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A Relevance Score Normalizing Method
Using Shannon’s Information Measure

Yu Suzukl,t KENJI HATANO," MASATOSHI Y OSHIKAWATt
and SHUNSUKE UEMURA'

In metasearch engines, many individual retrieval systems calculate raw relevant scores to a
retrieval target respectively, and the metasearch engine directly combines these raw relevant
scores into the similarities between the user’s query and the retrieval target. At this time,
the metasearch engine should normalize the raw relevant scores to be equivalent with each
other, because the raw relevant scores are not always adequate to be combined. That is to
say, the same normalized relevant scores should indicate the same similarities between the
user’s query and the retrieval targets, even if the normalized relevant scores are calculated by
different retrieval systems. Many normaization methods have been proposed so far, but these
normalization methods are not always sufficient for normalizing the raw relevance scores. In
this paper, we propose a method for normalizing raw relevant scores using Shannon’s infor-
mation measure. By applying Shannon’s information measure to our proposed normalization
method, the high raw relevant scores are convert to low normalized relevant scores if a re-
trieval system calculates many high raw relevant scores. On the contrary, the high raw relevant
scores are convert to high normalized relevant scores if a retrieval system calculates only a
few number of high raw relevant scores. We assume that the retrieval targets are relevant
for the user’s query if both the raw relevance scores and the Shannon’s information measure
are high. From our experimental result, we confirmed that the accuracy of our normalization
method is better than others. Consequently, we confirmed that the proposed assumption is
correct for relevant score normalization method.

1. 0000

+00000000000000000000 00o00o0oboooobobooooobooooon
Graduate School of Information Science, Nara Institute 00000000000 O0O0OoOoOoOoOoooooon
of Science and Technology

e 000D000D00000000000 1000000
Information Technology Center, Nagoya University Joo00DoO00obOobDOoOobOobbopoobooooa

37



38

2)

gooooooooooooooo

Mar. 2004

mage retrieval system
based on histogram

Image retrieval system
based on shape

Image retrieval system
based on texture

Rank Score | Image
< 1 09 Img]
1 2 08 Img3
3 02 Img2 3)
Retrieval results
with relevance score S(R, ,OJ-
Rank | Score | Image
1 02 Img2
P T [ R e
2 008 fme3 2 0.5 Tmg2
Retrieval resuits B 01 | mg
with relevance score S(R,,0))
Integrated
Rank | Score | Tage retrieval results
N 06 | Imgl with
g or | Ime2 relevance score I1S(O)
3 02 Img3

Retrieval results

Retrieved images

with relevance score S(R;,0)

01 0D000O00bOOO0oOo0oOobDoOooobooooooo
Fig.1 Integration of multiple information retrieval systems.

gboooooboooooooooooooboooo
goboobooooooobooooooobOoooon
goooooocooobooooooobooooooobon
gboboooooooboooboboooooooooo
gooooboooooobooi100b00o0o0o0o0aoon
goooob 1000000000000 10000
gooobooOooO0o0oooooboooooooDbooo
0o00ooooooooooln)oooooooooo
O000oO0oo0ooU0oOoo0ooooooooooo?)
gboooboooboobooooooooobooo
00o0ool)2)iio0oooooooouoon
goooobooooo3goooooboooooooo
gboooooooooboobooboooobOoboooo
“d0000000”00000000000000
gooooooO0oOoOoooooooooodo «od
ooOoo’gooooooo
goboobooooooooooooooboDboo

goooooooboooooooobooooooao

gooooobooooooo soooboobbo
ooog

(1) DOooOOoOoOoOOoDOUOOODOODOOOO
oooooboooooooon
ooboooobboooboboobooooo
gobooooobooooooon
ooooooobooooooo
oobooooobDooooooon

—~ o~~~
Tt o W N
—_— — — —

00000000000000000000000
000000000000000000000000
00000000YOo0O0000 50000000
040000000000000000000000
000000000000000000000000
000000000000000000000000
000000000 D000000 300000000
00000000000000000

000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000O00000000000000000
000000000000000000000000
000000000000000000000000
oo9®0gnoooo00000000nonoooDn
000000000000000000000000
00000000000 0000000000000
000000000000000000000000
000000000000000000000000
O0000000000000000

O000D0O0Shannon 00 0O0Y 0000000
000000000 000000000000000
0000000000000 D00000000000
000000000000000000000000



Vol. 45 No. SIG 4(TOD 21)

goboooboobobooooooobooobooooboooooo
goboooocooboooobooboooboooooo
gooooooooooboooooobooboooooo
oooooocooobooobOoOooooooooon
goooboooooooboooooooooboooo
goooobooooboooboooooobooooo
goooboooooobooboooooooooo
goooooboooooooooooobooooooo
goboooooooobooooooooooobood
0000000000000 0D0 OShannon 00O
goooobooobooooooobOoooboooon
ubooooooil1gooooobooooooooao
gooooobobOoOoooooooooooooo
oobooooooooo
ooooooooooobooboboooooooo
goooooooboooooooooooboooboooDo
gooooooobooboo 3sboooooooooboooDo
goooobooooooooooboooobooooo
030000o0ooooooool)oooood
gobooooooooooobooooooboog
goooobooooooooooooooooooo
O00o0o0ooooooooooooooo2)ooo
gbooooooooooooobooooooooo
00o0ooooooooooUooooooo3)ooo
gbobooooooooooooooooooobooo
gooboooOoooboooooooooobooooobo
ooo
oooooobodoboooogooono 200000

gbooooobooobooooboooooboobooooo

OO0 30000Shannon 000000000000
oOooooO0O0O0O0000000004000000
gooobobooboooobobooooobooo 50
goooooooooooooboobooooboooo
ooooooon

2. 00000

gooobooooobooboobobooboooboobooo
goodooooooobooooboobooooao

goboboooooooooooboooooooboon

0000000000000 C00O00Diamond OO0

0o0®0000000000 2000000000

gbobooooogd

(1) DOOOOOOOODOO0OOOOOODOUODOO
oboooooooooooboooooooo
oobobooooooooooooo

(2) 10000000DOODOOOOOOOOOO

gooooooooooOo0o0oooooooobooboOoooooooon 39

000000000000D000000000
00000000000 0000000000
000000000000000000000
oooo
000000000000 00000000000
000000000000 00000000000
000000000000000000000000
00000000000 00D0D0000000000
00000000000 0000000000000
0000000000 000D00000000000
0'Y00D0000000000000000000
0000000000000 00000000000
0000000000000 00000000000
0000000000000 0D0000O00O0000
000000000000000000000000
0000000000000 00000000000
000D000000000000000000000
00D0D000000000000000000000
0000000000000 00000000000
000000000000 0000
000000000000000D00000000
00000000000 0000000000000
000000000000320000000000
000000000 D00000000D00D0O0000
000000000000000000000000
000000000000000000000000
O0OWebOOOOODOODOOODOODOOODOODO
0000000000000 0Montague 00 300
000 Standardd Sumd ZMUVO OODOOO7O0
0000000000000D00000000000
000000000000 000000000000
00000000000 0000000000000
00000000000 0000000000000
00000000000000000 3200000
O00DO0OD0OMontague 000000000000
00000000 00oO
00000000000000000000000
000000000000000000000 Vogt
O'W~0Bartell? 000000000 DOOOO
000000000000 000000000000
00000000000 0000000000000
0000000000000 00000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000



40 Ooooooooooobooog Mar. 2004
¥ Normalized
K Relevance score |I‘ relevance score
—— 3R..0) S®,.0)
Image retrieval system R, Normalize ’ Integrated
Normalized Relevance Score
Rele;ﬁ;cgf;core II relevance score \mtearation I5(0)
— 25 S'(R,,0) TS (R,0)
A targetted image Image retrie.val system R, Normalize =
0, :
e 5 Normalized
| Rde;?;: %s)core II‘ relevance score
: O S'(R,,0)

Image retrieval system R,

Normalize

02 O00000000OO0OOO
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Fig.3 The number of objects for each score in the

retrieval systems R; and Rs.

000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
O000000000000000 Shannon 00O
000000000
3.3 Shannon 00 000D0O00DO0OO0DOOOO
0ooooo
00000000000000000000000
0000000000000000000000000
00 300000000000
(1) 0D0D0O0OOODOOOOOOOOO0OOO000
0[0,1]00000000
(2) DOODOOOOOOOOOOOOOOOO0
(3) 00000000000 OOOOOOOOO00
0ooooo
00000000 3000000000000000
3.3.1 00OO0OOOOOD
00000000000000000 [0,1]000



42 gooooooooooooooo

A number of target objects

Relevance

R Score
T2 A P-1P
SIR,0)

04 0O00O0O0O0O0OOCOOOO

Fig.4 Calculation of information measure for relevance

scores.

J000000oooooooag Standerd D000
0000 [0,1] 0000000 Sme(R:) 00000
00008m(R) 000000000000000
oooooooog S*(R;,0;,)0000000O0OOODO
S(Ri, O;) = Smin(Ri) )
Smaz(Ri) — Smin (Rs)
3.3.2 Shannon 0000000
0000D00o0bO0obOboOOobOobOOoOoboOoboono
00o00oo0o0ooooo o,1]000ooooooo
goobooooooobobooouobbbobooo
gboooobooobobobooooboboobobog
goboobodoooobbobuoobooooooo
goooobooooobobobooobbobono
oooo
ooooooooo 0,10 o000 LOoOoOoOOo
JooobO0obO0o0oobOooobobooobooooon
ooooooo0oobO Loobbooooooooboa
DD[QHDDDDDDDDDDDDDL:%DD
00 Loo000b0ooo0oobobobobobPO
[0,1]00000000D0O0O000O0OO0ODO
040000000000 S*R;,0;) 0000
0000000000 k (k= 1,2,---,P) 000
0000000000000000000 $*(Ri,0;)
0000 I(R,0;) 00000000k000000
000000000000 oUOOO0O Fk)OOoOoo
000000000000 0000000 NO F(k)
000oo0ooobooooooooo o; 0000
I(R;,0;,) 00000000O0ODOO

1(R.,0,) = ~ log, (%) ®)
O000O0Shannon 0000000Y 00000
gooodoboooooooboobuoboooooboo
gobooooooobobbooboobooooogoo
goo0ooooooOoOooooooboooooboooo
goboo0ooOobobOooboobobooooooooo
ogoodo
O0000OF(k)OO000O0ooooooooooo

S*(RHO]) =

Mar. 2004

0000000000000000000000000
000000000000000 0,0000000
000 S(R,;,0,)=010000000 I(R;,0:) 0
5000000000000000000000 0,0
000000000 S(R;,02)=040000000
I(R;,0,)0 100000000000000000
0000000 0,00 0,00000000000
0000000000000 0,000 0, 0000
00000D000000D0000F(k)00000
0000000000000000000000F(k)
000000000 G(kk) 00000000000

G(P) = F(P)

G(k — 1) = max(F(k — 1), G(k))

(k=2,3,---,P) (4)

000000000000 G(k) 000000

J(R;,0;,) 000000000000

J(R.,0,) = - log, (%) )

3.3.3 UU00O0OODOOoOoooo
Standard 000000000000 DOOOCOOO
0000000000 S(R:;,0;) 00000000
ooo
S'(Ri, 05) = S™(Rs,0;) - J(Ri, 05) (6)

4. 0000

ooooboooooooooobooboboobooobooo
goooobooooooboooboobooboooDboboo
03000001)000000ooooooooon
0O LO000oooo0o2)ooooooooooo
ooooOoooooooooooooo3)ouooo
gbooooobooooooOooobooooooooo

oooooobooooooooooooooobo
goooocoooooobooooooooooobooo
goooooooooooooooooboo

4.1 000000 DOOOO0OOOO

gooobooooooooobobooboooooo
ooboooooboooooobooooooo 3go
goboboodoooooobooboooooooboon
goooodobooboooooooooooooooo
gobbobooooooboobooboooooooo
goboooooooooobooboooooobooobooo
goboooooocooooobooooooobooo
gooobooooooooobooobooboooooooon
oo3s33bonooooonoonooobooooooon
S'(R;,0;)00000000000000D0O0DOO0
ooobooooooooo



Vol. 45 No. SIG 4(TOD 21)

4.1.1 000000 30000000
000 Montague 0 0 0000000000000
0000000000000 OMontague0 0000
0000 3000000000000 200010
0000000000

O00O0O0OFx 000000 CombSUM O
CombMNZODOOOOODOOOOOOOO (7)0(8)
oooooooo®o

N
18(0;) =Y " §'(R:,0;) (7)
=1
N
18(0;) = > (S'(Ri, 05) - K(Ry)) (8)
i=1
000 K(R;,)OOOOOUOD R OOOOODOO
obo0obOooOOoOooDOoobooboOooooog
Montague 0 0000000 O0SUMO CombSUM
Jooooooooooood ZzMUV O CombMNZ
opoooobooobooobuoobooboboobobo
0000700000 O0MontagueD O DOOO000OD
gooobooooobbobooobobobobooo
g0O0OO0o00COoC0OOO0bDOO0000DO MontagueO
goooobooobbboboooobobuooboooo
Montague 0000 3000000000O0OO0O
gooboao
4.2 00 00O
0000000 O0o0ooOoooboOoooooa
(1) 400000000D001B000000000
goooooooood
(2) DOOODOODOOOODOOOODOOODOO
gooobobooooooooobooobooo
OoOoooobOooobobooobooooo
(3) ODOOOOOOOOOOOOOOOODOoOoO
goo0o0o0o0obooDbo0o0ooobooooboon
ooo0ooObO0oO0oDoDoobooobooooo
0o0o0o0oooDo043000 (900000
goooooooooo
0o0o0oDoOoOooo 30,000 0000 OPhotodisc
0o00ooOooooo Ccb-rOMPODOOOOOOO
gooodboobobboooobuooobboboboo
gooboooboooboooobooobobbboboo
goob0bO0ooobooboooooboooboooobo
gooboooboboboobobobliobboooooo
go0obob0ooooooooobooooooboobo
goob0o0o0obOOo0oboobooobooooboooooo

Y http:/www.photodisc.com/

gooooooooooOo0o0oooooooobooboOoooooooon 43

00000000000D0000000000000
0000000000 00000000000000
oooooooono

4.3 00000

00000000000 000000000000
000000 10000000000000Y000
020000000000000000000000
00000000D00D00000D000010000
000000000000000000000000
00000000000 00000000 “000-0
00000’ 0000000OOoDOOOO0DO-0
00000000000D0000000000000
000000000000000000000000
000000000000000000000000
000000000 00-000000000000
000000000000000000000000
000000000000000000000000
000100000000000000000000
0000 “000007 0000000000000
000000000000®O00000000000
0oooDoOoooooo

N

B 1 2(0:) Hx
S TRP P <l+; wk)) Y

i=1 j=i

000O0ONODODOOOOOOO0O; (i=1,2,...,N)
000000 40000000/000000000
00000000 s00000000000000
2(0;) =100000000000 2(0;) =000
0000000D00000000000000-00
000000000000000000000000
00000000000000

44 0000

44.1 00O0O000O0O0O0OO0OOOOOO
33200000000000000000000
000 LOOOOOO0O000O000000LO000
0.00100 0500000000000000000
000O000000000000000000000
20000000 CombSUMOCombMNZOO OO O
000000000000000000000000
0000000000 50000
00000000L 00000 02000000
000000000000000000000000
000000 [0,1)050000000000000
000000000000 0O0O0

4.4.2 0000000000000
00000000000000000000000



44 goooooooooooooboo Mar. 2004
Amount of objects for each score Amount of objects for each score
0.05 T T 0.05 T T
0.045 - B 0.045 |- B
0.04 B 0.04 J
- 0035 g o 0035 g
o o
8 o003f ///\ € o003l E
4 o
o '
o 0.025 | 4 o 0.025 B
£ £
j=J j=J
o 0.02 - B S 0.02 | N
o 3
2 H
< o015 41 < oois5k E
0.01 |- B 0.01 | B
0.005 - B 0.005 |- B
0 | | 0 | |
0.001 0.01 0.1 0.001 0.01 0.1
Parameter Parameter
(a) CombSUM (b) CombMNZ
05 00000 LOO0OOOODODOOOOOOOOOO
Fig.5 Averaging precision by changing the parameter L.
g ging p Yy ging p
Number of objects with scores Number of objects with scores
2000 T 2000 T T T T T
1900 T 1900 T
1800 T 1800 T
1700 b 1700 b
1600 T 1600 T
1500 b 1500 b
” 1400 - 1400 4
g 1300 i E £ 1300 E
% 1200 b % 1200 i+ b
S 1100 1 8 1100 R
5 1000 4 © 1000 E
2 900 - 8 900 4
£ 800 T £ 800 B
2 700 B 2 700 E
600 g 600 i
500 R 500 |
400 g 400 i
300 b 300 B
200 B 200 4
100 g 100 i
0 ; L o ,
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Score Score
() DODOO (b) Standard
Number of objects with scores Number of objects with scores
2000 T 2000 T
1900 , 1900 B
1800 | B 1800 B
1700 | , 1700 B
1600 | B 1600 B
1500 | B 1500 B
1400 g 1400 4
£ 1300 | E £ 1300 E
21200 | - 21200 B
S 1100 [ 4 8 1100 E
S 1000 1 © 1000 E
@ 900 - E @ 900 4
€ 800 [ 1 £ s —
2 700 B 2 700 4
600 B 600 B
500 , 500 B
400 E 400 4
300 B 300 B
200 T - 200 i
100 | " ki * 100 B
0 \ A R W 0 \ | \ \ f A "
-2 -1.5 -1 0.5 0 0.5 1 15 2 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Score Score
(c) ZMUV (d)0DooO

06 OD00O0OO0OOOOOOCOOOOOOOOOOOOOOOODOOOOODOOOOOO

Fig.6 The distribution of color histogram relevance scores at a query.
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Fig.7 The distribution of shape relevance scores at a query.
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