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Abstract

If an object to be observed is much larger than the field of vision, we should observe it

part by part as in the case of eye fundus photographs or gastrocamera photographs. Sub-

pictures obtained through partial observation should be assembled into a mosaic picture

which shows the whole object.

In this paper, structure of blood vessels of eye fundus photographs is analyzed, and the

obtained blood vessel parameters are used to assemble the eye fundus photographs into a

mosaic picture. The method described here is effective to skewness of the photographs.
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Fig.1 Extraction process of blood
vessel information.
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Fig. 2 Assembling for each picture pair.
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Fig. 3 Assembling process for all pictures.
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Fig. 4 Fluorescent dye eye fundus photopraph.
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Fig.5 Local threshold Cg obtained from basic
thresholds C;.
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Fig. 6 Binary picture G, of Fig. 4
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Fig. 8 Scan irection for main blood vessel extraction.
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Fig.9 Thinning of Fig. 7 in 8-neighbor sense
short lines have erased.
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HEEES (BE) BERABR
11 ( 2, 52 29 0 0 0 0 0
12 (34, 75) 28 271 24 14 0 0
13 ( 2, 60 23 0 0 0 0
14 (33, 85) 25 18 12 0 0 0
15 ( 2, 97 17 0 0 0 0
17 (8, 83) 15 0 0 0 0
18 (44, 96) 39 35 14 0 0 0
19 (15, 90 21 0 0 0 0 0
21 (16, 112) 19 0 0 0 0 0
23 (20, 57) 13 0 0 0 0
24 (48, 73) 56 26 12 0 0 0
25 (25, 91 14 0 0 0
26 (53, 68) 50 38 24 0 0 0
27 (26, 70) 12 0 0 0 0
28 (56, 28) 3% 33 31 12 0 0
29 (30, 29) 1 0 0 0
31 (50, 9) 28 0 0 0
33 (56, 2 28 0 0 0 0 0
35 (56, 134) 18 0 0 0 0 0
36 (72, 30 38 37 28 0 0 0
37 (68, 2 36 0 0 0 0 0
38 (77, 41) 4 36 26 0 0 0
39 (100, 135) 18 0 0 0 0 0
41 (105, 2) 44 0 0 0 0 0
43 (111, 48) 56 0 0 0 0 0
44 (86, 34) 50 41 38 0 0 0
45 (111, 132) 49 0 0 0 0 0
47 (118, 27) 50 0 0 0 0 0
49 (118, 123) 45 0 0 0 0 0
50 (91, 37) o7 44 26 0 0 0
51 (120, 114) 55 0 0 0 0 0
53 (133, 85) 56 0 0 0 0 0
55 (133, 103) 51 0 0 0 0 0
56 (112, 85) 53 43 24 0 0 0

Fig. 10 Connection table of feature points after
grouping of branching points obtained
from Fig. 9
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MATCHING
FILE NO.=3 FILE NO.=6
CO VALUE MOVEMENT M. P. NO.
0.9836 (-31, 64) 37 (=) 11
0.8693 (—41, —37) 41 (=)
0.9309 (-33, 32) 41 (—y 11
0.8524 (=37, 86) 43 (=) 1
0.9452 (17, 47) 43 (=) 39
0.9132 ( 12, 179) 10 (— 13
0.9686 (18, 68) 10 (=) 16
* 0. 9857 ( 19, 45) 10 (=) 18
0.9616 ( 38, 17) 10 (=) 24
0.9929 ( 61, 70) 10 (=) 36
0.9696 ( 63, 36) 10 (—> 38
0.8825 ( 12, 55) 13 ¢—) 13
* 0. 9980 (18, 44) 13 (—) 16
0.9332 (19, 21) 13 (=) 18
0. 9605 ( 38 — 7 13 <—) 24
0.8578 ( 11, — 3) 21 (—> 16
0.6341 ( 12, —26) 21 (—) 18
0. 9063 ( 31, —54) 21 (=) 24
0.8830 (—21, —60) 30 (= 2
0. 9054 (17, —37) 30 (—) 22
0.9453 ( 48, 0) 30 (—> 36
0.9503 (—11, —29) 3B (= 9
0. 9820 ( 8 19 33 (=) 22
0.9448 ( 21, 46) 33 (—> 26
0. 9959 (=52, 20) 38 (=) 2
0.9436 (—32, 89) 38 (—> 13
0.9903 (—25, 55) 38 (—> 18
0. 9680 (11,  20) 38 (—> 34
0. 9944 (17, 80) 38 (=) 36
* 0. 9817 ( 19, 46) 38 (—> 38

Fig. 11 Example of picture matching table.
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hE (BEHESHREL: X, Y HHLH 136 PTF)

(3) Gii<min(Gis, Guj)
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Table 1 Specification of processing
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FILE NO. MOVEMENT
1 2 37 74
1 3 -6 -7
1 4 42 4
1 5 53 ~17
1 6 68 10
1 7 —26 -33
1 8 —-20 38
2 3 18 —47
2 4 6 —70
2 5 82 9
2 6 28 86
2 7 1 11
2 8 19 -2
3 4 —64 19
3 5 21 2
3 6 18 45
3 7 —14 —19
3 8 —44 —10
4 5 87 -7
4 6 16 —40
4 7 41 61
4 8 12 73
5 6 -1 43
5 7 —34 -2l
5 8 —62 —-12
6 7 —33 —64
6 8 -53 --30
7 8 —-28 9

Fig. 12
picture pair,

o

% #®

CO VALUE CUT VALUE

2.7900 (3)
0.9700 (1)
2.9500 (3)
0.9900 (1)
0.9900 (1)
0.9800 (1)
0.9700 (1)
0.9900 (1)
1.8900 (2)
1.9500 (2)
0.9900 (1)
1.8700 (2)
2.8300 (3)
0.9900 (1)
1.9300 (2)
2.9500 (3)
2.8700 (3)
2.7200 (3)
0.9900 (1)
1.9100 (2)
1.9800 (2)
0.9900 (1)
1.9800 (2)
1.9300 (2)
1.9800 (2)
1.9400 (2)
0.9900 (1)
1.9700 (2)
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Estimated spacial movement for each
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MATCHING RESULT

FILE NO. MOVEMENT CO VALUE

[

N DD G OO R R R W WWWWENN NN NN R
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W PO NTOIOONDODDNENDADEDTDUE WO AW

Fig. 14 Assembled picture by

38 74 2. 7900
100 82 2. 7200
42 4 2. 9500
118 84 1. 9800
118 127 2.7200
86 63 2.7200
56 72 2.7900
63 8 2. 7200

5 —70 2.7900

81 10 1.9800
81 53 2.7200
49 —11 2.7200
19 -2 2. 8300
—58 —78 2. 7200
18 2 1. 9800
18 45 2.9500
—14 —19 2.8700
—44 —10 2.7200
76 80 1. 9800
76 123 2.7200
44 59 2.7200
14 68 2.7900
-1 43 1.9800
—32 -21 1. 9800
—62 ~12 1. 9800
—32 —64 2.8700
—62 —55 2.7200
—30 9 2.7200

(b) constructed image
computer.

CUT
VALUE PATH

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1
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DECISION

2—->2

4—>5->2
4—>2

W w o= N

[N

1->2
5—>2
2

5->1

6->1->2
1->2->3

7—->2
1~->2

Fig. 13 Spacial movement after triangle creck.
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Fig. 15 Manually assembled picture.
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2y Z7IEDRELISDOTH 5. Fig. 14 i Fig.
1B oFREREICPEEEMETH 2. Fig. 14(a) TR
TRCOBMENMBEL > TS L DI TS,
ERICIAEEMEBO Y 5L DB ERL > TRV D
H3%H 5. Fig. 15 BEEL 6 MOBEIZDNTA
AR ZT -2 b 0T, —BlIF R RERRICL 2
DM T,
ETAEEERIZ 7 5 2 2 ROFIRSEMIC L D iFIZEk
F5. 3APLETHENEBROLEAENTE, 24

*ESVERNSSRLUTORAZART = v 7 2RV EERS
AERTALD .

MEBELEICREERDOIA 143

TH 22045 SMERRSKICEVEE & 3 BAIC
REENSEAEANEICS 5 EALEZ LS, HEM
BAMORMMEE 1.9 L7

4.3 NBEHEEOER

ERICAVAEEICONT, AMSIEAE-EAeE
OHBERRS. BEERK DOTEIIEEL .
N2EEEREE L TR, 28 #lo 2 EEEHcK
U, FENEMHETRERYE, 0 2KROEESIES
HMNBZHEHE I, A ENEICH A
RZOMBEEHTIEEZTOEL. BiliconT
REICIERE U 7208, EREATIE 55 &, &
REBTROSAEL, MHEE b 28 19 ARy,
I EVOKELB. BEOER NIV
Ak, EAYNELRBTRENE, 7. Ak
BU 7 st iz B 0 2 BES TOESEBET
rBEREMBTABP, ZAKF = 7 TODTHE
RENTAAGH 5. BhEOHE Fig. 16 (xH2Z
RB) WRY. ZCTRBARIVERICERSKVE
THBITHIS TREAEMRIIL T 3.
HERIC X 2 EBREBRR=AFF= v 781T 16
Bz, 12 KK THO* ZAFKF= v 2% 28 8
TRTRIL 7.

5. © ¥ U

KRN TOBEEEOMAYLAFER, 3 EHE
B CHO LOIBEHEREMHL, KicBohimEg
HFHE+EmACHERZE 2 LT, BAEMBELRE
T2b0TH5. HEARKEIEEBEHED 75 X 21t
50w, BEERAERAE A FHIcKH~T, &
HICKIET ZREIMBFNTHN B EEZL LN 3.

BohEAEMBELRKICL T, BEAKOMEFE
TREBEIEBT I EMNWETH 5. DB~ K8
RERARXOWEET VT Y X AQEMBEA RIS
BICRENEFHERELILINVD, —DOFRER L R
TE5HDTH 3.

SBOBRELLT, FREOBERE, HA¥NE
HOHEFIME, BEEAEHER I 2HMEEDE
R, FOXHHGHEmICN L TAESER» OME
nERBTONB.
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BFEEKTY, 12-3 (1974)



144 % #®

000 LIUOOUC IO
OOUOORAAIIVLOUOOD. GO G
wWo W

oeesse sose  we
ecscsnsee  ees

Feb, 1978

i

88888res
§88°°$e&

oy oo

0 «w
OLCOCCIN G

Fig.

e v g ot

888sgz
feggees 883,

(c) Assembled picture of F1 and F8
16 Picture pair that are assembled by triangle check.
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