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(57) ABSTRACT

A system, an apparatus and a method for human health evalu-
ation utilizing Thermal Micro Texture (TMT) mapping tech-
nology is disclosed. The method comprises scanning body
areas of a patient utilizing an infrared camera, detecting
abnormalities in the body ofthe patient, analyzing abnormali-
ties of the patient against information stored in a database,
and reporting results to the patient in a pre-determined for-
mat. The method provides an earlier discovery of disease by
mapping and analyzing abnormal temperatures changes in
the body, which can help prevent the disease from progressing
at an early stage.
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SYSTEM AND METHOD FOR HEALTH
EVALUATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This utility patent application is a continuation of
the pending U.S. patent application entitled “System and
Method for Health Evaluation” by the same inventors, Ser.
No. 11/903,300, filed Sep. 21, 2007, and claims the priority
benefit of U.S. Provisional patent application No. 60/847,
155, filed on Sep. 25, 2006 and Provisional patent application
No. 60/847,333 filed on Sep. 25, 2006, the disclosure of each
of the aforementioned applications are being incorporated
herein in their entirety by reference as if set forth in full below.

COPYRIGHT NOTICE

[0002] A portion of the disclosure of this patent application
contains material that is subject to copyright protection. The
copyright owner has no objection to the facsimile reproduc-
tion by anyone of the patent application or the patent disclo-
sure, as it appears in the Patent and Trademark Office patent
file or records, but otherwise reserves all copyright rights
whatsoever.

BACKGROUND OF THE INVENTION

[0003] CAT scans, MRIs, and other traditional diagnostic
techniques use X-rays, which are harmful to the human body.
High energy radiation X-rays emitted by CAT scans and
MRIs that are used to diagnose diseases cause damage to cells
in the body. The risk of developing cancer from one X-ray
procedure may be low, but the risk increases with each sub-
sequent X-ray test a patient undergoes. Additionally, CAT
scans and MRIs have limitations when used to diagnose dis-
eases. Although these procedures are used to identify struc-
tural physical changes in the body, they are often not capable
of diagnosing a disease when it is in its early stage.

SUMMARY OF THE INVENTION

[0004] Thehuman health evaluation system utilizing Ther-
mal Micro Texture (TMT) mapping technology, according to
the present invention, departs from the conventional concepts
and designs of the prior art, and in doing so, provides a means
to detect structural physical changes and functional physi-
ological changes in the body to provide an earlier discovery of
a disease by mapping and analyzing abnormal temperatures
changes in the body. In one embodiment, human health evalu-
ation system (hereinafter referred to as “TMT system” or
“health evaluation system”) utilizes TMT mapping technol-
ogy for diagnosing human illness at an early stage without
exposing a patient to harmful rays.

[0005] In one embodiment, a health evaluation system
includes a thermal imaging device to capture a thermal image
of a human anatomy and a medical analysis rules library
database for storing a set of rules to perform a thermal map-
ping and automatic zoning analysis. The database includes
significant number of patients’ clinical data files, which pro-
vide a stable platform for comparison and analysis. The sys-
tem also includes a processor, wherein the processor is
coupled to the thermal imaging device and configured to
apply the thermal mapping and automatic zoning analysis to
the thermal image to create thermal zones and to calculate a
temperature distribution for each thermal zone. The processor
is further configured to automatically evaluate and determine
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ahealth condition of the human anatomy based on a compari-
son between the temperature distribution for each thermal
zone and at least one of a particular temperature range, a
distribution, and a corresponding symmetry to said each ther-
mal zone. The processor is configured to utilize thermal map-
ping and vectorization techniques. The processor is further
configured to evaluate a human respiratory system abnor-
malities, otorhinolaryngological abnormalities, cardiovascu-
lar system abnormalities, reproductive system abnormalities,
respiratory system abnormalities, digestive system abnor-
malities, urinary system abnormalities, endocrine system
abnormalities, and lymphatic system abnormalities.

[0006] In another embodiment, an apparatus for a human
health evaluation is disclosed wherein the apparatus includes
means for capturing a thermal image of a human anatomy,
means for applying thermal mapping and automatic zoning
analysis to the thermal image to create thermal zones, means
for calculating a temperature distribution for each thermal
zone, and means for automatically evaluating and determin-
ing the health condition of the human anatomy based on a
comparison between the temperature distribution for each
thermal zone and predefined criteria for evaluation selected
from a medical analysis rules library database to said each
thermal zone. The apparatus further includes means for gen-
erating and displaying three-dimensional (3D) results related
to the human anatomy to help diagnose a human illness.
[0007] Inoneembodiment, a computer program product is
disclosed. The computer program product includes a com-
puter readable medium having instructions for causing a
computer to receive a thermal image of a human anatomy, to
apply a thermal mapping and automatic zoning analysis to the
thermal image to create thermal zones, calculate a tempera-
ture distribution for each thermal zone, and automatically
evaluate and determine a health condition of the human
anatomy based on a comparison between the temperature
distribution for each thermal zone and at least one of a par-
ticular temperature range, a distribution, and a corresponding
symmetry, from a medical analysis rules library database to
said each thermal zone.

[0008] In another embodiment, a system and method for
health evaluation utilizing TMT mapping technology is dis-
closed. The health evaluation system includes a client system,
a centralized database for storing information, and a server
system configured to be coupled to the client system and the
centralized database. The server system is further configured
to measure temperature data at various points of a patient’s
body utilizing an infrared camera, to process temperature
data, and to map and analyze temperature data against infor-
mation stored in the centralized database. The system is fur-
ther capable of reporting results in a predetermined format
including clinical information, thermal images and all corre-
sponding analysis relating to the thermal images. The server
system includes a medical records management module, an
image collection management module, an image processing
and analysis module, a report output module, a thermal image
comparison module, and a cascade chromatography module.
[0009] The software utilized in the health evaluation sys-
tem includes various independent yet integrated modules.
The software is capable of managing a patient’s medical
records, analyzing, printing and storing the patient’s thermal
images, comparing the patient’s thermal images to other
patients’ information stored in the database, and converting
static thermal images into dynamic thermal images through
cascade chromatography.
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[0010] Thehealth evaluation system produces three dimen-
sional data and images. The different colors represent difter-
ent temperature areas of the human body or parts of the body
that are scanned. The health evaluation system is capable of
scanning more than the surface area of a patient. The TMT
mapping technology identifies abnormal heat sources deep
within the body, including abnormalities from tissues and
organs, blood vessels, and heat sources under hair, which help
pin-point a location and cause of an illness or disease.
[0011] Inoneembodiment, a method for evaluating human
health utilizing TMT mapping technology includes the steps
of scanning body areas of a patient utilizing an infrared cam-
era, detecting abnormal temperature changes in the body of
the patient, mapping and analyzing abnormal temperature
changes in the body of the patient against information stored
in a centralized database, evaluating health condition of the
patient, and reporting results to the patient in a pre-deter-
mined format. Another embodiment includes capturing a
thermal image of a selected human anatomy area of a patient,
applying a thermal mapping and automatic zoning analysis to
the thermal image to create thermal zones, calculating a tem-
peraturedistribution for each thermal zone, and automatically
evaluating and determining the health condition of the patient
based on a comparison between the temperature distribution
for each thermal zone and at least one of a particular tempera-
ture range, a distribution, and a corresponding symmetry,
from a medical analysis rules library database to said each
thermal zone.

[0012] Inyet another embodiment, a computer program for
fitness evaluation embodied on a computer readable medium
is disclosed. The computer program is capable of evaluating
human fitness by performing a Qi (flow) evaluation process, a
thermal muscle metabolism evaluation process, a fat mapping
evaluation process, a thermal microcirculation metabolism
evaluation process, an anatomical structures and systems
evaluation process, a muscle endurance evaluation process,
and a psychological evaluation process.

BRIEF DESCRIPTION OF THE DRAWING

[0013] To the accomplishment of the above and related
objects, the invention may be embodied in the form illustrated
in the accompanying drawings, attention being called to the
fact, however, that the drawings are illustrative only and that
changes may be made in the specific construction and method
illustrated:

[0014] FIG. 1 illustrates a conventional electromagnetic
spectrum distribution;

[0015] FIG.2illustrates a flow diagram of one embodiment
of a Thermal Micro Texture (TMT) mapping technology
health evaluation process;

[0016] FIG. 3 illustrates a general block diagram of system
components of a health evaluation system;

[0017] FIG. 3A illustrates a network diagram depicting a
multi-modal data sharing system;

[0018] FIG. 4illustrates a general block diagram of a TMT
technology module of the health evaluation system;

[0019] FIG.5illustrates a flow diagram depicting a medical
record module;
[0020] FIG. 6 illustrates a flow diagram depicting an image

collection module;

[0021] FIG.7 illustrates a flow diagram depicting an image
processing and analysis module;

[0022] FIG. 8 illustrates a flow diagram depicting a thermal
image comparison module;
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[0023] FIG. 9 illustrates a flowchart depicting a sectional
view module;
[0024] FIG. 10 illustrates a flowchart depicting a sectional

view option process of F1G. 9,

[0025] FIGS.11A and 11B illustrate a flowchart describing
an automatic analysis module;

[0026] FIG. 12 illustrates a flowchart describing a process
of a thermal mapping and automatic zoning;

[0027] FIG. 13A illustrates an example of an infrared ther-
mal image;
[0028] FIG. 13B illustrates an example of the human body

in the infrared thermal image of FIG. 13A removed,

[0029] FIG. 13C illustrates an example of an outline cre-
ated of the human body in the infrared thermal image of FIG.
13A;

[0030] FIG. 14 illustrates a point d in an image and direc-
tion codes of its eight neighbors;

[0031] FIG. 15A illustrates points of a profile image;
[0032] FIG. 15B illustrates a vectorization of the profile
image;

[0033] FIGS. 16A and 16B illustrate a flowchart of a pro-

cess for vectorization of profile points;

[0034] FIGS. 17A and 17B illustrate innervation-based
zoning templates for a front and back of the human anatomy;
[0035] FIG. 18 illustrates a facial zoning template;

[0036] FIGS. 19A, 19B, and 19C illustrate a depiction of
the thermal mapping process at different stages of FIG. 12;
[0037] FIG. 20 illustrates a software flowchart depicting a
report output module;

[0038] FIGS.21A-21R illustrate pre-defined infrared posi-
tional images for use in the health evaluation system;

[0039] FIG. 22 illustrates one embodiment of a main
patient database graphical user interface (GUI);

[0040] FIG. 23 illustrates an embodiment of a new patient
file creation GUT,

[0041] FIG. 24 illustrates an embodiment of a new patient
file sub-menu;

[0042] FIG. 25 illustrates an embodiment of patient file
editing GUI,

[0043] FIG. 26 illustrates an embodiment of an IR thermal
image capture GUI,

[0044] FIG. 27 illustrates an embodiment of thermal image
preview and save GUI,

[0045] FIG. 28 illustrates an embodiment of thermal image
analysis GUL;

[0046] FIG. 29 illustrates an embodiment of a patient report
preview GUI,

[0047] FIG. 30 illustrates an embodiment of a patient report
printout;

[0048] FIGS. 31 and 32 represent partial sectional reports

of thermal images;

[0049] FIG. 33 illustrates a block diagram of a thermal
image mapping process;

[0050] FIG. 34 illustrates an example of a block diagram of
an auto-analysis with heat depth evaluation;

[0051] FIG. 35illustrates a flowchart of one embodiment of
an auto-analysis;

[0052] FIG. 36 illustrates a general flowchart of image pro-
cessing process;

[0053] FIGS. 37A and 37B illustrate thermal images of a
healthy woman;
[0054] FIG. 38A illustrates a representation of a vectorized

thermal image;
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[0055] FIG. 38B illustrates a representation of an analyzed
thermal image;
[0056] FIG.39A illustrates a representation of another vec-

torized thermal image;

[0057] FIG. 39B illustrates a representation of another ana-
lyzed thermal image;

[0058] FIGS.40A,40B, and40C illustrate a representation
of sectional views from the cascade chromatography process;
[0059] FIG. 41A illustrates a representation of a normal
thermal image in two-dimensions;

[0060] FIG. 41B illustrates a representation of a three-di-
mensional analyzed thermal image created from the thermal
image of FIG. 41A;

[0061] FIG. 42A illustrates a representation of a vectorized
thermal image in two-dimensions;

[0062] FIG. 42B illustrates a representation of a three-di-
mensional analyzed thermal image created from the vector-
ized thermal image of F1G. 42A;

[0063] FIG.43A illustrates a representation of a vectorized
thermal image in two-dimensions;

[0064] FIG. 43B illustrates a representation of a three-di-
mensional analyzed thermal image created from the vector-
ized thermal image of F1G. 43A;

[0065] FIG. 44 illustrates a general flow diagram for fitness
evaluation process by the TMT health evaluation system;
[0066] FIG. 45A illustrates a flowchart for a Qi evaluation
process;
[0067]
template;
[0068] FIG. 45C illustrates a thermal image 1575 corre-
sponding to the flow of Qi;

[0069] FIGS. 46A and 46B illustrate an embodiment of
front and back anatomy reference images;

[0070] FIG. 47A illustrates a flowchart for the thermal
muscle metabolism evaluation process;

[0071] FIGS. 47B and 47C illustrate a front anatomy image
and a back anatomy image;

[0072] FIG. 48A illustrates a flowchart for the fat mapping
evaluation process;

[0073] FIGS. 48B and 48C illustrate a front anatomy image
and a back anatomy image;

[0074] FIG. 49A illustrates a flowchart for the thermal
microcirculation metabolism evaluation process;

[0075] FIG. 49B illustrates a human arterial system image
with microcirculation areas designated;

[0076] FIG. 49C illustrates a human venous system image
with the microcirculation areas designated,

FIG. 45B illustrates a human Qi channel diagram

[0077] FIG. 50A illustrates a digestive system reference
image;
[0078] FIG. 50B illustrates a nervous system reference
image;
[0079] FIG. 50C illustrates a lymphatic system reference
image;
[0080] FIG. 51A illustrates a flowchart for an anatomical

structure or system evaluation process for the digestive sys-
tem;

[0081] FIG. 51B illustrates a flowchart for an anatomical
structure or system evaluation process for the nervous sys-
tem,;

[0082] FIG. 51C illustrates a flowchart for an anatomical
structure or system evaluation process for the lymphatic sys-
tem;

[0083] FIG. 52A illustrates a flowchart for a muscle endur-
ance evaluation process;
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[0084] FIG. 52B illustrates a front anatomy reference
image for muscle evaluation;

[0085] FIG. 53 illustrates a front anatomy reference image
for muscle damage evaluation;

[0086] FIG. 54A illustrates a psychological reference
image for use in the psychological evaluation process;
[0087] FIG. 54B illustrates a brain diagram template;
[0088] FIG. 55 illustrates an overview of the TMT mapping
technology assembly;

[0089] FIG. 56 illustrates preventive medicine treatment
through treatment process;

[0090] FIG. 57 illustrates a TMT database structure over-
view;

[0091] FIG. 58 illustrates a TMT database assembly;
[0092] FIG. 59 illustrates a database structure relating to

one of the components of the health evaluation system;
[0093] FIG. 60 illustrates a block diagram for a remote
TMT analysis process;

[0094] FIG. 61 illustrates a block diagram for remote TMT
health screening system;

[0095] FIG. 62 illustrates a network diagram for remote
TMT health screening or analysis; and

[0096] FIG. 63 illustrates a network diagram for multiples
networks.

DETAILED DESCRIPTION OF THE INVENTION

[0097] Embodiments described herein relate to methods
and systems of structuring the infrared software, mapping,
processing, analysis, data-sharing, and work-flow systems.
Methods and structures of the system are not limited to the
specific embodiments described herein. Any embodiment
described herein as “exemplary” is not necessarily to be con-
strued as preferred or advantageous over other embodiments.
[0098] Inoneembodiment, a system and method for health
evaluation utilizing Thermal Micro Texture (TMT) mapping
technology is disclosed (hereinafter referred to as “the TMT
system” or “health evaluation system”). The TMT system
detects and maps changes in the body’s temperature by ana-
lyzing the infrared rays emitted by the body in order to dis-
cover and diagnose early signs of an illness or disease.
[0099] When an individual undergoes a health check-up to
detect early signs of a disease, he or she undergoes screening
such as CAT scans or MRIs. The TMT system differs from
these types of X-ray detection devices on four respects
described below.

[0100] The first difference is that CAT scans, ultrasound
X-rays, and MRIs (traditional techniques) generally provide
structural checks reflecting changes in human tissue organs.
In contrast, the TMT system reflects changes in an individu-
al’s human metabolism and blood circulation, or the body’s
change in temperature. The metabolism of cancerous tissue is
the most active in the early phases of cancer. This cancerous
tissue thereby produces a large amount of local surface heat
and subsequently causes a change in the body surface tem-
perature. Because of this, the TMT system enables the phy-
sician to diagnose and evaluate the source/cause of the varia-
tion or disease. The TMT system thereby enables early
discovery of cancer.

[0101] The second difference is that traditional techniques,
identified earlier, generally provide structural checks that
reflect changes in human tissue structure. The TMT system
tracks changes in the function and thermal radiation of a
specific area of the body. These changes occur generally
before changes to the tissue or organ structure. This allows the
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TMT system to detect signs of a disease while it is in the early
stage. Hence, the TMT system acts as a preventive, rather than
a reactive, system.

[0102] The third difference is that the TMT system avoids
potential damage caused by X-rays. As discussed earlier,
traditional techniques are known to expose the body to harm-
ful radiation. Exposure to harmful rays does not occur when
utilizing the TMT system because it does not make use of
such harmful radiation techniques. Instead, the technology in
the TMT system is set up to receive (and pinpoint) any heat
energy that is emitted from the body. The TMT system does
not produce any harmful radiation, thereby avoiding the risk
of exposing an individual to harmful radiation.

[0103] Finally, the TMT system provides a procedure
which is convenient, quick, and cost-effective compared to
other systems.

[0104] FIG. 1 illustrates a conventional electromagnetic
spectrum distribution. The infrared ray portion of the electro-
magnetic spectrum distribution is expanded and shown fol-
lowing a visible light range. The visible light range includes
violet, blue, green. yellow, orange, and red colors. The visible
light range is followed by the infrared ray range, which
includes a near infrared range, a mid infrared range, a far
infrared range, and a very far infrared range. The infrared ray
is a kind of ray invisible to the human eye, in the spectrum
beyond the visible red light. The infrared ray range is com-
prised of electromagnetic radiation in the wavelength interval
0.76 um~1000 um, connected to visible light at the lower end
and millimeter wave at the higher end. The visible light range
is 0.4 um~0.76 um and is considerably narrower than the wide
infrared ray range (0.76 um~10000p).

[0105] Infrared (IR) rays are also known as heat rays or
thermal radiation. Although different in form, the infrared
ray, the visible light, and the radio wave are the same in
essence, all being part of electromagnetic radiation, only
differing in frequency (wavelength). Infrared rays have the
same properties as other light waves: linear propagation in a
vacuum and follow the laws of reflection, refraction, diffrac-
tion and polarization.

[0106] There are three laws which describe the radiation.
The three laws include the Planck Law, the Stephan-Boltz-
mann [aw, and the Wien Displacement Law. The Planck Law,
in general, describes the spectral distribution of blackbody
radiation. The Stephan-Boltzmann Law describes the total
power radiated from an object in a unit area. According to the
Stephan-Boltzmann Law, the higher the absolute tempera-
ture, the greater the radiant existence. According to the Wien
Displacement Law, the wavelength of infrared radiation of an
object relates to its temperature. Thus, the higher the absolute
temperature, the shorter the radiation wavelength, and vice
versa.

[0107] The TMT system provides functional checks
reflecting changes in human metabolism and blood circula-
tion. Such changes are expressed through human thermal
micro-sectional view technology. X-ray, CAT Scans, Ultra-
sonic B, and nuclear magnetic resonance technologies pro-
vide structural checks reflecting changes in human tissue
structure. The two kinds of checks are complementary to, but
not replaceable by, each other.

[0108] FIG.2illustrates a flow diagram of one embodiment
of a TMT mapping technology health evaluation process 10.
Health evaluation process 10 allows a user to create or load a
patient file at block 12 or retrieve patient file at block 12 from
a database or a computer readable medium denoted by block
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24. Once the patient file is created or loaded at block 12, the
desired scan type is selected (created or loaded) at block 14
for capturing an infrared image capture at block 16.

[0109] The scan type is made up of sets of predefined infra-
red positional images (shown in FIGS. 21A-21R) of the
human anatomy, which are specific to the type of evaluation
scan to be performed. In one embodiment, the scan type can
be retrieved from the database or computer readable medium
denoted by block 24 or loaded from memory/sharing zone
denoted by block 26. Following the loading of the scan type,
infrared images are captured or collected at block 16 in order
to provide health evaluation system 40 (shown in FIG. 3) with
infrared data to process and evaluate. Once the infrared
images are captured at block 16, image processing is pet-
formed at block 18. The image processing at block 18 is
accomplished through several software modules, further
described below in FIG. 4, which enable the user to enhance
the raw infrared data for manual and automated use. Block 18
is followed by block 20 where auto-analysis takes place. The
auto-analysis operation at block 20 receives the refined data
from block 18, after image processing has been completed.
The auto-analysis includes the processing of the data against
a rule-set corresponding to the selected scan type to deter-
mine the health of the patient in regards to the selected scan
type. After the auto-analysis at block 20, an output report is
generated at block 22 with results of the auto-analysis on the
infrared scan. The data for the patient file, scan type, infrared
image capture, image processing, auto-analysis, and report
output may be loaded and stored utilizing the database or
computer readable medium denoted by block 24 and the
memory/sharing zone denoted by block 26.

[0110] In an alternate embodiment, health evaluation pro-
cess 10 may omit certain blocks or steps illustrated in FIG. 2.
For example, block 16 to capture or collect the infrared image
may be omitted if pre-captured infrared images are used or a
scan type which does not require the capture of new positional
infrared images is used. Block 20 for performing auto-analy-
sis may also be omitted ifhealth irregularities are determined
manually.

[0111] FIG. 3 illustrates a general block diagram of system
components of a health evaluation system 40. Health evalu-
ation system 40 includes, in general, a control panel 52 to
operate and manage an infrared camera 42. Control panel 52
transmits instructions to a processor 44, as necessary. Infrared
camera 42 captures an infrared image and communicates the
infrared image to processor 44. The captured infrared image
1s initial raw data. Processor 44 communicates the initial raw
data to a database or computer storage medium 46 for storage
therein and subsequent retrieval.

[0112] Control panel 52 isconfigured to send a command to
instruct processor 44 to process the initial raw data according
to methods described in FIGS. 7-10, and to store the pro-
cessed data in a database or computer storage medium 46. In
addition, control panel 52 is also capable of sending a com-
mand to instruct processor 44 to auto-analyze the processed
image data according to rule-sets, as described in more detail
below, retrieved from database or computer readable medium
46. Image data and results are also available to be displayed
on a client system (not shown) or output to multiple media
output devices 48 including, but not limited to, display moni-
tors, computers, web pages, email, fax machines, and print-
ers.

[0113] Database or computer readable medium 46 includes
a TMT technology module 50 for carrying out health evalu-
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ation process 10. Module 50 includes instructions and rule-
sets for performing health evaluation process 10. Module 50
includes at least the rule-set for auto-analyzing the processed
image data, as well as the TMT graphical user interfaces
(FIGS. 22-39) for allowing the user to interact with health
evaluation system 40 for carrying out health evaluation pro-
cess 10.

[0114] In one embodiment, database or computer readable
medium 46 stores all of the system information including raw
infrared image data, processed infrared image data, auto-
analysis results, and reports. In another embodiment, how-
ever, database or computer readable medium 46 may also be
split into multiple databases, each database storing its own set
of specific data. In yet another embodiment, a computer may
act as multiple components as shown in FIG. 3.

[0115] FIG. 3A illustrates a network diagram depicting a
multi-modal data sharing system. In one embodiment, mul-
tiple systems 40 all over the world are linked to a central
database. The central database contains patient information
and analysis from external linked systems 40 all over the
world. When a local network linked system 40 gathers and
analyzes data from a patient, the data is sent to the central
database. At the central database, central processing control
sends information to the information analysis and diagnosis
center. The information analysis and diagnosis center com-
pares the patient information gathered from local system 40
against information in the central database of patients with
similar TMT mappings. Based on comparison with the pre-
viously diagnosed patients, the information analysis and
diagnosis center determines the illness of the patient scanned
at local system 40.

[0116] FIG.4illustrates a general block diagram of module
50 of health evaluation system 40 (shown in FIG. 3). Module
50 has generally three layers: an application layer 100, a
database management layer 102, and a database layer 104.
Application layer 100 is made up of a common memory or
sharing zone 26 for which data between modules is shared
and accessed. Application layer 100 includes a medical
records module (MRM) 80, an image collection module
(ICM) 82, an image processing and analysis module (IPAM)
84, a report output module (ROM) 86, a thermal image com-
parison module (TICM) 88, a sectional view module 90, and
an automatic analysis module (AAM) 92. These modules are
further described and depicted in FIGS. 5-13. As illustrated in
FIG. 2 and FIG. 3, data for each module may be stored in a
database or a computer readable medium 98. A database
management component 94 identifies the module request to
store or retrieve information and routes the request to data-
base 98 if the module request is valid. Through database
management component 94, the modules exchange informa-
tion, data disk files etc. among each other. At database layer
102, the generation, retrieval, and addition of medical records
take place. Database layer 104 stores such information as the
basic medical information, additional medical information,
image file index information, and temperature measurements
of patients.

[0117] MRM 80 includes, for each patient, basic and clini-
cal information which is saved and managed in database 98.
The medical history, present condition of the patient, etc. can
be readily accessed and retrieved from database 98.

[0118] ICM 82 includes, for each patient, infrared informa-
tion obtained through scanning or image capturing. The infra-
red information is also saved and stored in database 98. ICM
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82 converts the infrared information into color images and
displays them onto a suitable user interface such as a display
MONitor.

[0119] IPAM 84 allows a user to manipulate a patient’s
three-dimensional images so as to most effectively depict the
thermal distribution. The user can also make acomprehensive
analysis of the thermal images using different functions.
Completed analysis is saved in the database and may be
retrieved at a later date for future comparison.

[0120] ROM 86 allows the user to print out the records of a
patient, including all clinical information, thermal images,
and corresponding analysis utilizing the various features of
ROM 86.

[0121] TICM 88 allows the user to compare the same
bodily areas of different patients and their corresponding
body area temperatures. Because database 98 is capable of
saving and storing a large number of patients’ thermal
images, the user can utilize different options to compare the
same bodily areas of different patients for various data sets of
information.

[0122] Module 90 is also referred to as the cascade chro-
matography module (CCM). CCM allows dynamic tempera-
ture changes of a patient’s thermal image to be converted into
a static form through cascade chromatography of the thermal
image, as described later in relation to FIGS. 40A, 40B, and
40C.

[0123] Health evaluation system 40 (shown in FIG. 3) is
capable of automatically analyzing the infrared images using
artificial intelligence with reference to the results generated
by various modules including, but not limited to, modules 82,
84, 86, 88, and 90. The system is capable of storing the
sectional views of the patients’ data and medical analysis
rules, and also storing final analysis results.

[0124] As can be appreciated, to describe each and every
request, storage, and retrieval operation is prohibitive. Thus,
one example is described below. In one embodiment, ICM 82
sends a request to store new infrared images captured for a
patient. Database management component 94 stores the new
infrared images in a raw infrared thermal images database 96.
Other information pertaining to other modules, such as ROM
86, may store and retrieve its information from another data-
base 98.

[0125] FIG. 5 illustrates a flow diagram depicting MRM
80. MRM 80 can create a new patient record by collecting
patient data at block 120 (via hand-written forms or question-
naires, etc.) including information such as the patient’s name,
date of birth, case history, family history, and symptoms.
Graphical user interfaces (GUI) as shown in FIGS. 22-29
allow a user to enter the patient’s information into data entry
fields of the GUI. Block 120 is followed by block 122 where
the collected patient data is input or entered for processing.
During the operations of block 122, the electronic processing
of patient data assigns the patient a medical record index for
storage and retrieval using a database 132.

[0126] Block 124 provides for a patient data query. If the
patient already has a medical record, then a patient data query
canbe generated at block 124. Block 124 s followed by block
126 where the query is processed and medical records (pre-
viously stored) are retrieved from the database 132. Patient
data queries of block 124 are not limited to retrieval of records
for a single patient. Thus, patient data queries can include
population studies of a pool of patients for clinical studies
use. Once the desired medical record(s) are retrieved from
block 126, the medical record(s) can be output as raw data via
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adirect medical record(s) output at block 128, or as a format-
ted medical record report output at block 130. The medical
record output generated at block 128 and medical record
report generated at block 130 canbe output to multiple media
formats, including electronic and hard-copy forms. Informa-
tion collected from the electronic processing of patient data at
block 122 and retrieval of medical records at block 126 is also
sent to memory or sharing zone 26 for access by other mod-
ules.

[0127] FIG. 6 illustrates a flow diagram depicting ICM 82.
An infrared camera 42 is controlled through a communica-
tions interface 180, which sends control signals and receives
infrared data. Infrared camera 42 is demarcated in a dashed-
line box to denote separation from ICM 82. ICM 82 includes
a communications interface denoted at block 180, which is
driven by a camera control denoted at block 184 through an
infrared equipment driver denoted at block 182.

[0128] Inoneembodiment, a computer may act as the cam-
era control at block 184, using a software version of infrared
equipment driver 182 to control infrared camera 42 through
communications interface at block 180. By way of example,
communications interface at block 180 may be a universal
serial bus connection. When infrared equipment driver at
block 182 is given a command to perform an infrared data
capture operation at block 186, an infrared image display at
block 188 is generated and output to a display device such as
a monitor. Infrared data capture at block 186 is also sent to
memory or sharing zone 26 for access by other modules.
Infrared data captured at block 186 is also stored in database
46. In one embodiment, database 46 can be its own dedicated
database to store infrared images, whereas in another embodi-
ment, database 46 may be utilized to store all relevant infor-
mation relating to health evaluation system 40 (shown in FIG.
3).

[0129] FIG. 7illustrates a flow diagram depicting [PAM 84.
IPAM 84 is one of the modules which make up image pro-
cessing operation of block 18 (shown in FIG. 2). IPAM 84
begins with block 200 where a function selection module is
linked to a database 222 and memory or sharing zone 26.
IPAM 84 retrieves infrared images and other related informa-
tion from database 222 for processsing. Block 202 performs
a function selection to determine how the infrared image data
is manipulated. The available options for the function selec-
tion are a noise processing function at block 204, a color
scheme selection function at block 206, a temperature adjust-
ment function at block 208, a temperature measurement func-
tion at block 210, a temperature layer analysis function at
block 212, and an option to save changes function at block
214.

[0130] The noise processing function at block 204 is an
automated process which filters out irrelevant background
infrared data that may be present in the captured infrared
image. The color scheme selection function at block 206
allows for the selection or specification of color palettes
which are used to display infrared images. The temperature
adjustment function at block 208 allows for the specification
of an upper and lower range of temperature values that is
displayed by colors from the color scheme selection function
at block 206. The temperature measurement function at block
210 allows temperature measurement of points, rectangles,
ellipses, and polygons of parts of an infrared image. The
temperature measurement function at block 210 provides
values which can also be saved. The temperature layer analy-
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sis function at block 212 allows the system to determine the
depth of global or local temperature areas of a patient’s body.
[0131] Aside from saving changes at block 214, when one
of the other functions is selected, an infrared image display at
block 218 is updated to reflect the processed image. Each of
the blocks 204, 206, 208, 210, and 212 proceed to block 218.
Block 218 is followed by memory or sharing zone 26. Such
changes to the infrared image are then sent to memory or
sharing zone 26 to be used by other modules or downloaded
to database 222. IPAM 84 can also save changes via the save
changes function at block 214 to a data file 216 in a standard
format (e.g. BMP, JPG, etc.).

[0132] FIG. 8 illustrates a flow diagram depicting TICM
88. TICM 88 is one of the modules which makes up the image
processing at block 18 (shown in FIG. 2). TICM 88 begins
with block 240 where a function selection module is linked to
a database 260 and memory or sharing zone 26 to provide it
with thermal images to compare. Block 240 is followed by
block 242 where a function selection takes place to determine
how the infrared image data is manipulated and compared.
The available options are a thermal image selection function
at block 244, a temperature adjustment function at block 246,
acolor scheme selection function at block 248, an area selec-
tion function at block 250, a print results function at block
252, a save results function at block 254 coupled to a data file
256 and database 260.

[0133] The thermal image selection function at block 244
allows multiple thermal images to be selected for compari-
son. These thermal images can be from the same or different
patients, from the same or different time periods, or from the
same or different image capture positions. The color scheme
selection function at block 248 allows for the selection or
specification of color palettes with which to represent infra-
red images. The temperature adjustment function at block
246 allows for the specification of an upper and lower range of
temperature values that can be displayed by colors from the
color scheme selection function at block 248. The area selec-
tion function at block 250 allows for a selection of points or
areas of thermal images to be compared by temperature, and
have such comparisons recorded for analysis. The print
results function at block 252 creates a visual report showing
the areas compared and the results of the comparison. The
save results function at block 254 saves the temperature com-
parison results into database 260 or data file 256. Except for
the print results function at block 252 and save results func-
tion at block 254, when one of the other functions is selected,
acomparison results display at block 258 is updated to reflect
the comparison results. Such changes to the infrared image
are then sent to memory or sharing zone 26 to beused by other
modules or written to a database 260. Thus, blocks 244, 246,
248, 250, and 254 are followed by block 258. Block 258 is
followed by memory or sharing zone 26.

[0134] FIG. 9 illustrates a flow diagram depicting module
90. Module 90 is one of the modules which makes up the
image processing at block 18 in FIG. 2. Module 90 begins
with block 280. A function selection module at block 280 is
linked to a database 300 and memory or sharing zone 26 to
provide it with thermal images to compare. Block 280 is
followed by a function selection at block 282 to determine
how the infrared image data is manipulated and displayed. In
one embodiment, block 282 allows the user to select one or
more of the five different options. The available options are a
temperature range selection function at block 284, a tempera-
ture accuracy selection function at block 286, a color scheme
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selection function at block 288, an area selection function at
block 294, and a save results function at block 296.

[0135] The color scheme selection function at block 288
allows for the selection or specification of color palettes with
which to represent infrared images. The temperature range
selection function at block 284 allows for the specification of
an upper and lower range of temperature values to be dis-
played by colors selected from the color scheme selection
function at block 288. The temperature accuracy selection
function at block 286 specifies the temperature precision
between layers of thermal sectional views. The area selection
function at block 294 allows an area to be highlighted for
focus (in color) while the rest of the image is displayed as
gray. Use of the option of the area selection function at block
294 forces an update to a section view display at block 292.
The section view display at block 292 can be output to a
variety of devices or shown within an application interface. A
sectional view option at block 290 generates sectional views
utilizing specified or default values of temperature range,
temperature accuracy, and color scheme values. The genera-
tion of these sectional images 1s described in further detail in
FIG. 10. The section view display at block 292 shows the
generated sectional views and transfers this data to memory
or sharing zone 26 before being stored in a database 300. The
save results function at block 296 saves all or parts of the
sectional view thermal images as common graphic formats
(e.g. JPEG, BMP, etc.) in a data file 298. The blocks 284, 286,
and 288 are followed by the sectional view option at block
290. Block 290 is followed by block 292. The results display
at block 292 is followed by memory or sharing zone 26.

[0136] FIG. 10 illustrates a flowchart depicting a sectional
view option process 310 (shown in block 290 of FIG. 9). In
the initial step of generating a sectional view, the maximum
temperature (Tmax), minimum temperature (Tmin), and pre-
cision values (PV) are set at block 320. In block 322, the
infrared data (t) is converted into color pixels according to the
specified color scheme from FIG. 9. Any t values which
exceed the Tmax value are assigned a color value equal to
black. Any t values which fall under the Tmin value are
assigned a color value equal to white. Otherwise, the t value is
assigned a color corresponding to its temperature. This pro-
cess generates a false color image which is then displayed in
block 324. To create the next sectional view, the bounds Tmax
and Tmin are narrowed by the specified precision value in
block 326. Block 328 checks if Tmax is less than Tmin. If
Tmax has been reduced to a value less than Tmin, sectional
view option process 310 ends since there is no more precision
to extract from the infrared image. Otherwise, process 310
loops back to block 322 with a new set of Tmax and Tmin
values to generate a new sectional view.

[0137] FIGS.11A and 11B illustrate a flowchart describing
automatic analysis module 92 (shown in FIG. 4). Automatic
analysis module 92 utilizes a thermal mapping technique
which allows the system to determine the overall health of a
patient by examining relevant parts of a thermal scan. Auto-
matic analysis module 92 begins at block 360 where thermal
mapping and automatic zoning is applied to a patient’s ther-
mal images. The thermal mapping and automatic zoning is
described in further detail in FIG. 12. After the zoning of
infrared images is complete at block 360, the temperature
distribution is calculated for each zone at block 362. Block
362 is followed by block 364, where health evaluation system
40 (shown in FIG. 3) retrieves a desired rule-set 364 from a
medical analysis rule library database 366, and runs rule-set
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comparisons at block 368. Such rule-set comparisons may
involve rules that determine the health of a patient given a
variety of factors including, but not limited to, how a patient’s
thermal zones relate to a particular temperature range, distri-
bution, or symmetry.

[0138] Referring now to FIG. 11B, block 368 (shown in
FIG. 11A) is followed by block 370. At block 370, a deter-
mination is made whether the patient is healthy. If the deter-
mination is “No” at block 370 (i.e., the patient is not healthy),
health evaluation system 40 (shown in FIG. 3) attempts to
determine the extent of the unhealthy condition(s) at block
372. Block 372 is followed by block 374. If the determination
at block 370 is “Yes” (i.e., that the patient is healthy), then
block 370 is followed by block 374 where (healthy or
unhealthy) analysis results are processed. Block 374 forwards
the analysis results to memory or sharing zone 26 for access
by other modules or to a database 376.

[0139] FIG. 12 illustrates a flowchart describing a process
399 for thermal mapping and automatic zoning at block 360
(shown in FIG. 11A). Process 399 for thermal mapping and
automatic zoning is described in relation to the illustrations of
FIGS. 13A, 13B, 13C, 14, 15A, 15B, 16A, 16B, 17A, 17B,
18,19A,19B, and 19C. FIG. 13 A illustrates an example of an
infrared thermal image. FIG. 13B illustrates an example of
the human body in the infrared thermal image of FIG. 13A
removed. FIG. 13C illustrates an example of an outline cre-
ated of the human body in the infrared thermal image of FIG.
13A. FIG. 14 illustrates a point d in an image and direction
codes of its eight neighbors. FIG. 15A illustrates points of a
profile image. FIG. 15B illustrates a vectorization of the
profile image. FIGS. 16A and 16B illustrate a flowchart of a
process 450 for vectorization of profile points.

[0140] FIGS. 19A, 19B, and 19C illustrate a depiction of
the thermal mapping process at different stages of FIG. 12.
[0141] The process 399 (shown in FIG. 12) for thermal
mapping and automatic zoning begins at block 400 where
loading an infrared image, such as shown in FIG. 13A, takes
place. The infrared image is processed into mathematical data
such that the image can be compared against a standard tem-
plate and mapped into zones. Examples of zones are shown in
FIGS. 17A, 17B, and FIG. 18. FIGS. 17A and 17B illustrate
an innervation-based zoning template for a front and back
view of the human anatomy and FIG. 18 illustrates a facial
zoning template. Once the infrared image is loaded at block
400 and the human profile is mapped at block 401, the infra-
red image is vectorized at block 402. The infrared image is
vectorized to create a vectorized human profile represented in
the infrared image, as shown in FIG. 15B.

[0142] Once thehuman profile image is vectorized, at block
402, the locations of characteristic reference points are deter-
mined at block 404. In FIGS. 17A and 17B, the black dots
represent characteristic reference points for the innervation-
based zoning template for a front and back view of the human
anatomy. The black dots in FIG. 18 represent the character-
istic reference points for the facial zoning template (See FIG.
19B). These characteristic reference points are common hot
spots which can be found on every human. Once the charac-
teristic reference points are found (See FIG. 19A), block 404
is followed by block 406. At block 406, a standard zoning
template shown in FIGS. 17A and 17B or FIG. 18 corre-
sponding to the position code of the infrared image is
retrieved. The position code references the image capture
positions (also referred to as the “predefined infrared posi-
tional images” of FIGS. 21A-21R). Block 406 is followed by
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block 408 where the standard template zones are scaled to
match the infrared image using the characteristic reference
points. Once the standard template zones, shown in FIG. 19B
are matched, block 408 is followed by block 410, where the
infrared image is divided into mapped zones, as shown in
FIG. 19C.

[0143] The human infrared thermal mapping zoning
involves image processing and mode identification technolo-
gies. The zoning is intended to automatically collect the tem-
peratures of the respective zones on the human infrared ther-
mal mapping and to help with medical statistics and
diagnosis.

[0144] Inlight of'the needs in medical research and clinical
diagnosis, the infrared thermal image can be zoned from
different medical perspectives, as from the perspectives of
anatomy, innervation, and pains. Such zonings are based on a
standard human body (anatomy). Each group of zones
includes geometrical parameters like profiles, zoning lines,
and positioning reference points.

[0145] FIGS. 17A and 17B illustrate an innervation-based
zoning template for a front and back view of the human
anatomy and FIG. 18 illustrates a facial zoning template. The
facial zoning template of FIG. 18 is based on diseases of the
upper respiratory tract. Each template consists of profiles,
geometrical zoning lines (shown in FIG. 19C as white lines),
and positioning reference points (shown in FIG. 19A as white
dots). All the parameters can be scaled up or down. FIGS.
17A,17B, and 18, as well as other zoning templates, are used
as standard zoning graphs (PPG).

[0146] The vectorization of the thermal image or human
profile begins by capturing a human profile from a thermal
image of the patient’s body. The vectorial human profile is p
from infrared thermal image (I) (where I can be a gray image).
There are multiple algorithms for image profile capture.
Although several different methods may be utilized, in one
example, a threshold-gradient method is used.

[0147] The threshold-gradient method is utilized to sepa-
rate the human body from the background in the thermal
image, as shown in FIG. 13B. The threshold-gradient method
canthen be used to take the boundaries and vectorize them, as
shown in FIG. 13B.

[0148] The threshold-gradient method is utilized to calcu-
late a threshold V to take the human image in the infrared
thermal image I, shown in FIG. 13A, according to equations
Eq. (1a) and (1b) defined as

Iy, 0=L0<ycH-10cx<W-1 Eq. (la)
then,

| rHlewa Eq. (1b)
V= xw -

where, H and W stand for height and width of L.
[0149] Image G in FIG. 13B can be obtained by equation
Eq. (2) defined as:

LVix, yzV

G =
.5 {O,Vl(x, V<V

where image G is a two-valued image, of which the white part
is 1 (i.e., G1), which covers the body area in the infrared
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thermal image 1 (FIG. 13A); and the black part is 0, corre-
sponding to the background. The profile p can then be deter-
mined, as shown in FIG. 13C.

[0150] To determine the profile p, the following gradient
operator G in equation Eq. (3) can be used to convolute G and
to get boundary profile image P:

101
S.=|101
101

where S, and 8, stand for 3x3 convolution templates in the
horizontal and vertical directions, and the convolution for-
mula is shown in equations Eq. (4a), (4b), and (4c):

820’ B0 15,1 GlaH,y4) Eq. (4a)
8,720 26T S () Gl y4) Eq. (4b)
Py Zd” g e g 5 Eq. (4¢)

[0151] Next, vectorize the P(x,y) to get the body profile p.
[0152] As discussed earlier, FIG. 14 illustrates a point d in
an image and direction codes of its eight neighbors. The
vectorization process is described in relation to FIGS. 14,
15A, 15B. The vectorization process begins by defining the
direction denotation code, point d in the image, and the direc-
tion codes of its eight neighboring points as illustrated FIG.
14.

[0153] FIG. 15A exemplifies the vectorization of a profile
image P. After finding the first point from left to right and from
top to down (i.e. bottom), in an counter-clockwise direction
(consistent with the changes of the direction code), as shown
in FIGS. 14, 15A, and 15B, vectorial parameters of the
boundary profile are obtained. Examples of vectorial param-
eters are as given in Table 1. The SN 1 is denoted by Ptop and
SN 8 is denoted by Pdown. Process 450 for vectorization of
profile points is shown in FIGS. 16 A and 16B, and explained
below.

TABLE 1
SN X Coordinate Y Coordinate Direction Code
1 3 0 6
2 3 1 5
3 2 2 6
4 2 3 5
5 1 4 6
6 1 5 7
7 2 6 7
8 3 7 1
9 4 6 1
10 5 5 2
11 5 4 2
12 5 3 2
13 5 2 2
14 5 1 3
15 3 0 4
[0154] InFIG.16A, process 450 begins at block 452 where

X,Y, and I are all setto zero (0). The direction code (OC) is set
to 3 in this example. However, the OC may change or may be
assigned to a different value.

[0155] Block 452 is followed by block 454 where image
points in the skeleton map within the field 8 of P(x,y) are
searched. Block 454 is followed by block 456 where a deter-
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mination is made whether points are found. If the determina-
tion is “Yes,” the down coordinates are acquired and noted for
point(x,y). The direction code (OC) and P, and P, are defined
by equations Eq. (5a), (5b) and (5¢)

P=X Eq. (5a)
P(i)=Y; and Eq. (5b)
Ifi>0 p4(i-1)=0C. Eq. (5¢)

[0156] InFIGS.16Aand 168, X andY stand for the change
coordinates of image points, I for the record index of profile
points found, and OC for the direction code corresponding to
FIG. 14. The direction code OC changes counter-clockwise.
The result of the direction code OC depends on the azimuth
relation between the profile point found at a present and the
last point (shown in FIGS. 15A and 15B).

[0157] Referring again to block 456, if the determination is
“No,” then X (the X coordinate) is incremented by one (1) at
block 460. Likewise, block 458 is followed by block 460 to
increment X. Block 460 is followed by block 462 where a
determination is made whether X is less than W-1 (width-1).
If the determination is “Yes,” block 462 (shown in FIG. 16B)
returns or loops back to block 454 (shown in FIG. 16A).
However, if the determination is “No” at block 462, then
block 462 is followed by block 464. At block 464, X is set to
0 and the Y is incremented by one (1). Block 464 s followed
by block 466 where a determination is made whetherY is less
than H-1 (height-1). If the determination is “No,” process
450 ends. Otherwise, block 466 returns or loops back to block
454.

[0158] Theprocess for block 406 (shown in FIG. 12) relates
to retrieving standard zoning templates corresponding to a
position code. The position codes are attribute codes indicat-
ing body parts, arbitrarily defined for image collection of the
infrared image. It is possible to control the program to take the
characteristic positioning marks of the image. The i is an
index serial number. From the thermal mapping, take position
A(i) according to equation Eq. (6a) defined as

A(DeG,

[0159] where A(i) is an element of the set of points in the
human image zone, G,. A(i) includes the inner canthus, the
upper fossa of the collarbone, the axilla, the umbilicus, the
groin, and the lumbosacral portion, which are relatively
warmer places in the human body called physiological hot
zones. From the human profile, take special points B(1)
according to equation Eq. (6b)

Eq. (62)

B(i)ep Eq. (6b)

[0160] where B(i) is an element of the set of points in the
vectorial human profile, p. B@) includes points in the head
top, the tip of the ear, the neck, the axilla, the femoral-genital
joint, the wrist, the tips of the palm, the ankles, the toes, and
the heel. Positions A and B may have a data structure com-
prising position coordinates and corresponding body zone
attribute codes.

[0161] Theprocess for block 408 (shown in FIG. 12) relates
to scaling standard temperature zones to match infrared
image utilizing characteristic reference points. After taking
A(i) and B(i), the human infrared thermal mapping can be
matched with standard zoning graphs (as shown in FIGS.
19A, 19B, and 19C). The process begins with selecting and
retrieving a standard zoning graph PPG(i) from the database
according to the zoning type and position code of the infrared
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image. A coordinate system CS of the infrared thermal map-
ping according to A(i) and B(i) is then calculated. After that,
the proportional relations K, and K, of the body image G,
according to A(i) and B(i) are computed. Then the relevant
parameters of the standard zoning graph PPG(3), according to
K, and K, are scaled to get P. Then G, (or g) is matched with
P -align A(i), and B(i) is matched with P, positioning refer-
ence points.

[0162] Theprocess for block 410 (showninFIG. 12) relates
to dividing infrared images into mapped zones. According to
the coordinate system CS, human profile g and zoning lines in
P, divide G, to get a series of closed areas in CS, and finally
get the medical zoning of human infrared mapping.

[0163] As explained earlier, FIGS. 19A, 19B, and 19C
illustrate a depiction of thermal mapping and process at dif-
ferent stages of FIG. 12. Similar to block 400 (shown in FIG.
12), a thermal image 412 of a respiratory scan is loaded. The
vectorization in block 402 (shown in FIG. 12) enables the
following mathematical processes to take place. Step 404
(shown in FIG. 12) determines markers 414, 416a, and 4165,
which represent some of the determined characteristic refer-
ence points for this image. Image 418 (shown in FIG. 19B)
represents the standard zoning template for the respiratory
scan which is loaded by step 406 (shown in FIG. 12). Image
418 contains several characteristic reference points 420,
4224, and 4225, which correspond to the same characteristic
reference points indicated by markers 414, 416a, and 4165 on
image 412 (shown in FIG. 19A). Characteristic reference
points on the template are used to define the image into zones
indicated by sections 426a, 4265, 428a, and 428b. Step 408
(shown in FIG. 12) combines thermal image 412 with image
418 and scales the standard zones to best fit zones placed on
a mapped image 430 (shown in FIG. 19C). Mapped image
430 represents the end result of step 410 (shown in FIG. 12)
by depicting the newly mapped zones represented by areas
432a, 432b, 434a, and 434b. Such mapped zones represent
key interest areas for which thermal data may be interpreted
and analyzed.

[0164] FIG. 20 illustrates a flowchart depicting ROM 86
(shown in FIG. 4). ROM 86 gathers processed information
from other modules and allows a user to format and customize
the output of a report. ROM 86 includes a function selection
module denoted at block 500, which links to a database 504
and memory or sharing zone 26 to pool information. Block
500 is followed by block 502 where a function selection is
determined, which determines how and what information is
displayed. The available functions/options include an insert
pixel function at block 506, a module selection function at
block 508, a thermal image selection function at block 510, a
temperature range adjustment function at block 512, a color
scheme selection function at block 514, atext editing function
at block 516, and a report output function at block 518.
[0165] Insert pixel function at block 506 allows the user to
insert annotations or mark areas on thermal images. The
module selection function at block 508 allows the user to
select a module which has a predefined report layout. The
thermal image selection function at block 510 allows the user
to select images to be included in the report. The temperature
range adjustment function at block 512 allows for the speci-
fication of an upper and lower range of temperature values
that is displayed by colors from the color scheme selection at
block 514. The color scheme selection function at block 514
allows for the selection or specification of color palettes in
which to represent infrared images. The text editing function
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at block 516 permits the user to edit pre-formatted text, or add
on additional text to the report. Use of any of the editing and
selection modules creates a function preview at block 524 that
displays the customized report. Customized reports are
passed to memory or sharing zone 26 before being stored in
database 504. The report output module 518 outputs the
report to either a data file 520 or to an alternative media 522
(e.g. print job). Blocks 506, 508,510, 512, 514, and 516, are
followed by block 524.

[0166] FIGS. 21A-21R illustrate predefined infrared posi-
tional images for use in health evaluation system 40 (shown in
FIG. 3).

[0167] Referring now to FIG. 21A, a set of positional
images 550A correspond to the brain blood supply evaluation
and includes: front, right side, left side, and back of the head.
Set of positional images 550A also corresponds to positions
for the indications of diseases of the sense organs (eyes, nose,
mouth, and ears) and includes the same positional images
(550A) as with brain blood supply evaluation.

[0168] Referring now to FIG. 21B, a set of positional
images 550B corresponds to positions for indications of rel-
evant diseases of (anterior) cervical thyroid and mandibular
lymph node and includes: front neck and front neck with face
up, neck with face to the right and up and neck with face to the
left and up.

[0169] Referring now to FIG. 21C, a set of positional
images 550C corresponds to positions for the neck-shoulder
syndrome and includes: front and back with hands raised
(arms. neck, and head all on screen), and front and back with
hands down (shoulders shown).

[0170] Referring now to FIG. 21D, a set of positional
images 550D corresponds to positions for the respiratory
system health status evaluation and includes: front face and
front with face up (exhaling, inhaling) of head-neck part;
front of the chest, back of the chest with hands around the
head, and right and left slanting.

[0171] Referring now to FIG. 21E, a set of positional
images 550F corresponds to positions for the myocardial
blood supply evaluation and includes: front and back ofhead,
neck, and chest.

[0172] Referring now to FIG. 21F, a set of positional
images 550F corresponds to positions for the heart and brain
blood supply evaluation and screening of thoracic diseases
and includes the head-face positions in set of positional
images 550A of brain blood supply evaluation. Set of posi-
tional images 550F also includes front and back of the chest.
[0173] Referring now to FIG. 21G, a set of positional
images 550G corresponds to positions for the evaluation of
mammary diseases and includes: left and right slanting posi-
tions of breasts; and left and right sides around the breasts.
[0174] Referring now to FIG. 21H, a set of positional
images 550H corresponds to positions for the digestive sys-
tem health status evaluation and includes: front, and front
with face up of head, neck, and chest; front of the abdomen
(with hands around the head), left/right front slanting, and
back of trunk.

[0175] Referring now to FIG. 211, aset of positional images
5501 corresponds to positions for the urogenital system health
status evaluation and includes: front/back of abdomen (legs
apart); front of lower abdomen, and lower lumbosacral part.
For the male only, the front of abdomen (penis in an upright
position with testicles exposed, legs apart) is also included.
[0176] Referring now to FIG. 21J, a set of positional images
5501 corresponds to positions for the soft tissue injury and
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blood supply around the spinal column and includes: front,
back and side of trunk; back of cervical vertebra plus back of
lumbosacral part; buttocks; and back of two lower limbs.
[0177] Referring now to FIG. 21K, a set of positional
images 550K corresponds to positions for the evaluation of
injuries to joints and soft tissues of lower limbs and includes:
front/back of lower limbs (umbilicus-toes), and left/right
stepping postures of lower limbs.

[0178] Referring now to FIG. 21L, a set of positional
images 5501 corresponds to positions for the functional sta-
tus of blood vessels and peripheral microcirculation of four
limbs and includes: front/back of upper/lower body; front/
back of hand/foot; and sole.

[0179] Referring now to FIGS. 21M, 21N, 210, 21P, 21Q,
and 21R, sets of positional images 550M, 550N, 5500, 550P,
550Q, and 550R correspond to positions for the whole-body
health status evaluation and includes: front/back/side of
whole body; front/back of upper body; front/back of lower
body; right/left slanting position of upper body; right/left
slanting position of lower body; front, face up, right side,
back, and left side of the head-face. FIGS. 210 and 21Q
represent male front and back whole body images 5500 and
550Q for use in set 550M. FIGS. 21P and 21R represent
female front and back whole body images 550P and 550R for
use in set S550M.

[0180] FIGS. 22 through 32 represent GUIs implemented
by health evaluation system 40. FIGS. 22-29 are examples of
GUISs to enable the user to customize and create scans. FIG.
30 illustrates one embodiment of a patient report printout
1000. The GUIs contain a database of patient files with
numerous information fields. Through these options, the user
can create new patient files, edit patient files, take IR thermal
images of patients, analyze the thermal images, and print a
report of the analysis by activating a corresponding GUIT.
These GUIs’ are described later.

[0181] FIG. 33 illustrates a block diagram of a thermal
image mapping process 1200, which has four paths identified
as four parallel lines: A, B, C, and D. Atblock 1202A, initially
the body surface thermal distribution image is first taken. This
initial, unmodified thermal image is known as a static or
passive thermal image. An example of a body surface thermal
distribution image is shown in FIG. 13A.

[0182] At path B, once a human thermal image at block
1202B is obtained, a human thermal gradient sectional view
is generated at block 1204B (shown in FIGS. 404, 40B, and
40C). After that, a human thermal cascade sectional view is
generated at block 1206B. Here the image is processed with
vectorization to remove the background, as seen in FIG. 13C.
The human thermal cascade sectional view at block 12068 is
the image processed with cascade chromatography to deter-
mine areas of abnormal temperature.

[0183] In the cascade chromatography process, each ther-
mal image is composed of a plurality of pixels (such as,
320x240), where every pixel contains temperature data and
positional data. The temperature data in the pixel is repre-
sented in the image by a corresponding color. The user defines
which colors represent which temperatures. The positional
data positions the pixel at a particular point on the body. In
FIGS. 404, 40B, and 40C, a series of dynamic thermal
images is shown. The cascade chromatography process
begins the analysis at the highest temperature detected in the
body. In FIG. 40A, the highest temperature is set at 34.80
degrees Celsius, as shown in the image at row R1, column C1.
Therefore, 34.80 degrees Celsius is the first reference tem-
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perature used for the analysis. The cascade chromatography
process begins by organizing the pixels from highest tem-
perature to lowest temperature. All pixels that contain tem-
perature data equal to or greater than the reference tempera-
ture (34.80 degrees Celsius in image R1, C1) are compared.
In one embodiment, these pixels are compared to pixels with
symmetric positional data. The human body is generally sym-
metric. Therefore, pixels at symmetric positions of the body
should have equal temperature data. For example, the pixel at
the tip of the index finger in the right hand should have equal
temperature data as the pixel at the tip of the index finger in
the left hand. The symmetries are defined by preset zones in
the program. If the temperature variation AT is 0, then there is
no abnormality, and the pixels being compared are changed to
white (or whatever color is defined by the user for the highest
temperature). Otherwise, the pixels are left unaltered. Then
the reference temperature decreases by a user-defined
amount. For example, in FIGS. 40A, 40B, and 40C, the tem-
perature decreases by 0.05 degrees. The system then com-
pares the set of pixels with the next highest temperature data
in the same manner. The analysis continues until every pixel
within the body in the thermal image is scanned.

[0184] AsFIG. 33 illustrates, the human thermal layer sec-
tional view at block 1208B occurs once the human thermal
cascade section view at block 1206B is complete. Once areas
of abnormalities have been identified, the human thermal
layer section view at block 1208B utilizes a depth algorithm
to determine the level at which the temperature abnormality
exists within the patient’s body. For example, an abnormal
temperature on the surface can indicate a skin condition,
while an abnormal temperature deeper in the body can indi-
cate a problem with an organ.

[0185] At pathC,alocal surface thermal distribution image
at block 1202C is obtained only for a specific anatomic zone
to be analyzed. Thus, the analysis is localized.

[0186] At pathD, the local thermal image at block 1202D is
obtained only for a specific anatomic zone to be analyzed.
Block 1202D is followed by block 1204D where a local
thermal gradient view is generated. At block 1204D, only the
specific anatomic zone is vectorized. At block 1206D, a local
thermal cascade sectional view is generated and only the
specific anatomic zone is compared. Block 1206D is followed
by block 1208D where a local thermal layer sectional view is
generated if there is an abnormality in the specific anatomic
zone. Health evaluation system 40 (shown in FIG. 3) also
determines whether the abnormality is on the surface or inter-
nal. Path D creates the same views as path B. However, the
vectorization and cascade chromatography is performed only
for a specific zone or location.

[0187] When doing depth analysis, system 40 generates a
three-dimensional analysis of a two-dimensional thermal
image, as seen in FIGS. 41A, 41B, 42A, 42B, 43A, and 43B.
These thermal images are composed of TMT maps. The term
“micro” refers to a specific anatomic zone during the thermal
image analysis. The term “texture” is defined, as is used in
computer graphics, as an array of pixel data, either in two or
three dimensions, where each pixel can contain color, lumi-
nance, or other information.

[0188] FIG. 34 illustrates an example of a block diagram of
an auto-analysis 1250 with heat depth evaluation. Auto-
analysis 1250 with heat depth evaluation begins at block 1252
where infrared radiation is received from an internal heat
source and transmitted to the surface by radiation or conduc-
tion. Block 1254 analyzes the heat depth and shape by elec-
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trothermal analog theory. At block 1256, the internal heat
source is positioned and quantified.

[0189] FIG. 35illustrates a flowchart of one embodiment of
an auto-analysis 1300. Auto-analysis 1300 begins with a gen-
eral evaluation at block 1302 of the thermal image or map-
ping. Block 1302 is followed by block 1304 where analysis of
a lymph heat source takes place. Block 1304 is followed by
block 1306 where a determination of abnormal heat depth is
made. Block 1306 is followed by block 1308 where an analy-
sis of abnormal local vascular heat source is performed.
Block 1308 is followed by block 1310 where an analysis of
changes of heat conduction status (including special heat
source status) is made. Block 1310 1s followed by block 1312
where an analysis of abnormal heat of tissues organs is made.
Block 1312 is followed by block 1314 where a determination
of relative difference of thermal radiation of tissues and
organs is made. Block 1314 is followed by block 1316 where
a determination of the relative thermal radiation of abnormal
areas is made. Block 1316 is followed by block 1318 where a
dynamic analysis is performed. In various configurations, the
flowchart blocks above are performed in the depicted order, or
these blocks or portions thereof may be performed contem-
poraneously, in parallel, or in a different order. Furthermore,
one or more of the blocks may be omitted for a particular
evaluation and analysis depending on the type of the analysis
desired.

[0190] Health evaluation system 40 (shown in FIG. 3) is
designed to capture and detect, among other sources, meta-
bolic heat sources of normal cells, tissues and organs; meta-
bolic heat sources of inflammatory tissues and organs; meta-
bolic heat sources of benign tumor tissues; metabolic heat
sources of hyperplastic cell tissues; metabolic heat sources of
cancerous cells; metabolic heat sources of allergic tissues;
metabolic heat sources of functional status; and metabolic
heat sources of tissues resulting from other external factors.

[0191] Health evaluation system 40 is also designed to
detect surface heat sources, superficial heat sources, deep
heat sources, non-planar internal heat sources, tubular heat
sources, hollow heat sources, heat sources under hairs, spe-
cial heat sources, and other heat sources.

[0192] FIG. 36 illustrates a general flowchart of image pro-
cessing process 1350 utilized by health evaluation system 40
(shown in FIG. 3). One or more of the steps may be omitted as
needed. Process 1350 begins at block 1352 where the body is
scanned or an image is captured. Block 1352 is followed by
block 1354 where a sub-anatomic zone is scanned. Block
1354 is followed by block 1356 where zones in an organ are
scanned. Block 1356 is followed by block 1358 where depth
of an abnormality is scanned.

[0193] In one embodiment, health evaluation system 40
(shown in FIG. 3) is utilized to analyze an anatomic system
(digestive system, circulatory system, etc). This analysis can-
notrely on symmetry to determine temperature abnormalities
since organs are not necessarily symmetric. When analyzing
organs, health evaluation system 40 relies on the energy effi-
ciency of cells to determine whether there are abnormalities.
For example, a healthy cell takes organic compounds and
metabolizes them, turning the compounds into energy and
waste. A healthy cell typically operates around 40% effi-
ciency, with 60% of the energy in the process being output as
waste. A cancerous cell, however, has a much lower effi-
ciency, typically around 8-9%, with the rest of the energy in
the process being wasted. Cancerous cells thus output more
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heat than a healthy cell, and cancerous growths appear as
areas with abnormally high temperatures.

[0194] At block 1352, health evaluation system 40 (shown
in FIG. 3) initially captures the static thermal image (human
thermal image). Health evaluation system 40 then analyzes
general anatomic zones (chest, upper abdomen, lower abdo-
men arms, legs, head, and so on) within the patient’s body.
Some general anatomic zones are naturally hotter or cooler
than others. If the average temperature data of the pixels for
an anatomic zone in a thermal image is higher than the aver-
age temperature data of the pixels for another anatomic zone
that is naturally hotter, there is an abnormality. For example,
the head is the hottest anatomic zone, and the chest and feet
are some of the coolest zones. If the chest or feet zone is hotter
than the head zone, then the chest or feet zones are exhibiting
abnormalities.

[0195] Ifanabnormality is detected, health evaluation sys-
tem 40 (shown in FIG. 3) analyzes the organs within the
general anatomic zone containing the abnormality at block
1356. Organs also naturally exhibit hotter or cooler tempera-
tures relative to the other organs within the general anatomic
zone. This is because each organ in a general anatomic zone
is composed of a different type of cell, each with different
pathological functions. The different pathological functions
result in each cell type producing a different amount of heat
output. Within that general anatomic zone, system 40 com-
pares and analyzes the organs and if an organ is exhibiting
abnormal temperatures, system 40 focuses on that particular
organ. Hach organ 1s pre-divided into specific zones such as
shown in FIGS. 17A, 17B, 18, 19A, 19B, and 19C, and the
temperatures of each zone are compared against the average
overall temperature of the entire organ. If there is a tempera-
ture variation (AT) greater than zero, there is potentially an
abnormality. If an abnormality is detected, then system 40
performs a thermal depth analysis at block 1358 to determine
whether the abnormality is at the surface of the body or below
the surface of the body. If the abnormality is at the surface of
the body, a skin abnormality is indicated and not an organ
abnormality. If the abnormality is below the surface of the
body, the organ has the abnormality, which requires further
clinical evalvation.

[0196] FIGS. 37A and 37B illustrate thermal images
1400A and 1400B of a healthy woman. The heat mappings in
the image breast area in images 1400A and 1400B and the
heat wrapping in the abdomen area of 1400B demonstrate
that the heat distribution of the woman is symmetric, which
indicates that there are no apparent abnormalities.

[0197] FIG. 38A illustrates a representation of a vectorized
thermal image 1410. Vectorized thermal image 1410 is a
conventional thermal image that has been vectorized to
remove thebackground image, as described above and shown
in FIGS. 13A-13C. On the other hand, FIG. 38B illustrates a
representation of an analyzed thermal image 1415 produced
by health evaluation system 40 (shown in FIG. 3) after ana-
lyzing vectorized thermal image 1410 during the auto-analy-
sis block 20 of FIG. 2. Both images are representative of a
patient’s whole body. The body is in a position facing towards
the camera with the patient’s arms at the side. Analyzed
thermal image 1415 graphically illustrates problem or sus-
pect areas 1416, 1417, and 1418 identified by health evalua-
tion system 40 as having abnormal temperatures. Abnormal
temperatures are generally indicative of a health problem.
Health evaluation system 40 performs the auto-analysis at
block 20 (shown in FIG. 2) by using a depth algorithm.
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[0198] FIG. 39A illustrates a representation of a vectorized
thermal image 1420. Vectorized thermal image 1420 is a
conventional thermal image that has been vectorized to
remove the background image, as described above and shown
in FIGS. 13A-13C. On the other hand, FIG. 39B illustrates a
representation of an analyzed thermal image 1425 produced
by health evaluation system 40 (shown in FIG. 3) after ana-
lyzing the vectorized thermal image 1420 during the auto-
analysis block 20 of FIG. 2. Images 39A and 39B are images
of theback ofthe patient’s body. The images of the back allow
portions of the body, not visible by viewing the front of the
patient, to be analyzed.

[0199] FIGS. 40A,40B, and 40C illustrate a representation
of sectional views from the cascade chromatography process.
In FIGS. 40A-40C, sectional view images 1430A, 14308,
and 1430C are generated from the cascade chromatography
process (FIG. 10) where the pixel color is assigned either
black or white. Sectional view images 1430A begin with a
captured thermal image in row R1, column C1, which are
views of the front whole body. The sectional view images are
in order from left to right and then top to bottom. Row R1,
column C1, contains the first image, while Row R1, column
C2, contains the second image, and so forth. FIG. 40B depicts
the continued pixel color change in sectional view images
14308 for rows R1, R2, and R3. As can be seen from one
image of the series to the next adjacent image, some of the
pixels are turned white or black. FIG. 40C depicts the con-
tinued pixel color change in images 1430C for rows R1, R2,
and R3. The progression of individual sectional view images
demonstrates the active change at each step of the cascade
chromatography process, and therefore these images are
known as dynamic thermal images.

[0200] In this embodiment, there are three rows in FIGS.
40A, 40B, and 40C. However, more or less rows and columns
may be utilized. Each row has a series of eight sectional view
images. Sectional view images 1430A are progressive modi-
fications of the images according to the flowchart of FIG. 10.
Health evaluation system 40 (shown in FIG. 3) records the
temperature of each pixel in one image respectively, and
organizes the pixels by highest to lowest temperature into a
list of pixels. Health evaluation system 40 then compares each
pixel to the corresponding pre-programmed anatomical posi-
tion. If the pixel is at a normal temperature, the pixel color is
changed to white. Otherwise, the pixel is left unaltered or
changed to a non-white pixel (for example, the color black).
The next pixel in the list of pixels is then compared. This
continues until the list of pixels is exhausted.

[0201] FIG. 41A illustrates a representation of a normal
thermal image 1440 in two-dimensions. The term normal in
this context is used to denote a non-vectorized thermal image.
FIG. 41B illustrates a representation of a three-dimensional
analyzed thermal image 1445 created from thermal image
1440 (shown in FIG. 41A). Image 1445 is created during the
auto-analysis block 20 (shown in FIG. 2). Image 1445 dem-
onstrates the three-dimensional computations that health
evaluation system 40 (shown in FIG. 3) undergoes when
analyzing a thermal image. Thermal image 1440 is placed
upon an X and y-axis. Image 1440 is then analyzed in three-
dimensions for abnormalities as depicted in image 1445.
Image 1445 is a representation of the heat output by a
patient’s body, where each x and y-axis intersection point
represents a position ina patient’s body. The z-axis represents
the temperature at a given depth within the patient’s body.
Note that at a higher z-axis point 1446 the color is darker,
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signifying a cooler temperature, and at a lower z-axis point
1447 the colors grow lighter, indicating a warmer tempera-
ture. This serves to demonstrate increasing temperature when
moving from the surface of the body to the inside of the body.
Calculations of the body temperature are performed using
three-dimensional mathematical formulae. Additionally, as a
consequence of viewing the heat output in three dimensions,
the contours of the body are discernable in image 1445.
[0202] FIG.42A illustrates a representation of a vectorized
thermal image 1450 in two-dimensions. FIG. 42B illustrates
a representation of image 1455 created from vectorized ther-
mal image 1450 (shown in FIG. 42A). Image 1455 is created
by health evaluation system 40 during the auto-analysis block
20 (shown in FIG. 2). Vectorized thermal image 1450 depicts
a thermal scan (captured thermal image) of the chest and
abdomen area of a patient. Image 1455 (shown in F1G. 42B)
is a three-dimensional section of only the abdomen instead of
the chest and abdomen (shown in FIG. 42A). The three-
dimensional section of the abdomen demonstrates a more
detailed view of the various temperatures at different depths
1456 and 1457 within the patient’s abdomen. A black area
1458 indicates a depth at which no thermal readings were
recorded.

[0203] FIG. 43A illustrates a representation of a vectorized
thermal image 1460 in two-dimensions. FIG. 43B illustrates
a representation of a three-dimensional analyzed thermal
image 1465 created from vectorized thermal image 1460
(shown in FIG. 43A). Image 1465 is created by health evalu-
ation system 40 during the auto-analysis block at 20 (shown
in FIG. 2). Image 1465 is created in a similar manner as
described above in relation to FIG. 41B. Image 1460 depicts
aback view of the lower halfofa patient’s body. The patient’s
right leg has a large black area 1467 (shown in FIG. 43B).
Large black area 1467 appears in both FIGS. 43A and 43B
and is darker than the surrounding leg area, indicating a
temperature difference that health evaluation system 40
(shown in FIG. 3) identifies as abnormal. Health evaluation
system 40 then analyzes large black area 1467 to determine
whether or not the area is injured using change in temperature
(AT) calculations. In FIG. 43B, the depth of large black area
1467 or area 1466 (represented by black peaks) is mapped in
the z-axis, which helps determine the depth. When perform-
ing depth analysis, health evaluation system 40 (shown in
FIG. 3) generates a three-dimensional analyzed thermal
image from either a two-dimensional normal thermal image
or vectorized thermal image.

[0204] FIGS. 22-29 are examples of the GUI to enable the
user to customize and create scans. FIG. 30 illustrates one
embodiment of a patient report printout 1000. The GUIs
described below contain a database of patient files with
numerous information fields. Through these options, the user
can create new patient files, edit patient files, take IR thermal
images of patients, analyze the thermal images, and print a
report of the analysis by activating a corresponding GUI
described below, which is overlaid upon the main GUI.
[0205] In one embodiment, there are two methods of
retrieving the patient file editing GUI, either by right clicking
a patient file and selecting the third drop down option (FIG.
24), or by clicking an edit button in the main GUI (FIG. 22).
[0206] The software enables a user to remotely take photo-
graphs of a patient with an infrared (IR) camera. The GUIs
provides the user an automatic determination of the colors of
a thermal image and automatic analysis of the thermal image
to detect abnormalities.
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[0207] FIGS. 23 through 29 are overlaid on a depiction of
the main GUI (FIG. 22).

[0208] FIG. 22 illustrates one embodiment of a main
patient database GUI 602 depicting a patient file 600 within
one embodiment of a database 648. File 600 contains a data-
base item number 604 corresponding to the position of file
600 within the database. File 600 also contains a patient serial
number 606, a patient’s name 608, a patient’s age 610, a
patient’s gender 612, a patient’s marital status 614, a nation-
ality of the patient 616, a patient’s address 618, a patient’s
occupation 620, and a patient’s description 622. File 600 also
contains a set of thermal images of a patient undergoing
evaluation. In one embodiment, the thermal images in file 600
are displayed in an area 624 as depicted in thermal images
624a and 6245. The user can select a particular patient file
(highlighted number 132) 628 by clicking on fields 604
through 622. Clicking on fields 606, 608, 610, 612, 614, 616,
618, 620, and 622 highlights a database item number 604 as
depicted in a selected item number 628, and selects a field as
depicted in a selected field 630.

[0209] Clicking on database item number 604 selects the
entire line, as depicted in an entire patient line selection 720
(shown in FIG. 24). Clicking on a field does not otherwise
perform any action because database 648 is read-only. When
file 600 is selected, patient serial number 606 is displayed in
the lower left hand corner of the screen 626 and thermal
images in area 624 are updated to correspond to data that is
storedin file 600. With or without selecting file 600, auser can
create another patient file by left-clicking a new patient file
button 632, which opens a patient file creation GUI as
depicted in one embodiment of a new patient file creation
GUI 660 (shown in FIG. 23). In addition, with or without
selecting file 600, a user can left-click an update patient file
button 640 which updates database 648 with any changes that
were made. Moreover, with or without selecting a file 600, a
user can left-click an exit button 642 which exits main patient
database GUI 602. After selecting file 600, a user can left-
click a patient file search button 634, a patient report button
636, or an IR image taking button 638. Without first selecting
file 600, buttons 634 through 638 are inoperable.

[0210] Once file 600 is selected, a user can left-click button
634 to edit file 600, which opens a patient file GUI that is
editable as depicted in one embodiment of a patient file GUI
750 (shown in FIG. 25). In addition, once file 600 is selected,
a user can right-click on GUI 602, which opens a menu as
depicted in one embodiment of a new patient file sub-menu
722 (shown in FIG. 24). Furthermore, once file 600 is
selected. a user can left-click the patient report button 636 to
view a preview of a patient report, which opens a patient
report preview GUI as depicted in one embodiment of a
thermal image analysis GUI 890 (shown in FIG. 28). More-
over, once file 600 is selected, a user can also left-click the IR
image capture button 638 to add thermal images to file 600,
which displays a thermal image capture GUI as depicted in
FIG. 26. In one embodiment, when any of GUI buttons 632,
634, 636, and 638 are left-clicked the resulting displayed GUI
is overlaid upon GUI 602.

[0211] FIG. 23 illustrates one embodiment of a new patient
file creation GUI 660. GUI 660 creates new file 600 and stores
the information in database 648. GUI 660 appears when
button 632 is selected, regardless of whether file 600 is
selected. GUI 660 appears overlaid upon GUI 602 (shown in
FIG. 22). GUI 660 contains both a basic information area 662
and an additional information area 680. All information for
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both areas 662 and 680 is manually entered by the user. Area
662 contains a patient serial number field 664, a name field
666, a date of birth field 668, a male radio button 670, a female
radio button 672, a marital status checkbox 674, a nationality
field 676 and an age field 678. Clicking serial number field
664 allows a user to enter the serial number of the patient. In
addition, clicking name field 666 allows a user to enter the
name of the patient. Moreover, clicking a date of birth field
668 allows a user to enter the date of birth of the patient. [none
embodiment of the date of birth field, the date of birth is
entered as the year followed by the month and then the day.
The user can select either a male or female gender by select-
ing either field 670 or field 672.

[0212] To indicate whether a patient is married, a user can
left-click a marital status checkbox 674. Clicking checkbox
674 indicates that the patient is married. Furthermore, left-
clicking nationality field 676 displays a drop down menu with
a list of preset nationalities. Left-clicking one of the nation-
alities in the list enters the selection into field 676. Clicking
age field 678 allows a user to enter the age of the patient.
Moreover, left-clicking on the arrows in field 678 either
increases or decreases the number in field 678 by 1. Addi-
tional information area 680 contains an additional informa-
tion checkbox 682, an occupation field 684, a location field
686, a patient symptoms field 688, and a patient medical
history field 690. To enter additional information beyond the
basic information, a user selects checkbox 682 by left-click-
ing it whereby field 684 displays a preset list of occupations.
Left-clicking one of the occupations in the list enters the
selection into field 684. Additionally, left-clicking field 686
displays a preset list of locations. Left-clicking one of the
locations in the list enters the selection into field 686. Addi-
tionally, selecting field 688 allows the user to enter informa-
tion about the patient’s symptoms. Moreover, selecting
patient field 690 allows the user to enter relevant medical
history information. A clear button 692 allows the user to
clear all entries. Once the user is finished entering patient
information, the user left-clicks a confirm button 694, which
confirms the data, closes GUI 660, and saves the entered
information into file 600 in database 648. The user then
returns to GUI 602 (shown in FIG. 22).

[0213] FIG. 24 illustrates an embodiment of a new patient
file sub-menu 722 overlaid on GUI 602 (shown in FIG. 22).
Sub-menu 722 allows a user to select from several operations
to be performed on a list of file 600 or a single file 600.
Sub-menu 722 appears when a user right-clicks any file 600.
Sub-menu 722 contains a patient file sort option 724, a delete
file option 726, and an edit file option 728. When a user
left-clicks option 724, the list of file 600 is sorted according to
patients’ serial numbers. In one embodiment, files 600 are
sorted in ascending order. When a user left-clicks option 726,
the information within selected field 630, within the file 600,
is deleted. When a user left-clicks option 728, GUI 750
(shown in FIG. 25) is displayed.

[0214] Another embodiment of sub-menu 722 contains
additional options depicted by a view all option 730 and a
close all option 732. When selected, option 730 displays all
records for the patient at once. When selected, option 732
closes all records opened by option 730.

[0215] FIG. 25 illustrates one embodiment of GUI 750.
GUI 750 allows a user to edit file 600. GUI 750 is another
embodiment of GUI 660 (shown in FIG. 23), with certain
limitations. Fields 662 through 690 in GUI 750 are similar to
those of GUI 660, with the exception of patient serial number
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field 664. In order to prevent inadvertent deletion of a patient
file, patient serial number 664 in GUI 750 is read-only, and
therefore cannot be changed from the originally assigned
number.

[0216] FIG. 26 illustrates an embodiment of an IR thermal
image capture GUI 778. GUI 778 allows the user to capture
thermal images of a patient. GUI 778 is connected to an IR
camera. The IR camera transmits a thermal image 780 to GUI
778. The IR camera can be operated remotely by camera
movement buttons 782. Buttons 782 operate the camera in the
up, down, left, and right directions when the corresponding
arrow is left-clicked. The IR camera moves along a plane,
remaining parallel to the patient. The user utilizes camera
focus buttons 8002 and 8005 to focus the IR camera. A ther-
mal image color scheme area 784 is composed of a Celsius
temperature scale 814 and a thermal color scale 816. The
colors in scale 816 correspond to the temperature values in
Celsius temperature scale 814. In one embodiment, scale 816
is composed of the color black representing the lowest tem-
perature on scale 814, changing to the color white at the
highest temperature on scale 8§14. In one embodiment, two
methods of changing thermal image color scheme 784, manu-
ally and automatically, are utilized.

[0217] One embodiment of a method for manually chang-
ing the color scheme for thermal image 780 is depicted by a
temperature setting arrow 786. Scale 814 can be modified by
a sliding arrow 786 up and down a Celsius temperature scale
818. The upper and lower limits relative to arrow 786 are
displayed by a temperature limit bar 788. Bar 788 displays the
range of temperatures, relative to arrow 786, which appear in
area 784. Bar 788 can be modified by changing the valueina
temperature range field 794. Clicking on a field 794 allows a
user to enter information into the field. Additionally, clicking
on the buttons in field 794 correspondingly increases or
decreases the displayed range value in field 794. A user can
also modify the rate at which the colors change in scale 816 by
changing the value in a thermal color rate change field 796.
Left-clicking on field 796 displays a drop-down list of preset
rate change values. Left-clicking on one of the preset rate
change values changes the rate of change of colors in scale
816. Thermal image color scheme 784 can be changed by
clicking a color preset field 790. Field 790 contains a set of
256 colors for use in thermal image 780. A different preset is
selected according to the thermal imaging standards of vari-
ous countries.

[0218] Another embodiment of a thermal image color
scheme utilizes computer generated algorithms to automati-
cally determine the proper temperature color settings. Manu-
ally adjusting color temperature scheme 784 is a cumbersome
and inexact process. To determine the color scheme automati-
cally, a user activates the automatic color selection feature by
left-clicking an automatic temperature measurement check-
box 798. By left-clicking checkbox 798, arrow 786, field 794,
and field 796 are disabled. The user cannot edit or input
information using these fields or arrows.

[0219] Clicking a thermal image negative checkbox 792
causes a negative of a camera image to appear in GUI 778
instead of thermal image 780. Clicking checkbox 792 again
returns the camera image to the image’s non-negative state.
To begin the thermal imaging process, the user clicks an
image capturing button 802. Once button 802 is pressed, an
IR camera captures a series of thermal images, which are
viewable as smaller preview thermal images 804 in a thermal
image preview area 806. A user clicks image advancement
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button 810 to change thermal image 780 to the next captured
thermal image. Once a user decides to pick a particular image,
the user can left-click a save button 834. When button 834 is
left-clicked, GUI 778 closes and a thermal image preview/
save GUI 860 opens.

[0220] In one embodiment of an automatic method of cap-
turing IR thermal images, depicted by GUI 778, the patient’s
eyes, nose, and mouth must be within a camera alignment
rectangle 808. GUI 778 automatically creates a thermal zone
based on the position of the patient’s eyes, nose, and mouth in
rectangle 808. The infrared image is processed into math-
ematical data such that the image can be compared against a
standard template and mapped into zones. To accomplish this,
the thermal image is vectorized. Once the image is vectorized,
an algorithm determines the location of characteristic refer-
ence points. These characteristic reference points are based
on the position of the eyes, nose, and mouth of the patient that
are within rectangle 808. Once the characteristic reference
points are found, GUI 602 (shown in FIG. 22) retrieves a
standard zoning template corresponding to the position code
of the infrared image. GUI 602 scales the standard template
zones to match the infrared image using the characteristic
reference points. Once the standard template zones are
matched, GUI 602 divides the infrared image into mapped
zones. Such mapped zones represent key interest areas for
which thermal data may be interpreted and analyzed.

[0221] In an embodiment of a manual method of capturing
IR thermal images, depicted by GUI 778, patient position
icons 838a, 838h, and 838¢ are used instead of an automatic
zoning system. When icon 838a is clicked, thermal image 780
is stored in file 600 under icon 838a. When icon 8385 is
clicked, thermal image 780 is stored in file 600 under icon
838h. When icon 838c¢ is clicked, thermal image 780 is stored
in file 600 under icon 838c.

[0222] Theuser can exit GUI 778 by clicking an exit button
836 or a stop button 840. Clicking button 836 closes GUI 778
and opens GUI 860. Before GUI 860 is opened, thermal
image 780 is vectorized and the background image is
removed. Removing the background enables GUI 890 to
analyze thermal image 780. Stop button 840 performs simi-
larly to exit button 836. A circle button 812 enables the user to
change the contrast of the picture. A play button 840 captures
thermal image 780. The patient’s serial number 828 is dis-
played in the lower left hand corner of GUI 778. The position
of thermal image 780 in relation to the total set of thermal
images for the patient is displayed as a thermal image position
number 830. A lower and upper temperature limit 832 is
displayed in the lower right hand corner of GUT 778.

[0223] FIG. 27 illustrates an embodiment of GUI 860. GUI
860 displays a vectorized thermal image 862, a thermal image
save prompt 866, and a save button 864.

[0224] In one embodiment, image 862 can be saved by
utilizing prompt 866 to a selected folder 868 within a storage
device. Left-clicking button 864 displays prompt 866. Image
862 canbesavedasa.jpg, .bmp, or .tds file using file type field
870 with a user-defined file name 872. A user can left-click
button 874 to save image 862 that uses file type 870 and
user-defined file name 872. A user can left-click a cancel
button 876 to abort the save procedure. GUI 860 also contains
a thermal image negative checkbox 880, which performs
similarly to checkbox 792 (shown in FIG. 26). Furthermore,
GUI 860 contains a thermal image enhancement checkbox
882. Left-clicking checkbox 882 enhances the resolution of
image 862 by smoothing out any rough edges. Left-clicking
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checkbox 882 again undoes the process. Left-clicking a close
button 878 closes GUI 860 and then opens GUI 602 (shown in
FIG. 22).

[0225] FIG. 28 illustrates an embodiment of GUI 890. GUI
890 includes an abnormality analysis area 902, a TMT analy-
sis area 926, and a patient notes area 928. TMT analysis area
926 contains a forehead region condition field 892, an eye
region condition 894, a nose region condition 896, a mouth
region condition 898, and a thorax region condition 900. Each
of the fields 892 through 900 contains either a (+) or a (=)
indicating whether a person’s temperature in the region is
abnormal or not. In one embodiment, a (-) indicates a normal
condition, while a (+) indicates an abnormal condition. Based
on the values indicated in fields 892 through 900, health
evaluation system 40 performs an analysis and identifies if the
patient has an abnormal upper respiratory condition, and if so,
what is the specific condition of the patient. The system
generates and displays the output in area 902. Area 928 con-
tains the average temperature of the patient’s upper respira-
tory system 904, condition of a location of the patient 906,
whole body condition of the patient 908, physical appearance
of the patient’s body 910, and an epidemiology report 912.
Average temperature 904 is the average temperature of the
patient based on the thermal images in file 600. Information in
fields 906 through 912 is entered by a user. Condition of a
location of the patient 906 describes whether a particular
region of the patient’s body has abnormalities based on ther-
mal analysis. Whole body condition of the patient 908
describes whether the patient’s body as a whole has abnor-
malities based on thermal analysis. Physical appearance of
the patient’s body 910 describes any physical symptoms the
patient exhibits (for example, rashes, lesions, bloating, or
being overweight). Epidemiology report 912 describes where
the patient has been, who has come into contact with the
patient, and other medical history of the patient. When a user
is finished entering information, the user can click a save
button 914. Clicking button 914 saves the information dis-
played into file 600. For a user to enter comments into fields
906 through 912, the user must click a comments button 916.
Clicking button 916 opens up a new interface where com-
ments can be entered into the fields for 906 through 912.
Whenthe new interface is closed, the comments are saved and
displayed in fields 906 through 912. The information entered
is later displayed in a patient report comments field 956
(shown in FIG. 29). Clicking a visual report tab 920 displays
a patient report preview GUI 950 (shown in FIG. 29). Click-
ing a close button 930 closes GUI 890 and opens GUI 602
(shown in FIG. 22).

[0226] Oneembodiment of a thermal analysis chart 922a is
displayed in GUI 890. Chart 9224 plots the patient’s tempera-
ture in Celsius 9225 against the metabolic energy output of
the patient 922¢ for each body region reported in TMT analy-
sis area 926.

[0227] FIG. 29 illustrates an embodiment of GUI 950. GUI
950 is automatically displayed in the event that GUI 890
(shown in FIG. 28) is closed. GUI 950 allows a user to
preview a patient report 952 before printing. One embodi-
ment of thermal images for patient report 952, which are
retrieved from file 600 (shown in FIG. 22), are depicted by
thermal images 954a and 954b. In addition, patient report 952
includes a field 956, which contains information from fields
906 through 912 (shown in FIG. 28). Field 956 also contains
information on any abnormal readings detected by the sys-
tem, in addition to a description of each body region analyzed
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and abnormalities, if any, in each body region. Field 956 also
displays a number of plus symbols denoting the number of
regions that have abnormalities detected. Furthermore,
patient report 952 contains a patient serial number field 958,
a patient name field 960, a gender field 962, an age field 964,
and an occupation field 966. Fields 958 through 966 display
the information stored in respective fields 606, 608, 610, 612,
and 620 (shown in FIG. 22) stored in file 600. For example,
patient name field 960 displays field 608 (shown in FIG. 22)
stored in file 600. Patient report 952 contains medical refer-
ence pictures that a user can compare to the patient’s thermal
images. A color preset field 972 allows a user to change the
color scheme of thermal images 954a and 9545 similarly to
color preset field 790 (shown in FIG. 26). A thermal image
negative button 974 allows a user to view the negative of
thermal images 954a and 9545 similarly to thermal image
negative button 792 (shown in FIG. 26). A user can left-click
a thermal image enhancement checkbox 976 to smooth out
the rough edges of thermal images 954a and 9545. Checkbox
976 is similar to thermal image enhancement checkbox 882
(shown in FIG. 27). Left-clicking an image background
removal checkbox 978 removes any background thermal
readings from thermal images 954a and 9545. Left-clicking a
thermal color editing checkbox 980 enables a user to change
the color scheme of thermal images 954a and 954b. Left-
clicking checkbox 980 again disables the ability to change the
color scheme of thermal images 954a and 9545. While check-
box 980 is checked, a user can use a temperature setting arrow
and temperature limit bar in area 980 similarly to the tem-
perature setting arrow 786 (shown in FIG. 26) and the tem-
perature limit bar 788. While checkbox 980 is checked, a user
can also change a temperature range field 984, which per-
forms similarly to the temperature range field 794. While
checkbox 980 is checked, a user can also change the colors of
the thermal image using a thermal color rate change field 986
similarly to thermal color rate change field 796. When the
user is satisfied with the results, the user can left-click a print
button 988, which prints out a hard copy of patient report 952,
depicted as a patient report printout 1000 (shown in FIG. 30).
The user can also left-click a save button 990 which saves the
report to file 600. The user can left-click tab 918 to switch to
GUI 890 (shown in FIG. 28).

[0228] Oneembodiment of standard medical reference pic-
tures is depicted by reference pictures 968a, 9685, and 968¢
for the upper respiratory system. The user can utilize refer-
ence pictures 968a, 9685, and 968¢ to analyze vectorized
thermal images 954a and 954 of a specific patient.

[0229] Inoneembodiment, a user may select a specific part
of a patient’s body being analyzed by utilizing a body region
selection field 970 (shown in FIG. 29). Field 970 allows a user
to view a different report for each region of the body. Left-
clicking field 970 displays a preset list of body regions. Left-
clicking a selection from the preset list changes what is dis-
played in patient report 952 to the corresponding body region.
[0230] FIG. 30 illustrates an embodiment of patient report
printout 1000. Printout 1000 depicts aresulting hard copy that
is the output generated by health evaluation system 40 when
print button 988 (shown in FIG. 29) is pressed by a user. All
fields in printout 1000 correspond to the respectively num-
bered fields in GUI 950 (FIG. 29).

[0231] FIGS. 31 and 32 are examples of a partial sectional
report of thermal images created by health evaluation system
40 (shown in FIG. 3). Health evaluation system 40 is capable
of scanning more than the body’s surface area. It can pinpoint
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and analyze deep heat sources that emanate from the body.
Health evaluation system 40 is capable of identifying and
locating abnormal internal heat sources from tissues and
organs in the body. including the stomach, pancreas, gallblad-
der, liver, lymph nodes, heart, lungs, brain, blood vessels, and
even heat sources under the hair. Health evaluation system 40
is further capable of mapping all the major areas of a body,
including the head, spine, arms, legs, hands, and feet.

[0232] FIG. 31 is an example of a partial sectional report
and a series of thermal mappings of a male. Auto-analysis of
the thermal image notes a suspect area which is in circle 1100.
The auto-analysis of the thermal mapping suggests at least
one of a primary carcinoma of liver; and/or liver cirrhosis
(decompensation period). The thermal mapping indicates an
abnormal distribution of thermal field at the neck and back,
asymmetrical at the two sides, with thermal radiation obvi-
ously higher at the left neck, ear, and back than at the right.
The abnormal distribution suggests high metabolism prob-
lems (e.g. carcinoma) of the hepatic bile. There are pathologi-
cal changes of the lung, pleura, left neck, and retroauricular
lymph node.

[0233] Referring now to F1G. 32, a series of thermal map-
pings of a male. Auto-analysis of the thermal image notes a
suspect area which is circled in circle 1110. The auto-analysis
of the thermal mapping suggests at least one of a primary
carcinoma of liver; and/or liver cirrhosis (decompensation
period). The thermal mapping indicates an abnormal distri-
bution of the thermal field at the surface level ofthe back side
of the patient, asymmetrical at the two sides, and thermal
radiation at right hypochondria obviously higher than at the
left. The report also indicates an increased thermal radiation
at the upper chest, left axilla, and lower left abdomen. There
is indication of a high metabolism problems (e.g. carcinoma)
ofthe hepatic bile. The analysis does not rule out pathological
changes of the lung and pleura, and the left axillary lymph
node. The analysis also does not rule out pathological
changes of the colon and left iliac fossa.

[0234] TheTMT system’s design presents the body’s inter-
nal heat temperature details in digital data and colored images
on a GUL Different colors that appear in the images corre-
spond to different temperatures throughout the body. The
image data produced is three-dimensional (shown in FIGS.
41B, 42B, and 43B), unlike traditional or current thermal
imaging technology which utilizes two-dimensional images.

[0235] In one embodiment, health evaluation system 40
(shown in FIG. 3) receives metabolic thermal radiation status
and functional imaging of cells, tissues, organs and the body
as a whole, and makes qualitative and quantitative analysis
and evaluation of the following: 1) texture imaging; 2) tissue
status imaging with changes of tissue texture; 3) tissue status/
function imaging with changes of tissue texture and func-
tions; 4) function imaging; and 5) function/status imaging
with changes of functions and status.

[0236] Health evaluation system 40 (shown in FIG. 3)
evaluates the thermal intensity of cell, organ, and patient’s
system metabolism. The human body has a natural thermal
balance according to the thermally balanced entity-balance
principle. The human body is an entity symmetrical along the
central axis according to the central axis-symmetry principle.
Thus, basic standards based on the normal positions of body
parts and these principles of relative difference may be used.
Metabolism changes under external intervention and is
dynamic.
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[0237] Health evaluation system 40 (shown in FIG. 3) pro-
vides real-time dynamic prediction, prevention, early warn-
ing, and clinical treatment monitoring. Health evaluation sys-
tem 40 is safe, reliable, efficient, easy to operate, cost-
effective, and capable of detecting most abnormalities.
Health evaluation system 40 utilizes digital medical imaging
technology featuring compact memory and large information
volume. Health evaluation system is capable of evaluating a
human respiratory system abnormalities, otorhinolaryn-
gological abnormalities, cardiovascular system abnormali-
ties, reproductive system abnormalities, respiratory system
abnormalities, digestive system abnormalities, urinary sys-
tem abnormalities, endocrine system abnormalities, and lym-
phatic system abnormalities.

[0238] FIG. 44 is an embodiment of a flow diagram for a
fitness evaluation process 1500 that is implemented utilizing
health evaluation system 40 (shown in FIG. 3). Fitness evalu-
ation process 1500 has the ability to make determinations as
to the anatomy of the human body. Process 1500 is used to
analyze the effectiveness of various fitness processes, includ-
ing fitness training (shown in FIG. 47A), muscle metabolism,
body fat content (shown in FIG. 48A), human microcircula-
tion system and/or human vascular system (shown in FIG.
49A), muscle endurance, muscle regeneration, and mental
stress. As is seen from the description below, process 1500
may be utilized in the area of sports medicine, physical train-
ing, physical therapy, etc.

[0239] FIG. 44 illustrates that process 1500 begins once
block 1502 is selected. Block 1502 is followed by one of the
following processes: a Qi (flow) evaluation process at block
1504, a thermal muscle metabolism evaluation process at
block 1506, a fat mapping process at block 1508, a thermal
microcirculation metabolism evaluation process at block
1510, an anatomical structures and systems evaluation pro-
cess at block 1512, a muscle endurance evaluation process at
block 1514, or a psychological evaluation process at block
1516. As can be appreciated, fitness evaluation process 1500
may perform some or all of the above processes.

[0240] Anatomical structures and systems evaluation pro-
cess at block 1512 is selectively followed by one of block
1520 for the digestive system, block 1522 for the nervous
system, or block 1524 for the lymphatic system. Block 1512
for anatomical structures and systems evaluation process may
be followed by other blocks in addition to blocks 1520, 1522,
and 1524. Block 1514 for muscle endurance is also followed
by block 2000 as shown in FIG. 52A.

[0241] FIG. 45A illustrates a flowchart for the Qi evalua-
tion process at block 1504. The process requires a thermal
image to be captured at block 1550. Once the image is cap-
tured, temperature variations are determined according to the
flow of Qi in meridians. Block 1552 is followed by block
1554 where the temperature variations are auto-analyzed
(such as at block 20 shown in FIG. 2) according to Chinese
medicine criteria. Block 1554 is followed by block 1556
where the results of the analysis are generated (such as at
block 22 shown in FIG. 2). By way of example, the results
may be displayed on a monitor or printed in the form of a
report.

[0242] FIG. 45B illustrates a human Qi channel diagram
template 1570 for use in traditional Chinese medicinal evalu-
ation. Template 1570 is generally used for the zone template.
The human Qi channel diagram template 1570 comprises a
series of paths “Jingluo” (represented by template lines 1572)
in the human body used in Chinese Medicine. Lines 1572,
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which are called the meridians, represent the flow of blood
and “Qi” (pronounced “Chi”) within the human body. Qiis a
body’s vital energy that flows through the meridians. How-
ever, one embodiment of a thermal imaging system is used to
record thermal images that correspond to the flow of Qi in
meridians that can be used in traditional Chinese medicine
analysis. When an abnormality in an otherwise healthy body
blocks the flow of Qi, such blockage causes an area of the
body to become very hot or very cold, which can be measured
and reported by health evaluation system 40 (shown in FIG.
3).

[0243] FIG. 45C illustrates a thermal image 1575 corre-
sponding to the flow of Qi. In this embodiment, for illustrative
purposes, thermal image 1575 is abnormal and is hereinafter
referenced as an “abnormal thermal image 1575.” Abnormal
thermal image 1575 indicates increased temperatures in cer-
tain areas, which indicate abnormalities. Abnormal thermal
image 1575 contains increased temperature in a head 1576,
indicating an abnormality. Moreover, abnormal thermal
image 1575 contains elevated temperatures in right chest area
1577 (left part of the chest in the picture), which likely indi-
cates abnormality of the lungs. The abnormality in head 1576
combined with the abnormality in right chest area 1577,
denoted by abnormal thermal image, signifies that the patient
is suffering from an upper respiratory condition. The findings
also suggest an abnormality in a pelvic area 1578 denoted by
abnormal thermal image in that area indicating an elevated
temperature. However, this may not be because of an abnor-
mality; it may be because the subject is either wearing under-
pants, or has just recently removed them.

[0244] FIGS. 46A and 46B each illustrate an embodiment
of front and back anatomy reference images 1590 and 1595,
respectively. The front anatomy reference image 1590 is an
embodiment of one position in which patient stands. The
patient in the front anatomy reference image 1590 is required
to stand in front of and facing a thermal camera with his orher
arms at the side. Similarly, the patient in the back anatomy
reference image 1595 is required to have his or her back
towards the camera, with arms at the side. The front anatomy
reference image 1590 and back anatomy reference image
1595 are used as a reference to demonstrate how a healthy
muscular system should be symmetric. The images also dem-
onstrate how muscular structures are coordinated.

[0245] FIG. 47A illustrates a flowchart of the thermal
muscle metabolism evaluation process at block 1506. The
process of FIG. 47A is described in combination with FIGS.
47B and 47C. FIGS. 47B and 47C illustrate a front anatomy
image 1690 and a back anatomy image 1695 similar to refer-
ence images 1590 and 1595. The thermal muscle metabolism
evaluation process identifies user selected muscles and com-
pares their growth in order to determine whether or not a
training regimen is effective, and/or what needs to be
changed, if necessary.

[0246] In one embodiment of the thermal muscle metabo-
lism evaluation process, the patient is first required to stand
nude, and still in front of the camera (or thermal imaging
device) for approximately fifteen minutes. Then at the end of
the fifteen minute-period, a thermal image is taken (the “pas-
sive image”) at block 1600. At this time the muscles are not
stimulated. Block 1600 is followed by block 1602 (shown in
phantom) to stimulate a selected muscle area. The stimulation
may be achieved by performing exercise that stimulates the
selected muscle area. Other types of muscle stimulation may
be used such as applying electrical or other stimuli. Block
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1602 is followed by block 1604 where a second subsequent
thermal image of the stimulated muscle area is taken (the
“active thermal image™).

[0247] By way of example, a patient may be directed to do
crunches or sit-ups for the abdominal area, or push-ups for
pectoral areas 1692A and 1692B (shown in FIG. 47B). The
patient may be directed to perform exercise that stimulates the
chest area when comparing the muscle areas 1692A and
1692B (shown in FIG. 47B). The patient may also be directed
to perform exercises that stimulate the gluteus area when
comparing muscle areas 1697A and 1697B (shown in FIG.
47C). After such stimulation, the active thermal image of the
stimulated or exercised muscle area is captured at block 1604.

[0248] Referring back to FIG. 47A, block 1604 is followed
by block 1606 where temperature variations (AT) between the
passive and active thermal images in the muscle areas (1692A
and 1692B or 1697A and 1697B) are compared. Block 1606
is followed by block 1608 where a determination is made
whether the muscle area is symmetric. If the determination at
block 1608 is “Yes,” block 1608 is followed by block 1610. If
the determination is “No,” block 1608 is followed by block
1612. Block 1608 is optional if only symmetrical muscles
areas are evaluated. Nevertheless, block 1608 allows each
muscle to be evaluated independently, if desired by the user.

[0249] At block 1610, the temperature variations (AT) of
the symmetric sides of the muscle area are compared. Block
1610 is followed by block 1612 where the effectiveness of the
stimulation or training (exercise) of the muscle area is auto-
analyzed. The results of the analysis are generated at block
1614. Thus, muscle area 1692A is compared to 1692B.
Muscles are composed of cells. When cells are active, they
consume energy and generate heat. A stronger muscle area
has more muscle cells, while a weaker muscle area has fewer
muscle cells. Therefore, a weaker muscle area generates less
heat than a stronger muscle area. The difference in heat, and
therefore temperature, can be calculated as the temperature
variation AT (Block 1606). The temperature variation AT is
the absolute value of the difference of the temperatures of the
muscle areas being compared. The AT is calculated compar-
ing the right pectoral box (muscle area 1692A) in the passive
image against the right pectoral box (muscle area 1692A) in
the active image. Similarly, the temperature variation AT is
calculated comparing the left pectoral box (muscle area
1692B) in the passive image against the left pectoral box
(muscle area 1692B) in the active image. The process (shown
in FIG. 47A) then computes the absolute value of the differ-
ence between the temperature variation AT of right pectoral
box (muscle area 1692A) and the temperature variation AT of
the left pectoral box (muscle area 1692B).

[0250] Since the human body is symmetric, the muscle
areas should generate the same amount of heat, and the tem-
perature variation AT of the muscle areas should be zero. If
the result is greater than zero, the muscle masses are not
symmetric and an abnormality exists. The process (shown in
FIG. 47A) then compares the right pectoral box to the left
pectoral box in the active image. The muscle area with the
lower temperature indicates a weaker muscle mass. A physi-
cal trainer or physical therapist may interpret the results to
find that the smaller muscle area needs more exercise to
develop the area more quickly, and can adjust the fitness
training or physical therapy regimen accordingly.

[0251] The above process may be performed on other
muscle areas including symmetrical muscle areas.
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[0252] FIG. 48A illustrates a flowchart for the fat mapping
evaluation process at block 1508. The process of FIG. 48A is
described in combination with FIGS. 48B and 48C. FIGS.
48B and 48C illustrate a front anatomy image 1790 and a back
anatomy image 1795 similar to images 1590 and 1595 (shown
in FIGS. 46 A and 46B). The fat mapping evaluation process
determines and compares the fat content of certain areas. Fat
is located closer than nmuscle to the skin surface of a person’s
body. Fat also has more heat resistance than muscle, and tends
to absorb more heat than muscle. Therefore, an area that
outputs less heat than the corresponding symmetric area has
more fatand less muscle. The fat mapping evaluation process
at block 1508 (shown in FIG. 44) analyzes front anatomy
image 1790 and back anatomy image 1795 by utilizing a
depth analysis algorithm to identify heat at a shallower depth.
[0253] Block 1508 (shown in FIG. 44) is followed by block
1700 (shown in FIG. 48 A) wherein a passive thermal image is
captured. Block 1700 is followed by block 1702 (shown in
phantom) to stimulate a selected anatomical area which may
contain muscle and fat. The stimulation may be achieved by
performing exercise that stimulates the selected anatomical
area. Other types of stimulation may also be used such as
applying electrical or other stimuli to stimulate the anatomi-
cal area (1792A and 1792B or 1797A and 1797B). Block
1702 is followed by block 1704 where a second subsequent
thermal image of the stimulated anatomical area is captured
(hereinafter referred to as the “active thermal image”).
[0254] Block 1704 is followed by block 1706 where tem-
perature variations (AT) between the passive and active ther-
malimages in the anatomical areas (1792A and 1792B shown
in FI1G. 48B, or 1797A and 17978 shown in FIG. 48C) are
determined. The temperature variations (AT) are determined
utilizing a three-dimensional thermal image depth analysis
described above.

[0255] Block 1706 is followed by block 1708 where a
determination is made whether the anatomical area is sym-
metric. If the determination at block 1708 is “Yes,” block
1708 is followed by block 1710. If the determination is “No,”
block 1708 is followed by block 1712. Block 1708 is optional
if only symmetrical anatomical areas are evaluated. Never-
theless, block 1708 does permit one area to be evaluated
independently, away from any other area.

[0256] At block 1710, the temperature variations (AT) of
the symmetric sides of the anatomical area are compared.
Block 1710 is followed by block 1712 where the temperatures
variations are auto-analyzed (such as in block 20 as shown in
FIG. 2) for fat content and mapping in the anatomical area at
block 1712. Block 1712 is followed by block 1714 where the
results of the analysis are generated (such as in block 22 as
shown in FIG. 2).

[0257] FIG. 49A illustrates a flowchart for the thermal
microcirculation metabolism evaluation process at block
1510 (shown in FIG. 44). The process of FIG. 49A is
described in combination with FIGS. 49B and 49C. FIGS.
49B and 49C illustrate a human arterial system image 1890
and a human venous system image 1895 with the microcir-
culation areas denoted by blocks 1892A, 1892B, 1893, 1894,
and 1897A, 18978, 1898, and 1899. The microcirculation
areas, denoted by blocks 1892A and 1892B, correspond to
right and left hands. As a frame of reference, the right hand is
on the left side of the page. Microcirculation areas 1893 of
FIGS. 49B and 1898 of FIG. 49C correspond to the head.
Microcirculation areas 1894 of FIGS. 49B and 1899 of FIG.
49C correspond to the feet.
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[0258] The thermal microcirculation metabolism evalua-
tion process at block 1510 (shown in FIG. 44) determines
whether a patient has an abnormal vascular condition based
upon analysis of the micro-capillary or microcirculation sys-
tem in a patient’s hands and feet (1892A, 1892B, 1897A,
18978, 1894, and 1899). Problems in a person’s vascular
system often appear initially in the micro-capillary or micro-
circulation system of a patient’s hands and feet. When blood
first enters the small capillaries in the hands and feet, the
blood flows at a normal rate. A healthy vascular system has an
even heat distribution throughout the (micro-capillary)
microcirculation system. Additionally, veins and arteries do
not distinguish themselves in the thermal scan unless there is
blockage or infection. Differences in heat distribution are
used to determine the types of problems that a patient is
suffering from.

[0259] For example, in the case of a diabetic condition, the
patient generally has an elevated blood sugar level, which can
cause an infection in the (micro-capillary) microcirculation
system. When the body responds to the infection, the heat in
the infected area rises. Therefore, a higher heat in a particular
point in the micro-capillary system indicates that the point is
inflamed or infected. In another case, blockages in the blood
may be determined. If the blood in the (micro-capillary)
microcirculation system is blocked, the flow of blood is dis-
rupted and the slower flow of blood generates less heat. On
the other hand, the area, in which the blood flow is blocked,
increases in temperature. If the circulation in the head is
normal, normal heat mappings are viewed in the captured
thermal image.

[0260] Returning againto FIG. 49A, block 1510 (shown in
FIG. 44) is followed by block 1800 in FIG. 49A. At block
1800, a thermal image of the microcirculation system is cap-
tured. Block 1800 is followed by block 1806 where the tem-
perature variations are determined for the microcirculation
system. Here, the symmetric sides are compared with each
other. For example, as shown in FIG. 49B, hand 1892A is
compared to hand 1892B. In FIG. 49C, hand 1897A is com-
pared to hand 1897B. InFIG. 49B, box 1894 includes both the
left and right feet. Thus, the right and left feet in area 1894 or
1899 are compared with each other. The right and left sides of
the head/brain in areas 1893 or 1898 are compared. Block
1806 is followed by block 1810 where the temperature varia-
tions (AT) are compared for the symmetric microcirculation
areas. Block 1810 is followed by block 1812 where the results
are auto-analyzed (such as in block 20 as shown in FIG. 2) for
thermal microcirculation metabolism or vascular conditions.
Block 1812 is followed by block 1814 where the results of the
analysis are generated (such as in block 22 in FIG. 2).
[0261] The microcirculation metabolism evaluation pro-
cess calculates and compares the temperature variations AT
similarly to the thermal muscle metabolism evaluation pro-
cess. However, the evaluation usually focuses on the hands,
feet, and head areas. Evaluation of thermal microcirculation
metabolism relies on the natural symmetry of the body to
compare aright hand against a left hand, and aleft foot against
a right foot. When higher or lower points of heat appear in
right hand (1892A) and not in left hand (1892B), the process
described under FIG. 49A detects an abnormality. Similarly,
if there is temperature differentiations in the left foot com-
pared to the right foot, health evaluation system 40 (shown in
FIG. 3) detects and identifies abnormalities.

[0262] FIG. 54A illustrates a physiological reference
image 2290 for use in the psychological evaluation process at
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block 1516 (shown in FIG. 44). Generally, abnormalities in
different sections of the brain result in different psychological
conditions. Stress and certain psychological conditions cause
different parts of the brain to be more active, which, in turn,
increases the metabolic rate of cells in the stressed part of the
brain, which then increases the temperature of the stressed
brain area. The process at block 1516 is essentially the same
as that of the process described under FIG. 49A. The right and
left sides of the brain images in block 2298 are captured and
evaluated. While, in FIG. 49A, the auto-analysis is run for
microcirculation or vascular conditions, whereas in the psy-
chological evaluation process at block 1516, the auto-analy-
sis at block 1812 is for areas of abnormal temperature, which
indicates potential psychological conditions.

[0263] Human beings use different parts of their brain
when contemplating different functions. When a human
being utilizes the brain, the portions of the brain generates
heat beyond the normal heat level of the brain. This heat takes
approximately eight hours to travel through the bone of the
skull, which is easily detectable by thermal imaging. If a
person is experiencing stress, the stress may be attributed to
excessively concentrating on a particular part of the brain. A
thermal image reveals abnormal levels of heat in a particular
area of the brain. The brain areas that are evaluated corre-
spond to one of the areas in a brain diagram template 2295
(shown in FI1G. 54B). The process calculates the temperature
changes (AT) between the left side and right side of the brain.
If there is any AT greater than zero, an abnormality in that
brain area is determined and reported.

[0264] FIG. 50A illustrates a digestive system reference
image 1900. FIG. 50B illustrates a nervous system reference
image 1910. FIG. 50C illustrates a lymphatic system refer-
ence image 1920. The anatomical structures and system
evaluation process of block 1512 (shown in FIG. 44) evalu-
ates the human digestive system at block 1520, the nervous
system at block 1522, and the lymphatic system at block
1524. As can be determined from the description below, other
systems may be evaluated as well.

[0265] FIG. 51A illustrates a flowchart for an anatomical
structure evaluation process for the digestive system. Block
1520 (shown in FIG. 44) is followed by block 1930 where at
least one thermal image is captured for a predetermined ana-
tomical structure, such as the digestive system, according to
digestive system reference image 1900. A different position
(shown in FIG. 50A) is adopted for analysis of the digestive
system. For this analysis, the patient’s body faces the camera,
while the person’s head is turned to one side, as depicted in
digestive system reference image 1900 (shown in FIG. 50A).
Block 1930 is followed by block 1932 where abnormally high
temperatures that correspond to the position of digestive sys-
tem are located in digestive system reference image 1900.
Block 1932 is followed by block 1934 where the results of
block 1932 are auto-analyzed (such as in block 20 in FIG. 2).
Block 1934 is followed by block 1936 where the results of the
auto-analysis are generated. (such as in block 22 in FIG. 2)
[0266] FIG. 51B illustrates a flowchart for an anatomical
structure evaluation process for the nervous system. Block
1522 (shown in FIG. 44) is followed by block 1940, where a
surface thermal image of the patient’s nervous system is
captured. A normally functioning nervous system does not
display any temperature discrepancies. However, a damaged
nerve is inflamed, and therefore generates more heat, and
appears as a hot point in the thermal scan. Block 1940 is
followed by block 1942 where a pixel and its corresponding
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temperature in the image are obtained. Block 1942 is fol-
lowed by block 1944 where an average temperature of a
region associated with the pixel is determined. Block 1944 is
followed by block 1946 where the temperature variation AT
between each pixel in the thermal image and a particular
region of the body associated with the pixel is determined. If
the temperature variation AT is greater than zero, as deter-
mined at block 1948, then the area associated with the pixel is
auto-analyzed (such as in block 20 as shown in FIG. 2) for
abnormalities and the results are generated (such as in block
22 as shown in FIG. 2). Block 1950 is followed by block 1952
where a determination is made whether the pixel analyzed is
the last pixel. If the determination is “Yes,” the process ends.
However if the determination is “No”, then block 1952 is
followed by block 1954. At block 1954, the next pixel is
obtained and the process loops back to block 1942. The pro-
cess is complete when all pixels are evaluated based on netr-
vous system reference image 1910 (shown in FIG. 50B).
Returning again to block 1948, if the temperature variation
AT is not greater than zero, as determined at block 1948 (i.e.
determination is “No”), then block 1948 is followed by block
1952 and so on.

[0267] FIG. 51C illustrates a flowchart for an anatomical
structure evaluation process for the lymphatic system. Block
1524 (shown in FIG. 44) is followed by block 1960, where a
thermal image of patient’s lymphatic system is captured. The
lymphatic system is composed of certain points called lymph
nodes connected by lymph vessels, lymph capillaries, and
lymph ducts. Infected or inflamed lymph nodes generate
higher temperature, and are indications of problems in the
lymphatic system. Block 1960 is followed by block 1962,
where the lymphatic system, according to a lymphatic system
reference image 1920 (shown in FIG. 50C), first identifies the
temperature points at which lymph nodes exist. Block 1962 is
followed by block 1964 where a determination is made
whether a lymph node has a high temperature. If the determi-
nation at block 1964 is “No,” then block 1964 is followed by
block 1966 where a determination is made whether the last
node is reached. If the determination at block 1966 is “Yes,”
the process ends. If the determination at block 1966 is “No,”
then block 1966 is followed by block 1967 where the next
lymph node is obtained. Block 1967 returns to block 1962
until all lymph nodes are analyzed.

[0268] At block 1964, if the determination is “Yes,” then a
pixel and its corresponding temperature are obtained at block
1968. Block 1968 is followed by block 1970 where the tem-
perature variation (AT) between the pixel(s) in the thermal
image and temperatures of the paths according to the lym-
phatic system reference image 1920 are calculated and com-
pared. Block 1970 is followed by block 1972. At block 1972,
a determination is made whether temperature variation AT is
greater than zero. [f the determination is “No,” block 1972 is
followed by block 1976 where a determination is made
whether the last pixel is reached. If the determination at block
1976 is “Yes,” the process ends. However, if the determina-
tion at block 1976 is “No,” block 1976 loops back to block
1968 to get the next pixel in the image. Returning again to
block 1972, if the determination regarding the temperature
variation AT is “Yes”, then block 1972 is followed by block
1974. Block 1974 auto-analyzes and generates results. For
example, an alert for an abnormality is generated, if neces-
sary.

[0269] FIG. 52A illustrates a flowchart for a muscle endur-
ance evaluation process at block 1514 (shown in FIG. 44).
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The muscle endurance evaluation process is described in
combination with FIG. 52B. FIG. 52B illustrates a front
anatomy reference image 2090. Block 1514 is followed by
block 2000 where a passive thermal image is captured of the
patient according to front anatomy reference image 2090.
However, a back image may also be used alone or in combi-
nation with the front anatomy reference image 2090.

[0270] Block 2000 is followed by blocks 2002 and 2004
shown in parallel. At block 2002, the muscle area under
evaluation, such as shown in boxes 2092A and 2092B, is
stimulated. At block 2004, active thermal images are captured
of the stimulated muscle area. Evaluation of the muscle
endurance determines the endurance and fitness of different
types of muscle areas. There are two types of muscles in the
human body. Type I muscle is a slow oxidative, slow twitch,
or red muscle. Type I muscle carries more oxygen and is used
for sustained aerobic activities, such as long-distance run-
ning. Type Il muscle is a fast twitch muscle, which generally
contracts and expands more rapidly than Type I muscle, and is
used for rapid anaerobic activities, such as sprinting. Evalu-
ation of muscle endurance is used to gauge muscle growth in
a patient, which gives a trainer or physical therapist an over-
view of the effectiveness of the training program or therapy.
[0271] In one embodiment, at block 2002, the patient is
instructed to exercise for fifteen minutes. While the patient is
performing exercise or the muscle area is stimulated through
other means, thermal images of the patient are captured every
few minutes (“activeimages™) at block 2004. A separate set of
images must be taken for each session. Blocks 2002 and 2004
are followed by block 2006 where the temperature variations
(AT) between the passive and active images are determined.
The system compares the temperature of each muscle area of
the active images against each muscle area of the passive
images to calculate the AT.

[0272] While the patient exercises or the patient’s muscle
area is stimulated by other means, the temperature variation
(AT) from the muscles at rest increases until temperature
variation (AT) reaches a constant value. The constant value
once reached is maintained until the patient stops exercising.
Block 2006 is followed by block 2008 where a determination
1s made whether the final AT is reached. If the determination
is “No,” block 2008 loops back to blocks 2002 and 2004 so
that the exercise or stimulation continues, and active images
continue to be captured. If the final AT is reached and the
determination at block 2008 is “Yes,” then block 2008 is
followed by block 2010. At block 2010, the rate of change of
the temperature variation (AT) is determined.

[0273] The temperature variation (AT) combined with the
final AT maintained determines whether the muscle areas ofa
patient are composed of more Type I or Type Il muscles. The
rate of change in the temperature variation (AT) of the
muscles demonstrates whether the muscles are burning
energy quickly or slowly. A high rate of change in the tem-
perature variation (AT) of a patient, coupled with a higher
final AT indicates that the muscles developed are more suited
for quick activities that need to rapidly burn energy, which in
turn, indicates a greater growth in Type I muscle. A slow rate
of change in the temperature variation (AT), coupled with a
lower final AT, indicates that the muscles developed are more
suited for prolonged activities which use energy slowly and
evenly, which in turn, indicates a greater growth of Type I
muscle.

[0274] Block 2010 is followed by block 2012 where a
determination is made whether the temperature variation
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(AT) combined with the final AT maintained are both high. If
the determination at block 2012 is “Yes,” block 2012 is fol-
lowed by block 2014 where the muscle area is indicated as a
Type 11 muscle. However, if the determination at block 2012
is “No,” then the muscle area is indicated as a Type I muscle
at block 2016.

[0275] In one embodiment, the evaluation of the muscle
endurance is repeated for several months, during which the
trainer or physical therapist can evaluate whether the status of
muscle growth against its intended purpose.

[0276] InFIG.52B, only one set of symmetrical muscles is
shown. However, other muscle areas are also evaluated. In
FIG. 52B, the muscles in box 2092A include at least one of
the pectoral muscle areas, and the biceps brachii located on
the right upper arm. The muscles in box 2092B also include at
least one of the pectoral muscle areas, and the biceps brachii
located on the left upper arm. The gluteus area in FIG. 47C
can also be evaluated as well as with other muscle areas.
[0277] The evaluation of muscle endurance can also be
used to determine whether a patient’s muscles are damaged.
This evaluation, in turn, is useful for trainers or physical
therapist to determine whether their regimen is overly
intense. The process for evaluating damaged muscles is simi-
lar to the process described in FIG. 47A. However, in one
embodiment, the active thermal image is taken approximately
12 hours after stimulation. Normally, after a person exercises
orthe person’s muscles are stimulated, it takes approximately
12 hours for the muscles to return to their “at rest” tempera-
ture without any additional relaxants or therapies, such as hot
showers and saunas. As can be appreciated, the amount of
time necessary to return to “at rest” temperature may vary
from individual to individual.

[0278] Inoneembodiment to evaluate damaged muscles, a
passive thermal image of the patient “at rest” is first captured.
Then, the muscle is stimulated through exercise or other
means of stimulation for a predetermined time such as one
hour. The patient returns the following day, approximately 12
hours later. An active image is captured of the patient after the
patient is undressed. This active thermal image is then com-
pared to the original passive image taken the previous day. By
way of example, FIG. 53 illustrates a front anatomy reference
image 2190 for muscle damage evaluation. In FIG. 53, the
pectoral muscle area in boxes 2192A and 2192B are selected
for evaluation.

[0279] Based on the evaluation utilizing the process
depicted in FIG. 47 A, a higher temperature for a muscle area
in the more recent image (active image) indicates that the heat
in the muscle area is dissipating more slowly than normal. If
heat dissipates more slowly, or has not changed back to nor-
mal, it indicates that the muscle is likely damaged.

[0280] As can be readily seen from the above, health evalu-
ation system 40 (shown in FIG. 3) utilizes TMT mapping
technology capable of providing warnings and locating
degenerative diseases. Health evaluation system 40 also pro-
vides an on-going monitoring of one’s physical health. A core
aspect of health evaluation system 40 is that it scans and
analyzes below-the-surface areas of the head and body. A
patient’s fat, muscle distribution, and other functions are also
analyzed utilizing the mapping technology. The positions and
scope of an individual’s pains and inflammations can also be
observed.

[0281] FIG.55 illustrates an overview of the TMT mapping
technology assembly 2200 for use in health evaluation system
40 (shown in FIG. 3). TMT mapping technology assembly
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2200 includes, in one embodiment, technologies that enable
health evaluation system 40 to perform the functions
described above. TMT mapping technology assembly 2200
includes a TMT analysis technology module 2201 con-
structed and arranged to analyze the texture of the thermal
images. TMT mapping technology assembly 2200 further
includes a thermal structure analysis technology module
2202, a thermal sequence mapping technology module 2204,
and a thermal signature analysis technology module 2206. In
the context herein, “structure” is actually the three-dimen-
sional view of the thermal image, as shown in FIGS. 41B,
42B, and 43B, as used in the depth analysis. On the other
hand, “signature” is the two-dimensional view of a thermal
image, such as best seen in FIGS. 41A, 42A, and 43A. Ther-
mal structure analysis technology module 2202 analyzes and
processes three-dimensional views of thermal images for
abnormalities. On the other hand, thermal signature analysis
technology module 2206 analyzes and processes two-dimen-
sional views of thermal images for abnormalities.

[0282] The thermal sequence mapping technology module
2204 includes a software, hardware and/or firmware to per-
form the cascade chromatography process. In general, the
cascade chromatography process creates a series of thermal
images that start with the small white area(s), and end with a
larger white area, as shown in FIGS. 40A, 40B, and 40C. It is
not uncommon to produce a sequence of 30 or more series of
thermal images.

[0283] Module 2204 is part of sectional view module 90
that contains the depth analysis and also displays the
sequence of thermal images of the cascade chromatography
analysis to the user. This involves thermal sequence mapping
technology, which generates the sequence or series of images
with a small white spot and ends with a larger white spot.
[0284] While performing the cascade chromatography
analysis, the longer the analysis takes (when more thermal
images result from the cascade chromatography analysis), the
deeper is the source of the heat. For example, if there are only
5 images before the cascade chromatography analysis is com-
pleted, the heat is shallower. Alternatively, if there are 50
images, the abnormal heat is coming from a deeper area of the
body.

[0285] Areas of abnormally high temperature, as deter-
mined in the analysis, conform to general shapes. The shapes
formed by the analysis are known as a “signature” and vary
according to a particular anatomical area and the abnormality
that exists within that anatomic area. In one embodiment of a
signature, an illness within the vascular system would show
abnormal temperatures in the thermal image. The pixels that
correspond to abnormal temperatures in the vascular system
would form a tube-like shape.

[0286] The TMT mapping technology assembly 2200
includes a TMT data collection technology module 2208, a
thermal database and management technology system mod-
ule 2210, a thermal data transmission technology module
2212, and a TMT structure analysis technology module 2214.
Module 2208 allows users and operators to collect data for
carrying out the processes described herein. Module 2210
develops and manages the database data and constructs. Mod-
ule 2212 enables users and operators to transmit, receive, and
retrieve data from remote sites. Module 2214 provides the
hardware for carrying out the instructions from Module 2202.
[0287] FIG. 56 illustrates preventive medicine treatment
through a treatment process 2250. Process 2250 begins with
a fatigued status phase 2251, which involves a potentially ill
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or fatigued patient. The illness either stems from a physical
status 2252 relating to physical abnormalities or illness, or a
mental status 2254 which is related to psychological abnor-
malities or illness. A patient in fatigued status phase 2251
then seeks a diagnosis under an initial status phase 2256.
Initial status phase 2256 indicates whether a patient is under-
going TMT scanning for the first time. Under initial status
phase 2256, an initial thermal scan of the patient is captured.
If no abnormalities are detected in the initial scan, the patient
has a normal status 2258 and does not need further treatment
or analysis. If abnormalities are detected, then the patient has
an abnormal status 2260. After the initial scan, a patient under
abnormal status 2260 is relaxed using various methods, such
as a series of massages or saunas, or floating in a small pool of
water. After relaxation, the patient then undergoes TMT scan-
ning again.

[0288] Ifnoabnormalities are detected, then the abnormali-
ties were likely due to stress. Stress often causes psychologi-
cal conditions, and can also induce actual or perceived physi-
cal illness. If there are any abnormalities after relaxation, then
the abnormalities are most likely physical and the person may
be admitted to a hospital or a clinic to be treated, and the
patient proceeds to a final status phase 2262. The patient is
then treated for any illness. If the treatment is successful, the
patient is in a healthy status 2264 and needs no further treat-
ment. If the initial treatment is not successful, then the patient
is in a sick status 2266.

[0289] A patient in sick status 2266 then moves to the
dependent status phase 2268. A patient in phase 2268 either
has an integrated status 2270 or a stable status 2272. A patient
with status 2270 undergoes constant treatment, involving
periodic scans with TMT technology to determine the effec-
tiveness of the treatment. One embodiment of a patient with
status 2270 is a person who has cancer and is treated with
chemotherapy or radiotherapy. The cancer is treated over a
period of time and generally requires periodic TMT scans to
determine the effectiveness of the treatment. A patient in
status 2272 successfully undergoes further treatments, is now
healthy, and needs no further treatment.

[0290] FIG. 57 illustrates a TMT database structure over-
view. A TMT database 2300 is in the center of a plurality of
concentric rings. The concentric rings include a remote diag-
nosis ring 2302, an Internet ring 2304, and a world TMT
terminal ring 2306. Each ring provides the database informa-
tion and management for remote diagnosing, Internet com-
munications, and TMT operations worldwide according to a
variety of international medical standards. This provides the
necessary information for the human anatomy based on race,
color, age, environment, etc.

[0291] FIG. 58 illustrates a TMT database assembly 2350.
Assembly 2350 provides and archives information for track-
ing, monitoring and evaluation of various patients. Assembly
2350 is used in many processes, including but not limited to:
a group screening 2352, a disease monitoring 2354, a curative
effect evaluation 2356 and a drug optimization 2358. In one
embodiment, group screening 2352 stores information per-
taining to one or more patients’ diseases and treatments in
assembly 2350. The patient information in assembly 2350 is
used in monitoring 2354, evaluation 2356, and optimization
2358. Monitoring 2354 is a process that enables a user to track
apatient’s diseases. Evaluation 2356 is a process that records
the effect of different treatments on patients and stores the
treatment information in assembly 2350. Optimization 2358
is a process that retrieves information pertaining to the effect
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of different treatments from assembly 2350 and determines
which treatment is best for the patient.

[0292] FIG. 59 illustrates a database structure relating to
one of the components of system 40. A Report object 2400
contains fields that correspond to values and settings for the
thermal image analysis report. A Baselnf object 2402 con-
tains fields for information associated with a patient record. A
Comp object 2404 contains fields for information regarding
types of tests and comparisons. An IRData object 2406 con-
tains information about the thermal image. A Polygon object
2408 contains information for the polygons contained in a
three dimensional thermal image. A Coordinate object 2410
contains the x and y coordinates of a point within Polygon
object 2408. DotTemp objects 2412 and 2414 contain infor-
mation for the pixels in a thermal image. A RectTemp object
2416 contains information about a particular area within a
thermal image defined by the two pairs of x and y coordinates.

[0293] FIG. 60 illustrates a block diagram for a remote
TMT analysis process 2450. Process 2450 begins with data
collection at block 2452. The collected data is transmitted via
data transmission block 2454. Block 2454 is followed by a
data analysis center block 2456. Block 2456 is followed by
three parallel blocks—2458 for sectional view analysis, block
2460 for analysis of heat source distribution, and block 2462
for heat depth analysis. Blocks 2458, 2460, and 2462 are
followed by block 2464 where the report of the analysis is
generated. Block 2464 returns the information to block 2456
(data analysis center), which transmits the results through
block 2454 to block 2466 for digital reporting.

[0294] FIG. 61 illustrates a block diagram for remote TMT
health screening system. The system includes image captur-
ing at block 2500. The captured information is sent to the
screening division of a data assessment center at block 2514.
The data assessment center accesses data from a plurality of
databases. The database includes complaint database 2502, a
sign database 2504, an assay database 2506, an imaging data-
base 2508, a u-MRA database 2510, and a TMT database
2512.

[0295] FIG. 62 illustrates a network for remote TMT health
screening or analysis 2550. Network 2550 supports a satellite
communication 2552, amodem communication 2554, a cable
communication 2556, and a wireless communication 2558.
The remote sites S1, S2, 83, and 84 include a plurality of
distinct health evaluation systems 40 (shown in FIG. 3) that
are not necessarily locally adjacent. Each health evaluation
system 40 at site S1 is capable of transmitting and receiving
data from a central database site 2560.

[0296] The user of any one health evaluation system 40
(shown in FIG. 3) can access a central database 2560 which
contains patient information and medical information. Users
can potentially access database 2560 through a satellite com-
munication 2552, Intranet or Internet networks via modem
2554, or cable communication 2556, or wireless communi-
cation 2558.

[0297] FIG. 63 illustrates a network diagram for multiple
networks through which a user can transmit analysis data to
and from the patient database. In one embodiment, data
stored in a database 2600 is transferred over the Internet
through various servers, facilitated by different communica-
tion protocols 2602. In another embodiment, data stored in a
database 2604 or behind a firewall as sensitive data in various
databases 2606 is transmitted through an internal corporate
network and accessible through various communication pro-
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tocols 2608. Data in a corporate network is accessible through
remote sites 2610 using various communication protocols.

[0298] In one or more configurations, the functions
described may be implemented in hardware, software, firm-
ware, or any combination thereof. If implemented in soft-
ware, the functions may be stored on or transmitted over as
one or more instructions or code on a computer-readable
medium. Computer-readable media includes both computer
storage media and communication media including any
medium that facilitates transfer of a computer program from
one place to another. A storage media may be any available
media that can be accessed by a computer. By way of
example, and without limitation, such computer-readable
media can comprise RAM, ROM, EEPROM, CD-ROM or
other optical disk storage, magnetic disk storage or other
magnetic storage devices, or any other medium that can be
used to carry or store desired program code in the form of
instructions or data structures and that can be accessed by a
computer. Also, any connection is properly termed a com-
puter-readable medium. For example, if the software is trans-
mitted from a website, server, or other remote source using a
coaxial cable, fiber optic cable, twisted pair, digital subscriber
line (DSL), or wireless technologies such as infrared, radio,
and microwave, then the coaxial cable, fiber optic cable,
twisted pair, DSL, or wireless technology such as infrared,
radio, and microwave is included in the definition of medium.

[0299] Disk and disc, as used herein, include compact disc
(CD), laser disc, optical disc, digital versatile disc (DVD),
floppy disk, and blu-ray disc, where disks usually reproduce
data magnetically, while discs reproduce data optically with
lasers. Combinations of the above should also be included
within the scope of computer-readable media.

[0300] A person skilled in the art would recognize that
other components and/or configurations might be utilized in
the above-described embodiments, if such other components
and/or configurations do not depart from the intended pur-
pose and scope of the present invention. Moreover, all terms
should be interpreted in the broadest possible manner consis-
tent with the context. In particular, the terms, comprises and
comprising, should be interpreted as referring to elements,
components, or steps in a non-exclusive manner, indicating
that the referenced elements, components, or steps may be
present, or utilized, or combined with other elements, com-
ponents, ot steps that are not expressly referenced.

[0301] While the present invention has been described in
detail with regards to the above described embodiments, it
should be appreciated that various modifications and varia-
tions may be made in the present invention without departing
from the scope or spirit of the invention. In this regard, it is
important to note that practicing the inventionis not limited to
the applications described hereinabove. Many other applica-
tions and/or alterations, including alterations to graphical
user interfaces, may be utilized provided that such other
applications and/or alterations do not depart from the
intended purpose of the present invention.

[0302] Also, features illustrated or described as part of one
embodiment can be used in another embodiment to provide
yet another embodiment such that the features are not limited
to the specific embodiments described above. Thus, it is
intended that the present invention cover all such embodi-
ments and variations as long as such embodiments and varia-
tions come within the scope of the appended claims and their
equivalents.

Aug. 28,2014

What is claimed is:

1. A health evaluation system comprising:

a thermal imaging device to capture a thermal image of a
human anatomy;

a medical analysis rules library database comprising rules
to perform a thermal mapping and automatic zoning
analysis; and

a processor coupled to the thermal imaging device; the
processor configured to apply a set of rules on the ther-
mal image for creating thermal zones, calculate a tem-
perature distribution for each thermal zone, evaluate the
human anatomy by comparing the temperature distribu-
tion for each thermal zone with at least one of a particu-
lar temperature range, a distribution, and a correspond-
ing symmetry to said each thermal zone, identify areas
of abnormal temperature in the each thermal zone from
the evaluation, determine a level at which the areas of
abnormal temperature exist within the human anatomy
in the each thermal zone using a three-dimensional ther-
mal depth analysis algorithm.

2. The system according to claim 1, wherein the processor

1s Turther configured to:

vectorize the thermal image and separate at least a portion
of the human anatomy represented in the thermal image;

receive positioning reference points on the vectorized ther-
mal image; and

apply zoning lines to the vectorized thermal image to create
the thermal zones where the thermal image is zoned
from a medical perspective.

3. The system according to claim 1, wherein, in determin-
ing the level at which the areas of abnormal temperature exists
within the human anatomy, the processor is further config-
ured to:

vectorize the thermal image and separate at least a portion
of the human anatomy represented in the thermal image;

remove background from the vectorized thermal image;

perform cascade chromatography on the vectorized ther-
mal image with the background removed for identifying
areas of abnormal temperature; and

generate a thermal cascade sectional view with the areas
identified to have abnormal temperature.

4. The system according to claim 1, wherein the processor
is further configured to generate and display a three-dimen-
sional (3D) representation of the human anatomy based on
the evaluation of the captured thermal image.

5. The system according to claim 1, wherein the processor
is further configured to evaluate at least one of a human
respiratory system abnormalities, otorhinolaryngological
abnormalities, cardiovascular system abnormalities, repro-
ductive system abnormalities, respiratory system abnormali-
ties, digestive system abnormalities, urinary system abnor-
malities, endocrine system abnormalities, and lymphatic
system abnormalities.

6. A computer program product including a non-transitory
computer readable medium having instructions for causing a
computer to:

receive a thermal image of a human anatomy;

apply a set of rules on the thermal image to create thermal
700€s;

calculate a temperature distribution for each thermal zone;

evaluate the human anatomy based on a comparison
between the temperature distribution for each thermal
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zone and at least one of a particular temperature range, a
distribution, and a corresponding symmetry to said each
thermal zone;

identify areas of abnormal temperature in the each thermal

zone from the evaluation; and

determine a level at which the areas of abnormal tempera-

ture exist within the human anatomy in the each thermal
zone using a three-dimensional thermal depth analysis
algorithm.

7. The computer program product according to claim 6,
wherein the instructions to apply the set of rules further
include instructions to cause the computer to:

vectorize the thermal image and separate at least a portion

of the human anatomy represented in the thermal image;
receive positioning reference points on the vectorized ther-
mal image; and

apply zoning lines to the vectorized thermal image to create

the thermal zones where the thermal image is zoned
from a selected medical perspective.

8. The computer program product according to claim 6,
wherein, in determining the level at which the areas of abnor-
mal temperature exists within the human anatomy, the
instructions further cause the computer to:

vectorize the thermal image and separate at least a portion

of the human anatomy represented in the thermal image;
remove background from the vectorized thermal image;
perform cascade chromatography on the vectorized ther-
mal image with background removed for identifying
areas of abnormal temperature; and

generate a thermal cascade sectional view with the areas

identified to have abnormal temperature.

9. The computer program product according to claim 6,
wherein the instructions further cause the computer to gener-
ateand display a three-dimensional (3D) representation of the
human anatomy based on the evaluation of the thermal image.

10. The computer program product according to claim 6,
wherein the instructions further cause the computer to report
results of the comparison including at least one of clinical
information, thermal images and corresponding analysis
relating to the thermal image.

11. A method for human health evaluation comprising;

capturing a thermal image of a human anatomy by thermal

imaging means;

applying a set of rules in a medical analysis rules library

database on the thermal image to create thermal zones;
calculating, with a processor, temperature distribution for
each thermal zone;

evaluating, with the processor, the human anatomy by

comparing the temperature distribution for each thermal
zone with a predefined criteria selected from a medical
analysis rules library database; and
identifying, with the processor, areas of abnormal tempera-
ture in the each thermal zone from the evaluation; and

determining, with the processor, a level at which the areas
of abnormal temperature exist within the human
anatomy in the each thermal zone using a three-dimen-
sional thermal depth analysis algorithm.

12. The method according to claim 11, wherein applying
the set of rules further includes:

vectorizing the thermal image;

separating at least a portion of the human anatomy repre-

sented in the thermal image from a background in the
thermal image;
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receiving positioning reference points on the vectorized

thermal image; and

applying zoning lines to the vectorized thermal image to

create the thermal zones.

13. The method according to claim 11, in determining the
level at which the areas of abnormal temperature exists within
the human anatomy, further comprising:

vectorizing the thermal image;

removing the background from the vectorized thermal

image;

performing cascade chromatography on the vectorized

thermal image with background removed for identifying
areas of abnormal temperature in response to the cas-
cade chromatography; and

generating a thermal cascade sectional view in response to

the identified areas of abnormal temperature.

14. The method according to claim 11, further comprising:

generating and displaying a three-dimensional (3D) results

related to the human anatomy to help diagnose a human
illness.

15. The method according to claim 11, further comprising:

reporting results of the comparison including at least one of

clinical information, thermal images and corresponding
analysis relating to the thermal image.

16. A computer program for fitness evaluation embodied
on a non-transitory computer readable medium having
instructions for causing a computer to perform:

evaluation of a person’s thermal muscle metabolism;

evaluation of the person’s fat mapping;

evaluation of the person’s thermal microcirculation

metabolism;

evaluation of the person’s muscle endurance; and

evaluation of the person’s psychological condition.
17. The computer program according to claim 16, wherein
the instructions for evaluating the person’s thermal muscle
metabolism comprises instructions to cause the computer to:
receive passive thermal images captured at a skin surface of
a selected symmetric muscle area of a patient;

receive active thermal images captured at the skin surface
of the selected muscle area of the patient after the muscle
area is stimulated,

evaluate thermal images of the selected symmetric muscle

area by comparing temperature distribution in the active
thermal images with temperature distribution in the pas-
sive thermal images;

determine muscle growth from evaluation of the thermal

images; and

report fitness training effectiveness based on results related

to the muscle growth.
18. The computer program according to claim 16, wherein
the instructions for evaluating the person’s fat mapping com-
prises instructions to cause the computer to:
receive passive thermal images captured at a skin surface of
a selected symmetric muscle area of a patient;

receive active thermal images captured at the skin surface
of the selected muscle area of the patient after the muscle
area is stimulated,;

evaluate the thermal images by using a three-dimensional

thermal depth analysis algorithm on temperature distri-
butions in the active thermal images and the passive
thermal images;

map the fat content and muscle content; and

report the map of the fat content and muscle content.
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19. The computer program according to claim 16, wherein
the instructions for evaluating the person’s thermal microcit-
culation metabolism comprises instructions to cause the com-
puter to:

receive thermal images of a micro-capillary system cap-

tured at a skin surface of hands and feet of the person;
calculate a temperature distribution in respective thermal
images of the hands and the feet;

evaluate respective temperature distributions of the hands

and the feet for temperature variations using a three-
dimensional thermal depth analysis algorithm; and
determine an abnormal vascular condition if the tempera-
ture distributions of the micro-capillary system between
the hands are unequal or the temperature distributions of
the micro-capillary system between the feet are unequal.

20. The computer program according to claim 21, wherein
the instructions for evaluating the person’s psychological
condition further comprises instructions to cause computer
to:

receive thermal images captured at a skin surface of a left

side and a right side of brain area of a human anatomy;
calculate temperature distribution in respective thermal
images of the left side and the right side;

evaluate temperature distributions in the left side and the

right side of the brain area using a three-dimensional
thermal depth analysis algorithm, wherein an abnormal
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temperature is evaluated when the temperature distribu-
tions between the left side and the right side of the brain
are unequal; and

determine a psychological condition based on a location of

the abnormal temperature.

21. The computer program according to claim 21, wherein
the instructions for evaluating the person’s muscle endurance
further comprises instructions to cause computer to:

receive a passive image of a human muscle area captured at

a skin surface and calculate a passive temperature dis-
tribution in the passive image;
receive active images captured at the skin surface of the
human muscle area at periodic intervals while stimulat-
ing the human muscle area, wherein the muscle area is
stimulated by an exercise or an electrical stimuli;

calculate an active temperature distribution in each of the
active images captured at periodic intervals;

calculate a rate of change in temperature between subse-

quent temperature distributions starting from the passive
temperature distribution using a three-dimensional ther-
mal depth analysis algorithm, wherein the human
muscle area is stimulated till the temperature variation is
constant; and

determine a muscle type based on the rate of change in

temperatures and a calculated final temperature varia-
tion.



patsnap

TREBHR(OF) ATRETENRENGZE
[F(2E)F US20140243683A1 [ (r&)B 2014-08-28
BiES US14/272670 RiEH 2014-05-08

FRIRE(FFR)AGE) BHR
EPEING
BwE
RFEH

HE(ERR)AGR) B, R
BE NS
# , JUN
R, HE

HARB(ERNPOAR) H, R
BE NS
# , JUN
R, HE

HRIR A XIAO SONG
CAIPEI'S
YANG JUN
DENG XIU FANG
WU YING JIE

LN XIAO, SONG
CAl, PEI' S
YANG, JUN
DENG, XIU FANG
WU, YING JIE

IPCH &S A61B5/01 A61B5/16 A61B5/22 A61B5/00

CPCH¥%S A61B5/015 A61B5/4866 A61B5/4872 A61B5/165 A61B5/22 A61B5/742 A61B5/0077 A61B5/0064
A61B5/01 A61B5/411 A61B5/415 A61B5/418 G06T7/0012 G06T2207/10048 G06T2207/30004

i £ 60/847333 2006-09-25 US

60/847155 2006-09-25 US
SNEBEEE Espacenet USPTO
RE(F)

DF T —HFARMLE (TMT ) REBRAR#TAGCRETIENHRE , RENSE. ZHEEFEANALHAMRENAFBENFEX
B, RUBECANZEE  REFHRERBEFTFNEEIMBEENRE  AUTENERABEREER. ZAEEILHMD T
BETHNREREZCRERKBNEHRI , AR ERBEFHER,


https://share-analytics.zhihuiya.com/view/01ff35e2-9881-40a2-9f2d-6a26bde11baa
https://worldwide.espacenet.com/patent/search/family/039230769/publication/US2014243683A1?q=US2014243683A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220140243683%22.PGNR.&OS=DN/20140243683&RS=DN/20140243683

Infrared
Camera

|

Control Signal|
-— |

|

—_—
Infrared Data

/82

Camera Control

Database

180 \ / 182
Communication Infrarcd Equipment
Interface Driver
Infrared Data
Capture
46




