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Abstract

Improvement of the multichannel sea surface temperature(MCSST) software, which
had been developed for the purpose of operating under mainframe computer system,
was seeked in order to operate effectively in a mini computer system.

CPU time and processing time, which is not a major factor under mainframe com-
puter system, become a critical factor in real time image processing under mini com-
puter system.

Due to fixed kernel size(3x4) of the old MCSST software, high spatial resolution
characteristics of the original image received from satellites were apparently degraded
when images are transformed into a cartesian coordinate system after geometrical
distortions of the image due to earth curvature are removed.

CPU and processing time were reduced to 0.13 and 0.15~0.22 comparing with the
old MCSST’s, respectively, by applying disk block I/O and M/T queue I/O method
under VAX-11/750 computer. The high resolution quality(l.1km in AVHRR) of the
processed image was guaranted using 2x2 kernel size and applying moving window
techniques without sacrificing CPU and processing time much.
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2. MCSST &as|E

2-1. Plancke] ¥ &|
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8! 2-1. Energy spectral distribution radiated by the surface
temperature of blackbody.

2-4. MCSST &t118|&

NOAA 71494 <9 HRPT(High Resolution Picture Transmission) % AVHRR #A+ &
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¥E 2-1. AVHRR sensor channel characteristics

Channel Spectral Band(um) £ X
1 058 — 0.68 Cloud, Land/sea Boundary
2 0.725 — 1.10 Cloud, Land/sea Boundary
3 355 — 393 SST
4 103 — 113 SST
5 115 — 125 SST

LHRPT/LAC Level 113]
]

L Data Quality Test

Cloud Detection
(Day .or. Night)

[ Night Time j | Day Time

IR Gross Cloud Test Visible Uniformity Test
IR Uniformity Test Visible Glitter Test

IR Cloud Predicting Test Visible Albedo Test

Low Stratus Cloud Test IR Cloud Predicting Test

Intercomparison Test

I 1

[ SST Computation l r SST Computation —]
Tssr=1.0351 % Ty, +3.046 % (Ty, — Ty) Tesr=1.00144 % T, ,+1.0224 % T, —
—10.7667 (NOAA9) 1.00144 % T,,—5.355 (NOAA9)
Tss7=1.0574 % T, +1.5044 % Tssr=1.0574 % Ty, + 1.5044 %
(Ty,— Ty~ 146 (NOAAID) (Ty.,—Ti)—14.6 (NOAA10)
T P

Reasonableness Test

(—3°C<{Tser<35°C)

Ship/Buoy I[‘ Climatology
SST Products I

* T,.; : Actual Brightness Temperature for ch.3

D |

Ty : Actual Brightness Temperature for ch.4
Ty; : Actual Brightness Temperature for ch.5

12| 2-2. MCSST processing algorithm flowchart.
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3. MCSST 7§

MCSST &A=z Edod Jdse 48] F7s oF 18T EHAEH=51240]E) HxH
Aol AAIZto g SST dHoletg £4317] dsiAe dE Uxg AFE7 AE=as 7hssd
. AF7A AEE MCSST AZEdols WL g drjdydely tde 2528 #3d
Z1Eeg EN3te AEE /HAT YUth

a8y 89 2ol F, A, dale) SST W3y} ok F thdsta, 54 B4 A9 FEe SST
Hals BAstua & o, AR, Fad SSTEAMe| 23 Kernel Size(3x4)& AHE&E o ot
&g SSTHst7L ARl diEe] o] oy, E4, dA &4 FU NOAA 7| 3HA <4
57t B 47 632 1Y A Aol Wf el AaHy vk

ol g AHAA MM e WML $H AFAFEHAME SST B4 A Aits &
o Al AAIZ J7hE AMedE EAH Al NOAA 74949 F3d AVHRR A
A9 L1IKm n¥3F FH& 4B A MCSSTe A4S #4537 93 H A Kernel Size
& F3e AHolth

3-1. CPU % Processing AjZF M

A BAHAEY Boke Y4E¥EHe FRFo] BY] HEd, FARGE Z2ad A3t
Bol Aadth =23 Wil 2 &§F9 dlojgt ¥MHE AHEstER CPU o=l Adoy
wo] AF dojuA FEF HFH Fr1Y &%FL A I, 22aFE FYse FA4 =
BAA AanNg F719 &% LU oA SUSgA Ak g, AF7Ae HFE H¥Z
FEE AMgs gtk

2 %o Y&Y HABE Q7= MCSST BAAg= 42 ¢ud8F =3 ARy SST
doletg ¢l 2ed diEe CPU Alxbg A ddh HFHAFEAAE H3 Ao ofd
Z2Y FYPANZE Frke, 28 HAFHAME HA EAHoR gFdoh 71E MCSST &
ZEdole z2ad FYANETE FBEE wolud FTHS Fol MEHAT

MCSST =239 93 dlolel= NOAAMA A A3 HRPT/LAC(High Resolution Picture
Transmission/Local Area Coverage) Level 1B HolEl Hel2 TAEo] M/Tol =E@HIY
HRPT/LAC dlolg} 27l1& & (3-D# 2t

NOAA A=7EHAdel 18] T34 FAHe 94 ol FATE 3000~4000 =2 <F
92MB7} €t} o]} o] WUd Ao Hile 7|EY £33 Y& S A YA #3474
dioleloll A &Hek e Hugo 2 FIE WHE o]Fo] PET Welt Ty oA
A 2279 FX 9 dHolgl W Alolo] 4&Y At sted WHE AHEEtd Y& &
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¥ 3-1. HRPT/LAC level 1B data volume characteristics

0 Number of Channels Selected . 5 Ch. (Full Copy)
© Documentation Spares (Bytes/Scan) © 1144

o0 Data (Bytes/Scan) © 13656

o Total data (Bytes/Scan) 114800

o Record Needed T2

0 Record Length (Bytes) T 7400

o0 Physical Record Length (Inches) . 4.62, 1600 BPI

0 Number of Scan (Scans/Min) . 360

Rol & HWyolrh

e

85+ CPU/Processing A|7+& F0)

2 dFdAe F719 &3Fo] 4MBQ VAX-11/750 HFHE AF&sl4th VAX HAHE e A ¢
22 g9z o . &wgkol o]Fo] 7}53$ RMS(Record Management Service) Block I/0$}
Z2ad A AY Bz FX 9} dHolg Hu Alelo] QJEHo| 7 d Al 2% Queue I/0
7150l AFdh utglr 7]E MCSST E4A]¢] 2 8% RMS Record I/0 oz ©& <}l
AEE B3 285w 94&Y AIE £¢]7]1 9484, HRPT/LAC Level 1B Holg &
M/T zA5 492 3t 49$E Al2Y Queue /0 71522 AT £ JYEE st B
2393 d2a A8 4IYHE 27@ Aol RMS Block 1/0 7502 94292 o)
dte FZ2adE ¥ (3-2)9 #ol HEAT

of o

E 3-2. Modified input/output method characteristics and subprogram

RMS Block I/0 ) System Queue I/0
- Sequential Data - Sequential Data
- Block I/0 - Direct I/0
- RMS Direct Control + RMS Neglect
- Level 1B Type : Disk - Level 1B Type : M/T
BLOPS Synchronous File Open MTINIT M/T Drive Setup
BLKRD Data Read MTREWD Tape Rewind
BLKWT Data Write MTREAD Data Read
. BLKSP Record Skip MTWRIT Data Write
BLKND File Size Read MTSKRF Forward Record Skip
MTSKRB Backward Record Skip
MTWEOF ‘End of File’ Mark

¥ e g CPU 2aA7te =29l $£AZHS Bxs] 1798ty ¢33 dyoet
B3dS & E¥ A7EE 10008 2279 FAQ d2ay M/TY 993te 5§ A$E 93
Aok 28 3-D 3 o dEsE 1dIs 58 =378 WA HA 100008 £31F o]

— 48—
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PN

Be T2y ez 4Ue W 289 CPU AZe BY 20 0228 Bz /9332
ol RMS Block [/0%4/3 M/TS A§8 A 2% Queue /04 Aol W&d Fae w
olu, Al2% Queue /0o CPU Al7b& of @ AR @Th 221} 7]&e] MCSST dlo]
e 9% W¥o2 g8 RMS Record /ORA L the [/Ouge wa 2e 47} Adss
g A% Btk ole Yie ¢33 dolge YPshe Z2adelN =2ad CPU AT
o] 22 Yole ASY WHS uelsol drhs WL wo ok

&
o

CPU TIME COMPARISON

- = M/T RECORD I/0
120.00
42" | ----DISK BLOCK 1/0
<
v i ——M/T QUEUE 1/0
80.00 e
o g
Z, -
@] P
& -
Lﬂ - d
YT 40.00 —
0.00 : :
0.00 10.00 20.00 30.00 40.00 50.00

BLOCK

13 3-1. CPU time comparison according to each input method.

I8 G-De 28 G-DF o] FdxAAN 4 4G whgo] gaHEd A2FHE £34)
< vEhdth M/T f4giel taa it M/Te dHolg g ded Jd&mr) %7 o
of Z23 Aol WAooz Po| 28HH, U vl B 57 ANHM zZ2
2@ FYPArE M/T RMS Record 1/0, M/T A 2% Queue /0, 2211 t]~= RMS Block
[/0&20.8 o Holzd.

Ztzk g dolgt & WEE 1€ Kernel Sizes} 3x430 MCSST ¢me]Zol )¢ 3}
o, ¥ (3-3)9) HRPT/LAC Level 1B Holgt2 <l&ste SSTE 243yt 28z 499
Level 1B dlolEle] FEEXE 17 (3-3)3 Zth

a9 (3-4)el 4 CPU A7+ M/T d|o|E}& o] 43} Al2% Queue I/0%} t] A= RMS Block
[/0= A9 22 108HAAN EM4AH7 A3, M/T dleletg ddo2 st A2 Queue
I/07} 23 deletg Y48 o2 & RMS Block 1/08T 72 A% Z2ad FyA71S o
Fo g 3

rﬂ\]_‘

o
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PROCESSING TIME COMPARISON

2 - ~+M/T RECORD I/O
60.00 /
,,’ --=- DISK BLOCK I1/0
- ,y’, —— M/T QUEUE 1/0
S 40.00 _
* —
a _ .
Z ~
O — T -
g -
o 20.00 B
w2 —
A
________________
B oo DU R Sy
0.00 |

0.00 10.00 20.00 30.00 40.00 50.00
BLOCK

3% 3-2. Processing time comparison according to each input method.

2| 3-3. Cloud distribution of HRPT/LAC level 1B Ch.2 input data for the test.



MCSST Software for Minicomputer System — Shim and Chang 11

¥ 3-3. HRPT/LAC level 1B input data for the test

O Satellite Type . NOAA 10
0 Orbit Number : 1170
o Orbit Mode : Descend
O Date . 16/DEC/86
O Elevation Angle . 68°
O Latitude . 33°~38°N
O Longitude : 128°~133°E
0 Data Quality . Good
o Total Scan Line . 1659
I/0 PROCESSING METHOD
120.00
[ cpu TIME Loo 1.00
B PROCESSING TIME

. 80.00 - KERNEL SIZE (3x4)

5

Z J

=

40.00 1
0.22
. 0.13 015 0.13
0.00 !

DISK BLOCK 1I/0  M/T QUEUE I/O M/T RECORD 1/0

18] 3-4. MCSST processing time comparison according to each input/output method.

Al2® Queue I/OY RMS Block I/02 #A¥E MCSST ¥4 m23o] v & A7 W)
off B40] 7153 olfe, ¥4&E WHAMOR CPUAZOY 2208 S8A7te G2AAS
B ofye, /HdE MCSSTole a8 og dolg 3d Wox &g e 9oz @
A e SST BAAHoz A&sA Foprle dndEFL THAH7 9ot ¥ RMS
Record I/0 4&3 wWdoeg ®© 7129 NOAA MCSSTE +#xd o2 Hole YL xex
B shutsihibd] glow A Felrlry] W R e Agko] 1 vk WolHh

3-2. MCSST Kernel Sizeo| %|X3}

Holete vl FARAE 204870 djolel2 FAHETh 2 FAMY £% 247) dlolgle Ay
A2 HolEte AL A donz AET AA SSTEA gudFAoMe o FAG
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20007 dloletr} ¥4 - M doh

¥ B-Hv FAAY ENEHe Aa54E velhdth SSTEA Kernel Sizesb 1x1, 2x2 MW,
3x2 MW ¢ SSTEA dolel =+ 2000712 1.1Kme SST nEs|z 2o 7}53 it} o
o 1x1 Kernal Sizex 3 7)¢] dlojg} B4 o0& MCSST/|HE L3517 Ao dHolge &
2d WAHAM dFE HEEE AXA FA Dtk 2x2, 3x2 A% dHolg B4 9= & 1000
Aol SST doletrt ¥4z, A€ dolg Esls e 22 25 167%7 Ak 3x4 Kernel
Size¥ 7]& MCSST ¢x8Z& 4 9592 500747 EME 3, 24 dolg Balse 83%2
ol /A" MCSST AZEofoiNe A8/ A3tE Kernel A7]1& AHE wp¥E 4
U=F AT '

¥ 3-4. MCSST window characteristics according to kernel size

Kernel Size 1 x1 2 X 2 2 X 2 3 X 2 3 x 2 3 x 4
(Line x Element) MW MW
Max. Point 2000 1000 2000 1000 2000 500

MW : Moving Window

4. SST H|w £4 gl E9

SSTE &4 Level 1B Hloje}g& ¥4y wel wasty] ¢s)A RMS Block I/02 €
MCSST =299 48 dlolels txae] ARsa, A28 Queue I/O} 7|22 RMS Re-
cord I/O2 ¥® MCSST =219 914 dlojegle M/Toltt A3k o] W w50jA Level
1B djojEl 3ld2 Kernel Sized2 T2 3lE MCSST AZEgo]& SSTE BMalA Hzn
SST E4%A4L 29 (4-D3 2t

44" SSTe 782¢9o2 A3ty doletyt £M=A ok wAAY, AF Fu) J
Az #ZxA SST 2oz AL o dolert gle i A7A "ok o o wxl 7
SST dlolet= AA& e A SST dolgtE o] &3ty ¢4 Huh SST &8 FolA
Z F&e SST doletg A7 Asf AMEE WH(2E 4-2)2 WA Pixel 22 E 57 Pixel
A8 olHelM ZHE Zhzto]l E48 SST dHlolete Fohyjx, Zohd 37) SST dlolet= AdA
o Y ste FFEF BTA Go 2 ANsAth 182 W FEo Aag SST dolg
€ g wh SST dlole} Alltole A A AT

o SAE &A% nivtel AANE 88 YERdY] 984 1 Pixeld 11Kmel Edl5e
7}A& Land/Sea Ax HolgtE TEo] o] EAd SST "oletd] FHAZ nAde g
Land/Sea A% dlolels FH A2 SST diolele S5L4 By #etz m=d A7 338
28¢ 9% 949 A8rt ok

SSTEA Eals& FFAIIEA duprt wE A7 Yo BXo] /M5 aAE viwsty] A,

2

L=l
H
<

E L
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Raw Image Data
(Disk)

HRPT/LAC Level 1B
Media= ?

Disk Operation M/T Operation
(RMS Block 1/0) (System Queue 1/0)
I — T
MCSST Processing
(Kernel Size) SST Data Rectangular
T : coordinate Mapping
SST Pixel Merge l
l Nearest Processed
SST Data Search(3 point)
High Resolution Map Tag

I I

‘Eectangular Display Output r Weighted Average & Merge
J‘ SUMR =1.0/(1.0/R1+1.0/R2+1.0/R3)
[SST Contour Map Outmﬂ YOUT=SUMR # (Y1/R1+ Y2/R2+Y3/R3)
3% 4-1. MCSST analysis flowchart. 12| 4-2. SST pixel merge block-diagram.

E (3-3)¢] HRPT/LAC Level 1B tlo]E}E Kernel Size 2 7]#£9 M/T Al£% Queue 1/0
wrale ) ed3t M/T MCSST &9k at tj2~= RMS Block I/O MCSST BAWy S o] &3
o ztzt Z=zaPoe] ¢gg we] CPU A|xt:} Processing AlZtE Hlwadth £4¢ 2ds,
¥ (4-1)9] Kernel Size® 2 2z+ MCSST =z 1ol EAA7HS e

¥ (4-DollAH BXo] &t Kernel SizeB 2 MCSSTE 4% o 285w CPUS Processing
A|zte, 9ur3 o2 HRPT/LAC Level 1B HolElE& M/T Al&% Queue /O o2 HEE
He M/T 757 3d&57 %71 g2 dolegg d&Ye W =219 FYPA3ho] g
295w, t]23 44 MCSST B4 rt 2208 $3PA|70e] 5-7T8 Ax o A88d 28y
CPU A)7to] Kernel Sizer} mE#HS 7R+ 1x1, 2x2 MW, 3x2 MWY 2 $os T2
2 Wy Yz delgs AY d2Hse M/T Al2d Queue /O o] ¥ w2 yehdo.

CPU Al7bolt} m2g 48A|7t& HRPT/LAC Level 1B Hlolgt eh(M/T, t2z)o] &
A Qo] SST B4 9= 99] Kernel Size7} L85 & 712AFE 1 o] Z 5™, Kernel Size
7} 3x4, 3x2, 2x2, 1x1, 2x2 MW, 3x2 MW 2o 2 SSTEA HaAzte] v 488 & (4-D
A & F Utk
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¥ 4-1. Each MCSST processing time comparison according to kernel size

Kernel Size
Level 1B Type 1x1 2%2 2% 2MW 3x2 3% 2MW 3x4

Time

Disk 18:08. 10 | 13:03. 84 [ 31:03. 3912 :59. 79|31 :08. 09 |[12:55. 91
M/T 17:52.9913:45. 01 (29:01. 87| 13:24. 69(29:38. 16 [13:03. 31
Processing Disk 22:07.52115:48.1835:03. 66 [15:17. 98|35:09. 84 |15: 14. 31
M/T 29:04. 22 (23:09. 45 (40:25. 45|22 :28. 53 |40 :44. 00 |22 :13. 95

CPU

oA Alzle g AnEE, I3 (4-3)2 Kernel Sizes} 3x42 134 3

A £48 SST dlolgtrl S838HA Rete A SST &M e wxl FEo
2ol Yepdth 53] wxl REo| SST dojgt Feirt Mulaog QAR Go R UrEM% R
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2! 4-3. Multichannel SST picture processed by 3x4 kernel size method for the input data.

12| 4-4. Multichannel SST picture processed by 2x2 moving window method for the input data.
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