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Abstract: Reading numbers on license plates of cars are one of the important methods for criminal inves-
tigation. However, it is sometimes difficult to read the numbers on images or video by humans. Especially,
resolution of video by surveillance cameras is usually low due to saving recording memory space or reducing
infringement risks of portrait right or privacy. Moreover, images become deteriorate by blur, noise, haze
and quantity of light. Therefore, we proposed a method to read numbers on license plates of cars, which
are difficult to be read by humans, by CNN and evaluated it. When images are classified by CNN, quite
many real images for training data must be collected. However, it is difficult to collect such many real
images which match any environment such as angles, lights, etc. for only one image. Therefore, we created
the images by computer graphics. The creation enables to prepare any numbers of different images, but
there may be ineffective high cost images or those decrease classification accuracy. Therefore, in this paper,
we investigated which kind of images can enhance the accuracy effectively. As a result, to add lighter and
darker images was effective and to add cropped images was not effective. In addition, the result shows that
computers can read a number with 98.6% predicted accuracy in maximum average, which cannot be read
by humans. The proposed method can be used for digital forensics and narrowing down the candidates in
criminal investigation.
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Fig. 1 Example of license plate image for training samples.
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Fig. 2 Images of cut out numerals.
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Fig. 3 License plate and direction of axes.
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Fig. 4 Rotation of training data around X, Y and Z axes.
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Fig. 6 Increasing brightness of training data.
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Fig. 7 Decreasing brightness of training data.
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Fig. 8 Cropping of training data.
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Fig. 9 Shrinking of training data.
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10 7AMT =2 I EN B EHEOH]
Fig. 10 Example of pictures for test data.

11 FAMT—% DB
Fig. 11 Examples of test data.
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x®1 TWOTHE (basic)
Table 1 Mean values by prediction (basic).

1 [ H 2 ol H 3 [ H 4 [n[H 5 ol H

0.000332719 1.33E-13 0.002856221 2.17E-06 0.017160163
0.138121172 0.129007437 0.144055518 0.168185675 0.321274635
0.112781292 0.051589367 0.089266589 0.09087206 0.197771501
0.167825945 0.123129299 0.060612833 0.164653214 0.295126618
0.125979559 0.161563842 0.164938149 0.124594522 0.178838672
0.146576356 0.06984486 0.121321938 0.118633574 0.134657351
0.3289646  0.235260406 0.279008037 0.222636786 0.162583976
0.131098889 0.065123275 0.166317733 0.065845375 0.111641723
0.356742873 0.398505299 0.371152433 0.364157639 0.35436383

0.150802685 0.14165956 0.127284232 0.135929297 0.158239589
0.291618808 0.278649824 0.226113247 0.266476549 0.198340971
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x 2 TWOEHERZ (basic)
Table 2 Standard deviation values by prediction (basic).

1 [EH 2 [nlH 3 [alH 4 [lH 5 [alH

0.001375967 1.09E-12  0.015199872 7.62E-06  0.09350983
0.32268614 0.30706605 0.33086064 0.34659323 0.43830273
0.29753372 0.19636041 0.26328638 0.26233748 0.39143586
0.34228835 0.30256578 0.23060167 0.32976475 0.4425449
0.2977223  0.33691132 0.33626246 0.2952156 0.34738737
0.3386555  0.23265846 0.29409182 0.31073168 0.323083
0.44274908 0.39629427 0.4301967  0.40403008 0.3566395
0.29193258 0.21891019 0.34920532 0.21822684 0.29559076
0.46754855 0.47256142 0.47152954 0.46824408 0.47224775
0.33116898 0.30730334 0.30132648 0.31768712 0.32728204
0.43657795 0.43750653 0.4099981  0.4333548 0.3837281
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x& 3 TMoTHE (bright)
Table 3 Mean values by prediction (bright).

1 [HH 2 [nlH 3 [H 4 [IH 5 ol H

0.885467774 0.781527108 0.782641565 0.767235802 0.888248329
0.704474855 0.477018792 0.608285357 0.389586142 0.461595825
0.448324852 0.418225562 0.480408213 0.388403543 0.625923645
0.461617079 0.525706646 0.564290301 0.489347755 0.691551974
0.475868968 0.74417568 0.518386482 0.540361696 0.496927078
0.597663704 0.692434776 0.601110427 0.606268826 0.58297348

0.512702284 0.694490342 0.660788603 0.654966148 0.598041687
0.707493472 0.554478508 0.515476549 0.374205447 0.557810138
0.411655726 0.58792543 0.688969108 0.779845142 0.68445396

0.525489048 0.858157177 0.730011419 0.829822566 0.598840877
0.065767627 0.001034315 0.039892278 0.049520494 0.015034643
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x4 TMNOEERFZ (bright)
Table 4 Standard deviation values by prediction (bright).

1 [alH 2 [a[H 3 [l H 4 [n[H 5 [alH
0.2599672 0.36381868 0.35551476 0.37913716 0.24857531
0.4016209 0.42325252 0.44455364 0.4201646 0.4446948
0.4290306 0.4086632  0.44626787 0.40079328 0.44348288
0.45437077 0.42299765 0.4217851 0.40218958 0.36654335
0.46226007 0.37937987 0.4356311 0.4324184 0.4141118
0.43981764 0.41475198 0.44892764 0.4430156 0.45082593
0.4293759 0.3882268  0.41319484 0.38679266 0.38957188
0.39192295 0.4415962  0.42867464 0.39677647 0.42035726
0.45284477 0.44882843 0.38964477 0.3605807 0.408657
0.41192657 0.31676704 0.37785718 0.3178779 0.42026174
0.2404232 0.007082158 0.1941223 0.19824432 0.10133448
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x5 THlOVFHE (dark)
Table 5 Mean values by prediction (dark).

1 [lH 2 ol H 3 [l H 4 [0 H 5 ol H
0.793400613 0.355035829 0.266639441 0.447707308 0.266796451
0.877783054 0.986123254 0.973951237 0.968882421 0.690117931
0.257604779 0.088593325 0.098942396 0.107703573 0.205537392
0.538201717 0.49720198 0.252361015 0.818112616 0.373588796
0.286789276 0.286659931 0.362957385 0.27283929 0.350619173
0.178212405 0.183436555 0.143435147 0.226280229 0.176122075
0.480930463 0.159574001 0.249151047 0.349451057 0.268977783
0.621833387 0.322232112 0.26996318 0.823815752 0.498316111
0.182534529 0.308954438 0.228647869 0.220159849 0.33950193
0.05468643 0.243438131 0.237613873 0.170908499 0.185096292
10]0.429465 0.312802065 0.28158792 0.366861721 0.46416433

© 00 N D U R W N = O

® 6 TUMOREmZE (dark)
Table 6 Standard deviation values by prediction (dark).

1 EH 2 [alH 3 [l H 4 [a[H 5 [alH
0.30426076 0.39785329 0.36761007 0.4420777 0.36580023
0.28320956 0.09464898 0.13448146 0.16553174 0.448579
0.4111812 0.27044633 0.2713725 0.28483775 0.38506624
0.45413342 0.45967755 0.4072997 0.35100478 0.4479972
0.4179321 0.42920962 0.44955012 0.4154537 0.45090523
0.34213734 0.3543622 0.3090551 0.36521858 0.3566579
0.43148255 0.31587258 0.3896864 0.4012825 0.3750761
0.39583534 0.43226624 0.4177004 0.32937974 0.4322603
0.33161584 0.42050445 0.39666632 0.38488683 0.41755855
0.20181169 0.39734936 0.3510173 0.33941218 0.35786706
0.4531559 0.4260766 0.40929213 0.4476758 0.47586882
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£ 7 FHOFHME (cropped)
Table 7 Mean values by prediction (cropped).

1 [HH 2 [nlH 3 [nlH 4 [IH 5 [l H

5.06E-06 1.29E-07 0.007859571 0.011500751 0.000154046
0.334113014 0.236126169 0.35418811 0.372251343 0.293588187
0.123004957 0.179458068 0.113968127 0.153955408 0.117047619
0.061110631 0.086909629 0.089643905 0.06066839 0.073146237
0.133150275 0.311681188 0.261536226 0.140498558 0.277841864
0.099576224 0.126583026 0.078376489 0.093455817 0.088198341
0.218526005 0.266339567 0.3718805  0.30408918 0.324255243
0.046308197 0.061208562 0.111684499 0.233477872 0.235912556
0.253128201 0.107455918 0.167896282 0.165600171 0.260048461
0.062344664 0.06403523 0.085774182 0.068138043 0.049366677
0.229969976 0.238758261 0.196308504 0.184462599 0.236795402

© 00 N O U W N = O

1

[=}

* 8 TMlOE#EEE (cropped)

Table 8 Standard deviation values by prediction (cropped).

1 [Ed 2 [nlH 3 [ H 4 [ H 5 [alH
5.02E-05 1.27E-06 0.06531637 0.09901109 0.001505317
0.4496415 0.39487326 0.4592101 0.4566526 0.4045133
0.3101996 0.36915758 0.2947911 0.34849772 0.3048112
0.2265467 0.25222328 0.26460373 0.2147295 0.23720257
0.3204767 0.41987 0.3825078 0.32331112 0.39212757
0.2709918 0.31839275 0.25553676 0.27256852 0.2664804
0.39741725 0.41923317 0.44394657 0.4063048 0.42958215
0.18333912 0.20463029 0.2781583 0.37683636 0.37386134
0.41009086 0.25506487 0.34600425 0.35057157 0.4269773
0.20588367 0.22331901 0.25867987 0.22526368 0.19840264
0.41394436 0.4225929 0.38373068 0.38314673 0.42061713
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=9 TiMOFHHE (downsized)
Table 9 Mean values by prediction (downsized).

1 [alH 2 ol H 3 [l H 4 InlH 5 ol H
0.009941185 0.010265044 0.030494037 0.04773124 0.068630984
0.274128702 0.396219133 0.179849228 0.432022153 0.43919548
0.113271766 0.461084123 0.086118195 0.118248784 0.141015155
0.270230759 0.454476808 0.314263583 0.317938457 0.366077228
0.10710252 0.193883307 0.252045906 0.274418757 0.138902566
0.339580605 0.172609789 0.168368962 0.133386971 0.16554753
0.798401293 0.73495051 0.57183565 0.519326278 0.528090488
0.232672234 0.416489557 0.49120401 0.236417182 0.349492099
0.388457189 0.402980909 0.437837138 0.421004819 0.393950819
0.096049783 0.137257663 0.149403981 0.086845952 0.138023155
0.161272211 0.22798155 0.160883761 0.213014758 0.160855105
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#F 10 THOBHERZ (downsized)
Table 10 Standard deviation values by prediction

(downsized).

1mH 2 [l H 3 [l H 4 [l 5 [nlH
0.09519938 0.060412176 0.14594738 0.18204905 0.2203964
0.42852262 0.46910253 0.34932932 0.47846004 0.4711788
0.28524595 0.43256748 0.2559107 0.29195327 0.31593624
0.42295587 0.4845064  0.3992455 0.42704073 0.44777906
0.2955713 0.36334097 0.3900415 0.40040025 0.30822936
0.43022794 0.34889346 0.31607297 0.31145903 0.34307313
0.36072764 0.40777877 0.4337681 0.44121787 0.46524322
0.39617833 0.428011 0.4426034 0.40503898 0.4278251
0.47972354 0.47222352 0.48177695 0.47967547 0.48204875
0.27049735 0.321887 0.34172574 0.26415357 0.32158816
0.3657388 0.3905135  0.36609492 0.38606623 0.3662857
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FRLANE, PRI -
7. ER

RIETIE, 6 TR LICFHINCOWTELE 1T .
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6.1 5T, 1 OMIZBVWT, FHHEA04 % L5 D
DHIFIE L R\ EFRL L7z, ARFEORKRE LB BIT 55
WReFREOHEE LI FET 52 FEE L THY A, F
HMEDEDS N D TH B NIIKRE CEET L. BoIER=
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Bz, WENOBFELHROMEE L THEHT 512
ARt ThHrEHEZOND.
61%@b%m®%%m£w1 [0] OFHMHEAIMEL [6]
[81 [10] OFMENE L o 7B L TERT L, F
WOMEIZ DO WCHERT H7-012, 1RIHO ML —=2 7
IZDoWT, RN ED o 72 FIE & Bl IC B3 2 iR
TN EAER L7z, 2 DRFEATHI 23R 11 IIRT.

1 E2RLE, [10] THDHEFHMENLAEENAMBD
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#F 11 RIA17H] (basic)

Table 11 Confusion matrix (basic).

£ 13 ELL{GEHESNAWLE WEEOES
Table 13 Percentages of bright images predicted correctly.

B 1 [alH 2 [0l H 3 o H 4 [a[H 5 ol H
0 1 2 3 4 5 6 7 8 9 10 basic 15.61% 14.15% 13.10% 12.57% 17.20%
0 0 2 4 0 0 4 2 0 7 0 48 bright 64.15% 68.78% 71.30% 67.33% 70.11%
1 0 14 0 0 15 0 1 2 26 0 0 dark 41.53% 28.57% 24.60% 39.55% 26.59%
2 0 0 11 0 1 0 2 10 O 0 3 cropped 10.98% 13.23% 17.33% 16.80% 15.74%
3 0 1 0 15 11 0 0 6 0 48 0 downsized 30.95% 35.19% 29.89% 30.56% 29.37%
4 0 2 1 1 14 0 0 0 0 0 0
TH |5 o o 0o 1 0 14 0 0 6 2 3
6 0 2 2 0 1 34 0 0 0 0 £ 14 FELGHESNZBEWEGEOE A
7 0 2 0 1 5 0 0 12 9 0 0 Table 14 Percentages of dark images predicted correctly.
810 @m0 2090 5w o TR T Y VT AT
basic 22.67% 18.90% 22.09% 22.09% 23.55%
10 | 100 44 55 38 30 58 61 65 15 22 29 .
bright 33.72% 38.08% 29.65% 29.94% 29.07%
dark 50.87% 46.80% 44.77% 53.20% 54.65%
5% 12 Wilcoxon O SRR 12355 p 8 cropped | 22.09%  20.35%  14.53%  15.12%  22.97%
Table 12 p-values of Wilcoxon signed-rank test. downsized 13.08% 27.91% 19.19% 14.83% 20.64%

basic | 0.00
bright | 0.00
dark | 0.00

cropped | 1.00
downsized | 0.00

HEVH XN, FL—orrF— AT A
YTHr5E, TRETH- THUMBOHTTH->TDH, [10]
THobETFHENLMEADNHLE V) ZETHDH, [8] 12
DWCHHEBOMERAH S, F72 (0] & ffv T fedd
ELTCHBEOERAR S NS, s DERIE, CNN 2
BT [10] % [8] iepisned < [0l e
CVETUDPERINTLES/2720TH D NS,
ML= 77T =Y ICWEPLETH D I AR ENT
Wa, —F, [6] 1220 X) REMIZRD LRV, Ih
&, T6] LWV BEPMOBT L RG o 2 FioTh
D, MLEHEDO ML —=2 77— THHED ) T Ll
DT RV EHEIEND.

Shapiro-Wilk DIEHMEMEIZ & - T, TR OFIE
DIEHEEZ TR, ZOHE, wIhd pHEIZ0THD
EHRENBED SN o7z, T, Wilcoxon D55 1F
EERLAIME % W T, basic SO 4 D DFHEDS, Z
NZ basic DFIJMEIZT L THEICRKRE WA EHER L7,
basic DAVD 4 DDFIGEDS, FNZF 1 basic DFEEE A
FEN WS LIRS E L, basic DAL 4 S D E
A, TN basic DFIH L Y RKE b 2 & 2R IKFH
E L THIMGRE R T 72, TNEFND p xR 12 12
RS, HEKMEE 0.05 £ 45 &, bright, dark, downsized
2DV TR AR L ASHERI S 1, basic 12x) L THEIZTF
WS REWEWR A, cropped 12D Tl HEAR G A ER
WEN, basic DFHHEE DRICAHEAEITED SN\,

basic &A1 4 D& WLER L 7235612, FICAEERUEDFLD
LM7zDd bright & dark Th o7z, THOT Lrb, HHE
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DEBEELI L -V T F =52 MA BT LITHEWT
HHENZD., HIZWRIE, EEOHLE SHACNNIIZE -
TOFHEH LR TSI LEBPIRENI LR 5.
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VAT N P A A A (5 AN [ E RS (WA= N PR )
WEZ ML, T A T — 7 OWED ) bFHWED L
box [HLZWEG], hSwboxr [REVEgE] & L.
FDHRT, EEPRLEP > - FHUMEFEMEE —F LT
Wiela e [ELSESNA] dok L, 208&%%
L7z, B2 WHBEOEYTR 13 12, B EGEoREs
® 14 IIRT.

# 13 2R AL, bright R dESINTWS, dark &
downsized |2 L CTHENR SN S.

T/, FU4ERLE, duk PIRDLEENRTV D,
bright (2B L CHEFELS R 5N 525, dark & bright O &
H 55 [BL WG] OYEITEDREIL7 . downsized
WKL T E o 72 CEFR SN,

UEDE»S W2 5281, == 75— %13 bright,
dark, downsized DNEIZHRTH S Z &, [REWTEE ] 1357
HESLBWRETH L ETHDL., BEICONT, [HB
WS ] EHREA AL TH L DI L, B ]
IR R A TH B 2 &5, L LTEZLNS.
BARNZERE LT, WEEEOBENKT, F7rilks
s OE, /4 XX BB EnHIToND.

RIZ, 1TEALEEED R BN 225 72 cropped 12D\ T
TR S, TUOMBEINIEALD S 5 0 2R T 572012,
MRV RS o2 E BEMEICE LT, £ 11 LFEEk
W1EHD P == 7S 2RI 2B L7z, £
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# 15 {RIA4T4) (cropped)
Table 15 Confusion matrix (cropped).

=

0 1 2 3 4 5 6 7 8 9 10

0 0 0 3 0 0 0 0 2 1 0 49
1 0 33 0 0 33 0 1 4 37 4 4
2 0 1 13 0 0 1 0 2 1 2
3 0 0 1 6 0 0 0 4 0 11 0
4 0 17 1 2 13 5 0 0 17 0 0
T |5 0 0 0 0 12 0 0 0 0
6 0 0 0 0 1 1 21 0 2 0
7 10 0 0 0 0 0 0 5 0 6

8 0 18 27 38 16 22 5 26 16 16
9 0 0 0 4 1 0 0 4 0 7 0

10 | 100 31 55 50 36 59 78 74 17 59 23

DEZVWEbFAMTHL., 2F0, PL—=U T F—FHD
BiNE, FRCE b)) bL—o v SEM OB E EET
LE, —Hgmy)isnzmigE L —= 7T =412
Mz THRIRIINSVEEZEZLNS,

7.2 EEOERICHTIHRE

RIfFe % EBIERT 254, 7A MIBWTHRARY
PWEBRFEOFAME ST EL, FRE TV T 4L
Uy 7 REMERN RO AMMEHTE S, FHMEST
BAETH-oThH, TN D RREHCEIRICOR N LD
Tk %R <, ZOMEDOFEMEE) SR r o728\ 7215 T
HbhH. B, HERIEVERDNLD, BEOEIZEY, i
ADPOEFEZDH B, BIRATEEWESEEOHEIHEO I
YN=T L — b EBRETASCTFIET R LTLEo
THAITIE, BRI IS, T0LI RBREEN O
DI, FEUOLEETORL LT A NTF =% FHvizgé
2, PHMEOFHAE L T WSFEE ) 2k T4 &
DITRDVULETH .

8. BBHIWI

Teald, NEIZHHBAHEEZR > > N—T L — b OFTE
%, BB L o TN 2 ik iad L, EBREiT-
o0 FEELTE, Pl VOB EKRICERE
LFMEBL 20, CGrHVwWTINEERKL”Z. CGT
Hb1=H, bL—=rT7HOEGREYERRICEY T
HHEETH HHS, FOTIIIRIEDO D0 b DR HRhHIC
BBHLONHEDOTE RO EHERL, L0 k) RFEHED
WAL —= > THOMEG L L CGEYITH 5 hEREAT
WER L7z, K E LT, WA LzETERRE < Lz
PROENTHDLZ NGtz T2, MEOREE %,
R TWESEMAEHT A EARBENT. — /T,
W{EO—E55 %2800 W L7z, ARIE 27 Wil ReE
AE &) HIRA R S 7.

HEZ FIF- b —o v 7 F—2icBwTid, [0 25K
KT 88.8%, 9] H¥i KT 83.0% D Filllfif & 7~ L 72.
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72, WEZ T2 —oryyF—2icBwTid, 1]
AR 98.6% D FHIMEE R L7z, Lo L, FHMEAME
Wb DEEhoild, BEONLFA4HOEED 12
Thb. £, EBOMHALE L72&M T CERZITH
ZELROENG, EBI, PL—Z U T TF=F TR
{, Ay NT=2RNRFX—=% FAMNF—=5ONLEY
WZOWTh, RELTHEEE > T EILETHDL L
FZTWA, A, SHli S A~ — F 7+ v THRE S,
INELTEDO B \VF Y N—=T L — MRN8, [k
WIEEBICBIE S A 7 T L 722 O 57 L 72\, 7272
L, B, E=Yary 79—, N=Fy2T70ELRLEE
BINE L L4H 5.
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