
(12) United States Patent 

US007215984B2 

(10) Patent N0.: US 7,215,984 B2 
Diab et al. (45) Date of Patent: *May 8, 2007 

(54) SIGNAL PROCESSING APPARATUS (58) Field of Classi?cation Search .............. .. 600/310, 

' 600/322, 323, 330, 336, 502 
(75) IIIVBIIIOFSI Mohamed K- Diab, Laguna Nlguel, CA See application ?le for complete search history. 

(US); Esmaiel Kiani-Azarbayj any, _ 
Laguna Niguel, CA (US); Ibrahim M. (56) References Clted 

Laguna Rex J. McCarthy, M1ss10n V1eJo, CA (US); 
Walter M. Weber, Los Angeles, CA 3,638,640 A 2/1972 Shaw 
(US); Robert A. Smith, Corona, CA 3,647,299 A 3/1972 Lavallee 
(Us) 3,704,706 A 12/1972 Herczfeld et a1. 

(73) Assignee: Masimo Corporation, Irvine, CA (US) (Continued) 
. . . . . FOREIGN PATENT DOCUMENTS 

( * ) Not1ce: Subject to any drsclalmer, the term of this 
patent is extended or adjusted under 35 DE 33 28 862 A1 2/ 1985 
U.S.C. 154(b) by 561 days. 

(Continued) 
This patent is subject to a terminal dis 
claimen OTHER PUBLICATIONS 

Braun, S., et 211., “Mechanical Signature Analysis iTheory and 
(21) APP1- NO-I 10/838,593 Applications,” pp. 142-145, 202-203 (1986). 

(Continued) 
(22) Flled: May 4’ 2004 Primary ExamineriEric F. Winakur 

(74) Attorney, Agent, or F irmiKnobbe, Martens, Olson & 
(65) Prior Publication Data Bear LLP 

US 2004/0204636 A1 Oct. 14, 2004 (57) ABSTRACT 

_ _ The present invention involves method and apparatus for 
Related U's' Apphcatlon Data analyzing measured signals that are modeled as containing 

(63) Continuation of application No. 10/062,859, ?led on Pnmary and sécondary P01110115~ coefficlents relate the two 
Jan 30’ 2002’ now abandoned’ WhiCh iS a cohtihua_ signals accordmg to a model de?ned in accordance W1th the 
tion of apphcatioh No_ 09/195,791’ ?led on Nov_ 17, present invention. In one embodiment, the present invention 
1998’ WhiCh iS a Continuation of applicatiOn NO_ involves utilizing a transformation Which evaluates a plu 
08/859’837’ ?led on May 16, 1997’ how pat NO_ rality of possible signal coefficients in order to ?nd appro 
6,157,850, Which is acontinuation of application No. Priate COe?iCiemS- Alternatively, the Pms?nt invention 
08/320,154’ ?led on Oct 7’ 1994’ how pat NO_ involves using statistical functions or Fourier transform and 
5,632,272 WindoWing techniques to determine the coefficients relating 

to tWo measured signals. Use of this invention is described 
(51) In‘; C]_ in particular detail With respect to blood oximetry measure 

A61B 5/00 (2006.01) menis 

(52) US. Cl. ..................... .. 600/323; 600/310; 600/502 60 Claims, 37 Drawing Sheets 

552 

\ 565 

/405 
55.3’ 

EXCEPTION 
HANDLING OXYGEN 

SATURATION 

BIN POWER CURVES COMPUTE BIN 

ATTRIBUTES 
BIN STATISTICS 

BIN QUALIFYING CLIP AND 
_.._ LOGIC _- VOTER - — 

SMOOTH 

570 

CONFIDENCE — 

TEST 

SELECT 
SMOOTHING 

FILTER 



US 7,215,984 B2 
Page 2 

US. PATENT DOCUMENTS 5,246,022 A 9/1993 Prosser 
5,259,381 A 11/1993 Cheung etal. 

3991277 A 11/1976 Hiram 5,273,036 A 12/1993 Kronberg etal. 
3,998,550 A 12/1976 Konishi et 31. 5,337,744 A g/1994 Branigan 
4,038,536 A 7/1977 Feinfuch 5,368,026 A 11/1994 Swedlow etal. ......... .. 600/323 
4,063,551 A 12/1977 Sweeney 5,379,774 A 1/1995 Nishimura etal. 
4,086,915 A 5/1978 Kofsky et a1. 5,431,170 A 7/1995 Mathews 
4,095,117 A 6/1978 Nagy 5,452,717 A 9/1995 Branigan etal. 
4,157,708 A 6/1979 Imura 5,458,128 A 10/1995 Pnlanyi etal. 
4,238,746 A 12/1980 McCool et a1. REM-J22 E 12/1995 Corenman et 31‘ 
4,243,935 A 1/1981 MCCOOl et a1. 5,482,036 A V1996 Diab et 31‘ 
4,266,554 A 5/1981 Hamaguri 5,490,505 A 2/1996 Diab et al. 
4305398 A 12/1981 SaWa 5,494,032 A 2/1996 Robinson et al. 
4407290 A 10/1983 Wilber 5,632,272 A 5/1997 Diab et al. 
4446871 A 5/1984 Imura 5,638,816 A 6/1997 Kiani-Azarbayjany etal. 
4458691 A 7/1984 Netravali 5,638,818 A 6/1997 Diab etal. 
4519396 A 5/1985 Epstein er 91- 5,645,440 A 7/1997 Tobleretal. 
4,537,200 A 8/1985 WidrOW 5,662,105 A 9/1997 Tien 
4,582,068 A 4/1986 Phillipps et 91 5,685,299 A 11/1997 Diab et al. 
4586513 A 5/1986 Hamaguri D393,830 s 4/1998 Tobleretal. 
4,617,589 A 10/1986 Weckenbrock 5,743,262 A 21/1998 Lepper, Jr‘ et a1‘ 
4,649,505 A 3/1987 Zinser, Jr. et a1. 5,758,644 A 6/199g Diab et a1‘ 
4,653,498 A 3/1987 New/J1 eta1~ 5,760,910 A 6/1998 Lepper, Jr. etal. 
4,667,680 A 5/1987 Ellis 5,769,785 A 6/1998 Diab et al. 
4,694,833 A 9/1987 Hamaguri 5,782,757 A 7/1998 Diab et al. 
4,714,341 A 12/1987 Hamaguri er 91- 5,823,950 A 10/1998 Diab etal. 
4,723,294 A 2/1988 Taguchi 5,842,981 A 12/1998 Larsen etal. 
4751931 A 6/1988 Briller er 91- 5,853,364 A 12/1998 Baker, Jr. etal. 
4,773,422 A 9/1988 189998911 et 91 5,860,919 A 1/1999 Kiani-Azarbayjany et al. 
4,781,200 A 11/1988 Baker 5,890,929 A 4/1999 Mills etal. 
4,793,361 A 12/1988 DuFault 5,919,134 A 7/1999 Diab 
4,796,636 A 1/1989 Branstetter et a1. ....... .. 600/330 5934925 A 8/1999 Tobler et 31‘ 

4,799,486 A V1989 DuFault 5,940,182 A 8/1999 Lepper, Jr. etal. 
4,799,493 A V1989 DuFault 5,995,855 A 11/1999 Kianietal. 
4,800,495 A 1/1989 Smith 5,997,343 A 12/1999 Mills etal. 
4,800,885 A V1989 Johnson 6,002,952 A 12/1999 Diab et al. 
4,802,486 A 2/1989 Goodman et a1. 6,011,986 A 1/2000 Diab et 31‘ 
4,807,631 A 2/1989 Hersh er 91- 6,036,642 A 3/2000 Diab et al. 
4,819,646 A 4/1989 Cheung er 91- 6,067,462 A 5/2000 Diab et al. 
4,819,752 A 4/1989 Zelin 6,081,735 A 6/2000 Diab et al. 
4,824,242 A 4/1989 Prick er 91- 6,083,172 A 7/2000 Baker, Jr. etal. 
4,848,901 A 7/1989 Hood, 11 6,088,607 A 7/2000 Diab etal. 
4,858,199 A 8/1989 Grif?th 6,110,522 A 8/2000 Lepper, Jr. etal. 
4,859,056 A 8/1989 Prosser er a1~ 6,151,516 A 11/2000 Kiani-Azarbayjany etal. 
4,860,759 A 8/1989 Kahn er 91- 6,152,754 A 11/2000 Gerhardt et al. 
4,863,265 A 9/1989 Flower et a1. 6,157,850 A 12/2000 Diab et a1‘ 
4,867,571 A 9/1989 Prick eta1~ 6,165,005 A 12/2000 Mills etal. 
4,869,253 A 9/1989 Craig, Jr- et 91- 6,184,521 B1 2/2001 Cof?n, IV etal. 
4,869,254 A 9/1989 Stone eta1~ 6,206,830 B1 3/2001 Diab et al. 
4,883,353 A 11/1989 Hausman et a1. 6,229,856 B1 5/2001 Diab et a1‘ 
4,883,356 A 11/1989 deMey, 11 6,236,872 B1 5/2001 Diab et al. 
4,892,101 A V1990 Cheung 9M1‘ 6,256,523 B1 7/2001 Diab etal. 
4907594 A 3/1990 MHZ 6,263,222 B1 7/2001 Diab et al. 
4,911,167 A 3/1990 Corenman er a1~ 6,278,522 B1 8/2001 Lepper, Jr. etal. 
4,913,150 A 4/1990 Cheung er 91- 6,280,213 B1 8/2001 Tobleretal. 
4,927,264 A 5/1990 Shiga eta1~ 6,285,896 B1 9/2001 Tobleretal. 
4,928,692 A 5/1990 Goodman er 91- 6,334,065 B1 12/2001 Al-Ali etal. 
4,934,372 A 6/1990 Corenman et al. 6,349,228 B1 2/2002 Kiani et a1‘ 
4,942,877 A 7/1990 Sakai eta1~ 6,360,114 B1 3/2002 Diab et al. 
4948248 A 8/1990 Lehman 6,371,921 B1 4/2002 Caro etal. 
4,949,710 A 8/1990 Dorsett et a1. 6,377,829 B1 4/2002 A1_A1i 
4,951,680 A 8/1990 Kirk er 91- 6,388,240 B2 5/2002 Schulz et al. 
4955379 A 9/1990 Hall 6,397,091 B2 5/2002 Diab etal. 
4,956,867 A 9/1990 Zurek er 91- 6,411,833 B1 6/2002 Baker, Jr. etal. 
4,958,867 A 9/1990 Zurek er 91- 6,430,525 B1 8/2002 Weber et al. 
4,960,126 A 10/1990 Conlon et a1. 6,463,311 B1 10/2002 Diab 
4,967,571 A 11/1990 Sporri 6,470,199 B1 10/2002 Kopotic etal. 
5,036,857 A 8/1991 Semmlow eta1~ 6,501,975 B2 12/2002 Diab et al. 
5,040,201 A 8/1991 Slump 6,515,273 B2 2/2003 Al-Ali 
5,041,187 A 8/1991 Hink er a1. 6,525,386 B1 2/2003 Mills etal. 
5,042,499 A 8/1991 Frank etal. 6,526,300 B1 2/2003 Kiani etal. 
5,057,695 A 10/1991 Hirao etal. 6,541,756 B2 4/2003 Schulz et al. 
5,243,993 A 9/1993 Alexander et al. 6,542,764 B1 4/2003 Al-Ali etal. 



US 7,215,984 B2 
Page 3 

6,580,086 B1 6/2003 Schulz et al. 
6,584,336 B1 6/2003 Ali et al. 
6,597,933 B2 7/2003 Kiani et al. 
6,606,511 B1 8/2003 Ali et al. 
6,632,181 B2 10/2003 Flaherty et al. 
6,640,116 B2 10/2003 Diab 
6,643,530 B2 11/2003 Diab et al. 
6,650,917 B2 11/2003 Diab et al. 
6,654,624 B2 11/2003 Diab et al. 
6,658,276 B2 12/2003 Diab et al. 
6,671,531 B2 12/2003 Al-Ali et al. 
6,678,543 B2 1/2004 Diab et al. 
6,684,090 B2 1/2004 Ali et al. 
6,697,656 B1 2/2004 Al-Ali 
6,697,658 B2 2/2004 Al-Ali 
RE38,476 E 3/2004 Diab et al. 
6,699,194 B1 3/2004 Diab et al. 
6,714,804 B2 3/2004 Al-Ali et al. 
RE38,492 E 4/2004 Diab et al. 
6,725,075 B2 4/2004 Al-Ali 

2002/0077536 A1 
2002/0128544 A1 

6/2002 Diab et al. 
9/2002 Diab et al. 

FOREIGN PATENT DOCUMENTS 

EP 0 102 816 3/1984 
EP 0261 789 3/1988 
EP 0271 340 6/1988 
EP 0 335 357 3/1989 
EP 0 341 327 A1 11/1989 
EP 0 359 206 B1 3/1995 
EP 0 760 223 A1 8/1995 
EP 0 761 159 B1 8/1996 
GB 2 166 326 A 4/1986 
GB 2 235 288 A 2/1991 
JP A-63-171539 7/1988 
SU 1674798 9/1991 
WO 92/15955 9/1992 
W0 WO 97/00041 1/1997 
W0 WO 98/42249 10/1998 
W0 WO 98/43071 10/1998 

OTHER PUBLICATIONS 

Brown, DP, “Evaluation of Pulse Oximeters Using Theoretical 
Models and Experimental Studies,” Master Thesis, University of 
Washington, (Nov. 25, 1987). 
Chen, J ., et al., “Adaptive System for Processing of Electrogastric 
Signals,” Images ofthe Twenty-First Centry, vol. 11, pp. 698-699, 
Seattle, WA, Nov. 9-12, 1989. 
Cohen, A., “Volume I.‘ Time and Frequency Domains Analysis,” 
Biomedical Signal Processing, CRC Press, Inc., Boca Raton, FL, 
pp. 152-159. 
European Search Report, dated Sep. 1999. 
Ferrara, E.R., “Fetal Electrocardiogram Enhancement by Time 
Sequenced Adaptive Filtering, ” IEEE Transactions on Biomedical 
Engineering, vol. BME-29, No. 6, Jun. 1982. 
Glover, Jr., J .R. “Adaptive Noise Canceling of Sinussoidal Interfer 
ences,” A Dissertation Submitted to the Department of Electrial 
Engineering and the Committee on Graduate Studies of Stanford 
University in Partial Ful?llment of the Requirements for the Degree 
of Doctor of Philosophy, pp. iii-82 (1975). 
Harris, et al., “Digital Signal Processing with Ejj’icient Polyphase 
Recursive All-Pass Filter,” International Conference, Florence, 
Italy, (Sep. 26, 1991). 
Hendry, S.D., “Computation of Harmonic Comb Fitter Weights ” 
IEEE Transactions on Signal Processing, vol. 41, No. 4, Apr. 1993. 
JingZheng, O., et al., “Digital Processing of High-Resolution Elec 
trocardiograms-Detection of His Purkinje Activity From the Body 
Surface, ” Biomaedizinische Technik, vol. 33, No. 10, pp. 224-230, 
Berlin, Germany, Oct. 1, 1988. 
Kilmasauka, C., “Neural Nets and Noise Filtering,” Dr Dobb’s 
Journal, pp. 32, (Jan. 1989). 

Li, G., “A Stable and Ejj’icient Adaptive Notch Filter for Direct 
Frequency Estimation ” IEEE Transactions on Signal Processing, 
vol. 45, No. 8, Aug. 1987. 
Meinikof, S., “Neural Networks for Signal Processing.‘ A Case 
Study, ” Dr Dobb’s Journal, pp. 36-37, (Jan. 1989). 
Mook, G.A., et al., “Spectrophotometric Determination of Oxygen 
Saturation of Blood Independent of Presence of Idocyanine Green, ” 
Cardiovascular Research, vol. 13, pp. 233-237 (1979). 
Mook, G.A., et al., “Wavelength dependency of the 
spectrophotometric determination of blood oxygen saturation, ” 
Chemical Chemistry Acta, vol. 26, pp. 170-173 (1969). 
Nehorai, A., “Adaptive Comb Filtering for Harmonic Signal 
Enhancement, ” IEEE Transactions on Acoustics, Speech, and Sig 
nal Processing, vol. ASSP-34, No. 5, Oct. 1986. 
Nehorai, A., “A Minimal Parameter Adaptive Notch Filter With 
Constrained Poles and Zeros,” IEE Transactions on Acoustics, 
Speech, and Signal Processing, vol. ASSP-33, No. 4, Aug. 1985. 
Neuman, M.R., “Pulse Oximetry.‘ Physical Principles, Technical 
Realization and Present Limitations, ” Continuous Transcutaneous 

Monitoring, pp. 135-144, Plenum Press, New York (1987). 
Pau, L.F., “Acoustic and I/ibration Monitoring” Failure Diagnosis 
and Performance Monitoring, Chapter 13, pp. 295-299. 
Rabiner, L., et al., “Theory and Application of Digital signal 
Processing,” p. 260, (1975). 
Severinghaus, M.D., J .W., “Pulse Oximetry Uses and Limitations,” 
pp. 104, ASA Convention, New Orleans (1989). 
Strobach, P., “Single Section Least Squares Adaptive Notch Filter, ” 
IEEE Transactions on Signal Processing, vol. 43, No. 8, Aug. 1995. 
Tremper, K.K., et al., “Pulse-Oximetry.‘ Technical Aspects of 
Machine Design, ” Advances in Oxygen Monitoring, pp. 137-153, 
(1987). 
Varanini, M., et al. “A Two Channel Adaptive F ilteringApproach for 
Recognition of the QRS Morphology,” pp. 141-144, Proceedings of 
the Computers in Cardiology Meeting, Venice, Institute of Electrical 
and Electronics Engineers, Sep. 23-26, 1991. 
Widrow, B., “Adaptive Signal Processing,” Prentice Hall, 
Englewood, NJ (1985). 
Widrow, B., “Adaptive Noise Cancelling.‘ Principles and Applica 
tions,” Proceedings of IEEE, vol. 63, No. 12, Dec. 1975. 
Wukitsch, M.W., et al., “Pulse Oximetry.‘ Analysis Theory, Tech 
nology, and Practice, ” Journal of Clinical Monitoring, vol. 4, No. 
4, pp. 290-301 (Oct. 1988). 
Yelderman, M., et al., “Sodium Nitroprusside Infusion By Adaptive 
Control,” Adaptive Control by Inverse Modeling Conference 
Record: 12Lh Asilosor Conference 90 (1978). 
Yu, C., et al., “Improvement in Arterial Oxygen Control Using 
Multiple Model Adaptive Control Procedures,” pp. 878-883. 
United States District Court ‘Civil Minutes, Case No. SA CV 
99-1245 AHS (AnX), Masimo v. Mallinckrodt and Nellcor Puritan 
Bennett, Dated Oct. 04, 2000. 
United States Courts of Appeals for the Federal CircuitiOpinion, 
Case No. 01-1028, -1084, Masimo v. Mallinckrodt, Inc. andNellcor 
Puritan Bennett, Inc., Decided: Aug. 08, 2001. 
Findings of Fact and Conclusion of Law Regarding Masimo’s 
Motion for Preliminary Injunction, Masimo v. Mallinckrodt Inc., et 
al., US. District Court, Central District of California (Southern 
Division), Civil Action No. SA-CV-99-1245 AHS (AnX), ?led Nov. 
2, 2000 (REDACTED). 
Nellcor’s and Mallinckrodt’s Amended and Supplemental Answer 
and Counterclaims to Masimo Corporation’First Amended Com 
plaint in Case No. CV-01-7293-MRP (AJWX). 
Non-Con?dential Reply Brief of Defendants-Cross Appellants 
Mallinckrodt Inc. and Nellcor Puritan Bennett, Inc. dated Feb. 22, 
2001. 
Nellcor’s and Mallinckrodt’s Reply Claim Construction Brief on the 
Patents-In-Suit dated Oct. 18, 2002. 
Nellcor’s and Mallinckrodt’s Opening Claim Construction Brief on 
the Patents-In-Suit dated Sep. 16, 2002. 
Non-Con?dential Brief of Defendants-Cross Appellants 
Mallinckrodt Inc. and Nellcor Puritan Bennett, Inc. dated Jan. 22, 
2001. 
Non-Con?dential Brief of Plaintiff-Appellant Masimo Corporation 
dated Dec. 8, 2000. 



US 7,215,984 B2 
Page 4 

Non-Con?dential Reply Brief of Plaintiff-Appellant Masimo Cor 
poration dated Feb. 6, 2001. 
Memorandum of Decision and Order Re: Claim Construction; 
Motion to Strike Masimo’s Declarations dated Feb. 27, 2003. 
Copending U.S. Appl. No. 09/195,791, ?led Nov. 17, 1998, and 
pending claims. 
Copending U.S. Appl. No. 10/005,631, ?led on Dec. 4, 2001, and 
pending claims. 
Supplemental Response to Plaintiff Masimo’s First Set of Inter 
rogatories to Defendant Mallinckrodt Inc. Pursuant to FED.R.CIV. 

P.26(e). 
Nellcor’s Second Supplemental Response to Masimo’s First Set of 
Interrogatories in Consolidated Case (No. 2), dated Jul. 14, 2003. 
Addendum to Nellcor’s Second Supplemental Response to 
Masimo’s First Set of Interrogatories in the Consolidated Case (No. 
2), dated Jul. 15, 2003. 
Second Addendum to Nellcor’s Second Supplemental Response to 
Masimo’s First Set of Interrogatories in the Consolidated Case (No. 
2), dated Aug. 10, 2003. 
Third Addendum to Nellcor’s Second Supplemental Response to 
Masimo’s First Set of Interrogatories in the Consolidated Case (No. 
2), dated Aug. 13, 2003. 
Nellcor’s Oct. 13, 2003 Supplemental and Revised Response to 
Masimo’s First Set of Interrogatories in the Consolidated Case (No. 
2), dated Oct. 13, 2003. 
US. States Court of Appeals for Federal Circuit, Opinion, decided 
Sep. 07, 2005. 
US. District Court, Central District of California (Western 
DivisioniLos Angeles) Civil Docket for Case #: 2:00-cv-06506 
MRP-AJW. 
US. District Court, Central Division of California (Western 
DivisioniLos Angeles) Civil Docket for Case #:2:01-cv-07292 
MRP-AJW. 
US District Court, Central District of California (Western 
DivisioniLos Angeles) Civil Docket for Case #:2:01-cv-07293 
MRP-AJW. 
Complaint for Patent Infringement of US. Patent No. 6,206,830 Bl 
and 6,157,850; Demand for Jury Trial, dated Jul. 06, 2001. 
Nellcor’s and Mallinckrodt’s Amended and Supplemental Answer 
and Counterclaims to Masimo Corporation’s First Amended Com 
plaint in Case No. CV-01-7292 MRP (AJWX), dated May 31, 2002. 
Masimo’s Reply to Nellcor’s and Mallinckrodt’s Amended and 
Supplemental Answer and Counterclaims to Masimo’s First 
Amended Complaint in Case No. CV-01-7292 MRP (AJW X), dated 
Aug. 27, 2002. 
Complaint for Patent Infringement of US. Patent No. 4,653,498, 
5,078,136, and Re. 36,000, dated Nov. 17, 1999. 
Defendant Masimo Corp.’s Answer and Counterclaims, dated Dec. 
8, 1999. 
Mallinckrodt’s and Nellcor’s Reply to Counterclaims of Masimo; 
Demand for Jury Trial, dated Dec. 28, 1999. 
Mallinckrodt’s and Nellcor’s Amendment Complaint for Patent 
Infringement of US. Patent Nos. 4,653,498 5,078,136, Re. 35,122 
and Re. 36,000; Demand for Jury Trial, dated Jan. 24, 2000. 
Defendant Masimo Corp.’s Amended Answer and Counterclaims, 
dated Feb. 7, 2000. 
Nellcor’s Reply to Amended Counterclaims of Masimo Corpora 
tion, dated Feb. 22, 2000. 
Mallinckrodt’s and Nellcor’s Second Amended Complaint for 
Patent Infringement of US. Patent Nos. 4,621,643, 4,653,498, 
4,700,708, 5,078,247, Re, 35,122 and Re. 36,000; Demand for Jury 
Trial, dated Oct. 31, 2000. 
Masimo Corp.’s Answer to Plaintiffs’ Second Amended Complaint 
and Counterclaims; Demand for Jury Trial, dated Nov. 2, 2000. 
Mallinckrodt Inc.’s and Nellcor Puritan Bennett, Inc.’s Reply to 
Counterclaims of Masimo Corporation; Demand for Jury Trial, 
dated Dec. 1, 2000. 
Nellcor’s and Mallinckrodt’s First Amended and Supplemental 
Reply and Counterclaims to Counterclaims of Masimo Corporation, 
dated May 31, 2002. 
Masimo’s Reply to Nellcor’s and Mallinckrodt’s First Amended and 
Supplemental Reply and Counterclaims to Counterclaims of 
Masimo, dated Aug. 27, 2002. 

Nellcor’s Third Amended Complaint for Patent Infringement of 
US. Patent Nos. 4,621,643, 4,653,498, 4,700,708, 5,078,136, 
5,807,247 and Re. 36,000; Demand for Jury Trial, dated Jul. 31, 
2002. 
Masimo’s Answer to Counterclaims to Nellcor’s Third Amended 
Complaint for Patent Infringement; Demanded for Jury Trial, dated 
Aug. 27, 2002. 
Complaint for Patent Infringement of US. Patent No. 5,490,505; 
Demand for Jury Trial, dated Oct. 8, 1999, entered Oct. 15, 1999. 
Mallinckrodt’s and Nellcor’s Answer and Counterclaims, dated 
Nov. 1, 1999. 
Plaintiff’ s Masimo Corp.’s Reply to Defendants’ Counterclaims, 
dated Nov. 22, 1999. 
Amended Complaint for Patent Infringement of US. Patent Nos. 
5,490,505 and 6,036,642; Demand for Jury Trial, dated Apr. 5, 2000, 
entered Apr. 18, 2000. 
Answer to First Amended Complaint and Amended Counterclaim; 
Demand for Jury Trial, dated Jun. 1, 2000. 
Plaintiff Masimo Corp.’s Reply to Defendants’ First Amended 
Counterclaims; Demand for Jury Trial, dated May 18, 2000. 
Nellcor’s and Mallinckrodt’s Amended and Supplemental Answer 
to Counterclaims to Masimo Corporation’s First Amended Com 
plaint in Case No. CV-01-7293-MRP (AJWX), dated May 31, 2002. 
Masimo’s Reply to Nellcor’s and Mallinckrodt’s Amended and 
Supplemental Answer and Counterclaims to Masimo’s First 
Amended Complaint in Case No. -01-7293 MRP (AJWX), dated 
Aug. 27, 2002. 
Memorandum of Decision re: Mallinckrodt and Nellcor’s Motion 
for Summary Judgement of Invalidity of Claim 19 of US. Patent 
No. 5,490,505. 
Defendant’s Mallinckrodt’s and Nellcor’s 
Uncontroverted Facts and Conclusions of Law. 
Judgement in Masimo Corp. v. Mallinckrodt Ina, Court of Appeals 
for the Federal Circuit No. 01-1038, dated Aug. 8, 2001, entered 
Oct. 17, 2001. 
Final Judgement, entered Aug. 6, 2004. 
Memorandum of Decision and Order Re: Post-Trial Motions, dated 
Jul. 12, 2004, entered Jul. 14, 2004. 
Memorandum and Points and Authorities in Support of 
Mallinckrodt’s and Nellcor’s Motion for Summary Judgement of 
Invalidity of Claim 19 of US. Patent No. 5,490,505, dated Aug. 30, 
2000. 
Masimo’s Opposition to Defendants’ Motion for Summary Judge 
ment for Summary Judgement of Invalidity of Claim 19 of US. 
Patent No. 5,490,505, dated Sep. 21, 2000. 
Reply Memorandum and Points and Authorities in Support of 
Mallinckrodt’s and Nellcor’s Motion for Summary Judgement of 
Invalidity of US. Patent No. 5,490,505, dated Oct. 13, 2000. 
Brief on Plaintiff-Appellant Masimo Corporation, dated Dec. 8, 
2000. 
Non-Con?dential Brief of Defendants-Cross Appellants 
Mallinckrodt Inc and Nellcor Puritan Bennett, Inc., dated Jan. 22, 
2001. 
Masimo Corp.’s Initial Claim Construction on Its Asserted Patents, 
dated Jun. 21, 2002. 
Declaration of Jack Goldberg in Support of Masimo Corp.’s Initial 
Claim Construction on Its Asserted Patents, dated Jun. 21, 2002. 
Notice of Errata and Corrected Appendices for Mallinckrodt’s and 
Nellcor’s Statement Regarding Disputed Claim Terms of the 
Asserted Patents, dated Sep. 12, 2002 (Final Version). 
Expert Declaration of Robert T. Stone Re: Masimo’s Patent-In-Suit, 
dated Jul. 18, 2002. 
Masimo Corp.’s Opening Memorandum of Claim Construction, 
dated Sep. 16, 2002. 
Masimo Corp.’s Reply Memorandum on Claim Construction, dated 
Oct. 18, 2002. 
Nellcor’s Trial Brief on Identiniteness, dated Mar. 23, 2004. 
Masimo’s Trial Brief of Inde?niteness, dated Mar. 24, 2004. 
Nellcor’s Trial Brief re Inequitable Conduct, dated Mar. 23, 2004. 
Masimo’s Trial Brief regarding Inquitable Conduct, dated Mar. 24, 
2004. 

Statement of 



US 7,215,984 B2 
Page 5 

Nellcor’s Memorandum of Points and Authorities in Support of: (1) 
Argument on Bench Trial and (2) Renewed Motion for Judgement 
as a Matter of Law or Alternatively, a New Trial. 
Masimo’s Memorndum of Points and Authorities in Opposition to 
Nellcor’s (1) Argument on Bench Trial and (2) Renewed Motion for 
Judgement as a Matter of Law or for a New Trial. 
Memorandum of Points and Authorities in Support of Masimo’s 
Motion for (1) Judgement as a Matter of Law that Nellcor Literally 
Infringes Claim 17 of the ’850 Patent and Claims 16 and 23 of the 
’222 Patent; (2) A Permanent Injunction; (3) An Accounting for 
Infringing Sales Occuring in 2004; and (4) Prejudgement Interest. 
Nellcor’s Opposition to Masimo’s Motion for Judgement as a 
Matter of Law and Other Post-Trial Issues. 
Brief of Defendant-Appellant Masimo Corporation. 
Con?dential Brief of Plaintiffs-Cross Appellants Mallinckrodt, Inc. 
and Nellcor Puritan Bennett, Inc. 
Letter to Mr. Hornbaly, Clerk of Fed. Cir., indicating that the parties 
agreed that the Con?dential Brief (Ref. No. 106) do not need to 
remain con?dential. 
Reply Brief of Defendant-Appellant Masimo Corporation. 
Reply Brief of Plaintiffs-Cross Appellants Mallinckrodt, Inc. and 
Nellcor Puritan Bennett, Inc. 
Nellcor’s Responses to Masimo’s First Set of Interrogatories in the 
Consolidated Case to Mallinckrodt Inc. and Nellcor Puritan Ben 
nett, Inc. (Nos. 1-8), dated Aug. 23, 2002. 
Nellcor’s Supplemental Response to Masimo’s First Set of Inter 
rogatories in the Consolidated Case (No.2). dated Jun. 24, 2003. 
Nellcor’s Revised and Corrected Supplemental Response to 
Masimo’s First Set of Interrogatories in the Consolidated Case 
(No.2), dated Jun. 25, 2003. 
Service Manual: Nellcor i100 Pulse Oximeter, 5 button model, 
Copyright 1993. 
J. Corenman Computation Notebook, marked Jun. 23, 1982-Jun. 22, 
1983. 
N-100 Source Code, Copyright 1983-86. 
N-100, Source Code, Copyright 1976-87. 
“Welcome to the World of Nellcor Pulse Oximetry,” Nellcor bro 
chure, in 16 pages, undated. 
“Oximax, Sensor Conversion Step,” Nellcor brochure, copyright 
1997. 
“Motion-tolerant SpO2,” Philips brochure, undated. 
“Introducing New Hand-Held Digital Pulse Oximeter and Sensor 
with Patented Technologies,” Philips, printed from internet site 
“http://www.oximetersonline.com”, 1 page. 
“Novametrix Announces FDA Clearance of New Pulse Oximeter,” 
Mar. 2, 2000 Press release in 2 pages. 
“Detax-Ohmeda Announces New Products at the American Society 
of Anesthesiologist, New Orleans,” downloaded from internet in 3 
pages. 
“OSI Systems Announces FDA 510k Approval of First All Digital 
Pulse Oximeter Monitor,” showing date of Apr. 23, 2001 in 2 pages. 
Alaris Medical Systems, “Summary of Safety and Effectiveness” in 
3 pages. 
Letter to Alaris Medical Systems from Dept. of Health & Human 
Services, showing date of Sep. 11, 2002 in 3 pages. 
BCI 510(k) FDA Submission 2000-2002. 
Detax-Ohmeda 510(k) FDA Submission 2000-2002. 
Dolphin 510(k) FDA Submission 2002. 
Fukuda Denshi 510(k) FDA Submission 2001. 
Nellcor Puritan Bennett 510(k) FDA Submission 1999-2002. 
Nonin Medical 510(k) FDA Submission 2000. 
OSI Medical 510(k) FDA Submission 2001. 
Siemens Medical 510(k) FDA Submissions 2002. 
SIMS BCI, Inc. 510(k) FDA Submissions 2001. 
“Nellcor’s Next Great Move Undated, Pulse Oximetry with ECG 
Synchronization . . . for Reduced Artifact,” undated. 

Operator’s Manual, Nellcor N-200 Pulse Oximeter, Copyright 1987. 
C. Baker; “Design Summary and Evaluation of Saturation Arbitra 
tor,” undated. 
C. Baker & T. Yorkey, “Two Wavelength Saturation Algorithms,” 
dated Sep. 14, 1994. 
N-200 Oximeter Summary Sheets, Design History Records, dated 
Jul. 1987-Oct. 1987. 

PcSat Source Code. 
Directory listing and source code for Decsub, dated 1991-92. 
Nellcor engineering order #1104 re N-100 C/ D program assy, listing 
a date of Mar. 03, 1986. 
Arye Nehorai, “A Minimal Parameter Adaptive Notch Filter With 
Constrained Poles and Zeros,” IEEE Transactions on Acoustics, 
Speech and Signal Processing, vol. ASSP-22 No. 4, Aug. 1985. 
Nehorai, Arye, “Adaptive Comb Filtering for Harmonic Signal 
Enhancement,” IEEE Transaction of Acoustics, Speech and Signal 
Processing, Oct. 1986. 
Hendry, S.D., “Computation of Harmonic Comb Filter Weights,” 
IEEE Transactions on Signal Processing, Apr. 1993. 
C. Baker & T. Yorkey, “O4 Summary” Nellcor, listing a date of Aug. 
05, 1994. 
M. Jopling, P. Mannheimer & D. Bebout; “Issues In The Laboratory 
Evaluation Of Pulse Oximeter Performance”; Anesthesia & Anal 
gesia, vol. 94, Copyright 2001. 
Nellcor Engineering Order, listing date of Mar. 15, 1989. 
Nellcor’s Sales & Shipment Records Mar. 1989 to Mar. 1990. 
C. Baker and T. Yorkey, “O4 Two Wavelength Saturation Algo 
rithms,” listing date of Sep. 14, 1994. 
Declaration of Clark R. Baker, dated Aug. 15, 2000. 
Declaration of Thomas J. Yorkey, dated Aug. 20, 2000. 
P. Mannheimer and D. Bebout, “A Critical Review of Motion in 
Pulse Oximetry,” undated. 
Tobin, Pologe and Batchelder, “A Characterization of Motion 
Affecting Pulse Oximetry in 350 Patients,” Anesthesia & Analgesia, 
vol. 94, Copyright 2001. 
R. Brown and P. Hwang, “Introduction to Random Signals and 
Applied Kalman Filtering,” 2nd Ed., John Wiley & Sons, Inc., New 
York, Copyright 1992. 
IEEE 100, “The Authoritative Dictionary of IEEE Standards 
Terms,” 7th ed., IEEE Press Publications, Copyright 2000. 
Haykin, 5., “Adaptive Filter Theory,” 1st ed., Prentice-Hall, Inc., 
1986. 
Haykin, S., “Adaptive Filter Theory,” 2d ed., Prentice-Hall, Inc., 
1991. 
Clark R. Baker and Thomas J. Yorkey, “Calculation of Pulse Rate 
in Pulse Oximetry,” dated Oct. 4, 1993. 
Clark R. Baker and Thomas J. Yorkey, “A Proposal for PostProcess 
ing and Display for 04 Saturation and Pulse-Rate Algorithms,” 
dated Oct. 4, 1993. 
Description of PCSat; dated Oct. 16, 1991. 
Corresponding Source Code. 
Pulse Oximetry The Next Generation, dated Dec. 07, 1992. 
Flewelling, Ross, “Oximetry Technology: Strategies for New 
Development,” listing date of Feb. 1995. 
“Safety Monitoring in the Regular Inpatient Care Area iNational 
Sales Meeting,” listing date of 1992. 
Swedlow, “Pulse Oximetry,” undated. 
Five Generations of Nellcor Oximetry, undated. 
Letter from T. Ulatowski (FDA) to G. to (Nellcor Puritan Bennett, 
Inc.) with Nellcor 510(K) enclosures, dated Sep. 24, 2002. 
“Technology Development Projects,” Dec. 1991. 
Next Generation Oximeter Handwritten notes. 
Yorky, T., “Signal Processing Technology Development Projects 
iFall 92,” listing date of Nov. 05, 1992. 
Yorky, T., “Multiple Time Samples in Pulse Oximetry,” listing date 
of Oct. 14, 1992. 
“Potential Areas for New Technology 
DevelopmentiNellcoril992,” listing date of Sep. 01, 1992. 
Source Code. 
Carleton, Penny M., et al. Assessment of Effectiveness of Flexible 
Monitoring System for Non-ICU Transitional Patients, 1998. 
M. Jopling, P Mannheimer & D. Bebout, “Issues in the Laboratory 
Evaluation of Pulse Oximeter Performance,” STA-ISLAPO Meet 
ing Supplement, pp. S62-S68, Copyright 2001. 
N-595 Combined motion and low perfusion study, undated. 
Saturation Arcana. 
Memo from C. Baker to T. Yorkey re: “Pulse Oximetry Next 
Generation (PONG),” dated Dec. 07, 1992. 
T. Yorkey Computation Book, listing dates of Mar. 12, 1993 iNov. 
05, 1994. 



US 7,215,984 B2 
Page 6 

Sayed et al., “A State-Space Approach To Adaptive RLS Filtering,” 
IEEE Signal Processing Magazine, Jul. 1994. 
Nellcor brochure for N-395 Pulse OXimeter with OXismaIt XL and 
SatSeconds, undated. 
N-395 Pulse OXimeter Brochure, undated. 
OXiMaX N595 Pulse OXimeter Service Manual, undated. 
O4 Software 1994 Technology Devel. Dept., listing date of Oct. 4, 
1994. 
Barker S, “Motion Resistant Pulse OXimetry: Comparison of New 
and Old Models,” Anesthesia and Analgesia, 2002; 95: 967-972. 
Barker SJ, Shah NK, “The Effects of Motion on the Performance of 
Pulse OXimeters in Volunteers,” Anesthesiology, 1997; 86(1): 101 
108. 
OEM 601 Module-Dolphin ONE Products, undated. 
Dolphin Medical Integration Manual, OEM-601 Module, listing 
date of Dec. 16, 2002. 
DateX 4Ohmeda News Flash iTruTrak+ technology provides 
improved SpO2 readings during clinical patient motion, dated Oct. 
16, 2002. 
NovametriX Pulse OXimetry Program; Presented to Sisters of St. 
Joseph of Orange, undated. 
“Motion-tolerant SpO2 with maximum choice,” Philips, undated. 
“Probe,” Agilent Technologies, Winter 2001. 
“CMS 2002 Acute Care Patient Monitoring System,” Philips, 
undated. 
Viridia CMS 2000 Product Information, Agilent, New SpO2 Algo 
rithm, undated. 
Richard G. Aseltine, Jr. Siegfried Kaestle, Ph.D. and Rolf Neumann, 
“New Motion Resistant SpO2-Algorithm by Frequency Domain 
Signal Analysis,” Agilent Technologies, undated. 
510(k) Noti?cation; In?nity MicrO2 + Pulse OXimeter, dated Jul. 
23, 2002. 
Tremper KK, Barker SJ., “Pulse OXimetry,” Anesthesiology 
1989:70-98-108. 
Baker and Yorkey, Nellcor O4 Algorithm Summary, undated. 
Letter to FDA re 510(k) N-200 Labeling Modi?cation, dated Sep. 
23, 2002. 
Baker, 04 Software Technology Development Department, listing 
date of 1994. 
IEEE Transactions on Acoustics, Speech, and Signal Processing, 
dated Apr. 1983. 
Alan S. Willsky, “Digital Signal Processing and Control and Esti 
mation Theory: Points of Tangency, Areas of Intersection, and 
Parallel Directions,” dated 1979. 
Nellcor Requirements, Marketing Product, MP 404, listing date of 
Aug. 22, 1995. 
Flexible Monitoring Clinical Environment, listing date of 1992. 
Trial Transcript in Masimo Corporation v. Mallinckrodt, Inc., et al, 
CV 99-1245-AHS, Sep. 25, 2000 (pp. 1-50). 
Trial Transcript in Mallinckrodt, Inc., et al v. Masimo Corporation, 
CV 00-6506 MRP, Feb. 18, 2004. (pp. 1-111). 
Trial Transcript in Mallinckordt, Inc., et al v. Masimo Corporation, 
CV 00-6508 MRP, Feb. 19, 2004 (pp. 112-235). 
Trial Transcript in Mallinckrodt, Inc., et al v. Masimo Corporation, 
CV 00-6506 MRP, Feb. 20, 2004 (pp. 237-320). 
Trial Transcript in Mallinckrodt, Inc., et al v. Masimo Corporation, 
CV 00-6506 MRP, Feb. 23, 2004 (pp. 427-625). 
Trial Transcript in Mallinckrodt, Inc., et al v. Masimo Corporation, 
CV 00-6506 MRP, Feb. 24, 2004 (pp. 626-806). 
Trial Transcript in Mallinckrodt, Inc., et al v. Masimo Corporation, 
CV 00-6506 MRP, Feb. 25, 2004 (pp. 807-902). 
Trial Transcript in Mallinckrodt, Inc., et al v. Masimo Corporation, 
CV (JO-6506 MRP, Feb. 26, 2004 (pp. 943-1128). 
Trial Transcript in Mallinckrodt, Inc., et al v. Masimo Corporation, 
CV 00-6506 MRP, Feb. 27, 2004 (pp. 1214-1281). 
Trial Transcript in Mallinckrodt, Inc., et al v. Masimo Corporation, 
CV 00-6506 MRP, Mar. 1, 2004 (pp. 1282-1469). 
Trial Transcript in Mallinckrodt, Inc., et al v. Masimo Corporation, 
CV 00-6506 MRP, Mar. 2, 2004 (pp. 1470-1617). 
Trial Transcript in Mallinckrodt, Inc., et al v. Masimo Corporation, 
CV 00-6506 MRP, Mar. 3, 2004 (pp. 1618-1795). 
Trial Transcript in Mallinckrodt, Inc., et al v. Masimo Corporation, 
CV 00-6506 MRP, Mar. 4, 2004 (pp. 1796-1986). 

Trial Transcript in Mallinckrodt, Inc., et al v. Masimo Corporation, 
CV 00-6506 MRP, Mar. 5, 2004 (pp. 1987-2145). 
Trial Transcript in Mallinckrodt, Inc., et al v. Masimo Corporation, 
CV 00-6506 MRP, Mar. 8, 2004 (pp. 2146-2346). 
Trial Transcript in Mallinckrodt, Inc., et al v. Masimo Corporation, 
CV 00-6506 MRP, Mar. 9, 2004 (pp. 2347-2528). 
Trial Transcript in Mallinckrodt, Inc., et al v. Masimo Corporation, 
CV 00-6506 MRP, Mar. 10, 2004 (pp. 2529-2663). 
Trial Transcript in Mallinckrodt, Inc., et al v. Masimo Corporation, 
CV 00-6506 MRP, Mar. 11, 2004 (pp. 2664-2801). 
Trial Transcript in Mallinckrodt, Inc., et al v. Masimo Corporation, 
CV 00-6506 MRP, Mar. 15, 2004 (pp. 2802-2860). 
Trial Transcript in Mallinckrodt, Inc., et al v. Masimo Corporation, 
CV 00-6506 MRP, Mar. 16, 2004 (pp. 2861-3036). 
Trial Transcript in Mallinckrodt, Inc., et al v. Masimo Corporation, 
CV 00-6506 MRP, Mar. 17, 2004 (pp.3037-3244). 
Trial Transcript in Mallinckrodt, Inc., et al v. Masimo Corporation, 
CV 00-6506 MRP, Mar. 18, 2004 (pp. 3245-3416). 
Trial Transcript in Mallinckrodt, Inc., et al v. Masimo Corporation, 
CV 00-6506 MRP Mar. 19, 2004 (pp. 3417-3515). 
Trial Transcript in Mallinckrodt, Inc., et al v. Masimo Corporation, 
CV 00-6506 MRP, Mar. 22, 2004 (pp. 3603-3715). 
Trial Transcript in Mallinckrodt, Inc., et al v. Masimo Corporation, 
CV 00-6506 MRP, Mar. 23, 2004 (pp. 3716-3828). 
Trial Transcript in Mallinckrodt, Inc., et al v. Masimo Corporation, 
CV 00-6506 MRP, Mar. 24, 2004 (pp. 3829-3983). 
Trial Transcript in Mallinckrodt, Inc., et al v. Masimo Corporation, 
CV 00-6506 MRP, Mar. 25, 2004 (pp. 3984-4054). 
Hearing Transcript in Mallinckrodt, Inc., et al v. Masimo Corpora 
tion, CV 00-6506 MRP, Dec. 16, 2002-Dec. 17, 2002. 
Hearing Transcript in Mallinckrodt, Inc., et al v. Masimo Corpora 
tion, CV 00-6506 MRP, Jun. 18, 2004. 
Blitt, M.D., Casey D., “Monitoring in Anesthesia and Critical Care 
Medicine”, Monitoring and Patient Safety, Second Edition, Chapter 
4, pp. 33-48, 1990. 
Yelderman, M., et al. “ECG Enhancement by Adaptive Cancellation 
of Electrosurgical Interference, IEEE Transactions on Biomedical 
Engineering,” vol. BME-30 No. 7, Jul. 1983. 
Rearden, Jr., R.S., et al., “Biomedical Sciences Instrumentation, 
Some Digital Signal Processing Methods for Detecting Fat Particles 
in Blood,” vol. 12, pp. 47-50, 1976. 
“Nellcor N-100 And N-10 Pulse OXimeters, Plus Interchangeable 
Sensors,” undated. 
“Nellcor Rede?nes Pulse OXimetry. Introducing the Nellcor N-200 
with ECG Synchronization,” undated. 
W. Byrne, P. Flynn, R. Zepp & M. Siegel, “Adaptive Filter Pro 
cessing in Microwave Remote Heart Monitors,” IEEE Transactions 
on Biomedical Engineering, vol. BME-33, No. 7, pp. 717-726, Jul. 
1986. 
J. Giolma, “De?ning Respiratory Epochs Using an Adaptive AR 
Filter,” ISA Paper #89-0236, pp. 227-232, 1989. 
R. Jane, P. Laguna, P. Caminal & H. RiX, “Adaptive Filtering of 
High-Resolution ECG Signals,” IEEE Proceedings, Computers in 
Cardiology, pp. 347-350, Sep. 23-26, 1990. 
T. Kao, K. Wu, B. Yu & J. Hung, “Digital Signal Enhancement of 
the Abdominal Fetal ECG,” IEEE Engineering in Medicine & 
Biology Society 11th Annual Int’l Conf., 1989. 
P. Hamilton & W. Tompkins, “Adaptive Matched Filtering for QRS 
Detection,” IEEE Engineering in Medicine & Biology Society 10th 
Annual Int’l Conf., 1988. 
Y. Park, B. Cho, N. Kim, W. Kim S. Park & D. Youn, “A Fetal ECG 
Signal Monitoring System Using Digital Signal Processor,” 
1SCAS’88, pp. 2391-2394, 1988. 
L. Lum & P. Cheung, “Evaluation of Pulse OXimetry with EKG 
Synchronization,” IEEE Engineering in Medicine & Biology Soci 
ety 10th Annual Int’l Conf., Nov. 04-07, 1988. 
K. Lin & W. Chang, “Adaptive Noise Reduction for Pulmonary 
Artery Blood Pressure,” IEEE Engineering in Medicine & Biology 
Society 10th Annual Int’l Conf., Nov. 04-07, 1988. 
M. Ogino, “The Advantages of a New Technology Pulse OXimeter 
in Neonatal Care,” Neonatal Intensive Care, 2002 Abstract No. 36. 
“Masimo Current News,”printed from internet site www.masimo. 
com/news/newshtm on or around Aug. 08, 2000. 



US 7,215,984 B2 
Page 7 

Chapter 6: The LMS Algorithm, Adaptive Algorithms and Structure “N-ZOO Pulse OXimeter With C-Lock ECG Synchronization,” 
Part III, undated. undated. 
“Nellcor N-ZOO Leads Beyong Pulse Oximetry,” undated. 
Operator’s Manuali Nellcor N-ZOO Pulse OXimeter; 1992. * Cited by examiner 



U.S. Patent May 8, 2007 Sheet 1 0f 37 US 7,215,984 B2 

1 F/G./ 

BONE 
MUSCLE 
TISSUE 
ARTERIA LOOD 
VENOUS 000 

FIG. 2 

1 FIG. 5 

S=s+n 



U.S. Patent May 8, 2007 Sheet 2 0f 37 US 7,215,984 B2 

K2215 (24b 
_ SIGNAL : MD 

20/ SAFSABI-HAb CONDITIONER 

SIGNAL 
> —>- A/D 

SAa=sAé|-n>\a CONDITIONER 

5M0) sxb?) 
‘I v 

ra 26 

+ _ / 

| 
n'?): nAa(i)-ran>\b(i) 

25 r. + r27 
CORRELATION : DISPLAY 
CANCELER " 8x30) 

FIG. 4a 



U.S. Patent May 8, 2007 Sheet 3 0f 37 US 7,215,984 B2 

K226 rZdb 
SIGNAL 

> ~ A/D SAB-SABI- nxb CONDITIONER 

K220 f2” 
SIGNAL 

> ~ A/D 
SAa=sAé+ r1)‘aL CONDITIONER 

S>\a(I) 3M3“) 
II II 

r" 26‘ 

+ _ / 

I 
s (I) : ska“) - rvskbo) 28 

I r27 r 
_ CORRELATION _ DISPLAY 

CANCELER '1 

nkau) 

FIG. 4b 





U.S. Patent May 8,2007 Sheet 5 0f 37 US 7,215,984 B2 

F/G.5C FREQUENCY (f) 



U.S. Patent May 8, 2007 Sheet 6 0f 37 US 7,215,984 B2 

In 
[42 

A1 A1 A1 A1 A1 A1A1 
A2 A2 A2 A2 A2 A2A2] 

\ . 

(AnAn An An An An An) 

FIG. 6a [11 I 110 
A1 A1 A1 A1 A1 A1A1 
A2 A2 A2 A2 A2 A2A2 
A3 A3 A3 A3 A3 AsAs 
A4 A4 A4 A4 A4 A4A4 
A5 A5 A6 A6 A6 A6 
/A6 A6 A5 A6 A5 
1 . 

(A114,. An A, A, AnAn 

FIG. 6b 111 
[42 

A1A1 A1 A1 A1 A1A1 
A2A2 A2 A2 A2 A2A2 
A3 A3 A3 A, A4 A3A4 

A4 As A: A6 A2 
\LAZ A5416 A5 A6 A5) 
1414,, A, A, An AHA") 

FIG. 60 n1 





U.S. Patent May 8, 2007 Sheet 8 0f 37 US 7,215,984 B2 

0 

0 

OJ 

QR .QI 

RELATIVE CORRELATION CANCELER 
ENERGY OUTPUT 



U.S. Patent May 8, 2007 Sheet 9 0f 37 US 7,215,984 B2 

0N 6E 

RELATIVE CORRELAT‘ON CANCELER 
ENERGY OUTPUT 



U.S. Patent May 8, 2007 Sheet 10 0f 37 US 7,215,984 B2 

29,6 LO Q 

3 W... 3&3 
w 

22. 

N mWR 
, 

Rn. H‘ m:. Q 
R 

w M 

E m n m 
C 

U m \\ 
mph. S.\ 

T P S A a 



U.S. Patent May 8, 2007 Sheet 11 0f 37 US 7,215,984 B2 

QRD- LSL FILTER QRD- LSL PREDICATOR 

A7535 Any 2..» m 3.20 E223 Q5335 ATE 
"link @ 

T5713 

5% SQ 

Al: 0.39“ 

ELQN 

35 w 

"its 

ARV TIE.“ w 

$52k 

Tani w 

. 

252m ,2 

AGVOG w 



U.S. Patent May 8, 2007 Sheet 12 0f 37 US 7,215,984 B2 

,- /20 

INITIALIZE NOISE 
CANCELLER 

, INPUT NEW SAMPLES 

V / [J0 lSAaU) AND SAbm] 
TIME UPDATE 

OF [2"] ELEMENTS 

v F 140 

CALCULATE REFERENCE [n' (i) or s' FOR TWO MEASURED SIGNAL 

SAMPLES 

ZERO~STAGE 
UPDATE 

ORDER UPDATE 

m?LSTAGE OF 
LSL-PREDICTOR 

v /- I80 

ORDER UPDATE 
“Th-STAGE OF 
REGRESSION 
FILTER(S 
m=m+1 

/.90 

NO 

YES 

CALCULATE 
OUTPUT 

v fzm 

TO DISPLAY 

r200 

F/G.9 



U.S. Patent May 8, 2007 Sheet 13 0f 37 US 7,215,984 B2 

INITIALIZE NOISE 
CANCELLER 

_ INPUT NEw SAMPLES 

V r/j?a [SAam AND SAbm] 
TIME UPDATE 

OF [2"] ELEMENTS 

CALCULATE REFERENCE [n' (t) or s' 0)] 
FOR TWO MEASURED SIGNAL 

SAMPLES 

v r v00 

ZERO—STAGE 
UPDATE 

V 
m=0 

v‘ r 1700 
ORDER UPDATE 

mm-STAGE 0F 
QRD-LSL-PREDICTOR 

ORDER UPDATE 

mm-STAGE OF 
QRD-LSL 
FILTER(S) 
m = m + 1 

/900 

NO 

r2000 
CALCULATE 
OUTPUT 

TO DISPLAY 
























































































































