














































Hotel

Distance and orientation are both significant

Airport

Both symbols must be foundContext: dir(A.loc,H.loc) = "north"
dist(A.loc,H.loc) < 8 and
A.type = "airport" and
H.type = "hotel" and
H.im = A.im and

where image.id = H.im and
from image, symbol H, symbol A
select distinct image.map
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All query pictures:
CSL: All symbols; maybe others
SSL: Within distance; any direction









NOT

AND

NOT

AND

NOT

AND

(a)

2 6 2 4

I:No

I:Yes

I:

II:

1

2

(b) (c) (d)

(h)

4 1

I:Yes

I:Yes I:No

(j) (m)

2 6

CA B

(k)

II:A1 No

(e) (g)

2 6

II:No

CA B

(f)

II:Yes
II:Yes II:Yes

II:No

II:A2 Yes

II:B2 Yes

All query pictures: CSL: All symbols; maybe others SSL: Within distance; any direction

II:B1 Yes
II:C2 No

II:C1 No
II:C2 Yes

II:C1 Yes

II:B1C1 Yes

Queries Database Images

Picnic Site

Fishing Site

2

2







NOT

AND

NOT

AND

7 5

I:Yes ?

I:

7

CB

I:No(B2)

5

9
4

A B

A B

I:Yes(A1)

1

2

I:No(B2)

I:Yes(B2)

I:Yes(B2)

I:No because A1 conflicts with B2

I:Yes(A1)

(a) (b) (c)

(d) (e)

Queries Database Images

SSL: Within distance; any direction
CSL: All symbols; maybe others

All query pictures:

Picnic Site

Fishing Site







OR

NOT

OR

AND

1 2

3 4

-/D3E- -/F3G- H4J-/-

A2B-C1D3E-/-

F3G-H4J-/-

-/A2B-C1D3E-F3G-H4J-

-/F3G-H4J-

(j)

CSL: Any symbol; maybe others
SSL: Any distance; any direction

CSL: Any symbol; maybe others
SSL: Any distance; any direction

CSL: All symbols; maybe others
SSL: Within distance; any direction

A   B   C
2   -   1

H   JF   GD   E
3   - 3   - 4   -

(a) (b) (c) (d)

(g)

(f)

(h)

B

C
A ED

8 8

F G

J

H

(e)

A2B-C1/-

Hotel
Holiday Camp

Campground

Airport Restaurant
Scenic View

Site of Interest
Sports Institution



OR

NOT

AND

OR

4

ED F G

1 2

3 5

4

4

F2G1/F3G1 -/H-J-
D2E4,D3E5/D2E5,D3E4-/A-B-C-

F2G1H-J-/F3G1H-J-

F3G1H-J-/F2G1H-J-

A-B-C-D2E4,A-B-C-D3E5/
A-B-C-D2E5,A-B-C-D3E4

A-B-C-D2E4F3G1H-J-,   fails D2F3
A-B-C-D3E5F3G1H-J-/
A-B-C-D2E4F2G1H-J-,
A-B-C-D2E5F2G1H-J-,
A-B-C-D2E5F3G1H-J-,
A-B-C-D3E4F2G1H-J-,
A-B-C-D3E4F3G1H-J-,
A-B-C-D3E5F2G1H-J-,

CSL: Any symbol; maybe others
SSL: Any distance; any direction

CSL: Any symbol; maybe others
SSL: Any distance; any direction

CSL: All symbols; maybe others
SSL: Within distance; any direction

A   B   C
-   -   -

H   JF   GD   E
2   4 2   1 -   -
3   5 3

(e) (f)

(h)

(g)

(b)(a) (d)(c)

(j)

B

C
A

J

H8 8

4

Hotel

Holiday Camp

Campground

Airport Restaurant

Scenic View

Site of Interest

Sports Institution





NOT

AND

NOT

AND

-/A1B1C1D3

7

C

5

C1D3/C1D4

-/C1D3

C1D4/C1D3

A1B2C1D4/A1B2C1D3  an arguably incorrect result

(a) (b)

(d) (e) (f)

(c)

57

CA

A1B2/- C1D3/-

1

4

6

6

4

1

4
3

3

2

2

7

A B

B

D

D

A1B2/-

Fishing Site

Sports Institution

Picnic SiteAll query pictures:
CSL: All symbols; maybe others
SSL: Within distance; any direction





4
5
4
5
4
BA

Fishing Site

Campground

A

5 B

(e)

(d)

(c)

2

1 4

2

2

4

5 3

6
6

4

242

(b)(a)

…

242: A1B4,A2B4,A2B5,A3B5/A1B5,A3B4

…

CSL: All symbols; maybe others
SSL: Within distance; any direction

5

5
4 2

3

1
B
A

101101242

N

Y
N
Y
Y

3
3
2
2
1
1Y242

242 101101





1

3
B B B B B B

1 1 2 2 2

4 435 5

(b)

A1 A2
0 1

B B B B

AAAAAA

101000

(a)

B

45

(d)

011 001

A1 A2 A3

B B B B B B
4 5 4 4 55

0 1 0

4

3 4 5 3 4 5
B

A A A A A A
1

5

3322

54

1
BBBBBB

1 101 10

OR

010
A2/A1,A3

10
B4/B5

101110
A1B5,A3B5
A1B4,A2B4,A2B5,A3B4/

(c)

+

AND

01
A2/A1

101
B3,B5/B4

000101
A1B3,A1B4,A1B5,A2B4
A2B3,A2B5/

++ ++

1

+

1 00 11





273:  30,30  40%
277:  30,60  60%

(a) (b) (c)

273:  A1,A2 273:  B1

Matching Similarity Level: 30%

A

Campground

273:  10,10  60%

Matching Similarity Level: 50%

B

273

30,30 40%
2

1

10,10 60%

271:  32,35  80%





B

C

A

NOT

B

C

A

NOT

Campground

Hotel

Fishing Site

197: A1B-C-/-

B

C

A

283: A-B1C2/-
475: A1B-C2/-

CSL: Any Symbol; Maybe Others
SSL: Any Relation; Any Distance

(b)

1

2

1

2

1

197

283

475

(c)

198: -/A-B-C-
...(83 entries)...
282: -/A-B-C-
283: -/A-B1C2
284: -/A-B-C-
...(189 entries)...
474: -/A-B-C-
475: -/A1B-C2

197: -/A1B-C-

(d)

197    : -/A1B-C-

283    : -/A-B1C2

475    : -/A1B-C2

198-282: -/A-B-C-

284-474: -/A-B-C-

(a)

























b

a

c



(b) 5⌧way(a) 6⌧way

(d) 2⌧way(c) 3⌧way











y´

x2+! !y2

="
x2+!

sin

cos

2y!

2y!

! +2x
" =

x´

x!

!y

!y
" !x

"k

(b) Transformed Space(a) Normal Space







(1,0)

V
(0,0.5773)

# (0,⌧3.464)

30°

60°

90°

C (0,⌧1.155)
B(0,⌧1.155)

A(0,⌧1.155)

0°

120°

(⌧1,0)

C (0,1.732)

BA

(0,0.667)

(1,0)(⌧1,0)

(0,⌧1.333)

30°

60°

90°

B(⌧0.2308,⌧1.179)

0°

120°
(0.2308,⌧1.179)AC

(0,⌧3.692)#

V

(0,2)
C

BA



BA

D
C



h

$

ca b













170°

r

%

r

20
%

D
img#

10°

30

20

10

160° 180° | 0° 20°

1520°

30°

123

15

20°

B
A

456

350°
C

20
D

% rgf
BA 123

img#rgf
C 456





r

Orientational Constraint

2A

None
1A

%+&3A

4A

5B

%
%'&

5A

1B

3B

Distance

r

%'&

%'&
%

%+&

%

r

%+&
%
%'&

r

r

%'& %+&

%+&

%'& %+&

%'&

%+&

%+&+(

Constraint

None

Closer
than r

Farther
than r

Not
Within

Within

%%

% %

%

%

%

%
%'&

%+&

%%'&

%'&'(

%'&'(

%'&'(

r

r

%+&+(

%'&'( %+&+(

%+&+(

%'&

%+&+(%'&'(

%
%+&

4B

2B

%+&

%%'& %+&%

%+&%%'&%

%+&%%'&%

%+&%% %'&

%+&%%'&

lr

hr
hlr  and r

hlr  and r
lr

hr

lr

lr

hr

r

hr

lr

r
hr

lr

hr hr

lr

% + &% ' & to

lr
h



C (600,200)

A (100,100)

B (380,420)

E (900,900)

D (960,350)







A

B

(

(

(

%(

2P
P1

Pk





%

%  + (

k

%  ' (

I II

k

k

k

%

%+&
%+&+(

%

III IV

%'&'(
%'&'(

%'&

A

B
k

k

k

%  ' (k

%'& %+& %+&+(

%  + (

%

A

1%2%

2%

1%

1%

B1

1A

2% 2B

2















R

X













H

G

O

A

B C



(H,O)

(H,O)

A
B

(d) Collinear Pseudotriangle

CB

A

G

CB

A

(c) Equilateral

H,G,O

C

O

(a) Tall Isosceles

G
O

H

A

G
H

(b) Wide Isosceles
CB



150°120°

D

B

A

180°90°60°

C

Next
Largest
Angle

R
(otheR)

R

R=X

X = 90°

X
R

R

Largest Angle X (maX)

90°

75°

60°

45°

30°

15°

E







15°

30°

45°

) =

Smallest)
Minus
(Other
R ! N

= X ! N   (Largest Minus Smallest)"

F

E

B DC

A

30° 120° 150°60° 180°45° 90°

90°

75°

60° = 90
R = 30°

X = 120°

) = 30
" = 60

R=60°

X=80°
R=80°

R=X

" = 60 ) = 60

= 0

) = 0
" = 45
R = 45°

"
)





45
75

60

30 78

X R (=X)

N

X

Largest Side X (maX)

C
D

B

A

60 75 90

90

75

60

45

72

5 85

90

45 45

Side

Next
Largest

R
(otheR)

90

90

6030

52.72 52.72

74.56
R N (=R)

E

90!30!60 90!45!45 90!60!30
0°!180°!0° 0°!180°!0°

Characterized
Shape

By Angle:
By Side Length:

30 306060

90

45 45

9090
0°!180°!0°





?

(a)

(b)

G

O OO

H HH

G G



AB C B CA

(d)

(a) (b)

(c)

A
CB

G

G

A

CB



y

x
V

A (⌧1,0) B (1,0)

C (x,y)







360°

"

)

D

B

A´ A
0°

360° 0° AA´

D

B



AA´

CC´

DD´

B

180° 0°



AA´

DD´

B

C

180° 0°

C´









120° 0°

D

A

B´ B







60° 180°90°

(180°,0°,30°)

(60°,60°,40°)

R

B´

D

A

A´

B60°
90°

D´
50°

40°

10°

20°

60°

30°

Orientation

X (Largest Angle)

30°

40°

Largest
(Next
Angle)



V

A (⌧1,0) B (1,0)

C (0,  3)
0°

60°
# = (⌧2  3,0)

60°A (⌧1,0) B (1,0)

C,V (0,0) 0°

# = (2,0)



A (⌧1,0) B (1,0)

C (0,  3)
0°

60°

60°A (⌧1,0) B (1,0)

0°C (0,0)

# = (6,0)

= (4,0)#













(c)

(d) (e) (f)

(b)(a)



22

10

10

22

10

22

1010

10
10

10

10



5 (12)

20

15

2

15
10

22

(8)

10

10

24

18

(4) 5





15

(15,12,13)

(a)

12

10 10

12
(14,?,14)

(b)

14

12

13

(15,10,13)

(c)

10

13 14 15



(a) (b)

(14,14,12)(14,14,12)

1414 12

14

10

12

14

10







(a) Bimedians (b) Diagonals (c) Inter⌧center Vector





x

" =

" =

2y!! +2x

180°
0°

2

sin

cos

!

!

2y!

2y!

+2x

+ "
y!

!x y´

x´!y
" !x

2

(b) Transformed Space(a) Normal Space



90°

135°

45°

0°

180°a 1 2

a

2a,1a ´´240°

60°

a

(a) (b) (c)

4

4

4 4
6

4 4
2

2 6

6

2



a

b

cc

2

5

8

5

a b
~38.66°

180°
0°

135°

45°

90°





B (5,0)
A (0,0)

D (1,4)
C (7,5)

135°

45°

90°
180°

0°AD
BC

BD

AB

CD

AC
#



(a)

30°
120°

c

ab

df

e

d (150°)

f (30°)

ce

a (120°)

b (60°)

45°

135°

0°
180°

90°

(b)

# = 0



f

e

db

a

c

f

e

90°

135°

45°

f

e

d

c

b

a

45°

cb

ad

cb

d a
#

180°
0°

180°
0°

f

e

90°

135°

(c)

= 0#

(d)

(b)(a)



(Orientation and one "shape" axis)
Eccentricity Vector

Four additional axes:
Size (unlimited)
Three other "shape" axes (0⌧1)






















