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SURGICAL OBJECT AND FLUID MONITORING SYSTEM HAVING HIGHLY
SENSITIVE AND RELIABLE DETECTION OF OBJECTS BEING PLACED IN A
CONTAINER

CROSS-REFERENCE TO RELATED APPLICATIONS
This application is based upon and claims priority to U.S. Patent Application Serial No.
13/839,042, entitled “SURGICAL OBJECT AND FLUID MONITORING SYSTEM HAVING
HIGHLY SENSITIVE AND RELIABLE DETECTION OF OBJECTS BEING PLACED IN A
CONTAINER?, filed on March 15, 2013. This application is based upon and claims priority to
U.S. Patent Application No. 13/839,450, entitled “CONTAINER FOR SURGICAL OBJECT
AND FLUID MONITORING SYSTEM?, filed on March 15, 2013.

BACKGROUND
The present disclosure generally relates to surgical object monitoring systems, and more
particularly to a surgical object (e.g., a surgical sponge) monitoring system that can monitor and

track surgical objects and the fluid of a patient during a surgical procedure.

Surgical object monitoring systems have attempted to keep track of surgical objects with varying
degrees of success. Some monitoring systems have relied almost entirely on manual counting of
objects, such as sponges, while being used in a surgical operating room. This manual tracking
process can be particularly error prone, which can result in unfortunate cases of surgical objects
remaining inside patients after a surgical operation. Some monitoring systems have attempted to
utilize complex and expensive technical solutions utilizing objects modified with RFID devices
and/or barcodes to be scanned before, during, and after surgical procedures. These conventional
monitoring systems continue to experience problems in attempting to keep track, and possibly
locate lost objects such as sponges, that remain inside a patient. These conventional monitoring
systems also fail to monitor fluids, such as blood, serum, or other fluids, that can be lost by a

patient during a surgical procedure.

BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying figures in which like reference numerals refer to identical or functionally
similar elements throughout the separate views, and which together with the detailed description
below are incorporated in and form part of the specification, serve to further illustrate various
embodiments and to explain various principles and advantages all in accordance with the present

disclosure, in which:
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FIGs. 1 to 5 are perspective views of an example of a monitoring system for use during a

surgical procedure, according to the present disclosure;

FIGs. 6 and 7 are perspective views of an example of a monitoring system and its internal

components, according to the present disclosure;

FIG. 8 is a front planar view of the monitoring system shown in FIGs. 6 and 7, according to the

present disclosure;
FIGs. 9 and 10 are cross-sectional side views of the monitoring system shown in FIG. §;
FIGs. 11 and 12 are cross-sectional top views of the monitoring system shown in FIG. §;

FIG. 13 is a functional block diagram of an example of a monitoring system, according to the

present disclosure;

FIG. 14 is a planar top view of an optical sensor ring with two openings of a container located in

a center opening of the optical sensor ring, according to the present disclosure;
FIG. 15 is a planar side view of a container with an object contained in the container;

FIG. 16 is a timing diagram illustrating a weight signal from a load cell vs. time, according to

the present disclosure;

FIG. 17 is an operational flow diagram illustrating an example of an operational sequence

performed with a monitoring system, according to the present disclosure; and

FIG. 18 is a planar front view of a touchscreen display for use with a monitoring system,

according to the present disclosure.

DETAILED DESCRIPTION
As required, detailed embodiments are disclosed herein; however, it is to be understood that the
disclosed embodiments are merely examples and that the devices, systems and methods
described herein can be embodied in various forms. Therefore, specific structural and functional
details disclosed herein are not to be interpreted as limiting, but merely as a basis for the claims
and as a representative basis for teaching one of ordinary skill in the art to variously employ the
disclosed subject matter in virtually any appropriately detailed structure and function. Further,
the terms and phrases used herein are not intended to be limiting, but rather, to provide an

understandable description. Additionally, unless otherwise specifically expressed or clearly
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understood from the context of use, a term as used herein describes the singular or the plural of

that term.

{92

The terms “a” or “an”, as used herein, are defined as one or more than one. The term
“plurality”, as used herein, is defined as two or more than two. The term “another”, as used
herein, is defined as at least a second or more. The terms “including” and “having,” as used
herein, are defined as comprising (i.e., open language). The term “coupled,” as used herein, is
defined as “connected,” although not necessarily directly, and not necessarily mechanically.
“Communicatively coupled” refers to coupling of components such that these components are
able to communicate with one another through, for example, wired, wireless or other
communications media. The term “communicatively coupled” or “communicatively coupling”
includes, but is not limited to, communicating electronic control signals by which one element
may direct or control another. The term "configured to" describes hardware, software or a
combination of hardware and software that is adapted to, set up, arranged, commanded, altered,
modified, built, composed, constructed, designed, or that has any combination of these
characteristics to carry out a given function. The term "adapted to" describes hardware, software
or a combination of hardware and software that is capable of, able to accommodate, to make, or

that 1s suitable to carry out a given function.

3 46 3 &«

The terms “controller”, “computer”, “server”, “client”, “computer system”, “computing system”,
“personal computing system”, or “processing system” describe examples of a suitably
configured processing system adapted to implement one or more embodiments of the present
disclosure. Any suitably configured processing system is similarly able to be used by
embodiments of the present disclosure. A processing system may include one or more
processing systems or processors. A processing system can be realized in a centralized fashion
in one processing system or in a distributed fashion where different elements are spread across

several interconnected processing systems.

bR EN13

The terms “computing system”, “computer system”, and “personal computing system”, describe
a processing system that includes a user interface and which is suitably configured and adapted
to implement one or more embodiments of the present disclosure. The terms “network”,
“computer network”, “computing network”, and “communication network”, describe examples
of a collection of computers and devices interconnected by communications channels that
facilitate communications among users and allows users to share resources. The terms “wireless
network”, “wireless communication network”, and “wireless communication system”, similarly
describe a network and system that communicatively couples computers and devices primarily

39

or entirely by wireless communication media. The terms “wired network” and “wired
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communication network” similarly describe a network that communicatively couples computers

and devices primarily or entirely by wired communication media.

Referring to FIG. 1, an example of a surgical object and fluid monitoring system (Monitor

System) 100 is shown, according to various embodiments of the present disclosure.

The Monitor System 100 supports a container 101 that can receive and contain surgical objects,
including but not limited to sponges and fluid-retaining sponges. The container 101, according
to various embodiments is disposable. The container 101, according to various embodiments is
constructed of lightweight plastic or polymer materials and film. The container 101, according
to the present example, includes a container main body 102 that is directly mechanically coupled
to a container top 103. According to various embodiments, the container main body 102 and the

container top 103 are mechanically coupled in a fluid-tight seal.

The container main body 102, according to the present example, comprises a flexible film bag
102 that can be easily compressed and collapsed into a small volume adjacent to the underside
of the container top 103. When the container top 103 is supported in a horizontal orientation, as
shown in FIG. 1, the flexible film bag 102 easily falls down from the top 103 (by the force of
gravity) thereby fully expanding and conforming to its fully expanded open shape, as shown in
FIG.1. The container main body 102 is therefore self-expanding from its compressed volume

shape to its fully expanded ready-to-use shape, by the force of gravity.

In the present example, as illustrated in FIG. 1, the container 101 is supported by its top 103 that
is securely supported by an optical sensor ring (OSR) 104 of the Monitor System 100. The OSR
104 is mechanically coupled to, and supported by, a vertical spine 106 of the Monitor System
100. The flexible bag 102 falls down from the supported top 103 by the force of gravity. The
empty flexible bag 102, when supported by the OSR 104, fully expands to its open shape ready-
to-use with the Monitor System 100.

As shown in the example of FIG.1, the flexible bag 102 has a shape that tapers from wider
cross-section about the top 103 to narrower cross-section towards the bottom of the bag 102.
This container 101 is easy to transport and store, especially with the container main body 102

compressed/collapsed to a reduced volume shape adjacent to the underside of the top 103.

For example, the empty, compressed, container 101 can be easily stored in a sealed storage
package (not shown) that keeps the container 101 sanitary and ready to use in a clean room such
as a surgical operating room. Then, when a user (e.g., a surgical nurse or assistant) opens the
sealed storage package and removes therefrom the container 101, by only holding the top 103 by
its handles (as shown in FIG. 3), the container self-expands to its full ready-to-use shape by the
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force of gravity. The user does not have to manipulate the container main body 102 to cause the
container 101 to fully expand to its full open shape ready to use. The user can support the
container top 103 in a horizontal orientation (e.g., by holding the top 103 by its handles in a
natural gesture similar to carrying a tray) and the empty container main body 102 will self-
expand (e.g., fully expand to its open ready-to-use shape). This container 101 design provides a
user friendly container product that is easy to store and transport, easy to extract out of the OSR

for disposal of the container and its content, and easy to dispose of after use.

As shown in FIG. 1, the Monitor System 100 comprises a vertical spine 106 that is maintained in
a substantially vertical orientation and supported by a base 108 of the Monitor System 100. The
base 108 may include, according to various embodiments, several wheels 110 that allow the user
to easily move (i.e., push-pull) the Monitor System 100 to a desired location for use. A handle
116 extends from the vertical spine 106 such that a user of the Monitor System 100, for
example, can grab the handle 116 and thereby pull or push the Monitor System 100 on its
wheels 110 to a desired location. FIG. 2 shows a user with a hand 208 grabbing the handle 116
of the Monitor System 100.

As shown in FIG. 1, the Monitor System 100 includes controller unit 112 that is supported at the
top of the vertical spine 106. The controller unit 112, according to the present example, includes
a touch screen liquid crystal display 114 that provides a user interface for a user of the Monitor
System 100. Any type of touch screen display technology may be used in the Monitor System

100, as may be desired for various applications.

With reference to FIG. 2, the Monitor System 100 is shown with the container 101 having
received an object, such as a fluid filled sponge, 204 within an internal compartment of the
container 101. The container main body 102 can include one or more compartments that each
can receive and contain objects, such as fluid filled sponges, that are dropped into the container

101 through one or more ports or openings 206 at the top 103 of the container 101.

A top lid 202 may be used to cover the one or more openings 206 on the container top 103 after
the container has received one or more objects 204 and its use has been completed. The top lid
202 will cover the one or more openings 206 and, according to certain embodiments, will create
a fluid-tight seal with the container top 103. This facilitates removal of the container 101 from
the Monitor System 100 as well as disposal of the container 101. The container 101 with the top
lid 202 covering the one or more openings 206, and optionally creating a fluid-tight seal at the
container top 103, securely contains the object 204 in a compartment inside the container 101.
With the object 204, such as a fluid-filled sponge, being securely contained and sealed within

the container 101, the container 101 can be easily removed from the Monitor System 100 and
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disposed accordingly without concern for leakage of bio-contaminated and/or hazardous objects

or fluids from the container 101.

As shown in FIG. 3, the user 302 can hold the container 101 by the container top 103, such as by
handles on either side of the container top 103. The container main body (e.g., a flexible bag)
102 fully expands to its ready-to-use shape and the empty container 101 can easily be lowered
304 by the user 302 onto the optical sensor ring 104 which then acts as support for the container
101. The arrow 304 indicates how the user 302 lowers the container 101 into the center opening
of the optical sensor ring 104. Of course, the reverse procedure can be used to remove the
container 101 from the OSR 104. By lifting the container 101, e.g., a used container 101
containing one or more objects 204, the user 302 can remove the container 101 from the OSR
104 and from the Monitor System 100. The user can then be safely and conveniently dispose of

the removed container 101.

It should be noted that while the optical sensor ring 104 is shown as a continuous rigid ring
structure in the present example, according to other embodiments the optical sensor ring 104
could have a hinged portion (not shown) that is rotatable away from the other portions of the
OSR 104. For example, a left portion or a right portion of the OSR 104 could be the hinged
rotatable portion. The hinged rotatable portion could be secured (e.g., using a locking or
latching device) to the remaining structure of the OSR 104 to form the continuous ring shape of
the OSR 104. When a container 101 is full of objects 204, and its total weight may be
significant, the user 302 could avoid having to lift the full container 101 from the OSR 104. By
opening the locking or latching device at the hinged rotatable portion, the user can hold the
handles at the top 103 of the full container 101 and remove it from the OSR 104 by lateral
movement - to the left or right of the OSR 104. The user 302 would not have to lift the full
container 101 higher than its current level while supported by the OSR 104.

As shown in FIG. 4, after the container 101 is placed through the center opening of, and
supported by, the OSR 104, the top lid 202, according to one example, can be rotated up-and-to-
the-rear of the container top 103, as indicated by the arrow 402. According to certain
embodiments, the top lid 202 then remains vertically supported by the vertical spine 106, as
shown in FIG. 4. Optionally, a small magnet may be embedded in the top lid 202. When the
top lid 202 is resting vertically against the vertical spine 106 the top lid 202 is removably
secured to the vertical spine 106 by magnetic force between the small magnet in the top lid 202
and a metallic surface of the vertical spine 106. A user can, as necessary, pull and remove the
top lid 202 from the vertical spine 106 and rotate the lid 202 back onto the top surface of the

container top 103.
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The top lid 202 provides a splash guard for any fluids that may be splashed by fluid-containing
objects being placed into the container 101 through the one or more openings 206. Additionally,
the container lid 202 can include writing or symbols, as illustrated in FIG. 4, to visually help
guide the user to locate the appropriate opening 206 to drop an object into the container 101. As
shown in FIG. 4, there are two compartments within the container 101. One compartment holds
smaller objects (e.g. small fluid-containing sponges), while the second opening 206 is for a
second compartment in the container 101 that holds larger objects (e.g. large fluid-containing
sponges). In this way, according to the present example, the container 101 can be used to not
only contain objects 204, but also to help sort these objects in the corresponding compartments.
The objects 204 are sorted by attributes of each group of objects such as by size, thickness, or
other dimensions, of sponges being used in a surgical procedure. According to various
embodiments, other attributes of objects 204 can be used for sorting the objects 204 in the

different compartments within the container 101.

Referring to FIG. 5, the user 502 can touch the touch screen 114 of the Monitor System 100 to
communicate information with the Monitor System 100. For example, the user 502 can use a
finger of the hand, or a stylus, to touch locations on the touch sensitive surface of the touch
screen 114. In this way, the user 502 can communicate commands and/or data to the Monitor
System 100, and optionally configure parameters of the Monitor System 100, in accordance with

a particular implementation of the Monitor System 100.

The user 502 can enter configuration information into the Monitor System 100 to let the Monitor
System 100 know, for example, how many compartments are in the container 101 and the types
of objects and their attributes that may be expected to be placed in these compartments.
Additionally, the user 502 can provide information to the Monitor System 100 to inform the
Monitor System 100 of how many objects to expect to be placed in each of the compartments in

the container 101.

The touch screen 114 provides a user interface that not only receives information from the user
502, but also displays information to the user. In this way, the user 502 can be informed of
certain events that occur with the Monitor System 100 and certain conditions experienced by the
Monitor System 100. For example, the touch screen display 114 can display a count of the
number of objects, such as fluid-filled sponges, that have been deposited in each of the
compartments in the container 101. Additionally, for example, the touch screen display 114 can
display to the user 502 the approximate amount of fluid by weight (or by calculated volume) that

has been accumulated in the compartments of the container 101.
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Once the Monitor System 100 has been configured and is ready to use, the user places each
object (e.g., such as a fluid-filled sponge removed from a patient during a surgical procedure) at
one of the one or more openings 206 in the top 103 of the container 101, and then allows the
object to drop through the particular opening 206 and down into a receiving compartment within

the container main body 102.

Each of the one or more openings 206, according to the present example, comprises a funnel
shape with a gradual inward sloping surface from the top surface of the container top 103 down
toward the inside of a compartment in the container main body 102. This funnel shape helps
guide the objects being placed at the opening 206 into the particular compartment of the
container 101. Also, this funnel shape more reliably places the falling object at a generally
central region of the opening 206. By dropping the object 204 down from a central region of the
opening 206, a plurality of sensors in the OSR 104 just below the opening 206 can more reliably

sense/detect the falling object, as will be discussed below.

One or more sets of optical emitters located along an inner surface of the OSR 104 emit
respective one or more optical beams (e.g., infrared “IR” beams) across a central opening of the
OSR 104 aimed at respective one or more optical sensors located along an opposing inner
surface of the OSR 104. For example, a first group of alternating optical emitters and optical

sensors may be located along an inner surface of a rear portion of the OSR 104.

Additionally, a second group of alternating optical sensors and optical emitters (opposing the
first group of optical emitters and sensors) may be located along an inner surface of a front
portion of the OSR 104. Each optical emitter is matched to an opposing optical sensor to create

an optical beam that traverses across the center opening of the OSR 104.

A detection region is formed by a plurality of optical beams spanning across the front portion
and rear portion of the center opening of the OSR 104. The detection region is just below the
end of each funnel shaped port or opening 206 in the container 101.

To facilitate the optical beams traversing across the center opening of the OSR 104 while the
container 101 is supported on the OSR 104, according to various embodiments, the construction
and material of the walls of the container main body 102, at least in the detection region just
below the funnel shaped opening(s) 206, are optically transparent over the relevant wavelength
and frequency range of the Infra-Red (IR) optical beam, e.g., over IR wavelength and frequency

range of the optical beam sensed by the sensor.

Optionally, the material and construction of the walls of the container main body 102, at least in

the detection region just below the funnel shaped opening(s) 206, can be optically transmissive
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or optically transflective, at the relevant wavelength and frequency range of the optical beam.
This material and construction is designed to enhance the ability of each of the optical beams
emitted from an emitter device at the inner surface about the ring center opening of one portion
of the OSR 104 to reach and be detectable by the matching sensor device at the opposing inner
surface about the ring center opening of another portion of the OSR 104.

For example, according certain embodiments, Dupont Corporation makes a clear polyethylene
film product called CLEAR that provides optical qualities suitable for use in the construction
and material of the walls of the container main body 102, at least in the detection region just
below the funnel shaped opening(s) 206. Another desired aspect of the construction of the walls
of the container 101, at least in the detection region just below the funnel shaped opening(s) 206,
is that the walls traversed by an optical beam be oriented substantially perpendicular to the axis
of the optical beam. This perpendicular wall orientation relative to the optical beam axis
enhances the amount of optical energy that passes through the wall and thereby enhances the

ability of the beam to reach and be detectable by the corresponding optical sensor device.

Therefore, in view of the discussion above, an object (e.g., a sponge) placed at the opening 206
while dropping into the corresponding compartment in the container 101 will have to pass
through the detection region covered by the one or more optical beams (e.g., IR beams). The
one or more beams traverse across this detection region such that when each object is dropped
into an opening 206 of the container 101 at least one beam is broken by the falling object while
the object passes the detection region. The break of the beam is sensed by the respective optical
sensor and a beam break signal is sent from the optical sensor to a processor/controller in the
Monitor System 100, to indicate that an object has been dropped into the particular port opening
206.

A more sophisticated approach to sensing and monitoring an object being dropped through a
detection region is provided here according to various embodiments. A plurality of beams (time
and spatially multiplexed), between the inner surface of the rear portion of the OSR 104 and the
inner surface of the front portion of the OSR 104, are spaced apart a known distance from each
other in the detection region. After at least one beam break is detected by the
processor/controller the sensors and the processor/controller can continuously monitor the beam
break(s) while the object continues to fall past the detection region. The beam-break-sense
monitoring, for example, can be repeated every 10 milliseconds until all of the optical beams are
sensed again (i.e., no beam breaks detected). The spatial location of the beam break(s) would
signify the specific port (i.e., opening 206) at the top of the container through which an object

enters.
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Key objectives of various embodiments include, but are not limited to, reliably sorting the object
types (in this example two different sponge types correspond to two respective openings 206,
1.e., two ports, at the top of the container); providing a valid count of the appropriate object type
thrown in the container (eliminating/minimizing false positives); and estimating the fluid content

in each such object.

The sorting of object type, according to the present example, is done by providing two ports on
top of the container, each port identified with a specific sponge type (this has been described
somewhat elsewhere in the present disclosure). Each port is blanketed by a set of IR beams (see,
for example, FIG. 14), and each set of IR beams is multiplexed, scanned and monitored by the
processor/controller. The processor/controller can then identify the sponge type that was

dropped based on which port the IR beam(s) was interrupted.

In order to achieve a reliable object (e.g. a used sponge) count (and eliminate false positives),
the key is in the use of an “intelligent” algorithm that uses information from the sensor beam
breaks and the incremental weight change measurement (such as using a load cell that will be
more fully described below) when a sponge (or object) is thrown in the container through one of
the ports. Namely, with general reference to FIGs. 14, 15, and 16, which will be discussed in
more detail further below, when an object passes through the beams 1402, 1404, a beam first
“breaks” and then “unbreaks” at the tail-end of the passage of the object. The object will fall to
the bottom of the container within a maximum time, ATdmax 1512, and an incremental weight
change, AW 1610 will be measured at ATW 1606 relative to the baseline reference weight
established at TBB 1508 — when the beam “unbreaks” after a “break™). So, a valid count is
recorded only if AW 1610 is valid and it is within the pre-stored weight range of fluid content
(i.e., between zero to fully saturated sponge weight). The following three exceptions should be

noted, however.

First, if the beam is broken (e.g., by inserting one’s fingers through port or sponge stuck at the
port), no count will be registered because either the beam is broken and no weight change — or -
the beam is continuously broken with or without weight change. Either case would violate the

rules for a valid count, as has been described above.

Secondly, if the beam is broken properly (with the “break” and “unbreak” sequence in place) but

the incremental weight AW 1610 is outside the prescribed range, the count is considered invalid.

Third, if a foreign weight is placed on the container (e.g. tray, tongs, etc.), the temporary or
permanent increase of the overall weight of the container due to the foreign weight will not

hamper the measurement of the actual incremental weight AW 1610 of a sponge (object) that has
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traversed the optical sensors; hence the sponge will be counted as valid. Note that AW 1610 is a

relative measurement as shown in FIG. 16.

Once a valid sponge (object) is detected in the container and counted based on the above rules,
then for each AW 1610 measured the incremental fluid content of the container is calculated by
subtracting from AW 1610 the pre-stored tare weight (Wtare) of the sponge type. This
incremental fluid content is accumulated to the running total Fluid count maintained by the

Monitor.

The fluid content of the object extracted/calculated from its incremental weight AW 1610 is used
to accumulate the total fluid count. Hence, any extraneous weight placed on the container (or
removed via evaporation of fluid from the container) would not, and should not, factor into the

accumulated total fluid count maintained by the Monitor.

Now, continuing with the description of the example Monitor System 100, and with particular
reference to FIGs. 4 and 5, a plurality of optical emitter beams blanket the region just below the
one or more openings 206 at the top 103 of the container 101. The one or more optical emitter
beams pass from a first inner side of the OSR 104, through the opposing walls of the container
main body 102, and across to and below the one or more funnel openings 206, to one or more
optical sensors located in an opposing second inner side of the OSR 104. The one or more
optical beams, therefore, traverse the ring center opening from across opposing inner sides of the
container main body 102 just below the funnel shaped openings 206 of the container top 103.
The optical beams, according to various embodiments, pass through the walls of the container
main body 102, at least about the detection region where the optical beams traverse the ring
center opening of the OSR 104 from across opposing inner sides of the container main body
102.

After the Monitor System 100 detects that an object has been dropped into the compartment
within the container 101, e.g. by detecting one or more beams between optical emitters and
optical sensors have been broken, the Monitor System 100 can additionally monitor the
incremental weight change due to the object that has been dropped in the container 101. After
an object is dropped into the compartment of the container 101, the object after traversing one or
more of the optical beams in the detection region of the container 101, will further drop and
make contact either 1) with the bottom of the container main body 102 (corresponding to an
empty compartment of the container 101), or 2) with the object(s) already resting on the bottom.
When the object drops inside a compartment of the container 101 and delivers its incremental
weight to the container 101, such as when the object reaches the bottom of the container 101, the

object’s weight can be established by the Monitor System 100.
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According to certain embodiments, the Monitor System 100 includes an electronic load cell
mechanically coupled to the OSR 104 that supports the container 101, and thereby senses the
weight of the container 101 and its contents. Thus, the load cell can provide a signal that
indicates the incremental weight of the object that has been dropped into the container 101, as
the weight is transferred from the container 101 to the OSR 104, and thereby transferred to the
electronic load cell in the Monitor System 100. In this way, the Monitor System 100 detects an
object being dropped into the container 101 and establishes the incremental weight of the object

that was just dropped in the container 101.

Based on information in the Monitor System 100, such as information that the user 502
configured in the Monitor System 100 by using the touch screen display 114, the attributes of
the object expected to be dropped into a particular compartment in the container 101 are known
to the Monitor System 100. In the case where the object 204 in the container 101 is carrying
fluid, the additional weight of the fluid in the object 204 will also be part of the total weight of
the dropped object that is detected by the load cell and the Monitor System 100. By subtracting
the known approximate weight of the object 204 before being filled with fluid from the total
weight of the dropped object 204 (e.g., which is fluid filled) the Monitor System 100 can
establish the weight of the fluid in the object that was dropped into the container 101.

This incremental weight of fluid can additionally indicate a certain volume of fluid when the
type of fluid is known. For example, for blood filled sponges that are dropped into the container
101 the Monitor System 100 calculates, based on the cumulative measured weight of the blood
contained in the sponges, the approximate amount of total volume of blood removed (via the
sponges) from the patient during a surgical procedure. That is, the weight of the blood carried in

the sponges can be used to approximate the cumulative volume of the blood loss.

By information being displayed to the user via the touch screen display 114, for example, the
Monitor System 100 can inform the user of the total count of objects being dropped in the
container 101, the type of objects sorted in a compartment in the container 101, and an
estimation of the total volume of fluid loss (e.g., blood loss) from a patient during surgical
procedure. That is, according to various embodiments, the volume estimate would be based on
the weight of the fluid carried within the objects being deposited into the container 101. One or
more controllers (or processors) in the Monitor System 100 can be used to monitor the objects
being dropped in the container 101 and then calculate and display via the touch screen display
114 valuable information to the user, such as the count of the total number of objects being

dropped into the container 101, sorted by type of object that is dropped into the container 101,
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and a calculated estimate of fluid loss volume from a patient as indicated by the weight of the

fluid in the fluid-filled objects 204 being dropped into the container 101.

FIG. 6 is a more detailed perspective view of the Monitor System 100 shown in FIG. 1,
according to the present example. The Monitor System 100 is shown without the container 101.
The vertical spine 106 is supported by the base 108 which, according to the present example,
includes a plurality of wheels 110. The vertical spine 106 supports the controller unit 112 at the
top of the vertical spine 106, as shown. The handle 116 extends outward from the vertical spine
106 and is secured to the vertical spine 106. When the user grabs the handle 116 with a hand
208 (see FIG. 2) a processor/controller within the controller unit 112 detects the user’s hand 208

making contact with the handle 116.

For example, a capacitive sensor circuit can be electrically coupled with the handle 116 thereby
sensing when the user’s hand 208 makes contact with the handle 116. A variable frequency
circuit may be electrically coupled with the handle 116 in a capacitive electrical coupling
arrangement such that the user’s hand 208 would change the capacity of the variable frequency
circuit when touching the handle 116. A first frequency of the circuit would indicate to the
internal processor/controller that the handle 116 is not in contact with the user’s hand 208, and a
second frequency would indicate that the user’s hand 208 is in contact with the handle 116. This
is just one example of sensing when the user’s hand 208 makes contact with the handle 116.
There are many different ways that the Monitor System 100 can detect a user’s hand 208 being
in contact with the handle 116.

When the processor/controller detects that the user’s hand is in contact with the handle 116 (e.g.,
grabbing the handle 116), the processor/controller, according to various embodiments, controls
an electro-mechanical breaking system at the plurality of wheels 110 such that when the user’s
hand 208 is grabbing the handle 116 the wheel’s brakes are released thereby allowing the user to
freely move and roll the Monitor System 100 on the floor. Alternatively, when the user’s hand
208 releases from the handle 116, the processor/controller detects this event and immediately
applies the braking system to the plurality of wheels 110, thereby locking in place the Monitor.
According to standard practices, the location of the Monitor should be spaced no closer than 12
inches from the operating room table’s sterile field. —The immediate response by the
processor/controller to the user’s release of the handle 116 facilitates precise locking in place the

Monitor at the required spacing distance.

Optionally, besides the handle 116 being a point of contact for the user’s hand 208 to release the
braking system from the plurality of wheels 110, a user’s contact anywhere on the outer body of

the Monitor System 100 may create a sensing event where the processor/controller could detect
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the contact and thereby the intention to release the braking system from the plurality of wheels
110. For example, the vertical spine 106 includes an outer housing 612 that may include
conductive material (e.g. metallic material) that would be part of a variable frequency sensor
circuit such that when a user’s hand 208 makes contact with the outer housing 612 it varies the
frequency of the variable frequency circuit. The processor/controller in the Monitor System 100
would detect this event and immediately release the braking system from the plurality of wheels
110 allowing the Monitor System 100 to be easily moved across the floor with the rolling
wheels 110.

As soon as the user’s hand 208 is removed from the contact of the outer surface 612 of the
vertical spine 106, the braking system is immediately applied to the plurality of wheels 110
thereby locking the wheels 110 making the Monitor System 100 immovable. As may be
appreciated, other outer surfaces of the Monitor System 100 could similarly be electrically
coupled with a sensor circuit such that the processor/controller could detect a contact event with
the user’s hand 208 and utilize the occurrence of this event to release the braking system from
the wheels 110, or when the user’s hand 208 is removed from the other outer surface on the

Monitor System 100 to immediately apply the braking system to the wheels 110.

According to the present example, the optical sensor ring (OSR) 104 is supported by a support
extension 602 from the vertical spine 106. The OSR 104 has a back ring portion 608 and a front
ring portion 610, as well as a left ring portion 609 and a right ring portion 611, that in
combination form the OSR 104 with a ring center opening within the 4 portions 608, 610, 609,
611. The ring center opening is defined by the inner surface 606 of the OSR 104.

A plurality of optical sensors matched to optical beam emitters 604 are located along the inner
surface 606 of the OSR 104. Each optical sensor in the plurality 604 is matched with an
opposing optical beam emitter in the plurality 604 along the inner surface 606 of the OSR 104,
e.g., along the inner surface 606 of the back portion 608 and the front portion 610 of the OSR
104. That is, according to this example, an optical emitter is matched with an optical sensor
located on the inner surface 606 opposing each other between the back portion 608 and the front
portion 610 of the ring 104. This arrangement of optical sensors and optical emitters 604 creates
a grid of one or more beams traversing from the optical emitter to the optical sensor across the

ring center opening of the OSR 104.

According to one embodiment, the plurality 604 has alternating optical sensors and optical
emitters located along the inner surface 606 of the back portion 608 of the OSR and a matching
plurality 604 of opposing optical sensors and optical emitters along the inner surface 606 of the

front portion 610 of the OSR 104. The plurality 604 of optical emitters and optical sensors
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along the inner surface 606 of the back portion 608 and the front portion 610 of the OSR 104
can be activated in one or more patterns of optical beams traversing across the ring center
opening of the OSR 104.

One example of a pattern for activating the plurality 604 of optical emitters and optical sensors
could be a serial activation of optical emitters and opposing optical sensors from the rear portion
608 and the front portion 610 of the OSR 104, forming a moving curtain of serially activated
beams (e.g., IR light beams) that can be used in the Monitor System 100 to detect when an
object traverses through the ring center opening of the OSR 104. Another example pattern could
be a static set of optical beams aimed between optical emitters and opposing optical sensors
located along the inner surface 606 of the rear portion 608 and the front portion 610 of the OSR
104.

A processor/controller in the Monitor System 100 can selectively energize pairs of the plurality
of optical emitters and matched optical sensors across the ring center opening to detect objects
being placed within the ring center opening of the OSR 104. One or more examples of this
arrangement in use of matched opposing optical emitters and optical sensors along the inner

surface 606 of the OSR 104 will be discussed in more detail below.

With reference to FIGs. 6 to 12, a more detailed description of the electro-mechanical structure
supporting the OSR 104 at the Monitor System 100 will be discussed below. The OSR 104 is
supported by a support extension 602 that extends from the inside of the vertical spine 106
through an opening in the outer housing 612 of the vertical spine 106. The support extension
602 rigidly supports the OSR 104 and mechanically couples the OSR 104 to a load cell push rod
702 within the vertical spine 106. For example, two bolts (see FIGs. 9, 10, and 12)
mechanically secure the support extension 602 to the load cell push rod 702. The support

extension 602 may also be referred to as a ring mount 602.

The load cell push rod 702 is mechanically fixed to the ring mount 602 and to a channel
impactor block 704, as better shown in FIGs. 7, 9, 10, and 12. The channel impactor block 704,
according to various embodiments, is constructed of impact absorbing material such as plastic,
polypropylene, or the like. The push rod 702 is mechanically coupled to a load cell 706 inside
the base 108 of the Monitor System 100. The load cell 706 is mechanically fixed to a surface of
the bottom portion 708 of the base 108. A right securing block 710 and a left securing block
712, a backbone structure 902 (not shown in FIG.7, and better shown in FIGs. 9-12), that
supports the vertical spine 106 on the bottom portion 708 of the base 108. The backbone

structure 902 will be discussed in more detail below.
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A pushrod flexure 714 is mechanically coupled to the top of the pushrod 702 and to a securing
plate 716 that is mechanically coupled to the backbone structure 902 inside the spine 106. The
pushrod flexure 714 acts as a tensioning spring force element on the pushrod 702 keeping the
pushrod 702 vertically aligned and in contact with the load cell 706. The spring force of the
flexure 714 on the pushrod 702 under normal operations is very minimal, adding very little if
any downward force onto the load cell 706, while maintaining the pushrod 702 vertically aligned
and in contact with the load cell 706. The flexure 714 comprises a thin flat metal structure, such
as 8 thousands to 12 thousands of an inch thick. The flexure 714 typically moves with the
pushrod 702 movement approximately one thousands of an inch to two thousands of an inch,

and provides a negligible spring force to the pushrod 702.

When downward force is imparted onto the OSR 104 (e.g., when the container 101 is supported
within the ring center opening of the OSR 104, and an object is deposited in the container 101),
this downward force is transferred through the ring mount 602 and the pushrod 702 to the load
cell 706. The pushrod 702 normally moves the load cell 706 (typically comprising a cantilever
mechanical system) just thousands of an inch or less to impart the downward force. The flexure
714 does not impart much if any force onto the load cell 706. So the combination of the OSR
104, ring mount 602, pushrod 702, and load cell 706, comprises a very accurate weight

measurement system.

The downward force imparted by the pushrod 702 on the load cell 706 includes the incremental
weight of the object being dropped in the container 101. This incremental weight of the object
is then sensed via the load cell 706. The load cell 706 provides an electrical information signal
to a processor/controller in the Monitor System 100. It should be noted that according to the
present example, the load cell 706 is located inside the base 108 of the Monitor System 100.
This lowers the center of gravity and enhances the stability and security of the Monitor System
100, to avoid tipping and bumping over during use and/or transport. However, according to
other embodiments of the present disclosure the load cell 706 could be located above the
pushrod 702, such as in the controller unit 112, and sense the force imparted onto the pushrod
702 by the OSR 104.

Referring now more specifically to FIGs. 8, 9, 10, 11, and 12, a more detailed discussion of the
internal structure and arrangement of the Monitor System 100 is provided, according to various
embodiments of the present disclosure. As shown in FIG. 8, the Monitor System 100 and its
internal structure and construction will be further discussed with reference to two cut-away
views. A first cut-away view, indicated by the arrows labeled 9 in FIG. 8, and shown in FIG. 9,

shows a side view of the internal structure of the Monitor System 100. Additionally, a second
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cut-away view indicated in FIG. 8 by the arrows labeled 11, and shown in FIG. 11 and in more
detailed in FIG. 12, shows a more detailed view of the internal backbone 902 inside the outer
cover 612 of the vertical spine 106 and the mechanical support 602 of the OSR 104 within the

vertical spine 106.

Referring to FIGs. 9 and 10, the side cut-away view highlights the backbone structure 902 that
runs the length of the vertical spine 106 from the controller unit 112 down to the base 108. The
backbone structure 902 includes an integrated impact channel 904 that runs a length of the
backbone structure 902 as best viewed in FIGs. 9 and10. The backbone 902 with the integrated

impact channel 904 is a highly sensitive mechanical system that is resistant to damage.

The channel impactor block 704 is moveably held in the impact channel 904 such that the
impactor block 704 can slide up and down along the inside of the impact channel 904.
According to the present example, there is an air gap between the impactor block 704 and the
walls of the impact channel 904. The ring mount 602 is secured to the channel impactor block
704, such as with 2 bolts that secure the ring mount 602 to the channel impactor block 704. The
ring mount 602 is also secured by these 2 bolts to the pushrod 702. The pushrod 702, by the
ring mount 602, supports the OSR 104 on the load cell 706 in the base 108. A downward force
imparted on the OSR 104 is transferred through the pushrod 702 to the load cell 706 in the base
108.

FIG. 10 shows an enlarged view labeled A of the mechanical coupling and support between the
OSR 104, the ring mount 602, and the impactor block 704 held in the impact channel 904.
When downward force is applied to the OSR 104 it transfers the downward force via the ring
mount 602 to the pushrod 702. The impactor block 704 helps keep the OSR 104 substantially
steady in a horizontal direction while the ring mount 602 transfers the downward force to the
pushrod 702. The downward force on the OSR 104 is transferred to the pushrod 702 which
delivers this downward force down to the load cell 706 in the base 108 of the Monitor System
100. In this way, the Monitor System 100 can very accurately sense the incremental weight of

objects being deposited in the container 101 supported by the OSR 104,

With reference to FIGs. 11 and 12, the backbone structure 902, the impact channel 904, the
impactor block 704, and the pushrod 702, are shown in more detail. The dashed-lined circle
labeled B in FIG.11 is shown in an enlarged view in FIG.12. As can be seen, the ring mount
602 is bolted to the pushrod 702 and to the impactor block 704. The impactor block 704 is
moveably secured within the impactor channel 904 of the backbone structure 902. The impactor
block 704 helps keep the ring mount 602 substantially steady in a horizontal direction. The

impactor block 704 secured to the pushrod 702 can both move in a vertical direction thereby
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transferring the downward force from the ring mount 602 to the pushrod 702 and thereby to the
load cell 706.

Referring to FIG.13, a functional block diagram of an example of the Monitor System 100 is
shown. This is only one example of a Monitor System 100, and many different variations are

anticipated in connection with the present disclosure.

The Monitor System 100, according to the present example, includes a processor/controller 1302
communicatively coupled with memory 1304 and with non-volatile memory 1306. With
reference to memory, according to the present disclosure, any one or a combination of non-
volatile memory or volatile memory can be utilized according to the present disclosure in the
particular context that the memory is used. The processor/controller 1302 interoperates with the
memory 1304, 1306, to perform instructions stored in the memory 1304, 1306, and utilizing
configuration parameters and other parameters stored in the memory 1304, 1306, thereby
implementing the new and novel methods of the present disclosure. The non-volatile memory
1306 comprises persistent memory that stores computer instructions and data persistently even

when electrical power is removed from the Monitor System 100.

A user interface 1308 is communicatively coupled with the processor/controller 1302. The user
interface 1308 provides user input interface elements such as a touch screen display 1310 and
keys/keyboard 1312 that allow a user of the Monitor System 100 to enter information,
commands, and configure features and functions of the Monitor System 100. The user interface
1308 also includes user output elements such as the touch screen display 1310 which provides a
display of information to the user, a speaker 1314 that provides audible signals to the user, and
one or more indicators 1316 which provide various types of indicator signals to the user. The
indicator 1316, for example, can include one or more LED indicators that provide visual
information to the user, one or more audible indicators that provide audible signals to the user,
or optionally a tactile indicator that provides tactile information (e.g., vibration signals) to the
user. Any one or more of these user interface elements 1310,1312, 1314, 1316 may be used by
the processor/controller 1302 to communicate with the user of the Monitor System 100,

according to various embodiments of the present disclosure.

The processor/controller 1302, according to the present example, is communicatively coupled
with a touch sensor 1318 which senses when a user touches an outer surface of the Monitor
System 100. For example, when the user’s hand 208 grabs the handle 116 (see FIG.2), the
processor/controller, using the touch sensor 1318, detects this event. The touch sensor 1318,
according to one example, may comprise a variable frequency circuit that responds to the

capacitive influence of a user’s hand 208 in close proximity or contact with an outer surface
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(e.g., the handle 116) of the Monitor System 100. In this way, the processor/controller 1302 can

detect a user’s contact with the outer surface of the Monitor System 100.

When the processor/controller 1302, for example, detects that the user is grabbing the handle
116, the processor/controller 1302 can control a wheel brake system 1320 to release brakes from
the plurality of wheels 110. As an example, the processor/controller 1302 may electrically
control one or more solenoids that control mechanical brakes at each of the wheels 110,
respectively. The processor/controller 1302 causes the solenoids to switch and thereby release
the brakes from the wheels 110 when the processor/controller 1302 determines that a signal
from the touch sensor 1308 indicates that the user is grabbing the handle 116. This allows the
user to easily roll and move the Monitor System 100 on the floor to a desired location.
Alternatively, when the user’s hand 208 is released from the handle 116, the processor/controller
1302 determines that a signal from the touch sensor 1308 indicates this event. The
processor/controller 1302 then electronically controls one or more solenoids in the wheel brake
system 1320 that cause the mechanical brakes to promptly engage with each of the wheels 110,
respectively, and thereby immobilize the Monitor System 100 at the precise present location. It
should be noted that while a wheel brake system 1320 is discussed, according to the present
example, it may additionally (or alternatively) control a wheel motor system that when the one
or more motors are disabled, it immobilizes the Monitor System 100. When the one or more
motors are enabled by the processor/controller 1302, the wheels 110 can rotate thereby allowing

the Monitor System 100 to be moved.

The processor/controller 1302 is communicatively coupled with short range communications
circuitry 1322 that facilitate communications between the Monitor System 100 and other devices
located in the near vicinity of the location of Monitor System 100. These other devices are
similarly equipped with short range communications circuitry that allows them to receive
communications from the Monitor System 100, send communications to the Monitor System
100, or both. These short range communications include wireless communications that do not

require the device and Monitor System 100 to be tethered together.

According to various embodiments, the short range communications circuitry 1322 includes
RFID communications circuitry that allow the processor/controller 1302 to communicate with

similarly equipped RFID devices in the near vicinity or the Monitor System 100.

For example, the container 101, according to various embodiments, can include an RFID device.
The RFID device, as an example, is embedded in the top 103 of the container 101. The RFID
device in the container 101 may include one or more pieces of information that can be used by

the Monitor System 100. For example, an identification code in the RFID device embedded in
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the top 103 of the container 101 can be transmitted, in response to interrogation signals
transmitted over short range communications by the processor/controller 1302 utilizing the short
range communications circuits 1322 in the Monitor System 100. This identification code of the
container 101 may identify a container profile to the Monitor System 100 thereby allowing the
Monitor System 100 to : (1) identify that a container 101 is in close proximity and/or mounted
on the OSR 104, and (2) uniquely identify the type of container 101 that is being used by the
Monitor System 100. The type of container may additionally indicate the number of openings
206 in the top 103 of the container 101, and the specific locations of the one or more openings
206. The RFID device on the container can also double up, and be used, to replace a wireless
switch (e.g. IR switch) or a wired mechanical switch [normally housed on the outside of the
Optical Sensor Ring (OSR)] to inform the processor/controller 1302 when a container is

securely placed on the OSR or taken off the OSR by a user.

These short range communications between the Monitor System 100 and the container 101
being used by the Monitor System 100 can make it easy and fool proof for a user to use a
container 101 mounted on the OSR 104 of the Monitor System 100. For example, the user can
take the container 101 out of its protective packaging and while holding the top 103 by its
handles lowers the opened and fully formed container into the ring center opening of the OSR
104 thereby mounting the container 101 on the OSR 104. The processor/controller 1302, using
the short range communication circuits 1322 wirelessly interrogates the RFID device in the
container 101. The processor/controller 1302 thereby determines the container’s profile

information, which may be stored in memory such as in a container profile data base 1330.

The Monitor System 100 will then be ready to be used by the user according to default settings
configured in the non-volatile memory 1306. The processor/controller 1302, based on the
information in the container profile data base 1330, determines the locations of the one or more
openings 206 in the top 103 of the container 101 that is mounted on the OSR 104. The
processor/controller 1302 controls OSR sensors 1324 located on the inner ring surface 606 of
the OSR 104. The OSR sensors 1324 include one or more optical transmitters matched with
optical sensors that create one or more optical beams traversing across the ring center opening of
the OSR 104. For example, an optical emitter on the inner ring surface 606 at one of the back
portions 608 or front portion 610 is matched with an opposing optical sensor on the inner
surface 606 of the other one of the back portions 608 and the front portion 610 of the OSR 104.
Utilizing the OSR sensors 1324, the processor/controller 1302 can detect when one or more of

the optical beams break due to an object entering one of the one or more openings 206. The
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object blocks (i.e., “breaks”) the optical beam emitted from the optical emitter from reaching the

matching optical sensor on the opposite inner surface 606 of the OSR 104.

An object count monitor 1326 is stored in the non-volatile memory 1306 and interoperates with
the processor/controller 1302 to count objects that are placed in the one or more openings 206 of
the top 103 of the container 101. As the object enters one of the one or more openings 206 the
one or more OSR sensors 1324 detect the “beam break” event and communicate one or more
beam break signal(s) to the processor/controller 1302. The object count monitor 1326 can then

determine whether a valid object has been detected, as will be discussed below.

According to the present example, an object profile data base 1328 is stored in the non-volatile
memory 1306. This object profile data base 1328 keeps track of certain attributes and
characteristics of objects that may be monitored in certain applications of the Monitor System
100. For example, a certain size of sponge entering an opening 206 of the container 101 may be
detected and identified using the object profile data base 1328. Besides the size of the sponge,
the object profile data base 1328 may identify the typical “dry” weight of the object being
dropped into the one of the openings 206. Other characteristics of the object may likewise be
stored in the object profile data base 1328. For example, a maximum fluid filled weight for the
particular object identified in the object profile data base 1328 may also be stored in the data
base 1328. This allows the Monitor System 100 to determine a valid range of weight of the

particular object detected entering the particular opening 206.

A user interface controller 1332 is stored in the non-volatile memory 1036. The user interface
controller 1332 interoperates with the processor/controller 1302 to control elements 1310, 1312,
1314, 1316 of the user interface 1308. An OSR controller 1334 interoperates with the

processor/controller 1302 to control and monitor the OSR sensors 1324.

A wireless transceiver 1336 is communicatively coupled with the processor/controller 1302.
The processor/controller 1302 can utilize the wireless transceiver 1336 to wirelessly
communicate with other devices and/or systems. For example, other monitoring systems in a
surgical operating room (surgical OR) may be communicating information with the Monitor

System 100.

For example, a separate fluid monitoring system may be wirelessly coupled via the wireless
transceiver 1336 with the Monitor System 100 and thereby provide fluid loss information to the
Monitor System 100, such as during a surgical procedure. The Monitor System 100, according
to the present example, can aggregate fluid loss data from the other system (or systems) in

wireless communication with the Monitor System 100. As a non-limiting example, a separate
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fluid loss monitoring system can continuously collect fluid loss data with respect to urine and
fluids in the wall suction during a surgical procedure; which such fluid would be weighed by the
separate system and the weight converted to a fluid volume estimate. The other separate fluid
loss monitoring system, being communicatively coupled via established communications
(wireline or wireless) with the Monitor System 100, transmits periodically or in response to
query (or queries) from the Monitor System 100, its collected fluid loss data to the Monitor
System 100. The fluid loss data from the one or more other system(s) can be combined by the
Monitor System 100 with fluid loss information directly collected by the Monitor System 100
from the patient during a surgical procedure (e.g., by calculating estimated fluid loss of the
patient from fluid-filled sponges being deposited into the container 101 supported by the OSR
104 in connection with the surgical procedure) . In this way, the Monitor System 100, according
one embodiment, could operates as a “command center” for monitoring overall fluid loss from a
patient. The Monitor System 100 can provide via the user interface 1308 aggregated fluid loss

information to the medical doctor, nurse, nurse anesthetist, and the scrub technician, or any user.

An object weight monitor 1327 stored in the non-volatile memory 1306 interoperates with the
processor/controller 1302 to determine the weight of each object being dropped into the
container 101. The object weight monitor 1327 uses electrical signals receiyed by the
processor/controller 1302 from the load cell system 1329 to determine the weight of the object.
The object weight monitor 1327 can determine the object’s weight and additionally can

determine the amount of fluid contained in the object.

For example, the object profile data base 1328 would include the typical “dry” weight of the
particular object, i.e., without carrying fluid in the object. The object weight monitor 1327 can
subtract the typical “dry” weight of the object from the measured weight of the object detected
in the container 101 thereby calculating a weight of fluid carried in the object dropped in the

container 101.

The load cell system 1329 comprises an electronic load cell 706 that detects the downward force
applied from the pushrod 702 that is mechanically coupled via the ring mount 602 to the OSR
104 supporting the container 101. This downward force on the electronic load cell 706
comprises the weight of the object being placed in the container 101 that is supported by the
OSR 104. The load cell system 1329 provides an electrical signal (corresponding to the weight
of the object) to the processor/controller 1302. In this way, the processor/controller 1302

determines the weight of the object that is deposited in the container 101.

Auxiliary input-output circuitry 1338 is communicatively coupled with the processor/controller

1302 and allows the processor/controller to communicate with an external media reader/writer
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1340. The media reader/writer 1340 can receive machine readable media 1342 and provide the
instructions and/or data stored in the machine readable media to the processor/controller 1302
via the auxiliary input-output circuits 1338. In this way, the processor/controller 1302 can
receive instructions and data for performing the novel features and functions according to the

present disclosure.

In addition to loading applications software and/or configuration parameters into the Monitor
System 100 as part of a manufacturing process, applications and/or configuration parameters can
be loaded into the Monitor System 100 through, for example, a wireless network in
communication with the wireless transceiver 1336, an auxiliary I/O device 1338, a USB port
(not shown), a short-range communication subsystem 1322, or any combination of these
interfaces. Once these software applications are loaded into the Monitor System 100, these

applications are executable with the processor/controller 1302.

A media reader/writer 1340 is able to be connected to the auxiliary I/O device 1338 to allow, for
example, loading computer readable program code of a computer program product into the
Monitor System 100 for storage into, for example, the non-volatile memory 1306. One example
of a media reader 1340 is an optical drive such as a CD/DVD drive, which may be used to store
data to and read data from a computer readable medium or computer storage product comprising
computer readable storage media 1342. Examples of suitable computer readable storage media
include optical storage media such as a CD or DVD, magnetic media, or any other suitable data
storage device. The media reader 1340 is alternatively able to be connected to the Monitor
System 100 through a USB port or computer readable program code is alternatively able to be
provided to the Monitor System 100 through the wireless transceiver 1336.

FIG. 14 illustrates the OSR 104 during operation of the OSR sensors 1324, according to one
example of the present disclosure. A first plurality of optical beams, e.g., infrared beams, 1402
traverse across the ring center opening of the OSR 104 covering a detection region just below
the one or more openings 206 in the top 103 of a container 101. In FIG. 14, these openings 206

are represented by dashed-line circles.

The container 101 may be identified by the Monitor System 100 by information entered by: 1) a
user 502 using the touchscreen display 114 (see FIG. 5), or 2) optionally in certain embodiments
the container 101 may be identified by the Monitor System 100 using wireless communication
to interrogate an RFID device located in the container 101, or 3) by a combination of both
methods. With the container 101 being identified to the Monitor System 100, the Monitor

system 100 can look-up the container profile information from the container profile data base
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1330 and thereby determine the approximate location of the one or more openings 206 at the top

103 of the container 101.

While there can be OSR sensors 1324 along the entire inner surface 606 of the OSR 104, such as
along the back portion 608 and the front portion 610 of the ring 104, (optionally also along the
entire inner surface 606 of the left portion and the right portion of the OSR 104), the
processor/controller 1302 during operation would activate only those beams 1402, 1404,
(optionally at an appropriate time, also only those beams between the left portion and the right
portion of the OSR 104), that cover the specific dimensions of the openings 206 of the top 103
of the particular container 101 identified in the container profile data base 1330. This is only

one non-limiting example of using the OSR sensors 1324 according to the present disclosure.

There are many different ways to use optical sensors located along the inner surface 606 of the
OSR 104 to detect objects placed in the one or more openings 206, which may include using one
or more emitters/sensors along the rear portion matched with one or more sensors/emitters along
the front portion of the OSR 104, or using one or more emitters/sensors along the left portion
matched with one or more sensors/emitters along the right portion of the OSR 104, or any

combination of both types of arrangements of sensors.

For example, a single plurality of optical beams across the entire inner surface 606 between the
back portion 608 and the front portion 610 of the ring 104 may be activated and energized
during a monitoring operation and only the beams 1402, 1404 covering the openings 206 may be
broken, thereby indicating which opening an object was dropped in. This may be useful in an
application where the type of container 101 and location of the openings 206 is not necessarily

known by the Monitor System 100.

Optionally, a plurality of optical beams, between the inner surface of the rear portion of the OSR
104 and the inner surface of the front portion of the OSR 104, can be spaced apart a known
distance from each other in the detection region below each opening 206. After at least one
beam break is detected the sensors and the processor/controller 1302 can continuously monitor
the beam break(s) while the object continues to fall past the detection region. The beam-break-
sense monitoring, for example, can be repeated every 10 milliseconds until all of the optical

beams are sensed again (i.e., no beam breaks detected).

It should be noted that the processor/controller 1302, according to the present example, would
monitor the falling object for a maximum amount of fall time through the detection region. If at
least one beam break is continuously sensed from the time a first beam break is sensed past the

maximum amount of time allowed for an expected object to fall through the detection region,
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then the processor/controller would flag this as an error condition, and no object detection would
be registered. This would be the case, for example, if an object (or possibly a user’s hand) was

placed at an opening 206 but no object falls into the container 101.

With reference to FIGs. 15 and 16, a description of one example of a method for detecting a
valid object count and weight for the object will be discussed below. As shown in FIG.15, a
container 1502 is shown by the dashed lines 1502 with an object 1504 having been dropped into
a compartment in the container 1502. The height of the container from the top 103 where the
beam is broken to the bottom of the container which is the maximum drop distance is indicated
by the symbol Deltay 1506.

At a point in time labeled Tgg 1508, the beam break is detected and at a point in time T, 1510 is
the time when weight is measured for the object 1504 having been dropped in the container 101,
as indicated by the dashed line 1502. The maximum amount of time for a drop of the object
1504 is indicated by the symbol Delta Tg max 1512.

Referring now to FIG 16, the graph shows the container 1502, 101 weight measurement starting
at the left side of the graph with a recent baseline weight 1606. At a point in time Tgg 1508 the
beam break event is detected and the Monitor System 100 waits until a maximum amount of
time for object drop (Delta Tq max) 1512 plus a Delta Ts 1604 (i.e., noise signal settling time).
This is the total amount of time Delta Ty, 1606 for taking a weight measurement at a point in

time Ty, 1510.

As can be seen by the weight curve starting from the recent baseline weight 1606 up to the new
weight 1608 there is a point in time when the object dropped hits the container 101 imparting a
weight force on the container 1502, 101 and creating potential noise signal due to the vibrations

of the object landing in the container 101, e.g., landing on the bottom of the container 1502, 101.

This settling time Delta T 1604 is used as a delay to reduce the possibility that an improper
weight signal will be measured during the noise signal portion from the load cell. The total
amount of time delay Delta Ty, 1606 until the weight measurement is taken at a point Ty, 1510
assures that the weight measurement will be accurately measuring the new weight 1608 in the
container 101 (without influence from any vibration noise signal). The Monitor System 100
captures the incremental weight 1610 which is the difference between the baseline weight 1606
and the new weight measurement 1608. This incremental weight Delta ,, 1610 indicates the

weight of the object dropped in the container 1502, 101.

While the Monitor System 100 may capture and collect the absolute weight 1606, 1608, of the
container 1502, 101 including the weight of the newly added object 1504, the incremental
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weight Delta , 1610 is directly indicative of the weight of the new object 1504 being deposited
in the container 1502, 101. In this way, the Monitor System 100 can monitor the short term
incremental weight Delta , 1610 following a beam break 1508 to indicate the weight of a new
object having been dropped in the container 1502, 101.

This avoids also the absolute weight measurement 1606, 1608, possibly varying and creating a
false positive under other circumstances. That is, for example, if an object is placed on the top
103 of the container 1502, 101, and not into the opening 206 of the container 101, it will not be
detected as an incremental weight 1610 and the Monitor System 100 thereby avoids false
positive detection. It should be noted that the absolute weight can vary without providing
misinformation or false information to the Monitor System 100. The Monitor System 100,
according to various embodiments, monitors the short term incremental weight Delta ,, 1610
from the point where the beam breaks Tgg 1508. This provides a more accurate way of
detecting that an object 1504 was dropped in the container 1502, 101, and the incremental
weight Delta , 1610 of the object having been dropped in the container 1502, 101.

With reference to FIGs. 17 and 18, the following discussion will illustrate an example
operational sequence (shown in FIG. 17) for the Monitor System 100 of FIG. 1. Additionally,
one example of a touchscreen display 114 (shown in FIG. 18) will be used with the Monitor
System 100, according various embodiments of the present disclosure. A user of the Monitor
System 100 can touch, for example, virtual buttons on the touchscreen display 114 to enter data,
configure parameters, and invoke functions and features of the Monitor System 100, and the
like. A virtual button 1801 labeled “menu” is located at the upper right region of the
touchscreen display 114. The menu button 1801 allows the user to select various modes of user

interaction with the user interface touchscreen display 114.

As one example of operation of the touchscreen display 114, as illustrated in FIG. 18, the
touchscreen display 114 shows user interface elements corresponding to a container 101 with
two openings 206. Each opening corresponds to known dimensions of a sponge being sorted
and counted using the Monitor System 100. According to the present example, the right-side-
count display 1802 is associated with the 4X4 sponge count while the left-side-count display
1804 is associated with the LAP sponge count.

These two counts 1802, 1804, correspond to the two respective openings 206 on the top 103 of
the container 101. The right-side opening 206 is associated with the 4X4 sponge compartment
in the container 101. The left-side opening 206 is associated with the LAP sponge compartment

in the container 101. These are two separate compartments in the container 101.
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By placing 4X4 sponges in the right-side opening 206, the right-side-count display 1802
changes to indicate the incremental count of sponges being deposited in the 4X4 sponge
compartment in the container 101. Similarly, by placing LLAP sponges in the left-side opening
206, the left-side-count display 1804 changes to indicate the incremental count of sponges being
deposited in the LAP sponge compartment in the container 101. The incremental counts 1802,
1804, can be displayed counting up from zero to a total sponge count number, or alternatively
can be displayed counting down to zero from a total sponge count number, as may be configured
in the Monitor System 100 for the particular application. The right-side-count display 1802 is
visually associated on the touchscreen display 114 with an up-count button 1806 and a down-
count button 1808. These buttons 1806, 1808 allow the user to increase the number or decrease
the number displayed in the right-side-count display 1802. A similar pair of buttons are visually
associated with the left-side-count display 1804, as shown in FIG. 18. A fluid estimate value
display 1812 shows the estimated amount of fluid being carried with the sponges that are
deposited through the two openings 206 and into the container 101. This fluid estimate value
1812 displayed to the user can indicate an estimated amount of fluid loss of a patient during a

surgical procedure.

To begin an operational sequence that uses the object counting and fluid estimation features of
the Monitor System 100, the user can press the button labeled “start procedure”. The Monitor

System 100 will be activated to start monitoring for objects being placed in the openings 206.

FIG. 17 will now be referenced to illustrate an example operational sequence using the Monitor
System 100. The processor/controller 1302 (see FIG. 13) enters the operational sequence, at
step 1302, and proceeds to monitor, at step 704, the OSR sensors 1324 to detect whether an
optical beam has been broken by an object being placed at one of the openings 206. While all
optical beams remain unbroken, the processor/controller 1302 continues monitoring, at step

1704.

When an optical beam is detected broken, at step 1704, the processor/controller 1302 starts a
timer, at step 1706, that counts the maximum amount of time 1512 allowed for an object to drop
into the container 1502, 101, plus a maximum settling time 1604. The sum of both maximum
time values 1512, 1604, defines a total time delay 1606 for then taking a weight measurement
from the load cell system 1329. The maximum amount of time 1606 is monitored by counting
with the timer, at step 1708. When the timer reaches the timeout time, at step 1708, the
processor/controller 1302 obtains a weight value (i.e., a weight force value, also referred to as a
weight force, sensed by the load cell system), at step 1710, from the load cell system 1329. This
is also indicated in FIG. 16 at the point in time labeled T, 1510.
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The processor/controller 1302, at step 1712, compares the new weight measured with the load
cell system 1329 to the baseline weight previously measured (just before the beam break event
was detected). Note that while the processor/controller 1302 remains waiting for detection of a
beam break, at step 1704, it continuously samples new weight measurements (i.e., new weight
force values, also referred to as a new weight force, sensed by the load cell system) from the
load cell system 1329, and saves each measurement in order to determine the most recent
baseline weight value for the container 101 upon a beam break event. Thus, since the
incremental weight of an object that breaks the beam is determined relative to the most recent
baseline weight value of the container, it is not necessary to determine the absolute weight of the
container. Hence, unlike an accurate weigh-scale, this load-cell system 1329 does not necessitate
on-going calibration, maintenance or set-up to ensure absolute weight measurement.
Additionally, if a foreign weight (e.g. tray, tongs, etc.) is placed on the container, then this
temporary or permanent addition to the overall container weight sensed by the load-cell system
1329 will not affect the determination of a true incremental weight (i.e. relative change in
weight) arising from an object thrown into the container. Additionally, the fluid content of the
object extracted/calculated from its incremental weight is used to accumulate the total fluid
weight, hence, any extraneous weight placed on the container (or removed via evaporation of

fluid) would not factor into the accumulated total fluid weight.

If a weight increment is detected, at step 1714, then the processor/controller 1302 continues to
determine, at step 1718, whether the incremental weight of the new object in the container 101 is
within acceptable range (within a tolerance limit). However, if a new weight increment is not
detected, at step 1714, then the operational sequence exits with error, at step 1716. This may be
the case where the optical beam is broken, such as by a user’s hand or object being placed at the

opening 206 but no object is dropped into the container 1502, 101.

With a measured weight increment being detected, at step 1714, the incremental weight of the
object is compared to an acceptable range of weight for the object, at step 1718. If the weight of
the object is not within an acceptable range (a tolerance limit), at step 1718, the operational
sequence then exits with error at step 1720. This may be the case where an improper object has

been dropped into the container 1502, 101.

If the incremental weight of the object dropped into the container 101 is within acceptable range,
at step 1718, then the processor/controller 1302 determines that it is a valid object. The
processor/controller 1302 then increments, at step 1722, a valid object count for the particular
opening 206 at the top 103 of the container 1502, 101. That is, either the right-side-count
display 1802 or the left-side-count display 1804 is incremented, as shown in FIG. 18. The
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incremental counts 1802, 1804, can be displayed counting up from zero to a total sponge count
number, or alternatively can be displayed counting down to zero from a total sponge count

number, as may be configured in the Monitor System 100 for the particular application.

Additionally, the processor/controller 1302 increments a total fluid weight value, at step 1722,
by the incremental fluid weight value for the object placed in the container 1502, 101. The
incremental fluid weight would be determined by at least taking the new weight value 1608 and
subtracting from it the baseline weight value 1606 being tracked by the processor/controller
1302 and comparing the difference weight value (i.e., the total weight of the object, including
any fluid contained therein) to an expected weight value for a “dry” (non-fluid filled) object
such as a non-fluid filled sponge. The incremental weight value above the expected “dry”
weight value would be attributable to fluid weight, at step 1722. This update to the total fluid
weight value, at step 1722, can be displayed as a fluid estimate by volume in the fluid estimate
volume display 1812. The fluid estimate value display 1812 shows the estimated amount of
fluid being carried within the sponges that are deposited through the two openings 206 and into
the container 101. This fluid estimate value 1812 displayed to the user can indicate an estimated
volume of fluid in ml or cc absorbed/accumulated/collected in sponges during an operative

procedure. The operational sequence then exits, at step 1724.

The present subject matter can be realized in hardware, software, or a combination of hardware
and software. A system can be realized in a centralized fashion in one computer system, or in a
distributed fashion where different elements are spread across several interconnected computer
systems. Any kind of computer system - or other apparatus adapted for carrying out the

methods described herein - is suitable.

The present subject matter can also be embedded in a computer program product, which
comprises all the features enabling the implementation of the methods described herein, and
which - when loaded in a computer system - is able to carry out these methods. Computer
program in the present context means any expression, in any language, code or notation, of a set
of instructions intended to cause a system having an information processing capability to
perform a particular function either directly or after either or both of the following a) conversion

to another language, code or, notation; and b) reproduction in a different material form.

Each computer system may include, inter alia, one or more computers and at least a computer
readable medium allowing a computer to read data, instructions, messages or message packets,
and other computer readable information from the computer readable medium. The computer
readable medium may include computer readable storage medium embodying non-volatile

memory, such as read-only memory (ROM), flash memory, disk drive memory, CD-ROM, and
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other permanent storage. Additionally, a computer medium may include volatile storage such as
RAM, buffers, cache memory, and network circuits. Furthermore, in certain embodiments of
the computer readable medium other than a computer readable storage medium as discussed
above, the computer readable medium may comprise computer readable information in a
transitory state medium such as a network link and/or a network interface, including a wired
network or a wireless network, that allow a computer to read such computer readable

information.

Although specific embodiments of the subject matter have been disclosed, those having ordinary
skill in the art will understand that changes can be made to the specific embodiments without
departing from the scope of the disclosed subject matter. The scope of the disclosure is not to be
restricted, therefore, to the specific embodiments, and it is intended that the appended claims
cover any and all such applications, modifications, and embodiments within the scope of the

present disclosure.



10

15

20

25

30

35

31

CLAIMS

1. A surgical object and fluid monitoring system, comprising:

a support ring for securely supporting a container with at least one port opening of the
container being disposed for receiving surgical objects placed into the container through the at least
one port opening with the aid of gravity;

a hollow spine structure vertically oriented and comprising a channel with channel walls
along the length of the hollow spine structure;

a rod movably disposed in the channel within the hollow spine structure, the rod moveable
along the channel;

a weight force sensing device mechanically coupled to the rod, the support ring
mechanically coupled to the rod, and the rod being in a moving arrangement that transfers weight
force from the support ring to the weight force sensing device;

a flexure mechanically coupled with the rod and the hollow spine structure, the flexure
adding very little if any downward force onto the rod and thereby onto the weight force sensing
device while maintaining the rod vertically aligned in the channel with an air gap separating the
length of the rod from the channel walls, the air gap allowing the rod to move vertically without
friction from contact with the channel walls while the rod in the channel is protected from impact by
the channel walls; and

a processor communicatively coupled with the weight force sensing device, wherein the
processor, responsive to executing computer instructions, performs operations comprising:

determining an incremental weight of the contents of the container from a surgical
object placed into the container through the port opening, based at least on an information signal
received from the weight force sensing device indicating a change in weight force sensed by the
weight force sensing device contemporaneous with the placement of the surgical object into the

container through the at least one port opening with the aid of gravity.

2. The system of claim 1, further comprising:

a plurality of pairs of optical emitter matched to optical sensor devices, arranged about the
support ring to blanket the port opening with one or more optical beams from the plurality of pairs;
and wherein

the processor, responsive to executing computer instructions, performs operations
comprising:

detecting placement of a surgical object into the container through the at least one
port opening by monitoring at least a break in one of the one or more optical beams that blanket the

port opening; and
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contemporaneous with the detecting, receiving the information signal from the

weight force sensing device.

3. The system of claim 2, wherein the one or more optical beams comprise at least one infrared
beam.
4, The system of claim 2, wherein the plurality of pairs of optical emitter matched to optical

sensor devices are arranged about the support ring such that the one or more beams are oriented in a

detection region spanning across, and just below, the at least one port opening of the container.

S. The system of claim 1,
wherein the flexure is mechanically coupled with a top of the rod and the hollow spine

structure.

6. The system of claim 5, wherein:
the flexure provides tensioning spring force on the rod keeping the rod aligned in the

channel and in mechanical contact with the weight force sensing device.

7. The system of claim 1, wherein:
the weight force sensing device comprises a load cell that is electrically coupled with the

Processor.

8. The system of claim 1, further comprising:
a base structure that supports the hollow spine structure; and
wherein the weight force sensing device comprises a load cell that is located inside the base

and is electrically coupled with the processor.

9. The system of claim 1, further comprising:

a base structure with wheels for moving the base structure, wherein the base structure
supports the hollow spine structure in a substantially vertical orientation, the hollow spine structure
comprising a handle to facilitate a user holding the handle and moving the system on the wheels of
the base structure;

a sensor that senses at least one of

1) user contact with the handle, and

2) user actuation of a grip mechanism of the handle, and that
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generates a first sense signal in response to sensing at least one of: affirmative user contact
with the handle, and affirmative user actuation of the grip mechanism of the handle, and that
generates a second sense signal in response to sensing lack of any user contact with the
handle;
at least one electrically controllable brake mechanically coupled with at least one of the
wheels to stop and immediately lock the at least one of the wheels with the at least one electrically
controllable brake;
the processor being communicatively coupled with the sensor and with the at least one
electrically controllable brake; and
wherein the processor, responsive to executing computer instructions, performs operations
comprising:
monitoring the sensor for a sense signal; and
if the sense signal comprises the first sense signal, sending a first control signal to
the at least one electrically controllable brake to release the at least one electrically controllable
brake, the at least one of the wheels being freely rotatable, and
if the sense signal comprises the second sense signal, sending a second control signal
to the at least one electrically controllable brake thereby applying the at least one electrically

controllable brake and locking in place the at least one of the wheels.

10.  The system of claim 1, wherein the at least one port opening comprises a plurality of port
openings, and each of the plurality of port openings being sized and dimensioned for receiving a
type of surgical object different from respective types of surgical objects received through each of
the other port openings of the plurality of port openings, and wherein the support ring comprising a
plurality of pairs of optical emitter matched to optical sensor devices arranged about the support
ring to blanket each of the plurality of port openings with one or more optical beams from the
plurality of pairs of optical emitter matched to optical sensor devices; and wherein
the processor, responsive to executing computer instructions, performs operations

comprising:

detecting placement of a surgical object into the container through one port opening
of the plurality of port openings by monitoring at least a break in one of the one or more optical
beams that blanket the one port opening;

counting the numbers and sorting the type of the surgical object placed into the
container through the one port opening;

contemporaneous with the detecting, receiving an information signal from the weight

force sensing device; and
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determining an incremental weight of the contents of the container from the surgical
object placed into the container through the one port opening, based at least on the information
signal received from the weight force sensing device indicating a change in weight force sensed by
the weight force sensing device contemporaneous with the placement of the surgical object into the

container through the one port opening with the aid of gravity.

11.  The system of claim 10, wherein every surgical object is a sponge and each type of sponge
is sorted by the processor by at least different size and dimension to other types of sponges, based
on the detecting placement of a sponge into the container through one port opening of the plurality

of port openings.

12.  The system of claim 1, further comprising:

a plurality of pairs of optical emitter matched to optical sensor devices, arranged about the
support ring to blanket the port opening with one or more optical beams from the plurality of pairs;

wherein every surgical object is a sponge; and

wherein the processor, responsive to executing computer instructions, performs operations
comprising:

counting the number of sponges placed into the container through the at least one port
opening with the aid of gravity, the counting being reliably achieved in real-time with the processor
at least determining a time delay between the time of detection of at least one optical beam break in
the one or more optical beams and the time of receiving the information signal from the weight
force sensing device to indicate the change in weight force sensed by the weight force sensing
device contemporaneous with the placement of a sponge into the container through the at least one
port opening with the aid of gravity, the determined time delay being compared to a tolerance limit

to make a positive determination of a valid sponge count.

13.  The system of claim 12, wherein the processor, responsive to executing computer
instructions, performs operations comprising:

counting the number of sponges placed into the container through the at least one port
opening with the aid of gravity, the counting being reliably achieved in real-time with the processor
at least determining that the received information signal from the weight force sensing device
indicates a valid change in weight force sensed, within a tolerance limit, for an expected type of

sponge to place into the container through the at least one port opening with the aid of gravity.

14.  The system of claim 1, further comprising:
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a surgical object profile repository for storing at least an expected “dry” (non-fluid-filled)
weight value for the surgical objects expected to be placed into the container through the at least
one port opening; and

wherein the processor, responsive to executing computer instructions, performs operations
comprising:

determining a fluid weight of the surgical object placed into the container through
the at least one port opening by at least comparing the determined incremental weight of the
contents of the container from the surgical object placed into the container to an expected “dry”
(non-fluid-filled) weight value for the surgical object retrieved from the surgical object profile

repository.

15. A method, with a processor of an information processing system, for monitoring at least one
surgical object placed into a container, the method comprising:

securely supporting a container having at least one port opening, the container supported
with a rod vertically aligned and moveably disposed in a channel of a vertically oriented hollow
spine structure with an air gap separating the length of the rod from the channel walls, the air gap
allowing the rod to move vertically without friction from contact with the channel walls, the rod
transferring a weight force from the supported container to a weight force sensing device
mechanically coupled to the rod;

detecting, with a processor, placement of a surgical object into the container through one of
the at least one port opening with the aid of gravity;

contemporaneous with the detecting, receiving an information signal that indicates an
incrementa} weight force of the container; and

determining, with the processor, an incremental weight of the contents of the container from
the surgical object placed into the container through the port opéning, based at least on the received
information signal indicating a valid incremental change in weight of the contents of the container

from the surgical object placed into the container through the port opening with the aid of gravity.

16.  The method of claim 15, wherein the detecting placement comprises:

detecting placement of the surgical object into the container through the one port opening of
the plurality of port openings by at least monitoring a break in one of a plurality of IR beams that
blanket the one port opening; and

counting in real time, with the processor, the number of surgical objects placed into the

container through the one port opening, based at least on the detecting placement of the surgical
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object by at least monitoring a break in one of the plurality of IR beams that blanket the one port

opening.

17.  The method of claim 16, comprising:
counting the numbers and sorting the type of the surgical object placed into the

container through the one port opening.

18.  The method of claim 16, wherein the plurality of IR beams that blanket the one port opening
are arranged about a central opening of a support ring that supports the container such that the
plurality of IR beams are oriented in a detection region spanning across, just below the one port

opening of the container, and inside the container.

19.  The method of claim 15, wherein the at least one surgical object is at least one sponge, and
the method further comprising:

counting the number of sponges placed into the container through the at least one port
opening with the aid of gravity, the counting being reliably achieved in real-time with the processor
at least determining that the received information signal from the weight force sensing device
indicates a valid change in weight force sensed, within a tolerance limit, for an expected type of

sponge to place into the container through the at least one port opening with the aid of gravity.

20.  The method of claim 15, wherein the at least one surgical object is at least one sponge, and
the method further comprising:

counting the number of sponges placed into the container through the at least one port
opening with the aid of gravity, the counting being reliably achieved in real-time with the processor
at least determining a time delay between the time of detection of placement of a surgical object
into the container through one of the at least one port opening with the aid of gravity and the time of
receiving the information signal, the determined time delay being compared to a tolerance limit to

make a positive determination of a valid sponge count.

21.  The method of claim 15, wherein the at least one surgical object is at least one sponge, and
the method further comprising:

determining a fluid weight of a sponge placed into the container through the at least one port
opening by at least comparing the determined incremental weight of the contents of the container
from the sponge placed into the container to an expected “dry” (non-fluid-filled) weight value for

the sponge.
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22.  The method of claim 21, further comprising:
accumulating a total amount of fluid loss for a patient over a time period during a surgical
procedure, based at least on the determining of fluid weight of one or more sponges placed into the

container through the at least one port opening with the aid of gravity.

23.  The method of claim 22, further comprising:

accumulating amount of fluid loss of a patient over a time period during a surgical procedure
from a plurality of separate monitoring systems, where each system monitors a type of fluid loss
that is different than respective other systems in the plurality of separate monitoring systems, each
separate monitoring systems being communicatively coupled at least with a command center
monitoring system in the plurality of separate monitoring systems;

receiving, with the command center monitoring system, accumulated total amounts of fluid
loss from each other of the plurality of separate monitoring systems;

aggregating, with the command center monitoring system, all of the accumulated total
amounts of fluid loss of the patient monitored by the plurality of separate monitoring systems into
an aggregate amount of fluid loss of the patient monitored by the plurality of separate monitoring
systems; and

providing via a user interface to a user of the command center monitoring system the

aggregate amount of fluid loss of a patient.

24. A surgical object and fluid monitoring system, comprising:

a support ring for supporting a container with at least one port opening of the container
being disposed for receiving surgical objects placed into the container through the at least one port
opening with the aid of gravity;

a hollow spine structure vertically oriented and comprising a channel with channel walls
along the length of the hollow spine structure;

arod movably disposed in the channel within the hollow spine structure, the rod moveable
along the channel,

a weight force sensing device mechanically coupled to the rod, the support ring
mechanically coupled to the rod, and the rod being in a moving arrangement that transfers weight
force from the support ring to the weight force sensing device;

a flexure mechanically coupled with the rod and the hollow spine structure, the flexure
maintaining the rod vertically aligned in the channel with an air gap separating the length of the rod

from the channel walls, the air gap allowing the rod to move vertically without friction from contact
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with the channel walls while the rod in the channel is protected from impact by the channel walls;
and
a processor communicatively coupled with the weight force sensing device, wherein the
processor, responsive to executing computer instructions, performs operations comprising:
determining an incremental weight of the contents of the container from a surgical

object placed into the container through the port opening with the aid of gravity.

25.  The system of claim 24, further comprising:
short range communication circuits communicatively coupled with the processor, for

interrogation, with the processor, of an RFID device in the container.

26.  The system of claim 24, further comprising:

a channel impactor block mechanically fixed to the rod and located at least partially within
the channel, the air gap separating the channel impactor block from the channel walls, the air gap
allowing the rod and the channel impactor block to move vertically without friction from contact
with the channel walls while the rod in the channel is protected from impact by the channel

impactor block and the channel walls.

27.  The system of claim 26, wherein the channel impactor block is constructed of impact

absorbing material.



