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Some Experiments on Machine Recognition
of Weather Chart

Rin-ichiro TANIGUCHI, Tsutomu ENDO
and Tuneo TAMATI

It is one of the most important aspects of artificial -intelligence researches to con-
struct a system which has an ability to understand pictures. Generally a picture contains
various kinds of information, so it is necessary to, select more meaningful information
among them. One of good ways.is to extract information representable in natural lan-
guage. The system which we present as an example aims to describe weather charts in
natural language. This system consists of three major processes: 1. Extraction of com-
ponent patterns, 2. Recognition of component patterns, 3. Syntax analysis (Recognition
of relations between component patterns).

Cognitive process in human beings is considered to use a priori knowledge about the
objects. So the system needs to have such knowledge represented in some manner.

First we present how a priori knowledge about weather charts aids to recognize
them and how it is organized in computer program. Second the fundamental processings
such as noise elimination, thinning, template matching and curve following; are present-
ed. Third the effectiveness of these processings are shown through some experimental
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results. Finally the problems for further research are pointed out.
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®HlE ®1S 544 9 A

IEBREEE T 5.

AL R CERT 254, AT adRicils
AEIcES Y, BrASZHRESIEEFAL TY
2LEZONDG. H-T, RAFKEEBETLIVRT 4
KHALLOETEOAME b B BRENSHSE. K
fiTid, REREBBSRMRT 2O ICMELT 55
K2oWT, ROZhooH#@ET7 ) ZapkTE
D& IKERSEEPIOVTENS.

2.1 RSO

BY2F DR ELTHSE REHO—F% Fig.
1 iR D, CHIRBARRPERTORIKERIC
P L2 bDTHB. COVRF LATELILIEZENTE
(Component) |3 11 f&E¥ <, Tablel c#h 50H
DEHNERETRT. [SEBROB TR EKER
DHIRICEAL T}, RIRLETR—2OERREL L
TTIREL, FIRES (Front symbol) ofigdbi
ELTEEESNS (Table 2 ).

2.2 KSEERHECEVC3TIUAY 25

RERICET 2M#ELTHOP LD YR T AL
ATEBLXIikLEdDEF, LT (a)—(i) TH
.

(a) RXi5 (Weather symbol) & H—d X
SxOMTHIN CIBCOMEAFHEEES), £
OARIDABEVICEILYD, oW FIKRROE
WaEED. IzoBBRUAET, A D, EH
BEE0ERIZ T TORL

(b) RKESOHMBMEBERISHMEKEROHL 3
RERic & » Tk, TOHEKRKIEEMNEELITL
CEbdah, MEShIMEDNCHERTZC LR
B, L, BEISNZEVL-TCHEBTF—4 LT
RANICE - TRER O LB This g3 Lhdb
3.

(¢) RRESicEETIERR REELS (Wind
symbol) OATH3. KREBEICEET 2 b0
W&, TRA0 ] 2RT.

"(d) EFREBIE, REESOAEMD AR
ZHER (AN EFES) oRETREERL, RN
POMET 2K (AN LR ORTRIERT.
RZUEA0E (¢) TBRIZEBYTHS.

(e) FHREE R, RKEESEBRL LHE—DHE D
SDEH-OLERTHS. BOOREITNTRHRETH
3.
S(f) HuEsR (Coast line), ##F#7 (Latitude,

Fig. 1 Example of weather chart

Table 1 Picture components in weather

chart

Component “;;::::i ion from the
Weather symbol O © @ | Location,variety of weather
Wind symbol . Location,direction,force
High pressure H
Low pressure L
Tropical depression TD Location,central pressure
Typhoon T
Front symbol M A | Location,variety of shape,direction
Isobar S Locus,pressure value
Goase line ~ " |}o information about weather
Latitude,longitude —— .
Numeral Ol 9 | pressure value

Table 2 Classification of front lines

Front_line Pictorial pattern | Relation between front symbols
Warm front MM M| g is not adjacent to other symbols.

Cold front A A& A _4_ is not adjacent to other symbols.

- M and 4 are adjacent and have
Stationary front A " | pposite directions.

MA___BA | M and 4 are adjacent and heve
same

Occluded front

longitude) O, I, k& SRIFEF—ETSH 3.
12720, MOERICK > T—BHEESIhTHEC &
BhHsb.

(g) #HF (Numeral) OHBAEIIEERR (Iso-
bar), XF (Low pressure %) O LT, Z0OIK
BERENETNOKEEERT.

(h) XFo®EHII4®E (H, L, T, D)

(i) XF, BEOASSRI—ETH 3.

BEVRTLTINOORFBEFRATIERE, 20
ZFHRO&ESILT 5. :

(a), (b)»oR& ST - HAEERL, XK
EEOMNBEAXMET 5.
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o Z DEROFERER 1L, WPHINIHBENEDRE
KRE T 5.

ORREBOFEBRICBF v -2 F VI %A
V3. ’

(¢) —oRREBDIMUIBREZBEL T, XK
SRUORLDESEZMHMET 3.

(d) - o U » RADIZEBOMBYLE, BB
ETOREBT 2. BAOG TRH 1] 0BA:2BR AT
SOROEI—KTS (5.3 3R).

(e) —oXJROPTHBAEZERL, WRILS
O EEREET 3.

oI T MR T, B 2 - =/,
PEME]) ovFhhic, HEOEFRENAZLDOT
50T, BEEERLTCF Y L— b2y F ik
fTOR#T 2. @gE LToReEE Table 2 TRl
FEREE S OBRERMT I XELH 0T, Bl
5. '

(f) —-oEEREZITNTHEEL, UBOMIEEHE
B9 2 7o b ET D

o HELRR LN OHRSEBHETY, HMFR, &
BRRERET S, BEEE, HER BRREEYLE
BTHYFY VI LbDT, ThoZEAEELTE
SEHETTS.

CPlEo (a)—(f) ko TiE, BRicghdhop
E7al5 ABBEVYRAFATHE LTS, (g)—
(i) WO OTREEERTTH S (3. 21R).

3. RKMEFIRL AT LOER

RYRFARBYIRINBH T 075 ik, HIE
Fig. 2 oBRNBIRTEL THS. BIMEELTO
HWEBRERES, 2.2 K-> TR#HEITS. Fig. 3
OHRT, BRIEZONBORKRER L NIERMS oM
BicfEbngC LeRT. FOBBER KOWTIE 4.
RO 5. THRT A, 8 (10) orEREMmIT (Syntax
analysis) ICIZIROUENREENS.

1) Table 2 jT/R U 7= HISREC S OBRE R L,
BIRRZEAT 5. :

2) BEEHOREE—oOOKEMEE LTHET 5.

3) 2) OFHREZOELHBICEFLT S SERHZL
RESESOR >ZEMEEEST 5.

4) MOBERKCL->THINTVIEERERS

5) KEMSRESITOEVEESOSEMEHE
ET 5.

' 1 Noise elimination

] 2 Extraction of weather symbol| __
and wind symbol

r3 weather recognition |

[ 4 Recognition of front symbol—l--

5 Thinning

6 Recognition of wind direction
and wind force

P T PR |

.

S SO |

7 Elimination of constant
components

8 Recognition of characters
and numerals -TTa

9 Tracking isobars and front
lines -q

o —-

. [10 Syntax analysis }(- ————————— ko
0]

lll Co-ordinate transformatiorﬂ

[t2 output in natural language |

Fig. 2 Flow chart of weather chart
recognition system
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4. EXRTLIY XL

AHTH, COYRAFATHYSNZEAXIL
HFEETHL 1. ¥ERE, 2. Mk, 3. Fv7
L= b=y F Vs, 4. BEEBRCOVTENRS.

4.1 HMERE

PDS O AA S HEF — 2% _ELT 2 I
i, BEFESHIRELPT. CORTREERD
Mz, READZVIAEROMLE, EERLE
3. ~RICCOEIBHEFTEEDAI N2 Vet 5
FARREME T AT ) RABBHTELL, BEHN
T3 Y X aTREICHRB LI ICEZEE RIET.
FIZE Fig. 3 JORT X5 KBHRO S0 AP
EEFE. Z2CTIXIEEOHEBRIEZHNT
BEAER QM A L EREAERET 5 X5 KL

Fekk * ok ke dkkkk *k
Fkkek * FRAKIR *k
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i ** * —_— T w
A —s X Pt *
*

dekkk * K Fkkk *
FXRk *

Xk *

*kk *

*h *

Tk *

*hE *

Fig. 3 Effect of noise
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') X A& LTI Hilditch® pdoER .

4.3 FIL—(RuFY
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E—VTHBEHATEHERF v -2y FV
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RO OHBEH, CCTRTF VL~ FOREASH
EANNE —vORASRO—H L EROHAEH
WTWE., —RICATI?NE — Y DONBSIE > &) &
EoTHWRVIEANH 50T, WEEEZEOHETT
5LTETRTOATHEUEERY, ZoHETERD
HOEZDFVFL—b LOENUEETS. TRD
b5,

N
2 1pi(x, ) —a,]

=1

adx,y) =1-" N

a, = Max «a(x,y)
U—-SsSXsSU+s
U=-SSYSU+S

g Fy7rr—to i BHOERE (0XiZ1)

pi(x,y) 2 — v OREBELER LD (X, I
Bk, v r— 0 i BEHEHIKC
SHES B AT 4 — >~ OEHRE

N FvFL— b OEEK
@v) BFEIhIAN Y2 — v ORE
s THhORMERA

T, O WROZFVFL—+ EQOBFRETHZ. A
#5215 %)) BPEEINL 2 —-VDONETH
B. 128, | pi(x,)—aq,| & FEEMBAIRIEFR] iy
TEHIRMETH 3. HleF v r—rEAN Y2~V
BELE-BOBER ad.=1 L3, ZEONETIE
On B BBREEMEIBE, T v~ &=L
7L EHETE. BHOF V- o—D2ERET
ZBAREBUELERRCT2d0ET 3.

4.4 8RB

T T TN BB AR S NI RREE R
ELBDTHB. LichioTEEDELNIEIEIRS

. H i
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Fig. 4 Examples of branching points

EEOEEZEEE L TRICESEEREL, TOE%E
ROEBEDHLETE EVIBRIEDKRDVELTH 5. ¢
BALIBHT 3 BETHINLEEREELTZDH,
WRICHEE LIRS, ROSKEICHEELEATS
3. FPTHWACEB LA T CTRSBREPIE
T3, FiBlRYRF AR DIERENE. S
FHICHEB L DE A RS OBEEENBIT 2 BEND
3. chi3, MEUBEOEBICLVRERANIOD
HEECER LD, H30IRENE GESE) Ml
He3HThHs (Fig. 4 2R). BEEHET S
W, AN ICHEE LR ic E BRI A TEA LT D
BERENT, DEE REH ETBROVTNTHS
DPEEET S, DBRONE, BEHOBAIEEE
EEQL CBEERTT 3. BN, RERDBAR
BERE BT B R E L CBIRETT 5. BRRE
OWEIEL TR, REHOEARDSHICELEHE
[A%2FRTECENEE LVDOT, REHDOHPNES
5 G EBET A, TBHLITOAEER, YR
FACEELTEE, ROBHED ERELTHL
3.

5 = B

AN CREEFHNORKKBH VR F LIBT3
1. REES o Ml L8, 2. wigis o ##,
3. A BhoR#E, BXo'4. HEE, #ERo
BEICDONT, ZOT AT Y XA EBERETI BRI
ZRT.

5.1 RSSO &8

1) RREEOMNEDHEE .

2.2 TBARIX S, RREFTRE—KROMTHE
T3, Lid, SLORETIIRETIHZIEFH
BMNBERE-T3. RIESOMNBERET 57
DL 3 TRRIF v L— b=y FYIERAOTH
DIEAEHEL, o, 25413 (x,)) % REES0M
B&T5 COLEOMEBETNOMEDBITHELE D
H10EHR (5=10) £93. 722U a, BHIHEE
BIRVBAR, CORBRRKEIERZVHO LN
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Oy BRDDBITIE 21X21=441 HT o ZRD B 4%
ENHoH, ERCHEERIS o 30 EERS
HEZLTWBECLERES. ZCTCHERERO T/
BDIZBRF v r— by F Yy IR FRH L. T8
L, TPREOSDEERD CF — 2B~ o B
BABZ 2FREESH 20 HEETS. THlEoH2 b

DITO2VTDH a%2EHEL, TNoDOHRTRERE dn

tysEd B EiclLiz. Fig. 5(a) iz 2 CHVIF
Y7 rv—rERT. AEAOF VS L—FDSEET
6 AOEREHAN, 4ERULROBADS a &R
H3ENSGERFETHERNIC an ZRDZ T EMN
T&/. .
() RKELELELSOH
RRGLEDO AR RS 0428 EETZ20T
(2.2(c)), (1) okiAFHDOIMPER = BEFL,
ZOAREBEROBTC Lick» TRREESRVAL
ShfiHTE 5.
@) RRELS5oF#

REDSRBRH/ILE NI 2 -~V THBDT, TV
Fr—t=yF VS O FEE BOCHMN TS 2.2
(a) TNk HKRREBSOAERIcIRTICHE
TEERIILL, RO/ % — Y ORRIEFHREE
£ZLTVW30T, RABAO A IETEFYFLr—1t
Ty Fvs kY BEERAET S il Fig
5(b) F WL ZRTFYFL—FTHY, D5
X AR EBEOTED REOLDICHV LR
3. COXHBARENE - 120D <y F v 7 %5
TECEiLkD, AFAEZEDIES KD HIRE
BEENTE . RIESEIEEKENEETS. $2E

..............

(®)

Examples of templates

BBV TRE » 1355 & 8F 8 TRBILETT 5.
5.2 BIRECE O

(O BREHORE

2.2(e) BRI K S IKHIREE RRKREBS T
RE—OEIEFE > ERXETHS. 5.1 onE
TRIESRIBTHEBES N TV IO TLORET
EHE L BEANE->T0hiE 2hid digEe<d
3. HREESRAKES LR VHBANBERIRETS
5. Licdi-> T2 OERZEEROLMERICH D HE
BOEEEED. FTEBTERBEON IS
B % Jiip QAT e, (BREER) L2535 T
IDOEERICAEI L THEL 2 EAEE L. HED SH]
RESEET/INEERET Y HEE, £ dfoif
RIREREEZOEANKRTHZ. £ TLERE D
{2ho/MEFIZAHEIL, HERTOREROAL%E
R, enhH5HMEEEZ 2ERERBERET S
ZENEZONS. LL, HEoELBAHERL
L CTibicEERBEEORWER (RROEHES) b
3. TOXIBEBLOBRZETZLDRLDYR
FATR, 4X4EROILNAROESGERDLC L
L. ERICRAER% 128x 128 HHE» 51753 64
fHo/NERICSE LT 5. Fig. 10(a) 04 0 4
7% Fig. 6 cRg.

(2) mRESORH
EPEPHEHRH L, MRESONBEEZIET 5.
HIHPHDOBFERIZ 8 X 8 DEERD & 618 B IEHFH
1Pl EEEEL CEET AN ERT A Lick-
TiTS. CTCTHBRF VA== o F 7/ 2@

L CREAREOEHEZR > T 3.
WICHHRL S ORIEERTTS. BRI SE MEMEE
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o] 1] 3] 1[15] 4] 2] 3 b b

2| o] i] &4]11] 5| 2| s A A &

s| s| 1} s|18] 6]14] 5 - ]

ol 3l 3l al1s| 8| 2] 2 Fig. 7 Wind force 1 and 2

2| 1] 4] 6 o] o 2

7| 8] ol o] o] o] 5|22

3|33} of o} 1] oj16| 2

27| 123} 2] 2] 1}13] 2

Fig. 6 Histogram of 4x4 black
regions

L [=A%] oZBETH Y, FEE D HSERSMD
boT3., 2Tt 11.25° TEiEiELfer v

V- REEARLT, EiEkxlic<wy 5
EfT > T3, —RICHIRGTS O & EH IS 55
WIS LEA—b L RYTHB T LHE (Table 2
BR). #-T, HohUDEBEET SRRSO
NBBERTIRESOME2HEEL, < v F /%7
57 v7U—tOREEHBTCEMNTES. Bl
EXRH3MEEBIB P> BARTNTOREDF
YFAV=bERyF VI RES.

BREESE AT 2, TOERAOKRINEAT
NETATHEZDT, v v F VI EERMALEG T
- T3, Fig. 5(¢) KZ0hdOF vy 7L —FD—
PlERT. AR E OREK TRENAZHET 2.

5.3 Em, BHoRE

5.1 o@chitiah, sogtsn/imis
IKDWTRKEEDOANE M &R L -RAHoFm %
KONZAALSRES. 727 LNEOBERTHR LD
Fhr GEFEEboFE) BEE LD x—y BEE#HON
HERNE->TOBEDT, ZOBRETIE x—y BELT
DFEERDZETETE. KEBEOHAKAVWLGNS
FEmERgdE] 13 Fig. 2 (11) QEERBULIER ICRE
sha.

A GERE» O AET A ORTRENS. Lk
Do TERNICEROEHREERDNE I, O
AREE RO EEM ke THE TRAIL] &
AN 21 oHZElchds (Fig. 7T 2. CoXElD
fedicid Fig. 7 wiRd a, b 2R, BY7EE
T, Tz itk

b/a<T1—>E1‘jJ 1
b/a>T,— @1 2

ERETHC LI Ui BIENCERD B IS

Fig. 8 Representative points

NREEORERTEO S EFOEHRME (0, Xik
1) ofihs1 ERBEOMERDNE L. BL, 4
AL Rkl .

5.4 2R, EEROBRE

R4 BRI P DU, BRBEMORE D 5 H
ATEZ0, BohicRs ZEIICHEE, BRE
OHER>TE»oTHD. Bikic L TdREMER
BARESN 2R T 2R 5, [WohDHETEANIICH
MAEEZXBEEBIIN. CZTR—2DHAELT,
MR, BRRE 400 BEREORZSTEEL, 20
F— 22BN L L (Fig. 8 2)). Mgk
NERKKH» SHIEAR, BRRERET ZERESH
BERBIENZOORELERIHOBS EicBHE T
ZOHEESKREBMRET 2 LV IBRECKRDE
LTH3. ZITIODEDD LEBEMEHKT 5R%E
WHE, BHOEELRZAEEES LS LY
3. ThoRREFOHEORICEBRIN TS,

COFEEE RV ETENL LEE NEETE0
i, REAVPRIEECRAETE Db G4, RO
BHAT CTHAICEE L EATES. HEDEE,
HREENRETERDL >R, ZHLIEOTENESE
ROHFESE L TREZTY, ELEESSREATSE
BhDIBSRAMOBOBREIRET 3. BED
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Weather information .
( ETokyo KAISET 53 62)) (0saka KAISEI (1 60)) (Fukuoka KUMORI (2 30)) (Niigata KUMORI (2 35))
Sapporo HARE (2 57))(Naha KUMORI (2 14))(Chichijima HARE (2 7))(Taipei KUMORI (2 19))
(Shanghai HARE (2 50)) (Peking KAISEI (1 59))(Seoul KUMORI (3 17)) (Choshun KAISEI (2 13))
(Khabarovsk HARE (2 40))(Vladivostok KAISEI (6 59)) )

Front information

( ((T (72 102) 27)(T (144 152) 27)(C (228 159) 4)(C (281 108) 4))
((T (790 118) 29)(T (842 191) 28)(T (897 261) 28)(T (949 327) 28)) )

Fig. 9 Information extracted from weather chart (Fig. 1)

Fig. 10 Experimental result
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BERHUREPOHWMEAETERET 3.

COFEEMVECLILED, ATKEORIBOE
EPNETFNRICH L THELB OB TEE EEXI N
3.

5.5 ERER

LSETICBNIMBICEY REKH» S AW SN
o &S, Fig. 9 KRd@8heisd. T nBO
%@% Fig. 10 jo7Rkd. Fig. 9 iwHir s REE®
(Weather information) &, (M4 K& (AN
BI) »om-Tn3 (AR x—y BERCE T
AIE&%E 063 TK L TV 3B) %7, HiRER
i3 FREEE {T: =A%, C: PIB)} iE (xE
=, yEEZ @& {0-381)) »o5m->T\5. Fig. 10
F(a)»EEERER, (D) ShZREES, &
2, (c) PELOES, (d) FHIRES OFMMN
xtk, (e) Sk, (f) PR, ERROR
EHBoEEEAZHENRLTHSE. (f) kBT
{OBDIFTHE>TOBEH, ChRIREZEAKRBET
oy, H3VIREAICES L CBHEDRRTL
T lickBbOTHS. TREEHHS—EHESH
TVEH, THREEREMEBHER > T—RKER
D, ThEHEEEHKLTHEELTLE» DT
5.

Pl EfEB e ERER DTN, RENEH
RETIBT 3 ICHERRE» 5 EO X 5 EEERER
DHTHRESRDLO0ER L, TH5ICHEIGL 0
BT ) RaeEznEhRAVECERE-T, BER
R ORBSHREICTONS T EMREN. Chic
&»T, EXRREHOBKRORHSBELICTHhIUL,
HEREAVTRENOBREB K ZEENTETH
LEVHIRBLABE L.

AWTR, KL OEREHRERY KT icdo—
SOTFu—FEREL, FHICESOTERET-
7. Fig. 2 IGRT VR 7 A0, BEBOBRE
EFCR—IMREDTE A EEMIEBLhTVE. REK
DES IS 7 — 2 BHSOESE, VO ICEEK L
BWEEL pOTEER S S. ‘

ARKBTNEEELTE, HHR BRROKRE
DRENEMLEESEE2CENH 3. TRBIARICON
T, MEHRORY, ERET>T 5. ol
B Ick S ER OB, SUEMOKERESCRRNR
FREMESSENTOS.
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