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SOFTWARE DEVELOPMENT OF CONTROL FLIR

PHOTON 320 CAMERA TO COMPARE THE COLOR

FROM CAMERA WITH TEMPERATURE MEASUREMENT

Mr.Saron Kongmuen 50011525

Mr.Hatsanai Saengrod 50011810

Mr.Attaphong Puthtimathangkool 50011923

Mr.Anuparb - Jermkhuntod 50011942

ABSTRACT

This report describes the design and construction. Camera control system with thermal
cameras Flir Photon 320, is applied the basic principles of image processing.The results were
collected from the reference temperature to compare with the color temperature by cameras Flir
Photon 320.Then write a program to be processed program color image of the camera. The

software is written in C ++ builder6.
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Feature and Performance Comparison
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Signal out of pixel Electron packet. Voltage

Signal out of chip Woltage (analog) Bits (digital)

Signal out of camera Bits {(digital} Bits (dbma!)

Fill factor High Moderate

Amplifier mismatch (2 17-% IModerate

Syatem MNoise Low Tdoderate to High
System Complexity High Loww

Senscr Complexity Lows High

Camera compenents PCB + multiple chips + lens Chip + lens

Relative R3D cost Depends on Application Depends on Application
Relative system cost D =p on A i it D . on Ar i ion
=

Responsivity oderate Slightly better
Dynamic Range High h!nﬁerate
Uniformity High Low to Moderates
Uniform Sh ing Fast, Poor

Uniformity High Low to Moderste
Speesd sogerate to High Higher

Yindowing Limited Extensive
Antiblooming High to none High

Biasing and Clocking Atuiltiple, higher voRage Single, low-voltage
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3.2 HUUDIA09UBIE (Color model)
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3.2.2 HUU91809v89aUUY CMY
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¥

o Y = Yo A
Hue 813150A7117981 1991052008 RGB 18a il

red, =red — min (red, green, blue) (@umsfi 3.7)
green, = green —min (red, green, blue) (@umsii 3.8)
blue,, = blue — min (red, green, blue) (s 3.9)
Green Yellow
Colour
/W\ 6{\0‘;\ spot
Cyan Red (0°) 5’5‘/\){"/‘ L/
/’ﬁg = hue
Blue Magenta /\
V=0
V axis

Ui 3.8 aaauuuiaosduun HSV
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¥

Saturation @13150MUIN 1aa 9Tl

max(red, green, blue) — min(red, green, blue) :
(@umsh 3.11)

saturation =
max(red, green, hlie)

Value f9nua319v898 Faauisadaldlaominuduvesnnuaievewsazanlssnousuy
asaiuinldnn

value = max(red, green, blue) (arumsii 3.12)
3.3.6 STUVANUL HLS
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2

lightness = (erumsfi 3.13)
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Saturation ﬂ@ﬂ'ﬂll‘ﬂ'iQWﬁﬂ}ﬂdﬁﬁWN’]iﬂﬁ‘l‘lﬂ JUAD

Saturation
max{red, green, blue) + min(red, green, blue)

;if L <05
G max(red, green, blue) — min(red, green, blue) 7
= max(red, green, blue) — min(red, green, blue)
: : ;if otherwise
2 — max(red, green, blue) — min(red, green, blue)
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3.3 NSZUIUMSA 1N (Digitization)
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Flir Photon 320 Camera

4.1 Flir Photon 320 Camera

[~ y a H <
nA99 Photon 320 (FundeaN Wiy w05 y1a micro bolometer NANITONTIVTVAIING
4 ' a { [ <
aaulugie 8 — 14 luasew) laemaiianmsadnmanufonszldszuuiluldanuiulag

o @ 9 v A [~ A [ Y] [
onuuudmsuldlumstummitivinadn lasawisadenanue sasuaudlduanai

v @

U Q‘Ld:

- 6.3 mm (52 ° Horizontal Field Of View 130 HFOV) Mu‘fuﬁm%”u Photon 160
- 1425 mm (46 © HFOV) 11114811151 Photon 320

-19 mm (36 ° HFOV) - W18 Photon 320 1az 160

35 mm (20°HFOV) 11819131 Photon 320

- 50 mm (14 °© HFOV) M1 U&1%51 Photon 320

Figure 1-1: Photon Cameras: L to R: 6.3mm, 14.25mm, 19mm, 35mm, and 50mm lenses

d' a 9 A~ U
E‘IJVI 4.1 FUAVDINADIUASIAUTBUAN1NE)
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anuansalumsdadeyaialossn wdudumuveindenminiudmiums 1%

;’ aa 4
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dmsumsdaiidandosaznssudoyandos Photon Siansaiimsdsdoyasenuuy

AInonIa 1o laskumsisoudonuueynsu LvDS 1d8ndae
Photon Specifications

- 324 (H) x 256 (V) uncooled array sensor microbolometer, 38 x 38 ﬁﬂma"lnmau
- Input 5-24V

- M3 lENaIU - 1.65 I0d (Quunniiteald 8V input)

- ¥NQUNYIMITINIY : -40° C DI +80° C

¥

- Wmun ;- Uszua 97 nSulae lusquand

Analog video output : NTSC (320x240) / PAL (160x120) 150 (320x256) / (160x120)

PNIINANITIIA 10 (U521 9HZ)

an a g a 4 y @
=N %Mﬂ%ﬂ@ﬁﬁ?ﬂ@!ﬂﬂ“ﬂi@ﬂﬂﬁ pan / tilt AV 324 (H) x 256 (V) sensor array
1 q.Y o i ] A ' v
Photon Digital Data Channel Photon 2214 Output L‘f]u Digital %38101501¥DUMDNL
commercially-available digital frame grabbers, digital displays, custom receive electronics. U9
Yo s Y =
ﬁ”lllﬁi]%fﬂﬂ@!&ﬂﬂ!ﬂ@i FLIR’s Photon Ethernet. Photon #8305 Software 6l‘l‘lfﬂ‘if‘]’ﬂﬁﬂll N
< - A A 4 s
91992111 Software Developer’s Kit (SDK) ﬂﬁﬂiﬂiuﬂihﬂuﬁ‘ﬂ Support Digital data channel
v
FIWI5DAIA Output data 14-bit ﬁl]EJ calibration (Non Uniformity Correction or NUC) terms Tu
:
mode N5z Teminndimsums duilumsdy duaaniouen nsednsied U8 output.
Digital data channel @1U150ANA Output 8 bit data Atvideo processing algorithms
(miu ‘Automatic’ AGC mode, white-hot/black-hot polarity, image orientation, DDE filtered, and on-
screen symbols). 8 bit data L‘fluﬁm"u‘flumm digital version video stream 1¥f1mua analog video

channel L% 1H112AI1 14 bit data 118 1401 digital display

The Digital data channel 195201 serial low-voltage differential signaling (LVDS)
Useneudleae “muiym 3 @10 Falla clock, a composite sync (frame sync and line sync), and serial

data. A serial-in-parallel-out (SIPO) module ¥ MWzﬁﬂzcl%ﬁl‘U FLIR zﬁ@uﬂm serial data rﬂu 14-bit
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parallel LVDS output (plus frame sync, line sync, and pixel clock). %’mvlmm‘u vuansodu1d

Taoms 19 Frame-grabber board ‘ﬁaﬂucomputer

v
S

#1911 Frame grabber 7114Afi0 IMAQ PCI-1422 board 190 fuans 1185 308-0013-00.
a £ 4 Vo
®fl Frame grabber 9 Bit Flow RoadRunner Model 14 board %Qi%&%ﬂuﬂﬂﬂﬂﬁwmﬂg308-0016-
:/’ Y v A [ 1 " Y [
00-03. V14 2 frame grabber ABIN15 11/5UNTUTIW H505095D FLIR ua FLIR 11'1d50950 Tnonss
Mumslfivaniu msasi Ildezmunziumsl$aulasmmiz FLIR Ssfioption uilas digital data
il adapter n1oueN TAsmaivoudefioutput TnensedIe AIULAN UY CAT-5 @30 ld Tuga
MOUBNT113Y digital output 118 camera control #38 Photon SDK Taatdouse Tusunsushduy

a I~ @
ABNNIUADS The Photon GUI software %zzﬂummuau Adapter NYUBN

Using the Digital Data Channel °lufjﬁa%mmxﬁm§muﬁﬁ serial-to-parallel-out
(SIPO) accessory moduleNUa 8111 parallel n'auﬁu ORI Power U949 /O Module. DY
TWIS0LFONAD SIPO accessory moduleN1) three-row DB-15 connector U1 Interface Moduled

A 1 v A 1 o8 A 4

DIGITAL DATA. NMSI¥OUAD 1L parallel N1  SIPO module. L%amamuﬂmmwamz
Install frame-grabber boardUANTNABS 18 Faeu parallel MANIZAUNY frame grabber udn
A ' A Y v D A ' y = Y
L¥ONAD manufacturer Y94 frame grabber L‘waelmm%awnmfsmama"lﬂgn IeyU a8 Power 101

[

M Interface Module $111% Photon camera A1 SIPO module 31151187 si’fmga digital 2151 lva

drdeensifaen digital data mode 1914 1151033 Photon GUT lumsnaewt tap Digital Video

Overview of the Photon Electrical Interface "'fiuagiﬁuimmﬁaﬂqﬂninﬁa'?mmﬂﬂ “?G Photon

camera 33 2 MIIFOUAD

¥ I~ Y [ [y
- Samtec 30-Pin Connecter : 1Hugtluuudie Wumsiyouse 30-pin Samtec board fi
board style connector A2818a%  Samtec TFML-115-02-S-D-K Samtec Nn151¥01d0

wanvate Uszneudie SFM(L), SMT, and SFSD style products.
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3 T 1 d a &
Overview of the Photon Electrical Interface ¥n0gfU19z1d0ngnsaliaSunuyla 43 Photon

a A '
camera 3TN 2 NTIVOUND

- Samtec 30-Pin Connecter : L“ﬂug ‘lJLLiJ°1N'1EJ°'] {ums 1¥oune 30-pin Samtec board 11/
board style connector CPLIGL Samtec TFML-115-02-S-D-K Samtec N 151%0U¢0

1141w 1U5enoudIn SEM(L), SMT, and SFSD style products.

2
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]

3 1N 4.2 30-pin Samtec Connector Interface of the Photon Camera

5199 4.1 Wuadi 19 lumsideude

1.2,5.8 GND Ground
3 3.15V_0UT 3.15V output
a4 PWR_IN Input voitage
7 1.5V, 0UT 1.5V output
8 LIN Do not connect
9 RBRX2 Spare Serial Communication receive
10 AX Primary Serial Communication receive
1 TX2 Spare Serial Communication transmit
12 ™ Primary Serial Communication transmit
13 VDS ViD2+ Digital Port 2 Output Data, positive output
14 SD_DATA- Digital Port 1 Dutput Data, negative owtput
15 LVDS_VID2- Digital Port 2 Dutput Data, negative ouput
16 SD_ DATA+ Digital Port 1 Output Data, positive output
17 LVDS_VID1 + Digital Port 2 Sync, positive output
18 SD_FSYNC- Digital Port 1 Sync, negative output
18 LVDS_VID1- Digital Port 2 Sync, negative output
20 SD_ FSYNC+ Digital Port 1 Sync, positive output
21 VDS _VIDO+ Digital Port 2 Clock, positive output
PR SN ri kK- Ninital Pare 1 Ninek  nenative ot
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D-Sub 15 pin connector f15199 4.1 UANY wearsaver (250-0194-00 )‘ﬁal‘lgf}fgfu 15-Pin
HD -15 D-Sub 3-row connector %1 EMI Rear Enclosure Assembly (Part Number 500-0312-00) or

the Rear Wearsaver Cover Assembly

JUN 43 91 db-15

MINN 4.2 15 pin HD D-Sub (Male) Connector Pin Definitions

4 VIDEQ_HI Anslog Video, positive outpit

2 S0 FSYNCs Digitst Port 1 Syne, postive output

3 GND Ground

4 GND Groung

5 GND Ground

B VIDED LD Analog Video, negative

7 S0 CLK+ Digital Port 1 Clock, positive output

8 5D _DATA+ Digitai Port 1 Cutput Data, positive output
g T Primary Serial Communication transmi
10 PWAR_IN Input voltage

1% 8D CLK- Digitai Port 1 Clock, negative output

12 S0 FSYNC. Digitat Port 1 Syne, negative output

138 S0 _DATA- Digital Port 1 Output Data, negative output
14 BX Primary Serial Communication receive

15 PWHE IN Input voltage
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195199 4.3 M3 1¥n809 Photon Tuns 141 De

Mimimum voltage 50V Absolute minimem is 4.8Y

Maximum voltage 24.0v Absclute madmum is 25 V

Nominat Load Power <2000 W | Typicst poweris 1800 mw
Pesk Losd Power at starvup 4000 mW Assuming no oad between HIR and HTR_RTN

v
=}

1 Steady state ILAUNGINUYTZUIN 1.65 W 110151 Shutter ndotazAu Iz 4 W
=4 a = =
AT RITRN IR

&f <
Analog Video Output Nd04 Photon YNAIAT Output VUL U LY NTSC W50 PAL M5

i

taonlagUuunves Output 14'141% Photon GUI 130 Serial command lum3iden Output 1AUOY
A1 MII0UA0 1An3 37 Video Display 15unsifoudonuiil nie VCRs dayayias Input Analog
_ £ 5 A £ " Y £ a
monitor 1¥a18 coaxial cable 1159 1% RCA (consumer based electronics) or BNC o lgaoniia
uuusiues a1y 75 ohm 1w impedance Yo3es M NFyanal VIDEO LO uagVIDEO HI

15 analog video output signal

M13197 4.4 Spec A149] V04 Video

Monochrome squivslent ; RS170A cCe
Frame rate 2997 Hz 25 Hz
Update rate 30 Hz/7.5 Hz 25 Hz/B.3 Hz
Active video lines 480 510
# displayed detector sarmples 320 (H)x 240 (V] | 320 (H] x 255 (V)
" d§5§;‘a§§f§g§§§:§p’% 160 (H)x 120(V} | 180 (H) x 128 (V)

11509 frame rate Y150 size array %ZvljjﬁWﬁﬁ‘ngﬂlm‘U video

é QU
Command and Control Channel M3AUANNGDY 9214 RS-232 Farlszneudoduan

Rx ,Tx, GND l¥dauanalol 3.3 volt

[ e
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Digital Data Channel Photon 1% Digital channel 134 real-time serialized digital video
Output LU 8-bit LAY 14-bit I¥dygrar SD CLK+, SD FSYNC# and SD DATA+ msilaou

B [
Foyauuy serial 11y parallel #091% Module menonTumsuala

External Synchronization AdedPhoton 1115014 Synchronizationllg]}fﬁ At Apans

13 sync Wﬂgi}}ﬂmmﬂuﬁ]ﬂ n3oM3 trigger #1150 1% Samtec 30-Pin Connector

Slave Mode: NABIVELADVAUDI dQYQYIY frame  synchronization VY N131FOUAD
(DISO_EXT) 110111M3AIAIe slave MIUNIIMIIFOUADOYATY (serial communications port )
13 sync “ﬂgigwmilzﬁuﬁ FPA frame timing sequence Ayfy18 sync wlsznoudly pulse 3 volt

o o ) PN v 1q ¥ Y
M3 NN 4.5 Ty 194 frame sync AITILAL ASIAD frame 1azNAD 92 1117 output 3T 145

VoA 9
UAAIRN

$15191 4.5 Video output

NTSC full frame rate 0o 30 Hz O to 30Hz 13508

NTSC slow frams rate CroB80H:z Oto 7.5MHz 135ns
BAL full frame rats Qs 25 Hz Oro 25Hz 135ns
PAL slow frame rate Oee 25 Hz OtoB.2Hz 135ns

a A d ' o
The video output (analog) mmﬂﬁ'm%zzﬂmmzmﬂﬂwmms sync NMYUDN @Eﬂ\ﬂ‘iﬂ@ﬂll

9731994 video

¥
Frame 9210gAU0AS1 frame sync MUUDA TDIUSVBINTsynchronizationV8INA0 99T

v

M3set NOU WAIATDI 19U 11899190 mode 1ABULAE save NABIVLRINT reset

M15197 4.6 Frame NUBAT frame sync H18gUBN

DTSE Full fame nats £9.97 Hz 200ns

NTSC slow frame rate 7.5 H= 200ns
PAL full frame rate 25 Hz 200ns

PAL slow frame rate 8.3 Hz 200ns
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Master mode : NABIVLABUAUDA ﬁﬂ;ﬂpm frame synchronization UUN151H0UAD

] £ )
(DISO_EXT) 1{0¥1m3@sfiIfs master A1UN19M5I30UADOYNTY (serial communications port )
doy 10 syne 9215UAAADAUNIY FPA frame timing sequence A% sync 9z1/58n0UAL

}4 v
pulse 3 volt @YU sync wIAnAY 1 AR 5y Wazee drive photon
Photon Physical Interface

A1579% 4.7 Dimensioned Drawings

6.3 mm
14 P25 mm 1121 2039- 74 1/749g
19 mm 112003509-19 155
35 mm 102-1230-81 200
50 mm 1120035-18-18 254
NO LENS 102-1230-42 o7

4.2 HanMIMINUYD9 Thermal Imaging Camera

Yas S o Y A a Y] a A ' P
Image enhancement  1¥35matnufinues ufithwzTifissdostia Wunasiogludmiion

uoa Ty ualilddmsunsusa Taol#35msvensdymnuuas uazilasoonidhinm

Yad o

4 1 [
Thermal imaging 1A lulad9i 1935 unaslugmdunsuse Fudus1uilday

o @ 1 a 9/ @ a 1
fou  mwdounivldnining lildifavinmsazion  Sagiefinamdounin wwnldueald

[l
= - =

=) Y 9
ANITIANNUAITNIDOUUDY

9

v v v , - A o o v
4.3 32VUMTAINNMNAYANNIOY (Thermal imaging) ¥HaNNIIMINUAIH

SISNAL
SRDTEES NG|
HFRATED
DETECTOR

OSTaE

'S
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4.4.2 MIVDAUVUNAZNISHAA micro machined micro bolometer
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44.4 YUABUUDI Micro bolometer Micro maching
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Taolddulsarsarunisiad 4.8 1S1EINITOAIUINHIAIININIIANIWSOUVDI
micro bridge 7 wio o 18Ry 2. 1JK " wazanmihmienaudeutednisiy nio g(2 1) §m
L‘ﬂl& 1.4WK ™" L’Jmmiﬁﬂﬂﬁu’m‘ﬂNﬂm%ﬂu(exponential) V99 micro bolometer ﬁ%ﬂﬁﬁ]n’hﬁﬂ
= ¢/ g =15ms BuEOIRY @ sasIaTIsoud S VITadiAeIves micro bolometer
;

A Y o U dy P A Y oA d? A @ ' v
u"[ﬂ annwizmaiugaslunisiean 4.9 LW?)GlﬁﬁiliaJ_imfN"Uu A1519%N 4.9 Ge52umaausves

micro bolometer w1z Né4 luas U1 unazna DI lunenas

A13197 4.8 @139 198519 micro bolometer 1 1w oumdnglsniee

Electrical

Material Density | Thermal Specific a
(gemYy | conductivity heat K conductivity
Wem™ K JemK™h {1 em)y?
Silicon nitride 32 0.0185 23 N/A N/A
Nickel-chromium | 85 0.05 33 +0.0028 | sx10°
Vanadiumoxide | 4.6 0.0% 3.0 —0.02 10

A15197 4.9 UeaInIALlsA199 115U micro bolometer MWL A INVUVDIAIT1LAA
Y & @ i Iy @
AU SIRWIZV0UFARLIVBS micro bolometer T A3 AIUMUAIVDIAT1UAAIR I 5IRME
Y
% Y a

aa 4 o o { o 1
voeTaseard1e 2 FauazNeu lumshauvesglnsaiiinldiundesdumsisanild auame

wiandl ldsieuaasmsmuamiadaavluunii

A15199 4.9 AAE)5Y99 micro bolometer 12 1) A uBHVR T WLAAIAG I 377 11)

Applied bias voltage (pulsed) A 1V

Bias current (V/Rs) /3 20 pA

Bias voltage pulse time 7 65 s
Frametime Ty 33 ms {30 Hz framerate)
Upper bandwidth limit I 7.7 kHz
Lower bandwidth limit Ji 0.0001 Hz
Optical f number F, LG

Range of infrared wavelengths transmitted by lens | A, 4y 12 pmto 8 pm
MNumber of rows in array M 240

MNumber of columns in array N 320
Temperature of microbolometer ' 300K
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M3 19N 4.9 1905999 micro bolometer 1211 duvuvsIMINuaaIma s 1@ o)

Parameter Symbol Typical value
Area of unit cell A 2.5x10°% cm? (50 pm square)
Fill factor of unit cell : F 0.5
IR-absorbing {microbridge) arca A=Fd, 1.2x10°% em?
Mass of microbridge m 23x107%g
Thermal capacity of microbridge ¢ 2.1x10° 3K
Thermal conductance of supporting legs g L4x1077 WK
Thermal time constant of bolometer (c/g) T I5ms
Infrared absorption of microbridge £ 0.8
Resistance of temperature-sensitive resistor Ry 50kQat300K
TCR of temperature-sensitive resistor a -0.02K™!
1/f noise parameter of temperature-sensitive resistor | & el o'\

K 5x107% em’ 57!

[} @ o A 1 U " W o o [
TINIVIEAALAYIVDY micro bolometer mw’fmmwmmﬁn memmuﬂﬁm'lﬂmmu
aan A’ -3 a; Y v Y a Q'l ' U dy

Armay Uy 2 4@ uazitoulvlumstiauees Amy  Al¥iundesdursusanall aAunaiil

o % o @ dy
1wl lumsmsnanieaauas luund

4.4.6 M3gananssadususaly Micro bolometer
Y 0 [ [ :zl Y A g 4
mslresiaqyyinmelsznm 25 luaseuswiusuaztouniuildu Tanzurayu
A g Y1 p g o w Ay v
FIUTITLIUAU ch’ifn resonant optical cavity ﬁ?ﬂiﬂﬂ?'\ﬂﬂ"l')ﬂﬁul"lﬂclﬂﬂ 10 'lllﬂ'i'f]u L‘]d_l‘Ll
A v Aa 4 gz’ dy o lllil v
“1/4wave”ﬂ"|§ﬂﬂﬂauﬁﬂﬁ@u‘ﬂlﬁuﬁﬂﬂl@ﬂiﬂﬁﬂﬁﬁ13!!Uﬂﬁﬁ]ﬂ‘l§uuﬁ1ﬂ1§ﬂﬂ1u’)ﬂ! ﬂiﬂﬂnl‘lf
a P Aax A 9 o Y v a 3 A g a
I‘l]'i!!ﬂflMﬂ@MW’JWIQ51’]LHJa\ﬁﬂi]'lﬂ'elﬁ‘l'lﬁl‘]fﬁ'lﬁiﬂﬁﬁﬂﬁﬂﬂ interference %uﬂﬂmﬂ%umﬂumﬂﬂa
< a v A o . % g g A
1annIn !!a$ﬂ1ﬂ15ﬂﬂﬂﬁuﬂjqﬂiu micro bridge amuuumﬂﬁzmm 80% Llu&!ﬂ‘]Jﬂ'J”liJfJTJﬂﬁu 8-

12 lunsou
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4.5 51150l Peltier Effect
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Tud) 1821 Iniia Tauauyl 1ua (Thomas — Johann — Seebeck)  WnAAnds 1803 Hu

a1 “ e ldanudeunsossovesdrhansrilavznanszua i lvaluleesila »

a)/ Te T

e

Open circuit Closed cireuil. = &7

~ v o I
310 4.14 yamennuanAndFILALazMS Inavosnszua T

[

~ Sl va @ o
Usingmsaiduaiilulsngmsaiidsingiuedginmsiuanusoudu iihanuddy

a9

v =] a L4 LY a a
Vﬂ\‘]ﬂ1ﬂﬂ1wsll@ﬂiluﬁ"llﬂim1’iullﬁiﬂflﬂ'lﬂ"li’nim1ﬂi'lﬂ§]ﬂTimGIJE)\iﬂ'Iﬁ‘UQﬂ‘ljlﬂilﬂﬂuﬁ’ﬂ]@ﬂ@mﬂﬂll

(; o o o o A Q‘ ol o U 0'
ﬁiﬂl,ﬁll'ﬂalﬁmlﬂﬂbl‘]JWWMGI’J‘L!'H]’Iﬂﬂ “Ianuﬁ’f]uLﬁlluiﬂﬂ]umﬂiﬂlﬂﬂwﬂﬁﬂ’izmﬂﬁ]ﬂN’c’fiﬂ!ﬁN@ﬂlﬂ\i

1
a K

Y T Y a d a 1 ~ v k4 =
mwmzﬂﬁz@ meeflmmmﬂuﬂqmﬁﬂwmwmzamzma € nlaremusou (Hot end) asu

a

o '3 oA < a a 1 s A
WaInuIiINAMNUa1wd b (Cold end) tazinud Tufazuws ludareduu msifaiu
o a 4 o 5 & @
voslszpildiAausundeu IWindy (Back electromotive force 15 back e.m.f) Hansaiudu
H 4

@ v v A = A a K ] v ' v JdA
mmﬁ”lwammﬂszig fmmnmnermliﬁmua‘lmnszua"lﬁamﬂmu 139N ANUANANYKIUA

(Seebeck voltage)



51
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5.1 M3a3193zUVANNIOU 1We USuiie ( Calibration) M3 Ingaumgil
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Block Diagram Y9452 UnA NN 3omNemsU5uiiguns Iagamail (calibration)

< 1
Flir Photon 320
Compter <« 5
2m.
2
4
l : Power Supply
Peltter
Thermocouple E:/J\ <::j
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a Y d' = (% a
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1. NA94 Flir photon 320 camera 1Wundoanldnsresunindonlusmisdsunsusa vua
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Y o v v A v = a & 9 o
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<4 R a :
4. Thermocouple 11U 1A599TAgMMIAN5OU 0.1% reading +1°C/2 °F Taglumsnaaninz
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/1

#include <vcl.h>

#pragma hdrstop

#include "test.h"

17

#pragma package(smart_init)

#pragma link "AdPort"

#pragma link "OoMisc"

#pragma link "AdPort"

#pragma link "VidGrab"

#pragma resource "*.dfm"

TForml *Forml;

unsigned char Polarity[12][12] =
{0x6E,0x00,0x00,0x10,0x00,0x02,0xBC,0x9A,0x00,0x00,0x00,0x00,

0x6E,0x00,0x00,0x10,0x00,0x02,0xBC,0x9A,0x00,0x01,0x10,0x21,

0x6E,0x00,0x00,0x10,0x00,0x02,0xBC,0x9A,0x00,0x02,0x20,0x42,

0x6E,0x00,0x00,0x10,0x00,0x02,0xBC,0x9A,0x00,0x03,0x30,0x63,

0x6E,0x00,0x00,0x10,0x00,0x02,0xBC,0x9A,0x00,0x04,0x40,0x84,

0x6E,0x00,0x00,0x10,0x00,0x02,0xBC,0x9A,0x00,0x05,0x50,0xa5,

0x6E,0x00,0x00,0x10,0x00,0x02,0xBC,0x9A,0x00,0x06,0x60,0xc6,

0x6E,0x00,0x00,0x10,0x00,0x02,0xBC,0x9A,0x00,0x07,0x70,0xe7,



0x6E,0x00,0x00,0x10,0x00,0x02,0xBC,0x9A,0x00,0x08,0x81,0x08,
0x6E,0x00,0x00,0x10,0x00,0x02,0xBC,0x9A,0x00,0x09,0x91,0x29,
0x6E,0x00,0x00,0x10,0x00,0x02,0xBC,0x9A,0x00,0x0a,0xal,0x4a,
0x6E,0x00,0x00,0x10,0x00,0x02,0xBC,0x9A,0x00,0x0b,0xb1,0x6b } ;

unsigned char Image[4][12] =

{0x6E,0x00,0x00,0x11,0x00,0x02,0x8B,0xAA,0x00,0x00,0x00,0x00,
0x6E,0x00,0x00,0x11,0x00,0x02,0x8B,0xAA,0x00,0x01,0x10,0x21,
0x6E,0x00,0x00,0x11,0x00,0x02,0x8B,0xAA,0x00,0x02,0x20,0x42,
0x6E,0x00,0x00,0x11,0x00,0x02,0x8B,0xAA,0x00,0x03,0x30,0x63 };

unsigned char ramp[]={0x6e,0x00,0x00,0xb1,0x00,0x02,0x36,0x36,0x00,0x00,0x00,
0x00,0x6€,0x00,0x00,0x25,0x00,0x02,0x92,0xcf,0x00,0x01,0x10,0x21 } ;
unsigned char off[]={0x6¢,0x00,0x00,0xb1,0x00,0x02,0x36,0x36,0x00,0x1f,0xe3,

0xde,0x6¢€,0x00,0x00,0x25,0x00,0x02,0x92,0xcf,0x00,0x00,0x00,0x00} ;

1/

__fastcall TFormI::TForm1(TComponent* Owner)

: TForm(Owner)

void _ fastcall TForm1::Button3Click(TObject *Sender)

/* Memol->Clear();

iz
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Memo2->Clear(); */

//

void _ fastcall TForm1::Button1Click(TObject *Sender)

{
unsigned char zoom2[]={0x6E,0x00,0x00,0x0f,0x00,0x02,0xD3,0xc8,0x00,0x04,0x40,0x84 } ;
for (int i=0;i<sizeof(zoom2);i++)
{
ApdComPort1->PutChar(zoom2[i]);
// Memo1->Lines->Add(zoom2[i]);
}
}
1/

void _ fastcall TForm1::Button2Click(TObject *Sender)

unsigned char Datacam[]={0x6E,0x00,0x00,0x02,0x00,0x00,0xB1,0xDB,0x00,0x00};

for (int i=0;i<sizeof(Datacam);i++)

ApdComPort1->PutChar(Datacam([i]);

// Memo1->Lines->Add(Datacam([i]);



//

void __fastcall TForm1::ApdComPort1TriggerAvail(TObject *CP, WORD Count)

if(Count)

/*Memo2->Lines->Add(IntToStr(ApdComPortl->GetChar())); */

unsigned char A;

for(short i=0;i<Count;i++)

A=ApdComPort1->GetChar();

//Memo2->Lines->Add(int(A));

i

void _ fastcall TForm1::FormCreate(TObject *Sender)

// Memo1->Clear();

74



// Memo2->Clear();

Panel4->Color = RGB(210,210,209);
Panel5->Color = RGB(200,201,201);
Panel6->Color = RGB(191,194,193);
Panel7->Color = RGB(183,185,185);
Panel8->Color = RGB(178,179,178);
Panel9->Color = RGB(171,172,170);
Panel10->Color = RGB(164,165,164);
Panell1->Color = RGB(160,160,159);
Panel12->Color= RGB(154,157,156);
Panel13->Color = RGB(148,148,146);
Panel14->Color = RGB(142,143,143);
Panel15->Color =RGB(137,138,136);
Panel16->Color= RGB(132,132,132);
Panel17->Color = RGB(127,128,127);
Panel18->Color= RGB(119,122,122);
Panel19->Color = RGB(115,116,115);
Panel20->Color = RGB(109,111,110);
Panel21->Color = RGB(102,103,103);

Panel22->Color = RGB(94,97,97);

75



76

Panel23->Color = RGB(92,92,91);
Panel24->Color = RGB(84,86,83);
Panel25->Color = RGB(79,80,80);
Panel26->Color = RGB(74,75,75);
Panel27->Color = RGB(71,72,71);
Panel28->Color = RGB(64,64,64);
Panel29->Color = RGB(59,59,59);
Panel30->Color = RGB(53,53,52);
Panel31->Color = RGB(47,47,47);
Panel32->Color = RGB(40,41,41);
Panel33->Color = RGB(35,36,35);
Panel34->Color = RGB(32,32,31);

Panel34->Color = RGB(32,32,31);

/1

void __ fastcall TForm1::Button4Click(TObject *Sender)

unsigned char zoom1[]={0x6E,0x00,0x00,0x0f,0x00,0x02,0xD3,0xc8,0x00,0x00,0x00,0x00}

for (int i=0;i<sizeof(zoom]1);i++)
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ApdComPort1->PutChar(zoom1[i]);

//Memol->Lines->Add(zoom1[i]);

/1

void __fastcall TForm1::ComboBox1Change(TObject *Sender)

{
for (int i=0;i<12;1++)
{
ApdC o;nPorT 1->PutChar(Polarity[ ComboBox 1->ItemIndex][i]);
// Memo1->Lines->Add(Polarity[ComboBox1->ItemIndex][i]);
}
}
1/

void _ fastcall TForm1::RadioGroup1Click(TObject *Sender)

for (int i=0;i<12;i++)

ApdComPort1->PutChar(Image[RadioGroup1->ItemIndex][i]);



78

// Memo1->Lines->Add(Image[RadioGroup1->ItemIndex][i]);

1/

void __ fastcall TForm1::RadioGroup2Click(TObject *Sender)

unsigned char Real[]={0x6¢,0x00,0x00,0x0f,0x00,0x00,0x3,0x8a,0x00,0x00,
0x6€,0x00,0x00,0x0f,0x00,0x02,0xd3,0xc8,0x00,0x00,0x00,0x00}
unsigned char Frozen[]={0x6¢,0x00,0x00,0x0f,0x00,0x00,0xf3,0x8a,0x00,0x 00,

0x6¢,0x00,0x00,0x0f,0x00,0x02,0xd3,0xc8,0x00,0x01,0x10,0x21};

if(RadioGroupZ-'>ItemIndex::0)

for (int 1=0;1<sizeof(Frozen);i++)

ApdComPort1->PutChar(Frozenl[i]);

// Memol->Lines->Add(Frozen[i]);

else



for (int i=0;i<sizeof(Real);i++)

ApdComPort1->PutChar(Real[i]);

// Memo1l->Lines->Add(Real[i]);

//

void _ fastcall TForm1::RadioGroup3Click(TObject *Sender)

if(RadioGroup3->ItemIndex==0)

for (int i=0;i<sizeof(ramp);i++)

ApdComPort1->PutChar(rampli]);

// Memo1->Lines->Add(rampli]);

else

19



for (int i=0;i<sizeof(off);i++)

ApdComPort1->PutChar(off[i]);

// Memol->Lines->Add(off[i]);

1

void _ fastcall TForm1::Button5Click(TObject *Sender)

unsigned char def[]={
0x6¢,0x00,0x00,0x03,0x00,0x00,0x86,0xeb,0x00,0x00,
0x6¢,0x00,0x00,0xc4,0x00,0x00,0x25,0x8¢c,0x00,0x00,
0x6¢,0x00,0x00,0xc4,0x00,0x00,0x25,0x8¢,0x00,0x00,
0x6¢,0x00,0x00,0x0b,0x00,0x00,0x2f,0x4a,0x00,0x00,
0x6¢,0x00,0x00,0x0d,0x00,0x00,0x9d,0xea,0x00,0x00,
0x6¢,0x00,0x00,0x0e,0x00,0x00,0xc4,0xba,0x00,0x00,
0x6¢,0x00,0x00,0x20,0x00,0x02,0x79,0x3£,0x00,0x00,
0x00,0x00,0x6€,0x00,0x00,0x21,0x00,0x00} ;

for (int i=0;i<sizeof(def);i++)
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ApdComPort1->PutChar(def[i]);

// Memo1->Lines->Add(def[i]);

RadioGroup3->ItemIndex=1;

RadioGroup2->ItemIndex=1;

RadioGroup1->ItemIndex=0;

I

void __ fastcall TForm1::VideoGrabberl FrameOverlayUsingDC(TObject *Sender,

HDC Dc, DWORD FrameNumber,  int64 FrameTime, int Frameld)

MousePosition = VideoGrabberl->GetR GBPixelAt(MouseXPosition,MouseYPosition);

1/
void __fastcall TForm1::VideoGrabberl MouseMove(TObject *Sender,

int VideoWindow, TShiftState Shift, int X, int Y)

int R.G,B;

MouseXPosition = X
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MouseYPosition =Y;

R = MousePosition%0x000100;

G = ((MousePosition%0x010000)-R)/0x100;

B = (MousePosition - (MousePosition%0x010000))/0x10000;

//Label1->Caption = IntToStr( R ) + " " + IntToStr( G ) +" " + IntToStr( B );

if(R>=217&&R<=255)&&(G>=216&&G<=255)&&(B>=210&&B<=255))

Label2->Caption = "Temperature > 40 Degree" ;

Panel3->Color = clRed;

else if(R>=210&&R<=216)&&(G>=210&&G<=215)&&(B>=209&&B<=217))

Label2->Caption = "Temperature = 40 Degree" ;

else if(R>=200&&R<=204)&&(G>=201 & &G<=204)&& (B>=201&&B<=206))

Label2->Caption = "Temperature = 39 Degree" ;

else if((R>=191&&R<=197)&&(G>=194&&G<=197)&&(B>=193& &B<=198))

Label2->Caption = "Temperature = 38 Degree" ;

else if((R>=183&&R<=188)&&(G>=185&&G<=189)&&(B>=184&&B<=191))

Label2->Caption = "Temperature = 37 Degree" ;

else if((R>=178&&R<=183)&&(G>=179&&G<=181)&&(B>=178&&B<=185))

Label2->Caption = "Temperature = 36 Degree" ;



else ifl(R>=171 &&R<=174)&&(G>=172&&G<=174)&&(B>=170&&B<=175))

Label2->Caption = "Temperature = 35 Degree" ;

else if((R>=163&&R<=168)&&(G>=165& & G<=169)&&(B>=164&&B<=170))

Label2->Caption = "Temperature = 34 Degree" ;

else if((R>=160&&R<=164)&&(G>=160&&G<=164)&&(B>=159&&B<=165))

Label2->Caption = "Temperature = 33 Degree" ;

else if((R>=154&&R<=159)& &(G>=157&&G<=159)&&(B>=156&&B<=162))

Label2->Caption = "Temperature = 32 Degree" ;

else if((R>=148&&R<=151)&&(G>=148&&G<=151)&&(B>=146&&B<=155))

Label2->Caption = "Temperature = 31 Degree" ;

else if((R>=142&&R<=145)& &(G>=143& & G<=145)&&(B>=143&&B<=147))

Label2->Caption = "Temperature = 30 Degree" ;

else if((R>=137&&R<=141)& &(G>=138&&G<=140)&&(B>=136&&B<=142))

Label2->Caption = "Temperature = 29 Degree" ;

else if((R>=132&&R<=135)&&(G>=132&&G<=135)&&(B>=132&&B<=139))

Label2->Caption = "Temperature = 28 Degree" ;

else if((R>=127&&R<=130)&&(G>=128&&G<=130)&&(B>=127&&B<=132))

Label2->Caption = "Temperature = 27 Degree" ;

else if((R>=119&&R<=125)&&(G>=122&&G<=124)&&(B>=122&&B<=128))

Label2->Caption = "Temperature = 26 Degree" ;
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else if((R>=115&&R<=120)&&(G>=116&&G<=119)&&(B>=115&&B<=123))
Label2->Caption = "Temperature = 25 Degree" ;

else if((R>=109&&R<=114)&&(G>=111&&G<=115)&&(B>=110&&B<=117))
Label2->Caption = "Temperature = 24 Degree" ;

else if((R>=102&&R<=109)&&(G>=103&&G<=107)&&(B>=103&&B<=112))
Label2->Caption = "Temperature = 23 Degree" ;

else if((R>=94&&R<=101)&&(G>=97&&G<=101)&&(B>=97&&B<=103))
Label2->Caption = "Temperature = 22 Degree" ;

else if((R>=92&&R<=96)& & (G>=92&&G<=96)& &(B>=91 &&B<=98))
Label2->Caption = "Temperature = 21 Degree"” ;

else if((R>=84&&R<:89)&&(G>=85&&G<=89)&&(B>=80&&B<=91 )
Label2->Caption = "Temperature = 20 Degree" ;

else if((R>=79& &R <=83)&&(G>=80&&G<=85)&&(B>=80&&B<=385))
Label2->Caption = "Temperature = 19 Degree" ;

else if((R>=74&&R<=81)&&(G>=75&&G<=80)&&(B>=75&&B<=83))
Label2->Caption = "Temperature = 18 Degree" ;

else if((R>=71&&R<=76)&&(G>=72&&G<=76)&&(B>=71&&B<=78))
Label2->Caption = "Temperature = 17 Degree" ;

else if((R>=64&&R<=69)& & (G>=64&&G<=69)&&(B>=64&&B<=71))

Label2->Caption = "Temperature = 16 Degree" ;
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else if((R>=59&&R<=63)&&(G>=59&&G<=63)&&(B>=59&&B<=64))

Label2->Caption = "Temperature = 15 Degree" ;

else if((R>=53&&R<=58)&&(G>=53&&G<=58)&&(B>=52&&B<=61))

Label2->Caption = "Temperature = 14 Degree" ;

else if(R>=47&&R<=54)&&(G>=47& & G<=53) & &(B>=47&&B<=56))

Label2->Caption = "Temperature = 13 Degree" ;

else if((R>=40&&R<=47)&&(G>=41&&G<=4T7) & &(B>=41 & &B<=49))

Label2->Caption = "Temperature = 12 Degree" ;

else if((R>=35&&R<=43)&&(G>=36&&G<=43)&&(B>=35&&B<=45))

Label2->Caption = "Temperature = 11 Degree" ;

else if((R>=32&&R<=39)&&(G>=32&&G<=39)& &(B>=31&&B<=43))

Label2->Caption = "Temperature = 10 Degree" ;

else if(R>=0&&R<=33)&&(G>=0&&G<=33)& &(B>=0&&B<=35))

Label2->Caption = "Temperature < 10 Degree";

else if(R>=204&&R<=210)&&(G>=204& & G<=210)&&(B>=206&&B<=209))

Label2->Caption = "Temperature 39 to 40 Degree" ;

else if((R>=197&&R<=200)& &(G>=197&& G<=201)&&(B>=198&&B<=201))

Label2->Caption = "Temperature 38 to 39 Degree" ;

else if((R>=188&&R<=191)&&(G>=189&&G<=194)&&(B>=191&&B<=193))

Label2->Caption = "Temperature 37 to 38 Degree" ;
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else ifl(R==183)&&(G>=181&&G<=185)&&(B==185))
Label2->Caption = "Temperature 36 to 37 Degree" ;

else if((R>=174&&R<=178)&&(G>=174&&G<=179)&&(B>=175&&B<=178))
Label2->Caption = "Temperature 35 to 36 Degree" ;

else if((R>=168&&R<=171)&&(G>=169&&G<=172)&&(B==170))
Label2->Caption = "Temperature 34 to 35 Degree" ;

else if((R>=151&&R<=154)&&(G>=151&&G<=157)&&(B>=155&&B<=156))
Label2->Caption = "Temperature 31 to 32 Degree" ;

else iIf((R>=145&&R<=148)&&(G>=145&&G<=148)&&(B>=146&&B<=147))
Label2->Caption = "Temperature 30 to 31 Degree" ;

else if((R>=141&&R<=1 42)&&'(G>=140&&G<=1 43)&&(B>=142&&B<=143))
Label2->Caption = "Temperature 29 to 30 Degree" ;

else if((R>=136&&R<=137)&&(G>=136&&G<+138)&&(B>=136&&B<=139))
Label2->Caption = "Temperature 28 to 29 Degree" ;

else if((R>=130&&R<=132)&&(G>=130&&G<=132)&&(B==132))
Label2->Caption = "Temperature 27 to 28 Degrec" ;

else if((R>=125&&R<=127)&&(G>=124&&G<=128)& & (B>=127&&B<=128))
Label2->Caption = "Temperature 26 to 27 Degree" ;

else if((R>=119&&R<=120)&&(G>=119&&G<=122)&&(B>=122&&B<=123))

Label2->Caption = "Temperature 25 to 26 Degree" ;
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else iflt(R==109)&&(G>=107&&G<=111)&&(B>=110&&B<=112))
Label2->Caption = "Temperature 23 to 24 Degree" ;

else if((R>=101&&R<=102)&&(G>=101&&G<=103)&&(B==103))
Label2->Caption = "Temperature 22 to 23 Degree" ;

else if((R>=89&&R<=92)&&(G>=88& & G<=92)&&(B==91))
Label2->Caption = "Temperature 20 to 21 Degree" ;

else if((R>=69&&R<=71)&&(G>=69&&G<=72)&&(B==71))
Label2->Caption = "Temperature 16 to 17 Degree" ;

else
Panel3->Color = clBtnFace;

//Label2->Caption =" No can't detect " ;

i

void _ fastcall TForm1::Button8Click(TObject *Sender)

VideoGrabberl->StopPreview();

1/

void _ fastcall TForm1::Button6Click(TObject *Sender)



VideoGrabber1->StartPreview();

//

void __fastcall TForm1::Button7Click(TObject *Sender)

VideoGrabberl->CaptureFrameTo (fc_BmpFile, "");

//
void __fastcall TForm1::VideoGrabberl FrameCaptureCompleted(TObject *Sender,
Pointer FrameBitmap, int BitmapWidth, int BitmapHeight,
DWORD FrameNumber,  int64 FrameTime, TFrameCaptureDest DestType,

AnsiString FileName, bool Success, int Frameld)

TForm *DestForm;
TImage *Destlmage;
Graphics::TBitmap *Frame_ Bitmap;
Frame Bitmap = (Graphics::TBitmap*) FrameBitmap;
// ___ memory bitmap
Application->CreateForm (__classid (TForm), &DestForm);

DestForm->Position = poDefault;
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DestForm->FormStyle = fsStayOnTop;

DestImage = new TImage (DestForm);

DestImage->Parent = DestForm;
DestForm->ClientWidth = Frame Bitmap->Width;
DestForm->ClientHeight = Frame Bitmap->Height;
DestImage->AutoSize = true;

bool AlternateMethod = false; // you can choose one of the 2 methods below (set true to test

the 2nd)
if (! AlternateMethod) { // this code reassign the bitmap handle to the picture (saves CPU)
DestImage->Picture->Bitmap->Handle = Frame_Bitmap->Handle;

Frame Bitmap->ReleaseHandle();

else { // this code makes a copy of the bitmap

DestImage->Picture->Assign (Frame Bitmap);

DestImage->Parent = DestForm;
if (! DestForm->Visible) {

DestForm->Show();

1/
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//

#include <vcl.h>

#pragma hdrstop

#include "pixel.h"

//

#pragma package(smart_init)

#pragma resource "*.dfm"

TForml *Forml;

int Red,Green,Blue;

%

_fastcall TForm1::TForm1(TComponent* Owner)

: TForm(Owner)

1/

void __ fastcall TForm1::OpenlClick(TObject *Sender)

OpenDialog1->Filter="bmp (*.bmp)|*.bmp";

if(OpenDialog1->Execute())

Imagel->Picture->LoadFromFile(OpenDialog1->FileName.c_str());
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void __fastcall TForm1::BtStartClick(TObject *Sender)

int X,Y,col,row,num = 0;
int demoRed1=0,demoGreen1=0,demoBlue1=0;
int =0,g=0,b=0,r2,g2,b2 ;
2 = Imagel —>Canvas->Pixéls[0][O]%OxOOOl 00;
g2 = ((Imagel->Canvas->Pixels[0][0]%0x010000) - +2)/0x100;

b2 = (Imagel->Canvas->Pixels[0][0] - (Image1->Canvas-
>Pixels[0][0]%0x010000))/0x10000;

for(row=0;row<= Imagel->Width;row++)

for(col=0;col<=Imagel->Height;col++)

X=row;Y =col;
Red = Imagel->Canvas->Pixels[X][Y]%0x000100;
Green = ((Imagel->Canvas->Pixels[X][Y]%0x010000) - Red)/0x100;

Blue = (Imagel->Canvas->Pixels[X][Y] - (Image1->Canvas-

>Pixels[X][Y]1%0x010000))/0x10000;
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/* Memol1->Lines->Add(IntToStr(num)+ " "+ IntToStr(Red) + " " + IntToStr(Green) +

" "+ IntToStr(Blue));

num = num++ ; */

ifl(demoRed1==Red)&&(demoGreen1==Green)&&(demoBlue1==Blue))

demoRed]l = Red ;

demoGreenl = Green ;

demoBluel = Blue ;

else

/* Memo2->Lines->Add(IntToStr(Red)+" "+ IntToStr(Green)+" "+
IntToStr(Blue));

demoRedl =Red ;

demoGreenl = Green ;

demoBluel = Blue ; */

if(Red)

iflr<=Red)

r=Red;

else if(r>Red)



{
if(Red<r2)
r2=Red;
else if(Red>r2)
r2=r2;
}
}
ifGreen)
{

if{g<=Green)

g = Green ;
else if(g>Green)
{
if(Green<g2)
g2 = Green ;
else iflGreen>g2)
g2=g2;
H

ifiBlue)
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if(b<=Blue)
b=Blue ;

else if(b>Blue)

if(Blue<b2)
b2 = Blue ;
else ifiBlue<b2)

b2 =b2J

Memo3->Lines->Add(IntToStr(r2)+":"+IntToStr(r)+" "+IntToStr(g2)+":"+Int ToStr(g)+"

"+IntToStr(b2)+":"+IntToStr(b));

1/

void _ fastcall TForm1::FormCreate(TObject *Sender)

Memol->Clear();



Memo2->Clear();

1/

void _ fastcall TForm1::Button1Click(TObject *Sender)

Memol->Clear();

Memo2->Clear();

Memo3->Clear();

1/
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