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Figure 1. Flowchart of cloud detection algorithm for GK—2A....ccovieiiiiiiiiiiiiininns 3
Figure 2. Expected AMI observation schedule

Figure 3. The result of cloud detection (left), and visible (0.64 gm) image (right) at
03:00 UTC on 7 July 2018

Figure 4. The intermediate results of each of the threshold tests at 0300 UTC on
7 July 2018: white(cloud), sky blue (unknown), blue (clear)

Figure 5. The time series of the validation scores of cloud mask with MYD35 L2 on

August 2018 (upper) and January 2019 (lower): PC(green), POD (blue),
F AR ) oo e 25
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Acronyms
AHI Advanced Himawari Imager
AMI Advanced Meteorological Imager
BTD Brightness Temperature Difference
CLD Cloud Detection
COMS Communication Ocean Meteorological Satellite
CSR Clear Sky Radiance
FAR False Alarm Rate
FOV Field of View
GSFC Goddard Space Flight Center
GK—-2A Geo—KOMPSAT—-2A
GSICS Global Satellite—based Inter—Calibration System
10T In—0Orbit Test
MODIS Moderate Resolution Imaging Spectroradiometer
NASA National Aeronautics and Space Administration
PC Proportion Correct
POD Probability of Detection
RTM Radiative Transfer Model
SRF Spectral Response Function
SZA Solar Zenith Angle
TIGR Thermodynamic Initial Guess Retrieval
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Table 1. Requirements of CLD products
Cloud Detection
Product N C t
roduct Name (Cloud Mask) omments
Product Measurement Range NetCDF : 0~2
Product Measurement Accuracy | POD > 87%, FAR < 10%
Geographic Coverage GK—2A/AMI coverage
) FD: Full Disk
FD : 10 min
Temporal Coverage . ELA: Extended Local
ELA : 2min
Area
Horizontal Resolution 2 km
Cloud Mask
— 0 : Cloud
— 1 : Probably Cloud
Output
utp — 2 . Clear
Intermediate product
— Testl ~ Testl9
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Sky Brightness Temperature) & F43F= F2 o2 5o At (Figure 1).

On-line Procedures

Observation

v

Solar Zenith Angle & Solar Scattering Angle

. / Twilight / Night / Sun-glint
Off-line Procedures (Day /Twilig ¢ s un-gling

File check Decode NWP Classity Surface types
Previous 15 Days output (Land / Sea)
Find Minimum Run RTTOV | ] Threshold Tests
Reflectance. v12.2

Single-channel tests

¢ ¢ Two-channel tests
Spatial Uniformity

Inversion layer correction

}

Cloud Mask & Quality Control
(Number of Cloud Clear and Unknown / Probability of Cloud and Clear)

¥

Outputs
(Cloud Mask, Threshold Test Result, Quality Flag)

Estimate Clear Simulate Clear
Sky Refl. Sky TBB

Figure 1. Flowchart of cloud detection algorithm for GK—2A
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e F7F : solar zenith angle < 85

e o7} : solar zenith angle > 95
e oW 7]/3%7] : 85 <solar zenith angle < 95

< 25

e Sun-—glint : solar scattering angle
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AAR AAE FEEA L FelA 7P T3t FREolth GK-2A9 FE9A
dugFAE F 15709 AA HAAE sy B daudFo &8 AA

AAbel ek Al &2 2.4 A 7]Eslt

2.2.4 FAHAA}

BARE AAY A= ZF 34 HE2 7E (cloud), 3 (clear), &4 (unknown)
AR AET. g stioA FqE AHARe] @A A (cloud, clear, unknown)
Mol Zhzhel Aoy ApA| sk HlES ol g3ste] FEEHAY A E WHH (Lutz,
2007). Table 2+ cloud, clear, unknown? 7+ MN) 2 HEP) S FE35H
TE59A A3 (cloud, probably cloud, clear) & T&3l= WS Kol Qi) whok
she] HAEZRE 502 @A sty 1 JAL cloud =<2 probably cloud JA=Z
s E ™, 2 FelA 2 AAIR AAE s FEeR ERE FA '8A4 Jisu
Hl&o] e B¢t =4 veud I AL cloud? 78U



Table 2. Quality flags from the results of threshold tests

Number of Number of Number of

R k
cloud unknown clear emar

Cloud

1 N_cld > 0O N_ukn = 0O N_clr = O
(N_cld = N_clr or P_cld> P_clr)

2 N_cld > 0 N_ukn = 0O N_clr = O | Probably Cloud

3 N_cld =0 N_ukn

I
(]

N_clr

I
(@)

Test Failed

4 N_cld =0 N_ukn = 0O N_clr = 0 | Clear

HAsE T, A &= X R PP (GDAPS N1280) oA gAatEs= &9 &%
R, AxW JHE dHoR ARgste] HARIEEDRTTOV v12.2) 2 Ab=dict

o ol 15¢2 7IAIAE(0.6/m, 0.8¢m, 1.3um, 1.6pm) A= B AE 243
coIAYY RS B AR bR 27
— SAk clear sky reflectanceps = minimum reflectance of previous 15 days

observation

— 3|4 clear sky reflectanceps = minimum reflectance of previous 15 days

observation

— A/l clear sky reflectance; 3 = minimum reflectance of previous 15 days

observation

— 3|4 clear sky reflectance; s = minimum reflectance of previous 15 days

observation
o AgAEY HH AL FA4
- FAEREA A5 Ak
— RTTOV v12.2 BARdG R 2o

- 9XAA(2km) WA EZE WA+
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2.3.1 L1B

GK—-2A°] A= AMI A= 7FA, 249, A 99S £33t 16719 Qe
A, 108 7HF o2 AF#So] 735tk AMI AAM 9] 37F s %+ Table 33
2ol 7FAAE 1km(0.6mmi= 0.5km), A& A 2kmoltt. T3k, FEEHA A S&5 =

BE AY A& GSICS AFE FEstod HAE AASE T A" Aol

Table 3. AMI sensor specifications

Spectral Range (um) .
Type Band . oo Res(lcilu‘;lon

Min Max Wavelength "

1 0.4310 0.4790 0.47 1

2 0.5025 0.5175 0.51 1

VIS 3 0.6250 0.6600 0.64 0.5
4 0.8495 0.8705 0.86 1

NIR 5 1.373 1.383 1.38 2
6 1.601 1.619 1.61 2

7 3.740 3.960 3.83 2

8 6.061 6.425 6.24 2

9 6.890 7.010 6.95 2

10 7.258 7.433 7.34 2

R 11 8.440 8.760 8.59 2
12 9.543 9.717 9.63 2

13 10.25 10.61 10.40 2

14 11.08 11.32 11.21 2

15 12.15 12.45 12.36 2

16 13.21 13.39 13.31 2




10 min.
Timeline

Full Disk
Every 10 min

Figure 2. Expected AMI observation schedule

e« 9/A%E :0.5km, 1km, 2km

E=3 0.5km, 1km, 2km

o BlHAZ 1 0.5km, 1km, 2km

o A HAFZ : 0.5km, 1km, 2km

e Scattering Angle : 0.5km, 1km, 2km
o A WRAE :oo]d 15Y HEH

e AAXN % :RTTOVvI12.2 BEALZY]
e Ln/&w mmazatdl : GDAPS N1280

« ABEH 2% : GDAPS N1280

Extended Local Area Local Area
Every 2 min Every 2 min
(3800 X 2400 km) (1000 X 1000 km)
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(10.4m) & o188 POz, FE AN 4AALL BA] o §5ta ool =
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Aoy T FEol EAsHE ARG =4 dvEhus AEe 2=t (Saunder
and Krieble, 1988; Inoue, 1985). o] A% oA WA F+&(EEH)0]
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g w2 gt Ao disiA zgsior Sk wEka B dulFeMs AR %
F10.4m A, S5 el vgs 7.3m AEE o] gt dHFoNMY TEE
A Ang BAFFAt dHATol TS direAE MR Ax9} t7] T35
227 AA ekol BTD(10.4—7.3) ko] dnt ti7] &% F-FolA sl o] & 4 #
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FEYA SuF AR B TEEA JHE P4 Askd 27149 AAR
AANE FRAAL wE J1E AR AAE AAE F A= T Yok =,
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2.5.1 722 AA AAF

GK-2A°] FE®HA+= AA#% AAFE st AEdHE=E owst AEs &8
Zolm, Zh A HAbelA] AREEE AAGS ofBA AP AL W Tt
ZINAG ] AAG AAE Hgdlo] EAlsE F7F W oy &4 7beske, Table
4+ GK-2A 594 dugFel &8¥= 7MAAEY A% AAt(testla ~ le)
o Yekda vk ok B daueFe] RoxsE &85 himawari8 91439 AHI
AME 1.38me BHat QA gorg GK-2A $14o] atd 5 283 o go|t},

%

7t HAEeA &85 AAGS otdlel Zo] ArEE T

e thresholdla_max = clear sky reflectancepg jang + testla_max

e thresholdla_min = clear sky reflectancegg j.ng + testla_min
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e thresholdlb_max = clear sky reflectancegg ¢ea + testlb_max
e thresholdlb_min = clear sky reflectancegg sea + testlb_min
e thresholdlc_max = clear sky reflectance; s + testlc_max

e thresholdlc_min = clear sky reflectance; 3 + testlc_min

e thresholdld_max = clear sky reflectance; g ¢a + testld_max

¢ thresholdld_min = clear sky reflectance; g sea + testld_min

SA w Sk 7 FielA AlEE AW WRAEE AREW 5Ado] WEE<
NorE® A Vo ® vE gEol ALY 4 AAM AAE I FAhAES
H|A~E ®HZ (Cloud, Clear, Unknown? #S 7HAH, F%
0.6/met 0.8um B 72t A=l 0.5kme 1lkm=Z &
TEEA A¥de FALERE W=7 fske] 2km EEER WASY &8

%]

T E S o] &%

Table 4. List of threshold tests for visible channels

Day Twilight | Night
Test Logic Results
L|S| L|S L|S
- R0O.6 > thresholdla_max Cloud
Test
- RO.6 < thresholdla_min Clear @
la
- All others Unknown
- R0O.8 > threshold1b_max Cloud
Test
- RO.8 < threshold1b_min Clear o
1b
- All others Unknown
VIS
- R1.3 > threshold1lc_max Cloud
Test
- R1.3 < threshold1lc_min Clear ® O
lc
- All others Unknown
- R1.6 > threshold1d_max Cloud
Test
- R1.6 < threshold1d_min Clear o
1d
- All others Unknown

* 07|14 R 7FA| 2l WHALE (reflectance)
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2.5.2 AgAd AA# AAF

99 AAGR WAL Table 5o vhehiglth MY vEA AeAde
ATAN WEHE BAE BEADE Fg ok o9yl RE B§7bsdh
DA 3.9mE Tl WPl olUAE EFE) gRel okztelw Hgagich.

Test2a°l A test2h7bA] 242pe] AAlgk2 tha3t 2ol Atz d

threshold2a_max = clear sky brightness temperature;p4 + testZ2a_max

e threshold2a_min = clear sky brightness temperature;o4 + testZ2a_min

e threshold2b_land_max = clear sky brightness temperature;g4-39 + test2b_land_max
¢ threshold2b_land_min = clear sky brightness temperature;gs4-39 + testZ2b_land_min
¢ threshold2b_sea_max = clear sky brightness temperaturejgs-39 + test2b_sea_max
e threshold2b_sea_min = clear sky brightness temperature;g4-39 t test2b_sea_min
¢ threshold2c_max = clear sky brightness temperatureig4-g2 + test2c_max

e threshold2c_min = clear sky brightness temperature;gs-g2 + test2c_min

e threshold2d_max = clear sky brightness temperature;g4-73 + test2d_max

e threshold2d_min = clear sky brightness temperatureg4-73 + test2d_min

¢ threshold2e_max = clear sky brightness temperature;gs-sg + test2e_max

e threshold2e_min = clear sky brightness temperature;gs-sg + test2e_min

e threshold2f_max1 = clear sky brightness temperaturejg4-123 + test2f_max1

e threshold2f_max2 = clear sky brightness temperaturejg,-123 + test2f_max2

e threshold2f_minl = clear sky brightness temperature;gs-123 + test2f_minl

e threshold2f_min2 = clear sky brightness temperature;g4-123 + test2f_min2

e threshold2g_max = clear sky brightness temperaturejp4-133 + test2g_max

e threshold2g_min = clear sky brightness temperatureig4-133 + test2g_min

ZEN A S WA of wERbZRA =S4 gl sjoFe] 2 el AteE FAH A2 Es
A xR 54o] wigdEo] glorm® 34 vntow tE el A&y Re BA#

Arre] Ad3t= FAARE A 9319 Cloud, Clear, Unknown .2 AARHE T}

13



Table 5. List of threshold tests for Infrared channels

Day Night
Test Logic Results
L | S L | S
- OBS(T10.4)-CSR(T10.4) > Cloud
thhreshold2a_max
Test
- OBS(T10.4)-CSR(T10.4) < Clear e o o O
2a
threshold2a_min
- All others Unknown
Test |- OBS(T10.4 — T3.9) > threshold2b_land_max |Cloud
2b - OBS(T10.4 — T3.9) < threshold2b_land_min |Clear o
(land) |- All others Unknown
Test |- OBS(T10.4—-T3.9) > threshold2b_sea_max Cloud
2b - OBS(T10.4 — T3.9) < threshold2b_sea_min |Clear o
(sea) |- All others Unknown
- OBS(T10.4-T6.2) —CSR(T10.4-T6.2) Cloud
< threshold2c_min
R Test
- OBS(T10.4-T6.2) —CSR(T10.4-T6.2) Clear ® O o O
2¢
> threshold2c_max
- All others Unknown
- OBS(T10.4-T7.3)-CSR(T10.4-T7.3) Cloud
< threshold2d_min
Test
- OBS(T10.4-T7.3)-CSR(T10.4-T7.3) Clear e o e o
2d
> threshold2d_max
- All others Unknown
- OBS(T10.4-T8.6)—CSR(T10.4-T8.6) Cloud
< threshold2e_min
Test
- OBS(T10.4-T8.6)—CSR(T10.4—-T8.6) Clear ® o o O
2e
> threshold2e_min
- All others Unknown
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- OBS(T10.4) > 305K /OR/ Cloud
OBS(T10.4-T12.3)-CSR(T10.4-T12.3) >
threshold2f_max1 /OR/
OBS(T10.4-T12.3) —CSR(T10.4—

Test T12.3) < threshold2f_minl
2f - OBS(T10.4-T12.3) -CSR(T10.4-T12.3) > |Clear

threshold2f_min2 /AND/

OBS(T10.4-T12.3)-CSR(T10.4-T12.3) <

threshold2f_max2

- All others Unknown
- T10.4-T13.3 < threshold2g_min Cloud
Test
- T10.4-T13.3 > threshold2g_max Clear ) ) )
2g
- All others Unknown

« o714 T AYAd 3 E2% (brightness temperature)©]™, OBS® CSR z}z}+

=
JHBEARS) BAALGEY BOREE e,

3x3 320 ZFHA AR test3aclA test3de TFE 7HEAE e A5 ARG
22 RS FES "HASH] fete]l EEHTh o] AR AAbs FA 9k dFe] A=

£FsHE il dEldE FAskA gt Bed PHos A4E® 74 giaEe
a

of daAME cloud, 187 2 sae] thElAE unknownO®

e threshold3a_max = clear sky reflectancepg + test3a_max
e threshold3b_max = clear sky reflectancegg + test3b_max

¢ threshold3c_max = clear sky reflectance;gy4 + test3c_max

threshold3d_max = clear sky reflectance;ss + test3d_max
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Table 6. List of threshold tests for spatial uniformity

Day Twilight | Night
Test Logic Results
L S L S L S
Test |- RO.6 > threshold3a_max Cloud °
3a - All others Unknown
Test |- RO.8 > threshold3b_max Cloud °
Spatial 3b - All others Unknown
Uniformity | Test |- T10.4 > threshold3c_max Cloud
® 6 6 6 o o
3c - All others Unknown
Test |- T12.3 > threshold3d_max Cloud
® 6 6 6 o ©o
3d - All others Unknown

2.5.3 Sun—glint A}

T30 scattering angle©] 256X 22 sfifol M= Bl A A 0 r HEALE o
TEol oA "X = Aol AR olF WAEY] 98k sun—glint

FAolM= e 7HAAE BAR AALE F3sHA etk

254 94T BA

1) $1% 65°N o]4F, 65°S o]&te] FA| oA 2) #=H 10.4 m AL L7}
250K oJstolH, 3) Koz 9o HAE AXHA AE" FEHA A probably
cloud® #F% 3l2e] gste], BTD(10.4-7.3) o] B4 AAZ oo = o= 4

S FH (clear) &2 A F-7F3e},

{t

O]

2.6. AHEE

oA FAFH= 4 JAEE T /5FE RdEHY, 5 A sk g@xd
T AFEE YeRY] flste] 3dAY #F2 4 H (Cloud, Probably Cloud, Clear) 7}F
=990 =3 X &89 7 AAG A4 dyeErE SREEER YT

Table 72 FEEA A¥xrt 93+ 242 UeRda, Table 8914 107HA+=

16




Table 7. The results of cloud detection:

Cloud mask flag

Length: 1 byte (8 bits)

Name Type Value Value Definitions
0 Cloud
CLD Byte 1 Probably Cloud
2 Clear

Table 8. Intermediate results of each threshold test for visible channels

Length: 2 byte (16 bits)

Number
Name Bit values Bit Value Definitions
of Bits
0 Cloud
land, ch03(0.6), single
2 1 Clear
channel
2 Unknown
0 Cloud
sea, ch04(0.8), single
2 1 Clear
channel
2 Unknown
TTF1
2 2 - -
(Threshold
0 Cloud
Test Flagl) GK2A ch05(1.3) not use in
2 1 Clear
himawari8
2 Unknown
0 Cloud ch05(1.6), single,
2 1 Clear Himawari8 (ch05),
2 Unknown GK2A (ch06)
6 2 - -
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Table 9. Intermediate results of each threshold test for infrared channels

Length: 2 byte (16 bits)

Number
Name Bit values Bit Value Definitions
of Bits
0 Cloud
2 1 Clear ch13(10.4), single with nwp_ch13
2 Unknown
0 Cloud
2 1 Clear ch13—ch07 (10.4-3.9)
2 Unknown
0 Cloud
ch13—ch08 (10.4-6.2)
2 1 Clear
with csr_chl13—-11
2 Unknown
0 Cloud
TTF2 ch13—chl0 (10.4-7.3)
2 1 Clear
(Threshold with csr_ch13-10
2 Unknown
Test Flag2)
0 Cloud
chl13—chll (10.4-8.6)
2 1 Clear
with csr_chl13—11
2 Unknown
0 Cloud
ch13—chlb (10.4-12.3)
2 1 Clear
with csr_ch13—15
2 Unknown
0 Cloud
2 1 Clear chl13—chl6 (10.4-13.3)
2 Unknown
2 2 - -
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Table 10. Intermediate results of each threshold test for spatial uniformity tests

Length: 2 byte (16 bits)
Number
Name Bit values Bit Value Definitions
of Bits
0 Cloud ch3(0.6), standard deviation for 3 X3
2
2 Unknown pixel boxes
0 Cloud ch3(0.8), standard deviation for 3 X3
2
2 Unknown pixel boxes
TTF3
0 Cloud ch13(10.4), standard deviation for
(Threshold 2
2 Unknown 3 X 3 pixel boxes
Test Flag3)
0 Cloud ch15(12.3), standard deviation for
2
2 Unknown 3 X 3 pixel boxes
8 — — —

3. BIRE % AF

3.1 29 AYAE L AFAE

3.1.1 29 8¥A=

GK—-2A AMI®] FE59A dauglF NS st AR AdS Ba3ta le 108
7k 9] Himawari® AHI A 822 29 o8 ez 8319t Table 112 FE2EX] 9

g83 HIS Yl ok 28y, 1.38mme himawari8 AHI o] E3kx o] 91X

gorw GK-2A fl4e] ¥ ke § &84 ootk
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Table 11. List of channels used for cloud detection algorithm

AHI (Resolution)

Day Twilight/Dawn Night
Num. | Wavelength (ym)
Land Sea Land Sea Land Sea

1 0.47 (1km)
2 0.51 (1km)
3 0.64 (0.5km) o
4 0.86 (1km) [
5 1.38 (2km) ) o

1.61 (2km) o
’ 2.23 (2km)
7 3.83 (2km) [ [
8 6.24 (2km) o o o o [ [
9 6.95 (2km)
10 7.34 (2km) () [ ) o o [ [
11 8.59 (2km) o o o o [ [
12 9.63 (2km)
13 10.40 (2km) o o [ [ [ [
14 11.21 (2km)
15 12.36 (2km) o o o o o o
16 13.31 (2km) o o [

3.1.2 A5 AR

TEEA ] et HE5S dnukg oz 44 9t (Ackerman and Cox, 1981; Rossow
= SEAe oE e gA" A TFEEA
Avkel ARAQ st &9 v E Sl olFolA = Stk AIRE o]y g HF A o]
5 A5 7F 7O g A2 gE

==
=
hs 545 7L 7] wiEel Azt dA ARE s AN @A S

o
=

o
D)
N

=

o
(@)

M

—
O
e}
wW
N—
o
ol
a3
r (o]
o
ofN

ol
rlr
30
N
rr
_0|L
-
4
r
8|

e FAES 7A 2 Qth(Baum et al., 1995). o]#]d A E ESEn H
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5o dgdx AAFE 918 Terra®h Aqua 91742 MODIS AlA Azl AbEd
TEEA A3t vluskeltt. MODIS IF< wAASZ 584 AdE AFsty
Q1o Terra/MODISE o] &3t A¥el MOD35%2 Aqua/MODIS A g5E o]g3t Aol
MYD357F 21t} MOD35¢} MYD352] 594 A3+ 1lkm ==, 494 (cloudy,

probably cloudy, probably clear, clear) & T&3}o] 152 AHE A 33l At}

O

\ﬂ

@
&
—

A% A%

TEEx Ao HES  9ste] o] PC, POD, FAR %9 #HEAFE
AAFSFE T (Table 12). ASS s F@2 MODIS F58X AyE o] &35
MODIS FE59A o that AL 3.2.2004 7|&33ith

Table 12. Validation indices used for cloud detection

MODIS
Cloud Clear Total
GK-2A
Cloud a b atb
Clear C d ct+d
Total atc b+d atb+c+d =n
. a+d
D PC (Proportion Correct, Accuracy) = T
. . a
@ POD (Probability of Detection) = —
a+c

b
@ FAR (False Alarm Rate) = —
a+b

3.2.2 A3k dA W

GK—2A AMI®}F MODIS® F+59A Ays= Al/FHHo=z g7t =27 uol
AZS Ysto] Al ezt dx7F etk FEL S A7 Zo vnd wo] Wl

FA4YES st AMI #SFHAIZAE Vo ®E dto] 5 ool #FH¥E MODIS
3}

o] Agle] 3= MODIS 349

1o
ol
2
>
=
ry
Y%
o
b
1o
1o
ol
H
o
N
x
—
~
3

=
2
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TE8A A¥yE AEssth. MODISE TE58AE s ddsiAl #A-siy, 2
AFANM= o]yt AFE ZAR FEEA 7 494 F cloudy, probably cloud?!
34vS FE0 7 &3 YA probably clear$} clears FHo® EHF3Th

3.3.1 A= A3

Figure 3< €19 3"o)A AW3d GK-2A 7294 dugss &8st A=d
S9A Ayet 18 Az2 FE¥ himawari—8/AHIY 7FAAE(0.64 m) F4=
Uebdth o] 9Aare 20189 7€ 79 0300UTC A3z ®F whg]ob(MARIA) 7}
W, e =33 F2o AV 2&Eo] FHe TEH NtE

o)
9 grbaAoR Q% TEol EARE 2L B & Uk TEBAY JHEE FolV)
9

ot
o2
=
2
AL
ol
HU R
pac
o

TEol =AMt FEEAY AHE Agsit. TEEA A3 (Cloud: @A) =

Figure 4% 15704 TE®A 473 24 292 Yehd Zolth. 7t AAgt AAk:

&%, FF Tt 43 TES BAM] AT 2PH0l ol 2t @ake At e
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Figure 3. The result of cloud detection (left), and visible (0.64 m) image (right) at
03:00 UTC on 7 July 2018

1.3um

(Not used so far)

10.4pm

P
=X

T10.4-T3.9
(Night only)
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Figure 4. The intermediate results of each of the threshold tests at 0300 UTC on
7 July 2018: white (cloud), sky blue (unknown), blue (clear)
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GKZACLDVldt n Scol IewthMODISCEJAq (201881 ~8.10.)
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GK 2A CLD Validation Score with MODIS C6/Aqua (201911 110)
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i A{J
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| 1 /-

n Day

Figure 5. The time series of the validation scores of cloud mask with MYD35 L2 on
August 2018 (upper) and January 2019 (lower): PC(green), POD (blue),
FAR (red)
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