FAktself-calibration, FHEEZREREBHKIZEIFIHINIPBIR A
, BIBEEESIBRAREE, RSHEIIETIEE, #4
FERZEH: PCT/CN2013/000718

{12) United States Patent

US009970894B2

(10) Patent No.: US 9,970,894 B2

Xie et al. (45) Date of Patent: May 15, 2018
(54) METHOD AND DEVICE FOR MEASURING {58) Field of Classification Search
CONCLENTRATION OF SUBSTANCE IN CPC s GOIN 27/26; GOTN 27/4045; GOIN
FLUID 27/4074; GOIN 27/3274; GOIN 33/0006;
Continued
(713 Applicant: SUNVOU MEDICAL ( )
ELECTRONICS CO., LID.. Wuxi, (56) References Cited
Jiangsu (CN)
LIS PATENT DOCUMENTS
(72) Invenlors: Ray Xie. Jiangsu (CN); Jie [lan, o .
Jiangsu (CN): Lijun Shen, Jiangsu isx%?sggg : 2%323 &““ﬁ?"‘_‘f"- al.
(CNY; Yiping Han, Jiangsu (CN) B33, ’ S alhiessen
(Continued)
(73)  Assignee: Sunveu Medical Eleetronics Co., Litd., y - .
Woxi. Jiangsu (CN) FOREIGN PATENT DOCUMENTS
. a
{*) Notice: Subjec‘r' 10 artly (?jis:j:laimeg,‘ th;e ‘Serm (;ﬂrh:: E:I 18122:35}; i‘ ggggg
patent is extended or adjusted under 3° Continued
U.S.C. 154(b) by 586 days. (Contmucd)
{(21) Appl. No.: 14/408,526 YU PUBLICATTONS
(22)  PCT Filed: un. 20. 2013 PCT International Search Report, PCL/CN2013/0007 L8 dated Oct.
’ ) T T AT 3. 2013.
(80) DPCT No.: PCT/CN2013/000718 Primary Examiner — Gurpreer Kaur
§ 371 (c)(1). (74) Attorney, Agent, or Firm — TraskBritt, D.C.
(2) Date: Dec. 16, 2014
- (57 ABSTRACT
(87)  PCI Pub. No:: WO2013/189175 A method and device Tor measuring a subslance’s concen-
PCT Pub. Date: Dree, 27, 2013 tration in a [luid. The method includes first passing a sample
to be measured through a chemical sensor at least twice and
(65) Prior Publication Data recording the response value each time; forming a simulta-
US 2015/018517F Al ful. 2. 2015 neous cqualion sl using the equation relation between the
' ' T ; response value oblained during cach measurement and the
(30) Forcign Application Prierity Data concentration of the substance, and the mass equation rela-

Jun. 21, 2012
fon. 28, 2012

(51)

(52)

Int. CI.

GOIN 27726
GOIN 33704

U.s. Cl.

CPC .

(CN)
(61 JTU—

e 2O002 1 0207872
.. 2012 1 0224156

{2006.01)
{2006.01)

GOIN 27/26 (2013.01), GOIN 330006
(2013.01)

tion satisfied by the concentration change caused by a
plvsical, chemical reaction during each measurement and
by the change of the mass. clectric quantity. and heat;
solving for the concentration ol the substance measured and
the sensor calibration parameter. The method, vsed as an
absolute measurement method, can be applied to calibrate
the sample concentration of a thiid, overcomes the effects on
the measurements caused by lemperalure, humidity. pres-
sure. and some inlerfering gas, requires no sensor calibra-

(Continued)




US 9,970,894 B2

Page 2

tion, and substantially enhances the measurements’ stability
and reliability.

3 Claims, 3 Drawing Sheets

(58) lield of Classitication Search
CPC e GOIN 337497, GOTN 33/007: GOTN
33/4925; AGLI 5714542
See application file for complete search history.

(50) References Cited
LS. PATENT DOCUMIINTS

Q055840 A 32000 Warburlon
A.915.251 R2 F:2005  Sussman el al.
T.071.3%0 R2 F:2006  Binlnm el al.
7401493 132 T2008 Lorrest
T.AR1A425 132 92009 Lorrest
7045362 132 L2010 Kato ¢t al.
TOR5, 186 132 272010 ‘lobias
7.661.200 B2 2:2000 Gu el al.

7,704,356

7.975,525
004/0082872
050241959
200570262924
2006:0042351
060266097
070079023
2011/0197649

B2 42010
B2 72011
Al 42004
Al 1172005
Al 1272005
Al 32006
Al 1172006
Al 42007

AL® 82011

Kiihn ei al.
Bomne el al.
wvon Ralu el al,
Ward el al.
Wood

Liu et al.
Fackholl
Ciloekler el al.

Ham .

GOTN 33/0006
73:1.06

FOREIGN PATENT DOCUMENTS

N
N
N
N
N
N
N
N
Wi 21
Wi 21

101393199 A
102778541 A
202631479 U
202631480 U
202676655 17
202676656 17
202676663 17
202693516 U
007079025 A2
013189175 Al

* clled by examiner

352009
112012
1272012
1272012

172013

172013

172013

12013

72007

62013



U.S. Patent May 15, 2018 Sheet 1 of 3 US 9,970,894 B2

)3 7 2 9
/ /- /- /
e ﬁL / /
A \

FIG 2



U.S. Patent May 15, 2018 Sheet 2 of 3 US 9,970,894 B2

— E‘L / . J //:

boih b

[ /-"’ L___}

FIG 3

1

T&

] ;
[ |~
o

,_f_

=

sy,



U.S. Patent May 15, 2018 Sheet 3 of 3 US 9,970,894 B2

FlG &

Measured Vatue (ppby

o =0 400 1500 EO0- ESD el
Cancerntration of NO Gas {ppb)

FiG 6



