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Thermal Imaging Camera Development for Automobiles
using Detail Enhancement Technique
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Abstract In this paper, the development of an automotive thermal imaging camera providing image information for
ADAS (Advanced Driver Assist System) and autonomous vehicles is described and an improved technique to enhance
the details of the image is proposed. Thermal imaging cameras are used in various fields, such as the medical,
industrial and military fields, for the purpose of temperature measurement and night vision. In automobiles, they are
utilized for night vision systems. For their utilization in ADAS and autonomous vehicles, appropriate image resolution
and enhanced detail are required for object recognition. In this study, a 640x480 resolution thermal imaging camera
that can be applied to automobiles is developed and the BDE (Block-Range Detail Enhancement) technique is applied
to improve the details of the image. In order to improve the image detail obtained in various driving environments,
the block-range values between the target pixel and the surrounding 8 pixels are calculated and classified into 5 levels.
Then, different factors are added or subtracted to obtain images with high utilization. The improved technique
distinguishes the dark part of the image by the resulting temperature difference of 130mK and shows an improvement
in the fine detail in both the bright and dark parts of the image. The developed thermal imaging camera using the
improved detail enhancement technique is applied to a test vehicle and the results are presented.
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Fig. 1. Commercialized intelligent night vision system
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Fig. 2. Structure of the thermal image camera module
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Table 1.

Specification of thermal image camera

Item Specification
Resolution 640x480
Imaging Speed 9Hz/25Hz
System NETD Under 250mK
Detector NETD Under 50mK
Lenz FOV H 19.4°
Lenz FOV V 14.7°
Window Coating DLC+AR
Data Communication 12C
Water Resistance ES95400
Shock ES95400
Vibration ES95400
EMI/EMC ES96200
SAND/DUST Mil-Std810
Operation Temp. -30°C ~ 85°C
Power 12V




wy
=

e a7 A

AEA

18

xe]
i

[}

7IHE 4

L

]

|2

e
;ouﬂ
—_~ NNy
X o) X
mEW@mWﬁMUr o o
10%];7] o
Lo of X =2 B 11034
i ﬂmwﬂmx%g@ %%owoﬁmmfj
ﬂﬂ1% x ez wowfs )
o Mo e dxamﬁiél - Moo W
& = =~ W o A — o Ry X G
o L = X < TR o | oo w 0 jusia X o T o
5 mﬂuL CH L]FXzT_LmWr mm <~ N R N
z . B LﬂﬂmwmeL Ao%%l7u_1re T o A P o ®
F owm %0 o3 AoﬂuT dooo]7anm 7% oﬂaﬂmAm ~ o
: s £ S SV a.o;gmﬂliﬁ %@ﬂ:o Nwow 3 =
L 8 %ﬂﬂ.mﬂv M]mﬂQL@ﬂo_E T X [LRNGS Mu;omRiﬁog
5 b TR B o T w B oo 2 J%Hobwn _sﬁtkEL
5] muwm BRI go T mﬂmu a <0 1) a == ol 9 3 Jartd N
2 ﬂzoﬂo»,k ﬂﬂzﬁwﬁmﬁﬂ m%_]#mhoz =& 20 8
: P @%ﬂmoa wt@mwM%% ES o b D %%@mm%
T8 B 5 i%mc]xrﬁoﬂ %ﬁmmﬁ@.dr__oﬂ%dr. m%nﬂmw@ uwmbiﬁ_/e
TIEe 2 1257%% _Hmnxn%wgﬂﬁm m@%ﬂ% sm@waﬁ%
1S 08pIA S rlL . =0 oy 7o o o m Eo 1A Mn 0| X w .m <) = o Ro ,m,l o e s 8 —
S M.%moﬂlumomﬁ o £ ogsﬁmoﬂnéﬂEE%mLﬂﬁ o E m@ﬂr.Md
oﬂﬂMﬂWXﬁdo ,x|urmotﬂA‘o|n_,\m,o|‘m.oﬂ;|m5AoM.uLﬂ_u _]ul.nln.bb_]&‘_ oF
< mztmé%% ﬂlwagﬂ:_e@%%eﬂﬁyur LN c =R
5 %HW@M% %myoft&%ﬂx%mi@%g 740Mmﬂwy
s - OEQﬁ7qq@moawE%QM%ﬂmmm g%gmﬁﬁm
i K Xe i — T oo Lu; — © e < o N
wtmm%”wtﬂﬂ TE%WWHﬂKB%Wﬂ%MﬂW%HEM ;uﬂvobwhmﬁlm?ﬂkc
_ﬂmz%%egg P T T T N @Wﬂ%%wﬂo%ﬁﬂﬂ@r% M_HMBQZ&WM
o R EWﬂ%au »%mAinoEu%Hﬂmq%@ ﬁﬂwadr@owwa
wo LT R U TR = T T T E® o
o T 1r,|wﬂ Jo g N dlﬂﬂw_.r izT,Ll;o
N X B sl ~ —o Y El B Z‘.ﬁ — ) = () J o oF :.L 9
5%&%@3 uracmqﬁﬂ 2 o h & 2%ﬂmolﬂm
Wﬂmeﬂﬂr‘_ﬂu_z? .X:_ﬂo‘mﬂmdlmmo 2 2 — WA_.EHLAJI,WLT‘UI
- —_ ﬁ]]; 3 _05.
1J1m_|,Ae ap # fa MzT BR HL £ 2 E .%ﬂ_xl %O NF o womp or TN
%om#iﬁﬁﬁogg ux%wﬁ%@. E m.x%ﬁai?mu T BT
,D|o Eiﬂﬂoﬂ” \m_ﬂ‘m..oﬁauo‘_ =] g W N ogaﬂlﬁ.ﬂﬂoll
‘I‘HOFOOTﬁﬁ “w‘ﬂl)&lﬁlﬂmﬁ \/w Afoﬂdﬂ‘ml 11_Zl1r =
1r0z01r1| = pild = 2 =z cﬂrL of o MuzuLleHlE70tJl
o o ur_‘ F = n o £ g2 Jul# ﬂme X T " — T ol wxw
Bihd 2 S ey 23 1W%@¢Li ifmq;%%1o
%@%mgM mm o ® g 1 0 Emf@q% o%ﬂ%ﬂuﬁﬁg
m = = o % > £ d 3% W R ;%me@zar.ax4
LOt_#o.l,Uhl 1H.t1m o~ = eudﬂgq{ T BN mﬂﬁ: R
Q%ATMO%MMHHEO#Eaﬂ% 2e _u___mﬁﬁ?ala I oo
L P EEIM7_§§J£ S <0 mJﬂﬁ17E Eﬂiﬂﬂ%ﬂ =
T @EZMAT.,O o =2 i g < = T _agai.xflur.%iﬂ..
- G oy ma%} n_rmLE 5 8 0 5 R J) ﬂﬁlw o ol N s
%%%m&ﬁz&%]@ £ 2 SRR W s D 5
e o % D o g e SE oL oo L S giuxﬂo.
= g5 o B E = . ol 5o 5 Lﬂﬂiq iy
»Tﬁmﬁﬁﬁﬁaar.ﬂmomlam 33 m7xm¥aooﬂ %%%ﬂﬂ%mg_eizi
Hoﬂﬁﬁnlh%ol}.w@ztﬂ%ﬂ bm 0o m%ﬁ%@r xaﬂ‘_ﬂo zumL%_Edu‘m.
MLE._oquLMMqAT s O N #EbiﬂEWE TGS Eoo#o:w_%ﬂﬂi
H_ﬁﬂ Ao_/ ~ W) AO.A‘.#.W\W‘I‘mﬂﬁ ‘mﬂc; Lm.lﬁolel
i@omﬁxmﬂo ag moﬂmﬁqool oclﬂnoﬂ@%mu &ncoa
T o o a___1‘wauwmc@adr@d@”ﬂoﬂela&r%an
. 21&.LM1LI ﬂ#%a1d7mo#mi )073&,%014_/”
2 ZEmd.E.%gﬂHh;ﬂ%lg o o
F x.wuﬁﬂno&r@@aﬂﬂmﬁ7§ﬁma
.1%quaﬂy 7T oo
= o o o To Gl = %J..__H 17r_| %o .lf —o ~
X T T RIS TN og@éu
I B R q]]z%i
I XoflhE nm.AﬁﬁHL
A EC g B
/oW Otllll
xo+i7ﬂet
1 ol
‘mﬁﬂw‘_

689



Radiation
Radiation

First Step

Without any correction
>
20
Second Step
Second correction

First correction step

i

Signal
Signal
Signal s

A

L

e} Fig. 5

Gain
0.0~0.11
0.11~0.2
0.2~0.65

0.65

0.65~0

Aus

+ BDE(Block-Range
A

had

o]&] ¥

STHAIR

ge value and corresponding gain

slet.

Detail Enhancement) 7|

)

=
=

value
0-15
16-31
32~63
64~127
128~

AFe7| &85 =8 A19¢ A3E, 2018
Block-Range

gl

k]

Table 2. Block Ran

A/D-Dynamics

5SS

F 20%4 Z )

S

g A

Al
=

T

o
=

&

Radiation

Third Step
Nan-Unifermity Carrection(NUC)

Third correction

Signal

2 Yepdl 7]1&7]5 E5 Positive

A
=

p

40%°1 ©]
27|17} o}
wWeko|A|nk 11 gk BT th2c)

=

N
T

c
B

B

A

=
bl

AERe

=]
~

A 23t 23 A
EERE

§_]-.

A
L

I

A

o

Radiation

)

A2

Dead Pixel=

(e}
AL

i

ol
zlt

BB

il

Radiation

Forth Step
After NUC
Final Step

Signql &

Al A A

B
o

H
o}

)

1o

b

1o

O =M, A}

o]J

Fig. 5. Concept of BDE and processing step

il

Sl A

}

A7) WE] o] WAE WA ook

x
w

L

BDE #4< AXWA Fig. 6914 K.o]

El

3

371 9

)

HA

o

AS

o
T0

wjr
=
B

0
!

il

_(H
2 e 7R o

T

690

5

o

=
L

= 7]

=

83t o

S

71744 ] NUC(Non-Uniformity Correction) ¥}

o 9EA G2 T



1 47t e

AEX

18

_r

o Ag

=

oy A 719

Bo ) o
" a ) o mlu_n
| = s e 2 W0
ny.aowmﬂwf% T o Ak
2D oy o)) T %0 ) o
R R ,mmuro%
w B 8oy G
Sy o — - o
N ) B oo o m ) T " W
& do o o} " ﬂm w g ﬂul . B
o [ o} - oi.m —_ .m o X e
. < T B s w9
ooeb oy U O En = £ P =
BEEY 2 o 5 2 w5
BN o) om X s =T .
ﬂﬂrE%u%Dw% = 8 “ o B
pR g om — A Z 5 s T =
0 m N~ L o = N B° —
Bopog W NE o 8 & H
o I X 4 8 = ’ i
% o %o RO gy hy 8 2 o =0 =3
I | - P £ 17 <Fo R
I A i g - e oy N
0 ~
PEIREET =iC) s 2% T
%M?x.%]mﬂ o 2 o HORO
7 ) o) . o
e o g E
P BT g = o
5 T o ® U AR .
W Erh % dod T T
= { g ROR Ny B RO o
KIS Aowop x T o= —
o N LS X W KR
g0 | o 2 WO T o ER H N
,@ 3 S TRLE: - R N N
%m E 3 0 2 ol & onerui
> 1S £ 2 o W o =N = —
o o= s @ AT X X Ro@r v m )
- N Q & g A = % 1 g ™ A o B o
S s 2 o a g 0
w9 Y 7 S mm o "5 2% o] E
= 3 ot 2% = B SN g W oo -
5] Bo B 2] S 3 ae K < 1] ) ok
= ! = & s & ~K T X R -
5 olo ° .2 = 2 & <] g B T <
o 38 o S T m < Wp o © T IR do = X
0m — = ..M) o ~ —_ ot w w m ‘_Ir\_yl a0
F < [ p— s © o ) Bo j|E s X ogr oV
> - a < d
x B ™ M 7 = o ) T NR ..m B oy T
- w o E TR P H T .M E T g
g s £ 8 a Mm & B oy o= B o g
sos My 2% tL fr I L EYEALRT
RIS R - B T S R m T —
® ) s @ 8 & S Yz o+ =8 A N oh
SR o W oM 23 g£< K 37 8 8w
, , g w0 e g N oy s A -
g z 3 3 8 . m - n ~— © % — FOp = ot T ey . — ot mb ‘mﬂ ni ;& S
2 ol ™~ 3 ~ @ e ) o H ~
euBls oepiA L 3 B oy ~ . = E B o A ™ TR n
. Ay = N © R EORNC B =
© < T w . o [l D o o = W N -}
5 N R %o o i B o W op EIRC CE
2 [
i e

4= 9lom, ADASOA 2+

LS
o tee
691

ol ]3] 130mK7HA]

BDE 7|%-& 130mKe] 2% #}olo] A= 5711 el s



S| Eersl=EA) A19d A3E, 2018

3. 28

ADAS % AH&FAAEA SolA #83h] 9T 9
94 e Ak st e 348 9
@ e e Aesich 44 NBE Faho] A

4 m3kg gEalen), aF 4 g wEg

o

2 88 7hedS ERlsginh

1) AEAtl A 278t B, 54, AE 548 ¢
Z3} =2 ES95400, ES96200 1A 0] Ha3l= o
A7 e BB AAS L sk RS

Ao SEE NDPRS A B PBE

Z] 5
< Mil-std810 & 714S F83t] Al

2) 640x480 =S ZH= HojX AN &Y e
HeE Y-S d3st7] $18te] BDE 71HS #4838k
Nde &#—% AS3ATE B H2E SgoA

T P P
%

(1]

(2]

(3]

(4]

References

T. Tsuji, H. Hattori, M. Watanabe, N. Nagaoka, “
Development of night-vision system”, IEEE Transactions
on Intelligent Transportation Systems, vol. 3, no. 3, pp.
203-209, Sep. 2002

DOI: https://doi.org/10.1109/TITS.2002.802927

Tsz-Ho Yu, Yiu-Sang Moon, Jiansheng Chen, Hung-Kwan
Fung, Hoi-Fung Ko and Ran Wang, “An Intelligent Night
Vision System for Automobiles”, MVA2009 IAPR Conference
on Machine Vision Applications, pp. 505-508, May, 2009.

FLIR Technical Note [Internet]. Available From:
https://www.flirmedia.com/MMC/CVS/Tech.../TN_0003_
EN.pdf. (accessed Oct., 25, 2017)

Ms. Shweta Tyagi, Mr. Hemant Ambhia., Mr. Shivdutt
Tyagi, “Comparative Study of Image Enhancement and
Analysis of Thermal Images Using Image Processing
and Wavelet Techniques”, LJCER, vol. 03, no. 4, pp.
32-38, April, 2013.

692

[5] Lo Tzer Yuan, Sim Kok Swee, Tso Chih Ping, “Infrared
Image Enhancement Using Adaptive Trilateral Contrast
Enhancement”, Pattern Recognition Letters 54, pp.
103-108, 2015.

DOI: https://doi.org/10.1016/j.patrec.2014.09.011

[6] Nirmal Chandran, Bindu V., “Infrared Image
Enhancement Using Normalization and Beta Function”,
International Journal Of Engineering And Science, vol.
3, Issue 6, pp. 19-22, Aug, 2013.

[7] Chao Zuo, Qian Chen, Ning Liu, Jianle Ren, Xiubao Sui,
“Display and detail enhancement for high-dynamic-range
infrared images”, Optical Engineering, vol. 50, no. 12,
127401, December, 2011.

DOI: https://doi.org/10.1117/1.3659698

X o Al(Deog-Sang Cho) (A2

¢ 1991 2€ : AMjst A8t
3} (&

-2013Lﬂ 8¢ ;. Exsgulsta s

S 28 (FshaA)

-20015 7Y ~ 20093 8 : o}
T2~ g Eo|A}

©2010d 59 ~ EAl : BF2 Ui
o] Ak

<e ok

ADAS, Image Recognition, FIR Camera

oF 9| EH(In-Beom Yang) [E3| ]

1996 29 : Agrstal 7171 E
I} (F3HAh

©1998d 29 : GIST 71d&33}
(F3HAh

02012y 8¢ : must A|oj A=
38} (A

01998 3¢ ~ 20169 849 : AE
D e AddTd

0201641 99 ~ 6\‘:]_}]] —f_r‘—/‘ﬂskr,ﬂzﬂ"r AU}EX}EX]_(;‘J,} F_z,:

<HEop
ADAS, Smart Agent, Human-X




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


