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(57) ABSTRACT

A wireless network having an architecture that resembles a
peer-to-peer network has two types of nodes, a first sender
type node and a second receiver/relay type node. The network
may be used in a medical instrumentation environment
whereby the first type node may be wireless devices that
could monitor physical parameters of a patient such as for
example wireless oximeters. The second type node are
mobile wireless communicators that are adapted to receive
the data from the wireless devices if they are within the
transmission range of the wireless devices. After an aggrega-
tion process involving the received data, each of the node
communicators broadcasts or disseminates its most up to date
data onto the network. Any other relay communicator node in
the network that is within the broadcast range of a broadcast-
ing communicator node would receive the up to date data.
This makes it possible for communicators that are out of the
transmitting range of a wireless device to be apprized of the
condition of the patient being monitored by the wireless
device. Each communicator in the network is capable of
receiving and displaying data from a plurality of wireless
devices.

Node 1

Node 2

Node N

Node 3

Node 4




US 2009/0105549 A1

Apr. 23,2009 Sheet1 of 20

Patent Application Publication

YN €N

€ 18)8WIXO
SS9|alIM

)

AO0) O

N JajauwixQ
SS3|aNM

| J8jawixQ
SEETENTY

| N OD | | 0D I OO

NO NN ¢N IN 1O

¥ ®PON € SPON

4 Ty

| opey )
~ [ x eomeq reopop |

X ®pON N ®PON € ®PON “ | ®PON _
\ S

qT "OIA S e] "DI]

Z

[

MBINIBAD WB)SAS Jejdwexy



US 2009/0105549 A1

Apr. 23,2009 Sheet 2 of 20

Patent Application Publication

ol

weiboid

8
0¢ cl
4 opey 108589901 _ m“_:oh_og

}SOH ﬁ 19)JoWIXQ

>

aoeualU| aoeaU|
ﬁ_mo_bom_m h 18MOd g | Jasn g
8l 9l 1’4"

X

9

weubel 3oo|g Jojeoiunwwod ||eiaaQ ajdwig

¢ DId



US 2009/0105549 A1

Apr. 23,2009 Sheet 3 of 20

Patent Application Publication

ol 8

SN

L

H

J/Aowey -0JOIN

/
welboid g@ommmoo._n@

0Z
7 Vs A\
BUUSUY bojeuy
\_ AW y
( weuboid 1 ) )
X Jowapy | opey
\_ olpey )

=IED

S0BMA)U| |E2M09|]

j

8l

-

}SOH

\

lenbiq Bojeuy

AN

.
r

.

™

induj 5Q || Aepeg

AN

N

lamod

N e ) WE—

f

9l

v DI

welbeiq 3o0|g J0je2iunwwo)

N_‘f
\._ommmooi ( )
h 00N g Bojeuy
N J
( welboly )
\ JAowa
Y J3PwWIXQO y
z e S\
bojeuy layeadsg
A J A\ w,
ﬂ Y i ™
pedAay Aeidsig
. VAN J
aoeuau| Jasn

o

J

I

1745




US 2009/0105549 A1

Apr. 23,2009 Sheet 4 of 20

Patent Application Publication

ve o€
f C ~
(7 2 N\ (7 J
ToﬁﬁmﬁLh Za3ai ﬁ Aeneg Qﬁ Bojeuy w
=
I A3
-
L Josues PAS lamod y
[ weiboid |(10ssecoid )| (T o )
| /hows || -oso olpey Bojeuy
_ ( weiboid A “ ~—
Bojeuy /AIOWBN euuauy
— \ - >y
L SEENT e ) AN olpey y

Josuag/JajaWIXQ SSalalipn

y

weibeiq %o0|g J0SuUag/I81awWwiIx) SSOISJIAN

S DIHd

8¢

Ry

A4



US 2009/0105549 A1

Apr. 23,2009 Sheet 5 of 20

Patent Application Publication

9z

ve o€

\ /

) g [ N\
losuag Jamod

7\ W,

I
~N a\
\ﬁ ST

._wu\m,c.__xOL olpey L}

JarawixQ Jabui4 ssajadIpn
\ /

\

A4

ct

)

MU
SS9[aJIM

\—gZ

h olpey

welbold

ﬁ 10888001 ;

)
J

soes)u|
|ea13o9|3

N

}SOH

=3

Jojediunuwo)

TmﬁmE_x

[ sunong
o

eoeL8U| g

Jas

J

10SUSS/IBJBWIXO SSBBJIA B UlIM JOJBIIUNWIWOYD

9 DIA

\

9




US 2009/0105549 A1

Apr. 23,2009 Sheet 6 of 20

Patent Application Publication

g

welboly
) ﬁ 108882014 4
oipey ] Json
]
soeoU|
|E2109|3 Lm..son_ Q

lojediunwiwion)

ﬁﬂ_:e_o
TmEE_xO

aoeuo)U| g

Jesn

\

9

9t

°|qed

JOSUaSG J9JaWIXO Ue YIMm 10Jediunwios)

L DId

-

m 1010819(]

)

([ za=

(Laal

)
)

losuag
J8wIX0

/

\vm

_/




O eleq -Nd
g ejeq -¢d
v eleq-ld

US 2009/0105549 A1

(g9 wouy)
| 8lqeL Aay
vz
- a9z 3
= vozZ
~ 40¢
3
=
2 O ejed -Nd )
S geiedzd | 2. Oc
o
5 Vv ejled-id mwammmq X
2 (09'a9 wou) /78504
= | 819e L aay g
g arc 49 aos
S O eleq -Nd
=]
= g eled -zd
5 v eleq-Ld
5 (9 woy)
e | 8lqel Aay
=
g
=
=

O ejed -Nd
g eleq -zd Z MO|4 Bleq SSajalIp) Jejdwax]
(™)
v ejeq-id g «QMO % ‘DI
(vo woy) | /7es~ .
I ®Iqel aqayd vmwaw.o ,wm
<86 09
ove
89 voz Jjosuss | Vv eleqg-id
30¢ 1918WIXO |ejeq Aljawix
90€ PBUWIXO [ele AlBWIXO
S eleq -sd VOE ¢c
o Beleq -id
O ejeq-bd O Eled -Nd
) ogz-—~— € 8|qel Aqgy o0 g ejeq -¢d
7 O T (22 wouy)
o w Zeed-Nd || g wdga||[ Y QL
X
s 80¢ | Aeeqa-zd | |86 zodsw||L* m_nm._.,m_Jom
L X eleq-id |——— edz
Z 3Iqel aay ) |
vve
g9 ave C Y9
g8c



US 2009/0105549 A1

Apr. 23,2009 Sheet 8 of 20

Patent Application Publication

ON SN ¥N SN ZW LW
I I e B B I
SM | 810! ZSH | 1SH | aad [ymN
BR | 1] 1] | 1] [ 1] [ T] [ T] [ 1] [ 1] [ T]
oLios| | |610s| | |801s| | |2101s| | |9rs| | {swos| | [vros| | |ews] | [zwos! | | 1o
__m_ __N_ UL KN M UL L] __% UL __m_
oLs 6S €S Zs I'S

SUOREDIUNWIWOY PajNPayosg Peo|s swi |

6 DIH




US 2009/0105549 A1

Apr. 23,2009 Sheet9 of 20

Patent Application Publication

|03u0D Yi0m18U Kiep AB X JOSUSS Wo.y/0] X 0D YO / ANV 0E=> (MMN) L
10} palinbal sy 09 lie 0} siseopeolq 09 AeA3 [05JUO] HIoMieN W
ZH |=< SNOUOIYDUASY X JOSUSS Wou/01 X O 0E=> _Mw_m_.wnvu 2z
2H =< puetueq@ uo Oo.wwm%%owﬂnmmﬁw_m rW%.hMMMMWNMM”%E 96 l UmAmv%mI W,_m_I T EW
2H b=< pugtieg uo oo.wwmm\ncnomm% _rmw_m __owwﬁ_ﬂ_wmﬁ_%mwww%%mh 96 l omm%m_._wm__._ T w
ZH =< jusjsisiad 09 Ile 0} sjseopeoiq O Aleag 96 Aey aw_oAme__kuoEmm()mE
ZH L=< Jus)sisiad | X 0D 0} X Josusg 96 ‘_owcmmwmw\m.,w_m.__g o
Aouenbau Aougjsuo) MO|4 AMwNu_\Awnv oBessapy
sadA| aebessay

Ol DI



US 2009/0105549 A1

Apr. 23,2009 Sheet 10 of 20

Patent Application Publication

0] 4 8€ 9e 123 Zge
N S i R A S Sy G m
| | |
| [Nz ][ent] N NZJeNI[ N | | [N<TINI] N NWJONET N | + [NX[INI] N |
| | 2h [za| ¢ emloan]l z | [k |zal ¢ X lzal 2z | [ex il z || =eg
| 2Nz 3 im0l 3 | X | LI b im | Ol 3 “ XL b 18007
__/ ejeq|ewi | [epoN ejeq|ewi] [epoN m ejeq|ewi] [opoN eje|ewi] [epoN m ejeq |awi] [opoN m
| “ .\ |
P ———— — ——— —— — — — + - ———————— = — = —— —<
ﬁ m R ZE
“ NX | INIT N “ NX [ LN} | N | , m ereq
| A za | ¢z " ex | la| ¢ | | panleoey
_ X LLY 3 m X | LI 2 | | u._m.._
: ) I
_/ - o8 ejeq [ewiL [epoN m o~ PBa[eulL[ePON m m
|- —————— = +--———"—"—-"—"—"—"————— = +———
1 1 | ;
| | | i
| 1 [} |
_ n “ “
m . o_vmm_ | EOI __ _o_nmmj_ ﬂ_ 1SOH 7 _ = mu_vmmw \ @wo_.; m
| . I
| |
| N 0D i z20D ! L 02 |
—/ »/ \—/ \‘
poo|4 pue a)ebalbby - sabessa|y Aejdsiq eieqg aj0way



1% Py vy S14% 4%
N N N

L4 W A Y v v
¢ {

US 2009/0105549 A1

[ ] [
cose des|g desjs SMXL| $WxL¢ ISXd|| qm | desis
0] 09 44 ¢ 4 § |lBUSS
 josues
m&. xﬁ.ll L@B.! 22
o 0 e
S 1 NW Uﬂw N% nﬂW ﬂw 0
L \ \ L \ i

Apr. 23,2009 Sheet 11 of 20

Patent Application Publication

| Shed Lol Do) § ol |
=44 44 4

M| seee | oL XL
4 a4 || 34y

SMXY
4y

*——0—0—e

0D~ g

melq Jamod Josuas Sss|alipn

21 'O




US 2009/0105549 A1

Apr. 23,2009 Sheet 12 of 20

Patent Application Publication

rATEd

el DId

Joy08uuog Jemod [~ ¥9 10j08UU0D "wwo |85 . 10108ul0g
T 09 T 4] cS 0g Josueg
aoeLI8U| _ { SUORBDIUNWWOD | — g { < ¢ {
JaMOd [euls)x3 Aeyeg PaJIM induj Jesn wue|y Aeidsiqg oy
— 1MD Jemod JaAuq JaAuQ JaAuQg JeAlQg
8¢ .
ke R
POz~ [vd] . i
| IMO Bojeuy 8 , :
BUUSUY 0 4t | m_wv,_hw
X art ! &
80z 202~ J4eAladsuel )
q0c~ o7 Aowep : o1 Aowsy
eQZz~— Aows ¢ { ¢
0z W oL qzl ezl
. ojpey JeewixQ
1SOH
lojesiunwiwo)
¢
9 wesbelq »ooig 101e0iunwiuo))




US 2009/0105549 A1

Apr. 23,2009 Sheet 13 of 20

Patent Application Publication

|
= 09
7
|
||||||||||||||||||||||| 1|l|lH|l|l:@j
||||| 7 |
J ) Ji%j
| b M
e | -
iy | |
N mmﬁ ” Eﬁm !
Bl m f o !
: TIII. ) |
m| | Vi |
6] ! T B
m_an ! —— ===
=====_ T
i
TS =N
i | .
DI DY Illdﬁé vI OI4

||||||| _ _
_ ONIRO- DN |
L _ ™08




US 2009/0105549 A1

Apr. 23,2009 Sheet 14 of 20

e0¢
l
Aaneg
a9z
1MD 1amod m
m Jojoele(
P8z~ o€
— 1M0 Bojeuy
292\ | Mo
NM._cmwc( 10SUBg ._OU—M_EN
1BAI808UeB)
egz 8¢ i 1 P9z
agz—~ o1 1/ AowBsN
e Aows m m
82 o q9z B9Z
olpey J81/wIx0
8 8
82 9z

Patent Application Publication

Josueg/ialewixQ Jobui4 ssejalipy

ST DI



Patent Application Publication  Apr. 23,2009 Sheet 150f20  US 2009/0105549 A1

84

Receive

90
8

82

Sleep

FIG. 16
Radio State Transition Diagram
Idle

86

Off
Transmit



US 2009/0105549 A1

Apr. 23,2009 Sheet 16 of 20

Patent Application Publication

8]e1S 8Jp| olpey 0} uiniay

86

_

$S800.d puBwWo)
10 X |euas Jo} jayng

—~—801

»

Hos

——%01

Jewi | j0|S ®)epdn

\\

A3
$,9ZIUOIYOUAS

90}

abessoy aA1@o8Y

——001

I\

N ¢OIN 4104
96

.vm\./\

ewt] esnyded / (jelonpy Xy
18|10 10) Jajujag sweld LeIS

!

NO\/l\

oAI1900Y UBIS

HEyoMO|4 SAI808Y 4 olpey

LT "DId



US 2009/0105549 A1

Apr. 23,2009 Sheet 17 of 20

Patent Application Publication

- 8)elS 8|p| Olpey 0} uinsy —~—9L1

ocl

$IxXau 10}

awy ybnoug_~"gg

ejeq juwsued | _ —~—8lL1
saAl

ON X1 10§ ejeQ
L V/\

Zhl—— Jawi] 10|S 81epdn

0Ll 101S AN JO LEIS

HEUOMO|4 HWSUBI] 4 olpey

8T DI



US 2009/0105549 A1

Apr. 23,2009 Sheet 18 of 20

Patent Application Publication

0¢ DI

61 DIH

oFlL——

ux3

,

8L

abesso|N Aay |eoon a1epdn

*

0CL

ejeq AjowixoO
as|ny |B207 M8eN 199

X3

—— ¢t}

»

Aeidsig qQy erepdn

—~—0€ElL

*

Alowsy 1800 Ul
efessa|N QY arepdn

8¢l

SOA

!

1221 S

AjowiIxQ 12207 ypm
aay elepdn uels

oN iereq meN
ocl

174 3

Aowsy ui Ado) |B207
0} ebessa|y QY meN aiedwo)

!

[AA S

ebessely QA |eueS
9Al909Y - UEB)IS -

(piemuo pue ajebaibby) Leyn mol4 aay



US 2009/0105549 A1

Apr. 23,2009 Sheet 19 of 20

Patent Application Publication

Ix3 —~——0G1

8yl —— olpey o} ejeq Jwsuel] [euss

SO

o1 ejeq SI0N

ppL—— oipey Joj sabesss snend
]

ZPl——  ejeq olpey siepdn Heis

(Piemio pue sjebeiBby) Heyd moi4 olpey aay

1 ‘DI



US 2009/0105549 A1

Apr. 23,2009 Sheet 20 of 20

Patent Application Publication

P81~

des|g 0} 09

*

28— spuBwWWO) POAISISY SS8001d

*

8jelS 9Ip| olpey 0} winjey

~— 081l

8.1

$1Xau Joj swi)

ybnou SaA

91—

eleq Jwsuel |

oN<_XL 10} ®EQ

vLL

Sl

18w 10iS ejepdn

*

0LL——

(puewwo) Jo jdnuisyu))
uolssiwsuel} 4y Lels

aje)s 9|p| olpey O} uINjay

—~—891

!

18wl jo|g syepdn

f

7ol

99} > (puewwo) pifeA Ji J8ung) ssad0i1d
ON
wm\.f
291
09} —— abessal aAle08)Yy
SOA
¢8I 104 ON
851
9G] —~— swi] ainden
(g4s) Jenwieq swel4 vels
t
HG |~ oJe)s 8|p| olpey
f
281 —~— (3dniispu|) dnexem Ueis

HeyD mo|4 leuonesadQ Josuag/ierewixo Jabui4 ssejalipn

¢ DIF




US 2009/0105549 A1

WIRELESS TELECOMMUNICATIONS
SYSTEM ADAPTABLE FOR PATIENT
MONITORING

FIELD OF THE INVENTION

[0001] The present invention relates to a wireless telecom-
munications network that may be used in the medical indus-
try, and more particularly relates to a nodal network that has
a plurality of node communicators for conveying patient
parameters remotely from the site where the patient is being
monitored. Also disclosed are inventions that relate to the
method of remotely conveying or propagating patient infor-
mation along the network and the devices used in such wire-
less telecommunications network.

BACKGROUND OF THE INVENTION

[0002] To remotely monitor physical parameters, for
example blood pressure, arterial oxygen blood saturation
(SP02), heart rate, electrocardiogram, etc., of a patient, a
sensor is usually attached to the patient, with the sensor being
connected to a transmitter that transmits the patient signals to
a central nursing station. Such transmission is usually by
hardwire, and more recently wirelessly. At the nursing sta-
tion, which may either be located in the general ward or in an
intensive care unit (ICU) of a hospital, a number of monitors
are provided to monitor the patients in the various rooms.
There is always a nurse at the nursing station who monitors
the physical parameters of the different patients that are being
transmitted from the various patient rooms, in order to
observe the physical well-being of the patients. Such central
nursing station works well in an environment whereby the
patients are confined to their respective rooms, with each of
the rooms containing the appropriate transmitter for transmit-
ting the physical parameters sensed by the sensor(s) con-
nected to the respective patients.

[0003] There is however a trend in the medical field to
incorporate wireless communications to provide mobility for
the patient. In the medical field, for example in the area of
pulse oximetry, one such portable device is a finger oximeter
with remote telecommunications capabilities that is disclosed
in U.S. Pat. No. 6,731,962, assigned to the assignee of the
instant application. The disclosure of the *962 patent is incor-
porated by reference herein. The 962 device is adaptable to
transmit patient data to a remote receiver or monitor. Another
pulse oximeter that is capable of communicating with an
external oximeter via a wireless communications link is dis-
closed in patent publication 2005/0234317. The remote
device for this oximeter is a display. Another wireless pulse
oximeter is disclosed in patent publication 2005/0113655.
There a wireless patient sensor would transmit raw patient
data to a pulse oximeter that processes the data and further
configures the data to generate a web page, which is then
transmitted wirelessly to a wireless access point, so that the
web page may be downloaded by remote monitoring stations
that are connected by means of a network to the access point.
Another system that remotely monitors the conditions of a
patient is disclosed in patent publication 2004/0102683. The
’683 publication discloses a patient monitoring device worn
by the patient. The patient data collected from the patient is
transmitted wirelessly to a local hub. The hub then transfers
the data to a remote server by way of a public or private
communications network. The server is configured as a web
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portal so that the patient data may be selectively accessed by
physicians or other designated party that are allowed to view
the patient’s data.

[0004] The current systems therefore are focused to the
transmitting of patient data to a remote hub or access point
and are therefore confined to a specific site from which the
patient data may be reviewed remotely. The network or com-
munications link that are currently used are thus either pre-
defined links that transmit information in a particular com-
munications path, or by means of public communications
network with a particular server from which selective access
may be granted. Yet all of these prior art system are not
particularly suited to the above mentioned hospital environ-
ment in which there is a need to provide mobility for the
patients, as well as the need to monitor the multiple patients.
Moreover, there is a need to un-tether the patient from the
monitor that is fixed to the room of the patient to provide the
patient more mobility, and yet at the same time, allows the
care-giver(s) to continue to monitor the physical well being of
the patient.

[0005] There is therefore a need for a portable device that
may be worn by a patient which can wirelessly transmit data
collected from a patient.

[0006] Further, given the shortage of care-givers, there is a
need to reduce the requirement for a particular nurse or care-
giver to be stationed at for example a central nursing station,
in order to monitor the physical parameters of the various
patients. It may also be advantageous to have more than one
care-giver who could monitor the different physical param-
eters of the various patients. It follows then that there is also
a need to enable a nurse or care-giver, or a number of nurses
or care-givers or other healthcare personnel, to be able to
monitor remotely in substantially real time the physical well
being of a patient, and/or the various patients in this commu-
nications network. To that end, There is a need for a commu-
nications network that could receive the data collected from
the various patients, and at the same time correlate the differ-
ent data collected with the various patients. To fully enable
the remote monitoring capabilities of the network, a need
therefore also arises for a portable device to be carried by each
care-giver to thereby un-tether the care-giver(s) from any
particular central monitoring location.

BRIEF SUMMARY OF THE PRESENT
INVENTION

[0007] The present invention, among its multiple aspects
which may themselves constitute self standing inventions,
attempts to overcome the need for a central server or hub to
which the data collected from the patient is routed, per taught
by the prior art. The present invention therefore aims to, in the
one aspect, provide remote monitoring across a network, for
example a peer-to-peer network or a mesh network with a
deterministic configuration, so that there is no reliance on a
single hub or access point.

[0008] The present invention, in one aspect, more particu-
larly relates to a wireless communications network that is
adapted for use by medical devices and that has an architec-
ture that may be in the form of a peer-to-peer network of
medical devices without a network controller. Fach of the
medical devices may be considered a node of the network,
with the medical devices or nodes being time synchronized
and the communications among the devices scheduled, to
thereby eliminate in network interference and allow good
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quality both in terms ofthe communications among the nodes
and the types of messages disseminated among the devices.
[0009] In an embodiment of the instant invention set in an
exemplar medical environment, for example oximetry, a
patient whose physiological parameters or attributes are to be
measured has attached to him or her a sensor module that has
a sensor to measure the physical parameters of the patient.
The obtained patient data may be routed by the sensor to a
transmitter for transmission. Alternatively, the sensor module
may in itself contain a transmitter for transmitting the mea-
sured physical parameters of the patient. A transceiver may
also be provided in the sensor module in the event that bidi-
rectional communications between the sensor module and a
remote receiver i1s desired. The sensor module may be
referred to, in the being discussed medical environment, as a
wireless oximeter sensor. Hach of the wireless oximeter sen-
sor may include an oximeter and its associated sensor, as well
as a transceiver or radio for outputting or transmitting the
patient data obtained by the sensor.

[0010] The receiver that receives the signal output from the
sensor attached to the patient may be a bi-directional com-
munication device referred henceforth as a communicator
that has a transceiver for receiving and transmitting informa-
tion or data. At least one memory is provided in the commu-
nicator for storing the most up to date information that it has
received. In addition to the transceiver and the memory, the
communicator may also have a processor, an user interface, a
power circuit and in the case of it communicating with an
oximeter sensor, an oximeter circuit. The communicator is
adapted to aggregate information received or collected, so
that data from the communicator may be disseminated or
broadcast out toward the network.

[0011] There may be a plurality of communicators in the
communications network of the instant invention, with each
communicator being considered a node of the network. As the
network is comprised of a plurality of nodes each being a
communicator, the communication of data through the net-
work therefore is consistent and controlletless. Moreovetr, as
each of the communicators is mobile, the topology of the
network changes and therefore the network is topology inde-
pendent and resembles a peer-to-peer architecture. The size
the network depends on the number of communicators or
nodes that are in the network. One exemplar network may
comprise from a minimum of two communicators to a maxi-
mum of N communicators, or nodes. Each transceiver, or
radio, in each of the communicators has a broadcast or trans-
mission range of a predetermined distance, so that the infor-
mation broadcast from one communicator would cover a
given transceiving area. Other communicators or nodes
within the network that are within the transmission range of
another communicator would receive the data that is being
broadcast from that other communicator. Conversely, that
other communicator will receive data that is broadcast from
the communicators that are within its own reception range.
Thus, data may be communicated among the different com-
municators, or nodes, of the network. There is therefore no
dedicated access point, coordinator or controller in the net-
work of the instant invention.

[0012] Not all nodes in the network are communicators, as
wireless oximeters, or other medical devices, that are meant
to be attached to the patient for monitoring or measuring
physical parameters of the patient may also be considered as
nodes of the network. For the instant invention, such wireless
oximeter, and other types of medical devices that are adapted
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to measure or sense physical attributes from a patient, may be
considered as a sensor node of the network. Alternatively,
sensor nodes that collect information from the patient and
transmit the collected information to the network may also be
referred to as first type nodes of the network. It follows then
that the second type nodes for the network of the instant
invention are the communicators that receive, aggregate and
broadcast the data received from the patient via the first type
nodes, i.e., the wireless oximeter sensors. The communica-
tions protocol for the different types of nodes, or among the
wireless sensors and the communicators, may be based on the
IEEE Standard 802.15.4.

[0013] So that the various nodes of the network can com-
municate with each other, the devices of the network are time
synchronized and follow a given communications schedule.
For synchronization, the nodes of the network each are
assigned time slots, with each time slot divided into subslots.
Each of the nodes, or devices, is synchronized by means of
communications from its neighbor(s), so that each node trans-
mits data only in the time slot allotted to it. The communica-
tion schedule is cyclic so that all nodes on the network are
scheduled to transmit or broadcast their stored data, in accor-
dance with the respective assigned slots for the different
communicator devices that form the network.

[0014] As data is disseminated or propagated from one
node to the other nodes, the data is aggregated in each of the
nodes that received the data. The aggregated data is dissemi-
nated across the network, so that the messages being propa-
gated across the network are continuously updated. Aggrega-
tion takes place in a node when the message received by that
node is newer than the message previously stored in that node.
[0015] Inafirst aspect, the present invention is directed to a
system for communicating information relating to physical
attributes of a patient. The system includes at least one patient
monitoring device associated with a patient that has a sensor
for detecting at least one physical attribute of the patient, and
at least one transmitter for transmitting patient data corre-
sponding to the detected physical attribute out to a device
transmission area. There is also included in the system a
plurality of communicators each having a transceiver adapted
to at least receive the data transmitted from the patient moni-
toring device when it is located within the device transmis-
sion area. Fach of the communicators communicates with
other communicators that are within its transceiving area. For
the inventive system, any one of the communicators, when
located within the device transmission area, is adapted to
receive the patient data from the patient monitoring device,
and after receipt of the patient data, broadcast the patient data
to other communicators that are located within its communi-
cator transceiving area.

[0016] Another aspect of the invention is directed to a sys-
tem for communicating information relating to physical
attributes of patients that includes multiple patient monitor-
ing devices each associated with a particular patient. These
patient monitoring devices each have sensor means for
detecting at least one physical attribute of the patient associ-
ated with the device and a transmitter for transmitting the
patient data that corresponds to the physical attribute to a
transmission area of the device. There is also included in the
inventive system a plurality of communicators each having a
transceiver adapted to receive patient data transmitted from
the patient monitoring devices when located within the
respective transmission areas of the patient monitoring
devices. Each of the communicators is adapted to communi-
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cate with the other communicators within its transceiving
area. Bach of the communicators, when located within the
transmission area of any one of the patient monitoring
devices, is therefore adapted to receive the patient data from
the any one patient monitoring device and thereafter broad-
cast the received patient data out to its own communicator
transceiving area.

[0017] A third aspect of the instant invention is directed to
a system for disseminating information relating to physical
attributes of a patient remotely that includes at least one
oximeter associated with a patient having sensor means for
detecting at least the SPO2 of the patient. The oximeter
includes atleasta transmitter or transceiver to at least transmit
patient data corresponding to the detected SP02 away from
the device. The system further includes a plurality of com-
municators each having a transceiver adapted to receive the
data transmitted from the patient oximeter when located
within the transmission range of the patient oximeter. Each of
the communicators is adapted to communicate with the other
communicators, so that when one of the communicators is
located within the transmission range of the oximeter, it
would receive the patient data from the patient oximeter and
thereafter broadcast the received patient data to the other
communicators that are located within its broadcast range.

[0018] A fourth aspect of the instant invention is directed to
a communications network where information relating to
physical attributes of a patient may be conveyed remotely.
The inventive communications network includes at least one
wireless sensor associated with a patient for detecting at least
onephysical attribute of a patient. The sensor includes at least
a transmitter for transmitting patient data corresponding to
the detected physical attribute away from the sensor. The
network further includes a first communicator located within
transmission range of the sensor having a transceiver adapted
to receive the patient data transmitted from the sensor and to
broadcast the received patient data. The inventive communi-
cations network further includes a second communicator in
communication with the first communicator but not in com-
munication with the wireless sensor. The second communi-
cator has a second transceiver adapted to receive the patient
data broadcast by the first communicator.

[0019] A fifth aspect of the instant invention is directed to a
wireless network having a plurality of nodes for disseminat-
ing information of patients. The inventive wireless network
includes at least a first type node adapted to be associated with
a patient for monitoring the physical attributes of the patient.
The first type node includes a detector that detects at least one
physical attribute of the patient and a transmitter that trans-
mits the detected physical attribute of the patient as data out to
the network. There may also be included in the network a
plurality of mobile second type nodes not directly associated
with the patient that are adapted to receive signals and/or data
from the first type node when moved to within the broadcast
range of the first type node. Each of the second type nodes
further is adapted to receive the signals and/or data from other
second type nodes and to broadcast signals and/or data onto
the network. The wireless network of this aspect of the inven-
tion allows any one of the second type nodes, when moved to
within the broadcast range of the first type node, to receive the
patient data output from the first type node, and thereafter to
broadcast the received patient data out to the network so that
any other second type node located within the broadcast range
of the one second type node would receive the patient data
output from the first type node.
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[0020] A sixth aspect of the invention is directed to a wire-
less network that has a plurality of nodes for disseminating
information of patients. This inventive wireless network
includes multiple first type nodes each adapted to be associ-
ated with a particular patient for monitoring the physical
attributes of the particular patient. Each of the first type nodes
includes a detector that detects at least one physical attribute
of the particular patient and a transmitter that transmits the
detected physical attribute as patient data out to the network.
The wireless network further includes a plurality of mobile
second type nodes not directly associated with any patient
that are adapted to receive signals and/or data from the first
type nodes when moved to within the broadcast range of any
of the first type nodes. Each of the second type nodes further
is adapted to receive signals and/or data from other second
type nodes and to broadcast signals and/or data out onto the
network. When one of the second type nodes is moved to
within the broadcast range of any of the first type nodes, the
one second type node would receive the patient data output
from that first type node. The one second type node then
would broadcast the receive patient data out to the network so
that any other second type node located within the broadcast
range of the one second type node would receive the patient
data output by the first type node.

[0021] A seventh aspect of the instant invention is directed
to a method of disseminating information relating to physical
attributes of patients. The method includes the steps of: a)
associating at least one patient monitoring device having
sensor means and at least a transmitter with a patient; b)
detecting at least one physical attribute from the patient using
the sensor means; c) transmitting patient data corresponding
to the one detected physical attribute out to a device transmis-
sion area; d) providing a plurality of communicators each
having a transceiver adapted to receive data transmitted from
the patient monitoring device and to broadcast data out to a
communicator transceiver area; ¢) locating one of the plural-
ity of communicators within the device transmission area of
the one patient monitoring device to receive the patient data;
and f) broadcasting from the one communicator the received
patient data to its communicator transceiver area so that other
communicators that are not located within the device trans-
mission area but are located within the transceiver area of the
one communicator are able to receive the patient data trans-
mitted from the one patient monitoring device.

[0022] An eighth aspect of the instant invention is directed
to a method of communicating information relating to physi-
cal attributes of patients that comprises the steps of: a) pro-
viding multiple patient monitoring devices each having sen-
sor means for detecting at least one physical attribute from a
patient and a transmitter for transmitting the detected physi-
cal attribute; b) associating the multiple patient monitoring
devices with corresponding patients; ¢) providing a plurality
of communicators each having a transceiver adapted to
receive patient data transmitted from any one of the patient
monitoring devices and to communicate with other commu-
nicators; d) locating any one of the communicators to the
transmission area of one of the patient monitoring devices
being used to detect the physical attributes of its associated
patients; e) effecting the one communicator to receive the
transmitted patient data from the one patient monitoring
device; and f) effecting the one communicator to broadcast
the received patient data out to its communicator transceiving
area.
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[0023] A ninth aspect of the invention is directed to a
method of disseminating information relating to physical
attributes of the patients remotely that comprises the steps of:
a) associating with a patient at least one oximeter having
sensor means for detecting at least SP02 of the patient, the
oximeter including a transceiver or at least a transmitter to
transmit patient data corresponding to the detected SP0O2
away from the device; b) providing a plurality of communi-
cators, each of the communicators having a transceiver
adapted to receive data transmitted from the patient oximeter
when located within the transmission range of the patient
oximeter, the each communicator further is adapted to com-
municate with other communicators; ¢) locating one of the
communicators within the transmission range of the patient
oximeter so that the one communicator receives the patient
data from the patient oximeter; and d) broadcasting from the
one communicator the received patient data to the other com-
municators that are located within the transmission range of
the one communicator.

[0024] A tenth aspect of the instant invention is directed to
a method of conveying information relating to physical
attributes of a patient remotely in a wireless communications
network environment that has a plurality of transmitting and
receiving devices. The method comprises the steps of: a)
associating at least one wireless sensor with a patient for
detecting at least one physical attribute of the patient, the
sensor including at least a transmitter; (b) transmitting patient
data corresponding to the detected physical attribute out onto
the network; ¢) locating a first communicator within the trans-
mission range of the sensor, the first communicator having a
transceiver adapted to receive the patient data transmitted
from the sensor; d) broadcasting from the first communicator
the received patient data out onto the network; and e) estab-
lishing communication between a second communicator and
the first communicator, the second communicator not in
direct communication with the wireless sensor, the second
communicator having a second transceiver adapted to receive
the patient data broadcast by the first communicator.

[0025] An eleventh aspect of the invention is directed to a
method for disseminating information of a patient in a wire-
less network having a plurality of nodes. The method com-
prises the steps of: a) associating at least one first type node
with the patient for monitoring the physical attributes of the
patient, the first type node including a detector that detects at
least one physical attribute of the patient and a transmitter that
transmits the detected physical attribute as patient data out to
the network; b) locating a plurality of second type nodes not
directly associated with the patient in the network, each of the
second type nodes adapted to receive signals and/or data from
the first type node when moved to within the broadcast range
of the first type node, each of the second type nodes further is
adapted to receive signals and/or data from other second type
nodes and to broadcast signals and/or data out to the network;
¢) moving one of the second type nodes to within the broad-
cast range to the first type node to receive the patient data
output from the first type node; and d) broadcasting from the
one second type node the received patient data out to the
network so that any other second type node located within the
broadcast range of the one second type node would receive
the patient data output by the first type node.

[0026] A twelfth aspect of the invention is directed to a
method of disseminating information ofa patient in a wireless
network environment that has a plurality of nodes. The
method comprises the steps of: a) associating each of multiple
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first type nodes with a particular patient for monitoring the
physical attributes of the particular patient, each of the first
type nodes includes a detector that detects at least one physi-
cal attribute of the particular patient and a transmitter that
transmits the detected physical attribute as patient data out
onto the network; b) positioning in the network a plurality of
second type nodes not directly associated with any patient; c)
configuring each of the second type nodes to receive signals
and/or data from the first type nodes when moved to within
the broadcast range of any of the first type nodes and to
receive signals and/or data from other second type nodes
when within broadcast range of the other second type nodes,
and to broadcast signals and/or data out to the network; d)
locating one of the second type nodes to within the broadcast
range of any of the first type nodes to receive the patient data
output from any of the first type nodes; and e) broadcasting
thereafter from the second type node the received patient data
out to the network so that any other second type node located
within the broadcast range of the one second type node would
receive the patient data output by the first type node.

BRIEF DESCRIPTION OF THE FIGURES

[0027] The different aspects of the invention will become
apparent and will be best understood by reference to the
following description of the invention(s) taken in conjunction
with the accompanying drawings, wherein:

[0028] FIG. 1a is an exemplar architecture of the system of
the present invention that shows an interconnected network
such as for example a peer-to-peer network;

[0029] FIG.1bisasimplified view of anode of the network,
showing the node being a medical device including a radio in
a medical instrumentation environment;

[0030] FIG. 2 is an exemplar network that combines the
peer-to-peer network of FIG. 1la with wireless medical
devices such as wireless oximeters that are connected to the
network;

[0031] FIG. 3 is an exemplar simple block diagram of a
communicator, in this instance a medical communicator, that
forms a node of the network of the instant invention;

[0032] FIG. 4is yet another block diagram in more detail of
the communicator, or a relay node, of the network of the
instant invention;

[0033] FIG. 5 is a block diagram of the wireless oximeter
sensor, or the sensor node, that forms part of the communi-
cation network of the instant invention;

[0034] FIG. 6 shows a communicator of the instant inven-
tion, acting as a relay node, being communicatively linked to
awireless oximeter, or a sensor node, of the instant invention
network;

[0035] FIG. 7 is a block diagram showing a sensor, in this
instance an oximeter sensor, being hardwire connected by a
cable to a communicator of the instant invention, so that the
communicator may act as a transmitter for the sensor;
[0036] FIG. 8isan illustration of an exemplar system of the
instant invention whereby a patient sensor is communica-
tively linked to a communicator, which in turn is communi-
catively linked to other communicators of the network;
[0037] FIG.9is anexemplarillustration of the time slots for
scheduling communications among the various communica-
tive devices of the network;

[0038] FIG. 10 shows exemplar types of messages that
communicate among the various communicative devices, or
nodes, of the network;
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[0039] FIG. 11 is an exemplar illustration of how the mes-
sages are aggregated and broadcast from one node commu-
nicator to another node communicator in the network;
[0040] FIG.12 is an exemplar illustration of the interactive
communications between an exemplar communicator, or
relay node, and a wireless oximeter, or sensor node, of the
network;

[0041] FIG. 13 is a block diagram showing in more detail
the various components of a communicator of the instant
invention;

[0042] FIG. 14 is an exemplar circuit schematic of the
inventive communicator of FIG. 13;

[0043] FIG. 15 is a diagram showing in more detail the
various components of an exemplar wireless oximeter or
sensor node of the instant invention;

[0044] FIG. 16 is an illustration of the major states of the
radio transmitter that may be used in the wireless oximeter
sensor of the instant invention;

[0045] FIG.17isaflow diagram illustrating the operational
steps the inventive communicator processes to receive infor-
mation;

[0046] FIG. 18 is a flow chart that illustrates the process
undertaken by the radio transmitter in the communicator, and
also in the wireless sensor, to transmit data;

[0047] FIG.19 s a flow diagram that illustrates the process
of data being aggregated in a communicator;

[0048] FIG. 20 is a flow diagram illustrating the process for
updating data in the memory of a communicator;

[0049] FIG. 21 is a flow chart illustrating the process of a
communicator broadcasting the message that has been
updated in its memory; and

[0050] FIG.22isaflow diagram illustrating the operational
processing steps of a wireless oximeter, or a sensor node, of
the instant invention.

DETAILED DESCRIPTION OF THE INVENTION

[0051] With reference to FIGS. 1a and 15, a communica-
tions network, in the configuration for example of a peer-to-
peer network, is shown. For the exemplar wireless network 2
shown in FIG. 14, there are four nodes 1-4, as well as a node
N that signifies that the network can have N number of nodes.
For the embodiment of the invention shown in FIG. 1aq, it is
presumed that each of the nodes shown may be represented by
node 4 of FIG. 15 in that each of the nodes of the network may
be a medical device that includes a radio, which may be a
transmitter or transceiver. The medical device may be any one
of a number of devices that monitor or measure physical
attributes or parameters of a patient or subject. Such medical
devices include, but are not limited to, oximeters, heart rate
monitors, capnographs or CO2 monitors, pumps that connect
to the patient and other devices that monitor particular physi-
cal attributes of a patient. For example, in the case of a pulse
oximeter, the oxygen level of arterial blood (SPO2) of the
patient is monitored and/or measured. In the case of a capno-
graph, the CO2, ETCO2 (End Tidal CO2) and respiration rate
are monitored and/or measured. Some of these medical
devices may be combined. For example, the assignee of the
instant application currently markets a non-radio product that
is a combination of an oximeter and a capnograph under the
trade name CAPNOCHECK®, For the instant invention,
such combination device may be fitted with a radio so as it
could act as a node of the inventive network.

[0052] The radio portion of device 4 may be a transceiver,
or at least a transmitter, that operates under a conventional
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standard telecommunications protocol such as for example
the IEEE Standard 802.15.4, so that data may be transmitted
from the device out to a given broadcast or transmission area
of the device. As will be discussed later, there are additional
components in device 4. For the time being, suffice it to say
that the communications network of FIG. 1a is a network that
may comprise a peer-to-peer network of devices, medical or
otherwise, that can communicate among each other without a
hub or a central network controller.

[0053] Aswill be discussed in greater detail later, the nodes
of the network are time synchronized and the communica-
tions among the nodes are scheduled, so that network inter-
ference that may affect the communications among the nodes
is substantially eliminated. Also, particular message types are
provided to enhance the quality of communication among the
nodes. The particular architecture of the network as shown in
FIG. 1a further enables the dissemination of data to all of the
nodes by the data being broadcast. By a process of aggrega-
tion performed in each of the nodes, the most recently
obtained data is broadcast by the nodes so that the integrity of
the data being communicated is enhanced. This results in the
data being communicated or propagated throughout the net-
work to be predictable, consistent, and without any need fora
central controller or hub.

[0054] The topology of the network can vary and not be
constrained by a particular configuration, as the size of the
network may range by a minimum of 2 to a maximum of N
nodes. As each of the nodes, which may be in the form ofa
medical device, is mobile, the topology of the network varies
in accordance with the respective locations of the nodes at any
one particular time. Given that each of the nodes has its own
radio transmitter, each of the nodes is capable of broadcasting
to a predetermined transmission range. Thus, all nodes within
the broadcast or reception range of a given node can be in
communication therewith. Further, as communication is not
controlled by a specific node or central hub, the communica-
tions among the nodes are not restricted to a particular access
point.

[0055] As shown in FIG. 2, the network of FIG. 1a is
communicatively connected to a number of wireless oxime-
ters, or the other medical devices discussed above. The nodes
per discussed above in the FIG. 1a network are referenced as
N1-NN and may also be referred to as communicators CO1-
CON. For the FIG. 2 illustration, wireless oximeters O1, O3
and ON are communicatively connected to communicators
CO1, CO3 and CON, respectively. For the instant invention,
the wireless oximeters, or other medical devices per discus-
sion above, that monitor physical parameters of the patient,
may be referred to as a first type of nodes, while the commu-
nicator CO1-CON may be referred to as a second type of
nodes N1-NN, of the network. The wireless oximeters may
further be referred to as sensor or sensing nodes while the
communicators may further be referred to as relay or propa-
gating nodes.

[0056] The wireless oximeters are devices or modules that
may be worn by a patient, for example on the finger, with a
sensor built therein to detect the SP02 of the patient. An
example of such wireless oximeter module is disclosed in
U.S. Pat. No. 6,731,962, assigned to the assignee of the
instant invention. The disclosure of the *962 patent is incor-
porated by reference herein. Other types of oximeter sensors
that may be worn by or associated with a patient include the
reflective type that may be attached to the forehead or other
substantially flat surfaces of the patient, or an ear type that is
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adapted to clip onto the ear of the patient. The inventors have
found that the inventive network operates efficiently even
when 16 wireless oximeters are connected to the network.
This is not to say that the FIG. 2 network may not have a
smaller number of oximeters, for example 1, or more than 16
oximeters. Similarly, it was found that the preferable number
of communicators or nodes in the system or network should
be between 2 to 32, with the number of communicators or
nodes greater than 32 being possible by adjustment of the
time slots and time synchronization of the system, as will be
discussed later.

[0057] With reference to FIG. 3, a communicator 6 of the
instant invention is shown to include a host processor 8 that
executes a program 10 stored in a memory, not shown. The
program enables processor 8 to operationally control the
oximeter circuit 12, which interfaces with an external oxime-
ter that is either coupled to the communicator by hardwire
such as for example a cable, or by radio, so as to produce
digital oximetry data for processing by processor 8. An user
interface 14, also connected to processor 8, enables the com-
municator to interface with the user. The user interface may
comprise a display, for example a LCD display, an input
source for example a keypad, and an audio circuit and speak-
ers that may be used for alarms. Providing the power to the
communicator 6 is a power circuit 16 that may include a
battery, or DC input and other well known power analog
circuits, so that regulated power may be routed to all of the
active circuits of the communicator. An electrical interface 18
is also provided in communicator 6. Such electrical interface
may comprise an electrically conductive communications
port such as for example a RS-232 port, a USB port, or other
similar input/output (10) port that allows interfacing to and
from the communicator. To transceive data to and from the
communicator, there is provided a radio transceiver that wire-
lessly transceives or communicates data between the commu-
nicator and other communicators, as well as between the
communicator and a sensor device such as the wireless
oximeter sensor shown in FIG. 2, or other sensor devices,
medical or otherwise, that are adaptable to transmit data
wirelessly.

[0058] FIG. 4 elaborates on the various components of the
communicator 6 shown in FIG. 3. For example, the user
interface 14 is shown to include a display, a keypad, a speaker
and an analog to digital (A/D) circuit designated by “analog”.
As is well known, the A/D circuit converts the analog input
into a digital signal, which is sent to the host processor 8. The
power component 16 of the communicator as shown in FIG.
4 includes a battery, the DC input for charging the battery, a
conventional analog power circuit and a digital circuit that
allows the power component 16 to communicate with host
processor 8. The power provided by the power component is
routed to all of the active circuits of the communicator. The
electrical interface component 18, as was mentioned previ-
ously, has one or both of the RS-232 and USB ports, or other
interfacing ports that are conventionally used. The oximeter
component 12 has the analog circuit for analyzing the analog
signals received from the patient sensor, a memory program
that stores the operational functions for the oximeter compo-
nent, and a microprocessor that processes the data received
from the patient to produce digital oximetry data, which is
then communicated to the host processor 8. As was noted
earlier, a memory program 10 in the host that encompasses
processor 8 provides the operational instructions to processor
8 for the overall operation of the communicator. The last
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major component in communicator 6 is the radio 20, which
includes a radio 1C module, a memory stored program that
controls the functioning of the radio transmitter, the analog
circuits for controlling the operations of the radio and the
antenna that allows the radio transceiver to transmit and
receive signals to and from the communicator.

[0059] A wireless oximeter device that forms the sensor
node of the network is shown in FIG. 5. The wireless oximeter
22 is shown to include a sensor component 24. Such compo-
nent is conventional and includes two LEDs that output lights
of different frequencies to a digit or some other area such as
the forehead of a patient, and a detector that detects the light
that passes through or reflected from the patient. Also
included in wireless oximeter 22 is an oximeter circuit 26 that
includes a processor, an analog circuit that analyzes the wave-
form signals detected from the patient and a memory that
stores the program to instruct the analog circuit to analyze the
incoming signals from the patient and converts it into oxim-
etry data. The operation of the sensor 24 is also controlled by
oximeter circuit 26. Interfaced to and working cooperatively
with the oximeter component 26 and/or the sensor component
24 is a radio component 28 that includes an antenna, a pro-
gram stored in a memory, an analog circuitry that operates the
radio IC module and an antenna that transmits the oximetry
data of the patient to the communicator. Power component 30
includes the battery power source and the conventional ana-
log power circuitry that supplies power to the other compo-
nents of the wireless oximeter. In the network of the instant
invention, per shown for example in FIG. 2, the wireless
oximeter device of FIG. 5 transmits collected patient data to
the communicator(s) that is/are within its broadcast range, or
transmission area.

[0060] FIG. 6 shows in more detail the interaction of a
wireless finger oximeter device with a communicator of the
instant invention. Here a wireless communications link 32 is
established between communicator 6 and the wireless oxime-
ter 22. As shown, the radio transceiver of communicator 6
communicates with the radio transmitter of oximeter 22, so
that the oximeter data obtained from the patient by sensor 24
is sent to communicator 6, which may then relay the infor-
mation by broadcasting it out to its transceiver area. It should
be noted that communicator 6 would receive the data from
oximeter 22 only if it is within the transmission area or broad-
castrange of the oximeter device. For the FIG. 6 embodiment,
when the oximeter circuit in the wireless oximeter 22 is
actively analyzing and converting the patient data, the oxime-
ter circuit in communicator 6 may not be since the patient data
is being transmitted from oximeter device 22 to communica-
tor 6. The signal being transmitted from oximeter device 22 to
communicator 6 is in most instances a digital signal. How-
ever, there may be instances where raw data may be sent
directly from the oximeter device to the communicator, ifit is
desirable to eliminate the analog to digital circuitry in the
oximeter and also reduce the processing power from the
oximeter. In other words, raw data may be sent from an
oximeter device to a communicator, if necessary, so that the
communicator may perform the processing that converts the
raw data into the required oximetry data.

[0061] In place of the wireless finger oximeter device 22
shown in FIG. 6, the instant invention is also adapted to be
used with a conventional oximeter sensor, such as 34 shown
in FIG. 7. There, a conventional oximeter sensor that has the
light source and the detector necessary for measuring the
SP02 of the patient is connected by means of a cable 36 to a
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communicator of the instant invention. This may be effected
by mating the electrical connector of the sensor to the port that
is a part of the electrical interface 18 of communicator 6. The
signals received from the patient are then processed and
stored, and then broadcast out by the communicator to its
transceiving area. In this embodiment, communicator 6 acts
as the transmitter of the patient monitoring device by working
cooperatively with the oximeter sensor. Moreover, as ithas to
be within cable distance from oximeter sensor 34, communi-
cator 6 is located fixedly relative to the oximeter sensor and
proximate to the patient.

[0062] FIG. 8 shows an ad hoc mesh communications net-
work of the instant invention where a wireless oximeter sen-
sor device 22, with the sensor possibly attached to a digit ofa
patient, not shown, being in communication with a commu-
nicator 6a. Communicator 6a in turn is in communication link
with communicator 65 and communicator 6¢. Both commu-
nicators 65 and 6¢ are in communication link with commu-
nicator 64. Communicator 64 is also communicatively linked
to communicator 6e.

[0063] As further shown in FIG. 8, each of the communi-
cators has a display 24 that is capable of showing the data of
multiple patients. For the exemplar communicators of FIG. 8,
both the SP0O2 and the heart rate of the patient(s) are shown on
displays 26a and 265, respectively. Further, there are shown
on each of the displays of exemplar communicators 65 to 6e
five sets of data, with each set of data representing a particular
patient. Although data representing five patients is shown in
the exemplar communicators of FIG. 8, it should be appreci-
ated that a smaller or a greater number sets of patient param-
eter data may also be displayed by each of the communica-
tors. Furthermore, it should be appreciated that if the
communicators of FIG. 8 were devices other than oximeters
as mentioned supra, then the display of each of those com-
municators may display patient data that represents other
patient attributes, such as for example CO2 and respiration
rate in the case where the devices are CO2 meonitors or com-
bined CO2 monitor and oximeter devices.

[0064] For the wireless oximeter sensor 22 that is commu-
nicatively connected to communicator 6a, the physical
parameter measured or sensed from the patient 1 may be sent
as an oximeter data message data file, 96 byte for example, to
communicator 6a. Upon receipt of the data file from oximeter
device 22, communicator 6a stores the datafile for patient 1 as
P1 in its remote data display RDD table 28a. The patient 1
previously stored data in the memory of communicator 6a is
replaced or updated by the latest data from patient 1. The
RDD table 28a for the exemplar communicator 6a is shown to
have a capacity that can store data of a plurality of patients, for
example from patient P1 to patient PN. An exemplar approxi-
mately 18 byte memory may be reserved for each of the
patients in the memory store of the communicator. Multiple
tables may be stored in each of the communicators, so that
patient data that were received at different times may actually
be kept and compared with the latest information for an
aggregation process that will be later described in greater
detail. The additional exemplar tables 285 and 28¢ for the
communicator 6a are shown in FIG. 8.

[0065] The interactions between wireless oximeter 22 and
communicators 6 begins when wireless oximeter 22 transmits
a signal representing at least one physical attribute of the
patient, for example the patient’s SP02, away from the oxime-
ter to a predetermined transmission range, i.e., the sensor’s
transmission area. For the FIG. 8 exemplar network, the wire-
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less oximeter 22 may be considered the sensor node. As
illustrated by communications link 30a of the F1G. 8 network,
commuuicator 6a is located within the transmission area or
zone of wireless oximeter 22. Thus, when wireless oximeter
22 outputs the patient data sensed from patient 1, communi-
cator 6a would receive the patient data being transmitted.
Upon receipt, the patient data may be stored in a RDD table,
for example 284, as patient data P1. If there was prior P1 data
for patient 1, this prior data is replaced by the just received
data in the RDD table. The stored data may be displayed on
display 24 of communicator 6a as the SP02 and/or pulse rate
of the patient. Note that the patient data may also be dis-
played, analyzed, conductively communicated, and/or stored
for trending, RDD or high speed application.

[0066] As further shown in the exemplar FIG. 8 network,
communicator 6a has established communication paths with
communicator 65 and communicator 6¢ via communication
links 305 and 30c, respectively. As was discussed previously,
each of the communicators of the instant invention has its own
radio transceiver, so that each communicator is adapted to
receive signals from both wireless oximeters or other medical
sensors and other communicators, so long as it is within the
transmission range of those sensors and/or communicators.
Conversely, each of the communicators is adaptable to broad-
cast a signal out to a predetermined broadcast range, or its
transceiving area. Thus, for the exemplar network of FIG. 8,
as each of communicator 65 and 6¢ is within the transceiving
area of communicator 6a, those communicators each are in
communication with communicator 6a.

[0067] For the exemplar network of F1G. 8, upon receipt of
the patient P1 data from wireless oximeter 22, after storing
the received data in its RDD table 284, communicator 6a
broadcasts this latest P1 data out to its transceiving area.
Communicators 65 and 6¢, each being within the transmitting
range of communicator 6a, receive the same data of patient
P1. Each of those communicators 65 and 6¢ then updates its
own RDD table, and may display the latest patient P1 data on
its display, so that the holder of those communicators could
see the physical parameters, in this instance, the SP02 and
pulse rate, of patient P1. Each of communicators 65 and 6¢
then transmits the latest patient P1 data out to their respective
transceiving areas. Note that each of communicator 65 and 6¢
is shown not to be in direct communications link with wire-
less oximeter sensor 22.

[0068] As communicator 64 happens to be in the transmis-
sion range of both communicators 65 and 6¢, it receives the
data of patient P1 from each of those communicator via
communication links 304 and 30e, respectively. In this sce-
nario, as the patient P1 data is the same from both communi-
cators 6b and 6¢, any updating of the data relating to patient
P1 results in the same data being updated in the RDD table of
communicator 6d. However, in another scenario where the
communications schedule between communicators 6 and 64
is substantially different from that between communicators
6c and 64, it may be that the data from the same patient
received by communicator 64 from communicators 65 and 64
may differ due to the propagation delay of the patient data
along the respective communications links. In that case, the
later patient data is stored as the patient data in communicator
6d. To prevent conflict in the event that the transmission of
data from multiple nodes takes substantially the same amount
of time, a time slotted schedule communication protocol,
which will be discussed later, is provided for the network of
the instant invention. The last node in the exemplar network
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of FIG. 8 is communicator 6e, which is in communications
range with communicator 64 via communication link 30f.
Communicator 6e is not in communication range with any of
the other communicators or the wireless oximeter sensor 22.
With the instant invention, even though communicator 6e is
located remotely from sensor 22, the holder of communicator
6e nonetheless is able to monitor the physical parameter of
patient 1 due to the propagation of data, or data hop, of the
RDD messages across the communicator nodes of the net-
work.

[0069] Although only one wireless oximeter sensor 22 is
shown in the exemplar network of FIG. 8, it should be appre-
ciated that there might be multiple wireless oximeter sensor
devices linked communicatively along the network, so that
different communicators of the network may transmit patient
information to other communicators communicatively con-
nected thereto. As a result, data of multiple patients may be
displayed on each of the communicators. Thisis illustrated by
the respective displays 24 of communicators 65, 6¢, 64 and 6¢
of the FIG. 8 network where five sets of data, each corre-
sponding to a particular patient, are displayed on each of
those communicators. The users or operators of those com-
municators may each therefore be able to monitor the physi-
cal parameters of a number of patients, even though they may
notbeinthe vicinity of any one of those patients. Thus, for the
network of the instant invention, so long as a remote commu-
nicator node is within the broadcast range of another commu-
nicator node that in turn had received, via possibly other
communicator nodes, the data from a patient, that remote
communicator node would also be in receipt of the same
patient data and can therefore monitor remotely the well
being of that patient.

[0070] To prevent conflict among the various nodes of the
network of the instant invention, a time slotted scheduled
communication protocol is mandated. To that end, each of the
devices, or nodes, of the network has one slot of a given time
period to transmit its data. This time slotted schedule com-
munications protocol is illustrated in FIG. 9. As shown, a
number of slots, for example slots S1 to S10, are provided in
the exemplar time period of FIG. 9. The number of slots may
correspond to the number of communicator devices in a par-
ticular network. Thus, if the network were to include 16
devices, then there would be 16 slots provided in the time
period. The time periods are repeated so that communications
among the various devices in the network are scheduled.
Predictable and reliable network communications result.

[0071] For each device, the time slot assigned thereto
enables the device to transmit multiple messages exclusively
at that given time slot. For example, for the exemplar network
of FIG. 8, slot S1 may be assigned to communicator device
6a, slot S2 to communicator 65, slot S3 to communicator 6c,
slot S4 to communicator 64 and slot S5 to communication 6e.
Thus, communicator 6@ would transmit at time slot S1, com-
municator 65 at time slot S2, communicator 6¢ at time slot S3,
etc. For the exemplar network of FIG. 8, it may not be nec-
essary to have 10 slots for each time period. One possible way
of assigning each device a particular slot is for the operator of
the facility that the network is located, for example an ICU
ward in a hospital, to have programmed into the devices their
respective slots. Another possible way is for the operator of
the network to assign the devices the different slots. The
various devices in the network are synchronized to the radio
frequency (rf) transmissions.
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[0072] There is a fair amount of data that needs to be trans-
mitted in pulse oximetry, including wireless oximetry. In
addition to the number of devices in the network, the number
of messages may be selectively optimized for each of the
slots. In the communications protocol of FIG. 9, it is assumed
that there might be six types of messages that are transmitted
at their assigned slots by each of the relay node devices. These
messages are in the form of message packets and are illus-
trated in FIG. 10. In FIG. 9, the messages (M) are labeled,
with M1 corresponding to the first message NWK and M6
corresponding to the last message WS. Message M1, the
NWK message, refers to a node overhead information mes-
sage, or the “network overhead information”. Message M2 is
the RDD (remote data display) message that carries the data
stored in the RDD table in the memory of the communicator
and, once updated, may be displayed by the communicator.
Messages M3 and M4 are the HS1 (high speed 1) and HS2
(high speed 2) messages that flood or broadcast data, when
needed, to the other node devices in the network.

[0073] To illustrate with reference to the FIG. 8 exemplar
network, if the patient data received from the patient (P1)
indicates to communicator 6a that the data from the patient is
outside of a predetermined specified or acceptable range, then
communicator 6a would go into an alarm mode in which an
alarm is set off, so that the user of communicator 6a knows
that there is something amiss with patient P1. At the same
time, to overcome the bandwidth limitations of the network,
by means of HS1 and/or HS2 messages, communicator 6a
floods the network with alarm messages in order to reach the
other communicators in the network, since this may be an
emergency situation where the people who are carrying the
other communicators should be notified. Thus, by sending
HS1 and HS2 messages, the operators or medical personnel
of communicators 64 and 6e, who are not in direct commu-
nications link with the wireless oximeter sensor 22, are none-
theless notified of the alarm condition for patient (P1) so that
appropriate action, if any, may be taken by those healthcare
personnel. Also, the HS1 and/or HS2 messages may be selec-
tively used to broadcast, upon request by a user, measured
physical attribute(s) at a high rate to a remote communicator.
The user may either be the person associated with the com-
municator that is to transmit the data, or the person associated
with the remote communicator to which the data is to be
transmitted. In the event that the request to use the HS1 and/or
HS2 messages were to come from the remote communicator,
a remote request first has to be received and recognized as
such by the transmitting communicator.

[0074] The next message M5 (CTR) is a control message
from the communicator to its dedicated wireless sensor,
which s identified by message M6 WS (wireless sensor). This
is required because a wireless sensor may not have the user
control mechanisms required to configure the integral radio
and oximeter. Furthermore, a communicator node in the net-
work may not necessarily be in direct communications link
with its dedicated sensor. For example, it may be that the
carrier of communicator 6e is in fact the responsible nurse for
the patient who is connected to wireless oximeter sensor 22 in
the FIG. 8 exemplar network. And the reason that communi-
cator 6e is not in the vicinity of wireless oximeter sensor 22
may be that the nurse had to take care of another patient and
accordingly had moved out of the transmission range of wire-
less oximeter sensor 22. Yet the nurse nonetheless is able to
continuously monitor the physical parameters, for example
the SPO2 of patient P1 due to the relaying of the patient P1
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data from the other communicators of the network. Message
M6 therefore identifies to the other communicators that wire-
less oximeter sensor 22 is the dedicated sensor for commu-
nicator 6e. Each communicator may also control the opera-
tion of its dedicated wireless oximeter, if the wireless
oximeter is adapted to wirelessly communicate bidirection-
ally, by sending a M5 control message CTR, which is relayed
by the other nodes in the network to the wireless oximeter
identified by the WS message.

[0075] With the time slotted scheduled communications
protocol shown in FIG. 9, the communications among the
various devices of the network become predictable and reli-
able. Accordingly, the protocol provides a deterministic
approach for the instant invention system or network, as the
processes for the various nodes are synchronized. Moreover,
the system is deterministic in that each time slot is assigned to
aparticular device, so that each device may be able to listen to
the other devices when it is not its time to “talk”; and when it
is the device’s turn to “talk”, the other devices of the network
would listen. In other words, each of the devices of the net-
work has been assigned or allotted a given time period to
communicate or disseminate information to the other devices
of the network, without any central controller mandating the
various devices what to transmit and when to transmit.
[0076] Themessage packets of the message types of FIG. 9
are assigned a sufficient size, for example 96 bytes, so that all
necessary data may be carried in those message packets for
propagation across the network. The message types and the
respective flows of those messages across the network are
shown in more detail in FIG. 10. There, communicator is
designated “CO”.

[0077] FIG. 11 illustrates how the remote data display mes-
sages are aggregated and broadcast or flooded to the various
relay nodes or communicators in the system and network of
the instant invention. Here it is assumed that there are mul-
tiple communicators (CO1, CO2 to CON) in the network,
with each of the communicators transmitting its RDD mes-
sage out to a given transceiving range, or broadcast range. As
shown, communicator CO2 is within the broadcast range of
communicator CO1 and communicator CON is in communi-
cation range with at least communicator CO2. To prevent
confusion and to enhance understanding, for the discussion of
FIG. 11, “RDD” may refer to a memory table in each of the
communicators and also a message when it is transmitted
from one node communicator to another node communicator.
[0078] Communicator CO1 has in its memory a local data
store that stores the RDD message as RDD table 32, which
communicator CO1 had incorporated therein the information
it received, either directly or indirectly, from a wireless
oximeter. For RDD table 32, “Node” 324 refers to the nodes,
both sensor and communicator, of the network, the “Time”
325 refers to the time stamp of when the message was
recorded in the node, and the “Data” 32c¢ refers to the kind of
data that was transmitted from the node and received by the
communicator. Thus, the RDD table in communicator C01
has stored therein data from a number of nodes (1, 2 to N)
each having corresponding data (x1, x2, xN) with a given time
stamp (t11, t21 to tN1), respectively. The RDD table 32 from
communicator CO1 is broadcast by the radio transceiver of
the communicator to its transceiving range and is received as
RDD message 32' by communicator CO2.

[0079] Communicator CO2 also has a previously stored
RDD table that has a number of sets of data from the various
nodes, per shown by RDD table 34. An aggregation process
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next takes place in communicator CO2 in that the data
received from communicator CO1, i.e., from RDD message
32', is compared with the prior stored data in RDD table 34.
As an illustration, the previously stored information from
node 1 is “t10” in RDD table 34, whereas the information for
node 1 in RDD message 32' has a time stamp “t11”. This
means that the information relating to node 1 is more recent in
RDD message 32'. As a consequence, the data for node 1 is
updated to “x1” and is stored in the new RDD table 36. The
same aggregation process takes place with the information
relating to node 2. For that node, insofar as the time therefor
in RDD table 34 is “t22” whereas the time for node 2 in RDD
message 32'is “t21”, the data that is stored in RDD table 34 is
judged to be the more recent data. Accordingly, the data “y2”
in RDD table 34 is copied to RDD table 36. The same aggre-
gation process repeats for the remainder nodes in RDD table
34 by comparing its previously stored data with those in RDD
message 32'. Once the data in the RDD table 34 has all been
compared and if needed updated, the updated RDD table 36 is
broadcast as RDD message 36' by communicator CO2 out to
its transceiving area.

[0080] RDD message 36' is received by communicator
CON as RDD table message 36'. The same aggregation pro-
cess then takes place in communicator CON whereby the
information in RDD message 36' is compared with the pre-
viously stored information in RDD table 38 for generating an
updated RDD table 40. For the example illustration in FIG.
11, the data for node 1, as received by communicator CO1, is
relayed to communicator CON and updated in its RDD table
40. Further, the data for node 2, as reflected in RDD table 40
of communicator CON, is updated from the data previously
stored in RDD table 34 of communicator CO2.

[0081] In a system where all of the communicators are
within range of all of the other communicators, there would
be minimal latency in terms of the messages transmitted and
received. However, in practice, such often is not the case as
shown in exemplar FIG. 8, so that there is always a propaga-
tion delay in terms of the messages that are being broadcast
from one communicator to the next one, as the RDD mes-
sages would “hop” from one communicator node to the next
communicator node, in order to propagate across the net-
work. Even though only RDD messages are disclosed so far
as being propagated across the network, it should be appre-
ciated that messages aside from or in addition to RDD mes-
sages may also be disseminated or propagated across the
network from node to node. For example, the communicators
have built-in alarm functions, so that if the physical parameter
(s) measured from a patient exceeds or falls below respective
upper and higher limits, i.e., outside predetermined safety
limits, the alarm is triggered to warn the user of the commu-
nicator that something may be amiss with the patient. Another
aspect of the instant invention is that instead of RDD mes-
sages, only an alarm signal is propagated or flooded across the
network to wam the various people, medical personnel or
otherwise, equipped with communicators that a particular
patient may be in distress.

[0082] So that additional information may be propagated
across the network, the communicators each may be fitted
with a text messenger chip so that its display may be actuated
to a text mode to receive text messages that may accompany
the alarm, which may be a sound of a given frequency or
loudness or a flashing screen for example. The text message
may be specifically directed to a given communicator, or may
be broadcast or flooded to all communicators along the net-
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work. The communicator of the instant invention is therefore
adapted to be used as a pager that can either simply receive an
alarm from a particular patient or multiple patients, or as a
more sophisticated pager where text messages may accom-
pany an alarm when the being monitored physical parameter
(s) of a particular patient or a given number of patients is/are
deemed to be irregular and warrants closer scrutiny.

[0083] Power consumption is an important consideration in
oximetry, since the wireless oximeters are relatively small
and yet may require substantial power to operate their radio
transmitters. There is therefore a need for the wireless oxime-
ters to conserve their energy. For the network of the instant
invention, since each oximeter sensor is programmed to com-
municate only inagiven time slot assigned to it inagiven time
period, the wireless oximeter does not need to be cognizant of
what happens to the other time slots. The wireless oximeter
can therefore go into a sleep or suspension mode to conserve
its power when it is not in its communication mode. But
during the time that the wireless oximeter is in operation, it is
important that it be synchronized with the communicators, or
at least the communicator that is in range of'its signals, and be
able to broadcast the information that it senses from the
patient to whom its sensor is attached. The time slotted sched-
ule communications protocol of the instant invention allows
such conservation of energy due to its deterministic charac-
teristics.

[0084] With reference to FIG. 12, the interactions between
a wireless oximeter sensor and a communicator are shown.
The sensor and the communicator shown in FIG. 12 may be
wireless oximeter 22 (Sensor 1) and communicator 6a (CO1),
respectively, as shown in FIG. 8. For the communicator CO1,
FIG. 12 shows the time slot (0 to T) that the communicator has
been allotted for transmitting its messages. For Sensor 1, FIG.
12 shows a sequence of functions that the oximeter goes
through during approximately the same time period to con-
serve power.

[0085] As shown in FIG. 12, at time 42a, communicator
CO1 is transmitting, for example the RDD message and other
transmissions disclosed with reference to FIGS. 9 and 10. At
the same time 44a, Sensor 1, which is connected to a patient,
is in its sleep mode. At time 425, communicator CO1 contin-
ues to transmit its data. At time 445, Sensor 1 wakes up either
in response to an internal timer or from the initialization of the
sensor to begin collecting the physical parameter(s) from the
patient. This wake-up time is referenced as T ,;,,in FIG. 12. At
time 42¢, communicator CO1 continues to transmit its data.
In the corresponding time 44¢, Sensor 1 receives the patient
data serially from its sensor. At time 42d, communicator CO1
transmits a signal to a particular wireless oximeter, for
example Sensor 1. At corresponding time 44d. Sensor 1
receives the radio frequency signal from communicator CO1
and, noting that it is a signal specifically identifying it, syn-
chronizes its timing with that of communicator CO1. There-
after, at time 44e, Sensor 1 transmits the data that it has
obtained from the patient. This data is received by commu-
nicator CO1 at time 42¢, as designated by the RX WS (receive
wireless sensor) signal. Thereafter (after time T), communi-
cator CO1 enters into a receiving mode where it listens to the
various oximeters and communicators that may be present in
the network, for example the RX,, RX, to RX,, devices. At
approximately the same time, Sensor 1 goes to its sleep mode
(T4s) and stays asleep until it is either waken up by an internal
timer or activated to begin monitoring the physical parameter,
for example SPO2, of the patient.
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[0086] By thus putting the wireless oximeter sensor to sleep
when it is not measuring the physical parameters from the
patient, the power required for the oximeter is reduced and
therefore the size of the oximeter may be reduced. On the
other hand, the radios of the communicators, which are
mobile units, would remain awake in order to listen in on the
other communicators, and other devices, that form the nodes
in the network.

[0087] For the alarm pager aspect of the invention dis-
cussed earlier, it should be noted that such pager would only
need to listen in on the information that is propagating along
the network. In other words, a communicator operating in the
guise of a pager does not need to transmit any information.
Thus, a pager communicator does not do the function of a
communicator described thus far. But a communicator does
do, as one of its functions, the paging function by receiving
the data being propagated along the network and looking for
any alarm conditions. Putting it another way, a communicator
is bidirectional in terms of its communicative functions,
whereas the pager does not need to be.

[0088] With reference to FIG. 13, a more detailed block
diagram of the communicator of the instant invention is
shown. The same numbers that were used for the F1G. 4 block
diagram are used herein for the same components. As shown,
commuuicator 6 has a main host board or module that has an
oximeter module 12 and a radio module 20. In the oximeter
module 12, there is a memory 124, a processor controller 125
that is dedicated for the oximeter module and a sensor circuit
12¢. Sensor circuit 12¢ is connected to a sensor connector 46
to which a sensor attached to a patient may be connected by
means of a cable. The radio module 20 of the communicator
also has its dedicated memory 20a, a dedicated processor
controller 2056, a transceiver 20¢, and an analog circuit 204
that drives the signal to an antenna 20e for transceiving data to
and from the communicator.

[0089] On the main host board, there is a memory 10 and a
microprocessor 8 which controls all of the modules as well as
the drivers on the host board or module of the communicator.
Processor 8 obtains the oximetry data from the oximeter
module or circuit. This data may be communicated by visual
display, audio alarms, wired communications, and RF com-
munications. As shown, there are four different drivers 48,
48b, 48¢ and 484. Driver 48a drives a display 50 that displays
for example the SPO2 and the pulse rate of a patient, and
possibly text messages in addition, when information more
than the SPO2 and pulse rate are desired or when the com-
municator is being used as a pager. Driver 485 drives an alarm
52 which triggers when the measured patient parameter is
deemed not to be within an acceptable range. Driver 48¢
drives an user input 54 such as for example a keypad or a
pointing device to allow the user to interact with the commu-
nicator. Driver 484 works with a wire communications mod-
ule 56, which in turn has connected thereto a communication
connector 58 that may for example be an RS-232 port or a
USB port as was discussed previously.

[0090] The power of the communicator is provided by a
power circuit 58 that regulates the power level of a battery 60.
An external power interface 62 connects to the power circuit
58 to a power connector 64, so that external power may be
provided to either recharge battery 60 or to power the com-
municator from a power outlet, as for example when the
communicator is connected by cable to a sensor that is
attached to the patient. The software program for the func-
tioning of the communicator is stored in memory 10.
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[0091] FIG. 14 is an exemplar schematic diagram of the
communicator of the instant invention. As shown, the main
communicator printed circuit board or module 66 is divided
into a number of major modules or circuits. These circuits
include oximeter module 68, power module 70, display mod-
ule 72, the main processor 74 and its associated circuits on the
PC board it is mounted to, memory module 76, audio module
78 and radio module 80. There are also miscellaneous circuits
that include for example the realtime clock, A/D converter,
and external communications circuitries. A docking station
and a printer (not shown) may also be included in the system.

[0092] Oximeter module 68 comprises an oximeter PCB
(print circuit board) of the assignee, designated 684, that has
a manufacturer reference PN 31392B1, or variants of PN
31402Bx or PN 31392Bx. This oximeter board communi-
cates by way of a logic level, full duplex, Universal Asyn-
chronous Receiver Transmitter (UART) from the P12 con-
nector to the host processor 74. Power to the oximeter circuit
board 68a is provided by power circuit 70 in the form of
regulated 3.3 volt via connector P12 through switched capaci-
tor regulator U9. Connector P11 at board 68 provides the
connectionto a connector P14 at main board 66, which is used
to connect to a wired oximeter sensor. The signals received
from the oximeter sensor are routed through board 68a, and
by way of connector P12 to processor 74.

[0093] Power module 70 is adapted to be powered from
multiple sources which include a universal mains AC/DC 9V
wall mount power supply, a Universal Serial Bus (USB) pow-
ered at 5V at 500 mA, a user changeable AA (4 alkaline
disposable batteries at 6V), and custom lithium ion recharge-
able batteries at 7.4V. Whichever power is supplied is auto-
matically arbitrated. The AC/DC 9V power and the USB 5V
power enter through the general purpose docking/serial com-
munications connector P3. The alkaline and lithium ion
rechargeable batteries occupy the same internal battery com-
partment so that one or other can be present at any given time
and each have their separate connections. The alkaline bat-
teries are connected four in series by way of connectors P9
and P8, while the lithium rechargeable pack connects through
the five-position connector P10. The lithium ion rechargeable
pack contains integral charging control, fuel gauge, and
redundant safety circuits. Additional signals on P10 are the
AC/DC 9V power, USB 5V power plus 7.4V out, ground and
1-1 wire logical interface to the main processor 74 (U21) to
communicate the charging and fuel gauge information. As
shown, all of the possible power supplies are diode OR’ed to
create a source that can range between 4.5V and 8.5V before
being routed to the main on/off power MOSFET transistor
Q2. The power source is then efficiently converted to 2.7V by
way of a step down converter/switchable regulator U3. Other
supply voltages of 1.8V and 1.5V are also created by regula-
tors U2 and U1, respectively. The main processor U21 oper-
ates from the 2.7V, 1.8V and 1.5V supplies. The flash and
SDRAM memories operate from the 1.5V supply. The radio
and much of the general purpose /O operate from the 2.7V
supply.

[0094] The display circuit may comprise a color TFT 3.0
inch LCD display manufactured by the Sharp Electronics
Company having a manufacturing number PN
LQO30B7DDO1. The display resolution is 320 Hx320 V. Pro-
cessor U21 provides an integral LCD controller peripheral
that is capable of generating a majority of the required timing
and LCD control signals. Four additional LCD related cir-
cuits (external to processor U21) are shown. Contrast control
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is provided through digital potentiometer (POT) U12 and
commanded by the main processor U21 by way of an 1°C
two-wire bus. AC and DC gray scale voltages are generated
by the gray scale ASIC U8. Additional LCD supply voltages
of 43V, +5V, +15V and =10V are generated by voltage regu-
lators U7 and U10. The light emitting diode (LED) backlight-
ing brightness is controlled by switching regulator U6. The
brightness is controlled by the duty cycle of the pulse width
modulator (PWM) control signal from main processor U21.
The LCD display control signals are brought out from the
display module by means of a 39-conductive flex flat cable
which connects to the connector P6. The display back light
LEDs are brought out from the module with a four conductive
flex flat cable which connects to connector P7.

[0095] The main processor 71 (U21) may be an ARM-9
architecture processor from the Freescale Company with
manufacturing number PN MC9328MX21VM. This proces-
sor has the many onboard peripherals that are needed includ-
ing for example the LCD controller, multiple UART ports,
I*C ports, external memory bus, memory management unit,
multiple PWM outputs, low power shutdown modes, key scan
and key debounce, to name a few of the components of the
processor that are utilized in the communicator of the instant
invention.

[0096] In the memory module 76, there are three different
types of memories, two 8 Mbx16 SDRAM (Synchronous
Dynamic RAM) at 1.8V as designated by U19 and U20, one
2 Mbx16 FLASH (non-volatile memory) at 1.8V designated
by U22, and one 1 Mb serial EEPROM (Electrically Erasable
PROM) at 2.7V. The program code and non-volatile trend
data are stored in the Flash memory. At power-up the program
code is transferred from the slower Flash memory to the
higher speed SDRAM to support faster processor operation.
The non-volatile serial EEPROM is used to store system
event logs, system serial number, and other systems informa-
tion. The non-volatile Serial Flash Memory is used for trend
data storage. The display memory is executed out of the
SDRAM memory space.

[0097] The audio module 78 supports audio alarms per the
60601-1-8 Alarm standard for medical devices. Due to the
volume and tonal qualities dictated by the Alarm standard, a
conventional voice coil speaker is used to generate the needed
sounds, as opposed to using a piezoelectric type transducer.
Main processor U21 generates a pulse width modulated
(PWM) control signal with 11-bits of resolution to control
both pitch and volume of the alarm signal. The signal condi-
tioning circuitry U18 filters this PWM stream into an analog
audio signal which in turn is amplified by a class D audio
amplifier U15. U15 differentially drives an 8-ohm speaker in
the conventional bridge tide load (BTL) configuration for
maximum efficiency.

[0098] The radio circuit 80 has a radio module RF1 that
may be a single board transceiver radio and PCB antenna
designed to operate in accordance with the IEEE 802.15.4
Low Data Rate Wireless Personal Area Network (WPAN)
standard. The radio module hardware is supplied by the L.S.
Research company, located in Cedarburg, Wis., under the
product name Matrix having a manufacturing number PN
MTX12-101-MTN26. The matrix module is a 2.4 GHz 802.
15.4 based module that is designed for proprietary and Zig-
Bee (a low power, wireless networking standard) data trans-
ceiver applications. The processor and transmitter of the
matrix module may be based on an integrated module such as
for example the Texas Instrument CC2430 chip.
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[0099] With reference to FIG. 15, a more detailed exemplar
wireless finger oximeter sensor corresponding to that in FIG.
5 is shown. Components that are the same as those in FIG. 5
are labeled the same here. The oximeter sensor 22 in FIG. 15
is shown to include an oximeter module 26 and a radio mod-
ule 28. In the oximeter module 26 there is a memory 26a, a
controller 265 and a sensor circuit 26¢. The sensor circuit is
connected to and provides the power to a light source emitter
26d as well as a detector 26e. The light emitter and the
detector work in combination to detect or monitor the oxygen
saturation in the blood of a patient connected to the emitter
and detector. The data collected from the patient is stored in
memory 26a. The overall operation of the oximeter module is
controlled by controller 264.

[0100] Radio module 28 has a memory 28a, a controller
28b, a transceiver 28¢, an analog circuit 284 and an antenna
28e. The operation of the radio module 28 for the oximeter
sensor device is similar to that discussed with respect to the
communicator. However, in most instances, only data that is
collected and stored in the oximeter module 26 is transmitted
out by the radio transmitter. However, given that transceiver
28c¢is adapted to receive signals as well as to send out signals,
radio module 28 of the oximeter sensor device 22 may be able
to receive a signal from a remote source, for example a com-
municator, so as to receive instructions therefrom. One such
instruction may be a sleep instruction sent by a communicator
to instruct the oximeter to go into the sleep mode. Another
possible instruction may be an awake instruction to wake the
oximeter sensor from its sleep mode and to begin monitor the
SP02 of the patient. As was discussed with respect to the
timed functions illustrated in FIG. 12, the oximeter sensor
device is adapted to receive a transmission from a communi-
cator to which it is designated, so that it may be synchronized
with the communicator, before data collected from the patient
by the oximeter sensor is transmitted to the communicator.
[0101] Power is provided to the oximeter and radio mod-
ules of the oximeter sensor device 22 by power circuit 30,
which regulates the power from a battery 30a. In most
instances, the oximeter sensor device 22 is worn by the
patient, with the sensor being specifically placed about a
digit, such as for example the finger, of the patient. Other
types of sensors such as for example reflective sensors that are
attached to the forchead of a patient may also be used.
[0102] Inoperation, the processor controller 265 in oxime-
ter module 26 controls an analog sensor circuit that samples
the serially incoming analog waveform signal that corre-
sponds to the being measured physical parameter of the
patient. A program is processed by controller 265 to compute
the digital oximetry data from the sampled analog waveform
obtained from sensor circuit 26¢. This digital data is then
communicated to radio module 28, which transmits the data
to the communicator that is within its transmission area, so
that the data may be displayed by the communicator.
Although the protocol utilized by radio module 28 is the same
as that used by the radio module of the communicator, there
may be hardware differences between the radio module in the
oximeter sensor device and the radio module in the commu-
nicator. This is due to for example the omission of the power
amplifier and the strengthening of the antenna because of the
size versus performance tradeoffs that are necessary for the
oximeter sensor device.

[0103] The major transition states of the radio module,
based on RF interrupts—such as for example start, receive
and micro controller control—is shown in FIG. 16. As shown,
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there are four primary states or modes. These are: idle state
82, receive state 84, transmit state 86, and sleep state 88.
There is also an initialization state 90 required for the proper
operation of the radio after a hardreset. In the idle state 82, the
radio listens and upon detection of a proper RF signal, it
begins to receive the incoming data. Upon command, the
radio enters into the transmit state 86 where a buffered data
packet is communicated over the RF interface out to the
broadcast range of the radio. The sleep mode 88 allows the
radio to operate at low power without losing its settings. The
radio can be turned off in any state.

[0104] FIGS. 17-21 are flow charts illustrating the opera-
tion of the communicator of the instant invention.

[0105] InFIG. 17, the radio module enters into the receive
mode in step 92. This receive step follows the radio protocol
and any additional software control. Upon detecting a fiducial
signal, the controller of the radio records its current time, per
step 94. Note that the fiducial signal is defined in the IEEE
802.15.4 standard as the start frame delimiter detection sig-
nal, and should have a relatively consistent time behavior. In
step 96, a determination is made to verify whether the
received packet is intended for the particular device, i.e.,
whether there is proper designation address and format. If the
message is not intended for this particular radio, then the
process returns to an idle state, per step 98. At that time, the
message deemed not to be intended for the radio causes the
radio to stop receiving data and to discard the data it has
already received, before returning to the idle state. If the
determination made in step 96 verifies that the message
indeed is intended for the radio, then the process proceeds to
step 100 where the message is received and buffered into the
local memory of the radio. In step 102, a determination is
made on whether the received message is to be used for
synchronization. If it is not, the process proceeds to step 104
where the message is sorted. But if the message indeed is
meant for synchronization, then the process proceeds to step
106 where the slot timer is updated based on the time of the
fiducial signal, before the message gets sorted in step 104.
Thereafter, the message is buffered appropriately in step 108
so that it may be serially transmitted to the host of the radio.
Thereafter, the radio returns to its idle state per step 98.

[0106] FIG. 18 is a flowchart illustrating the transmit pro-
cess of the radio of the communicator. The radio starts trans-
mitting upon command from the radio micro-controller. This
is step 110. In this step, the micro-controller will signal the
start of its time slot based upon the scheduling and the syn-
chronized timing. Upon the start of a slot, the radio may
update its slot timer, per step 112. This may be important if
there is a single node in the network, (i.e., the communicator
is not in the transceiving range of other communicators but is
within the broadcast range of the wireless oximeter sensor),
and the initialization protocol requires for regular broadcast-
ing of messages. In step 114, a determination is made on
whether there is data to be transmitted for a given time slot. If
there is not, the process returns to the radio idle state, per step
116. If there is, the data is transmitted per step 118. In step
120, a determination is made on whether the time slot is long
enough for another transmission. Ifit is, the process returns to
step 114 to retrieve additional data for transmission. The
process continues so long as there is enough time for trans-
mitting more messages. If it is determined that there is no
longer enough time for a next transmission in step 120, the
process returns the radio to its idle state, per step 116, where
the radio awaits the next transmit, receive or sleep instruction.
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[0107] The aggregate and broadcast processes for the com-
municators are illustrated in the flow charts of FIGS. 19 and
20, respectively. In FIG. 19, the host processor of the com-
municator receives the RDD message, or other aggregate and
forward type messages, from the radio, per step 122. The
received data is then compared with the previously stored, or
local copy of the message stored in the memory of the radio,
per step 124. In step 126, a determination is made on whether
the receive data is newer than the previously stored data. If'it
is, the local memory is updated with the received RDD mes-
sage per step 128. The display on the communicator may be
updated per step 130. The process then stops per step 132 until
there is a next start. Ifin step 126 it is determined that the data
received is not newer than the previously stated data, the
aggregate process exits to step 132 to await the next incoming
RDD message.

[0108] FIG. 20 is a flow chart illustrating the forward pro-
cess for the communicator of the instant invention. Per step
134, the RDD table (which also includes the HS data and
similar aggregate and forward messages) is updated with the
local pulse oximetry data. In step 136, any new local pulse
oximetry data is retrieved and readied. In step 138, the RDD
message is updated. The process then exits per step 140.
[0109] InFIG. 21, the processing steps for aggregating and
forwarding the data to the radio module from the main pro-
cessor of the communicator is illustrated. Starting at step 142,
the data for the radio module is updated. Thereafter, in step
144, the messages are queued for the radio module. A deci-
sion is made on whether there is additional data in step 146. If
there is, the additional data is serially transmitted to the radio
module per step 148. The process continues until a determi-
nation is made, per step 146, that there is no more data to be
routed to the radio. At which time, the process is routed to step
150 and the aggregating and forwarding process ends.
[0110] FIG. 22 is a flow chart that illustrates the operations
of the wireless oximeter. So that power is conserved, as was
noted above, the wireless oximeter sensor begins in a radio
sleep mode. The process therefore begins at step 152 where
the oximeter is awaken by either an external signal or an
internal timer interrupt, as was discussed previously. The
radio of the oximeter then goes into an idle state per step 154.
From the idle state, the radio may receive data, be synchro-
nized and returns to the idle state. These processes start with
step 156 where the start frame delimiter (SFD) is reviewed to
capture the time, per discussion with reference to FIGS. 11
and 12. If it is determined that the SFD is not for the oximeter
in step 158, then the process returns to the idle state in step
154 to await the SFD that designates or identifies the oximeter
sensor as the one. If the oximeter determines that it is the
correct sensor to be communicating with the communicator,
the process proceeds to step 160 where it receives the mes-
sage. If the message is determined to be the synchronization
message, per step 162, then the slot timer is updated per step
164 to synchronize the oximeter with the communicator. The
process then proceeds to step 166 where the messages
oncoming are buffered. The same buffering process also takes
place ifthe message is determined not to be a synchronization
message. Thereafter, the process returns to the radio idle state,
per step 168.

[0111] Theoximeter remains in the idle state until a start RF
transmission interrupt or command is received per step 170.
Atthat time, the slot timer is updated per step 172. In step 174,
the process determines whether there is data for transmission.
If there is, the data is transmitted per step 176. A determina-
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tion is next made, per step 178, on whether there is enough
time for transmitting the next message. If there is, the process
returns to the step 174 to retrieve the next message, and
transmits the retrieved message per step 176. The process
repeats until it is determined, per step 178, that there is no
longer enough time for the next message. At which time the
process returns to the idle state per step 180. The process also
goes into the idle state if it was determined in step 174 that
there was no data for transmission. After the idle state, the
process may receive further commands per step 182. There-
after, as the radio and oximeter are independently powered, to
conserve powet, the radio is put to sleep per step 184 until it
is awakened.

[0112] Itshould be appreciated that the present invention is
subject to many variations, modifications and changes in
detail. For example, even though the disclosed network, sys-
tem and devices have been discussed with reference to a
medical instrumentation environment, it should be appreci-
ated that such network, system and devices are equally adapt-
able to operate in a non-medical setting. Thus, it is the inten-
sion of the inventors that all matter described throughout this
specification and shown in the accompanying drawings be
interpreted as illustrative only and not in a limiting sense.
Accordingly, it is intended that the invention be limited only
by the spirit and scope of the hereto appended claims.

1. System for communicating information relating to
physical attributes of patients, comprising:

at least one patient monitoring device associated with a

patient having sensor means for detecting at least one
physical attribute from the patient and at least a trans-
mitter for transmitting patient data corresponding to the
detected physical attribute out to a device transmission
area; and

a plurality of communicators, each of said communicators

having a transceiver adapted to at least receive data
transmitted from said patient monitoring device when
located within said device transmission area and to com-
municate with other communicators within a communi-
cator transceiving area;

wherein one of said communicators, when located within

said device transmission area, is adapted to receive the
patient data from said patient monitoring device, and
wherein after receipt of the patient data from said patient
monitoring device, said one communicator broadcasts
the patient data to other communicators that are located
within its communicator transceiving area.

2. System of claim 1, wherein each of other of said plurality
of communicators within the communicator transceiving area
of said one communicator, upon receiving the patient data
from said one communicator, broadcasts the patient data for
dissemination to other communicators located within the
communicator transceiving area of said each other commu-
nicator.

3. System of claim 1, wherein there are at least two com-
municators located within said device transmission area, first
of said two communicators broadcasting the patient data it
received from said patient monitoring device in accordance to
an assigned time slot time synchronized with another time
slot assigned to second of said two communicators so that
there is no interference in the transmission and reception of
signals between the two communicators.

4. System of claim 2, wherein said each communicator
updates the patient data stored in its data store with the patient
data it has most recently received provided that the most
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recently received patient data is more up to date than the
patient data, if any, already stored in its data store.

5. System of claim 1, wherein said each communicator in
receipt of the patient data aggregates the received patient data
with data, if any, previously stored in its data store and there-
after broadcasts the aggregated patient data to its transceiving
area.

6. System of claim 1, wherein a remote communicator that
is located out of the range of the device transmission area of
said patient monitoring device is adaptable to receive patient
data of the patient so long as said remote communicator is
within the transceiving area of said one communicator or is
telecommunicatively linked to said one communicator indi-
rectly via at least an other communicator so that a telecom-
munications path is established between said one communi-
cator and said remote communicator.

7. System of claim 1, wherein said patient monitoring
device comprises an oximeter having a transceiver including
said transmitter, said patient monitoring device wearable by
the patient.

8. System of claim 1, wherein each of said communicators
comprises an oximeter having a radio transceiver adapted to
both receive and transmit signals within its transceiving area,
said each communicator including at least one memory for
storing the patient data.

9. System of claim 1, wherein there are multiple patient
monitoring devices each associated with a particular patient,
each of said multiple patient monitoring devices having sen-
sor means for detecting at least one physical attribute from its
associated patient and at least a transceiver to at least transmit
patient data corresponding to the detected physical attribute
of the particular patient within a device transmission area; and

wherein each of said plurality of communicators, when

located within the device transmission area of said each
patient monitoring device, receives the patient data
transmitted from said each patient monitoring device in
accordance to an assigned time slot time synchronized
with respective time slots assigned to said multiple
patient monitoring devices and others of said plurality of
comniunicators so that there is no interference in the
transmission and reception of data and/or signals among
the multiple patient monitoring devices and the plurality
of communicators.

10. System of claim 1, wherein said patient monitoring
device and each of said plurality of communicators are time
synchronized with respect to a communications schedule for
the transmission, reception and/or broadcasting of signals
and/or data.

11. System of claim 1, wherein said transmitter comprises
an other of said communicators, and wherein said other com-
municator is located fixedly relative to said sensor means so
that a communications path is established between said other
communicator and said one communicator.

12. System of claim 1, wherein at least one of said plurality
of communicators is mobile and is adapted to be positioned at
different locations.

13. System for communicating information relating to
physical attributes of patients, comprising:

multiple patient monitoring devices each associated with a

particular patient, each of the multiple patient monitor-
ing devices having sensor means for detecting at least
one physical attribute from the patient associated there-
with and at least one transmitter for transmitting patient
data corresponding to the physical attribute detected for

Apr. 23,2009

the particular patient out to a transmission area of said
each patient monitoring device; and
a plurality of communicators, each of said communicators
having a transceiver adapted to receive patient data
transmitted from patient monitoring devices when
located within respective transmission areas of the
patient monitoring devices, and to communicate with
other communicators within its transceiving area;

wherein each of said communicators, when located within
the transmission area of any one of said patient moni-
toring devices, is adapted to receive the patient data from
said any one patient monitoring device and broadcasts
the received patient data out to its communicator trans-
ceiving area.

14. System of claim 13, wherein other communicators
located within the communicator transceiving area of said
each communicator are adapted to receive the patient data
broadcasted by said each communicator and to thereafter
broadcast the received patient data out to their respective
transceiving areas.

15. System of claim 13, wherein a remote communicator
that is located out of the range of the device transmission area
of any one of said patient monitoring devices is adaptable to
receive the patient data of the patient associated with said any
one patient monitoring device so long as said remote com-
municator is within the transceiving area of a given commu-
nicator located within the device transmission area of said any
one patient monitoring device and is in receipt of the patient
data from said any one patient monitoring device, or is tele-
communicatively linked to said given communicator indi-
rectly via at least an other communicator so that a telecom-
munications path is established between said given
communicator and said remote communicator.

16. System of claim 13, wherein said each communicator
aggregates the received patient data with patient data, if any,
previously stored in its data store and, provided that the
received patient data is more up to date than the previously
stored patient data, thereafter broadcasts the aggregated
patient data to its transceiving area.

17. System of claim 13, wherein said each communicator
in receipt of patient data of a particular patient associated with
a particular one of said multiple patient monitoring devices
aggregates the received patient data with data, if any, previ-
ously stored in its data store and thereafter broadcasts the
aggregated patient data of said particular patient to its trans-
ceiving area so that the aggregated patient data may be propa-
gated further along by being broadcast by any other commu-
nicator located within the range of the transceiving area of
said each communicator.

18. System of claim 13, wherein each of said plurality of
communicators, when located within the device transmission
area of any one of said multiple patient monitoring devices,
receives the patient data transmitted from said any one patient
monitoring device in accordance to an assigned time slot time
synchronized with respective time slots assigned to said mul-
tiple patient monitoring devices and others of said plurality of
communicators so that there is no interference in the trans-
mission and reception of signals among the multiple patient
monitoring devices and the plurality of communicators.

19. System of claim 13, wherein each of said multiple
patient monitoring devices and each of said plurality of com-
municators are time synchronized with respect to a commu-
nications schedule for the transmission, reception and/or
broadcasting of signals and/or data.
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20. System of claim 13, wherein the transmitter associated
with at least one of said multiple patient monitoring devices
comprises an other communicator located fixedly relative to
the sensor means of said at least one patient monitoring
device adapted to communicate with said each communicator
of said plurality of communicators.

21. System of claim 13, wherein at least one of said plu-
rality of communicator is movable to different locations rela-
tive to at least one other of said communicators and/or at least
one of said multiple patient monitoring devices.

22. System for disseminating information relating to
physical attributes of patients remotely, comprising:

at least one oximeter associated with a patient having sen-
sor means for detecting at least SPO2 of'the patient, said
oximeter including a transceiver to at least transmit
patient data corresponding to the detected SPO2 away
from said device;

a plurality of communicators, each of said communicators
having a transceiver adapted to receive data transmitted
from said patient oximeter when located within the
transmission range of said patient oximeter, said each
communicator further adapted to communicate with
other communicators;
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wherein one of said communicators, when located within
the transmission range of said patient oximeter, receives
the patient data from said patient oximeter, and thereaf-
ter broadcasts the received patient data to other commu-
nicators that are located within its transmission range.
23. System of claim 22, wherein each of said communica-
tors contprises an oximeter having means to display at least
the received patient data, and a memory for storing patient
data, wherein the patient data of the patient stored in the
memory is updated when new patient data of the patient is
received.
24. System of claim 22, further comprising:
another communicator located out of the transmission
range of said patient oximeter but nonetheless receives
the patient data when it is within the broadcast range of
said one communicator so that it is able to receive the
patient data broadcast by said one communicator, said
communicator movable relative to said patient oximeter.
25. System of claim 22, wherein said patient oximeter and
the plurality of communicators each are assigned a given time
slot synchronized with other time slots to effect time sched-
uled communications among said patient oximeter and the
plurality of communicators.
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