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A Complementary Color Wavelet-based Measure on Color Image

Sharpness Assessment for Autofocus

ZHOU Wen' LI Dan' ZHANG Jian-Qiu'

Abstract In this paper, a new measure on color image sharpness assessment for autofocus is proposed. By means of
the complementary color wavelet transform (CCWT), the scale maximum energy and statistical distribution variab-
ilities of the fusion complementary color operators in CCWT domain are combined into an image sharpness assess-
ment measure by their product. The analyses show that the complementary color operators can extract the charac-
teristics of the color, brightness, scales, directions and mutual information among the channels in a color image. In
this way, the sharpness of the most significant feature in these extracted characteritics is revealed by the scale max-
imum energy of the complementary color operators. The dispersion degree of the features related to the sharpness of
an image is disclosed by the distribution variabilities of the operators. As a result, the proposed measure in this pa-
per can increase with the increase of the image sharpness. The simulation results on the LIVE/IVC database show
that the proposed measure is of the highest focusing accuracy 0.0373/0.0246 and resolution 1.6132/0.4771, and the
best unbiased stability comparison with the classical methods reported in literature.
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Fig.1  The HSI color space and the RGB hue ring
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6 0.0239 18 0.0367
7 0.0235 19 0.0415
8 0.0224 20 0.0681
9 0.0241 21 0.1853
10 0.0259 22 0.4329
11 0.0265 23 0.8159
12 0.0274 24 1.2271
1.0
0.9t
="0.8}
<
0.7}
B
E 0.6 |
& 0.5
o4l
1K
203t
mo.2t
0.1F
0 1 1 1 1
0 5 10 15 20 25
ORI R 50 P 1R
8 DIV2K EMEF I G340 (1197 5 RS R 32 1 1) 22
ass (SLLNZESR 1, BELNZESR 2)
Fig.8 The change trend of the variability with the in-

creasing blur of DIV2K image sequences (Solid line is
level 1, dotted line is level 2)
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Fig.9  Definition of accuracy metrics

AM =S,.—S_, (13)

RS PEEIER (Resolution metrics, RM) #&
T 175 T P52 DA 0 2 AE AN TR AR VT N ) R, A

L 2 50 S0 1 8 R, s
LA

1/2
1 2. 9
RM = —S)°M 14
HMEE;S ) <4 (14)
$ofr, 4RI A, M(s) 2R EE RIS b
B s RSOV IR 4 ROV O, 3 ST
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Bl E WA 4 KR aEIR T, RERTHhE
A 6 1F K /NR 512 x 512 HARCHIRE FE A [ /% & &
B 1EW AR E &R EB T8+, BB 6 #2
N HR iff 7 1) H 0 B R . S T O E R (13) M
(14) BT S SR £ K8 B R0 oy W e 1) s LR, AR
MR E LIVE (gblur) M IVC(Flou) H1AH 4R AR R
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AR SCHTHEIN B 5 SRR IR Y 8 et S V)
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grad), JKJEZ43i% (SMD)W, 7] fE ] A8 hy 4 37 5
1% (SML)YL 75 223 (Variance) ™, i 2 X 38 (1) 77 7
{H 53 #7771 (SA-Svd) ™, A% G /MBI s RS0 e & L
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YRR MBSk, 3 3 MR A 78 LIVE #4l &
Hh AR SE I B RE VPAN DU BE M ooy BB B I 3R
FEREFE 0.0373 FI4r R 1.6132. % 4 Mk —F
. A IVC Bds PErh, A3 Mooy A i Ei
RERE 0.0246 F1HFR 0.4771
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Mpp ¥R/ N 38 (0 B B2 VE AR 73, EATTI L IR] R
2 M F AR ) (A G /N i R AR B 07y &, gt 2 Ut

x 100 % (15)
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Fig. 10

ents the decomposition level of the traditional wavelet;

Modeling flow of Mpp measure (j = 1,2 repres-

n =kr/4,k =1,2,3,4 represents the subbands directions
in each level)
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- Tenonprad able 3 The average of accuracy metrics and resolution
0.8 oMb metrics of each sharpness assessment method in Gaussian
g 07 \ %{g&iﬁ“ blur image sequences of LIVE (gblur) database (e = 1%)
§0'6 ,‘s\*gg? Methods  KERE(AM) KEREIRTE(%) AHER(RM) A HREIRTH(%)
= s \'é‘kf”aw Entropy”  5.4621 99.32 9.0081 82.09
ﬁ ' ; * Tenengrad®  0.1130 66.99 6.1262 73.67
é 0. SMDW 0.0756 50.66 6.1054 73.58
lm 0. SMLY 0.0543 31.31 3.2748 50.74
0.2 Variance™  0.5798 93.57 8.6133 81.27
Sd-Sva! 0.0380 1.84 2.1322 24.34
01 DB 0.0950 0.74 6.5152 75.24
1 ) 3 1 5 6 7 3 9 0 11 FISH!" 0.0636 41.35 3.9004 58.64
EIg 75 (RENE) Mpg 0.0407 8.35 2.4862 35.11
(a) Woman hat Mcowr  0.0373 - 1.6132 -
K4 FIBWEIHN EIEE IVC B E Flou BG 714

=== Entropy
=e= Tenengrad
=&= SMD

=®= SML

Variance

FEVEOT I

7

KBTI (REALE)

(b) Boats
11 BIEM VN I IEAE R 51 B R VERE E T ELAL
Fig.11  Qualitative comparison of the performance of

each sharpness assessment method in the Gaussian blur
image sequences
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T XA [FE B VPN v AR e AT E
ELAE, A SCEHAT LIVE (gblur) $od b 28 25 K14
A, o B ES 2~ BG4 h 5l AR T %
o 2 B S B E S 2o, LIVE (gblur) BIANFE]
EHE 7 F 0, BUR 6 359 N HR B i 1) 553 i 15
DAAS [i] W 75 BRI S 37 BT 258 VAN B 5% 1 B, B )

R SRS LA 3 R I ME (e = 1%)
Table 4 The average of accuracy metrics and resolution
metrics of each sharpness assessment method in Gaussian

blur image sequences of IVC (Flou) database (e = 1%)

Methods — #EEE(AM) FEEEIRTH(%) 7R (RM) 53348 TH (%)
Entropy®  2.5343 99.03 9.1027 94.47
Tenengrad®  0.0785 68.66 6.2105 92.32
SMD# 0.0517 52.42 6.0649 92.13
SMLY 0.0323 23.84 1.7217 72.29
Variance®  0.4067 93.95 8.7291 94.53
Sd-Svd"  0.0265 7.17 2.2631 78.92
DB 0.0645 61.86 6.4927 92.65
FISH™ 0.0404 39.11 2.8601 83.32
Mpg 0.0299 17.73 1.6301 70.73
Meewr 0.0246 - 0.4771 -

K& R 6 AR s i B & i il k&
AT 7 A T A E VR VIO, R iR EORR D
R WIZ I T VP4 D0 B2 AR T i A 5E 1R AT, AH L
XF Ee Al S BR 25 Rl ek 5~ R 7 P, K 5~
TR BEAE MR T Z G OK, I R AR U5 ik
FAEARR AT REALEOR, AN, A SCHE A3 I 2
PO INEE M ocyr R R T — ELREOR KR iR U
7 A g PE. X IEGES 2.2 % e iR AE, 5K
(6) 7 SCH J= 2 B K i B v W 7 1 TP LA B e
111 T i 72 A 1 S PR 2 1 AT PS8 T D5 V2 AE e P
SRR T B R, SR SO IR I M
cwr CABCFI AR SCIE 10 FARRT M Tohide & VL
A SCHRIRIE R T3 L. BT Meoowr LA
TEVEDLT Mp g T A € PE 1) 45 I 3L — REHIE S
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K5 HIEW PN HVEATE LIVE £ gblur BT 41
R R ORAE SR R (MRS AEAE T BIR 2)

Table 5 The number of errors in the maximum value of

each sharpness assessment method in the Gaussian blur

image sequence of LIVE (gblur) database (noise in image 2)

Table 7

F T FIEWEEN FIELE LIVE B3R E gblur B1&F 51
PR ORI S R B (MR S AR AE T IR 4)

The number of errors in the maximum value of
each sharpness assessment method in the Gaussian blur

image sequence of LIVE (gblur) database (noise in image 4)

Methods 02=5 o02=10 o02=15 o2=20 Methods c2=5 o02=10 o02=15 02=20
Entropy" 13 22 24 27 Entropy" 17 25 28 27
Tenengrad!” 0 7 20 24 Tenengrad!” 0 13 23 26
SMD# 8 23 27 28 SMD# 11 25 28 28
SML" 8 22 26 28 SML" 10 23 28 28
Variance!"” 0 0 6 13 Variance!"” 0 5 11 15
Sd-Svd!! 8 23 27 28 Sd-Svd ! 8 24 28 28
DB 6 20 25 28 DB™ 10 22 27 28
FISHM™ 2 20 25 28 FISHM™ 6 23 28 28
Mpg 0 0 0 9 Mpg 0 0 9 21
Mocwr 0 0 0 0 Mocwr 0 0 0 2

K6 HIEMW RPN SVEASE LIVE 2 gblur S5
R R B SR AL (WS AEAE T B 3)

Table 6 The number of errors in the maximum value of

each sharpness assessment method in the Gaussian blur

image sequence of LIVE (gblur) database (noise in image 3)

Methods o2 =5 o2 =10 02 =15 on =20
Entropy® 13 24 26 27
Tenengrad 0 12 21 25
SMDH 11 23 28 28
SMLY 8 23 26 28
Variance!”! 0 1 8 13
Sd-Svd!"" 8 24 28 28
DB 8 22 26 28
FISH! 2 22 26 »
Mpg 0 0 3 1
Meowr 0 0 0 !

Bk [19] & R A BN/ NP S 1S, B RN
INBEAE BT Lo AL G /)N i B U P v B 1 1 [ B R 4
E 1) B A6 i P 40 5 R AIE

RN E TTIERIB R E 44, A SCAE Intel Core
i7-4770CPU, 3.40 GHz 4, 8 GB WAFEHIHEHL
I, RH MATLAB R2017a ¥ & #E4T T % ELs256
iR BRI T BT an sk 8 A 9 Pz, Wl K,
A FTHRE H IR I B SR I B M oopr, H TR B2 R
FEFRTF I R a1 R 7 iz S 3N, 18 G 2Rt
AP EMAEE, FRIEHEERE.

4 ZEip

BT HAMA NG, AT 1 T TR
5375 AT P52 VA0 B2 e SR T3 3. O 1 e e T

F£ 8 KGN SLIAE LIVE 06 % gblur BIE )75
S 4138 4TI TA)

Table 8 Average running time of each sharpness assess-
ment method in LIVE (gblur) database

Methods Time (s) Methods Time (s)
Entropy" 2.6349 Sd-Svd!" 0.1865
Tenengrad" 0.0371 DB 0.0831
SMD*® 0.0283 FISH!" 0.0806

SMLY 0.0234 Mpp 0.1417
Variance 0.0084 Meocowr 0.7736

RO BIEW RN FEAE IVC R FE Flou BIGT 1
I~ 21847 I 1A

Table 9  Average running time of each sharpness assess-
ment method in IVC (Flou) database

Methods Time (s) Methods Time (s)
Entropy" 2.1115 Sd-Svd™* 0.1712
Tenengrad" 0.0294 DB 0.0718
SMD® 0.0222 FISH" 0.0658

SMLY 0.0203 Mpp 0.1138
Variance™ 0.0063 Meewr 0.6111

T M SR A A S A5 PR R B U AE BB S T
7] J2= 9 LA S 253 38 73 B ) AT LA S S AT ORI e
ik, FERHEAIRMR RETERE, ASCE XL T4
J2 Gt K RE R RAIL B 2 2 ROHITE T E, T B0
BT FSE AR SRARFALE 73 A1 A B RO E, YR 2 73 B
HICRE A AT . DRI, ) " AT 4 3 T AT 2 ) 2
AU T A I LR T A R 2 R 38 i . e Ak, R
ASEAE A% 8 /N IR A SC IR J5 R ARAL TS T 2,
20 I 1 e AL AT 5 SRR 8 5 3k (R PP PR RE AT LE
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