REPORT OF HYDROGRAPHIC RESEARCHES, No. 13, March, 1978

BB RILEXT SEKFHTE (5 2H)
— TR E AT —

STUDIES ON PREDICTION OF THE ERUPTION
OF NISI-NO SIMA VOLCANO -II
—PRELIMINARY DIGITAL ANALYSIS OF MULTISPECTRAL IMAGES—

Masakazu Tsuchide*
Received 1977 October 12

Abstract

As a part of the national programme on the prediction of volcanic eruption, the Hydro-
graphic Department is conducting the investigation on the remote sensing technique to be applied
to the submarine volcanoes, Among various features relating submarine volcanoes, of particular
interest is the correlation between the appearance of discoloured water on sea surface and the
volcanic activity beneath it. Hence, by measuring the state of discoloured water, we may
predict growth or decay of the volcanic activity.

Nisi-no Sima Sinto was born in 1973 with heavy discoloured water in the immediate
southeast of Nisi-no Sima (27°15'N, 139°53’E). Since the sea area around these islands can be
regarded as one of the best sites for the experiment of remote sensing technique, surveillance
has been made by using of the air-borne multiband camera, MK-1, manufactured by IS Co.
Ltd. and the thermal camera manufactured by Nikon Co. Ltd. The first report (Sugiura and
Tsuchide, 1977) dealt with the analogue technique with imageries taken by the multiband camera.
In the present paper the preliminary experiments on the digital processing is described.

Four sets of multiband (B, G, R, IR) imageries have been adopted as sample material.
They were taken on 1974 October 29, 1975 August 13, 1976 August 9 and 1976 December 16 (Figs.
2a, 3a, 4a, 5a). Along the coasts of the islands, 25 points (Fig. 6) have been selected to be measured
their imagery densities in four colours respectively by vidicon tube scanning. In order to
correct the effect of roughness of the sea surface, measurements have been made at 49 (=7X7)
spots within +£0.7 mm from each object point and averaged. The sunspot effect has been
corrected through subtraction of density values of the imagery, which were taken on the open
sea immediately before or after the exposure on the islands, from those on the object imagery
(as is illustrated by example in Table 4). The density values thus corrected (Figs. 2b, 3b, 4b,

5b) indicate some conspicuous colour feature but are still insufficient to express the degree of
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colouring quantitatively.
Then, three kinds of digital experiment have been made by making use of the corrected
density values. ‘

(i) The frames taken on 1976 August 9 and December 16 have the overlapping of 80% with
respective neighbouring frames. After the sunspot correction, density values at each object
point are compared with those on the neighbouring frames. Most of the differences thus derived
(Fig. 8) deviate from 0 more or less, suggesting the incompleteness of the sunspot correction.

(ii) Since the imagery on IR-band contains merely the information on physical state between
the sea surface and the camera, like waves and clouds, the difference in density values between
the imagery on IR-band and those on the other bands may indicate the existence of the
discoloured ‘water and its magnitude, excluding the effects due to the physical state as well as
to the vignetting. However, the actual differences thus derived (Fig. 9) show larger scattering
than the differences by (i) above. At least in the present case, the sunspot effect seems to be
more significant than the other effects.

'(iii) Procedures to derive the differences (i) and (ii) have been combined. Namely, density
value differences between neighbouring frames on IR-band have been subtracted from those
differences on the other bands. Differences thus obtained (Fig. 10) deviate from 0 systematically
on the average.

Through further experimental investigation together with the preparation of appropriate
softwares, it is intended to establish a standard procedure of digital processing for measuring

the colouring of sea surface quantitatively under various conditions.
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Table 1 Types of multiband camera.

single-lens multi-lens multi-lens ordinary
multi-film single-film multi-film camera
lens single multi multi single
film multi " single multi single
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Figure 1 Filter characteristics used in MK—1
multiband camera (Kodak, 1973).
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Table 2 Characteristics of typical input devices
scanning scanning . grey S/N
method speed resolution level ratio cost
vidicon sequence high 58(5)(? 3 ?go_po ints normal  medium low
diigézgteor random medium 5825 3 ?gbqpoi nts normal low medium
flying spot : 4000 < 1000— - . :
Ycanner random high 10001000 points superior high high
drum scanner sequence slow 50-10 lines/mm  superior high medium
Table 3 Characteristics of typical output devices.
density  positioning grey gt image -
resolution  resolution speed level coloration distortion cost
pllriig?er low high medium  inferior no inferior low
monitor TV medium medium high normal yes medium medium
film image high high slow superior yes superior medium
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Figure 2a Multispectral image taken on 1974 October 29
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Figure 2b Density values of object points on Fig. 2a
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Figure 3a Multispectral image taken on 1975 August
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Figure 3b Density values of object points on Fig, 3a
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Figure 4a Multispectral image taken on 1976 August 9
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Figure 4b Density values of object points on Fig. 4a
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Figure 5b Density values of object points on Fig. ba
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Figure 6 Location of object points

Nos. 1 to 5: Area of discoloured water
Nos. 6 to 9: Area at which migrations of
sand and gravel are conspicuous

Nos. 9 to 13: Area of discoloured water
Nos. 14 to 20: Area at which progradations i
of sand and gravel are conspicuous
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Figure 7 Sunspot on 1975 Agust 13, cf. Fig. 3a



Table 4 Example of data reduction

BLUE GREEN RED INFRARED

1] 6 Gy A Gy B Gy Gy 4 Gy B Gy G A 8 B 6y Gg A Gy B i

1| 249.1 251.1 1.3 - 2.0 0.0 | 250.3 251.8 2.3 - 1.5 - 0.7 | 249.5 250.5 1.3 -1.0 0.8 | 248.9 251.1 2.6 - 2.2 - 2.0 1

2 | 247.7 249.8 4.6 - 2.0 -0.7 | 288.7 249.5 3.3 - 0.8 0.0 | 2474 209.2 3.3 - 1.8 -0.7 | 248.3 248.5 2.7 ~-0.2 1.0 | 2

3| 243.9 245.2 4.5 -1.3 1.5 | 2454 2M6.2 5.0 - 0.8 0.6 | 2B4B 2459 5.6 -1.1 -0.1 | kb6 2458 5.7 -1.2 0.8 | 3

° L] 237.9 240.7 9.2 -2.8 -1.2 | 239.8 241.2 9.2 -~ 1.4 oMb | 239.3 240.3 9.5 -1.0 0.2 | 238.1 240.1 8.9 -2.0 -0.8 | L
fl 5] 229.9 231.5 15.5 - 1.6 - 0.6 | 230.2 232.0 15.3 - 1.8 -0.3 | 229.6 230.8 15.5 - 1.2 0.7 | 230.0 231.2 15.9 -1.2 - 0.6 | &
© 6 | 215.0 216.0 22.0 - 1.0 0.9 | 215.2 216.7 22.6 - 1.5 0.3 | 213,5 215.3 22.0 ~1.9 0.5 | 214.6 215.3 22.0 - 0.6 0.5 6
> 7 | 192.1 19%.0 31.1 - 1.9 1.h | 192.8 194.1 31.4 - 1.2 0.5 | 190.9 193.3 314 - 2.4 ok | 192.2 193.3 30.6 -1.1 1.9 | 7
5 8 | 159.5 162.9 32.6 - 3.3 4.6 | 161.0 162.7 33.0 - 1.7 4.2 | 1591 161.9 374 - 2.8 0.0 | 159.7 162.7 34.6 - 3.0 1.5 8
9 1 122.b 130.3 43.6 -7.9 1.0 | 123.9 129.7 42.0 - 5.9 5.3 |121.7 12,5 L2.3 -2.8 3.9 | 123.6 128.1 L34 -L,5 2.9 | 9

10| 77.7 8.7 544 -89 6.7 | 76.5 87.7 47.8 -11.2 11.1 75.5 82.2 53.2 -6.7 8.7 ?7.3 847 53.8 -7.4 6.0 |10

11 | 16.7 32.3 32.2 -15.6 -15.5 | 17.6 39.9 39.8 -22.3 -~22.2 13.6  29.0 29.0 -15.4 -15.4 | 17.5 30.9 30.9 -13.4 -13.4 |11

12 0.0 0.1 - 0,1 0.0 0.1 - 0.1 0.0 0.0 0.0 0.0 0.0 0.0 12

1] T Ty T E Ty T c Tp E Ty g c T, E Ty Tg Ty E i

1 118.9 111.7 -8.3 7.2 15.5 | 8.6 99.9 - 9.8 -18.4 - 8.6 93.1 846 -6.5 8.5 15,0 | 167.3 162.,7 -3.0 4.6 7.6 | 1

9 | 123.3 114.6 -8.3 8.7 17.0 | 117.2 128.7 - 6.0 -11.4 - 54 | 150.1 132.1 - 2.8 18.0 20.8 | 201.3 194.3 -1.1 6.9 8.0 9

10 | 125.6 115.8 -8.2 9.8 18.0 | 127.7 107.6 - 8.8 20.1 28.9 | 155.0 120.9 - 3.1 341 37.2 | 199.8 190.6 -1.3 9.1 10.4 | 10

11 | 1242 119.1 -8.2 5.1 13.3 | 117.9 113.5 - 8.0 4.4 124 | 137.6 1319 -2.8 57 8.5 | 189.2 189.1 -1.4 0.1 1.5 |11

w | 12| 1319 128.3 7.9 3.6 11.5 | 127.2 125.5 - 6.4 1.7 8.1 | 133.9 157.2 - 2.8 -23.3 -20.5 | 196.1 172.0 -2.4 k.2 26,6 | 12
£ 13| 130.5 137.0 -6.9 -6.5 0.4 | 119.2 120.5 -7.1 -1.3 5.8 | 131.8 127.7 - 2.8 L 6.9 1 186.3 198.7 -1.0 -12.4 -11.h |13
- 14 | 123.0 139.5 -6.6 -16.1 - 9.8 | 131.9 133.4 -5.5 - 1.b 4.1 | 143.7 155,14 - 2.8 -11.4 - 8,6 | 201.3 206.3 -0.8 - 5.0 -4.,2 | 14
2 15 | 1780 151.9 4.8 22.1 26.9 | 190.9 152.1 - 3.1 38.8 41.9 | 200.4 176.7 - 2.6 23.7 26.3 | 223.8 223.2 -0.9 0.5 1.4 ] 15
< | 16 | 198.2 1h7.7 -5.4  50.6 56.0 | 213.8 1487 - 3.5 65.1 68.6 | 226.6 1704 - 2.7 56.2 58,9 | 233.4 218.7 -0.7 147 154 116
S | 17 | 181.9 1474 -5.5 34.6 bo.1 | 1784 147.5 - 3.7 30.8 3.5 | 2045 1723 - 2.7 3222 349 | 2313 221.7 -0.8 9.6 104 |17
£ | 18 | 18,9 153.8 -4.6 31.1 35.7 | 177.1 152.5 - 3.0 24.6 27.6 199.6 175.6 - 2.6 24,0 26.6 | 233.2 222,0 -0.8 11.2 12.0 | 18
19 | 164.6 1484 -5.3 16.3 21.6 | 158.7 1k6.h -3.8 12.3 16.1 | 189.9 163.2 - 2.8 26,7 29.5 | 227.7 220.4 -0.8 7.3 8.1 |19

20 | 149.9 148.3 -5.3 1.6 6.9 | 135.5 147.0 - 3.7 -11.6 - 7.9 | 1641 161.5 ~2.8 2.5 5.3 | 220.1 221.3 -~0.8 -1.2 -0M4 |20

21 | 139.9 145.8 -5.7 - 5.9 - 0.2 | 120.9 145.5 - 3.9 -24.6 -20.7 | 135.8 159.8 - 2.8 -23.9 -21.1 | 213.4 217.7 -0.7 -L4.2 -3.5 |21

22 | 129.0 142.0 -6.2 -13.0 =~ 6.8 | 108.9 127.8 - 6.1 -19.0 -12.9 | 12l.1 135.8 - 2.8 -14.7 -11.9 | 198.1 207.7 -0.8 - 9.6 - 8.8 | 22

23 | 120.5 120.0 -B8.1 0.6 8.7 | 108.2 94.8 -10.4 134 23.8 97.0 75.9 -7.7 21.0 28.7 | 156.8 160.3 -3.1 - 3.5 -0.4 |23

2l | 104.9 108.1 -84 - 3.2 5.2 | 90.6 63.8 -16.7 26.8 43.5 743 L0.9 -13.3 33.5 46.8 | 115.0 90.5 -7.0 24.5 31.5 |24

25 | 101.3 96.3 -8.7 5.0 13.7 | 68.+ 6b.6 -16.5 3.9 20.h | 50.1 39.7 -13.5 10.5 24.0 | 100.8 749 -8.5 25.9 344 |25

Gy: density values of the grey scale on Nisi-no Sima imagery (Fig 3a) | Tn: density values of the object points on Nisi-no Sima imagery (Fig. 3a)
Gu: density values of the grey scale on the sea surface imagery (Fig. 7) | Ts: density values of the sea surface imagery (Fig. 7) at the corresponding
AG)=Gs(D)—Gsl+1), i=1, 2, et , 11, locations to those of the object points on Nisi-no Sima imagery,
Go=Gx—Gs, o =-BO [Ts(t)~Gs()+Go()T, Gs(+1)=Ts()=Gs(),
B({i)=Go({)—Go(i+1), i=1, 2, - , 11, AQG)
Tp=Tn—Ts,
E(i): corrected density values of the object points on Nisi-no Sima
imagery,
E({1)=To(Q)—C{), i=1, 9, ------ 25,

(448
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T BPRHEICRNEERLZ G OEER (K7) KEEE 03> EFHOEL I ROMKRESLTED, K3
a TRADNEIHY T IR TOMERIRVORIH D, HENBOEFHTHS. CODREL BEMINE
10 (AW IiREEHECRE RIS 255 IS DRI 0 LB LIPS NTH3E) 75 7EMREL I
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K4bTRESY OS5 7 DLENBHEORIBETD. KdiadF/S Y FREGKMNEROZESRICDH
e THONT 5 7HRAELBE DO LELONIMHBERYTH L. HBICAOEEOEBERE Y K2
BT 0T & d 1L COFRBIC > TREER EFThTH 5.

‘ RI6DH BTN Y FICRBNS 7 5 7 O%biAS, B XU FAE Y FICRBNE 75 7 Dbty
BEBbIEORONZDDTH T, BREMOHMEMMIAT S/ BREEE (RiaBLUORb5aitBNT
H o RSy F TR KOS, TR SRAEAS Y TR S B - T 3) 25ARLHRZEAL
FRERIC LB b OTH S, ' |

B 5b TRANBORIEOEH DM, [4 DEMNTNTONY FTREVONPEHLD. F g O3~V
FIZDOWTREEKPEERHRE LTRRTE 28, Y Fikon Tl ba it dEfKiEE RO 5h
THEAOWKEREBTHS. M1~614.NY FOS 5 7BRBIERIU &5 REEEOBRTERL TO B,
CHEERRERT EFRT 2 X0 bHEICAN BRI 5a & OBEEOEN (REELESOFEIC L)
LIBRT 2HDPERTH A 5. M ORBEZ Y OB 4 AN 200 B IRV RS ORIz
BEEBEAONY, HANY -7k -» BHIE DO TREERSTTH S,

PIL AKIDERIF A &b 2 & B 0 AT - 1T RE G L OBEERERIHA T B 500, v« AR
v FMEOEELMROFITRY, HEMSLITBRERKOBOREZTS C & REHTH 3.

CCTCRICHAIFITEIC K »TY Y » A8y + OFEORH EOBEER SN b EWRRT 2 C LERS
TRLEEREL TRESNI 2RO~ TNV FEEICE W TR 6 TRE L 725 MO RIE SO BEMEEME 4 i
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Figure 8 Dénsity differences between overlapping two

frames

Figure 9 Density differences from IR-band

Figure 10 Density differences from IR-band between

overlapping two frames
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