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(57) ABSTRACT 

A system for monitoring conditions relating to the status of 
items such as perishable food products stored in enclosed 
spaces has a number of sensors mounted in the spaces. 
Tables maintained by the system hold a description of the 
spaces to be monitored and the location and identity of the 
sensors Within each space. The values detected by each 
sensor are periodically recorded and tested against bench 
mark values established for the stored items adjacent to the 
sensor. Values outside of the benchmark values create an 
alarm condition, and a set of alarm messages are displayed 
on a display unit. The alarm messages include suggested 
corrective actions. The user has the opportunity to signal to 
the system the corrective actions taken, and the system 
stores a record of these corrective actions in association With 
the corrective actions and the alarm condition. 
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ENVIRONMENTAL MONITORING SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 09/759,890, ?led Jan. 12, 2001, entitled 
“ENVIRONMENTAL MONITORING SYSTEM, the entire 
contents of Which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] Environments for spaces of many types must be 
accurately controlled. For example, it is routine to control 
temperature and humidity in occupied spaces. The environ 
ment Within spaces used for storing or manufacturing prod 
ucts and apparatus of many types often must be controlled 
as Well. For example, storage or manufacturing areas for 
electronic equipment often have temperature, dust and 
chemical contaminants, and humidity limits that must be 
closely observed. Over the years, a variety of reliable and 
effective control systems have been developed for meeting 
these requirements. HoWever, for a variety of reasons these 
control systems sometimes fail, requiring human interven 
tion. Further, it is often necessary to provide an historical 
record of these failures and also of proper operation. 

[0003] For example, heating plants and air conditioners 
can fail because of a tripping circuit breaker, a short outage 
of fuel or electricity, or failure of a critical part of the system. 
In some cases these failures are nuisances only. In others, 
they may cause signi?cant economic loss or may even 
threaten life or health of animals or humans. Consider the 
problem of controlling laboratory animals’ environment. 
After a period of time, an experimenter may have a signi? 
cant investment of time and money in ongoing experiments 
that Will be lost if prescribed environmental conditions for 
the animals are not maintained. These laboratories may not 
be staffed around the clock, so that a defect in the space’s 
environment may not be noticed for a period of many hours. 

[0004] An even more important situation is controlling the 
environment in Which food is stored. The need for food to 
have safe levels of various pathogens and contaminants can 
hardly be overstated. Anyone Who has visited a modem 
supermarket knoWs of the sophisticated environmental con 
trols for temperature and sometimes humidity as Well, in 
produce displays. Yet these are nothing more than mechani 
cal and electrical systems having large numbers of critical 
components, any of Which are liable to failure. Although 
infrequent, failures can occur that affect the quality of the 
food. Refrigeration failures that persist for several hours are 
extremely costly, in that the food spoils and must be throWn 
out. Even Worse, if the failure is intermittent the food may 
spoil in a Way not readily noticeable, but that results in 
unhealthy food. For example, in a variety of inadequately 
refrigerated food products, E. Coli and salmonella bacteria 
can groW to a level that may be harmful and yet leave no 
visual indication this has even happened. Even if the cooling 
and heating systems operate properly, improper loading of 
storage spaces, doors that don’t close properly, operator 
error, etc. can affect food safety and quality. 

[0005] The system to be described in this patent applica 
tion has been developed primarily to monitor the tempera 
ture environment for perishable foods, but the principles can 
be easily extended to other types of things and creatures as 
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Well. Experts generally regard perishable food produce held 
at a temperature above 41° F. (5° C.) for more than 4 hours 
total as unsafe to eat. Dangerous pathogens Will not usually 
proliferate in food that is held betWeen 38 and 41° F. (4° C.) 
but quality may be affected by spoilage, Wilting, etc. So the 
standard for safe storage of perishable food products noW 
sets 33-38° F. (OS-4° C.) as the proper range for storage of 
these materials. 

[0006] The federal Food and Drug Administration (FDA) 
and the Department of Agriculture (DA) are in the process 
of setting standards for storing fresh perishable foods. These 
standards are de?ned by rules identi?ed by the acronym 
HAACP (HaZard Analysis of Critical Control Points). 
HAACP is currently under modi?cation, but essentially 
speci?es a set of required activities for food storage. These 
activities include: 

[0007] specifying temperature limits for various 
types of food products 

[0008] monitoring temperature of food products hav 
ing temperature limits 

[0009] notifying 
exceeded 

[0010] correcting the problem When temperature lim 
its are exceeded to assure safety 

an operator When limits are 

[0011] documenting the preceding activities, and 

[0012] verifying all of the preceding activities 

[0013] At the present time, operators of food storage and 
marketing facilities perform these steps manually. Ther 
mometers are placed in food display cases, and are periodi 
cally read and recorded manually. The people in charge of 
the facility take What seems to be the appropriate actions 
Whenever a temperature is read as out of the stated limit, and 
then document and verify the corrective action. 

[0014] This approach has a number of disadvantages. It is 
labor-intensive and therefore expensive. Since most of the 
time there is no problem, it is easy to lose the discipline 
needed to make the readings at the scheduled times. Since 
humans are involved, it is likely that the sensors Will not be 
read as scheduled or Will be read incorrectly. Manual reading 
cannot be done frequently enough to avoid loss of food 
quality or even pathogen groWth When out of range tem 
peratures occur. The corrective actions taken may not imme 
diately correct the problem. For example, a corrective action 
of reducing the set point temperature Will not easily solve the 
failure if the reason the temperature has risen above the limit 
because the case is over?lled or a cold air duct is obstructed. 
Manual readings may not detect brief temperature excur 
sions past the limit, say those caused by defrosting. On the 
other hand, When manual readings do detect these excur 
sions the response may be to take unneeded corrective 
actions. 

[0015] Where sensors are not visible from outside the 
display case and must be read With the door open, further 
error in the readings may result. All of these conditions can 
result in erroneous monitoring of the conditions Within food 
storage spaces. 

[0016] Of course, similar considerations are present for 
freeZer cases and hot food cases. In fact, hot food cases have 
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the potential for very rapid pathogen growth if the tempera 
ture falls much below a safety temperature. 

[0017] The result of all these considerations is that moni 
toring the storage environment generally and the tempera 
ture in particular for various foods is a dif?cult and expen 
sive activity that may often result in inaccurate detection of 
food condition. If healthful food is detected as bad, this leads 
to unnecessary discarding of food and substantial unneces 
sary expense. If bad food is detected as good, this may give 
rise to a serious health issue, With enormous consequences 
both for consumers and the businesses in the food supply 
chain. 

[0018] Accordingly, an alternative to manual sensor 
monitoring is advantageous. There have been sys 
tems described in the past that provide alternatives to 
manual monitoring. Among these, US. Pat. Nos. 
5,900,801 and 5,939,974 (both to Heagle et al.) teach 
a comprehensive system for monitoring food prepa 
ration, storage, and delivery. A number of patents 
described in the Heagle patents also disclose envi 
ronmental monitoring systems. 

BRIEF DESCRIPTION OF THE INVENTION 

[0019] We have developed a system for monitoring a 
varying and measurable parameter level at a plurality of 
points Within a space. We expect that the users Will usually 
chose to monitor the quality or condition of products stored 
in the space. We intend the term “product” to include a Wide 
variety of goods, food products, and material Whose quality 
or condition is affected by some parameter or condition of 
the product’s environment such as temperature, humidity 
and moisture content, vibration, airborne contamination, 
microbial contamination, etc. The application We presently 
prefer for the system is to monitor the temperature Within 
food storage spaces. 

[0020] This system includes a plurality of product condi 
tion sensors each having an associated identi?er code. Each 
sensor is to be placed in physical proximity to a product so 
as to measure the product condition parameter level. Each 
sensor provides a sensor signal encoding the measured 
parameter level. 

[0021] We ?nd it convenient to use a small computer along 
With appropriate softWare and some sort of interface for 
communicating With the sensors to provide the remaining 
elements of the invention. 

[0022] The computer conveniently provides a memory as 
a further element of the system. The memory is ?rst, for 
recording at least one predetermined parameter value in 
association With each sensor identi?er code, and second, for 
recording in association With each predetermined parameter 
value, a set of message code strings for a plurality of 
messages. These message code strings encode printable 
messages providing status information or suggesting reme 
dial action for a user When an out-of-range condition is 
detected for the condition sensed by the sensor. Thirdly, the 
memory records application softWare Whose execution 
causes the computer to provide the desired functionality of 
the invention. 

[0023] The computer’s display component functions as a 
display unit in this invention for providing a visual display 
of messages responsive to a display signal encoding the set 
of message code strings. 
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[0024] When the computer executes the application soft 
Ware recorded in the memory, it becomes physically and 
functionally a data analyZer. The computer/data analyZer 
element receives the sensor signal from a sensor and a 
predetermined parameter value recorded in the memory in 
association With that sensor’s identi?er code. The data 
analyZer then compares the measured parameter value 
encoded in the sensor signal With the received parameter 
value associated With the sensor’s identi?er code. Respon 
sive to a predetermined relationship betWeen the measured 
and recorded parameter levels, the data analyZer retrieves 
from the memory the set of message code strings associated 
With the recorded parameter value, and encodes the retrieved 
set of message code strings in a display signal provided to 
the display unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 is a diagram of a system including a number 
of controlled spaces Within a facility and a computer system 
incorporating the invention for monitoring temperature 
Within the controlled spaces. 

[0026] FIG. 2 is a block diagram of the computer of FIG. 
1 generally shoWing the various functional elements of the 
invention provided by the computer. 

[0027] FIGS. 3a and 3b shoW the important structural 
elements of the tables maintained by the computer of FIG. 
2 in implementing the invention. 

[0028] FIGS. 4a and 4b are a ?oWchart of softWare Whose 
execution by the computer of creates elements of the inven 
tion. 

[0029] FIG. 5 shoWs a particular presentation of informa 
tion by the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0030] The system shoWn in these FIGS. is designed to 
monitor and report temperature excursions Within a con 
trolled environment space outside a predetermined tempera 
ture range. In some instances, the range may be de?ned at 
only one end, as When the loW temperature is immaterial and 
it is only necessary to detect temperature excursions Where 
groWth of pathogens is possible. The range may also be 
de?ned at both ends, say When freeZing of refrigerated 
produce Will affect quality, and Where temperatures above 
41° F. can cause pathogen groWth. 

[0031] In FIG. 1 a facility or enclosure 10 has a number 
of controlled environment spaces 12, 13, 14 for storage of 
perishable or other types of items Whose temperature should 
be kept cooled to Within a speci?ed range. The facility 10 
may be a food storage area such as a supermarket and the 
environmental spaces 12-14 may be refrigerated or heated 
display cases Within facility 10. As explained above, food 
safety and quality requires storage spaces for perishable 
food to be held Within predetermined temperature ranges. 
Even if the product is not a perishable, such as a bottled 
beverage, holding it Within some temperature range may still 
be desirable to enhance the salability of the product. In such 
situations, freeZing a bottled or canned product can damage 
or destroy its salability. In FIG. 1, a refrigeration or heating 
system, a part of Which is shoWn as temp control system 31, 
controls temperature Within each of the spaces 12-14. 
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[0032] As an example, each of the spaces 12-14 has Within 
itself, tWo product condition sensors 19, 20, or 21 respec 
tively, although the number of sensors is not important to 
this invention. Each of the sensors 19-21 detects a tempera 
ture indicative of the temperature of adjacent products 23 
stored in the space 12-14 involved. The sensors 19-21 are 
located in sufficient physical proximity to products 23 to 
alloW temperatures of these products to be sensed. The 
sensors 19 are shoWn as connected through data paths 24 to 
temp control system 31 for purposes of controlling tempera 
ture Within space 12. The temperature value sensed by each 
sensor 19-21 is encoded in a sensor signal on one of the data 
paths 25, 26, or 27 respectively and provided to a signal 
interface 30. The data paths 25 are connected betWeen 
system 31 and interface 30, With one of the paths carrying 
requests to system 31 and the other to carry the actual sensor 
signals. The type of individual sensors 19-21 as Well as their 
placement Within the spaces 12-14 is Well knoWn in to those 
familiar With storage of food products and other items 
requiring a temperature-controlled environment. Suf?ce it to 
say that the placement and number of sensors 19-21 should 
alloW the sensor to provide an accurate indication of the 
temperature of adjacent products. 

[0033] Our present embodiment can operate With four 
types of sensors: those that directly sense ambient air 
temperature, those mounted Within objects simulating the 
stored products and indicating the temperature Within the 
simulated products, those inserted Within stored products, 
and those such as sensors 19 that form a part of another 
system such as the temperature control or refrigeration 
system. Such sensors are Well knoWn in food storage tech 
nology. The system can also operate With other types of 
sensors. 

[0034] Signal interface 30 is some sort of multiplexer that 
receives the individual sensor signals on paths 25-27 and 
provides the data encoded in the individual sensor signals on 
path 43. A control or address signal on path 44 designates or 
gates one of the sensor signals from the paths 25-27 to path 
43. In some cases, the sensor signals carried on path 43 are 
provided to temperature control softWare concurrently oper 
ating Within computer 40 and are not directly accessible to 
the invention’s softWare Within computer 40. In that case, 
the softWare of this invention simply requests the sensor 
signal value from the appropriate softWare. This too is Well 
knoWn in control and signal processing, and no further 
notice need be taken of it. 

[0035] Computer 40 includes a standard processor or CPU 
36 found in every personal computer. Processor 36 commu 
nicates With a memory 35 for storing data and softWare and 
executes the softWare held in memory 35. Memory 35 Will 
usually be an internal disk drive having media surfaces on 
Which data is recorded. Processor 36 provides display sig 
nals in the conventional Way to a reports display 38 com 
prised of a conventional CRT or LCD display unit on Which 
humans can read messages formed from individual character 
strings encoded in the display signals. Akeyboard 33 alloWs 
an operator to provide data and messages to processor 36. A 
removable media drive 34, typically a CD ROM or ?oppy 
disk, alloWs softWare and data to be loaded into memory 35. 

[0036] FIG. 2 shoWs the invention in more detail. The 
invention is for the most part incorporated in the softWare 
that executes in processor 36 and is shoWn as a storage 
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element 63 Within memory 35, and in the data held by a 
number of data table modules 50-62 forming a part of 
memory 35. Large parts of tables 51-62 are typically loaded 
into memory 35 through drive 34 as apart of the system, but 
may also be modi?ed for a particular facility by data entry 
using keyboard 33. The data held by tables 50-62 is pro 
cessed by a data analyZer 65 formed by execution by 
processor 36 of the softWare of the invention. The outputs of 
the data analyZer 65 are reports displayed on display 38, and 
shoWn in FIG. 2 as reports display 38. The tables 50-62 and 
the softWare module 63 all have actual physical existence 
Within memory 35, in that physical portions of the medium 
forming memory 35 record these tables and object code. 

[0037] The format of an entry for each of the tables 50-62 
is shoWn in FIGS. 3a and 3b. Each of the tables 50-62 
comprises tWo or more entries of the format shoWn, and each 
entry comprises tWo or more ?elds. The number of entries 
for a table and the siZe of an individual ?eld Within a 
particular table’s entry should be selected to hold the 
expected amount of data, and these selections, While not 
trivial, are Well knoWn considerations and Well Within the 
ability of typical programmers. Most of the tables have as 
the leftmost ?eld of their entries, an ID value that is different 
Within that table for each entry, and by Which that entry may 
be identi?ed and accessed. 

[0038] The purpose of each table is best de?ned by the 
types of information its ?elds hold. It is easiest to use a 
tabular form to de?ne the information held by individual 
?elds Within table entries. The use of ?eld names is consis 
tent throughout FIGS. 3a and 3b and in the description of 
the FIGS. 4a and 4b ?oWcharts, so explaining or de?ning 
the contents of a ?eld one time Will suf?ce for the remainder 
of this description. For convenience, abbreviations for table 
names are shoWn parenthetically in FIGS. 2, 3a and 3b, and 
these Will be used in the de?nitions beloW as Well as in the 
?oWcharts of FIGS. 4a and 4b. Rather than organiZing the 
de?nitions alphabetically, they are in the order they ?rst 
appear in FIGS. 3a and 3b. 

FIELD DEFINITIONS FOR TABLES 

[0039] SENSOR LOG ID Uniquely speci?es each entry of 
the SLT. 

[0040] CTRL POINT ID Uniquely speci?es each entry of 
the CPT. 

[0041] SENSOR ID Uniquely speci?es each entry of the 
ST. 

[0042] TIME STAMP Holds the precise time and date at 
Which the entry Was created. 

[0043] SENSOR VALUE Holds the value provided by the 
sensor de?ned by the SENSOR ID ?eld at the time held in 
the TIME STAMP ?eld. 

[0044] SENSOR TYPE ID Uniquely speci?es each entry 
of the STT. 

[0045] CTRLLED ENV’MT ID Uniquely speci?es each 
entry of the CET. 

[0046] SENSOR TYPE DESCR. Message code string 
describing the sensor by a variety of factors such as location. 

[0047] TREND INTERVAL The time interval over Which 
sensor temperature (SENSOR VALUE) changes are tracked 
to sense excessive rate of temperature change. 
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[0048] PRODUCT CATEGORY ID Uniquely speci?es 
each entry of the PCT. 

[0049] CTRL POINT TYPE ID Uniquely speci?es each 
entry of the CPTT. 

[0050] CTRL POINT DESCR. Message code string 
describing the control point. 

[0051] LOG INTERVAL The time interval betWeen suc 
cessive testing of the sensor values associated With the 
control point against the control point’s temperature range. 

[0052] HIGH TEMP LIMIT/LOW TEMP LIMIT The tWo 
temperature values that de?ne the control point’s tempera 
ture range and serve as benchmark values. It is entirely 
possible for tWo or more CPT entries to associate the same 
sensors’ values With different temperature ranges, and in fact 
this is the expected situation. 

[0053] ALARM STATE Indicates Whether one or more of 
the sensor values associated With the control point are out of 
range at the particular time. 

[0054] SENSOR DESCR. Message code string describing 
the sensor by a variety of factors such as sensor type. 

[0055] ENV’MT DESCR. Message code string describing 
the enviromnent identi?ed by the CTRLLED ENV’MT ID 
?eld by location and type of product stored. The contents of 
this table can be expanded into tWo or more other tables as 
Well. 

[0056] HACCP CLASS ID Message code string specify 
ing the HACCP class for the products identi?ed by the 
PRODUCT CATEGORY ID ?eld. 

[0057] HACCP CLASS DESCR. Message code string 
specifying the HACCP class for the products identi?ed by 
the PRODUCT CATEGORY ID ?eld. 

[0058] CTRL POINT TYPE DESCR. Message code string 
describing the control point type, such one providing food 
safety or quality monitoring. 

[0059] CORR. ACTION TYPE ID Uniquely speci?es 
each entry of the CATT. 

[0060] CORR. ACTION MESSAGE Message code string 
describing one or more corrective actions, such closing a 
refrigerated case’s door, resetting the thermostat, checking 
the refrigeration unit’s circuit breaker, etc. 

[0061] ALARM ID Uniquely speci?es each entry of the 
AT. 

[0062] TIME STAMP Holds the precise time and date at 
Which the entry Was created. This value should be equal to 
or nearly equal to the TIME STAMP ?eld of the correspond 
ing SLT entry. 

[0063] ACTION DATE speci?es the time When a particu 
lar corrective action Was taken. 

[0064] USER NAME speci?es the person identi?ed as 
taking the corrective action. 

[0065] It is also helpful to discuss certain of the tables 
shoWn in FIG. 2. CPLT entry links a sensor through the 
SENSOR ID ?eld to a single control point through the 
CTRL POINT ID ?eld. In this Way one of the sensors 19-21 
can link to one or more control points, and one or more 

sensors 19-21 can link to a single control point. In practical 
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terms this means that tWo or more temperature ranges can be 
applied to a single one of the sensors 19-21. 

[0066] The CPT may Well have tWo or more entries With 
the same SENSOR ID, each of these entries having a 
different temperature range. In this Way the same sensor 
19-21 may be monitored for tWo different temperature 
ranges. In food storage as Was explained earlier, the tem 
perature for food safety is frequently different from that for 
food quality. We expect that the CPT entries Will typically 
assign tWo temperature ranges to each sensor 19-21. Thus, 
food products 23 Whose temperature is measured by a sensor 
19-21 Will have tWo different temperature ranges that may 
generate alarms, one assigned to or sensing quality of the 
food, the other safety. 

[0067] Each CALT entry links a product category as 
de?ned in the PCT With one or more corrective actions as 
de?ned in the CATT. This alloWs a single set of corrective 
actions to be applied to a number of different product 
categories. If at some later time requirements for safe food 
storage change, it is easy to change the corrective actions for 
all of the associated product categories. 

[0068] Each AT entry holds details of every out of range 
incident suf?cient to alloW all of the parameters of the event 
to be recreated. The individual AT entries Will not normally 
be changed after creation. 

[0069] Lastly, it is convenient to simply refer to the value 
stored in an entry’s ?eld by the name of that ?eld, and this 
convention Will be folloWed in the folloWing text unless the 
context or an explicit statement to the contrary indicates the 
opposite. 

[0070] With an understanding of the tables used and 
formed by the softWare of this invention, turn to FIGS. 4a 
and 4b. Processing starts in a Wait loop that periodically 
cycles through all of the entries in the CPT. By linking tWo 
or more CPT entries With different temperature ranges to a 
single one of the sensors 19-21 through the CPLT, it is 
possible to produce alarms for a single sensor for tWo or 
more temperature ranges. 

[0071] The ?oWcharts in FIGS. 4a and 4b describe the 
structure of softWare instructions Whose execution causes 
the processor 36 to become the data analyZer 65 and to 
implement the invention. Those familiar With in the softWare 
arts realiZe that ?rst, softWare has a speci?c physical exist 
ence Within the processor that executes the softWare, and 
second, that the processor itself becomes a functional ele 
ment performing the programmed function While executing 
the softWare. As to the ?rst point, the softWare memory 63 
(FIG. 2) has a physical structure that incorporates the unique 
combination of softWare instructions loaded into and read 
able from the memory and thereby uniquely de?nes its oWn 
structure. As to the second point, While the data processor is 
executing the instructions for any particular function, the 
processor becomes for that short period of time a physical 
functional element executing that function. As instruction 
execution continues, the processor successively becomes the 
physical embodiment of each of the functional elements 
intended by the programmer. As a set of instructions for a 
particular function is re-executed, the processor can become 
that functional element as many times as is required. From 
this standpoint one can easily realiZe that a properly pro 
grammed processor is a physical device in Which an inven 
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tion can easily be implemented. Aprocessor implementation 
of an invention is often preferred to discrete or special 
purpose hardWare because of cost savings to produce, rela 
tively easy development, and ease of modi?cation and 
upgrade. 
[0072] It is useful to generally discuss the ?oWcharts of 
FIGS. 4a and 4b and the three types of symbol boxes in 
them. These ?oWcharts describe the functions of softWare 
stored in softWare memory 63 of FIG. 2 and Which imple 
ments the various functions of the invention. Each symbol 
box represents one or more processor 36 instructions. The 
text Within the box brie?y describes the functions performed 
by executing the instructions symboliZed by that box. The 
lines With arroWs connecting the boxes signify the order in 
Which the instructions symboliZed by the boxes are to be 
executed, With the How of instruction execution folloWing 
the direction of the arroWheads. Rectangular boxes such as 
element 80 of FIG. 4a are activity elements indicating some 
type of computational activity, the term “computation” 
being used here in its broadest sense. 

[0073] Hexagonal boxes as at 82 of FIG. 4a are decision 
elements and have tWo paths labeled “YES” and “NO” from 
them to (most often) tWo further symbol boxes. Decision 
element instructions test some mathematical or logical char 
acteristic or condition. Depending on the test result, instruc 
tion execution can either continue in sequence or take a path 
to another symbol box speci?ed by the results of that test. A 
decision element also symboliZes one or more processor 36 
instructions testing the speci?ed condition or arithmetic or 
logical value and causing instruction execution to branch 
depending on the result of that test. Lastly, circles compris 
ing connector elements as at 84 of FIG. 4a specify that 
instruction execution continues at another point in the 
instruction sequence Without direct connection betWeen 
them by lines With arroWs. The letter in the circle designates 
the connector element at Which instruction execution is to 
continue. 

[0074] As explained above, the instructions that an activ 
ity or decision element symboliZes cause the processor to 
become during execution of those instructions, the func 
tional equivalent of a physical device that performs the 
stated function. Of course each functional element exists for 
only a short time, and during this time none of the other 
elements exist. HoWever, nothing in the patent laW requires 
all of the components of an embodiment described in a 
patent to simultaneously exist. Accordingly, one can 
describe and claim the invention using terms describing 
these physical devices in terms of their softWare equivalents. 

[0075] Note there may be many different speci?c embodi 
ments of these physical devices that the data processor that 
all provide identical functionality. We Wish to include all of 
these possible different embodiments in the de?nition of our 
invention, and do not Wish to limit ourselves to the single 
one shoWn in the ?oWcharts of FIGS. 4a and 4b. In 
particular, the description of the invention is based on a 
speci?c organiZation of the tables 50-62. It goes Without 
saying that the tables can be structured in a variety of Ways 
and still provide all or most of the invention’s functionality. 

[0076] In FIG. 4a, processing starts With execution trans 
ferring to the instructions of element 80 from a Wait loop. 
The Wait loop alloWs processor 36 to execute instructions for 
softWare applications sharing processor time With the inven 
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tion’s softWare. Element 80 modi?es a pointer or index that 
designates the CTRL POINT ID for the next CPT entry. 
Then the instructions of decision element 82 tests Whether 
the LOG INTERVAL ?eld time has elapsed since the last 
time the CPT entry Was selected. If not, instruction execu 
tion transfers back to the Wait loop through connector 
element A84, and if so, the instructions of decision element 
89 are executed next. By constantly returning to element 80, 
the temperature sensed by a single sensor 19-21 can be 
associated With tWo or more temperature ranges. 

[0077] The instructions of decision element 89 ?rst select 
the sensor associated With the selected CPT entry by ?nding 
the CPLT entry holding the selected CPT entry’s CTRL 
POINT ID. The SENSOR ID value in that CPLT entry Will 
be called the linked SENSOR ID value. The instructions of 
element 89 then search for the most recent entry in the SLT 
With a SENSOR ID ?eld equal to the linked SENSOR ID 
?eld. If there is no such SLT entry, or if that SLT entry has 
a TIME STAMP value that does not fall Within the selected 
CPT entry’s LOG INTERVAL ?eld, then the instructions of 
element 86 are executed next. The instructions of element 86 
?rst request on path 44 the current value from the sensor 
With the linked SENSOR ID value and receive that current 
value on path 43. The instructions of element 86 then form 
a neW SLT entry by ?lling in all of the ?elds for an SLT entry 
shoWn in FIG. 3a and using the sensor value received on 
path 43 for the SENSOR VALUE of the neW SLT entry, and 
then store that neW SLT entry in the SLT. Then the instruc 
tions of decision element 89 are executed again. 

[0078] At this point, there should be an entry in the SLT 
having the linked SENSOR ID value, so the instructions of 
decision element 92 are executed next. The instructions of 
element 92 test the sensor value recorded in the SENSOR 
VALUE ?eld of the most recent SLT entry having the linked 
SENSOR ID value to fall above the HIGH TEMP LIMIT 
value in the selected CPT entry. If true, an out of range 
condition has been detected, and the instructions of element 
94 are executed next. The instructions of element 94 cause 
the ALARM STATE ?eld in the selected CPT entry to 
indicate that condition. 

[0079] Then the instructions of element 96 assembles a 
?rst message code string that provides information about the 
alarm including the identity of the sensor 19-21 causing the 
alarm, and a second message code string that suggests 
corrective actions. The tWo message code strings are then 
encoded in a display signal and sent to display 38. The ?rst 
message code string may include some or all of the folloW 
mg: 

[0080] CTRL POINT DESCR. ?eld of the selected CPT 
entry 

[0081] SENSOR DESCR. ?eld in the ST entry having the 
linked SENSOR ID value 

[0082] SENSOR TYPE DESCR. ?eld in the STT entry 
having the SENSOR TYPE ID value held in the ST entry 
having the linked SENSOR ID value 

[0083] PRODUCT DESCR. ?eld in the PCT entry having 
the PRODUCT CATEGORY ID value in the selected CPT 
entry 

[0084] HACCP CLASS DESCR. in the HCT entry having 
the HACCP CLASS ID held in the PCT entry linked to the 
PRODUCT CATEGORY ID ?eld in the selected CPT entry 
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[0085] The second message code string has the suggested 
corrective actions. As mentioned earlier, the CALT links a 
PRODUCT CATEGORY ID With a CORR. ACTION TYPE 
ID ?eld in the CATT. The second message code string 
comprises the CORR. ACTION MESSAGE in the linked 
CATT entry. Instruction processing then continues With 
element 113 in FIG. 4b through connector element C 102. 

[0086] Returning to element 92 on FIG. 4a, if the sensor 
value is beloW the upper limit, then the instruction execution 
proceeds through connector element B 99 to decision ele 
ment 110 on FIG. 4b. Element 110 tests Whether the current 
value for the sensor linked by the CPLT entry to the selected 
CPT entry is less than the LOW TEMP LIMIT value in the 
selected CPT entry. If not, instruction execution returns to 
the Wait loop through connector element A84. If so, then an 
alarm exists, and activity element 115 is executed. Elements 
115 and 117 correspond closely to elements 94 and 96 of 
FIG. 4a, and need no further discussion. Instruction execu 
tion then transfers to activity element 113 through element 
102. 

[0087] Element 113 symbolizes instructions that assemble 
the data for a neW AT entry. This data can include such 
information as the SENSOR LOG ID and the selected CPT 
entry data. Element 130 generates the highlighted system 
tree map that identi?es visually Which enclosed space has 
generated the alarm. Asample map is shoWn in FIG. 5. The 
italiciZed text Would typically have a contrasting color on a 
color display unit 38. 

[0088] Element 133 calculates a trend value indicating the 
rate at Which the temperature sensed by the linked sensor has 
changed over the recent LOG INTERVAL times. This 
requires retrieving at least one recent temperature values for 
that sensor from the SLT entries having the linked SENSOR 
ID value. These temperatures are processed according to a 
predetermined algorithm to provide an algorithm value. The 
algorithm value is compared to a predetermined benchmark 
value. If the comparison reveals a predetermined relation 
ship, a message code string is sent to the display 38 to 
provide an alarm. 

[0089] In one embodiment, the SLT 50 records the current 
time at Which each temperature is recorded. Element 133 
functions as a temperature processing element, periodically 
retrieving all the temperatures recorded in the SLT 50 in 
association With one selected sensor Within a trend interval 
value recorded in the ST 51. The trend interval ends With the 
current time. Element 133 instructions calculate the average 
of the temperatures so retrieved to create a moving average. 
The average temperature is compared With the HIGH LIMIT 
value in the CPT 52 entry currently selected, and if greater 
than that value, encodes the average temperature in a mes 
sage code string and sends the string to the display unit 38 
as a display signal. 

[0090] Element 137 senses acknoWledgement inputs from 
the keyboard 33 by a user that identify individual corrective 
actions and logs these in the CAT 62 With the ALARM ID 
value generated for the current alarm situation. Entries in the 
CAT Will not normally be changed once formed, since they 
provide an audit trail indicating the environment for all of 
the control points held in the system. Element 137 functions 
as a communicator element that receives data encoded in a 
manual input signal from the keyboard 33. The manual input 
signal encodes a sender identity value and the identity of a 
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particular corrective action. Element 137 also functions as a 
response logger element receiving the manual input signal 
and storing the sender identity value in association With an 
identi?er of the associated corrective action. 

[0091] As mentioned above, there are a Wide range of 
methods for organiZing and processing the data provided by 
the sensors 19-21, and that described here is only one 
possible preferred embodiment. Accordingly, We do not 
Wish to limit ourselves to the detailed table structure or the 
speci?c softWare functions shoWn. 

What is claimed is: 
1. A system for use by a supermarket, the system com 

prising: 
a ?rst display case including a ?rst controlled environ 

mental space that is adapted to maintain products, the 
?rst controlled environmental space having a ?rst vary 
ing and measurable parameter, and a ?rst sensor 
coupled to the ?rst environmental space, the ?rst sensor 
sensing the ?rst parameter and generating a ?rst signal 
including a ?rst parameter level; 

a second display case including a second controlled 
environmental space that is adapted to maintain prod 
ucts, the second controlled environmental space having 
a second varying and measurable parameter, and a 
second sensor coupled to the second environmental 
space, the second sensor sensing the second parameter 
and generating a second signal including a second 
parameter level; 

a processor and memory in communication With the ?rst 
and second display cases, the memory including a ?rst 
predetermined parameter value associated With the ?rst 
sensor, a second predetermined parameter value asso 
ciated With the second sensor, a ?rst set of message 
strings associated With the ?rst predetermined param 
eter value, a second set of message strings associated 
With the second predetermined parameter value, and 
softWare instructions executable by the processor to 

con?gure the processor to receive the ?rst and second 
signals, 

receive the ?rst and second predetermined parameter 
values, 

compare the ?rst parameter level With the ?rst prede 
termined parameter value, 

responsive to a relationship betWeen the ?rst parameter 
level and the ?rst predetermined parameter value, 
retrieve at least a ?rst message string from the ?rst 
set of message strings, 

encode a message including the ?rst message string. 
2. A system as set forth in claim 1 Wherein the softWare 

instructions are further executable by the processor to 

compare the second parameter level With the second 
predetermined parameter value, 

responsive to a relationship betWeen the second parameter 
level and the second predetermined parameter value, 
retrieve at least a second message string from the ?rst 
and second message strings, and 

further encode the message including the second message 
string. 
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3. A system as set forth in claim 1 wherein the software 
instructions are further executable by the processor to 

compare the second parameter level With the second 
predetermined parameter value, 

responsive to a relationship betWeen the second parameter 
level and the second predetermined parameter value, 
retrieve at least a second message string from the ?rst 
and second message strings, and 

encode a second message including the second message 
string. 

4. A system as set forth in claim 1 Wherein the ?rst 
predetermined parameter value is associated With at least 
one of product safety and product quality. 

5. A system as set forth in claim 4 Wherein the message 
provides instructions for correcting environmental condi 
tions dealing With at least one of product safety and product 
quality. 

6. The system as set forth in claim 1 Wherein the memory 
further includes a third predetermined parameter value asso 
ciated With the ?rst sensor, and a third set of message strings 
associated With the third predetermined parameter value, 
and Wherein the softWare instructions are further executable 
by the processor to 

receive the third predetermined parameter value, 

compare the ?rst parameter level With the third predeter 
mined parameter value, 

responsive to a relationship betWeen the ?rst parameter 
level and the third predetermined parameter value, 
retrieve at least a second message string from the third 
set of message strings, and 

further encode the message including the second message 
string. 

7. Asystem as set forth in claim 6 Wherein the ?rst varying 
and measurable parameter is a temperature, Wherein the ?rst 
predetermined parameter value is a temperature associated 
With product safety and Wherein the third predetermined 
parameter value is a quality temperature associated With 
product quality. 

8. A system as set forth in claim 1 Wherein the memory 
further includes a third predetermined parameter value asso 
ciated With the ?rst sensor, and a third set of message strings 
associated With the third predetermined parameter value, 
and Wherein the softWare instructions are further executable 
by the processor to 

receive the third predetermined parameter value, 

compare the ?rst parameter level With the third predeter 
mined parameter value, 

responsive to a relationship betWeen the ?rst parameter 
level and the third predetermined parameter value, 
retrieve at least a second message string from the third 
set of message strings, and 

encode a second message including the second message 
string. 

9. Asystem as set forth in claim 8 Wherein the ?rst varying 
and measurable parameter is a temperature, Wherein the ?rst 
predetermined parameter value is a temperature associated 
With product safety and Wherein the second predetermined 
parameter value is a temperature associated With product 
quality. 
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10. A system as set forth in claim 1 Wherein the ?rst 
parameter is a temperature, and Wherein the memory 
receives and records temperature levels associated With the 
?rst sensor. 

11. Asystem as set forth in claim 10 Wherein the softWare 
instructions are further executable by the processor to 

retrieve at least one previously recorded temperature 
level, 

processes the at least one retrieved temperature according 
to an algorithm to provide an algorithm value, 

compare the algorithm value to a predetermined bench 
mark value, and 

provide an alarm signal responsive to a predetermined 
relationship betWeen the algorithm value and the 
benchmark value. 

12. Asystem as set forth in claim 11 Wherein the softWare 
instructions are further executable by the processor to 

record the current time at Which each temperature is 
recorded, 

retrieve temperatures recorded Within a trend interval 
ending With the current time, and 

calculate the algorithm value as the average of the tem 
peratures so retrieved. 

13. The system of claim 1 Wherein the ?rst varying and 
measurable parameter level indicates the condition of a ?rst 
plurality of products stored in the ?rst environmental space 
and the second varying and measurable parameter level 
indicate the condition of a second plurality of products 
stored in the second environmental space. 

14. A system as set forth in claim 1 Wherein the memory 
includes a space recording a plurality of tables, each table 
including one or more entries, the plurality of tables com 
prising 

a ?rst table comprising ?elds recording a unique control 
point ID, a sensor ID, and a parameter value, 

a second table having ?elds recording a unique sensor ID 
associated With a preselected sensor, and a controlled 
environment ID, 

a third table having ?elds recording a unique controlled 
environment ID and a description message code string, 
and 

a fourth table having ?elds recording a sensor ID and a 
control point ID. 

15. Asystem as set forth in claim 14 Wherein the ?rst table 
further includes a product category ID ?eld. 

16. Asystem as set forth in claim 15 Wherein the plurality 
of tables further comprises 

a ?fth table having a ?eld recording a product category 
ID, 

a sixth table having a ?eld recording a unique corrective 
action type ID and a corrective action message code 
string, and 

a seventh table having a ?eld recording a product category 
ID and a corrective action type ID. 

17. Asystem as set forth in claim 15 Wherein the plurality 
of tables further comprises 
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a eighth table having ?elds recording a unique product 
category ID and a product description message code 
string. 

18. A system for use by a supermarket, the system 
comprising: 

a ?rst display case including a ?rst controlled environ 
mental space that is adapted to maintain products, the 
?rst controlled environmental space having a ?rst vary 
ing and measurable parameter, and a ?rst sensor 
coupled to the ?rst environmental space, the ?rst sensor 
sensing the ?rst parameter and generating a ?rst signal 
including a ?rst parameter level; 

a second display case including a second controlled 
environmental space that is adapted to maintain prod 
ucts, the second controlled environmental space having 
a second varying and measurable parameter, and a 
second sensor coupled to the second environmental 
space, the second sensor sensing the second parameter 
and generating a second signal including a second 
parameter level; 

a processor and memory in communication With the ?rst 
and second display cases, the memory including a ?rst 
at least tWo predetermined parameter values associated 
With the ?rst sensor, a second at least tWo predeter 
mined parameter values associated With the second 
sensor, a respective set of message strings associated 
With each predetermined parameter value, and softWare 
instructions executable by the processor to 

con?gure the processor to receive the ?rst and second 
signals, 
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receive at least one of the ?rst at least tWo predetermined 
parameter values, 

receive at least one of the second at least tWo predeter 
mined parameter values, 

compare the ?rst parameter level With the received pre 
determined parameter value of the ?rst at least tWo 
predetermined parameter values, 

compare the second parameter level With the received 
predetermined parameter value of the second at least 
tWo predetermined parameter values, 

responsive to relationships betWeen the parameter levels 
and the predetermined parameter values, retrieve one or 
more message strings from the sets of message strings, 
and 

encode one or more messages With the one or more 

retrieved message strings. 
19. A system as set forth in claim 18 Wherein the prede 

termined parameter values are associated With at least one of 
product safety and product quality. 

20. Asystem as set forth in claim 19 Wherein the message 
provides instructions for correcting environmental condi 
tions dealing With at least one of product safety and product 
quality. 

21. A system as set forth in claim 20 Wherein the ?rst 
parameter is a temperature, Wherein each ?rst predetermined 
parameter value is a safety temperature associated With food 
safety and Wherein each second predetermined parameter 
value is a quality temperature associated With food quality. 

* * * * * 


