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Abstract The measurement algorithm and evaluation model for the visual perceptual quality of print sharpness are

studied. A test target with slanted-edges is designed for print sharpness evaluation based on the factors analysis for
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This agreement proves that the quantitative evaluation method for the perceptual quality of print sharpness is feasibl

and effective, and can solve the problem for which is only rely on the subjective visual evaluation by human eyes in

print sharpness, and an optimized measurement algorithm for print sharpness quality metric is proposed based on the
truncated frequency band. The objective measurement and subjective evaluation experiment are carried out for 26

digital prints with different sharpness effects, and a new evaluation model of perceptual print sharpness quality is

established based on the subjective and objective data coupling. Verification tests of 20 other digital prints show that
the predicted scale has a good agreement with the subjective evaluation scale, whose correlation index is 0. 9916
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the scanner used in the experiment
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Table 1 Measured sharpness quality metric values of 26 print samples

Print sample No. Method 1 Method 2 Print sample No. Method 1 Method 2
1 95. 65 90. 66 14 90. 58 84.59
2 95.15 91. 23 15 99.04 95. 81
3 71.69 54.74 16 74.27 54.59
4 66. 46 49.12 17 100. 98 102. 59
5 71.34 51.78 18 100. 32 99.09
6 87.23 79.63 19 48.09 17.38
7 75.67 60. 24 20 30. 10 8.18
8 90.73 84.15 21 12,44 2.97
9 84. 30 73.22 22 78.97 63. 88
10 96. 15 94. 23 23 57.79 29. 37
11 43.07 13.53 24 85.49 73.29
12 70.98 42.45 88. 25 80.52
13 92.02 86. 29 69.52 46. 45
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TE F TR BRI 067 BE 08P T . S8 6 B A PE A
BT AT RIS LB 7 PR N BT iR B RV BT
AIPEI AR I D 20 b A BAR DA A0 . S PR
R HHE T IE X 26 A 5256 FF A R 4 H 0 B RE T i
T AT HEY ARG FEAR TS B — A ED R AR A i 2
AN TR DI COL L 40 08 77 W2 15 00 0 R4 74T 43

P4 LA LK X B
Fig. 4 Viewing areas for subjective evaluation
TE FWVE A ok 72 b P 288 S5 ) %8 B R AR AR
R E AT (B 4 a KD RETEARE 4 9 b
KO T (8 4 e KOk k22 (K 4 d X
BO T B L SR RECF DL NS SO (4 e
DX B0 14 7 B S ne OR AT VR R R 2R VU
227 BRI AR TR A G R
SR 1~5 ko, Hid 1 AR 2, B O]
ANV TCIEHEIN 2 SRR 22 RN BB BEIA
BN T] 53 ARG A Ul W B A O, EAT B 4
5% 54 S ARERBAF o U BT B R 5t B AT 5 5 AR RAR
B RF 7 Bl s A I AT AT R
20 7 EWLPEHr & X 26 A4~ BRI A A o & XS
T8 T RE 4 A e 3 PR RS L 4 20 A TRAN X A

0633001-5



ot ¥

2 M

BRI AR AS (9 5 A A [a] DX I F0) 3 Wb 2 o B A e AR SRR
18 b B 1 45 SRATE VT 63 BN R AE A Y 3
W B2 b B A5 2y . ARG . S F R AT LG
T UG T ik VU 1 R DG o 0 A 250 ) O
5 56 B — A~ BV RE A (9 (238 73 A 2 75 IR IE 25
IR  IE RS AT LSS B PEAN S (E R AT A R T
TR R BT A WS PP o (E X D A R

5 T

'y

w

HEITA VA & g i R 520 19 F B E A O 4
A BRI A AR 355 WA RE A0 5 JR o ) B A L I 5
Z T 26 A EVRIAEAS (14 5 I L AL B J R o A
oL, WK S ATRAE .1 5/ 2 SHEAR, 17 5
18 “FREAS Z (8] {9 T2 VA 45 0 AR %3 . B DX
LHLREAS (19 39 07 BE R AH 25 XN IR 5 ONER 1 4 il
(1% % LI 5 (2R A5 1 25 18— B0 .

Perceptual scale
[\Y]

—

. |

1 234 5 67 8 9 101112 13 14 1516 1718 19 20 2122 23 24 25 26
Number of print samples

P 5 26 A~ BRI AE AR 04 35 B 32 P08 A o ik A2

Fig. 5 Visual perceptual scale of sharpness of the 26 print samples

3.2 FEWEREFMEREEZE

1) 3% W52 30 K0 0 L 23 B

T 26 A BRI RE A 1) 3 B R T WLV 45 8
5 L 0L 355 BT B8 J5 A % A 0 L =2 ] Y A LG
A oA G i PR B2 SR AT B0 T M o 4
-5 HEGE L 1 3 A 3 32 LA 4 o 2B P 4
{3 Rl it 175 WA JBE 1) 5 UL BT ek A5 AR (L5 RO B R ME 2
[ENROPIE €/ S P AR (WU R €/ TE ek /e
WP A5 00 1 T e BE 47 08 HE P 9 0 A P28 X dls
[ B 0] O 5 2 L R 6 T s o MG PP A AR A 3R B
REAR (19 175 B 5 J5 #5435 s 0 S L 5 A A48 B 3 s B R A
ES GO SO e R RN S LA R 4
TR (8) AT 2By 26 A~ BN AF A 14 375 B 2 Jo 2
VISR AR N SOV R v el LT DG B VA SN 4
‘@7 SRR T (6) TS B A M R TR A
FEAR P 4500 22 18] 10 B 5G AR

MIEL 6 7T LA B . iy 3 28 305 1 B Al
T8 A7 JBE oA i -5 L LT A 20 2 ) R AT B
AR DG - HAR B (8) A5 31 11y 3 MR J5E ot 2 PP AN 45 4
5 WE M 5% 0 2 8] B A5G R B 0. 9953 4%
(6) T3 A5 21 A9 175 B 52 o 22 2F 0 46 A 5 2L £ 0P
Y A543 Z 8] 9 AH O 2450 0. 9604, 33 1t BH SR FH A S 4
HH 1 3 B AR A AR T 5 SN B A 252 S
s Rz ) BA A — k.

2) A AT S T A5

N 3 T 7 LS 58 R 6 L 2 B TR AR S

5.0
451
401
3.5}
3.01
2.5
201

5t

I L

0 20 40 60 80 100
Measured sharpness metric

Subjective evaluation scale

Pl 6 3 O B R WLAEAN 43 5 % WL A DN A 1) 06 R
Fig. 6 Relations between the subjective scale and

objective measured metric data
B8 HFY 4y B R I B8 T A A T 5 1 e W AT R AR
1+ RE 5 5 1 b S W S B R 355 I 12 L 5 J25 R0 Jo o 1)
FAVEH &5 2R R ] 3 TR B 7 A A B A
JBE BT ik 4 o fe B A2 DI 355 AT BT e PP AN AR A
MNE 6 Al LA . BRI i B 5 A9 % 0054 45 AR
IS P Z 8] B A RS &R TR 4
PR S TH AT 3 B ik 3 AT 2 1) A R i
550 UL 3 WA 38 T 4 A I (R AR S R R R
IR I 1 BEARAT B35 MR JEE 1) Jo o PP AN B R Dy
Sabscore = 0. 0392 X' S arpness T 0. 7348, (M
T Sunscore TR EIVRR T WAT J3E 19 WL 52 S R0 J5 -1 15
3+ Sanarones TR B0 WLAGE U0 5 1) 114 E11 A 785 MR 2 ot 2 48
PR AR b () AT B AFE . b wT WL —
ARAT TR b £ 3 BT B2 SO B A A . 0 AT AR % AL

0633001-6



RS

AR 70 30 ) LR D2 SR R T F

TS AT LRG0 375 AT J3E 1 A0 5 S R o A A 45 0
U] gk — 20 5 5545 3 0 0 B A 6E R R BT BT A

&,
3.3 MARK
6 LR S S5 30 o A ok A e S 8 0 A 20 AN ED
T AR A SR 3 00 o D ARG 0y 9 L 4 3 A — A
BRI A 114 3 Wb B Jo s i B DU i 25 2R L R S R T (9)
FCHE B B R AE A 178 17 BT 32 5 a8 A 0 (T 554
B A BRI REAS 1) T8 M B A0 90 2R B i PR A )
Shy VI EJY Rl 355 AT 5 S5 2 WA W v A VR AR
FERY A 5 ME S50 () IF X6 20 A4 56 31 H B Rl A A I
& T EWPEAN . FUPEO 5 AT SR SR TR SCHE A Y
T8 W7 B o L PEA 5 s BV SEOR BN PE M A 5L
S % A AR AR ) A 32 DX ) 3 AR 43 )
HEAT AT 43 J5 A5 B A AN B AR A 35 i 2 1) 35 WL
W ar s g B 20 PR I PEN A5 20 19 7 B AR
R &A™ EVRRIRE A 1) T8 M R A0 50 2% o i DR A )
&7 25 7 BRI OB 32 o 6 T B R0 A5 0 5
FPEH 2 5015 200 P15 50 Z R B AH LG R
P B A OC R EGAE] 0. 9916, 77 HR 13 2% (RMSE) 2
0. 1072, F-¥4 % iR 2= (MAE) 4 0. 0859, Spearman 25
AR R E(ROCO) N 0. 9962, 8 HH(OR) N 0, %
LA 2 WY AR SC i 40 2 1 T A B o i PR AN B B
AT P Y R A P L B P R — B
5.0
g 457 /
% 40f %
g 35| s
é 3.0t
§ 25}

k3]
2 20r
fle)

CI;) 15} //”/
.

1.0 ; ; : ; : ; ;
1.0 15 20 25 30 35 40 45 5.0
Predicted perceptual quality scale

73 U O 15 4 5 5 0 TS 43 0 b
Fig. 7 Correlation between subjective evaluation scale
and predicted perceptual quality scale

S 2 2R U W R T AS SCHR Y Y B R A 3 MR
JEE T3 G I B 925 5 D R L AR 1 1 3 R AL R
i Ao 5 O A FA AR G — B . 2
FT 80 L 5 32 A5 1 11 B0 Rl 37 B E J5 AE EH ZE SR 5N
R 4 00 0 I o A O — B BB B A 14 B e AR X
B Rl it 175 WA JEE 1) 40 9 SR 32 . A 3 WA Sl 5 S 5 e
S 7 Y DR AT R oA AN Y BLAT B R T R

JEE S I

4 4k ®

AE 44T EIDR 35 A7 122 5 W DR 26 10 SR L B3
FE T D395 AR 2 00 7 5 S A R P M
T 391 10 ER 35 087 A 00 5 1 0 4 B EL R
BT Al 3 B B A5 el R [ 25 [ 951 26 2 0k
)« AL 28 495 0 00 25 5 15 L % DR ik 35 A
45 DU PE O SERE L B B T DD 3 DA R A
b S A I B v T 26 AN ELAg S TR O B A% A i
EI R % A 1 % 00 05 48 B 0 B0 8 G S P Ay 5
TR A T ERR S T 15 0 S R VA 7
G5 T T P R 2 (A A 5 06 BB . 3 3o
S T LA 5 L F L ASEIE

1) T 720 K6 T 19 00 3 BE 46 T i 9 1) B0 B
A 20 R R R A 3R 2 T AT 9 DR
T P 5 0 VP A SR8 T T 0 S 0 v R T
LT [ 0 B S o A — B 2 )

2) S R R 5 F 3 T 3 0 e
W2k B T K 2 1 WA B AT L L B O
e B BE RS 5° R AR 19 IE 7 G B R
W T 40 R 2T (0 B TR A B A
B 1E 7 B (b o ELIE Jy T 46 B (9 e 5y 1o 6
B . IR AT (0 ) TR R S
Y BRI o B K /BB 5 R ETAE A I 9 AR L AR
[ 5k I )30 AT 10 5 060 T ks 08 ) TR o
T 45 S E ol T 5 2 1 375 AR 5 R e A4

3) EFVRI I MR 156 5 ik 5 b 0 % 1 7 L B €6 P A
s, 2 LI e e T B 4 S 17 1 HE S B
W25 L L LA (6 B b L DA (6 0% 34 % 0 k£ £ T
S R SRR A2 B B AT AR K P 16 T
T T b B A Ak 03 % 43 9 4 5 K OF- O 1 RV 17 1 L
F 5 O 55 0 5 0

4 LTI AN (9 E1DR S B B R % 95 4 K
B FRT R S 0 2 A T L 2 D 3 AR EE 1
WLE R VA 55 5

5) 3L 52 B B 5 79 3 9 ELR 3 I B R R OT
55780 5 7 e T R 75 B JE 1006 K VP A 454
5 WA B R D 5 R L A R 7
EI ) 75 A 3 5% k15 B £ S T o AR 9 020 R T A
T T 755 ) DR 5t B 35 7 AR B v R
TEHR LS. S % S 0 T R L
0 1 R A S

0633001-7



Jt

g

g3

M

5 X X W
1 Shaoshu Gao, Weiqi Jin, Lingxue Wang. Quality assessment for
visible and infrared color fusion images of typical scenes[J]. Chin
Opt Lett, 2012, 10(8);: 081101.
2 Xu Yanfang, Liu Haoxue, Huang Min, e al.. Study on a
correlation model for text perceptual distictness [J]. Acta Optica
Sinica, 2012, 32(12): 1233001.
WMDY . XUTE 2, B R S GRARR X SR IR I W 1 5
WAL R SELT ] JE AR, 2012, 32(12) ¢ 1233001,
Li Xiaodong, Chen Lu, Gong Xiuduan. Research of definition

8

checking algorithm of printing image based on digital image
processing [J]. Packaging Engineering., 2009, 30(1): 91—92.
BN BR OB, SRG . T RO EG AL BAY B R S R
FERI SRR ]. A TR, 2009, 30(1): 91—92.
4 Li Tiecheng, Tao Xiaoping. Feng Huajun, et al.. Modulation
transfer fucnction calculation and image restoration based on
slanted edge method [J]. Acta Optica Sinica, 2010, 30(10):
2891—2897.
BRI PN AR, AL TR IT 0k 1 R ) 1 3 bR A
R R EGBZIELT] a4, 2010, 30(10): 2891—2897.
P D Burns, D Williams. Refined slanted-edge measurement for
1S&.T's PICS

w

practical camera and scanner testing [ C J.
Conference, 2002, 191—195.
BS ISO. ISO 12233:2000, Photography. Electronic still picture

cameras resolution measurements [ S]. 2000.

o

7 Li Zhengjie, Zhou Taogeng, Zhu Tairan, e al.. Evaluation

method of digital camera image quality based on chinese
characters testing chart [J]. Acta Optica Sinica, 2013, 33(1):
0112003.

RS TRk BE, RAESR. S BL T DU BEAR A BORS AH B AR 5T
M [T, es2F4R . 2013, 33(1): 0112003,

8 D Williams, P D Burns. Measuring and managing digital image
sharpening [ CJ. Proceeding of IS&.T Archiving Conference,
2008. 89—93.

9 Kong Lingjun, Liu Zhen. Measurement of prints sharpness based
on spatial frequency response [J]. Packaging Engineering, 2013,
34(15): 120—125.

FLER, X B TS () A5 0 O 4 B R G T TR A DU LT .
3 T, 2013, 34(15): 120—125.

10 Yao HaiGen, Kong Lingjun, Zheng Liang, e al.. Digital
Printing Quality Measurement and Assessment [ M]. Beijing:
Printing Industry Press, 2012. 103—107, 135—136.

PR, FLESH . A S8, SF. BCTF AR BT A S PR (ML
Jest. BRI Tl Bk . 2012, 103—107. 135—136.

11 N Kaneko, Y Arai. Predicting Graininess Index on Printing
Medium When Printing According to Any Ink Quality Set Based
on a Graininess Profile; US, 7672016B2 [P]. 2010-03-02.

12 E M Granger, K N Cupery. An optical merit function (SQF),
which correlates with subjective image judgments [ J ].
Photographic Science and Engineering, 1972, 16(3). 221—230.

13 ITU-R BT. 500-13. Methodology for the subjective assessment
of the quality of television pictures[ S]. 2012.

EERE: ks

0633001-8



