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CONFIGURABLE HEALTH-CARE
EQUIPMENT APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a continuation and non-provisional utility patent
application that claims priority and benefit to co-pending
U.S. non-provisional patent application having Ser. No.
13/940,087, that was filed on Jul. 11, 2013 and entitled
“Configurable Health-Care Equipment Apparatus”, which
further claimed priority and benefit to co-pending U.S.
non-provisional patent application with Ser. No. 13/486,326,
that was filed on Jun. 1, 2012 and entitled “Configurable
Health-Care Equipment Apparatus”, which further claimed
priority and benefit to co-pending U.S. non-provisional
patent application Ser. No. 12/842,528, that was filed on Jul.
23,2010 and entitled “Configurable Health-Care Equipment
Apparatus”, which further claimed priority and benefit to
U.S. provisional patent application Ser. No. 61/228,249, that
was filed on Jul. 24, 2009 and entitled “Configurable Health-
Care Equipment Apparatus”. All of the above referenced
patent applications are incorporated herein by reference in
their entirety.

CROSS-REFERENCE TO PATENT
APPLICATIONS INCLUDING RELATED
SUBJECT MATTER

This patent application includes subject matter related to
U.S. non-provisional patent application Ser. No. 11/663,395
published as U.S. Publication No. 2010/0005448, to U.S.
non-provisional patent application Ser. No. 11/905,811 pub-
lished as U.S. Publication No. 2008/0082683, to U.S. non-
provisional patent application Ser. No. 11/905,828 published
as U.S. Publication No. 20080140770, to U.S. non-provi-
sional patent application Ser. No. 11/905,829 published as
U.S. Publication No. 20080133699, and to U.S. non-provi-
sional patent application Ser. No. 11/905,830 published as
U.S. Publication No. 20080134133. All of the aforemen-
tioned patent applications are incorporated herein by refer-
ence in their entirety.

FIELD OF THE INVENTION

This invention relates to an apparatus, system and method
for providing health-care equipment in a plurality of cus-
tomizable configurations. A configuration includes a selec-
tion and arrangement of health-care equipment modules that
each provide specialized support for the provision of health
care, including the measurement of physiological param-
eters. Various types of configurations include, but are not
limited to, those adapted to be mounted upon a desk top, bed
frame or a wall surface, or adapted for wheel mounting or
hand carriable mobile configurations.

BACKGROUND OF THE INVENTION

Health care practitioners, such as nurses and physicians,
use various types of health-care equipment to assist with the
task of providing health care to a patient. A patient is also
referred to herein as a health-care recipient. Some health-
care equipment, referred to as single-function equipment, is
designed to perform a particular function, such as to perform
temperature measurement of a health-care recipient. Some
health-care equipment, referred to as multi-function equip-
ment, is designed to implement the performance of more
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than one function, such as the performance of temperature
measurement and blood pressure measurement of a health-
care recipient. Such multi-function equipment may impose
excess bulk and/or weight upon a user if such multi-function
equipment is used for only one function or a subset of the
functions implemented by the multi-function equipment.

SUMMARY OF THE INVENTION

The invention provides an apparatus, system and method
for providing health-care equipment in a plurality of cus-
tomizable configurations. A configuration includes a selec-
tion and arrangement of health-care equipment modules that
each provide specialized support for the provision of health
care, including the measurement of physiological param-
eters. Various types of configurations include those adapted
to be mounted upon a desk top, a bed frame or a wall surface,
or adapted for wheel mounting and/or adapted to be hand
carriable as a mobile configuration.

In one aspect, the invention provides a frame for inte-
grating a plurality of health-care equipment modules. The
frame includes a supporting structure providing a mechani-
cal interface for supporting each of a plurality of modules at
one time, each of the plurality of modules including an
embedded component, and an electrical interface providing
a data transfer mechanism between a computing component
and the embedded component, and where the computing
component is configured for providing a software interface
enabling a software connection between the computing
component and the embedded component, the software
interface configured to establish interoperation between the
computing component and the embedded component, and
where at least one of electrical power and data is configured
to be transferred between the computing component and the
embedded component via at least one of the electrical
interface and the software interface.

In some embodiments, the data transfer mechanism
includes a universal serial bus (USB), a universal serial bus
(USB) host and a universal serial bus (USB) hub, and a
universal serial bus (USB) module end-point connection.
Optionally, the universal serial bus (USB) module end-point
connection is designed for connection to the embedded
component. One implementation is where a universal serial
bus (USB) cable provides the universal serial bus (USB)
module end point connection. The universal serial bus
(USB) cable having a first end electrically attached to the
universal serial bus (USB) host via the universal serial bus
(USB) hub and a second end electrically attached to the
universal serial bus (USB) module end-point connection.

Regardless of the design of the data transfer mechanism,
in some embodiments, at least one module is configured to
input information from a sensory device. Optionally, the
sensory device is configured for measurement of a physi-
ological parameter and/or the sensory device is a hand-held
device. Also, in some embodiments, the hand-held device is
a medical diagnostic instrument.

In some embodiments, the universal serial bus (USB)
module end-point connection supplies voltage within uni-
versal serial bus (USB) standards while supplying current
substantially in excess of universal serial bus (USB) stan-
dards. Optionally, the computing component is electrically
attached to a non-module universal serial bus (USB) hub
connection accessible from an exterior of the frame and
from an exterior of a module mechanically attached to the
frame via the supporting structure.

Optionally, within the aforementioned type of embodi-
ment, the non-module universal serial bus (USB) hub con-
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nection supplies voltage and current within universal serial
bus (USB) standards and wherein the universal serial bus
(USB) module end-point connection supplies voltage within
universal serial bus (USB) standards while simultaneously
supplying current substantially in excess of universal serial
bus (USB) standards.

Optionally, the aforementioned type of embodiment, the
computing component transmits a command at least through
one of a non-module universal serial bus (USB) host to an
external component or the universal serial bus (USB) to the
embedded component, to transition to a sleep mode. Option-
ally, the universal serial bus (USB) module end-point con-
nection supplies voltage at about 4.75 volts to about 5.25
volts and supplies current at about 0.1 amperes to about 1.5
amperes. Optionally, the computing component and the
universal serial bus (USB) end-point module connection is
isolated via a five-volt to five-volt isolation transformer.
Optionally, enclosure includes an external recessed portion
being sized to provide an available volume within which the
universal serial bus (USB) cable can pass through while
attached to the universal serial bus (USB) connector. In
some embodiments, the electrical interface is provided as a
standard feature of a commercially available computer,
whereby the computer can function as the computing com-
ponent.

Regardless of the amount of current supplied, the soft-
ware interface executes a protocol communicating at least
one of a vendor-identification value and product-identifica-
tion value from the embedded component to the computing
component via the universal serial bus (USB) module end
point connection, and interoperation can be permitted or
denied based upon said at least one of said vendor identi-
fication value and said product identification value. Option-
ally, the software interface executes a WACP communica-
tion protocol that includes communication of a global
unique identifier from the module embedded component to
the power and computing component via the power and data
connection, and wherein interoperation is permitted or
denied based upon a value of the global unique identifier.

In some embodiments, the frame is further configured to
be one of a desktop configuration, a wall configuration, a
mobile configuration, a hand-carriable configuration, or a
bed configuration. Each of the desktop configuration, the
wall configuration, the mobile configuration, the hand-car-
riable configuration, and the bed configuration interoperate
with equipment modules without modification to the
mechanical interface, the electrical interface, or the software
interface of the module. The module is configured to be
attached and detached from any one of the desktop configu-
ration, the wall configuration, the mobile configuration, the
hand-carriable configuration, and the bed configuration. The
frame as a supporting structure has means for enabling
mechanical attachment to each of a plurality of health-care
equipment modules at one time.

Optionally, the enclosure includes a detachable panel, the
removal of the panel creating an opening within the enclo-
sure, the opening providing access to enable at least one
module embedded component to be transferred into and out
of said cavity. The enclosure can include a front panel
having a first configuration, the front panel being one of a
plurality of differently configured front panels that each have
a configuration that may be unique and different from the
first configuration. The front panel can provide a user
interface between said module and a user of the module.
Each of a plurality of differently configured front panels can
be further configured for attachment, detachment, and re-
attachment to an enclosure.
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In another aspect, the invention includes an enclosure for
the module, the enclosure having a discrete width corre-
sponding to an integer number of multiple units of width, the
discrete width corresponding to a width of the module.
Optionally, the module is designed as a docking station for
a hand-held device.

As a docking station, it is designed for at least one of an
otoscope, an ophthalmoscope, a rhinoscope, a laryngno-
scope, an anoscope, an audiometer, a tympanometric instru-
ment, a thermometer, and a vaginoscope. Optionally, the
module is at least one of a blood pressure measuring module
and a pulse oximetry measurement module. Optionally, the
module performs printing of information that is collected
and/or stored within another module. Also, a module can be
designed as a dispenser, a storage unit, or a cup holder.

In another aspect, the invention provides an enclosure
including an interior cavity, an embedded component dis-
posed therein, and a mechanical interface enabling attach-
ment relative to a supporting structure, and where the
interior cavity is dimensioned to surround the embedded
component, and where the embedded component is config-
ured for electrical interoperation with a computing compo-
nent located external to the enclosure, and where the enclo-
sure includes a data connection providing an electrical
interface enabling an electrical attachment between the
computing component and the embedded component, and
where the embedded component being configured for soft-
ware interoperation with the computing component, and
where the embedded component includes software provid-
ing a software interface enabling a software connection
between the computing component and the embedded com-
ponent; and where at least one of electrical power and data
configured to be transferred between the computing com-
ponent and the embedded component via at least one of the
electrical interface and the software interface.

In another aspect, the invention provides a method for
providing health-care equipment in a plurality of customi-
zable configurations. The method includes steps of provid-
ing at least one enclosure including an embedded component
configured for measurement of a physiological parameter,
the enclosure including a mechanical interface and including
an electrical interface, providing a supporting structure
frame for providing physical support for the at least one
enclosure via the mechanical interface, providing a comput-
ing component configured for providing a software interface
enabling a software connection between the computing
component and the embedded component, the software
interface configured to establish interoperation between the
computing component and the embedded component via the
electrical interface, and where at least one of electrical
power and data is configured to be transferred between the
computing component and the embedded component via at
least one of the electrical interface and the software inter-
face, and where the supporting structure is configured to be
incorporated into a desktop configuration, a wall configu-
ration, a mobile configuration, a hand-carriable configura-
tion, or a bed configuration.

In some embodiments of this method, the electrical inter-
face is provided as a standard electrical interface feature of
a commercially available computer and the computer func-
tions as the computing component. Optionally, the software
interface establishes interoperation upon successful execu-
tion of a protocol communicating at least one of a vendor-
identification value and product-identification value from
the embedded component to the computing component.
Optionally, at least one of said universal serial bus (USB)
module end point connections is implemented as a standard
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universal serial bus (USB) connector that is configured to
transfer current that may be substantially in excess of
universal serial bus (USB) standards, and wherein said
connector is accessible and attachable to a standard univer-
sal serial bus (USB) cable from outside of said enclosure,
but not necessarily from outside of a module assembly.

In another aspect of the invention, a system for providing
health-care equipment in a plurality of customizable con-
figurations. The system includes at least one enclosure
including an embedded component configured for measure-
ment of a physiological parameter, the enclosure including
a mechanical interface and including an electrical interface,
a supporting structure providing physical support for the at
least one enclosure via the mechanical interface, a comput-
ing component configured for providing a software interface
enabling a software connection between the computing
component and the embedded component, the software
interface configured to establish interoperation between the
computing component and the embedded component via the
electrical interface, and where at least one of electrical
power and data is configured to be transferred between the
computing component and the embedded component via at
least one of the electrical interface and the software inter-
face; and where the supporting structure is configured to be
incorporated into a desktop configuration, a wall configu-
ration, a mobile configuration, a hand-carriable configura-
tion, or a bed configuration.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects and features of the invention can be better
understood with reference to the claims and drawings
described below. The drawings are not necessarily to scale,
and the emphasis is instead being generally placed upon
illustrating the principles of the invention. Within the draw-
ings, like reference numbers are used to indicate like parts
throughout the various views. Differences between like parts
may cause those like parts to be each indicated by different
reference numbers. Unlike parts are indicated by different
reference numbers.

FIGS. 1A-1F illustrate a plurality of views of an
assembled mobile frame apparatus configuration including
three health-care equipment modules.

FIGS. 2A-2F illustrate various views of a module struc-
ture.

FIGS. 3A-3E each illustrate an aspect of an embodiment
of a power and computing component (PACC).

FIGS. 4A-4D illustrate views of an assembled desk top
mounted configuration including a plurality of health-care
equipment modules and peripheral components.

FIGS. 5A-5D illustrate views of an integrated wall
mounted configuration. This configuration includes a plu-
rality of five (5) health-care equipment modules each
designed to interoperate with a respective peripheral com-
ponent.

FIGS. 6A-6H each illustrate embodiments of a socket
module structure shown in various states of assembly.

FIGS. 7A-7F illustrate views of an integrated bed
mounted module apparatus configuration 710.

FIGS. 8A-8E illustrate views of a pole mounted and bed
frame attached module apparatus configuration.

FIGS. 9A-9E illustrate views of a side rail attached
module apparatus.

FIGS. 10A-10D illustrate views of a variety of alternative
embodiments of frame supporting structures, health-care
equipment modules and peripheral components.
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DETAILED DESCRIPTION OF THE
INVENTION

FIGS. 1A-1F illustrate views of an integrated mobile
frame (MF) apparatus configuration including three (3)
health-care equipment (HCE) modules. Health-care equip-
ment modules, also referred to herein as HCE modules or
modules, are designed to integrate into and operate within
other and different types of apparatus configurations in
addition to that of the MF apparatus configuration shown
here.

The three HCE modules, shown in various viewing per-
spectives in FIGS. 1A-1D, are configured (designed) to be
detached and removed from one type of apparatus configu-
ration, such as from the integrated MF apparatus configu-
ration (FIG. 1A), and attached to and integrated within
another and different type of apparatus configuration, such
as integrated within a desk top mounted type of apparatus
configuration (FIG. 4A), or integrated within a wall mounted
type of apparatus configuration (FIG. 5A), for example.

The three HCE modules referred to above, are also
characterized as being cross configuration interoperable
(CCI), because these modules are designed to be operable
within more than one type of apparatus configuration. The
HCE modules having CCI characteristics are also referred to
herein as CCI types of HCE modules, or simply CCI
modules. An HCE module not designed to be interoperable
within more than one type of apparatus configuration, is
characterized as being a non-CCI type of HCE module. All
HCE modules referred to herein will refer to a CCI type of
HCE module, unless explicitly stated otherwise.

FIG. 1A illustrates a front perspective view 100 of a
mobile frame (MF) apparatus configuration 110 optionally
including three CCI health-care equipment (HCE) modules
112-116. A temperature measurement module 112 is acces-
sible from the front side, and a pulse oximetry (SPO2)
measurement module 114 and a non-invasive blood pressure
module (NIBP) 116 are accessible from a left hand side of
the MF apparatus configuration 110. An upper handle por-
tion 120 is also visible from this viewing perspective 100.
The handle portion 120 enables the MF 100 to be hand
carriable with relative ease.

A front side of the MF apparatus 110 includes a user
interface display 118 and an outer surface of a temperature
measurement module 112, also referred to as “SureTemp”
module 112. The Sure Temp module 112, is also commer-
cially known as the Welch Allyn Sure Temp Thermometer.
A “module” refers to a combination of a module structure
and optionally one or more peripheral and/or embedded
components associated with the module structure. A module
structure 1s also referred to herein as a module enclosure.
The outer surface, seen as a front panel 1124 of a tempera-
ture measurement module 112 (shown in FIG. 1A) is actu-
ally the outer surface of a module structure, like the outer
surface of another module structure 210 shown in FIG. 2A.

The module 210 of FIG. 2A includes a different front
panel than that of module 112 and accordingly module 210
performs different functionality (blood pressure measure-
ment) than functionality performed by module 112 (tem-
perature measurement). The temperature measurement mod-
ule 112 is designed to measure body temperature of a
health-care recipient.

The temperature measurement module 112 includes a
module structure including a front panel 112a, also referred
to herein as a face plate 112a. The front panel 112a having
an outer surface accessible from the front side of the MF
apparatus configuration 110. The front panel 112a includes
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access to a well (not shown) storing a removable probe (not
shown) attached to a probe handle 1125 (shown). The probe
and its attached probe handle 1125 are tethered to the
module 112 via an insulated conductor 112¢. The probe is
designed to make physical contact with a patient in order to
sense a body temperature of the patient.

A left hand side of the MF apparatus configuration 110
includes an outer surface of each of the HCE modules
114-116. An SP02 type of HCE module 114 is designed to
measure oxygen content, within the blood of a patient. A
non-invasive blood pressure (NIBP) type of HCE module
116 is designed to measure blood pressure of a patient.

As shown, the SPO2 module 114 includes a module
structure including a front panel 114a, also referred to herein
as a face plate 114a. The front panel 1144 includes an outer
surface accessible from the left side of the MF apparatus
configuration 110. The front panel 114a includes a connector
1145 that enables a connection between other peripheral
SPO2 component(s) (not shown) and the SPO2 module 114
residing within the MF apparatus 110. The other peripheral
SPO2 component(s) reside external to the MF apparatus 110
and the SPO2 module enclosure 114 and are configured to
interoperate with the SPO2 module 114 when connected to
the SPO2 module via connector 1145.

As shown, the NIBP module 116 includes a front panel
(face plate) 1164 having an outer surface accessible from the
left side of the MF apparatus configuration 110. The front
panel 116¢ includes a connector 1165 that enables a con-
nection between other peripheral NIBP component(s) (not
shown) and the NIBP module itself 116 residing within the
MF apparatus 110. Other peripheral NIBP component(s) that
reside external to the MF 110 and the NIBP module 116 and
are configured to interoperate with the NIBP module 116
when connected to the NIBP module via connector 1164.

FIG. 1B illustrates a variety of exterior views of a mobile
frame (MF) apparatus configuration 110. View 130 illus-
trates the front side of the MF 110 as shown without a probe
and handle inserted within the temperature measuring mod-
ule. View 132 illustrates the left side of the MF 110 that
includes access to the front panel of each of the HCE module
114 and the HCE module 116. View 134 illustrates a right
side of the MF 110 while view 136 illustrates an upper side
of the MF 110 including a handle portion 120. View 138
illustrates a bottom side of the MF 110 and view 140
illustrates a rear side of the MF 110.

FIG. 1C illustrates a left side perspective and exploded
view of the MF 110. As shown, the SPO2 module 114 and
the NIBP module 116 as they are oriented and integrated
within the MF 110. The embedded surface of the tempera-
ture measurement module 112 is also shown.

During operation, both modules 114 and 116 are electri-
cally connected to a power and computing component
(PACC) (not shown here) located inside of the MF 110. In
some embodiments, the PACC is connected to each module
114 and 116 via a power and/or data cable, such as a
universal serial bus (USB) cable (not shown here). An
embodiment of the PACC and a power and/or data cable is
shown in FIGS. 2E and 3A.

FIG. 1D illustrates an exploded view of the MF 110 from
a right side perspective. A partial rear perspective view of
the SPO2 module structure 114 and of the NIBP module
structure 116 as they are oriented and integrated within the
MF 110 are shown. Also shown is a partial rear perspective
view of a recessed portion 142 of the module enclosure 114
(also seen as 218 of FIG. 2A) and a rear perspective view of
the temperature measurement module 112. The recessed
portion 142 provides a volume of space within which a USB
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cable can occupy and pass through while the USB cable is
attached to a USB connector (not shown) attached to an
inner surface within the recessed portion 142 of the module
structure 114.

FIG. 1E illustrates a rear perspective view of the MF 110.
Within this view, the rear-side view 140 and the right hand
side 134 view of the MF are visible. A rear perspective view
of the probe handle 1125 and the insulated conductor 112¢
are visible. Also visible is the handle portion 120 of the MF
110.

FIG. 1F illustrates the MF 110 as it is mounted onto a
mobile stand 150 to function as an embodiment of a mobile
configuration. As shown, the mobile stand 150 includes an
attached utility basket 152 and is supported by a plurality of
wheels 154 that enable the MF 110 to be transported along
a floor surface. A lower portion of the insulated conductor
112¢ is shown as being disposed within the utility basket
152. As shown, the utility basket 152 can be used to
constrain the displacement of the insulated conductor 112¢,
also referred to as a cord.

The design of an HCE module, such as the modules
112-116 illustrated within FIGS. 1A-1D, allows for one
design and method of manufacture that can be employed to
manufacture one type of HCE module capable of being
attached to and integrated within a plurality of different
types of health care apparatus configurations. Upon integra-
tion, the interoperation of the HCE module with each type
of configuration is indistinguishable across different types of
apparatus configurations.

Such a design of an HCE module allows for separate
inventories of each type of HCE module that do not need to
be created or maintained based upon what particular type of
apparatus configuration the HCE module is later attached to
and integrated into. The aforementioned benefits alone yield
improved design, manufacturing and quality control effi-
ciency for a variety of HCE modules.

Further, such a design allows for quality control testing
that can be performed for that module regardless of what
type or particular apparatus configuration the HCE module
is later integrated into. Also, such testing of the HCE
module, can be performed, in whole or in part, while the
HCE module is not attached to an apparatus configuration,
but instead attached to another type of device, such as a
personal computer, for example.

Furthermore, the functions performed by HCE modules
typically require some form of federal drug administration
(FDA) testing, and such FDA testing and approval can
typically be performed upon each specific type of HCE
module design and manufacture, regardless of what types of
apparatus configurations that HCE module will later be
integrated within. Hence, a CCI type of HCE module design,
in some circumstances, can satisfy the FDA testing and
approval requirements for a type of HCE module, regardless
of how that HCE module is later integrated into a variety of
different types of apparatus configurations, and without
requiring separate and/or further FDA testing and approval
of that HCE module, while it is integrated into each type of
apparatus configuration.

FIGS. 2A-2F each illustrate a view of an embodiment of
a module structure 210, also referred to herein as a module
enclosure 210, shown in various states of assembly. These
figures also illustrate an embodiment of a frame structure
260 that functions as the embodiment of the MF 110, in that
it constitutes a supporting structure that provides a mechani-
cal interface for supporting each of a plurality of health-care
equipment modules at one time.
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FIG. 2A illustrates a front perspective view of an embodi-
ment of an assembled module enclosure 210. As shown, the
module enclosure 210 has a generally rectangular shape and
includes a front side having a face plate 214, also referred to
as a front panel 214. The face plate 214 is designed to be
detachable from the remainder of the module enclosure 210
and includes an upper forward flange 222a and a lower
forward flange 2225. A rear side of the module enclosure
210 is located opposite to the front side 214 and also
includes an upper rear flange 220¢ and a lower rear flange
220b. A recessed portion 218 can be seen from a left side
perspective view of the module enclosure 210. The recessed
portion 218 is also of a generally rectangular shape and is
effectively notched out from the overall shape of the module
enclosure 210.

FIG. 2B illustrates a front perspective view of a disas-
sembled module enclosure 210. As shown, the enclosure 210
is disassembled into three portions, including a main hous-
ing 212, a face plate 214 and a side panel 216. The face plate
214 is designed to attach to and detach from the main
housing 212. Also, the side panel 216 is designed to attach
to and detach from the main housing 212. In this embodi-
ment, the face plate 214 is further designed so that it can
attach to or detach from the main housing 212, whether or
not the side panel 216 is also attached to the main housing
212. Also, the side panel 216 is further designed so that it can
attach to or detach from the main housing 212, whether or
not the face plate 214 is also attached to the main housing
212.

The face plate 214 shown, referred to as a first front panel
configuration, can be substituted with one of a plurality of
differently configured front panels that each have a configu-
ration that may be unique and different from the first
configuration shown. The first front panel configuration
provides at least one of a mechanical, an electrical and a
software interface between at least one module embedded
component and a peripheral component located outside of
the module enclosure 210, if at least one module embedded
component is disposed within the module enclosure 210.

The first configuration provides at least one of a mechani-
cal, an electrical and a software interface between at least
one module embedded component and a peripheral compo-
nent located outside of the module enclosure 210, if the at
least one module embedded component is disposed within
the module enclosure. Optionally, the peripheral component
is a sensory device that interoperates with at least one
module embedded component disposed within the enclo-
sure. The front panel can, and typically does, provide a user
interface between the module and a user of the module. Fach
of the differently configured front panels are further config-
ured for attachment, detachment, and re-attachment to the
enclosure 210.

The main housing 212 includes a recessed portion 218
bounded by an upper surface 218a (not directly shown from
this view) and two side surfaces 2185 (partially shown from
this view) and 218¢ (not directly shown from this view)
oriented perpendicular to each other. The upper surface 218a
acts as a ceiling and the two side surfaces 2185, 218¢ act as
walls within the recessed portion 218. The recessed portion
218 provides a cavity (volume of space) effectively notched
out from the overall shape of the main housing portion 212
of the module enclosure 210.

A universal serial bus (USB) connector (not shown from
this view, see 244 of FIG. 2C) is located along the side
surface 218¢ of the recessed portion 218. A USB cable (not
shown) located outside of the module enclosure 210 attaches
to the module enclosure 210 while passing through the
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cavity of the recessed portion 218 and attaching to the (USB)
connector (see 244 of F1G. 2C).

A first side surface 2185 (partially shown) defines a plane
oriented substantially parallel to a plane defined by the Y
204 and 7 206 axes, and is substantially perpendicular to a
plane defined by the faceplate 214, as it is attached to the
main housing 212 of the module enclosure 210. The second
side surface 218¢ (not shown in FIG. 2A) defines a plane
oriented substantially parallel to a plane defined by the X
202 and Y 204 axes and parallel to a plane defined by an
outer surface of the faceplate 214, as the face plate 214 is
attached to the main housing 212.

When attached to the main housing 212, the face plate 214
forms a front side of the enclosure 210 typically facing and
physically accessible to a user of the HCE equipment. The
face plate 214 includes an upper forward flange 222q and a
lower forward flange 222b. A peripheral component con-
nection port 214a resides within the face plate 214 and
provides for a connection mechanism to one or more periph-
eral components (not shown). The peripheral components
are located outside of the module enclosure 210 and are
designed to interoperate with any embedded components
(see 280 of FIG. 2F) located within the module enclosure
210. As shown, the connection port 214a is implemented as
a mold insert into the face plate 214.

The face plate 214 is designed to be snap fit attached to
the main housing 212. To implement the snap fit, the main
housing 212 includes an upper protrusion 224a and a lower
protrusion 2244, each dimensioned to engage an upper slot
226a and a lower slot 226b (engagement not shown from
this viewing perspective) of the face plate 214. As shown,
the slots 2264-2265 each form a cavity within the face plate
214. The protrusions 224a-2244 each include an end piece
228a-228b, respectively. designed to occupy the cavity
formed by each respective slot 226a-2265 when the face
plate 214 is fully attached (engaged) to the main housing
212.

The side panel 216 is also designed to be snap fit attached
to the main housing 212. To implement the snap fit, the side
panel 216 includes an upper protrusion 232a, a middle
protrusion 2325 and a lower protrusion 232¢ dimensioned to
engage an upper slot 242q, a middle slot 2425 and a lower
slot 242¢ of a rear side 240 of the main housing 212 (shown
in FIG. 2C). The slots 242a-242¢ each form a cavity within
the rear side 240 of the main housing 212. The protrusions
232a-232c¢ each include an end piece 234a-234c¢ designed to
pass through the cavity formed by each respective slot
236a-236¢ of the rear side 240 of the main housing 212,
when the side panel 216 is fully attached to the main housing
212.

FIG. 2C illustrates a rear-side view 240, a left-side view
246, a front-side view 248 and a bottom-side view 250 of the
module enclosure 210 of FIGS. 2A-2B. The rear side 240 is
substantially parallel to a plane defined by the X 202 and Y
204 axes. The viewing direction of the rear-side view 240 is
substantially parallel to the Z axis 206. The viewing direc-
tion towards the left-side view 246 is substantially parallel
to an X axis 202. The viewing direction towards the front-
side view 248 is substantially parallel to a 7 axis 206. The
viewing direction towards the bottom-side view 250 is
substantially parallel to a Y axis 204.

From the viewing perspective towards the rear side 240,
the slots 242a-242¢, the USB connector 244, recessed
portion 218, the second side surface 218¢ bounding the
recessed portion 218 and surrounding the USB connector
244 residing along the second side surface 218c, are visible.
The module enclosure 210 is designed to electrically attach
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to a USB cable (not shown) via the USB connector 244.
While attached to the USB connector 244, a portion of the
USB cable occupying the cavity of the recessed portion 218
would be oriented (directed) substantially parallel to the 7
axis 206 and substantially perpendicular to the second side
surface 218c.

The left-side viewing perspective 246 shows the recessed
portion 218 and the first side surface 21865 bounding the
recessed portion 218. As shown, the face plate 214 is shown
from its left side and is attached to the main housing 212.
From the bottom-side viewing perspective 250, the recessed
portion 218 and the upper surface 218a bounding the
recessed portion 218 are visible.

From the viewing perspective of the front side 248, the
peripheral component connection port 214a is fully visible.
The recessed portion 218 is not visible from this viewing
perspective of the front side 248. While attached to the
connection port 214a, a peripheral component (not shown)
would attach to the module enclosure 212, typically via a
tube or cable (not shown), while the attached tube or cable
proximate to the connection port 214a is oriented substan-
tially parallel to the 7 axis 206.

FIG. 2D illustrates a left-side view of the module enclo-
sure 210 as it is attached to an embodiment of a frame 260.
The embodiment of the frame 260 shown includes an upper
rail 262a and a lower rail 2625. The module enclosure 210
includes an upper rear flange 220¢ and a lower rear flange
220b. As shown, the upper rear flange 220a of the module
enclosure 210 is physically engaged with the upper rail 262a
of the frame 260 and the lower rear flange 220a of the
module enclosure is physically engaged with the lower rail
26256 of the frame 260. Accordingly, a module structure
(enclosure) 210 is classified as a frame attached component.
A frame 260 resides within an integrated assembly (see 270
of FIG. 2E).

In this embodiment, the lower rail 2625 restrains the
module enclosure 210 from movement in a downward
direction in response to forces of gravity. The upper rail
262a restrains the module enclosure 210 from movement in
a clockwise rotational direction in response to forces of
gravity. As a result, the module enclosure 210 is held
stationary via physical engagement with the frame 260.

In this embodiment, the frame 260 is mounted onto a
mounting rail 256 fixedly disposed onto a wall structure (not
shown). As a result, the frame 260 is held stationary to the
wall structure. In other embodiments, the frame 260 and
portions and/or features of the frame, can be mounted onto
or embedded into another type of structure.

For example, individual modules of the mobile frame of
FIG. 1A each attach to a portion of the structure mobile
frame 120 as if each module were attaching to the frame 260
of FIG. 2D. The flanges of each module make physical
contact with structural features of the MF structure as if
those MF structural features were an upper rail 262a or a
lower rail 2625 of a frame 260. The MF structural features
each can act as a segment of an upper rail 262a or a lower
rail 2625 of the frame 260. Also, as a frame like structure it
can be configured to be disposed stationary relative to such
as a desktop or onto a mobile structure, (not shown) for
example.

In this embodiment, the frame 260 is made from a rigid
material, such as extruded aluminum or molded plastic
having rigid properties of sufficient strength, for example, so
that an insubstantial amount of deformation of the frame 260
occurs in response to the frame 260 supporting one or more
module enclosures 210.
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To disengage the module enclosure 210 from the frame
260, the lower rear flange 2205 of the module enclosure 210
is lifted above the lower rail 26256 and pulled away from the
frame 260. Movement of the module enclosure 210 in the
reverse direction engages the module enclosure 210 with the
frame 260.

FIG. 2E illustrates a front perspective and exploded view
of an integrated health care apparatus 270 including two
module enclosures 210a-2105 physically attached to a frame
260. The components within this view, when assembled
together, form an integrated health care apparatus 270. The
mechanical, electrical and software attachment between one
or more modules and a frame is also referred to herein as an
integrated apparatus or integrated assembly.

As shown, the mechanical interface between the frame
260 and the module enclosures 2104-2105, permits a first
module enclosure 210a to be of a different width in relation
to a second module enclosure 2105. Module enclosures of
various widths can be arranged adjacent to each other in an
ordered sequence along a long dimension of the frame 260.
This type of integrated health care apparatus design provides
for packing (horizontal stacking) of modules to eliminate
unwanted spatial gaps between health care modules.

The module enclosure 210a is shown as having approxi-
mately the same dimensions as the module enclosure 210
shown in FIGS. 2A-2D. The width dimension of module
enclosure 2105, which is defined as being a dimension
parallel to the X axis 202 and a supporting rail of the frame
260, is substantially larger (wider) in dimension than the
width dimension of the module enclosure 210a.

As shown, the frame 260 is designed to enable mechanical
attachment to each of a plurality of health-care equipment
modules 210a-2104 at one time. The frame includes at least
one supporting axis. co-axial with the lower rail 2625 and
substantially parallel to the X axis 202, and is oriented
substantially orthogonal to the direction of gravity. The
width dimension is measured along a dimension (axis) of the
attached enclosure parallel to the supporting axis, while the
enclosure is attached to the supporting rail. As a result, the
mechanical interface permits an enclosure of a first module,
to be of a different width in relation to a width of an
enclosure of at least a second module, while both the first
module and the second module are mechanically attached to
the frame 260. A plurality of modules in addition to modules
2104-2105 can be attached to the frame 260.

In some embodiments of the invention, each module
enclosure 210 is sized in accordance with one of a set of
discrete widths and where each discrete width is an integer
number of multiple units of width. For example, each
module enclosure can be dimensioned as a multiple of 35
mm units of width, such as 35 mm, 70 mm, 105 mm etc. In
these embodiments, each of the discrete widths are selected
for a particular enclosure in accordance with a size of a
module embedded component (not shown), also referred to
herein as a module component, that can be disposed within
the module enclosure 210a-2105.

In the embodiment shown, a power and computing com-
ponent (PACC) (not shown here) is enclosed within the
module enclosure 2105. The PACC is configured to transfer
electrical power and data between itself and at least one
other module embedded component via an electrical inter-
face and a software interface. In this embodiment, the other
module embedded component resides within the module
enclosure 210a.

The frame 260 includes a cable passageway 264 (best
shown in FIG. 2D) configured to accommodate passage of
one or more universal serial bus (USB) cables (not shown).
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BEach of the USB cables within the passageway are
employed to provide an electrical pathway that enables
transfer of power and data (electrical attachment/software
connection) between the power and computing component
2105 and a module enclosure 210a attached to the frame
260. Each of a plurality of these USB cables provide an
electrical pathway to each respective one of a plurality of
modules 210a attached to the frame 260 at the same time.

The integrated health care apparatus 270 includes other
components, such as an upper housing panel 266 and a lower
housing panel 268, and right end cap 272a and a left end cap
272b. The upper housing panel 266 and lower housing panel
268, also referred to as the upper plate 266 and the lower
plate 268, are designed to make physical contact with the
frame 260 and physical contact with the module enclosures
210a-2105 while these plates 266-268 are attached to the
frame 260. The end caps 272a-272b are designed to bound
the module enclosures 2104-2105 arranged adjacent to each
other while attached to the frame 260. The end cap 2725 also
includes a power supply component (not shown) that sup-
plies electrical power to the PACC 2105.

In this embodiment, the upper housing panel 266 snap fits
over and around an upper portion of the frame 260 and an
upper flange 222a of the modules 210a-2105 in order to
secure the modules 210a-2105 into a stationary (locked)
position while mechanically attached to the frame 260.
When assembled, the upper housing panel 266 also contrib-
utes to a cosmetic appearance of the integrated apparatus
270.

The lower housing panel 268 snap fits under and around
a lower portion of the frame 260 and a lower flange 2225 of
the modules 2104-2105 in order to secure the modules
210a-2105 into a stationary (locked) position while attached
to the frame 260. The lower housing panel 268 also conceals
wires, such as USB cables attached to the modules 210a-
2104 (see FIG. 3B) and passing through the cable passage-
way 264. When assembled, the lower housing panel 266 also
contributes to a cosmetic appearance of the integrated appa-
ratus 270.

When the upper housing panel 266 and the lower housing
panel 268 are unattached to the integrated assembly 270,
each module enclosure 2104-2105 mechanically attached to
the frame 260 is not attached in a locked position and can be
lifted away from and detached from the frame 260 without
having to move another module enclosure attached to the
frame 260. When the end caps 272a-272b are unattached to
the frame 260, each module 2104-2104 mechanically
attached to the frame 260 can be repositioned along the
frame 260, simply by sliding it along the length of the upper
rail 262a and lower rail 2625 of the frame 260.

The frame 260, which is employed as a supporting
structure for a module enclosure 210a-2105, can be incor-
porated into a variety of different configurations, including,
for example, a desktop configuration (see FIGS. 4A-4D), a
wall configuration (see FIGS. 5A-5D), a mobile configura-
tion (see FIGS. 1A-1F), a hand-cartable configuration, or a
bed configuration (see FIGS. 8A-8E, 9A-9D). A module
enclosure 210a-2105 can be attached, detached and re-
attached into different types of configurations, such as
between two or more of the aforementioned types of con-
figurations.

FIG. 2F illustrates a view of a module enclosure 210
lacking a detached side panel 216 and including a module
embedded component 280 disposed within the module
enclosure 210. As shown, the side panel 216 of FIG. 2A is
detached from the module enclosure 210 in order to reveal
the module embedded component 280. The module embed-
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ded component 280 is designed to function as a portion of
a non-invasive blood pressure measuring (NIBP) device. In
operation, a peripheral tube component (not shown), also
referred to as the tube, is connected between a blood
pressure cuff (not shown) and the connection port 214a. Air
transfers between the module embedded component 280 and
a blood pressure cuff (not shown) is performed via the tube
(not shown) and the connection port 214a (Shown in FIGS.
2A-2B).

As shown in the aforementioned FIGS. 2A-2F, the mod-
ule structure 210 provides physical support relative to at
least one module embedded component 280. The module
embedded component 280 is configured to perform at least
one function included within a provision of health care to a
patient. The module structure 210 includes a mechanical
interface that enables a mechanical attachment of the mod-
ule structure 210 relative to a frame structure 260. The
module embedded component 280 is configured for inter-
operation with a power and computing component 2105
located separate from the module structure 210. The module
structure 210 includes an electrical connection configured to
provide a standardized electrical interface that enables trans-
fer of at least one of standardized power and standardized
data between the power and computing component and the
at least one module component 280.

FIGS. 3A-3E each illustrate an aspect of an embodiment
of a power and computing component. This embodiment of
the power and computing component 2105, like that shown
in FIG. 2D, is also referred to herein as a PACC 2105, and
is implemented to deliver power and data to other compo-
nents via a universal serial bus (USB). The universal serial
bus (USB) is a standardized electrical interface configured
(designed) to supply both electrical power and data.

FIG. 3A illustrates a simplified external view of the
embodiment of the power and computing component
(PACC) 2104 like that shown in FIG. 2E. Like a module
enclosure 210, the PACC 2105 is designed as a frame
attached component and when it is attached to a frame of an
integrated apparatus, it resides within the integrated appa-
ratus. As shown, the PACC 2105 includes a first set of five
(5) power and/or data connectors 312a-312¢ and a second
set of five (5) power and/or data connectors, also referred to
herein as the connectors 3124-312¢ and 314a-314e. These
connectors 312a-312e and 314a-314e are physically located
along an outer surface of the PACC 2105 and are accessible
for electrical attachment with other components via a plu-
rality of USB cables (not shown).

In some embodiments, the connectors of the first set
312a-312¢ and of the second set 314a-314e are assigned for
separate purposes. For example, in the embodiment shown,
the connectors of the first set 312a-312¢ are assigned as
“external device” connectors for interfacing with one or
more devices that reside external to the integrated apparatus
within which the PACC 2105 and other modules reside.
These external devices are not attached to the frame nor to
any frame attached module enclosure residing within the
integrated apparatus within which the PACC 2105 resides.
Separately, the connectors of the second set 314a-314e are
assigned as “internal” connectors for interfacing with appa-
ratus integrated components, referred to as internal compo-
nents, that reside internal to the apparatus configuration
within which the PACC 2105 resides.

A module enclosure mechanically attached to a frame
within an apparatus configuration is classified to reside
internal to the apparatus configuration. Other components
attached to that module enclosure, such as one or more
module-embedded components that reside internal to the
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module enclosure, or peripheral components that reside
external to the module enclosure, are classified and referred
to as residing within the apparatus configuration within
which the module enclosure resides.

A PACC 2105 attached to the frame 260 of an apparatus
configuration, also resides within (internal to) that apparatus
configuration. Devices that do not reside within a particular
apparatus configuration are referred to herein as “external
devices” relative to that particular apparatus configuration.
Alternatively, in other embodiments, the connectors 312a-
312e, 314a-314e can each be assigned differently with
respect to interfacing with various “internal” components or
“external” devices.

Within the embodiment shown, the connectors 312a-
312, 314a-314e are implemented as universal serial bus
(USB) connectors. Each connector 312a-312e, 314a-314e
functions as a standard or non-standard universal serial bus
(USB) end point connection 312a-312¢, 314a-314e. Within
this embodiment, external connectors 312a-312e, are imple-
mented as standard USB connectors. Unlike the external
connectors 312a-312¢, the internal connectors 314a-314e
are implemented as non-standard (extra functioning) USB
connectors.

In accordance with the USB standard, each standard USB
end point connection 312a¢-312¢ is configured to supply
electrical power in the form of 5 volts of direct current (DC)
and at a maximum supply rate of 0.5 amperes (500 milli-
amperes) of current, yielding a maximum of 2.5 watts of
electrical power available to be received (drawn) by another
USB connected component. In accordance with the inven-
tion, each non-standard USB end point connection 314a-
314e is configured to supply electrical power in the form of
5 volts of direct current (DC) and at a maximum supply rate
substantially in excess of 0.5 (500 milliamperes) of current,
yielding a maximum of electrical power substantially in
excess of 2.5 watts.

In some embodiments, the non-standard USB end points
are each configured to supply a maximum of about 1.5
amperes of current. In some embodiments, a total aggregate
current is limited to a maximum of about 7.5 watts of
electrical power available to be received (drawn) by USB
connected components.

Each USB end point connection 312a-312¢, 314a-314e,
whether it be a standard 312a-312¢ or a non-standard
314a-314e connection, is also configured to bi-directionally
transfer digitized information between the PACC 2105 and
one or more components other than the PACC 2105, such as
for example, to transfer to and/or from a module embedded
component (not shown) residing inside (internal to) the
module enclosure 210a.

As shown, in this embodiment, the module enclosure
210a includes a power and/or data connector 244 imple-
mented as a USB end point connector 244. The connector
244 is disposed within a recessed portion 218 of the module
enclosure 210a of a particular HCE module. The module
enclosure 210a embodies a module and can enclose (in-
clude) one or more module-embedded components (not
shown).

As shown, a USB cable 308 is disposed between the
PACC 2105 and the module enclosure 210a. The USB cable
308 is configured to be physically connected (not shown)
between a PACC USB connector 312a-312¢, 314a-314¢ and
a USB connector of a component other than the PACC 2105
(another component), such as the module USB connector
244 of module enclosure 210a. Alternatively, the cable 308
can be physically connected to a USB connector (not shown)
of another module enclosure (not shown) residing within the
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apparatus configuration, or to another device (not shown)
not residing within the apparatus configuration. The USB
cable 308 provides an electrical connection between the
PACC 2105 and other components residing within an inte-
grated apparatus, such as, for example, within the module
enclosure 210a, as shown.

When connected, the USB electrical connection provides
powet from the PACC 2105 to the other components such as
to one or more module-embedded components (not shown)
that reside within the module enclosure 210a (shown). The
USB electrical connection further enables bi-directional
transfer of information, encoded as digitized data, between
the PACC 2105 and other components, including for
example, one or more module-embedded components resid-
ing inside (internal) to the module enclosure 210a or mod-
ule-embedded components residing inside (internal) to other
module enclosures (not shown) or to peripheral components
residing outside of and electrically connected to a module
embedded component within a module enclosure, or to
devices residing outside of the apparatus configuration alto-
gether.

FIG. 3B illustrates a simplified block diagram of some of
the internal components of the power and computing com-
ponent (PACC) 2105b. As shown, a central processing unit
(CPU) 360 interfaces (communicates) with each of two (2)
USB host components 362a-3625. The non-module USB
host component 362a is configured to interface (communi-
cate) with a USB hub component 364a. The USB hub
component 364a is configured to interface (communicate)
with each of the five (5) USB end point connectors 312a-
312¢. The USB host component 3625 is configured to
interface (communicate) with a USB hub component 3645.
The USB hub component 3644 is configured to communi-
cate with each of the five (5) USB end point connectors
3144-314e.

The USB design incorporates four (4) conductors. Of
these four (4) conductors, two (2) conductors are employed
to transfer electrical power and two (2) conductors are
employed to transfer data. The FIGS. 3B and 3C represent
the transfer of binary encoded information (data) between
the CPU 360 and a USB host 362a, 3625, and the transfer
of binary encoded information (data) between a USB host
362a, 3625 and a USB end point 312a-312¢ and 314-314¢
respectively. The transfer of electrical power to each USB
end point does not occur along the same path as data, but
such transfer of power to a USB end point is arranged via a
power bus (not shown) which is separate from the data paths
shown in FIGS. 3B and 3C.

In this embodiment, the first set of external device con-
nectors 312a-312e are assigned to interface with devices that
reside external to the apparatus configuration. As previously
described, these external devices are not attached to module
enclosures 210a that reside within an apparatus configura-
tion within which the PACC 2105 resides. These external
device connectors function as standard USB end points,
meaning that no more than about 0.5 amperes of current is
permitted to flow to an “external device” through this
particular USB end point (connector).

When an external device is electrically connected to one
of these external device USB end point connectors 312a-
312e, the USB host component 362¢ detects such an elec-
trical connection event, permits 100 milliamps of electrical
current to flow to the external component, and initiates a
USB protocol session with that component. During the USB
protocol session, information is exchanged between the
USB host 362¢ and the external device. During the USB
protocol session, the external device identifies itself by
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communicating to at least one of a vendor identification
value and a product identification value and negotiates USB
connection parameters, including a maximum amount of
current that the device will be allowed to draw from the
PACC 2105 during its normal operation.

In accordance with USB standards, the device is permit-
ted to draw up to about 500 milliamperes of current during
its normal operation. If during the USB protocol session, the
device does not communicate a vendor identification value
and a product identification value that represents a device
permitted to interoperate within the integrated apparatus,
then the device has failed to successfully complete the USB
protocol session and as a result, the PACC 2105 will
terminate transfer of electrical power to the device. Hence,
the device is denied electrical power from the PACC 2104.

Conversely, if the device communicates a vendor identi-
fication value and a product identification value that repre-
sents a device permitted to interoperate within the integrated
apparatus, then power continues to be transferred in an
uninterrupted fashion to the device during its normal opera-
tion. Hence, interoperation between the PACC 2105 and the
device is permitted or denied based upon successful transfer
of at least one of a valid vendor identification value and a
valid product identification value.

Within this embodiment, the second set of connectors
314a-314e are assigned to interface with internal compo-
nents that reside within the integrated apparatus within
which the PACC 2105 resides. These internal components
are typically embedded or attached to module enclosures
attached to and reside internal to the apparatus configura-
tion. These internal component connectors 314a-314e func-
tion as non-standard and extra functioning USB end points
that can optionally supply electrical current substantially in
excess of 500 milli-amperes. When an internal component,
such as a module attached or embedded component, is
electrically connected to one of these internal USB end point
connectors 314a-314¢, the USB host component 3625
detects such an event, and permits 100 milliamps of elec-
trical current to initially flow to the component, and initiates
a USB protocol session with that component. During the
USB protocol session, information is exchanged between
the USB host 3625 and the internal component.

As described above in association with external devices,
during the USB protocol session, the internal component
identifies itself by communicating at least one of a vendor
identification value and a product identification value and
negotiates USB connection parameters, including a maxi-
mum amount of current that the device will be allowed to
draw from the PACC 2105 during its normal operation. As
an exception to USB standards, the device is permitted to
draw substantially in excess of 500 milliamperes of current
during its normal operation.

As described above in association with external devices,
if during the USB protocol session, the internal component
does not communicate a vendor identification value and a
product identification value that represents a component
permitted to interoperate within the integrated apparatus,
then the component has failed to successfully complete the
USB protocol session and as a result, the PACC 2105 will
terminate transfer of electrical power to the internal com-
ponent. Hence, the internal component is denied electrical
power from the PACC 2105.

Conversely, if the internal component communicates a
vendor identification value and a product identification value
that represents a device permitted to interoperate within the
integrated apparatus, then power continues to be transferred
in an uninterrupted fashion to the device during its normal
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operation. Hence, interoperation between the PACC 2105
and the internal component is permitted or denied based
upon at least one of the vendor identification value and the
product identification value.

During the USB protocol session, the internal component
negotiates USB connection paranieters, including a maxi-
mum amount of current that the device will be allowed to
draw from the PACC 2105 via the internal USB connector
314a-314e. In some embodiments, the internal component is
allowed to draw up to about 1500 milliamperes of current
from the PACC 2106 via one of the USB connectors
314a-314e.

Upon successfully completing the USB protocol session,
a communications protocol such as, for example, Welch
Allyn Communications Protocol (WACP) session may be
initiated to further exchange WACP related information
between software executing on the PACC 2105 and software
executing on the internal component. In some embodiments,
during the WACP session, the internal component transfers
(communicates) a global unique identifier (GUID) via the
USB connection that further identifies the internal compo-
nent to software executing within the PACC 2105.

If the internal component fails to successfully perform
within the communications protocol session, the PACC 2105
will terminate transfer of information with the internal
component and will continue to provide only electrical
power to the device. Conversely, if the internal component
continues to successfully perform within the communica-
tions protocol session, then power and information transfer
continue in an uninterrupted fashion to the internal compo-
nent during its normal operation.

The PACC 2105 receives electrical power transferred
from a separate power supply (not shown). In some embodi-
ments, the separate power supply includes an alternating
current (AC) to direct current (DC) transformer disposed
within an end cap 272b. In some embodiments, the trans-
former (not shown) supplies 15 volts of voltage and 4
amperes of current to the PACC 2105. Because the PACC
2105 has a limited total current that it can supply at any one
time, in some circumstances, the PACC 2105 may not be
able to supply a particular amount of current requested by a
particular internal component or requested by a external
device USB through a particular end point connection
312a-312¢, 314a-314e.

The PACC 2104 is designed to supply a limited maximum
total amount of current at any one point in time. For
example, 500 milli-amperes of current were requested to be
supplied to each of the ten (10) USB connectors 312a-312¢,
314a-314e at a particular point in time, then the PACC 2105
would be required to supply 5 amperes of total current at that
one point in time.

In some circumstances, the cumulative demand for cur-
rent from the connectors 312a-314¢ may exceed a maximum
amount of current that can be supplied by the PACC 2105 at
a particular point in time. In this circumstance, software
executing on the CPU 360 within the PACC 2105 can
optionally cause one or more USB end points to not be
supplied a requested amount of current in order to supply
current to other USB end points.

In some circumstances, the USB host 362a, 2625 can
transmit via the USB protocol to the internal component or
external device, a notice (status information) that an amount
of current requested by the component or device cannot be
supplied to the component or device at that particular time.
As a follow up action, the amount of current supplied
through a USB end point 312a-312e¢, 314a-314¢ to the
component or device is reduced for a period of time until
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further notice (status information) is transmitted from the
USB host 362a, 3625 to the USB end point supplying
current to a component or device.

At a later point in time, a further notice (status informa-
tion) can be transmitted from the USB host 362a, 3625 to the
component or device indicating that more current or suffi-
cient current to satisfy the requested current is available. For
example, this status information can be communicated to a
module 2105 via an internal USB connector 314a-314e,
indicating that more current and/or the total requested cut-
rent is currently available. As a responsive action, the
amount of current drawn by the module component or
device and supplied through a USB end point 312a-312e,
314a-314e to the module component or device is raised
accordingly.

In some circumstances, the software can direct the USB
host 362a, 3625 to transmit a command through a particular
USB end point 312a-312¢, 314a-314e to a receiving internal
component or external device to cause that component or
device to transition to a sleep mode. Such a transition can
occur from another mode, such as from a normal mode of
operation to the sleep mode. While operating in sleep mode,
the component or device requires and draws a substantially
lower amount of current than an amount of current drawn
during its normal operation.

At a later point in time, the software can direct the USB
host 362a, 3625 to transmit a command through a particular
USB end point 312a-312¢, 314a-314e to the receiving
internal component or external device to cause that compo-
nent or device to transition to normal operation when an
amount of current sufficient to support the normal operation
of the component or device becomes available.

FIG. 3C illustrates a simplified block diagram of some of
the internal components of a second embodiment of the
power and computing component (PACC) 310. Like the
embodiment of FIG. 3B, the internal components include the
(CPU) 360 interfacing with two (2) USB host components
362a-3625 which each interface with USB hub component
364a and 3645 respectively, which each interface with the
five (5) USB end point connectors 312a-312e and five (5)
USB end point connectors 314a-314e, respectively.

Unlike the embodiment of FIG. 3B, the end point con-
nectors 312a-312¢ and 314a-314e are all assigned to inter-
face with internal components and to function as non-
standard and extra functioning USB end points that can
optionally supply electrical current substantially in excess of
500 milli-amperes. Furthermore, one (1) of the end point
connectors 312a-312¢ and 314¢-314e is assigned to inter-
face with a third USB hub 364¢ instead of interfacing with
an internal component or an external device. The third USB
hub 364c¢ interfaces with five (5) USB end points 316a-316e,
which are not included within the embodiment of FIG. 3B
and are assigned to function as standard USB end points
316a-316¢ and to interface with external devices.

In accordance with the arrangement of USB components
within this embodiment, the USB standard permits a USB
hub 364a-364c to interface with another USB hub as if it
were a USB end point. Consequently, a plurality of USB
hubs can be interfaced and nested among other USB end
points in this fashion in accordance with the USB standard.

FIG. 3D illustrates a simplified view of a second embodi-
ment of the PACC 310 implemented within an electronic
circuit board. Like the PACC 21056 of FIG. 3A, the PACC
310 includes a plurality of USB end point connectors
3124-312¢ and 314a-314e. Unlike the PACC 2105, the
PACC 310 further includes an additional plurality of USB
end point connectors 316a-316¢. The USB end point con-
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nectors 312a-312e, 314a-314e and 316a-316¢ assigned in
accordance with the diagram of FIG. 3C.

The second embodiment also includes a special USB
receiving end point 318. As opposed to other USB end
points (end point connections) 312a-312¢, 314a-314e and
316a-316e designed to transmit electrical power, the USB
end point 318 is designed to receive power and to transfer
data to another host device, such as a personal computer. In
such a scenario, the integrated apparatus is configured to act
as a USB slave device to another device, such as a personal
computer.

The PACC 310 implemented on a circuit board 312 is
appropriate for incorporation into the mobile frame appara-
tus (MF) 110 of FIGS. 1A-1F. The circuit board 312 resides
within a cavity (not shown) of the MF 110. The cavity
enables a USB cable connection between each USB end
point 312@-312¢ and each module 112-116 that resides
within the MF 110.

As opposed to the linear arrangement of frame attached
modules shown in FIG. 2E, and later shown in FIGS. 4A and
5A, the modules of the MF 110 are not all arranged along
one line. For example, module 112 of the MF is not arranged
along a same line as modules 114 and 116. Also, there is no
frame attached and packaged PACC 2105 within then MF
110. Instead, the MF 110 includes an embedded and non-
separately packaged PACC 310 implemented as a circuit
board.

Each USB end point connection to a module can include
a 5 volt to 5 volt isolation transformer (not shown) that
resides within the module. This transformer provides gal-
vanic protection to a user and/or patient that may come into
physical contact with the module. The transformer provides
protection from a possible malfunction in the apparatus that
could cause excessive voltage and current to discharge from
the apparatus and cause possible injury to the user or patient.

FIG. 3E illustrates a commercially available computer
functioning as a power and computing component (PACC)
via a standardized electrical interface provided by the com-
puter. As shown, a computer 370 can function to test and
operate one or more HCE modules 210a. The USB cable 308
can establish an electrical connection between a USB con-
nector 372 and the USB connector 244 of the module 210a.
Such a USB connector 372 is typically standard on many
personal computers can connect to the USB cable 302.

As shown, the standardized electrical interface may be
provided as a feature of a commercially available computer,
so that the computer can function as an embodiment of the
power and computing component. Many module embedded
components, prior to being embedded into a module struc-
ture in accordance with the invention, could have been
embedded within other prior art health-care equipment and
supplied data and/or power from other than a standardized
electrical interface.

In many embodiments, the module structure substantially
encloses the module embedded component 280. In other
embodiments of the invention, the module embedded com-
ponent 280 can be removed from the module structure 210
and supplied via a standardized electrical interface in accor-
dance with the invention.

The module embedded component can optionally include
software for interoperation with the power and computing
component. The software executing within the module
embedded component operated in accordance with a soft-
ware interface to enable a software connection between the
power and computing component and the module embedded
component. The software connection involves the execution
of a communications protocol stack, such as for example,
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the Welch Allyn Communications Protocol stack. The soft-
ware connection supported by and dependent upon the
electrical (power and data) connection. In the embodiments
shown, the electrical (power and data) connection is an USB
end point connection.

Overall, the aforementioned use of the USB and its
surrounding design and implementation provide an embodi-
ment of a power and data transfer mechanism between a
source of electrical power and at least one module compo-
nent that resides internal to an apparatus, or to a device that
resides external to an apparatus. That source of electrical
power can be as convenient as a widely available personal
computer or a wall outlet AC-DC transformer with a USB
connection that can plug into a wall outlet.

FIGS. 4A-4D illustrate views of an integrated desk top
mounted configuration 410. This configuration 410 includes
a plurality of health-care equipment (HCE) modules 412-
418 cach designed to interoperate with a respective periph-
eral component 422-428 (see FIG. 4B).

FIG. 4A illustrates a front side perspective view of an
embodiment of a desktop configuration 410. As shown, the
desktop configuration 410 includes four (4) HCE module
enclosures 412-418 that each face and are each accessible
from a front side of the apparatus 410. Each of these four (4)
HCE modules 412-418 are designed to provide physical
support to a peripheral component (see FIG. 4B). Physical
support is provided via a docking cradle type of mechanical
interface, also referred to herein as a docking station, or
cradle 412-418.

The cradles 412-418 each include side protrusions, such
as the side protrusion 4125 and 4185, for example, that assist
with providing physical support to a peripheral component
422-428 (see FIG. 4B) disposed within each respective
cradle 412-418. Some of the cradles 412 and 414 each
include a rectangular-shaped well opening 412a and 414a
(shown in FIG. 2B, for example), respectively. The cradle
416 includes a circular well shaped opening 4164 (shown in
FIG. 2B, for example), respectively. The cradle 418a does
not include a well.

In some embodiments, each cradle 412-418 further pro-
vides an electrical interface via an electrical connector (not
shown) within each respective well to a peripheral compo-
nent mechanically engaged with the cradle 412-418 via the
well. The electrical interface being designed to transfer
electrical power from the cradle 412-418 to the peripheral
component. In some embodiments, the electrical interface
further provides for transfer of data between the cradle
412-418 and the peripheral component, for example, by
employing a USB interface between the cradle 412-418 and
the peripheral component. Some peripheral components
require no electrical power from a source external to the
peripheral component, and may be self powered via an
internal battery. Other peripheral components may not
require any electrical power.

An electronic display screen (EDS) 430 is disposed to the
left side of the module enclosure 418. The EDS 430 is
designed to be touch sensitive and to provide a user interface
to a user of the integrated apparatus 410 via electronic
display of text and graphics. The EDS 430 is designed to
interoperate with a PACC (see FIG. 2D) that resides internal
to the apparatus 410. In some embodiments, the EDS is an
LCD display screen. The display screen shown has a diago-
nal dimension of 8.9 inches.

FIG. 4B illustrates a front side perspective view of the
embodiment of FIG. 4A including hand held peripheral
components 422-428 disposed within the cradles 412-418.
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Bach cradle 412a-418a is manufactured as at least a portion
of a customized face plate attached to each respective
module enclosure.

As shown, a hand held component 422, is an audiometer
422 employed for measuring the acoustic sensitivity of a
patient’s ear, while the hand held component 424 is a
tympanometer 424 employed for applying pressure to mea-
sure properties of an ear drum. Peripheral component 426 is
an otoscope 426, which is a hand held sensory device
employed for visual inspection of an ear or a nose cavity of
a patient. Peripheral component 428 is an otoscope tip
dispenser 428, designed to store and dispense tips designed
to attach onto an otoscope 426.

The peripheral components 422-426 are classified as
medical diagnostic instruments. Many other types of medi-
cal instruments can be integrated as a peripheral component
that functions within a module. Such medical instruments
include a rhinoscope, a laryngnoscope, an anoscope, an
audiometer, a tympanometric instrument, a thermometer,
and a vaginoscope, for example. In other embodiments,
some modules function as non-electrical (mechanical only)
devices. For example, a module can be implemented as a
mechanical blood-pressure measuring device, a dispenser, a
storage unit, and a cup holder.

A printer module 432 is located above the EDS 430.
Printing can be initiated and controlled via the user interface
provided by the EDS 430. The printer module 432 outputs
printed paper through an external opening 432a located
along the top side of the integrated apparatus 410. A pair of
drawers 434, 436 are disposed on a lower side of the
integrated apparatus 410. The drawers 434, 436 can be
utilized for storage of items, typically related to the function
of the HCE modules disposed within the apparatus 410.

FIG. 4C illustrates a variety of views of the embodiment
of a desktop configuration 410. View 450 illustrates the front
side of the desktop configuration apparatus 410 like that
shown in FIG. 4A, while view 452 illustrates the left side of
the apparatus 410. View 454 illustrates a right side of the
apparatus 410. View 456 illustrates an upper side of the
apparatus 410, view 458 illustrates a lower side of the
apparatus 410, and view 460 illustrates a rear side of the
apparatus 410.

FIG. 4D illustrates a rear side exploded view of the
desktop apparatus 410. A rear-side view of the module
enclosures 412, 414 and 416 is shown. Also, a rear-side view
of the printer 432 and its opening 432a is also shown. A right
end cap 472 is also shown.

FIGS. 5A-5D illustrate views of an integrated wall
mounted configuration 510. This configuration 510 includes
a plurality of five (5) health-care equipment modules 512-
520 each designed to interoperate with a respective periph-
eral component 422-428 (see FIG. 5B).

FIG. 5A illustrates a front side perspective view of an
embodiment of a wall mounted configuration. As shown, the
wall mounted configuration 510 includes four (4) HCE
module enclosures 512-520 each accessible from a front side
of the apparatus 510. Each of these four (4) HCE modules
512-520 is designed to provide some type of physical
support to a hand accessible component (see FIG. 5B).
Physical support for each hand accessible component is
provided via supporting protrusions (51256-5185) that extend
as a portion of the face plate of each module enclosure
512-518.

The module enclosures 512-516 are shown as having
approximately the same dimensions. The width dimension
of module enclosure 518, which is defined as being a
dimension parallel to the X axis 202 and a supporting rail
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(not shown) within the apparatus 510, is substantially larger,
about 3 times larger (wider) in dimension than the width
dimension of each if the module enclosures 512-516. The
module enclosure 520 is a temperature measuring module,
like the temperature measuring module 112 shown in FIG.
1A. Also, a blood-pressure meter 532 is mounted onto the
module enclosure 518. Hand accessible components
designed to interoperate with the blood pressure meter 532
are shown in FIG. 5B.

An electronic display screen (EDS) 530, like that shown
in FIG. 4B, is disposed to the left side of the module
enclosure 520. The EDS 530 is larger and has a diagonal
dimension of 7 inches and includes a larger pixel display
area, than the EDS 430 of FIG. 4A. Like the EDS 430, the
EDS 530 may be designed to be touch sensitive and provide
a user interface to health care providers using the integrated
apparatus 510 via electronic display of text and graphics.
The EDS 530 is designed to interoperate with a power and
computing component (not shown) that resides internal to
the apparatus 510. In some embodiments, the EDS is an
LCD display screen.

FIG. 5B illustrates a front side perspective view of the
embodiment of FIG. 5A including hand accessible compo-
nents 542-548 disposed within the support structures such as
the protrusions 5125-5185 (see FIG. 5A). Each support
structure 5125-5186 is manufactured as a portion of a
customized face plate attached to each respective module
enclosure 512-518.

As shown, a hand accessible component 542 is an oto-
scope 542 employed for visual inspection of body cavities,
such as an ear or nose cavity of a patient. Hand accessible
component 544 is an otoscope tip dispenser 544 designed to
store and dispense tips designed to attach onto an otoscope
426. The hand accessible component 546 is an ophthalmo-
scope 546 employed for visual inspection of the eye, and
hand accessible component 548 is a non-invasive blood
pressure measuring device 548, which includes a blood
pressure cuff 548a, pressure bulb 5485 and pressure meter
548c.

As described in FIG. 1A, the temperature measurement
module 520 is designed to measure body temperature of a
patient and includes a front panel (face plate) 5204, having
an outer surface accessible from the front side of the wall
mounted configuration apparatus 510. The front panel 112a
includes access to a well (not shown) storing a removable
probe (not shown) attached to a probe handle 52056 (shown).
The probe and its attached probe handle are tethered to the
module 520 via an insulated conductor 520c¢. A probe cover
dispenser 5204 is designed to store a collection of disposable
probe covers each dimensioned to be disposed over the
removable probe.

FIG. 5C illustrates a variety of views of the embodiment
of the wall mounted configuration 510 of FIGS. 5A-5B.
View 550 illustrates the front side of the wall mounted
configuration apparatus 510 like that shown in FIG. 5A,
while 552 illustrates the left side of the apparatus 510. View
554 illustrates a right side of the apparatus 510, view 556
illustrates an upper side of the apparatus 510, and view 558
illustrates a bottom side of the apparatus 510.

FIG. 5D illustrates a front side exploded view of the wall
mounted apparatus 510. A front-side view of each of the
module enclosures 512, 514 and 516 is shown. Also, a
rear-side view of the printer 432 and its opening 432aq is also
shown.

FIGS. 6A-6H each illustrate embodiments of a socket
module structure 610, also referred to herein as a socket
module enclosure 210, shown in various states of assembly.
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A socket module structure 610 is similar to the module
structure 210 of FIG. 2A in that it possesses overall exterior
dimensions and features that enable it to attach to a frame,
such as the frame 260 of FIG. 2E, for example. The socket
module 610 differs from the module structure 210 of FIG.
2A by being designed to receive a portable component, also
referred to herein as a portable insert, or a plug. The portable
insert is designed to be received into an internal cavity
within the module structure 610 (see FIG. 6C).

FIG. 6A illustrates a front perspective view of an embodi-
ment of a single slot socket module enclosure 610. As
shown, the socket module enclosure 610 is of a generally
rectangular shape and includes an open front side lacking a
face plate. Like the module enclosure 210, the socket
module enclosure 610 includes an upper forward flange
622a and a lower forward flange 6225. Unlike the module
enclosure 210, the upper forward flange 6224 and the lower
forward flange 6225 do not reside on a face plate, but instead
reside on the socket module enclosure 610. A rear side of the
socket module enclosure 610 (not shown here) is located
opposite to the front side. An upper rear flange 620a and a
lower rear flange 6205 are located proximate to and/or along
the rear side of the socket module enclosure 610. Unlike the
module enclosure 210, the socket module enclosure 610
does not include a recessed portion notched out from the
overall shape of the socket module enclosure, such as the
recessed portion 218 shown in FIG. 2A.

FIG. 6B illustrates a front perspective view of a double
slot socket module enclosure 630 including an attached
portable insert 638. As shown, a first (left most) slot 632 is
shown as being empty (unoccupied) and a second (right
most) slot 634 is shown as being occupied and including a
portable insert 638 residing within it. As shown, when the
portable insert 638 is fully inserted within a slot 634, the
portable insert 638 mechanically and electrically attaches to
the socket module enclosure 630 via engagement between
an electrical connector (not shown) located along the rear
interior surface (not shown) of the slot 634 and an electrical
connector located along the rear exterior surface (not shown)
of the portable insert 638.

FIG. 6C illustrates a front perspective view of a double
slot socket module enclosure 630 and a detached portable
insert 638. As shown, a first (left most) slot 632 and second
(right most) slot 634 are shown as being empty (unoccu-
pied). As shown, the portable insert 638 is fully withdrawn
from the slot 634, and the portable insert 638 is mechani-
cally and electrically detached from the socket module
enclosure 630.

FIG. 6D illustrates a perspective view of a power and data
connection between the portable insert 638 and slot 634 of
socket module 630. A rear interior surface 652 of slot 634 is
divided into an upper section 652a and a lower section 6525.
The upper section 652a occupies an upper half and the lower
section 6526 occupies a lower half of rear interior surface
652 of the slot 634. The rear interior surface 652 faces in an
opposite direction relative to the rear exterior surface 650 of
a rear wall of the slot 634 receiving the portable insert 638.

Each section 652a, 65256 includes a female USB connec-
tor 654a and 6545 respectively. The USB connector 6524 is
centered within section 6524 and the USB connector 6525 is
centered within section 6525. Each USB connector 6544 and
6545 1s surrounded by a perimeter wall 656 having a shape
like that of a RS-232 “D connector”. Either side of the
perimeter wall 656 has a cylindrical cavity 658a, 6585
designed to receive a tapered protrusion associated with a
complementary male USB connector.
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A rear exterior surface 662 of portable insert 638 is
divided into an upper section 662a and a lower section 6625.
The upper section 652a occupies an upper half and the lower
section 6525 occupies a lower half of rear exterior surface
662 of the portable insert 638.

Each section 662a, 6625 includes a male USB connector
664a and 6645 respectively. The male USB connector 664a
is centered within section 6624 and the male USB connector
664b is centered within section 6625. Each male USB
connector 664 and 6645 is surrounded by a perimeter wall
666a and 6665 respectively, having a shape like that of a
RS-232 “D connector”. Either side of the perimeter wall
666a-6665 has a tapered protrusion 668« and 669a in
section 662¢ and 6685, 6695 in 6625 cach designed to
engage an inner surface of the cavity 659a and 6584 of
section 652a and 6595 and 6585 of section 6525, respec-
tively. The cavities 668a, 669a, 6685 and 6696 are also
referred to herein as pilot holes. Hence, 668a and 6694
engage 659a and 658a respectively and 66856 and 6695
engage 6595 and 6585 respectively.

When the portable insert 638 is fully inserted into slot
634, the male USB connector 664a engages female USB
connector 654a and the male USB connector 6645 engages
female USB connector 654b. Accordingly, perimeter wall
666a will engage and surround perimeter wall 656a and
perimeter wall 6665 will engage and surround perimeter
wall 6565. Tapered protrusion 668a and 669a will each
engage an inner surface of each of the cavities 6592 and
658a respectively, and tapered protrusion 6686 and 6695
will each engage an inner surface of each of the cavities
6595 and 658b respectively, and also referred to as pilot
holes 6584, 65856, 6594 and 6595.

Accuracy of the connection can be supported by tight
tolerances between the dimensions of the interior of the slot
634 and the exterior dimension of the portable insert 638. In
some embodiments, the tolerances require that the height of
the interior of the slot 634 to be equal to or less than 2
millimeters larger than the height of the exterior of the
portable insert 638. Likewise, the tolerances require that the
width of the interior of the slot 634 to be equal to or less than
2 millimeters wider than the width of the exterior of the
portable insert 638.

In some embodiments, a compartment (not shown)
between the rear wall 652 of slot 634 and the rear outer
surface 650 (rear exterior side of the socket module) (not
shown here) can allow for a volume of space to electrically
connect each interior female USB connector that receives
each male USB connector 664a, 6645 of the portable insert
638, to each of two (2) exterior female USB connectors
residing along the rear exterior surface 650 (not shown here)
to each receive a male USB connector from a separate USB
cable (not shown) from the PACC 2105. For a socket module
embodiment, no notch to receive an exterior USB cable is
employed, and instead, the shape of the socket module is
rectangular. In other embodiments, one exterior female USB
connector can be connected to one interior female USB
connector where the module is configured to include only
one full height portable insert.

FIG. 6E illustrates a front perspective view of a double
slot socket module enclosure 630 that includes attached
portable inserts 636 and 638. As shown, when the portable
insert 636 and 638 are fully inserted within each respective
slot 632 and 634, each insert 636, 638 mechanically and
electrically attaches to the socket module enclosure 630 via
engagement between an electrical connector (not shown)
located along the rear interior surface (see 652 of FIG. 6D)
of each respective slot 632, 634 and an electrical connector
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located along the rear exterior surface (see 662 of FIG. 6D)
of each respective portable insert 636, 638.

The portable insert 636 occupies a full slot 632, and the
portable insert 636 is actually a combination of two (2)
half-height inserts, namely an upper half-portable insert
6364 and a lower-half portable insert 6365. Each half-height
portable insert 636a, 6365 includes a exterior male USB
connector along its rear exterior surface as shown in F1G. 4D
(see 662a, 6625 of FIG. 4D) and designed to engage a
female USB connector along a rear interior surface of the
slot 632 as shown in FIG. 4D (see 652a, 6525 of FIG. 4D).

A half-height portable insert enables functionality to be
more densely packed into one (1) slot. As described above,
each half-height portable insert has an electrical power and
data connection within each slot 632. Hence, each slot 632
provides two (2) electrical power and data connections for
one full-height portable insert, or one (1) electrical power
and data connection for each of one half-height portable
insert.

FIG. 6F illustrates a front perspective view of a double-
slot socket module enclosure 630 that includes one (1)
full-height extended portable insert 642 and the full-height
non-extended portable insert 638. As shown, the portable
insert 642 is fully inserted within slot 632 and portable insert
638 is fully inserted within slot 634.

The full-height portable insert 642 is designed to extend
beyond the front side of the socket module enclosure 630,
and is referred to as an extended portable insert 642. An
extended portable insert enables more volume to be allo-
cated to a particular portable insert within a slot 632 of fixed
size. In some circumstances, more volume may be required
to support functionality, such as to perform a particular
physiological measurement, that otherwise cannot be pro-
vided by an un-extended full height portable insert.

FIG. 6G illustrates a front perspective view of a double-
slot socket module enclosure 630 that includes two (2)
half-height extended portable inserts 644a, 644h and the
full-height non-extended portable insert 638. As shown, the
portable inserts 644a and 6445 are fully inserted within slot
632 and portable insert 638 is fully inserted within slot 634.

The half-height portable inserts 644a, 6445 are designed
to extend beyond the front side of the socket module
enclosure 630, and are referred to as extended portable
inserts 642a and 642b. Extended portable inserts enable
more volume to be allocated to a particular portable insert.
In some circumstances, more volume may be required to
support functionality, such as to perform a particular physi-
ological measurement, that otherwise could not be provided
by an un-extended half-height portable insert.

FIG. 6H illustrates a front perspective view of a double-
slot socket module enclosure 630 that includes two (2) half
height extended portable inserts 644, 644¢ and the full
height non-extended portable insert 638. As shown, the
portable inserts 6445 and 644c are fully inserted within slot
632 and portable insert 644 is fully inserted within slot 634.

The halfheight extended portable insert 642¢ functions as
a socket, like the socket module 630 that it is inserted into,
and this insert 642¢ is designed to receive another type of
insertable component 646, which is an edge card type of
connector 646. The extended portable insert 642¢ is also
referred to herein as a sub-socket and the insertable com-
ponent 646 is also referred to herein as a sub-insert.

FIGS. 7A-7F illustrate views of an integrated bed-
mounted module apparatus configuration 710. This type of
apparatus configuration is just one example of how health-
care equipment (HCE) modules, whether of a non-socket or
socket type, can be integrated into other objects, such as
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furniture, that exist within a health care facility. Some of
these objects, such as a portable (rolling) bed apparatus, are
portable and can travel with a health care facility patient.
Hence, any physiological parameter monitoring function
provided by HCE modules embedded in such objects can
accompany and/or travel with a health care patient within
the health care facility.

FIG. 7A illustrates a hand-held frame apparatus 720
integrated within and attached to a head board 718 portion
of a bed apparatus. This configuration 710 includes a plu-
rality of two (2) health-care equipment (HCE) modules
722-724 integrated into a hand held frame apparatus 720
integrated into bed headboard 718. Each HCE module
722-724 is configured to provide specialized support for the
provision of health care, including the measurement of
physiological parameters.

As shown, the modules 722-724 are integrated into a hand
held frame apparatus 720, also referred to herein as a
holding unit 720, that has an attached handle 726. The
modules 722-724, the frame apparatus 720 and the handle
726 are designed to be attached to each other as one unit and
to be attached to or removed from the head board 718 as one
unit. Upon removal from the head board 718 the frame
apparatus 720 is designed to be held in one hand via the
handle 726 of the frame 720.

The particular head board 718 shown is manufactured by
the Hill-Rom Corporation of Batesville, Ind. The head board
718 is generally planar in shape, and has been modified
(adapted) to receive the hand held frame 720 at a lower
portion (corner) of a left hand side vertical edge of the bed
head board 718, as shown in this figure. Notice that the head
board is shown from a viewing perspective of its outside
surface in FIGS. 7A-7C, and shown from a viewing per-
spective of it, inside surface in FIGS. 7E-7F.

FIG. 7B illustrates the hand held frame apparatus 720
attached to the bed apparatus 718 and further attached via
cables 728 to other peripheral components (Shown in FIGS.
7E and 7F). This figure also shows a user interface monitor
730 disposed above the bed apparatus 718 via a support pole
732.

The support pole 732 has a telescopic structure that
includes multiple pole segments that each have a different
inner diameter that enable two (2) adjacent pole segments to
overlap and slide relative to each other. The length of the
support pole 732 can fixed and secured via a pole clamp 734
located at an intersection between to adjacent pole segments.

FIG. 7C illustrates a hand-held frame apparatus 720 of
FIG. 7B detached from the bed apparatus 718 and suspended
in the air while being held in one hand. The hand-held frame
apparatus 720 is configured to be detached from a first bed
including the headboard 718 and attached (transferred) to
another second bed (not shown) including the headboard, in
circumstances for example, when transferring a patient from
the first bed to the second bed. While transferring the
apparatus 720 between different beds, the peripheral com-
ponents (not shown) may be detached from the apparatus
720 to allow for more freedom of movement of the apparatus
720 during the transfer of the apparatus 720 between the
different beds.

FIG. 7D illustrates an isolated view of the apparatus 720.
The viewing perspective 728 provides a close and front view
of the HCE modules 722 and 724 that reside within the
apparatus 720. As shown, upon close inspection of the
module 722 which occupies a full slot of the apparatus 720,
the module 722 is actually a grouping of two (2) half height
modules 722a and 7225.
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The half-height module 722a is an electrocardiogram
(EKG) module that includes a female USB connector 742.
The USB connector 742 is configured to receive a USB
cable having a male USB connector (not shown) attached to
an electrocardiogram (EKG) peripheral component, referred
to as a “puck” (not shown). The puck is attached to a
plurality of wires and electrode contacts designed to be
attached to a patient being monitored under the control of the
electrocardiogram module 722a.

The half-height module 7225 is an SPO2 module that
includes a female serial (9-pin) connector 744. The connec-
tor 744 is configured to receive a serial cable having a male
(9-pin) serial connector (not shown) attached to an SPO2
measuring peripheral component, referred to as an SPO2
“clip” (not shown). The SPO2 clip is attached to a patient
being monitored under the control of the SPO2 module
722b.

The full-height module 724 is a blood pressure measure-
ment module that includes a pneumatic hose connector 746
to a blood pressure cuff (see FIGS. 7E-7F). The connector
744 is configured to receive at least one pneumatic hose (not
shown here) (see FIGS. 7E-7F) attached to the blood pres-
sure cuff. The blood pressure cuff is attached to a patient
being monitored under the control of the SPO2 module
722b.

Other views within this figure show the hand held frame
apparatus from various viewing perspectives. In this
embodiment, the apparatus 720 includes a battery so that it
is self powered. In other embodiments, the apparatus is
configured to receive power provided from the bed appara-
tus. In yet other embodiments, the apparatus is configured as
aportable insert to that it can be inserted into a bed apparatus
adapted to provide a socket slot, as described in FIGS.
6A-6H.

FIG. 7E illustrates a view of an inside surface of the bed
head board 718 attached to the hand held frame apparatus
720 and attached to the user interface monitor 730 disposed
above the bed apparatus 718. A support tube 754 is config-
ured to surround and support the support pole 732 which is
not visible in the figure (see FIG. 7F). A cable spool 756 and
a blood pressure cuff 758 are also attached to the inside
surface of the bed head-board 718. The blood pressure cuff
738 is attached via a pneumatic cable 728 attached to the
module 724 which is located within the hand-held frame
720.

FIG. 7F illustrates a view of an inside surface of the bed
head-board 718 attached to the hand-held frame 720 and
attached to the user interface display monitor 730 disposed
higher above the bed apparatus 718. A support tube 754 is
configured to surround and support the support pole 732
which is shown as being extended higher above the bed head
board 718 than shown in FIG. 7E.

The support pole 732 is constructed like a common
telescopic tripod support pole where it expands and con-
tracts in a telescoping like fashion. Expansion and contrac-
tion of the support pole 732 is arrested via one or more
friction clamps 734 located at different locations along the
pole 732 (see FIG. 7B).

The cable spool 756 is designed to store cable not
immediately required to be in use. As shown, the cable spool
756 is being employed to store cable attached to the SPO2
measurement module 7225 of the hand held frame apparatus
720. The cable spool 756 includes at least one protrusion 762
designed to engage the SPO2 clip 764 when it is not in use.

As shown in the aforementioned FIGS. 7A-7F, a health-
care equipment module adapted to be integrated into the
structure of a bed (bed frame) while the module is config-
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ured to perform measurement of a physiological parameter.
The bed is adapted to incorporate the module within an
existing volume of space occupied by the bed and without
substantially protruding from the volume of space occupied
by the bed before the bed is adapted to incorporate the
module. The module is removably attachable from the bed
and carriable via employment of one hand.

The bed frame can be further adapted to incorporate an
electronic display device and a supporting pole for the
device. Optionally, the pole is configured to have a tele-
scoping structure for adjustable expansion and contraction
of the pole in order to adjust a position of the display device.
The bed frame can be adapted to incorporate a cable
management device to store excess cable that not in use at
a particular time. One or more cables can be each connected
a module incorporated into the bed frame.

The hand-held frame apparatus 720 can be integrated into
other objects, such as desks, chairs, tables, and sofas
employed to provide support for health care patients. The
invention is not intended to be limited by the specific
embodiments described herein and can be applied in may
foreseeable variants that provide benefits to the health care
industry.

FIGS. 8A-8F illustrate views of a pole mounted and bed
frame attached module apparatus configuration 810. The
pole mounted apparatus configuration 810 includes a com-
bination of the mobile frame configuration (MF) 110 of
FIGS. 1A-1F and a pole 812 attached to a bottom side of the
MF 110. The pole 812 is also attached to a portion of a bed
frame 816 via attachment 814. Like the embodiment shown
in FIGS. 7A 7F, this embodiment enables health care moni-
toring equipment to accompany and/or travel with a health
care patient within the health care facility, while the patient
is lying on or proximate to the bed frame 816.

FIG. 8A illustrates the apparatus configuration 810 as it is
attached to a bed frame 816 via an attachment 814 located
proximate to a corner of the head board 818 of the bed frame
816. The pole 812 is positioned and dimensioned so that an
adjustable portion 822 of the bed frame 816 can be adjusted
(tilted) within a range of angles without being obstructed by
the apparatus 810. The pole 812 includes a pole adjustment
handle 824 that enables the pole and the attached MF portion
110 of the apparatus 810 to be rotated along a vertical axis
(not shown) parallel to a long dimension of the pole 812.

A side rail attached module apparatus 820 is shown as
being disposed within an opening of a side rail 826 of the
bed frame 816. As shown, the apparatus 820 is friction fitted
within the opening of the side rail 826. In other embodi-
ments, clamps or straps can be employed to rigidly attach the
apparatus 820 to the side rail 826.

The side-rail attached apparatus 820 is configured to
function in the same manner as the hand-held bed frame
apparatus 720 (see FIGS. 7A-7F). The side rail apparatus
820 is configured to include two (2) modules. Optionally one
or both of these modules are socket modules (not shown)
each configured to receive at least one portable insert.

As shown here, the side-rail apparatus 820 is a plastic
prototype markup having the dimensions of another proto-
type (see side rail apparatus 910 of FIG. 9A) configured to
include one or more actual HCE modules. Employment of
the side-rail apparatus 820, as opposed to employment of the
head board embedded apparatus 720 for a particular be
frame, enables removal of the head board 818 without
disconnecting or moving cables, in order to slide a patient
from the bed apparatus 816 along the side of the bed frame
816 having a removable head board 818.
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In some embodiments, the side rail apparatus 820 and the
MF 110 of the pole supported apparatus 810 each include an
external power and data connector (not shown), such as a
USB connector, and are connected via a USB cable (not
shown) to enable the side-rail apparatus 820 to receive
electrical power from the pole supported apparatus 810 via
the USB cable.

FIG. 8B illustrates the apparatus configuration 810 while
the adjustable portion 822 of the bed frame 816 is adjusted
(tilted) to an angle substantially parallel to the floor upon
which the bed frame 816 is supported. The bed frame 816
shown is adjustable between about a zero degree angle
(parallel to the floor) (shown here) and to an upright angle
within proximity of a 90 degree angle (not shown).

FIGS. 8C-8E each illustrate a closer view of the attach-
ment 814 between the pole 812 and the bed frame 816.
FIGS. 8C-8D illustrate the attachment 814 to the bed frame
816 while the head board 818 is also attached to the bed
frame 816. FIG. 8E illustrates the attachment 814 to the bed
frame 816 while the head board 818 is not attached to the
bed frame 816.

As shown, the attachment 814 is a clamping mechanism
that substantially surrounds and friction fitted around a
horizontal bar 828 of the bed frame 816 (see FIG. 8E). The
horizontal bar 828 has a rectangular cross-section (not
shown) substantially surrounded by the attachment clamp
814. A wing-nut screw mechanism (not shown) can further
employed to turn into a threaded hole within the clamp 814
and to press against the horizontal bar 828 to created a
tighter grip between the clamp 814 and the bar 828.

The pole mounted and bed frame attached apparatus 810
does not substantially protrude from a horizontal cross
section of the bed frame 816 parallel to the floor (surface of
the earth). In other words, the apparatus 810 protrudes
vertically above the bed apparatus but does not substantially
protrude horizontally away from the bed to substantially
maintain a “foot print” of the bed apparatus within a health
care facility. Likewise, the hand held side rail attached
apparatus 820 does not substantially protrude outside of a
horizontal cross section of the bed frame 816 and further,
does not protrude vertically above the existing bed frame
816.

As described above, the (HCE) modules are attached to
and interoperate with a frame configured to be a desktop
configuration, a wall-mounted configuration, a mobile con-
figuration or a hand-carriable configuration. Each of the
configurations is operable without requiring modification to
any of the mechanical interface, the electrical interface or
the software interface between a module and a frame to
which the module is attached.

FIGS. 9A-9E illustrate views of a side rail attached
module apparatus 910. A side rail attached module apparatus
910 is shown as being disposed within an opening of a side
rail 826 of the bed frame 816. As shown, the apparatus 910
is attached to the side rail 826 via a plate and two (2) screws
(see FIG. 9E). In other embodiments, the apparatus is
friction fitted within the opening of the side rail 826. In other
embodiments, clamps or straps can be employed to rigidly
attach the apparatus 820 to the side rail 826.

The side rail attached apparatus 910 is configured be hand
held when unattached to the side rail 826 and is configured
to function in the same manner as the hand held bed frame
apparatus 720 (see FIGS. 7A-7F). As shown, the side rail
apparatus 910 is configured to include one (1) module.
Optionally and as shown, this module is a socket module
configured to receive at least one portable insert 912.
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Employment of the side rail apparatus 910, as opposed to
employment of the head board embedded apparatus 720 for
a particular bed frame, enables removal of the head board
818 without disconnecting or moving cables, in order to
slide a patient from the bed apparatus 816 along the side of
the bed frame 816 having a removable head board 818.

In some embodiments, the side rail apparatus 910 and the
MF 110 of the pole supported apparatus 810 each include an
external power and data connector (not shown), such as a
USB connector, and are connected via a USB cable (not
shown) to enable the side rail apparatus 910 to receive
electrical power from the pole supported apparatus 810 via
the USB cable.

FIG. 9B illustrates the portable insert 912 being removed
from the side rail apparatus 910. FIG. 9C illustrates the
portable insert 912 as being partially inserted into a wall
apparatus 920. The wall apparatus 920 is a different con-
figuration as compared to the wall apparatus 510 of FIGS.
5A-5D. FIG. 9D illustrates the portable insert 912 being
fully inserted into the wall apparatus 920.

FIG. 9E illustrates a bed bracket 920 for physically
attaching the side rail apparatus 910 to the side rail 8§26 of
the bed frame 816 (see FIG. 9A). As shown, the bracket 920
includes screw holes 918a (not shown) and 9185 (shown)
that receive two (2) screws (not shown) passed through
holes 916a-9165 of a plate 914. When attached to the side
rail 826 (not shown), the side rail 826 is disposed between
the plate 914 and the bracket 920 so that the side rail 826 is
“sandwiched” and pressed between the plate and the bracket
920 when the two (2) screws are tightened.

Hence, health care information gathered from the side rail
apparatus 910 via the portable insert 912 can be transferred
to other module configurations, such as the wall mounted
module apparatus 920.

FIGS. 10A-10F illustrate views of a variety of alternative
embodiments of frame supporting structures, health-care
equipment modules and peripheral components. FIG. 10A
illustrates a mobile wheel mounted cart 1010 configuration
1010 that provides mechanical, electrical and software inter-
face support for hand held sensor devices each stored
(docked) within a well 1012¢-10126. Each well 10124-
10125 is implemented as a module enclosure that has a
mechanical and electrical interface with the cart 1010.

FIG. 10B illustrates a wall mounted 1010 configuration
1020 that provides mechanical, electrical and software inter-
face support for hand held sensor devices each stored
(docked) within a well 1022¢-10226. Each well 1012q-
10125 is implemented as a module enclosure that has a
mechanical and electrical interface with the cart 1010.
Module enclosures 10244-1024c¢, like those shown in FIGS.
5A-5D are also included in this wall mounted configuration
1020.

FIG. 10C illustrates a close up view of two (2) desktop
mounted modules. As shown, the modules 10304 and 10305
are supported on top of a desktop surface without mechani-
cal attachment to a supporting structure like that shown in
FIGS. 2D-2E.

FIG. 10D illustrates an embodiment of a wall mounted
configuration 1040 that provides a mechanical, electrical
and software interface for a variety of hand held sensor
devices. As shown, how each module enclosure is disposed
within this configuration 1040 varies widely. Regardless, an
electrical and software interface for each module is consis-
tent throughout this configuration 1040.

For example, an ophthalmoscope 10424 and an otoscope
10425 are each accommodated, each without a respective
well, on the left side of the wall mounted configuration 1040.
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An SPO2 module connection 1044a and a blood pressure
(BP) measurement module connection 10445 are embedded
into and accommodated on a lower side of the wall mounted
configuration 1040. Also, four (4) forward facing modules
slots 1046a-1046d are accommodated proximate to a right
side of the configuration 1040. Additionally, an infrared (IR)
thermometer is accommodated on a far right side of the wall
mounted configuration 1040.

While the present invention has been explained with
reference to the structure disclosed herein, it is not confined
to the details set forth and this invention is intended to cover
any modifications and changes as may come within the
scope and spirit of the following claims.

What is claimed is:

1. A system for integrating one or more embedded com-
ponents with health-care equipment, comprising:

a housing providing an enclosure for a cavity and includ-
ing one or more embedded components that are dis-
posed within the cavity;

an electrical interface between a computing component
and at least one of the embedded components for
transfer of at least one of electrical power and data
between the computing component and each of the
embedded components; and

wherein each of the embedded components is configured
to perform a measurement and to communicate results
of the measurement to the computing component dur-
ing interoperation with the computing component; and

wherein the housing is configured to engage at any one
time, one of at least a first face plate and a second face
plate, and wherein the first face plate and the second
face plate are each configured differently with respect
to each other, and

wherein each of the first face plate and the second face
plate, upon engagement to the housing, facilitates a
connection, from at least one of the embedded compo-
nents that are disposed within the cavity of the housing,
and to at least one peripheral component that is located
outside of the housing, and wherein the housing is
further configured to be attached to a bed.

2. The system of claim 1 wherein the first face plate and
the second face plate each provide at least one of a mechani-
cal interface, an electrical interface and a software interface
to said at least one peripheral component located outside of
the housing.

3. The system of claim 1 wherein at least one of the
embedded components is configured for executing at least
one communications protocol via the electrical interface for
facilitating identification of the embedded component to the
computing component, and wherein an identification of the
embedded component includes communicating at least one
of a vendor-identification value and a product-identification
value from the identification component to the computing
component.

4. The system of claim 3 wherein the computing compo-
nent performs a decision to permit or deny interoperation
between the computing component and the embedded com-
ponent and wherein the decision is based upon at least one
of the vendor-identification value and the product-identifi-
cation value.

5. The system of claim 1 wherein the housing is integrated
into a head board of the bed.

6. The system of claim 5 wherein the housing is also a
hand held apparatus that can be inserted or un-inserted from
the headboard of the bed.

7. The system of claim 1 wherein the housing is attached
to a support pole that is attached to a frame of the bed.
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8. The system of claim 7 wherein the support pole has a
telescopic structure for vertical and rotational adjustment.

9. The system of claim 1 wherein the housing is attached
to a side rail of the bed.

10. The system of claim 1 wherein the housing is disposed
within an opening of the side rail of the bed.

11. The system of claim 1 wherein the housing is attached
to a frame of the bed via a friction fit attachment mechanism.

12. The system of claim 1 wherein at least one embedded
component is a temperature measuring, oxyhemoglobin
saturation measurement via pulse oximetry (SPO2) measur-
ing or a blood pressure measuring device.

13. The system of claim 1 wherein the peripheral com-
ponent is a device that is configured for measurement of a
physiological parameter.

14. The system of claim 1 wherein the peripheral com-
ponent is at least one of an otoscope, an ophthalmoscope, a
rhinoscope, a laryngnoscope, an anoscope, an audiometer, a
tympanometric instrument, a thermometer, and a vagino-
scope.

15. An apparatus for integrating one or more embedded
components with health-care equipment, comprising:

a housing providing an enclosure for a cavity and includ-
ing one or more embedded components that are dis-
posed within the cavity;

an electrical interface between a computing component
and at least one of the embedded components for
transfer of at least one of electrical power and data
between the computing component and each of the
embedded components; and

wherein each of the embedded components is configured
to perform a measurement and to communicate results
of the measurement to the computing component dut-
ing interoperation with the computing component; and

wherein the housing is configured to engage at any one
time, one of at least a first face plate and a second face
plate, and wherein the first face plate and the second
face plate are each configured differently with respect
to each other, and

wherein each of the first face plate and the second face
plate, upon engagement to the housing, facilitates a
connection, from at least one of the embedded compo-
nents that are disposed within the cavity of the housing,
and to at least one peripheral component that is located
outside of the housing, and wherein the housing is
further configured to be attached to a bed.

20

25

30

35

40

45

34

16. The apparatus of claim 15 wherein the first face plate
and the second face plate each provide at least one of a
mechanical interface, an electrical interface and a software
interface to said at least one peripheral component located
outside of the housing.

17. The apparatus of claim 15 wherein the peripheral
component is a device that is configured for measurement of
a physiological parameter.

18. A method for integrating one or more embedded
components with health-care equipment, comprising the
steps of:

providing a housing providing an enclosure for a cavity

and including one or more embedded components that
are disposed within the cavity;
providing an electrical interface between a computing
component and at least one of the embedded compo-
nents for transfer of at least one of electrical power and
data between the computing component and each of the
embedded components; and
wherein each of the embedded components is configured
to perform a measurement and to communicate results
of the measurement to the computing component dur-
ing interoperation with the computing component; and

wherein the housing is configured to engage at any one
time, one of at least a first face plate and a second face
plate, and wherein the first face plate and the second
face plate are each configured differently with respect
to each other, and

wherein each of the first face plate and the second face

plate, upon engagement to the housing, facilitates a
connection, from at least one of the embedded compo-
nents that are disposed within the cavity of the housing,
and to at least one peripheral component that is located
outside of the housing, and wherein the housing is
further configured to be attached to a bed.

19. The method of claim 18 wherein the first face plate
and the second face plate each provide at least one of a
mechanical interface, an electrical interface and a software
interface to said at least one peripheral component located
outside of the housing.

20. The method of claim 18 wherein the peripheral
component is a device that is configured for measurement of
a physiological parameter.
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