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( Minute Signal Detection Algorithm for Air-pollution Measurement
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Abstract

In this paper, we propose a minute signal detection algorithm for a development of optical analyzer, using the
non-dispersive infrared method with multi gas filter correlation wheel, that can measure various environmental air-pollution
materials (CO, SO2, NOx, etc.) in real-time. The MCT(mercury cadmium telluride) sensor can detect minute signals those
show an absorption characteristic of each environmental pollution materials. In the proposed method, a corresponding data
of each environmental pollution materials can be separated by an external trigger and threshold values in the measured
continuous signals.

Keywords : NDIR Detector, Milti GFC Wheel, Signal Detection Algorithm, Air-pollution
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28 NDIR ZE7]8 0/8ste tol2g SBAAHE U8 NMNE HE YDAS 5 9
dEA £l a7HI Ytk o]& {3 FxEEHE A7) A8 ANgd o GFC 24 72HE NDIR B4%
AT A= NDIR 7I&g ol&3td o /9 24 oA ol &3 hELHEAY FTE E4E A vAN
EZE A AAer 338 F e uF T2 % AE WS At NDR 244xE A 6709
AP e (multi gas filter correlation wheel : multi GFC ZAEAE BAY &A1) A& 12719 deAds 2zt
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o9 Egd d7|99EFES g9 (Infrared Ray: TAEA JHAEEE ndo NS HES A% AE
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Lambert®] HA ] oz} AN EF}AY ANaFE AE stz ok 2 AR shte] R &
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A& NDIR 249l shw ditstets, Atsts, A5 25 g LEEHDY SAHUEE MNSE FE
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NDRR #H&71& &3 249 A3e s 22 #d
o] opg®2a Alzely AHAeE FE7|(pre-amplifier) &
o] 43l FE3 F ADC(analog to digital converter)
o 23} ‘:]X]Eé Moz dgkdn g g AsE
d FFH9 EFAHYEY dolHR FAHE £AE
(sequence)eltt. Ztzte] QgEHd #Fshe dolEHe
A5 dAE daeFE ARt FEgh olw 3
HAate tF 7k g9 AT 289 37458 H4Es 4
& oF AR F EFA AlAM(external optical
trigger sensor)& ©l&3th 18 25 NDIR 7|&€& At
3t T HdEA A4S A3 AsHE e Eojth

Signal Triggering
IR Detector — ADC — &
Classification
Signal Enhancement
Analysis le— &
Denoising
a8 2 CiERYHEE FAS s MEHE =M

Fig. 2. Signal processing block diagram for analyzing
various environmental air-pollution materials.
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Fig. 3. Design specifications for multi GFC wheel.
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IR and Trigger Signal sampled by fs = 1KHz, K = 0.655 cycles/sec
10 T T T
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© R and Tﬂggar Slgnll sampled by s |Kﬂx K =0.8655 eyclnlsu

~— R Signal
- Trigger

Voltage (V]

L
1000

(b} mixed gas (400ppm)

a7 4. ADHEE R A&7 M5 ¥ EgAHMS
Fig. 4. AD converted IR detector output and trigger

signal.
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olwf 1% 4 (b)%h 2ol A5 3= SO2 9 F
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2 A 2YNT AEF77} 248 Dot wahy
Azl FER(SNR)7F Pold A *:E_- IS E g
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AZZRE FI HolEg HEF %101 P2 A5
¥ A (peak)ll 7t E ¥ 39 9FS meisol
it} a8 55 GFC 8ol K=1.135[cycle/sec]E 31 A
g v HAE A7) wWE HAFHE Yedn 3
o e 93 ody xS HARYEH f&
dele g #A53] 8 75, & 7IFoE Ba9 A
9] "lo]8]E MA (Moving average)3te 24 nFa
&5 AAG

8igy4 (k+ CNT) = avg {sig(n)}, 10<y<20 ¢)

d714 ke dF EZAY AHE2 (index), v& £,
&= Agolth avg, {sign)} £ sig(n)& W
e A8 F A 4% Holdh
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a8l 5 JiAEE &YAS 37o mE m3 el
Fig. 5 Peak shapes on amplitude of GFC output
signals.

(K=1.135(cycle/sec], f, =1kHz)

initialization

Controlling Parameters
TH ol +1) = Tl () + By,

TH gk +1) = THepe () + A gy,
where A, = ,Euznm _base®,
k-m

0< B8, 18m <V I2)
k is index of ext trg

|

Gas Species Classification

IF CNT == 11, THEN CNT =0,

IF sig(n) < TH, (0), THEN flag=0,

BLSE sig(n) >=TH,, k), THEN flag=1, CNT ++,
where CNT = Index for Classifying a GAS Species

|

Slgnal Processing on the Target GAS

5igpgCk + CNT) = avg, {sig(n)} 10y S20
where avg,{sig(n)}: moving average on the upper % results
from desending sort of sig(n)

|

Calculate Density of the Target GAS

C=Llo r
al \%,

where a 1s constance for Beer-Lambert's Law
L isa length of opticalpath
v and ¥, are output voltages of reference or measuremert cells

O3 6 CIERHEd EMg 8t 45 A& «12E
Fig. 6. Signal Detection algorithm for multi-air polfution
measurement system.
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Table 1. Standard mixed gases used in experiments.
Mixed Gas NO SO CO
Density [ppm] (ppml Ippml
100ppm 105 9 107
250ppm 253 248 252
400ppm 398 392 402
R and Trigger Signal sampled by s = 1KHz, K 50.213 cycles/sec
10 [——HISigTL
9 ---- Trgger
=] R SN SN AU SO, U SO SN S .
= L] R e LT B . L -
E s IIIIIIIIiniiiiiiq
[ 7 "SRG AR AR SRy SRR Ry SRR S P U SR -
1 ‘ ______________ -
2 aaolo 4480 4800
(@)
o IR and Trigger Signal sampled by fa = 1KHz, K o 0.655 cycles/sec
ofrdemed T Taager
gl
%l
$
0 ;SD 4360 4370 4380 4390 l:DO 4410 4420 4430 4440 4450
(b)
R and Trigger Signal sampled by ts = 1KHz, K = 1.036 cycles/sec
T Tgsor
&7

samples

(©
a8 7. & dESEY FFE MEM Ny
Fig. 7. Ngg in the measurement signals for different
wheel velocities (a) K, =0.213,
0) K,y = 0655, (©) K, =1.036).
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(Orifice)E AHg3te]l  1000[ce/min]l2  FA 3
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+ 4 93 2] 9o

=

Nego=3f,/(20nK) [samples]

4 We o

8

I8 72 A @A A A A E bE E IJHESE
(K = 0213, K, pppy =0.655, K., =1.036) sl &
e 22359 Nepe & YeRITE 4 (8) 93] o]

Ztzy oF 224, 73, 46

EHoR AMR Ngpet

IR and Trigger Signal sampled by fs = 1KHz, K =0.655 cycles/sec
8]

Hﬂﬁgﬁi
il

il \
| !WHII‘ +
" "HN i m«i

IR and Trigger Signal sampled by ts = 1KHz, K = 1.036 cycles/sec
0

Voltage V]

1.14

samples
{b)
a8 8 (@) IR HEZIME ¥ E2AH AFE, () "2 A
2oAM SHE JiAMS
Fig. 8. (a) IR detector output and trigger signal,

() measured gas signals in pulse signal
{a=Smp.HCl, b=Ref.CO, c=Smp.CO, d=Ref.NO, e
=Smp.NO, =Ref.S0O,, g=Smp.SC,, h=RefH0, i =
Smp.H0, =NONE, k=NONE, |=RefHCI).
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ANz FE Ngpew 22
225, 70, 45 [samples]o| B2 FAEEY QA+ 5%0]
U2A % GFC 89 MA2¥902 RE x4 4
@7t F2gs ¢ 5 sk 27 82 20 [sec] 5% &
2% NDIR d27]19 28435 2 9F EgA N5
Az ER34E ¢4E Yedo F EgA
AZAE thF GFC oA S35 &g 7]
FA3 ZAAe A& FE3e 71Tol ") kA
NDIR #2718 F3 &89 U328 AgHe
AsE TEEE HE dugFddA dF B AE
oto] A TG dolg A=A Fro wj
F83th dFis A% dagdFdAM uF GFC ¥
o FAF  K=0655 [cycle/sec], HWEH FIF
fo=1kE], 2831 173 F&& AA] A3 24
dole] Az gfnE y=158 AMEEAH & 28 o
TS AE gs7] 98l 18 89 EAlE(
f, =1[KH:])NA CO, NO, SO; 7o ths] Alte A
Z ¢udFs ARgste HEF HF EA NEF
(TN)$} 7k2® Ngpeolth 18 894 o EgA A
S7} 5[VIdA OIVIZ W3 35 F 1490 27]3}
& 93 AWA TIN50 AREHAL AR F7)4]
SE 1 Ato]E st Ha U @A g
2 ol #5d AEHA Fenz Heoly AHYE 4
3 dudEoz AEd ¥ E AZE 120t
ARZRE HE dugFeo] EFA NEde 57 &
Zt 7t Nepe® 3838 AT ¢ 7 Ut 2
g 8 @A R Az 1H, = 0~1 [VIo]9 153
F&H AF% Fool FHEHAEE & F U+ A @)
of o]Bgt} X 29 HEFY 2a& AT 10%°1 =

[samples]o] 2 A H

=0
e

2 2 0% 89 ZHE R AME0M HEE 47 Eg

M (N2t THAH

A XS MET Ngoe
Table 2. Detected external trigger signal(TN) and the

acquired sample number(NVz,) on each gas in

the measured IR signal of Fig. 8.

Gas CO NO SO

Ref. | Mea. | Ref. | Mea. | Ref. | Mea.
Mixed || Ne | o) Ne || Ne | Nej oy Ne | g | Ne
Gas FC FC FC FC FC FC
N2(zero)| 121 67| 12| 7211217712171 12| 66{ 12| 62
100ppm|{ 12|72} 12| 82| 12| 69| 12] 61| 12| 63| 12| 65
20ppm (121671 1216212163 12159] 12166} 12| 63
400ppm | 121 68| 12{75{12|72112|70| 1269 12| 72
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Fig. 9. Variation of TH,.,.
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Fig. 10. Output signals of Reference cell and

measurement cell on CO, NO, SO..
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