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Optical Flow Estimation of Upper Air Current from Meteorological

Satellite Image Sequences
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ABSTRACT

Estimating upper air current velocity is important to fix the initial values in numerical weather
forecasting. We tried to estimate optical flow of upper air current from infrared images and
water vapor images in meteorological satellite (GMS-5) image sequences. An originally de-
veloped gradient-based method is adopted to evaluate optical flow under non—uniform and
non-stationary illumination. The method combines a spatiotemporal local optimaization and
a stabilization method using reliability indices of optical flow. Through comparison between
optical flows estimated from water vapor images and from infrared images, we confirmed that
vapor images well-reflected upper air current. Upper air current is estimated from a processed
sequence of infrared images by eliminating gray values at respective pixels having a lower gray-
level (higher temperature) than a threshold. We confirmed a high correlation between optical
flows excepting for winter season. We found that a periodic temperature variation from day to
night brought an artifact in optical flow evaluation, especially on a continent. Compensation of
the periodic temperature variation brought a higher correlation between optical flows. A possi-
ble method is discussed to separate lower air current from upper air one using infrared satellite
image sequences.
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(a) Spatiotemporal local optimaization

{b) New method
B2 #4754 H7a— (FEEEME 150 LAL)

Rawin Sonde
(33~3333m)

Rawin Sonde
(5000~9699m)

Rawin Sonde

{(15~3558m)

FUKUOKA

NEMURO

B-3 L= V7 oRmoO b

TOLEMTIE L —HL., BEAENTHERETY
HBH L —EB NG, 2B, Zor &, REIC
BHTUL, BE 3000m £ TORMBOFEENT 41.18 &,
5000m LA E @ JER & 13K & { B Tz,

4. KEKEENSHELEATF1 Ao
O— & OLE

KRAKERE, Y=y NEROBIENRADLZ A
Eh5, HEBHNEBOAROBER ML THhbEE
Abhd, 22T BROZERZWY ML =RINESD
LEEL A TF 4 hN 7 a— L GREE &Y & 2

No.28 (2004)

-

it
[l
&
H
ﬁ?

-1 2001 4 10 A 10 H 9:00 @ Ja#

NEMURO

Rawin Sonde | 41.18 | (39~3333m)
299.54 | (5000~9699m)

Infrared 238.33
WaterVapor | 252.22

FUKUOKA
Rawin Sonde | 238.17 | (15~9658m)
Infrared 260.54
WaterVapor | 312.57

B4 skEK i

LA 75 4+ hou—ots 47— 7=, apdofRst
5 &8 L 2001 410 H 10 H 6:00 Ok &S E G % X
AITRT, BAIKRZEDOD = TP — NP RME L T2k
ALERIE. AT —OERT - RERONT D,
ZOBEMT —Z i34 TT 4 AT n—EEHETIHEIC
BB RITHAND D, 2020, #itshTun
SKEKER L O EBRERCEHRL, SOKERX
NTOLHHT —F EZLBIOEED, K4 ThH
5, BT - ¥ 13, —ERONGEREGROR HEICE
W, REDEERZRD S Z L THEL -, Ao
AT BB EACGHRLEA T a7 —%
X 5157,

RIZ, KEKEEG» SFHBL A T 71 AT a—
&, BBOERTEEY W L RANES, SHEL
ATT 4 AN 70— ORI DN TEHE L /2. 5HE
KKBWT, FcZzoFmcER L, kRoNE BT
WY B4 OEFRICBTAATT 4 N7 a—OHHELL
HEHHELL 7.

Q?IR '7?wv (26)
7 1Rl TV woll



KGR B OB LR ARBE D DETT 2mEO A 7T 4 T m—

B-5 KFEKEHNOHEL A TF1 AN T —

1 T

08}

06 b _ AT g 'r“':'_’_“‘i\"*\’,-_;f'

04 F i

02|
D =

S:I"‘

02
04k
06+
08k

i ; . h M i

Q 50 100 150 200 250
intensity

(a) An entire image

08 | LT

) —

02

Seut

02}
04 F
06 |
08 |

i | i 1 |
o 50 100 150 200 250
Intensity

(b) Extract parts
B-6 FELUE (20014 10 H 10 B)

Vi ARONE G & L R
Ty AKEKEGRD S L ok

A (26) 13, ZODFEENY NVONEERHET S
DT, FHBRBI—HLTONE, 11chks, =
ONT, BEHROEERY M OFELMELHEL, £
EROMEAE L. BRAMETIERIL L zESR S,y & T
b, TSy EHRSNEESSEY T REHES 0~255
DTRTOBEIC DO T 2T 2. TORERE

(a) An entire image

08 |

06 F

04| R, & R
02 f

Seu

02 | 4
04 b 4
06 | 4
08 b 4

A L L I L
0 50 100 150 200

intensity

(b) Extract parts

B-7 FELWE (2001 4 12 H 10 H)

B6 (a) BT () IIRT. E/ BEHEETERL,
FRAVEGRD S YV L 72850720 DR b RRHIAT -
oo ZhiE Y10 HL -EHRP THEEICED H S8R5
THEETH -0 THDL, ZomEE, BElck-TY
VH SN BEHRBVBER LD, BEHEZTOHLE
ERHCH > 72l Scue ZFHEICHW ., ZORE
K6 (b). B 7 (b) ITRT.

10 HicBnwTid, Y0 T RiEZ KE L T5IC0-
CHRAEGRD SEE L F 75 1 B 70— 2 kEK
BE»SFHBL b 0L OSSR > Tn s,
B0 L 285 2 o LTI, 150~200 TR
WIEREZETHDS, 2B, 200 2HX 5 L FRINEH S
5T B SN LEEHABRIC DR RE 10, T—
B LTOEEHILEL 5, Lol it o
EXYIY ML FANEE, SHEL A T T2 AT
Ok, KEKERPOHEL b ONE LTS
ZEDOHNTHDERD, oL 10 A72TT
L, o ATYEROERMNR SNz, L.,
12 A ~2 AoZHlcB WL ER-LBHEEnAoh
5, 7R3, 150~200 DR, LMD
B 2o Tw 5, FHII Y ML 728853 724 OFHE T 2

33

TSI T3 S B P A S E A 2



34 MrEz - &

OHEEMEL A 6N 5, Zhid. WY L 2RI
OB A TF 4 AN T a— L KEKEGRD S EH
BLAZLOOELHEIEN L 2RL TS, TOR
AL, BEHERE OREERICH D, FRIESIIHER
HEE D 5 OGRS Y KL T3, Zokz, Lo
PR PR TR BRI T AY5 & RAMEERTIE
A<RA. BREOZBLRRMNTERIRSE, 61T,
ARSI & > THIER OB EMN» S LR ZIT L
. #E LR ACIINBE T 5. 2okTE2X
SIRT. ZOEDEE LIIBBRA TF 4 AN T
- E NS o, KEKEGEPSHRELZbD
& OFFILHENEL B,

5. BERbIRE O 24 B5R A HRIRE) DRRE

KMV, BEHERE (FRCRBEILER) OWREMMEL 2
Y, FAEHRICBNT, BrRBEOEEL 2o CH
BPICENS, 61T WEICER L 2 - 3513 H
HUIBE L 2 0 (KREBS. B Sl s,
FEHSRTE O 2 DR EEL. FEHCEIIAMICRAN
124 RO R - TV 5, K9IZ20014E12 A
1 HofRM B Z R T, BSRPICHORAIL ZTRL
FHEFED 10 HREOWEEZEER101RT. B
o 8 B OEMHEEZR 111K,

8 Hizy, 14 BAMOEEMELIZIR SN BAN
Z OEDHEV 729, 150 LA ETE Y B TH-AII3RE
R, UL, 12 BIZBWTE, 150~170 122, T
T ETEE, BHREOREE oI B o T
L5, 22°C, FOMNEHR2SE0 MRS, Bk 9
HEOHE&ZAWT, SEROKEZELE DFT &
IDFTIC &Y, 24RO F%. %3 SFE T]Y
BB EIT- 72, K10 A% 9 BEOREEE T, X
1275, DFT OfRTH B, K13 1E. 4 BRA O
B LE 2. BIERETHEIhIESTH S,
X114 F, 24 RFEIEHIZ S 3 S E CHREAL 28R
TH 5,

HRIE E 0 24 FE R RIRE 2 BLY BRv ARV
EFROWTEHEL A T 4 Ay a— & KGEKEER
LEEL b o0 HEERZR 15 1RY. K15 (a) A3HE
BB TEIL 725 0T, K15 (b) A% FRAMEGRTY)
DHL 8BS T CEHEL b o TH B, OMDFT,
IDFT AL L OV ESRTHEL R T, on
ALER L 2R E WA TH L, TR, Bl
NUETLI AR TERL, 2B, K15 (a)ilB
W, BME 200 PA L CHIBEASEICE I 5 T B ERS
WHDH, ik BUE 200 AL, A ESNSY)
Y SN BEOEBERAMGICD R RS, 10
H L RNEBRD S SETAL T s AN Ta—DfF

No.28 (2004)

g e
B

- S

(b)10:00

(c)11:00
R-8 HEE{E 170 AL (2001 4512 A 10 H)




KGR B OB LR ARBE D DETT 2mEO A 7T 4 T m— 35

BI-9 2001 & 12 H 1 H 0:00

240 T T T T T T T T

pixel value

60 L I 1 1 1 I I 1
0 24 48 72 96 120 144 168 182 216

time [hour]

BJ-10 20014 12 H 2 H 14:00~11 H 13:00
240 T T

220 -
200 -
180

160 .

pixel value

140 {5
120
100

80

60

0 24 48 72 96 120 144 168 162 216
time [hour]

BJ-11 2001 4F 8 A 2 H 14:00~11 H 13:00

MR WD eEZ DL, . 2024 BEEIR
it BEOA S5+ A 7ua— kBT I,
XA TLERE L RITTZ eI TFEEN D,

6. BbhHUIC

RO T T 5 1 T2 MEITEBN, BN 2B O
FE—IHEZRY Ah, FEMEZCLIEL2IT
SHPCL Y, KEHET N & LERNG & i 7/
FARANTR—%RODIENTEE, TOFTH,

power

D i L 1
o 50 100 150 200
frequency

B-12 DFT oftHR

240
220 |
200 |
180

160

pixel value

Wi B P
120 |
100

80

60 L 1 ' L I L 1 1
o 24 48 72 96 120 144 168 192 216

time [hour]
B-13 24 BRI OBEARN. B2 5 3 SHKo
R

240 T T T T T T T T

180 -

160 b
re

140

pixel value

120 |
100

BO -

&0 i i i i I I i i
0 24 48 72 96 120 144 168 192 216

time [hour]

Bl-14 %53 R E ThHEL &R

FABBRICENTIE. HHBEEFETYIHT Z &I
ko, EBROA T+ AN 70— EEGHDKICEN
TROBZeWTER, 2B, FIMEKICET 5
RIEE © 24 B ARSI L 2EFEILHARD
B A B0 DFT & IDFT IS LB THETE D
ZeMnrotz, BLEoZ e, FAEGSERIHEL
TERBY S EBOZBIIBOTEHEREEO A TF 1+
N7 a—EETELARMNEN L RS,

T T S AR e AL 2



36

S:lII

X
>+
e
=
W
il

A " L L L "
o 50 100 150 200
Intensity

(a) An entire image

i

ot

Seu

-1 L 1 L L 1
100 150
Intensity

(b) Extract parts

M-15 LU (20014E 12 4 10 @)

SRR

1)

FE Y, A LS Lk 3 IR 2Rk
12k % Gray Scale Image @ PIV Ao Ek - =k
AL, AT L IBEREAEE Vol .18, Suppl. No.1,pp.71-
74, July 1998.

IWARFLR MHEHF -2 Ea-FTHELER
% - M5, HAEMR 458, Vol.101,No.961,pp.866—
867,Dec. 1998.

IS, F sk, InE RS, TR B, IDEasEA ¢
KRBERBHEIC BT 2 SSHE BRGNS OE
BE) XY b VORI TREM OGS, AR TSRS
#%,Vol.20,Suppl. No.1,pp.539-542,July 2000.

R BE &k SHER TR —BHT
BT L HESHEOEREA, WRERES
2%.Vol.21,Suppl. No.2,pp.27-28 Sept. 2001.
ERRP TR ERE
http://weather.is.kochi-u.ac.jp/

No.28 (2004)

6)

7)

() [RSSEBIE L & — 5T SR ERSENE
R 2001 4Efik

N.Ohota : Image movement detection with re-
liability indices TEICE Trans., Vol.E74, No.10,
pp-3379-3388, 1991

L. Zhang, T.Sakurai, and H. Miike : Detection
of motion fields under spatio-temporal non-
uniform illumination, Image and Vision Comput-
ing, Vol.17, pp.307-318, 1999

A .Osa, H.Miike : An Accurate Determination of
Motion Field and Illumination Conditions, IEICE
Trans. Inf. & Syst., Vol.LE87-D, No.9, pp.2221-
2228, 2004

(2004.9.6 1)





