when the system and method are used in 
connection with dishwashing machines. These include 
incorporating an alarm to an output port of the electronic 
control component. The alarm may be audible, visible, or 
both, and when activated informs the dishwashing machine 
operator to insert a chemical test card or strip into the final 
rinsing solution. The thus exposed test card or strip is 
presented to the color camera or inserted into the slot or 
opening if the housing embodiment is practiced. The color 
camera collects data and the Software program determines 
concentration of the sanitizer or sanitizer component. If the 
color data comparison and/or calculation indicate adequate 
concentration, the dishwashing machine will continue 
operation, but if not the power to the dishwashing machine 
will be disabled. Sanitizing components that can be moni 
tored for dishwashing machines include pH, sodium 
hypochlorite, iodine, iodine quaternary ammonium, and 
other sanitizing compounds, in a water Solution. 
0067. An example of a dishwashing machine, generally 
designated at 51, according to the present disclosure is 
illustrated in FIG. 7. Same incorporates an optical tester 30 
with slot 32 for receiving the chemical test component 21 
(FIG. 2). The optical tester 30 operates as disclosed herein. 
Also shown are typical dishwasher machine controls 52, a 
dishwashing machine door 53, a spray bar 54 and a pump 55. 
0068. In connection with the device of the disclosure and 

its optical path features and Software and its functions, 
inputs and outputs, accomplish the advantage of enhanced 
accuracy over prior systems and at a level that consistently 
tracks well with control results achieved according to chemi 
cal titration of dishwasher water in a unit such as illustrated 
in FIG. 7. 

0069. Features as generally disclosed herein can be suit 
ably used in connection with checking of chlorine levels in 
Swimming pools. For example, the housing of FIG. 2 can be 
in the vicinity of or attached to, a Swimming pool. The 
chemical test component 21 is inserted into, or otherwise 
exposed to, water of a Swimming pool and Subjected to 
testing according to the present disclosure. For example, the 
chemical test component 21 can then be inserted into a 
housing slot fashioned after the slot 32 in FIG. 2. Then a 
processor within a housing or otherwise situated in data 
passing communication with the optical camera operates on 
data input to it to determine whether or not the chlorine level 
is in accordance with an acceptable range for that Swimming 
pool. If outside the range, a signal is given to indicate 
non-compliance. This can include instructions for rectifying 
any divergence from Such acceptable range or ranges. 
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0070. It will be understood that the embodiments 
described above are illustrative of some of the applications 
of the principles of the present subject matter. Numerous 
modifications may be made by those skilled in the art 
without departing from the spirit and scope of the claimed 
Subject matter, including those combinations of features that 
are individually disclosed or claimed herein. For these 
reasons, the scope hereof is not limited to the above descrip 
tion but is as set forth in the following claims, and it is 
understood that claims may be directed to the features 
hereof, including as combinations of features that are indi 
vidually disclosed or claimed herein. 

1. An optical chemical test system comprising: 
a color camera that detects information in its field of view; 
an electronic control device associated with software that 

processes color detection data; 
a chemical test component having a reactive test area that 

changes in appearance when in contact with a target 
chemical in a solution; 

the color camera detects information from the reactive test 
area, including after contact with the target chemical, 
the information from the color camera being received 
by the electronic control device; and 

the software processes the information from the color 
camera into data providing a concentration value asso 
ciated with the target chemical. 

2. The optical system according to claim 1, wherein the 
chemical test component further includes, in addition to the 
reactive test area, a further area readable by the color 
camera, and the further area is selected from the group 
consisting of the type of chemical test associated with that 
chemical test component, an expiration date of the chemical 
test component, a unique serial number for preventing re-use 
of the chemical test component, optically recognized 
authentication indicia, white reference target area, colored 
reference target area, temperature sensitive dots having 
coloration dependent on temperature, and combinations 
thereof. 

3. The optical system according to claim 1, wherein the 
chemical test component is a card or strip, and the reactive 
test area changes color when in contact with the target 
chemical of the solution being monitored. 

4. The optical system according to claim 3, wherein the 
Software includes color data conversion processing that 
converts the color of the test area as captured by the color 
camera into the concentration value of the target chemical. 

5. The optical system according to claim 4, wherein the 
card or strip includes one or more reference areas selected 
from the group consisting of one or more white reference 
target areas, one or more colored reference target areas, and 
combinations thereof, and wherein the color camera recog 
nizes information from the reference areas, and the software 
color data conversion processing calibrates the concentra 
tion of the target chemical from the thus recognized infor 
mation. 

6. The optical system according to claim 5, wherein color 
camera information from the reference target area and a 
lookup table combine to correct for accuracy in concentra 
tion determination. 

7. The optical system according to claim 4, wherein the 
card or strip includes a color changing indicator that shifts 
in coloration in response to temperature change, wherein the 
color camera detects any shift in coloration of this indicator, 
and wherein the software determines whether or not the 
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solution of the target chemical falls within an acceptable 
temperature range and adjusts the concentration of the target 
chemical. 

8. The optical system according to claim 4, wherein the 
card or strip includes optical coding indicia, and the software 
processes information of the optical coding indicia for 
authentication of the card or strip. 

9. The optical system according to claim 1, further includ 
ing a Substantially enclosed housing having an internal 
Volume, the chemical test component is a card or strip, and 
a slot of the enclosed housing provides access for the card 
or strip into the housing such that the reactive test area is 
within the internal Volume of the housing, the color camera 
being within the internal volume of the housing, and an 
illumination source providing illumination within the inter 
nal volume of the housing. 

10. The optical system according to claim 9, wherein the 
chemical test component further includes, in addition to the 
reactive test area, a further area readable by the color 
camera, and the further area is selected from the group 
consisting of the type of chemical test associated with that 
chemical test component, an expiration date of the chemical 
test component, a unique serial number for preventing re-use 
of the chemical test component, optically recognized 
authentication indicia, white reference target area, colored 
reference target area, temperature sensitive dots having 
coloration dependent on temperature, and combinations 
thereof. 

11. The optical system according to claim 9, wherein the 
card or strip includes one or more reference areas selected 
from the group consisting of one or more white reference 
target areas, one or more colored reference target areas, and 
combinations thereof, and wherein the color camera recog 
nizes information from the reference areas, and the software 
color data conversion processing calibrates the concentra 
tion of the target chemical from the thus recognized infor 
mation. 

12. The optical system according to claim 9, wherein the 
card or strip includes a color changing indicator that shifts 
in coloration in response to temperature change, wherein the 
color camera detects any shift in coloration of this indicator, 
and wherein the software determines whether or not the 
solution of the target chemical falls within an acceptable 
temperature range and adjusts the concentration of the target 
chemical. 

13. The optical system according to claim 9, wherein the 
card or strip includes optical coding indicia, and the software 
processes information of the optical coding indicia for 
authentication of the card or strip. 

14. The optical system according to claim 1, wherein the 
Software includes a median filter component included in 
determining a predominant color for a target area. 

15. The optical system according to claim 1, wherein the 
system is associated with a Swimming pool and wherein the 
chemical test component is configured and engineered to 
check on concentration value of a target chemical within 
water of the Swimming pool. 

16. A dishwashing machine having an optical chemical 
test system, comprising: 

an enclosure for holding dishes and the like, a source of 
water into the enclosure, a body of post-washing rinse 
water, and an optical chemical test system that monitors 
water of the rinse water, the optical chemical test sytem 
comprising: 
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a color camera that detects information in its field of view; 
an electronic control device associated with software that 

processes color detection data; 
a chemical test component having a reactive test area that 

changes in appearance when in contact with a target 
chemical in the rinse water, 

the color camera detects information from the reactive test 
area, including after contact with the target chemical of 
the rinse water, the information from the color camera 
being received by the electronic control device; and 

the software processes the information from the color 
camera into data providing a concentration value asso 
ciated with the target chemical. 

17. The dishwashing machine according to claim 16, 
wherein the chemical test component is a card or strip, and 
the reactive test area changes color when in contact with the 
target chemical of the Solution being monitored, wherein the 
Software includes color data conversion processing that 
converts the color of the test area as captured by the color 
camera into the concentration value of the target chemical. 

18. The dishwashing machine according to claim 17, 
wherein the card or strip includes one or more reference 
areas selected from the group consisting of one or more 
white reference target areas, one or more colored reference 
target areas, and combinations thereof, and wherein the 
color camera recognizes information from the reference 
areas, and the Software color data conversion processing 
calibrates the concentration of the target chemical from the 
thus recognized information. 

19. The dishwashing machine according to claim 17, 
wherein the card or strip includes a color changing indicator 
that shifts in coloration in response to temperature change, 
wherein the color camera detects any shift in coloration of 
this indicator, and wherein the software determines whether 
or not the solution of the target chemical falls within an 
acceptable temperature range and adjusts the concentration 
of the target chemical. 

20. The dishwashing machine according to claim 17, 
wherein the card or strip includes optical coding indicia, and 
the Software processes information of the optical coding 
indicia for authentication of the card or strip. 

21. (canceled) 
22. (canceled) 
23. A method for optical chemical testing, comprising: 
providing a chemical test component having a reactive 

test area that changes in color when in contact with a 
target chemical in Solution; 

Subjecting the reactive test area of the chemical test 
component to a solution having the target chemical; 

positioning a color camera with respect to the reactive test 
area and optically collecting color-change information 
from the reactive test area; 

providing an electronic control device, and transmitting 
thereto the color-change information from the reactive 
test area collected by the color camera; and 

converting by operation of the electronic control device 
the color-change information from the reactive test area 
to a concentration value associated with the target 
chemical. 

24. The method according to claim 23, wherein the 
providing of the chemical test component includes providing 
one or more reference areas selected from the group con 
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sisting of one or more white reference target areas, one or 
more colored reference target areas, and combinations 
thereof; 

recognizing by the color camera information from the 
reference areas; and 

applying the information from the reference areas to the 
electronic control device color data conversion pro 
cessing using same for calibrating the concentration 
value of the target chemical. 

25. The method according to claim 23, wherein the 
providing of the chemical test component includes a color 
changing indicator that shifts in coloration in response to 
temperature change; 

detecting with the color camera any shift in coloration of 
this indicator due to temperature; 

determining from the shift by operation of the electronic 
control device whether or not the solution of the target 
chemical falls within an acceptable temperature range; 
and 
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adjusting as necessary the concentration value of the 
target chemical if the acceptable temperature range is 
not detected. 

26. The method according to claim 23, wherein the 
providing of the chemical test component includes an optical 
coding indicia; 

detecting the optical code indicia with the color camera; 
determining from the optical code indicia whether or not 

the chemical test component is an authentic chemical 
test component; and 

continuing with the method to determine the target chemi 
cal concentration value if the chemical test component 
is authenticated, or ceasing the method to determine the 
target chemical concentration value if the chemical test 
component is not authenticated. 
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