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Improvement and Evaluation of Automatic Quality Check Algorithm
for Particulate Matter (PM;() by Analysis of Instrument Status Code
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Abstract Asian Dust is a meteorological phenomenon that sand particles are raised from the
arid and semi-arid regions—Taklamakan Desert, Gobi Desert and Inner Mongolia in China—
and transported by westerlies and deposited on the surface. Asian dust results in a negative
effect on human health as well as environmental, social and economic aspects. For monitoring
of Asian Dust, Korea Meteorological Administration operates 29 stations using a continuous
ambient particulate monitor. Kim et al. (2016) developed an automatic quality check (AQC)
algorithm for objective and systematic quality check of observed PM;, concentration and evalu-
ated AQC with results of a manual quality check (MQC). The results showed the AQC algo-
rithm could detect abnormal observations efficiently but it also presented a large number of false
alarms which result from valid error check. To complement the deficiency of AQC and to
develop an AQC system which can be applied in real-time, AQC has been modulated. Based on
the analysis of instrument status codes, valid error check process was revised and 6 status codes
were further considered as normal. Also, time continuity check and spike check were modified
so that posterior data was not referred at inspection time. Two-year observed PM;, concentra-
tion data and corresponding MQC results were used to evaluate the modulated AQC compared
to the original AQC algorithm. The results showed a false alarm ratio decreased from 0.44 to
0.09 and the accuracy and the probability of detection were conserved well in spite of the exclu-
sion of posterior data at inspection time.

Key words: PM,, quality check, instrument status code, flag, beta ray

abA =z

Al Az

1.M B T e Az %
7}

A

Aol A3k wef |
7150l o8l FEEo ARZE JAse x4

BHo| Zolro} A AofA] A= A
EHFeteigh Abe, an) Al WgE 3

o

*Corresponding Author: Jeong Hoon Cho, Environmental Meteorology
Research Division, National Institute of Meteorological Sciences, 33,
Seohobuk-ro, Seogwipo-si, Jeju-do 63568, Korea.

Phone: +82-64-780-6584, Fax: +82-64-738-6512

E-mail: xecue@korea.kr

501

THLim and Chun, 2006; Lee and Sohn, 2011; Onish
et al, 2012). w&o] A AEH < Lo &
o] J{IL A4telle A718te] A 72, 7%, E
F 2, B5 59 /4 220 W} 2 WA 9
A7k 7] Fom Fgar) olu H-4E PREel A
Zolq FEOZ o5t JIFE B oA
FEvErel 42, grjot 5 FHFel S nA|H



S|
A

Mz

502 FREZ(PM) 47] 3 A=

(Iwasaka et al., 1983; Chung et al., 1992; Murayama
et al., 2001; Kim, 2008; Yoon et al., 2019), E}& %2
A9\l Ate] gt A7k el §hek(Husar
et al., 2001; Eguchi et al., 2009; Yu et al., 2019).
Frks Aol 2 YIS WAL AL, A,
#7472 BA JFL wA7] o] A
Aol 7N e} AL AR ALS B w2 H43)
sk Zlo] Fasith 7] ol Ffrske] f-2vhetl
gt AL YA F2 47 10 um ©)ske] 2
”*Xl 1w =717} 27] wiel] 5712 s A
1, 718A4, A9, Sd27] W9 22 5571 2
gk 4 Q) Th(Lee et al, 2013; Goudle 2014).
2y J2ts AEs 7\}&/\]?’]1 715S et
= B Bkl At o] 9FE vA AT &5
AR GG Fol, B 71T o} FIHS
A staL Ao %‘X‘" A sl gy, et
_Jz_/d’ @x} e )9} ke Ay Ako] Aakge 7t

R A8 A S A e =
47] olg8 B4} BABS £ Ark. oleet A

& ?_f Ag= B35 ARG oldely &AIE &
73] W}, Aml wA|, A8 A gye] WS
G tion Madsel Gt 4
(Easterlmg and Peterson, 1995). &3 #AF&2<] H]i"z e
= HHolA A= ‘ﬂ“g/\]ﬂtﬂ Azl Alg=

olft _llN‘

= ARG 34 el BAE oAy} 2eld
ARE IR AR 2 A9 ARAIA £EE
doZ o glrk A o= Az A HH o= AL
& o eARS = A HIEE AT 3
o, ?‘1011%3@94 A AR ARE A9 27
Ay A5 FH& AspAnh. 2R AHG &
A He Tl A5 AR AMES wol= 3
ol Basi

7P 71 A5 AR FdHeE Sl A
Zh, FAAZE HAAZE FEAAE FYsaL glog
TR 472 B5E PM,, TEE THAT F
& AR FYsaL AU ©o)F neksly]
s AR WS Tl Aestd ¢ e FEAA
AAE HLSATHKIm et al.,, 2016). Kim et al. (2016)
& ASIA DAL 7171908 AR, A5 AL A7E
A5 AL He & AAE A oR A8kl

Kim et al. (2016)2] A& EZAHAL HF A3, Z}E
ZAAX A B o 7 HHI 7 ZF 5% T2
AAIM = v o2 AT 2tz o] H&-S YER
= ©X]&-E (Probability of detection, POD)3} =& &
é!%“} At FLT AAL AHE =T S A

= (Accuracy, ACCYE 0.985, 0.979= =7 Uebstt}.
}5 FAAANA vz FEERN oY 7 &

sh7)488) U 7] 4297 43 (2019)

o

S AF B SIAF AN R A7

d

AR e oz WA vj&S ov|ste 91K
& (False alarm ratio, FAR)S 0.423% %7 Vel
A EE A5A YA FA S (Critical success
index CShE 0.5722 2HA| YERATE Kim et al. (2016)
e 3|97 HEo] =A veRd ez 77]ely A
WS AFEslen 717] g 2= g 7t
E3) 2 5/_‘:45 A daAs

Al A7 EARES H

£t

(R

AN,
7] SAstel

_“ o?‘:'nllo
ﬂlﬁ

éﬁr&

Lo 3% o X rfz

o
-

RO
)
[y
o
4
o
9‘L
2
%
off
i
i)
o
>
m2
K
AC)
N
tlo .
=

(FH62C14 Thermo Fisher Smentlﬁc
2 AT B A= AL A E B3R o

PM10 AL =5 5 P =A7F

5
9

i
Ho
o
(o0
ol
kJ N

°
£ 7idsk] 918 T%—u‘j:ﬁ % 47]—4 7]7] ”EH RS
2825 ARt AH Z== 163 FdH=
oAXl 22| o] =0, SFell A FE F Z}‘ﬂ TH L
T, 7hed = Ae A A, e F b
#57] #s BEE vkt o7 dEie Al
%@1—1 UrE]r"HX] A oF 2
ATllMe T oF
ERF 2 40}03‘:} 4 ”’Eﬁwi AHEEE =
= Table 19 ANAJSIATE. 3 2g F2 AL 01*7?4
9 Bes Brtetr] S8 A5 s
EZ A A (Manual Quality Check, MQC) g EE /\}%—
stk dxgs A A Aok vlashr] ¢
3 2013@FE 20149714 Y3k 7)17ke] AEE )
Aoz BAFIon, aﬂzﬁ‘_ B0 2gH AFS

Ao F 270 Ao ARE ARSI

S L2

o> (A 4z

22 XtE& FHAAM L12|F

GAF AR PMy, FE #5 AES A@Ho]aL
AAAQ] EAHAFE 98] Kim et al. (2016) A&
#d7AHAutomatic Quality Check, AQC) €I E]&S
W3t Table 200 A8 AtellA] ek F24
At %L—T’—E]Z«] @A A ArEATh 2 @A
AL 71EE REESSHA] B 73‘?‘ HIAS AR 57
= FEAAA A o] FEETH

A A2 A0 AMEE &

A8 %, 3917



o7 -

].o A} -

pul

I R

o
e

Table 1. Status codes for three modes (Thermo Fisher Scientific Inc., 2010).
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Global Error Status

Warning Status

Operating Status

00  Normal operation 00

Normal operation 00

Normal operation, no error

Sum status of the data
01 01
and program memory

Maximum pump power 01

Mechanical filter change

Sum status of sampling

Mass limit is exceeded;

Plateau check and zero

02 and measuring system 02 filter change will follow 02 adjustment of the mass (R")
04  Sum status of pressure sensors 04 Not used 04 Not used
. . Relative Humidity .
08  Sum status of air flow regulation 08 > RH Set point + 10% 08  Pump switched off
Manual operation
10 Sum status of the sample heater 10 Not used 10 (off-line, keyboard enabled)
20 Sum status of 20 Compensation of the mass signal 20 Calibration enabled
temperature measurement >+ 5%
Two consecutive plateau checks
40 Reserved 40 are wrong during filter change: - -
Rief/Ry <30% or > 70%
80  Not used 80 Not used 80  Power supply switched on
Table 2. Description of AQC algorithm.
Steps Descriptions
I Check whether the observed PM;, mass concentration meets the requirements of

(Valid value check) instrumentation limit.

11
(Valid error check)

Check whether the instrument status codes are equal to ‘Normal operation’ or ‘Not used’.

I
(Persistence check)

Check if the PM;y mass concentration during the previous hour has no variability.

IV Check if the difference of PM, concentration between inspection time and the time before

(Time continuity check)

and after is out of a certain range.

\% Check whether the second-order differential coefficient of PM;, mass concentration has

(Spike check) rapid fluctuation.
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Table 3. Station information and number of significant data and percentage of false alarm, normal data considered at MQC and
AQC, and result of AQC.

Station Station  Significant False alarm MQC passed AQC passed AQC (%)
type data (%) (%) (%) Step1 Step Il Step III Step IV Step V
1 Ocean 205582 0.5 99.6 98.5 3.2 0.5 - 0.0 0.0
2 Mountain 206349 3.1 99.4 88.7 10.1 3.0 - 0.0 0.1
3 Mountain 203689 0.1 99.6 96.4 6.7 0.1 - - 0.0
4 River 197675 44 99.6 93.6 8.3 4.4 - 0.0 0.0
5 Ocean 202519 0.8 99.7 96.2 6.7 0.5 - 0.0 0.3
6 Land 204883 04 99.6 98.1 4.1 04 - 0.0 0.0
7 Ocean 201701 1.3 99.6 89.4 13.4 1.2 - 0.0 0.1
8 Mountain 205098 13.5 99.1 81.7 7.1 13.6 - 0.0 0.1
9 River 207825 0.8 99.6 98.3 2.1 0.8 - 0.0 0.0
10 River 195007 0.3 99.5 98.3 9.2 0.2 - 0.0 0.1
11 Land 208430 0.1 99.6 98.5 2.3 0.1 - 0.0 0.1
12 Ocean 207159 0.1 99.6 99.2 2.1 0.1 - - 0.0
13 Land 204682 0.3 99.5 97.0 52 0.4 - 0.0 0.0
14 Land 208329 0.2 99.6 99.1 1.7 0.1 - - 0.0
15 Ocean 205097 0.2 99.5 99.0 33 0.2 - 0.0 0.0
16 Land 207317 7.1 99.5 91.1 3.1 7.1 - - 0.1
17 Land 194355 5.0 99.9 93.8 94 5.0 - 0.0 0.0
18 Land 204964 1.1 97.6 97.8 3.6 1.1 - 0.0 0.0
19 Land 198327 0.7 99.6 95.4 9.8 0.7 - 0.0 0.0
20 Mountain 196393 1.1 99.5 90.0 15.9 1.0 - 0.0 0.1
21 Ocean 203891 0.3 99.6 97.8 4.9 0.3 - 0.0 0.1
22 Ocean 200704 3.1 99.6 93.3 8.3 3.1 - 0.0 0.0
23 Ocean 201748 0.6 99.4 95.1 8.5 0.5 - 0.0 0.1
24 River 206862 0.6 99.6 98.0 3.1 0.6 - - 0.0
25 Ocean 205564 0.5 99.5 98.3 34 0.3 - 0.0 0.2
26 Ocean 197823 2.9 99.6 93.7 9.6 2.8 - 0.0 0.2
27 River 201757 6.1 99.6 91.7 6.4 6.1 - - 0.0

Table 4. Frequency for each status code and its ratio of false alarm from 2013 to 2014.

Global error status

Warning status

Operating status

Code Total False alarm Ratio Total False alarm Ratio Total False alarm Ratio
00 5443329 164195 3.0 5327020 45879 0.9 5430227 173202 3.2
01 5 0 0.0 2 2 100.0 554 521 94.0
02 10660 1338 12.6 2 2 100.0 2482 2439 98.3
04 597 248 41.5 - - - 24187 624 2.6
08 10859 8299 76.4 33481 31703 94.7 11462 1972 17.2
10 15081 14209 942 - - - 16380 15539 94.9
20 7665 5532 72.2 45655 44804 98.1 4593 4081 88.9
40 - - - 77121 70329 91.2 - - -
80 - - - - - - 5 0 0.0
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Table 5. Status codes which frequency records high false alarm for each station.
) High false alarm status code
Station
000800 002000 004000 080000 100000 200000
1 11 738 4 77 18 10
2 1354 4804 - 117 1376 -
3 8 98 - 31 3 -
4 4783 3941 1426 300 2740 -
5 26 162 4165 402 18 -
6 32 638 2386 48 31 -
7 6 2302 1909 187 6
8 12132 4764 3 9 10326 2657
9 8 1093 890 278 8 -
10 11 364 6 11 11 -
11 5 10 333 6 24 -
12 13 8 4 13 13 -
13 3 390 - 54 3 -
14 1 180 - 57 - -
15 6 27 1 145 5 -
16 7 7309 4 2374 4 -
17 2415 6994 - 158 1 -
18 4 2085 - 213 - -
19 6 1387 19311 2 2 -
20 1302 808 1626 185 43 -
21 234 1 1 41 - -
22 1897 466 - 3409 3 -
23 5 672 31638 5 5 -
24 - 1068 - 51 - -
25 15 347 1 35 15 -
26 28 1901 1 25 428 4989
27 9641 3179 13412 4 70 -
55 AR =S A8 AelA AAE AL 4 o, FEX 479 2= AMS %‘H ARk
S o 2(3), 4%k 2ol W7 sAT w7t AR 10%E 238 735 ez #
_ 2§ SFCH(Thermo Fisher Scientific Inc., 0 0). Je] =2
A=PM;o(f) = PMo( — 1) 250 + 0.15 x PM;o(5)  (3) EQ] A7PE kg bleE o Hy 7]o] Uehls
d=(PM;o(r = 1) = PM(7 - 2)) T 2~3A0 7P Bt A& el 7P w2 X
= (PMi(#) = PM;(7 - 1)) “) 7P UrE}Ur FsEe] d wstel fAE A Bl
CHFig. 1b). sk 2 slih A1 A=4 4, 279 A5
3.4 I HTH R Jis® Ao e 2Asielen Hd
)\]-\;H/\c 9 FEFHRE= 73+ 6%E YJEFST 28y
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A9Au7t w0 dehbe olle] g wmsl A4 @ AUewst TEAAKTTL % 2 Aol uol
¥ Z9d WIEE Table 59 WEJ Hpel Aok e 2 A G AeE Uekith ole AduisE AL H
= A7 712 WA Ast] ANARI BA U 7 A7 ok delw #2719 Alg AE BA 5
B SEE A3, oF Yo WE me Avngt 02 WA 5 UeS oudth Y A5 nAol
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w4 sto] Fig. 13} Fig. 20 A|AskAT At PM AF sEE AE5o s AT oy
AT AHAE HUSE 99, 4% A% 0Y & ghel $H8 gt gonz 29 ahe e 3
. Plateau check #81 SI=0l4 S1917457k 7] b Zelol wAs, olu) 14 wgel EopdE A A
Epr). Atigee) BEE AT ) ZEE 000800 B WA ATsh wASTh Age] e $A EE
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Fig. 1. Hourly frequencies of each status code; (a) 000800, (b) 002000, (c) 004000, (d) 080000, (e) 100000 and (f) 200000.
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Fig. 2. Seasonal frequencies of 6 status codes.
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Table 6. Mean and standard deviation of observed PM;, concentration for the normal status code and six status codes at the

representative stations.

Station 8

16

23

22 8 26

Status code Normal 000800 Normal 002000 Normal 004000 Normal 080000 Normal 100000 Normal 200000

PMyo (ngm™) 46+40 54+£40 38+27 43+26 33+28 23+26 3430 27+25 46+40 63+37 39+31 1011

Table 7. Dropout rates of 6 status codes on each AQC step in using revised algorithm.

Status code Step | Step 11 Step 111 Step IV Step V Normal
000800 1781 5 30 120 32017
002000 454 637 3 80 44562
004000 6618 133 10 311 70049
080000 254 2172 11 19 5781
100000 844 29 14 117 14149
200000 1764 249 - 136 5507

Table 8. Skill scores of AQC algorithms for all stations.
Accuracy Probability of detection False alarm ratio Critical success index
Kim et al. (2016) 0.979 0.985 0.423 0.572
Revised step II algorithm 0.997 0.974 0.088 0.891
Real-time algorithm 0.997 0.975 0.080 0.899
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