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Mainstream NDIR breathing CO, monitoring system

based on new light chamber structure
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Abstract: Aiming at the problem of low sensitivity and low signal-to-noise ratio of mainstream non-dispersive
infrared (NDIR) breathing CO, monitoring systems, the method using a compound parabolic concentrator (CPC)
to improve the performance of the monitoring system was proposed. ZEMAX was utilized to simulate optical
chambers, optimize CPC and commonly used straight cylinder concentrator and cone concentrator. The
mainstream integrated method of single source and double light path was used to design the chamber of the
monitoring system. STM32F100 was selected as the main control chip to control the hardware system. CO,
concentration calibration and real-time human breathing detection experiments were performed on monitoring
systems with different optical chamber structures, and the corresponding relationship between CO, concentration
and system output signals and CO, waveform diagrams were obtained. The results show that the CPC optical
chamber has a simulated optical efficiency of 4.3%, which can be up to 89.77 times higher than commonly used
concentrators; the monitoring system equipped with CPC has a sensitivity and signal-to-noise ratio of 8.940 7 and

24.65, which can increase the sensitivity by up to 3.811 times and the signal-to-noise ratio by 1.926 times
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compared to systems equipped with common concentrators; And the system installed with CPC runs stably,

responds quickly, and can display the capnogram of the subject in real time.

Key words: respiratory CO, monitoring;

optical chamber
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1 CPC Himt

Fig.1 CPC longitudinal cross section"”
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& 1 ZEMAX NS
Tab.1 Input parameters in ZEMAX

Parameters Value
Power of the source/W 1
Type of IR source Thermal infrared emitters (Lambertian
source)
Detector size/mm? 7.2x5.6
Number of analyzing rays 10 000 000
IR source size/mm> 2.1x1.8
Distance from light source to 05
CPC/mm ’
Distance from CPC to
20
detector/mm

R 2 CPCRULIEMSH
Tab.2 Optimized parameters of CPC

Parameters Value
Radial aperture/mm 1.79
Angle/(°) 22.86
Length/mm 9.99

FFFE 27 CPC ik g UL M 1.2 95 R9 CPC #
AR, 8 CPC N T AR A AT =X

2(x)= —2.375x=3.313 V=15.521x+ 71.846 +---
- +26.238 (12)

B (12) T ABEEHLA I T 1 E 20) s
i CPC,

IR light source CPC

Detector

@

Kl 2 (2)CPC BOLRGMIAELH:; (b) il CPC
Fig.2 (a) Optimization results of the CPC focusing system; (b)

Aluminum CPC
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source [ ) LY
Exhaled

© CO, Gas&reference
Channel amplifiers

IE
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&+ LEDdriver
ARM microcontroller

/I Digital
"V interface

Sensoruengine

3 (a) Z# T CPC ME 5 RIERG (RIMEHEE); (b) FF CO, Wil
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Fig.3 (a) Signal acquisition system (gas chamber) with CPC; (b)

Respiratory CO, monitoring system; (c) Schematic diagram of the

main parts of the monitoring system
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Fig.4 (a) Straight cylinder concentrator; (b) Cone concentrator; (c)
compound parabolic concentrator ray trace using ZEMAX, and

samples of them; (d) Photoconductive infrared detector of the

chamber
3 % I

3.1 CPC BHAYRIIERL

FERE S (SEH R AE 23 °C I, ARiER SR
W WS = HEATHY), RS2 K 5(a) BER 1y B 4K
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N, RS R S 1 S IR, POE R A AR AR
N . . . A-N, MFC
5 R EE TR IR 2 0 ' T i E I % FR B R TR M B- CO, MFC
C- Cooling system

P SISO IR & 164, e 2t CPC LR
PR &5 H U, TR0 8% W B B9 5 5 T AE PC I &
77 o

Light source
modulation circuit

[# 5 (a) CMOS %l #% (Point Grey Research, Inc)(Z:) LA M £ AP IE
EMIRS200(Axetris)(7); (b)CPC S IRFAI5

Fig.5 (a) CMOS detector(Point Grey Research, Inc) (left) and IR source
EMIRS200(Axetris)(right); (b) Environment of CPC verification

experiment
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Fig.6 Calibration experiment environment diagram
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Fig.7 When the CPC and the detector are at different distances, (a) Spot
pattern on the detector obtained by ZEMAX simulation; (b)Spot
pattern captured by the CMOS detector in the verification
experiment; (¢) Comparison of the normalized light spot cross-
section brightness distribution between the simulation results
(silver) and experimental results (orange) at different distances

between the CPC and the detector
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B IZEER IR CPC AR R BRI 3.58 1,
SRR RO 89.77 A% &l 8 SRR ZR A IR (14 5
Lo mE, WE IR a] LUE 1 CPC 5 145 I 25 #2 0
2 1) 64 B8 i B R A P 24 S5 4 R
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R 3 =ZMEMRREFEHERRIER

Tab.3 Optical efficiency simulation results of three

structures
Type Light efficiency
Straight cylinder concentrator 0.047%
Cone concentrator 1.2%
Compound parabolic concentrator 43%
®) 23.4637
21.117 3
18.771 0
16.424 6
14.078 2
11.7319
9.3855
7.039 1
4.6927
2.346 4
0

36.614 0
329526
29.2912
25.629 8
21.968 4
18.307 0
14.645 6
10.984 2
73228
3.6614
0

8 (a) BIEEROLES, (b) HEIEROLE, (o) 2P a BTN BRI b rDtg A

Fig.8 (a)Straight cylinder concentrator, (b)cone concentrator , (c)light distribution of compound parabolic concentrator on the signal channel detector
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T HARERIN T R R0 RO A — € R BE
LLHEIE RO A FLHEIE P BE FURT/INER 23 3Rt ] LK G
2B T RN T B AR SR O el T N BER AT T
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N . e . e = R*=0.895 5
S 5 S A SR G N, 28 Y PR R S 48 B 0L et 6 3 R130.6

S 100 - R2=0.946 4

R TS RIRSy, BRI T HCE 62k 2 IR
SHG.
43 CO, RERELBERS M

HT T M0 2R G G P R S )l X A R L 4T
AR 5 BE BN AR DA S £ AME Ik K L B R
M SE R W52 e, fd 45 F ] Beer-Lambert 2 X}
CO, e &b 2 45 RAFAE — & W9 22, PRI AE SO,
AW R GEAHAN A — AR, 38 Ao XA A S R
2R 8040, I B M CO, 5 N, MR A SRk E
HEAT /D AU, T E M R G R A (H S
CO, e BE Y X5 B OC &, 1158 Y i s 220 A 0 1
CO, W 1H

R AT AR U B 0T b ] R0 ST 0 A 8 2 R 51
g R BN, TEAREIR BT, =B 23 X35 A Feo)
e RIS (Y SR AR, HAC R KRR

V=a-C'+b-C+c-C+d (13)

Ao Vo I R GE AT I L B 45 5 C 2 CO,
JE; R WA KHER . iS55 3] 5 Wil & 240
A PRI A AE S CO, We B B DL 6 JR R BRI R
AR 4.

R4 AEBWHES CO, REN=MZIINERH
BRRERH

Tab.4 Third-order polynomial fitting coefficient and

calibration coefficient of system output and

CO, concentration

Type a b c d R

Straight cylinder 0.000 70 —0.1487 10.494 24.943 0.969 9
Cone 0.0015 -0.3148 22866 52963 0.9781

CPC 0.001 1

—0.2623 24.033 68.779 0.9853

43.1 RHEA

IEH NRAR CO, e BE—HE R 50 000 ppm, i
F 10 000 ~73 000 ppm ¥ £ 7 Bl CO, Ve FE bm o 25 51
S HIE 9 FrR kLA Lk

10 20 30 40 50 60 70 80
CO, concentration/kppm

P 9 10 000~73 000 ppm CO, ¥ BZE N, = FhE5HIN L 9 R LRI
HE55 CO WREMXE R

Fig.9 Relationship between the output signals of three systems
corresponding to the CO, concentration in the range of 10 000 ppm

to 73 000 ppm CO, concentration

K9 /R T AE 10 000~73 000 ppm 1) T A e B b
B SCI R, T LA = Fh SR XA [R] CO, ¥ FE 1 e
NFREEIEA—B, T ENLERG &k ik
o, PR, JORER B ROV T S BT S5 H X CO, HR
e 1 1) RARRE o ARV BEARE L, €. Cry 23RN
AR R FE R COy TRGAUR; Vs Vi 435X LY
FEDLS 551 . RBUEE OR:
I =Cull
IV = Veull
22 (14) PR AS [R] 625 i 45 40 1 Wl 2R 48 R
B IR ARG ko = 2.346 2, HHERIEAS: Keone =
5.454 8, CPC: kepe = 8.940 7, Hoig 404 1 000 ppm/mV .,
L% CPC G2 I AR ML R B R 2 4 [ 48 B A
e Wl R GE Y 3.811 4%, &34 I ROt
IR GERY 1.639 £, X 3RH, X THHFEHR R CO,,
L% CPC 1Y 28 GoAH OGS L Athy 15 o 45 KA 717 75 2 3% [ B
B LR, BRI, B RT DA R R/INGR CO, MR AR 4R
A0 o 7
432 f3wkrbafib
HEAT VR BE A 2 SE g I, i TREAL RGP AR 1S
W, M, DGR TR TR £ R
FREHL T A e I% CO, MRBE(E . DRI, i AR ALY
EM S HOR T 0B .. TP AHAS 15) A
(16) THEIR A S 1) RMS {H.

(14)

1 N
Signalpns = | ; [ZSignaz,?J (15)

2
1 N
Noisegys = J N(ZSignal[ - Signalm,gJ (16)
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A2 20 (17) T30 590 2 =Tl = s 45 44 1Y
FENLHAR I H

SNR=——— (17)
Noisegys

5 N R 2R G 2 = O A A i B0 A
L, AT RIS, 2236 CPC Jm R GERY (5 e L 2 22 32 (B 4
BOLM RGN 1.926 1%, J& L HEIL BOL AR R G
1.433 /% . T 23 CPC I ARG HA i iy R,
LA 8 Lt 2 d g 19, PRI, AR X Al 90 7 45 4 1
i, B AT AR A CO, e

®S5 BNRRDHRE=MENIFHIEMRL
Tab.5 Signal-to-noise ratio of the monitoring system

after installing three structures

Type SNR
Straight cylinder 12.8
Cone 17.2
CpPC 24.65

433 & CO, KT A

X EA AR RERY 3 CPCOLE MFEHLIEAT I
W CO, W BEMN, 0T A AR TEA T P W2 W BT, 4 18 3
e 5 HH I 14 K 28 R CCR RV 20 R e v A BR AL
e, AT IH 2 i T] A 3000 3 AR S 32 7K 28 S ) LR
AR AR B I R 2 X CO, e R I i 7 A i R T
W, FHURIE CO, W H P 2 .

R T BEIZ LRGeS AR, X5 PR A6 fgdt B i
TR AT IEI CO, Y FE 1 S WE I 5256 o S 36 iy
TR O IR, Bk oA R A P Y 22, X
PRI AT B REIE CO, M, SC5e R, i FEPLE
ARG e e o T B, 1R R LG R B L BT 10 R
—SF A ) P AR A T TR L A ks
TIF CO, e AR L S EtCO, S5FHE(S B o

IS
=

(5]
(=}
—

—_
(=)
T

CO, concentration/kppm
o]
(=)

(=]
L
1

Time/s
[ 10 CO, P

Fig.10 CO, waveform

5 & it

e R CPC 2 7F F it AP CO, Wil 3R
itk Re, XF CPC #7704k . BRI UE S 5, 45
RWIBA LR G545 R BA R0 —Bh; #3587
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