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3 DIMENSIONAL CONSTRUCTIONS BY LASER SCANNER

Miss Juiarat Khiewjam iD. 45010138
Miss Thikhampomn Deephul 1D, 45010304
Assist, Prof. Dr. Chuchat Pintavirocj Advisor

Educational Year 2005

Abstract

This project is about finding 3D coordinate of object using laser pointer. The key idea is
based on stereoscopy in which 2 cameras are placed in the same plane to take 2-viewed image of
the object. The object is scanned by a laser pointer. The image of the pointer is analyzed to find
the position of the point. The 3D coordinate is computed using stereoscopy technique. The 3D

result is displayed.
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_K Laser Diode
Driver
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2.1.4 NoIRGINTEUAATY
I'4 Y o 9/ r; LY
HOIADILIUNIZIANTI (DC motor) Tuilagiiuamnsoduunldnatuszinon duagnu
Fmsedensnugu dmiumsuyuvesamesnizuaasae 14¥nszua’lase (direct
current) 310 Iinuvaalamny 1w wioveaandausuntou haely dmsunsedinves
'8 J ar EY [ o [ Y ] < & Yt = 4
vowasazruiudus wiman diminduuswimanunezi iiusdage vowmes
1 [} o =1 A g a =
nszuansadm Ingidudaen S ageesTius siind Swyudonud e liuselinga
od
2.1.4.1 miduenaduazmaniugy
o s v q d -
uemesnszuansunzdminnunyuiralon inansaniuguanudwazusdia
1 P a s o .
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andToUNoUHT AU tum on HAoA LED A9zaAn
CIRCUIT {1 - PHOTOTRANSISTOR

¥ 1
R 10K LED 5

R1 = Z30K to 1M

1K - 3.3K
12 Y0LTS —
IC 1
IC 1= YOLTAGE COMP ARATOR
\\: o1 10K 01 = PHOTOTRANSISTOR
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THE LED 15 ON WHEN THE PHOTOTRANSISTOR 1S D ARK
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2.1.6.2 1fUATY
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P2(x2.y2)

P(xy)
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AUNTH 1 SenNaumsidunsuiy Slope-intercept
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m = ANUFU (Slope)
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717 2.8 stluarasduniaveagatuszan 3 A

wazaumsidunsa sz 3 97 Ao

Y-y _yr=y
X —X1 Xz — X1

zZ— 21 22— 21 a
= {(AUN1IN 2.2)

X—Xl X2— X1

Fauaumsvesszuilussuy 3 Hae
Ax+By+Cz+D = 0 (AuMIA 2.3)
) P P
1il? A, B, C 11ag D Aaanafivgo
x+B y+Cz+D, = 0 (AUM3IN 2.4)
o B C D
lagh B= —, C,=—= ,uasD,=—
A A A

HAZTZUZNITHINA Y, 2) Taa s zugaimua lau

L= |A2x+Bzy+sz+Dz| (’cTiJﬂ’li‘ﬁfz.S)
< A B C D
laof A== ,B~—,C,=— uag D,=—
d d d d

2.1.8 MAUNANNAIABT IS (Stereo Imaging)
mafanwane’ Talumsadranmvesiagiieaiudiundes 2 dansegihaiu am

’ 3
flananasaisassasminnlslumsmnng 3 linvesing ldRasauusassnia
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Lens center

Opfical axis

(xz g )
P
World point

51 2.9 uwpSraesswuumIr i Immess 1o

4 o ' 3 o ' ¥ = o = o £
FIUYA (x, y), DYNTIAMUILUDLYA(X, y), DUNRNATUUN Wﬂﬂﬁl‘ugﬂ‘n 2.9 WU z A3
y 4q 44 qw & ¥
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TENINIANIND WAUTYDINDDINIADI 1NNV 2h jisresdesadlussunudeaiulae
é [] é 9 c{d o | a a ] A a
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(Epipolarline)
Scene object point

Optical axes Epipolar plane

Stereo baseline

Camera lens centers

a = o ¥ ar
119 2.10 muAanwama3 Teanndes 2 @2
- d n’: [ 1
pwlaq lugifmusoneaiu ldnnndesisresdin gruaanilugueagy (A pair of
t ] , o [ 0 ' ] i &4 ]
image) 136N 71 fABUYNA (Conjugate pair) FMFuuLLTaesedd Nngaluglfinilaz ey

-~ o d' é v 1 3 = J = = ¥y
ﬂluummmﬂugﬂ'ﬂﬁm FITLYSHINISHTNYAVDIRPADUPNA 138N AgwITA (Disparity)

Imagel
P
Originof Imagel
V4
Image? Origin of world
coordinate system
Originof Image2
P,

(x.’: ¥2) I
Plane of constant Z

511 2.1 yuuuvesvuuntsaianwames To



16

Funal P, ¢, uaz P, ¢, iludfionifigavesaumaon uasdunadnh huas foz

g

= r T oo :
fautuian z eziiAfaituan dowx, p, P Asaawsadiy ldiuanuazay sause

- 4
wouldn
P h+x 4
__ (YUMITN 2.6)
f z
Tuhueahoatumedinenvesyilii 2 v2'ld
P h+x -~
e (@unsf 2.7)
f z
e x on e lan
z(Pe— Py = 2hf (A3 2.8)
uazaz 19
2h o
. (@umMIh 2.9)
Pr"‘ Pl

s cf ] q a Y] 1 7]
dunaluaumszsiun P P Bdwmsudlessusnylimidoudu lumsusaiu

WPmMIEdh P— P =0 U1 z =

2.1.9 iIsvndladmiunsihulu 3 3R (Geometry for 3D Vision)
2.1.9.1 Fugnavaansilsdnstunumeaniniinuaandes (Basic of Perspective
Camera)
AN 2 T Tﬁudmimjuﬁaﬂfuﬁmmﬂmsmﬁ'ﬁq 3 i iuaudueam
n3omudueandes vurumaanmannsogniiaes1d Taomslfiwemiinfivniwdrled

7 . 1 o 1 o
13U (Perspective Transformation) gﬂﬁ 2. 12 Ul Ua eI e uaInNIIe i 19Is Ul

Image plane Scene

point (x, v, z
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y

Center o
X

pmjeiio‘ X
/€

-
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71l 2.12 nyuhraesvesszuvadanw
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(SWNUUAUSZVDWAA lan (World Coordinate System) #2e8nusaalng) (X, Y, Z)

a1l e

oo ar o o a
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o oo k4 a = ey ar
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¥ g o o5 a -~ 19
1148 (x,, y,2) unugaiifiavesdng 3 93 19 x, y) unugafinavesingluszinuves
MW SINANTTINUYeIn ey 11 lilmsunvesgaduidavesfidandaslaoh £ Aenny

oIS gvesaud Iaonsldeumasundios1las

X =
x =f—= (TUNITN 2.10)
Z

5

y = f2 (UM 2.11)

5

miswsaisuegluguming iy

W1 [ 0 0 o™
vli={0 f 0 0 Ys (ﬁnm-sﬁz.lz)
wi [0 0 1 0 ?
faluazlai
X, = —u—,y, = ::— (ﬁumiﬁ 2.13)

ﬁ'ﬂ'tfuﬂﬂﬁ'lﬂn%ﬂ (x, y) Banwduiusuuy biudadusugavesing x, v.z)
anwdiuTies v 1diedis1gsunmsalehdilea
2.1.9.2 nisijaennenalieglumiaefiniye
Funlsfoz 19 lumanlfoude
- qﬂﬁaﬂmwmgﬂ (x, y.)

- BaMls2NO (Factor) ¥OIUUIA k, Uaz K,

Ypix A « Imgge point

(fi; Yis f)
y L

Imagg center X

Xpix

X
714 2.13 namgaguinatsunagll

nngUA 2.13

73176
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X, =k.Xx +sy +x

a

Y3 4

ypix = kyyf +yo
PINTUNITN 210, 2.11 92 1871
x,. =k fi+sf&+x (ﬁumsﬁzm)
pix x ] .
z.\‘ zS
_ Y -
VYpu =k, =+ y, (suMsn 2.15)
z

s

srenmsodioueglugtuming 18T

r xS
u a, § x, 0
Vi=l0 a, y, 0 Vs (@M 2.16)
wl lo o 1 0 21
o a, = fk.a, =fk, ual
u' -
Xpe = (aUNIN 2.16)
W
v 4
VYou =5 (rumMs 2.17)
w
a, s x, 0| |, s x, (1 0 0 O
0 o, vy, 0[=|0 a v, |0 1 0 0|=K[I,/0,] @umsfi2ig)
0 0 1 0 0 0 140 0 1 O

Taof  a,,a, Ao Tudmvosdin x uaz y lumieiine
o Qr A 1 =
X,, ¥, 'ﬂﬂﬂumgﬂmﬂmagﬂ‘luwmﬂwmmn
o o = |
s Huwisdmesueamnfaoy
a o - = o o oo . . . & & o o

WNSNE K A9 UADILITULIUNTNG (Calibration Matrix) §3UH1R 3x 3 mtﬁummnm
= ¥ - 4 L oo w 3
‘VlﬂizﬂEJ‘IJﬂ’JUﬂ’JEJW’Iﬁ’I?JLﬂ’EJSmEﬂH (Intrinsic Parameter) NNAYUDINADI

¥ ]
wn3ng K duvzdidnumzduaiumanudnny (Upper Trangle)

2.1.93 nidinavesslanhideuifufuRiavendes
310 2.14n) nansndesdiannseiind ludesdieiinavealan (World Coordinate Space)

¥ v
ndeatigninaloiatandos (Gimbal) Aawnsonyuaiiiyy @ Miuniueu (Horizontal)
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o A . o a P ) Q=] ¥ 1a o Qr = @
LAZIBYA (Tilt) Wy ¢ LUIAI YANINAIYRIHILANGBIBLNYATING (X, Y,, Z,) i
- aw Y oo I 2 a =] 9 2 g a
TTUUNNABDIUDY AN ?ﬂﬂ\iﬂﬂ1\31]ﬂﬂﬂ?ﬂﬂﬂﬂﬂﬂllﬂﬁﬂﬂﬂﬁﬂﬁ'l\‘l‘l]ﬂﬂﬂ’lﬁ'I‘]J‘.imﬂ‘]ﬁnl’ﬂﬂd

sBunmegH IR WYY (X, Y,, Z,) 31 2.14% urasszuviida lanuazszuutandesh

ludfeuriudu
Y
1 Image Plane Center
Yo+ Gimbal
Center X
Xg _
/ » 7
Zg
n)
Image plane

(XS: YSp ZS)

M

1)

51l 2.14 N) VAL IMIAAMHTINNADL V) 1ITVINEAYBIN TRAN N

ad 4 d o Y ilsrci P o o 5 a
ﬂﬁmﬂﬂﬂﬂ&ﬂﬂ’lx‘lﬂﬂdﬂ’liI'l]iﬁlﬂ‘ﬂ‘l—l‘llﬂﬂﬂﬁﬂ\‘]ﬂﬂ’]"lﬂ INPANINANYDITSVUWNAD N

rey ] - =1 o as 1) o A CY- |
‘UEN'Iﬁﬂ “ln‘umsﬁwﬂmmmmynnmmumqm Qﬂﬂx‘lﬂﬂ?ﬁﬂﬂﬁﬂ')ﬂﬂﬂgﬂﬂllﬁﬁﬂlﬂﬂi31.!1“1]1']1‘“

egReI LUUH1M0IMTNan M (Imaging Model) luszuundale iliisaiufle
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w=Mv (AUMSH 2.19)
- —~— o [ = o oo

Touh ¥ Aenawmosvosgauuiaglussuuniala T

w Aanamoiuosgauusznumwlussuuina TaTulidie

m a o a o ¢ @

naz M Aswmsndusawemilnivins dvesiutu

I ]
lupsfiuuuiaeimsiianimonnassesunson daw inemsidaosuuias (Modify) eruns
72.19

] ] ¥
M5 (H0ANE09) NABIBENYA (X, Yo, Z,) tHoUNUTzUUARAS 198 1wes Tan detiy

o P
nuusianglvi Ao

w=MT, v (ﬂnﬂ’li‘ﬁ 2.20)
Taofi
1 00 -X,
01 0 -%, 4
T, = (arun1In 2.21)
0 01 -2,
0 0 0 1

] o a o
msgwnsamsdssemnsngniianelasldgudtoumsnamsnyu

W= MRT.v (aumsh 2.22)

Tau#l R=R,R,

cosf —singd O 0
sin@ «cosd 0 O r
o= (eun1In 2.23)
0 0 1 0
0 0 01
o
1 0 0 0
0 cosg sing 0 2
R, = _ (uN15N 2.24)
0 -sing cosg 0
0 0 0 1

¥ ] - 4 4w v w9

Mogagananasvasiitandsaiazgaienanveants Tlsiinduvesssunmegadudae
¥

3202 (X, Y,, Z,) Aaiunuud1anisasmafaniwinniono

W= MT.RT,V (run1sh 2.25)
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Taodi
1 0 0 -X,
01 0 -%, 5
T,.= (@AUNIIN 2.26)
0 01 -Z
0 0 0 1

gqumsn 2.25 annsodeuludlanly

’ x:

i R -T '

v’ =K[[3/03{ . } Y (erumsi 2.27)
, 0, 1 || z,

W

3 o dd o ar
Tﬂﬂﬁ R LlﬂULllﬂ'iﬂW'l'IﬁjuHﬁﬁ?ﬂﬂjﬂﬂﬂW‘iﬁyu‘EzUU‘Wﬂﬂ

7 aw
T!.I.‘FI‘LIL']ﬂkﬁlﬂ5ﬁtﬂuﬂﬁﬁ’lﬁﬂjﬂﬂﬂﬁg1ﬂitﬂ‘IJ‘Wﬂﬂ

R -T
0 1

a  da o o o e
t‘ﬂum“-’liﬂﬁﬁﬁi’mm1mﬁ‘mmmmuuﬂﬂ (Extrinsic Parameter) mﬂQﬂU?uﬂ15ﬂ5ULﬂUUﬂgﬂﬂ

1A TUUNG N

sremsafouaumsi 227 luguiiie il

x = MX (erumsfi 2.28)
Taufi ,

M =[KR/- KRT] (erumsfi 2.29)

2.1.9.4 mafumoundea {Camera Callbration)

1
a e

o el ¥ a o a ¥ o 1

asdsudsundeaiiumsilszinauumsnd M singalunin 3 18 Afdunuaesam
- oA ; : a o - = ) =Y 3
fifetuvasyga nimfuhnsmmnimeimeluuasmeouen AnsamslivienTaely

¥ @ o
NABIAUAL?
o o o A = oo T
Tupsmimsing M isiimsmgalumnfismsunda X =[x, y, z]" uazgalu

Ao ¥ ad T 4 ¥ o qy
A 2 Sanaeananaiu [u,v] ez ldaunsdil

X
Qi my, By, o My, y '
-~
av|=\m, m, m,; my , (FUNITN 2.30)
124 My My My My, 1
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au myX+m,y+m,z+m,
av |=|myx+my,y+my,uz+m, (UM 2.31)
a My X+ My Y+ My Z +my,

o I'4 a o
Fimsuosuoalad ¥auSon 38l 1 1519 Wdeaunis

“(malx MY+ My Z+my, ) =My XMy +maz+em,
v(m3!x +m,y+m,z+m,, ) =MyuX+ My Y +MyuZ+n,, (UMIN 2.32)

=y

v - a 0w aa o
danusez lReumsBadu 2 aumsdmingalunin 3 danigauazluniv 2 64 i

anandnsiu MmsBouaumsi 2.32 nd Tugilveawnsnd 1Ay

m,

x y z1 00 0 0 —ux —wy -uz —u
m A

0 0 00 x ypy z 1 —vx —vw —-vz —v :'2 =0 (aunN1IN 2.33)
My,

o 1 A ar e [] ¥ Y a ar 4
szt usfidudsilunsuat 11 audsunuiezdtu 12 dwals lesain
pardsznaumsooaste 1 luansansiuala Tumsedauns Taluddiomsdeeldeds
2 ' . & ]
Yot 6 g9 $ilunnnd1 6 A 15192 18euN13 Over-determined Faenusand 14 1aeT3

Least Square

4 .y o : ] ] o di
dinlanmsns M udwusouas 11 Asvinisuenwisiiimes nely 1Wiesnn

M =[KR/-KRT]|=[A/ B] (N5 2.34)
o e a o1 ¥ P 4 o e
AU NINTEDH 3 X 3 UNUAIYN A L’Jﬂmﬂ‘iﬂﬂﬂuuﬂnmaqmmuﬂ’w b IARMDINU
o o &4 o ' 1 o oy a &
wWiniwes szezdeuienuisouenseni lddwlans = —47'b aees t 1Hdeyaliuonds

-3 ] oé =
ALHUININD1IUDIDULUDEN AU
n’) o o a o o o rd ‘i‘J
NATUNDIT A= KR Taen K WummSndmumasyuu uaziunindg R Ay

= o I 4 a o oa ocd o oo
wn3naes 1snoUsa NISLONIMINT K taz R g1u1ian 1a lasldmaiinfie1ianounodou

(QR Decomposition) @M T3 A
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2.1.9.5 mymiifia 3 88 vesgaluninlaeldndes 2 #2

Ia [y [a}s X
Fle EM Tody Windom Heo ’

DFEHS Ay PO

Click on the four putrame comers of 1he rectanguisr patiem (Tirat comer = oagin)... Image 2
i T T T T T

o on g ok Brom...  oumie. o fhvens. Ellcow.. BN

. E% B

]
= o

51l 2.15 mwasamssnungniid w4 lumsdiudeundas

u’: 5 1

adeanezthu 19 lunismfte 3 16 Uuesdnadiunszuumsliuioundoidan

1 w = ¥ ] =4 d ¥ : ' o
na1anluideiuda lustunsdiuieunasasiez 1dndestamasdsnimiag lunn

QQd‘ oo A§ d‘ r ! i
3 WALV TTUANDA “]Nﬂ']Tll.'cl‘]uﬁﬂﬁ'Nﬁi]']ﬂ'{ﬂﬂl‘ﬂﬂi'l’lﬂlu'lﬂﬂ}ﬂﬂuﬂﬂ%‘ﬂﬂ@ ﬂ\']!.lﬁﬂ&ﬁl'u
¥ 1 4

71#1 2.15 nimiusdhimsmadavesyadavesmsnlundesiiaaes 1wy 2.33 s

h-

dmnmmsndveanemunivnsmudrefiudu M dmsuudazndesde liimsneingi
idesmanintalunin fimsmgaasandsavesgalunin 3 fAvesndesiameaia
smualdumsndveanoanlnfinnsudwesiusu M voendesdt 1 uazg 2:80u M unz M’
U SR DZIRIVUUNIAT M @2t m m | m! Thueudmtudmiundeddi 2
FUNULARZLOOUNNING M dwm! T m my

dwsundesh 15ld

u m
u=|v|=MX=m |X (AUMIH 2.35)
w m!

uaznaoan 2 9z'la
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. 17

u ml
w=|v' |=MX =|m |X (AUN15N2.36)
w my’

Tao# uuaz ' unudsing lunmvesinglundes 1 uaz 2 amadrdu lumsiidam
amaf lunswsusrhmsmdadiuszrhamuion luamindmeanlniiv-

o ¢ @
NIIUANDTUTU M
wiviw=m X:mX :m X g
, , . (ANUN15N 2.37)
wviiw=m X:mi X m'X

3 " v
auius ldaumsdmsundosh 1 tazndosf 2

uml X =vm X u'm! X =v'm" X
um! X =vm! X wm X =v'm"X  (@umin 2.38)
um] X =vm, X um!"X =v'm’ X

aunsh 2.38 susadeu 18y

uml —vm,
um] —wm/ | X =0 (@UNTN 2.390)
vm, —wm,

urm;-]" _vrm;T
u’m;T - w'm]'T X =0 (@UN15A 2.399)

v T T
_vm3 —wm2

FIMIPRINAMSNUBIANATIT 239N A28 w U INA0IA8 —v udnimsun1d
(uwmzr —vwm —uvm, + vwm]T )X = (uwm;r —uvm, )X =0  (duN159 2.40)

o 1 - ey o, o @ H
U NaUNS 2.38 UamauiAdnioSamuau (Linearly Dependent) A0 M A 1Lv81

] » »
AUMTN 2390 AsUUAazNAD AT 1AL 2 aun1saedl

T T LY v 1T
um, —wm um, —wm {
: LIX=0 wag| 2 T IX =0 (aumsh 241)
vm, —wm, vim, —wnm,

¥ e

RouauNIn 2.40 1 1aail
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um, —wm,
T T
vm., —wm a
Coa X =4X =0 (rumsh 2.42)
uw'm, —w'm;
vrm;?‘ _ wrm;?'
o 14 =] 1 o o Ao oa
Winsunaunis 1a ludded (Fun1si 2.42) dmsunng 3 30 X Tawsiaulunne
Anelszinnueuniaea (Non-Trivial) v5on3dl det(4) =0
2.1.10 mamfanlsvenaauiiindsa
H 1 ;ﬂl L] =, or T 3
TaoRaulsmailinananIzUIUN TN BT (Image Process) fwmsimaniu
ARG AT
o P ' o ¥ ] [
- gAguonaIvesn I ¥ lausnm lManmsthnnugansdsaes nieanuni

M1IAIWADI

- anuea i
R

- etvvmavosinea luviau

v & - —_— { /
- YlotumpanInnuBng
D

- astadlenvevaud

AszIumMsmAwlsuosguauiiuoindas
| 4
2.1.10.1 anlimolundes (Intrinsic camera parameters) #u1l5v0andosliaaii
AU INAA (Focal length) £: 5302910nA19u037UAdUNA (Optical center) DevzuIuvnegll
‘ o oy
AANINA1331] (Principle Point) ce: AnaevesjAduna
QW - ‘{ J I or L]
duilsedntuoansiRon (Skew coefficient) alpha_c: 32 YUBYFUYUILNIWUAU x HAUAY ¥
» ¥
ANuAaiousagal (Distortion) ke: 1wusnsamenuionlusasdmusindes
4
2.1.10.2 n1anIganInaIdeIndes
.e'l XY Y o o =1 c‘. Y :; oy ' ni
e nszuugiusuveseisovesgllyasudunnnauudy sawsonlasy
geusuzllihifugduduvesndesta Tasldjduuusvndavende (geometry of the
1 g . o o = 45' é
camera) 8YNIU UAUHAN (Principal axls)ci’fauwﬂmzmmlm‘wmm’nﬂqﬂﬂaﬂmwm
d o ¥
915138904NA04

¢ o - o B & -
ﬁjﬂ'liﬁﬂ‘llﬂﬁﬂ'gﬂﬁﬂ n 4R 7 {row) HaZ m Han (column) A7 ‘ﬂﬂﬂQﬂﬂ'NﬂE]

ce=(m=1)/2 ¢y=(n-1)/2

mswlasnngdudugal i, i Tihilugsuduveandes oo, y) 184

o
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x!=j+(m_l)/2 y':f-{-(n—])/z (ﬁﬂﬂ15ﬁ 243)

d J
2.2 dusonnuad
2.2.1 maisnnhdaunsudannn c#
2.2.1.1 Microsoft. NET
4 oo 13 3 ] w d'
a1 et Wunenfiviim lu Tasserna Heiumerauduunaadodun
] = =Y 1 ] Y =
5uni NET &4 luInssousineliiiony NET 1iiegi Inulmivesszuunennunesnue
a 4y Y W W o ¢ d ' s o q ¥ 3 -
HauraTuneuR unes IRd B waeSitmedwauysahgai IWanusoadalusunsun
Q =y o of T -3 3 - q
Aaumeiugunesite, g1udeya, 53U distributed system T4 suisiidoR luisoq
o ¥ ) = o q g v oo w W
UBINTHNNUAINNY (programming language) B9z 14 Tilsunsy lugndnadioniuila
~ = - -~ 1
amArmIeszuulassuuAeIdnao 1y
2.2.1.2 MW C#
C# 1HAINNISHAL Microsoft. NET Tag 145 s mgaauuazanuainse
o o o ) o
YDINTBIRBAUNAWANTHUINAWAU 15U VB, C++ uag Javada C# Hunmnd Iaseads
é r 1
AR Java Taomaw1zA il Object YBIMHIFIUBNIINILS TWDIPAAUVBINTHIAN
ar o ' o J ot ¥
WHAURETUALLAD NHT C# Saa3 19AAUYBIANBILINALH
2 y R = . . &4 >
- A8 mglhmfumswuu‘lﬂ‘sun‘mi‘lmmu Visual programming tHUOUNUNG
WouTUsuNIUAINTYI Visual Basic 150 Delphi
. & = ¥ v o ¥ =2
- {u Object riloavnMH1 C# L Insand1wa T Java At Taseadisvesaiuiadiy
. = o a - P o q 9 a
1LY Object NAsudMaviysaluaziisdunumadouTusunsufidluszuuhldiaun

R P
apphcatmn"lmw

¥
A o

a s . o 9 o ‘-g
- UsziinEnngy wennnanuiiu Object MugUuuLNE C# duilumniivauniiv
101614 NET Framework tiufinomunsosnunioldmn Tuled NET 1Retieauysel

o ' = - w 1 o =S
- ﬁ"ll]’liﬂﬂ’l\‘l']uizﬂllﬁﬂ MY CH# UANTUTTHITOINIINUH U IR TN IUOITSLY

- o | & T
ABUWAADI U IZAVAN (FILANA1IN Java)
° s = r g - Q o 9
- 197410 Multi-thread F9vza20 i Tdsunsuiidoudas cx awsahauldvan
ulunanfeariy
222 madzaienannisasa
mstlszuaranwataoa AemsihnwaTeaauInsziinala euse

v s A gy - yad i g P o
'}ﬂ{lﬂiﬁﬁﬂﬂﬂﬂ lWﬂIWﬂ1U1'§ﬂﬂﬁlﬂﬂﬂ31”ﬁu1ﬂﬂﬂ4ﬂ1wqﬂﬂﬂ]u UINTINU H35 TOINTTLNU
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1u#INN N (Storage) AT ININOOAL AR (Representation) afu mstszinamnm
AapuAgUInATAMIUszuIaRan M1 Taun M31501U590M (Image Enhancement) A3
UUNTIUNTN (Segmentation) N13M130G ILUAIN (Object Recognition) M3f1safsuAIUILATH
(Restoration) N5 DUSANN (Compression) 1IuAY
2.2.2.1 Il unImu2-61 (Grayscale)

iuwﬁqﬁmma&uwﬁmﬁﬂizﬂﬂmmﬁagjﬁwﬁu 3 Ao duns, Fdvumaz Gy 4

UseneufuiiuTunaddai
Twanusstiny RGB

= u’: 1 Ao Ld A o a o = :, = = ci’
MTm‘aa‘ummmu RGB U llﬂﬁzﬂhﬂﬂﬂﬂigﬂﬂﬂ ADALAY, VYD AT DUNIU mﬂmﬂamz

1
=

¥ »
aglunfia Cartesian Afisrenloiuozegludnuasgnunad uandlugl  fi2.16

4 > d. a -
21]%216 LlﬁﬂQﬂﬂ% RGBtlulﬂJuE}‘a 3 unuas Gray scale ANLIATAT (ﬂﬁﬁngf‘”) 50?1'1”11 (1, 1,1)

L] 1 = : = =
gaumussmiaulume

=,
=1.

Pt
=
=
<
']
—
=

¥ ¥
Tavlumvesduas, Asuazminiuliuezge
F2aung uaz v dssgfiyudn 3 yuiimde Avesddniveseghiyaniiia uazaveadyidee
id o = A o w ¥ ) | Mo 2 o o w
agnyud Inagatutauiniga dm3uluTuaatl Gray scalevzogizninddnaiuni dmy
) : a4 Y o 3 oAy o a -
dountiuszdlugaiiagdnluvesgnunnd Taswr ldninnnmes nyeesnaingaiuiia e
° [ a e - o e : o
anuazamsezimualiyngni idluilnd dnfugnunedlugld 2.16 tuszifugnues
& v ! a = o a4 a ' '
WML azAwBsduag, Tuuas@tiduzaylugia [o, 1]
o H T a
sUnminaadluTumavesd RGB T vztlsznon l1dae 3 dau Fesaudludilyugi

$uvestianlfimundaznnaalufideues RGBIWIZGUNT “ANUANVBIRALEA™
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ad o = 9 a s:l o L= | ] r= | = Y]
SEamsmnma lidunwana-dniu As is1ezshmFudaz Flunidineainuinty
UAIMTR WA ReAUNTT

fley)= fole )+ £ (x )+ £, (xy)
3

fR(xay)::> RED
foley) ) oRem 3 (x9)
fey) ) BLue

sifi2.17 pludenlaezunsunananisutlasend RGB Tuiluduna-d

(i’TﬂJmi‘ﬁ 2.44)

2.2.2.2 mMI0UN N (Image Snbtraction)
1uﬂ151.|ixqmﬂ%\ﬂuﬁluﬂﬁﬂﬁxn’Jﬁﬂﬁﬂ"lﬂﬂﬂﬂ%ﬁl'ﬂﬂ1ﬁlﬁﬂﬁﬂ1ﬁﬁ‘ﬂ$
wlioufey 2 nm3idgalauisfiuandis sssrmsemanuuandawaamnlddaaunis
g(x,y) = f(x,v)— h(x,») (@UN137 2.45)
Tae9sMUINANUUANANYDINIW IHUARL P HNITAYD £ UDT A Fadeiy
YBINTALNIN A MIANATUUANANVDININ
2.2.2.3 mamimuwiEnusy@a (Template Matching)
fumstugnm lanhdnadngfiflunmiedsuiinsfunituniming
mwﬁmdwf‘i’msﬁ'fu::ﬁmmmﬁﬂmﬂﬂ%‘a'lﬁvﬁuﬁguﬁﬂusﬁ%mminuaﬂﬁmqﬁ'ﬁwuﬂﬁm
aulvldvazfiaiins %”mjmmfuiﬂudmmnuﬁmwzﬁuuﬁwmwﬁu1ﬁ11.°f|umwm';-ﬁ1
wendammitisesinmamdasiauetnss lida mmqé’un‘fﬂammmﬁﬂmsﬁmﬁvm
AT VIAEAYEIN I 3Tl E e unIuBUG (Noise) wzaziusdesndumidinm
Fes LT mRdeImsnmiisufunniiqe Taoiste19ze 3B msnyun eIt 1A
mwﬁmnzmmmmwﬁ'mtintfui}:ﬁ'mﬁwm’lmjn'jmmﬁmdw

o T ﬂi ] :i 9 o L] o o ]
n13 ﬂuﬂmwmﬂu'lﬂ"lﬁszmwmwm PINTITVESHINIMNAIDINIINUNTHAIL N
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Wudaeums
C(u,v) = P— L,j ) (@157 2.46)
C,{u,v)= . |f(i " u{j V)G, (UM 247)
1 5
Cy(u,v)= W [ IS T e (U137 2.48)
Tavdt fo nmiidasnsenhummnwiaedi
h A9 NINADE1

1Y A9 1YAVD AT TUIURNEFAVDINTWA NI IN IHAI0E14
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unfl 3

mIseNUUVIIAINT

3.1 nfasInlefsnen CCD

1 3.1 nwndes3A TeATava CCD

€

o gb o

g/ = aa 1 & o LY
NA833A [aAIRBA CCD (34 TSUBOMI) #aiinmauiiadil
1. i A unwa
2. lauduondssiintuand 6 Tadwas
v
3. 19 Wdoadiu dnszuanse 12 Toaa
J
3.2 miafl3 (Card TV)
¢ oo o ¥ o w o o e o =3 ,
miadd sz lumsfudyauinndosia ledtaea CCD M37a 1adu (Video
1n) Wl sneuinmedionr lulseuanade 4
d
3.3 nwed
o o w e v o 3 s o i
s lfame s dudgdwrdaiusdaamsangan Teamyeinldlulnssamilee

¥
=1 o
1% lWavanszumasa 3 1ad

= PETEY Ao " W
35U 3.2 e 0 14 lumsgauvitiaag
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3.4 Munaveandeuasinyod

717 3.3 amdumsvosndeazianwed
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CODE

using System;
using System.Drawing;
using System.Cocllections;
using System.ComponentModel;
using System.Windows.Forms;
using System.Data;
using JH.CommBase;
using DirectX.Capture;
using DShowNET;
using System.IO;
using System.Drawing.DrawingZD;
using rtwmatrix;
using System.Threading;
namespace _3D Lasor Scanner
{
/// <summary>
/// Summary description for Forml.
/7 </summary>
public class Forml : System.Windows.Forms.Form
{
private System.Windows.Forms.MainMenu mainMenul;
private System.Windows.Forms.OpenFileDialog
openFileDialogl;
private System.Windows.Forms.SaveFileDialog
saveFileDialogl;
private System.Windows,Forms.Menultem menulteml;
private System,Windows.Forms.Menultem FILE;
private System.Windows.Forms.Menultem Tteml;
private System.Windows.Forms.Menultem Exit;
private System.Windows.Forms.Menultem Camera;
private System.Windows.Forms.Menultem Preview;
private System.Windows.Forms.Menultem port;
private System.Windows.Forms.Menultem openport;
private System.Windows.Forms.Label labell;
private System.Windows.Forms.PictureBox picboxl;
private System.Windows.Forms,Label label2;
private System.Windows.Forms.Menulten Loadl;
private System.Windows.Forms.Menultem Capturel;
private Capture capture = null;
private Filters filters = new Filters{):
private System.Windows.Forms.Label label3;
private System.Windows.Forms.PictureBox picbox?2;
string ImagePath;
private System.Windows.Forms.RadioButton radioButtonl;
private System.Windows.Forms.RadioButton radioButtonZ2;

boeocl o© = false;
private System.Windows.Forms.TextBox textboxl;
int

MDX, MDY, MUX, MUY, MDX2,MDY2Z , MUX2,MUY2, f,x1,x2,y1,¥,Y,Z,h,a,b;



int R¥X=160;

int RY=120;
int IX=160;
int LY=120;

RtwMatrix Xn = new RtwMatrix(6,32);

RtwMatrix ¥Yn = new RtwMatrix{6,32);

RtwMatrix Zn = new RtwMatrix(6,32):

private System.Windows.Forms.Label label5;

private System.Windows.Forms.Label labelé;

private System.Windows.Forms.TextBox textbox3;

private System.Windows.Forms.Button button2;

bool Snapshetl = false;

bool Snapshot2 = false;

private System.Windows.Forms.Label labeld:

private System.Windows.Forms.Button Calib;

private System.Windows.Forms.TextBox textboxZ:

private System.Windcws.Forms.Button Clear;

private System.Windows.Forms.Label labell?:

private System.Windows.Forme.TextBox textBoxlé;

private System.Windows.Forms.Splitter splitterl;

private System.Windows.Forms.Menultem menultem3;

private System.Windows.Forms.Menultem menultemd;

private System,Windows.Forms.Menultem menultemZz;

private System.Windows.Forms.Menultem menultem5;

private System.Windows.Forms.PictureBox picbox4;

private System.Windows.Forms.Button Plet:

private System.Windows.Forms.TextBox textboxd;

private System.Windows.Forms.Button Save;

private System.Windows.Forms.Label label’;

private System.Windows.Forms.PictureBox picbox5;

private System.Windows.Forms.PictureBox picboxt;

Bitmap
picl,pic2,bmpl,bmp2,bmp3,Lasorl,Lasor2,Graypicl,GraypicZ,bmp4,bmp5,bmp6
,bmp?, Lasorpeointl, LasorpeintZ;

private System.Windows.Forms.Label label8;

private System.Windows.Forms.Label labelB;

private System.Windows.Fcrms.MenuTtem menultemb;

private System.Windows.Forms.Label labellO;

private System.Windows.Forms.Label labelll;

private System.Windows.Forms.Menultem Lasor;

Point pointl = new Point{0,0):

Point point2 = new Point (0,0};

private System.Windows.Forms.Panel panell;

private int piccountl = 1;

private int piccountZ = 1

private int piccountl ls 1;

private int piccountZ_ls 1;

private System.Windows.Forms.Label labellZ;

char A,B,C,D,E;

private System.Windows.Forms.Button Left;

private System.Windows.Feorms.Button Right;

private System.Windows.Forms.CheckBox Laser;
private System.Windows.Forms.Button buttond;
private System.Windows,Forms.Button buttond;

Il ~a

I



private System.Windows.Forms.Button auto;

private System.Windews.Forms.Button buttonl:

private System.CompcnentMcdel.IContainer components:

//private System.Windows.Forms.Timer timerl = new Timer{);

//private int timer_count = 0;

private System.Windows.Forms.Timer timerl =
System.Windows.Forms.Timer!);

private bool running = false;

private bool right move = true;

private bool left move = false;

private int step,m;

new

private System.Windows.Forms.Label
private System.Windows.Forms.Label
private System.Windows.Forms.Label

dir label;
row_label;
step label;

private int xold,vyold,zold;
private boocl notfirsttime = false;
public Forml ()
{

//

// Required for Windows Form

1/

InitializeComponent () ;

//timerl.Interval = 1000;

picboxl.MouseMove += new
MouseEventHandler{picboxl MouseMove):

picbox2.MouseMove += new
McuseEventHandler (picboxZ2_MouseMove);

plcboxl.Mouselown += new
MouseEventHandler {picboxl MouseDown};

//picboxl.MouseUp
MouseEventHandler (picbexl Mouselp};

picboxZ.MouseDown += new
MouseEventHandler (picbox2 MouseDown) ;

//this.timerl.Tick += new EventHandler (StopTimer);

//pichox?.MouseUp  += new
MouseEventHandler {picboxZ_MouseUp):

s

// TODO: Add any constructor code after
TnitializeCcmponent call

s

timerl.Interval = 13000;:

//timerl.Interval = 500;

this.timerl.Tick += new EventHandler(timerl Tick);

Designer support

+= new

b

/// <summary>
/// Clean up any rescurces being used.
/77 </summary>
protected override veoid Dispose( boel disposing )
{

if( disposing )

{

SerialClass.serial.Close():



if (components != null)
{
components.Dispose () ;
1
}
base.Dispose{ disposing };
}

fregion Windows Form Designer generated code

/// <summary>

/// Required method for Designer support - do not modify
/// the contents of this method with the code editor,
/7 </summary>

#endregion

/// <summary>
/// The main entry peoint for the application.
/7 </summary>
[STAThread]
static voilid Main(}
{
Bpplication.Run({new Forml()}};
}

private void Forml Lcad(chject sender,System.EventArgs e)
{
Form2 form2 = new Form2({):;
formZ .MdiParent = this;
form2.Show();
}
private void updateMenu{}
{
Menultem m;
Filter f;
Control oldPreviewWindow = null;

// Disaple preview to avoid additicnal flashes

{optional)
if { capture != null )
{
oldPreviewWindow = capture.PreviewWindow;
capture.PreviewWindow = null;
}
// Load video devices
Filter videoDevice = null;
if ( capture != null }
videoDevice = capture.vVideoDevice:
Camera.Menultems.Clear();
m = new Menultem{ " (Ncne)”", new
EventHandier (Camera Click) ):
m.Checked = { videoDevice == null );

Camera.Menultems.Add{ m };



c++ )

for { int ¢ = 0; c < filters.VidecInputDevices.Count;

f
m

i

filters.VideoInputDevices([c];
new Menultem({ f.Name, new

Il

EventHandler (Camera Click) ):

m.Checked = { videcDevice == ):
Camera.Menultems.Add( m };

}

Camera.Enabled = ( filters.VideoInputDevices.Count >

0 )
// Check Preview menu option
Preview.Checked = { oldPreviewWindow != null );
Preview.Enabled = ( capture != null };
// Reenable preview if it was enabled befcre
if ( capture != null )
capture.PreviewWindow = ¢ldPreviewWindow;
1
private void Exit Click{object sender, System.EventArgs e}
{
if ( capture != null ) capture.Stop(};
Bpplication.Exit{};
}
private void Camera Click{object sender, System.EventArgs
e)
{
try
{
// Get current devices and dispose of capture
cbject
// because the video and audio device can conly
be changed
// by creating a new Capture object.
Filter videoDevice = null;
Filter audicDevice = null;
if ( capture != null )
{
videoDevice = capture.VideoDevice;
capture.Dispose();
capture = null;
} .
// Get new videc device
Menultem m = sender as Menultem;
videcoDevice = ([ m.Index>0 ?
filters,VidecInputDevices(m.Index-1] : null );

// Create capture cobject
if ( videoDevice != null )



capture = new Capture{ videcDevice,
audiolevice };

}

// Update the menu
updateMenu();
[
catch {(Exception ex)
{
MessageBox.Show{ "Videc device not
supported.\n\n" + ex.Message + "\n\n" + ex.ToString() );
}
}

private void Preview Click(object sender, System.EventArgs

{
' Panel Video = new Panel ()
Try
{
if { capture.PreviewWindow == null )}
{
//capture.PreviewWindow = Video;
capture.PreviewWindow = panell;
Preview.Checked = true:;

clse

capture.PreviewWindow = null:
Preview,Checked = false;
)
1
catch (Exception ex)
{
MessageBox.S5how( "Unable to enable/disable
preview. Please submit a bug report.\n\n" + ex.Message + "\n\n" +
ex.ToString() J);
}
Capturel.Enabled = true;
}

private void openport_Click(object sender, System.EventArgs

{

SerialClass.settings.SetStandard ("COM1:", 2600, CommBase.Handshake.
ncne) ;
if {SerialClass.serial.Cpen{(}}
{
¢ = true;
}
else

{



MessageBox.Show ("FAIL") ;

}

// CHECK CAMERA1 OR CAMERAZ
private void radioButtonl CheckedChanged{ocbject sender,
System.EventArgs e)

if (o == true)

SerialClass.serial,.SendByte (0x01};

MessageBox.Show ("FAIL") ;

private void radioButton2 CheckedChanged{object sender,

System.EventArgs e)
{

if (o == true)

SerialClass.serial.3endByte (0x02);

MessageBox.Show ("FAIL") ;

// MOUSEMOVE
private void pickoxl MouseMcve (cbhbject
gender, System.Windows.Forms.MouseEventArgs e)
{
labellQ.Text = "{" + e.X.ToString{()+ "," +
e.Y.ToString {0+ ")";
}

private void picbox2 MouseMove {object
sender, System.Windows. Forms.MouseEventaArgs e}

{
labelll.Text = "(" + e.X.ToString(}+ "," +

e.Y.ToString{)+ ")";
}

// SNAPSHOT
private void butteonZ2 Click{object sender, System.EventArgs

{
if {radicButtonl.Checked == true)

{
Snapshotl = true;

}



else
Snapshot? = true;

}
private void Capturel Click{object sender, System.EventArgs

{
Capturel.Checked = true;
capture.FrameEvent?Z += new
Capture.,HeFrame (CaptureDone) ;
capture.GrapImg () ;
}

private void CaptureDone (System.Drawing.Bitmap e)
{
if (Snapshotl)
{
Snapshotl = false;
if {!Laser.Checked)
{

a@.5ave("originall_"+piccountl ls.ToString()+".bmp"};
picl = new
Bitmap(Image.FromFile{"originallw"+piccountl_ls.ToString(}+“.bmp")):
picboxl.Image = picl;
piccountl lst++;
}
else

{

e.S5ave ("cameral "+piccountl.TeString{)+".bmp");
picl = new
Bitmap (Image.FromFile ("cameral "+piccountl.ToString{)+".bmp"));
picboxl.Image = picl:
piccountl++;
}
}
if (Snapshot2)
{
Snapshot?2 = false;
if (!Laser.Checked)
{

e.Save("original? "+piccount2 ls.ToString()+".bmp");
plic2 = new
Bitmap (Image.FromFile {"criginal2 "+piccountZ ls.TeString(}+".bmp"));
pickox2.Image = picd;
piccount2 lst++;

else



e.Save{"cameraz "+piccount2.ToString{)+".bmp"};
picZ = new
Bitmap (Image.FromFile ("cameraZ "+4piccount2.ToString (}+".bmp™));
pichox2.Image = pic2;
piccount2++;

}

// SAVE PICTURE OF CAMERA]

private void menultemZ Click{object sender,
System.EventArgs €]

{

if ({saveFileDialogl.ShowDialog{)== DialogResult.OK)

{
string strPath;
strPath=saveFilelialogl.FileName;
pickoxl.Image.Save(strPath);

i

// SAVE PICTURE CF CAMERAZ

private void menultemb Click{object sender,
System.EventArgs e)

{

if (saveFileDialogl.ShowDialog{)== DialogResult.OQOK)
{

string strPath;
strPath=saveFileDlalogl.FileName;
picboxd.Image.Save(strPath);

}

// LOAD PICTURE FOR CAMERAL

private void menultem3 Click{obliect sender,
System.EventArgs e)

{

Clearbit();
menultem3.Checked= true;
if (openFileDialcgl.ShowDialog()== DialcgResulti.OK)

{
ImagePath=openFileDialogl.FileName;

bmpl=new Bitmap{Image.FromFile (ImagePath));
pickboxl. Image=bmpl;
picl = bmpl;

1

// LOAD PICTURE FOR CAMERAZ

private void menultemd Click{object sender,
System.EventArgs e)

{
Clearbit{}:



menultemd.Checked = true;
if {openFileDialogl.ShowDialog{)== DialogResult.OK)
{
ImagePath=openFilelialogl.FileName;
bmp2=new Bitmap (Image.FromFile (ImagePath));
picbox2.Image=bmp2;
pic2 = bmpZ;

}

// CALCULATE THE COORDINATES (X, Y,2)
private veoid Calib Click(object sender, System,EventArgs e)
{
calculate () :
}

private void Clear_Click(object sender, System.EventArgs e)
{

textboxl.Text "o,

textbox2.Text = " ";

textbox3.Text =" ";

textboxd.Text = ™ ";

textBox1ld . Text = " ";

a=0;

picboxd.Image = new Bitmap(320,240)

I

picbox5.Image

new Bitmap (160,120);
pichoxé. Image H

new Bitmap(160,120)

}
private vold Clearbit{)

{

menultem3.Checked false:
menultems,Checked = false;
}

// SAVE THE COORDINATES (X,Y, 7}
private vecid Save Click{object sender, System.EventArgs e)
{

save coordinate();

1

private void Plot Click(object sender, System.EventArgs e)

{
plet():

}

private void Lasor Click(object sender, System.EventArgs e)
{

laser():

}

private void Left Click(object sender,
System,Windows. Forms.MouseEventArgs e)

{

motor left();



}

private vold Left UnClick(object sender,
System.Windows.Forms.MouseEventArgs e}
{
motor stop ()
}

private veid Right Click(obkject sender,
System.Windows.Forms.McuseEventArgs e)
{
motor right ()
}

private vold Right UnClick{ocbject sender,
System.Windows.Forms.MouseEventArgs e}
{
mctor stop({);
}

private void Laser CheckedChanged(object sender,
System.EventArgs e)
{
if (o == true;
{
if {Laser.Checked)
SerialClass.serial.SendByte (0x05);
else
SerialClass.serial.SendByte (0x06);

else

MessageBox.Show ("FAIL");

—_—

1

private void button3_Click({cbject sender, System.EventArgs

{

motor_up();

}

private void huttond Clicki{oblject sender, System.EventArgs

{

motor down();

}

/// <summary>
Iy
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/// </summary>
private void cameral ()



{
SerialClass.serial.SendByte (0x01};

I

private void camera2 ()
{

SerialClass.serial.SendByte (0x02);
}

private vold snapshotl()

{
Snapshetl = true;

t

private void snapshotZ{()

{
Snapshot2 = true;

}

private void calculate({)
{

f = 375;

h = 67;//75cm=>1cm=5.5;80cm=>1cm=5 {mud
émm) ; 47cm=>1cm=8,33;40cm=>1cm=9.5;35%cm=>1cm=12;

x1l = MDX ;

K2 = MDXZ;

vyl = MDY ;

Z = Math.Abs(2*h*f/(x2-x1)};

¥ = Math.hbs{({Z*x1)}/f -h):
Y = Math.Abs{{Z*yl}/f -h):
if (notfirsttime)
{
if (Math.Abs(Z-zold) > 15)
{
Z = zold;

1
if (Math.Abs{X-xcld} > 3)

{
if (right move}
{
¥ = xold+1;
}
else
{
X = xold-1;
}
}
}
textbox2.Text = " (" +
X.TeString () +","+Y.ToString () +", "+Z.ToString {}+"}";
xold = X;
zold = Z:

notfirsttime = true;



t

private void save_coordinate()

{

double y2;
Xnla,bl = X;
Y = 240-Y;
Ynla,k] = ¥Y;

infa,bl] = 2;
¥2 = ¥Yn[0,0] + a + a;

textbox4.Text += " (" + Xnla,b].ToString{)
y2.ToString(} + "," + Znla,b].ToString(} + ™)™ + "\n";
b=b+1;
if (b==32)
{
a=a+1l;
b=0;

}

private veoid plot ()

{
/*this,Hide {);
Ferm2 form2 = new Form2(};
form2.Show({);*/

U0+

Graphics g = Graphics.FromHwnd(picbox4.Handle):

FPen pn = new Pen(Color.Blue,2);
pn.DashStyle = DashStyle.So0lid;
int i,3:
for(i=0;i<6;1i++)

for (3=0;3<31;3++)

{

FointF p0 = new
PointF(¥n[i,j], (Zn(i,j1+(i*5)})/3):
PointF pl = new

PointF(¥n(i,j+1], (Zn[i,J+1]1+(1i*5))/3);
g.DrawlLine{pn,pQ,pl};

}
pn.Dispeose();
g.Dispose(};

}

private void laser{)

{

int

i,j,ii,k,1,Colorl,CclorZ,Color3,Colord,Grayimagel, Grayimage2,Grayimage3

,Grayimaged,Grayimage5, Grayimageb;

Lasorl = new Bitmap(picl.Width,picl.Height);
Lasor2 = new Bitmap(pic2.Width,pic2.Height);
Laserpointl = new Bitmap(Lasorl.Width,Lasorl.Height);
Lascrpoint2 = new Bitmap (Lasorl.Width,Lasorl.Height};

int piccountl_ls_buf = piccountl 1s - 1;
piccount2 1s - 1;

li

int piccount2 1ls buf



bmp3 = new
Bitmap(Image.FromFile {("D:\\Project\\projectdc\\Program\\C#\\3D Lasor
Scanner new4\\3D Lasor
Scanneri\\bin\\Debugi\originall "+piccountl 1s buf.TeString()+".bmp"});
bmp4 = new
Bitmap (Image.FromFile ("D:\\Projecti\\projectdc\\Program\\C#\\3D Lasor
Scanner newd\\3D Lasor Scanner’\\bin\\Debug\\Lasor.bmp"});
brop5 = new
Bitmap{Image.FromFile ("D:\\Project\\projectdc\\Program\\C#\\3D Lascr
Scanner newd{\\3D Lasor
Scannert\bin\\Debughhoriginal2 "+picceount2 1s buf.ToString{)+".bmp"});

bmp & = new
Bitmap (Laseorpeintl.Width/Z2, Lasorpointl.Height/2};
bmp? = new

Bitmap(Lasorpeint2.width/2,Lasorpoint2.Height/2);
Graypicl = new Bitmap(picbhoxl.Image};
Graypic? = new Bltmap(plcboxZ.Image);

// Criginall Grayscale
for (i=0;i<bmp3.Width;i++)
for{(j=0;3<bmp3.Height;j++)
{
Grayimage3 =
Math.ADbs { (bmp3.GetPixel (1,3} .R + bmp3.GetPixel (i,]).G +
bmp3.GetPixel(i,j).B)/3});

bmpB.SetPixel(i,j,Color.FromArgb(Grayimage3,GrayimageB,GrayimageB

V)i
}

/{ Picl Grayscale
for(i=0;i<Graypicl.Width;i++)
for{j=0;j<Graypicl.Height;j++)
{
Grayimagel =
Math.Abs{ (Graypicl.GetPixel(i,j).R + Graypicl.GetPixel{i,J).G +
Graypicl.GetPixel{i,3).B)/3}):

Graypicl.SetPixel(i,j,Color.FromArgb(Grayimagel,Grayimagel,Grayim
agely )i
}

// Originall-Picl
for(1i=0;i<bmp3,.Width;i++)
for(j=0;j<bmp3.Height:Jj++)
{
Graylmaged =
Math.Abs ( (bmp3.GetPixel (1,9).R - Graypicl.GetPixel(i,J).R}}:

Lasorl.SetPixel(i,j,Color.FromArgb(Grayimage4,Grayimage4,Grayimag
ed));
}

// Detect Coordinate_picboxl



11=295;
for(j=30:j<60;j++)
for{(i=170;i<310;1++)
{
k=0:;1=0;
Colorl = Math.Abs(((bmp4.GetPixel (k,1).R
- Lasorl.GetPixel (i,]).R}+(bmpd.GetPixel(k,1+1).R -
Lasorl.GetPixel (1,j+1).R)+(bmp4.GetPixel (k+1,1).R -
Lasorl.GetPixel(i+l,]).R)+({bmp4.GetPixel(k+1,1+1).R -
Lasorl.GetPixel (i+1,3+1).R))/4);
if{ ii > Colorl)
{
ii = Colorl;
pointl.X = i;
MDX = pointl.¥;
pointl.Yy = j;
MDY = pointl.Y:
}

Lasorpointl.SetPixel(i,j,Color.FromArgb{Colorl,Colorl,Colorl)s;
}
i=0;9=0;
for(i=0;i<{Lasorpointl.Width)/2:;i++)
for(j=0;j<(Lasorpointl.Height)/2;3++)

{
Coleor3 = Lasorpointl.GetPixel (2*i,2*J).R;

bmp6.SetPixel (i, J,Color.FromArgb{Color3,Color3,Color3));

}
pichox5.Image bmp6;
textboxl.Text = "(" + pointl.X.ToString{} + "," +

pointl.Y.ToString () + ™)";
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// Original? Grayscale
for{(i=0;i<bmpS.Width;i++)
for (j=0;i<bmp5.Height;j++)
{
Grayimaget =
Math.Abs{ {(bmp5.GetPixel(i,j).R + bmp5.GetPixel{i,j).G +
bmpS5.GetPixel (1,]3).B}Y/3):

bmp5.SetPixel (i,],Color.FromArgb{Grayimage®, Grayimage6, Grayimageé

Y):
}

// Pic2 Grayscale
for{(i=0;1i<Graypic2.Width;i++)
for (§=0:j<Graypic2.Height;j++)
{



Grayimage? =
Math.Abs ({GraypicZ.GetPixel (i,3}.R + Graypic?.GetPixeli(i,j}.G +
Graypic2.GetPixel (1,]).B)/3);

Graypic2.SetPixel (i,]J,Color.FromArgk (Grayimage?2, GrayimageZ, Grayim
agezi);

}

// Original2-Pic2
for{i=0;i<bmp3.Width;i++)
for (j=0;j<bmp3.Height;j++)
{
Grayimageb =
Math,Abs { (bmpb.GetPixel (1,3).R - Graypic2.GetPixel (i,]).R));

Lasor2,8etPixel {i,],Color.FromArgb{Grayimage5,Grayimageb,Grayimag
e5) )
¥

// Detect Coocrdinate picbox?
ii=255; -
for(j=30;j<60;j++)
for{i=10;1i<150;i++)
{
k=0;1=0;
Color2 = Math.Abs({{bmpd.GetPixel(k,1}.R
- Lasor?2.GetPixel({i,J) .R)+(bmpd.GetPixel (k,1+1}.R =~
Lasor2.GetPixel {i,j+1}.R)+(bmpd.GetPixel (k+1,1}.R -
Lasor?.GetPixel (i+1,3) .R}+{bmpd.GetPixel (k+1,1+1}.R -
Lasor2,GetPixel (i+1,3+1}.R})/4);
if( i1 » Color2)
{
ii = Color2;
pointZ.X = 1i;
MD¥X2 = point2.X;
pointz.Y = j;
MDY2 = point2.Y;
}

Lasorpoint2.SetPixel (i, j,Color.FromArgb{Celerz,Color2,Colerz));
t
i=0;9=0;
for(i=0;i<{Lasorpoint2.Width)/2;i++)
for{j=0;j<{LascrpointZ.Height)/2;3++)
{
Color4d = Lasorpoint2.GetPixel({2¥i,2%)).R;

bmp7.SetPixel(i,j,Color.FromArgb{Color4,Color4,Color4));
}
pichox6.Image = bmp7;
textbox3.Text = "{" + point2.X.TcStringi() + "," +
peoint2.Y.TeString{} + ")":
4



private void motor left ()
v

SerialClass.serial.SendByte (0x03);
i

private vold metor right()
{

SerialClass.serial.SendByte (0x04);
}

private void motor stop()
{

SerialClass.serial.SendByte (0x00};
}

private void laser on()
{
SerialClass.serial.SendByte {0x05);

}

private woid laser off{)
{
SerialClass.serial.SendByte (0x06) ;

1

private void motor up()
{
//MSCemml . Cutput = "QRul20000"
byte{] cmd up =
{0x40, 0%75,0x6c, 0x32, 0x30,0x30,0830,0x30};
byte i;
for {i = 0; i < 8; i++)
SerialClass.serial.SendByte({cmd up[i]):
}

private veoid motcr down(}
{

//MSComml .Cutput = "@d120000™

byte[] cud dw =

{0x40,0x64,0x6c,0x32,0x30,0x30,0x30,0%30};
byte i;
for (i = 0; 1 < 8; i++)
SerialClass.serial.SendByte(cmd dwl[i]);

1

private void delay(int delay 100ms)

{
Thread.Sleep(l00*delay 100ms);

private void original snapshot {}
{

cameral{);

delay(5):

Laser.Checked = false;



laser off();
delay(5);
snapshotl{):
delay(5);
this.Update () ;
Laser.Checked = true;
laser on{(};
delay{5);
snapshotl{):
delay(53);
this.Update ()

camerad () ;
delay({5);
Laser.Checked = false;
laser off();
delay({5};
snapshot2{):
delay(5);
this.Update ()
Laser.Checked = true;
laser_on():
delay(5b);
snapshotz () ;
delay(5);
this.Update(};
laser{);
calculate!);
save coordinate():
delay(5);
this.Update();
delay(3):

1

private void auto Click(object sender, System,EventlArgs e)
{

if {running)

{
running = false;
timerl.Enabled = false;
auto.Text = "Auto";

else
running = true;

timerl.Enabled = true;
auto.Text = "Stop":

}

private void buttonl Click(cbject sender, System.EventArgs

{



TextWriter txtfile = new StreamWriter("result.txt");
txtfile.WritelLine{"3D Laser Scanner Project");
txtfile.Writeline ("By Jutarat & Thikhamporn 4C");
txtfile.Writeline ("Faculty of Electronic KMITL");
txtfile.Writeline("¥n = [ " + Xn.ToString()+" 1;")
ftxtfile.Writebine("Yn = [ " + Yn.ToString(}+" 1;")
txtfile.WriteLine("Zn = [ " + Zn.ToString{)+" 1:")
txtfile.WritelLine{"Created at " + DateTime.Now);

txtfile.Close();

+
I

7
.
¥

}

private vold timerl Tick(ocbject sender, EventArgs e)
{
original snapshot{};
if (step < 313
{
if (right_move)
{
motor_right();
dir label.Text = "right":
}
if {left_move)
{
motor left{);
dir label.Text

llleft";

}
)
step label.Text = step.ToString(]};
row_label.Text = m.ToString{):;

step++;
if {step == 32)
{
step = 0;
mt+;

motor_up i}’

if (right_move)

{
right move = false;
left move = true;

right move = true;
left _move = false;

timerl.Enabled = false;
auto,Text = "Autc";
MessageBox.Show ("Finish");
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74HC573; 7T4HCTS573

Octal D-type transparent latch; 3-state
Rev. 03 — 17 January 2006 Product data sheet '

1. General description

2. Features

The 7T4HC573; 74HCT573 is a high-speed Si-gate CMOS device and is pin compatible
with Low-power Schottky TTL (LSTTL).

The 74HC573; 74HCT573 has octal D-type transparent latches featuring separate D-type
inputs for each latch and 3-state true outputs for bus oriented applications. A latch enable
(LE) input and an output enable (OE) input are common to ali latches.

When LE is HIGH, data at the Dn inputs enter the laiches. In this condition the tatches are
transparent, i.e. a latch output will change state each time its corresponding D input
changes.

When LE is LOW the latches store the information that was present at the D-inputs a
set-up time preceding the HIGH-to-LOW transition of LE, When OE is LOW, the contents
of the 8 latches are available at the outputs. When OFE is HIGH, the outputs go to the
high-impedance OFF-state. Operation of the ©OE input does not affect the state of the
latches.

The 74HC573; 74HCT573 is functionally identical to:

s 74HCH63; 7T4HCTS63, but inverted outputs
* 74HC373; T4HCT373, but different pin arrangement

Inputs and outputs on opposite sides of package allowing easy interface with
microprocessors

Useful as input or output port for microprocessors and microcomputers
3.state non-inverting outputs for bus oriented applications

Common 3-state output enable input

Functionally identical to 74HC563; 74HCT563 and 74HC373; 74HCT373
Complies with JEDEC standard no. 7A

ESD protection:

¢ HBM EIA/JESD22-A114-C exceeds 2000 V

+ MM EIA/JESD22-A115-A aexceeds 200V
W Specified from —40 °C to +85 °C and from —40 °C to +125 °C

PHILIPS



Philips Semiconductors | 74HC573, 74HCTS573

. Octal D-type transparent latch; 3-5&5&

3. Quick reference data

Tabfe 1: Quick reference data
GND =0V, Ty =25°C L=ty=6ns

Symboi Parameter Conditions Min Typ Max Uni;
T4HC573
tPHL, propagation dslay Vee =5V, CL=15pF
teLH Dnte Qn - 14 . ns
LE to Qn - 15 - ns
Ci input capacitance - 3.5 - pF
Cep power dissip;tion per latch; m- 2 - pF
capacitance Vi = GND to Ve
T4HCT573
tPHL, probagation delay ' Vee =5V, CL=15pF
tLH Dnto Qn - 17 - ns
LE to Qn" - 15 - ns
Ci input capacitance - a5 - pF
Crp power dissi;iz;ticm per latch; - 26 - pF
capacitance Vi=GND to (Vg - 1.5 V)

[1] Cppis used to determine the dynamic power dissipation (Pp in pW).
Pp = Cpp % Voo x i x N + Z(Cy x Vee? x fy) where:
f; = input frequency in MHz;
f, = output frequency in MHz;
C_ = output load capatitance in pF;
Ve = supply voltage in V,
N = number of inputs switching;
T(C) x Vc? x fo) = sum of oulputs.

4. Ordering information

Table 2: Ordering information

Type number lPackage
1Temparature range (Name Description lVemion

T4HCS73

74HCS573N —40°Cto+125°C DIP20 plastic dual in-line package; 20 leads {300 mil}  S0OT146-1

T4HCH73D -40°Cto+126°C  S020 plastic small outline package; 20 leads; s0OT163-1
body width 7.5 mm

74HC573DB ~40 °C to +125°C SsS0OP20 plastic small qutline package; 20 leads; S0T339-1
body width 5.3 mm

T4HC573PW _40°Cto+125°C  TSSOP20 plastic small outline package; 20 leads; S0T360-1
body width 4.4 mm

74HC573BQ 40 °C to +125°C DHVQFN20 plastic dua! in-line compatible thermal enhanced SOT764-1

very thin quad flat package; no leads;
20 terminals; body 2.5 x 4.5 x 0.B5 mm

Product data sheet Rev, 03 — 17 January 2006 2 of 26



Philips Semiconductors

74HCS573; 74HCT573

i

Table 2:  Ordering information ... continued

Octal D-type transparent latch; 3-§taté

Type number Packaga
Temperature range |Nama Dascription iVersIon
74HCTS73
T4HCTS73N -40 °C to +125 °C DIP20 plastic dual in-line package; 20 leads (300 mil) SOT146-1
T4HCTS73D —-40°Cto+125°C S020 plastic small outline package; 20 leads; SOT163-1
body width 7.5 mm
T4HCTS73DB -40°Cto+125°C  SSOP20 plastic small outline package; 20 leads; S0T339-1
body width 5.3 mm
T4HCTSE73PW —40 °C to +125 °C TSSOP20  plastic small outline package; 20 leads; SOT360-1
body width 4 4 mm
T4HCTS73BQ -40°C to +125°C DHVQFN20 plastic dual in-ling compatible thermal enhanced SCT764-1
very thin quad flat package; no leads,
20 terminals; body 2.5 x 4.5 x 0.85 mm
5. Functional diagram
2| Do | Q0|18
3| D1 ] t Q118
4|D2 | || Qz |17
2103 L Laten ] a.state 23118
6|D4 | | 1to8 ___‘ OUTPUTS | Q4 |15
7|D5 || || Q5|14
8106 || | Q6|13
¢|D7 a7 |12
11|LE T
1|0E
mnadgs

T4HC,_HCTS73 3

Fig 1. Functional diagram

© Konnkijka Philips El

ice N.Y 2008. All righta reserved

Product data sheet

Rev. 03 — 17 January 2006
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Ph;‘!ips Semiconductors 74H0573, T4HCT573

r Octal D-type transparent latch; 3-state
) :
LA P
N EN1
Y [
) OF 2 | 1D P> bvi |19
2l Qo 12 3 18
o e Y e
—Ho2 Q2 (L o —
_5_, D3 Q3 P18 — ._..._E
6 | g o1 |15 6 15
T los as (-4 i 14
% Dé QB 13 B 13
12 — —
o7 - Q7 9 12
11 maaor mnagos
Fig 2. Logic symbel | Fig 3. IEC logic symbal
0o D1 b2 D3 D4 D5 o6 D7

D Q'—| o Q-T D Q—| D Q—-| D Q’_T D 0—1 a] 0—1 D QT

LATCH LATCH LATCH LATCH LATCH LATCH LATCH LATCH
1 2 3 4 5 8 7 8
LE LE LE LE LE LE LE LE

LE‘D& ] ] | | ] | I.
EE«D&

Qo (o] Q2 Q3 &2 Q5 Q6 az

00 1886075

Fig 4. Logic diagram

T8HC HCTHIA3 - @ Koninklijke Philips Elsctronics NV, 2006. All rights rasarvad.
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Features

Compatible with MCS-51™ Products
* 2K Bytes of Reprogrammable Flash Memory
- Endurance: 1,000 Write/Erase Cycies
2.7V to 6V Operating Range
Fully Static Operation: 0 Hz to 24 MHz
Two-level Program Memory Lock
128 x 8-bit Internal RAM
15 Programmable /O Lines
Two 16-bit Timer/Counters
Six Interrupt Sources
Programmable Serlal UART Channel
Direct LED Drive Cutputs
On-chip Analog Comparator
Low-powsr |dle and Power-down Modes

Description

The ATBIC2051 is a low-voltage, high-performance CMOS 8-bit microcomputer with
2K bytes of Flash programmable and erasable read only memory (FERCM). The
device is manufactured using Atmel's high-density nonvolatile memory technology
and is compatible with the industry-standard MCS-51 instruction set. By combining a
versatile 8-hit CPU with Flash on a monolithic chip, the Atmel ATB9C2051 is a power-
ful microcomputer which provides a highly-flexible and cost-effective solution to many
embedded control applications.

The AT89C2051 provides the following standard features: 2K bytes of Flash, 128
bytes of RAM, 15 /O lines, two 16-bit timer/counters, a five vector two-level interrupt
architecture, a full duplex serial port, a precision analog comparator, on-chip oscillator
and clock circuitry. In addition, the AT89C2051 is designed with static logic for opera-
tion down to zero frequency and supports two software selectable power saving
modes. The Idle Mode stops the CPU while allowing the RAM, timer/counters, serial
port and interrupt system to continue functioning. The power-down mode saves the
RAM contents but freezes the oscillator disabling all other chip functions until the next
hardware reset.

Pin Configuration

PDIP/SOIC
L\

RSTAPP 1 appvee

(RXD) P3.0(] 2 19[QP1.7

(THD) P33 1BPP1E

XTALZ[]4 17@P1E

XTALI 5 16 P14

{INTO) PA.2 0 6 15[OP1.3

(NTT)P3.30]7 14PpP12
(Toy P48 13 [JP1.1 (AINT)
(T1HP350]9 12 [0 P1.0 (AIND)

GND O 10 11 aP3?

ATTEL

4G

8-bit
Microcontroller
with 2K Bytes
Flash

AT89C2051

Rev. 136BE-02/00



Block Diagram
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Pin Description

VCC
Supply voltage.

GND
Ground.

Port 1

Port 1 is an 8-bit bi-irectional /O port. Port pins P1.2 to
P1.7 provide internal pullups, P1.0 and P1.1 require exter-
nal pullups. P1.0 and P1.1 also serve as the positive input
(AINO) and the negative input {AiIN1}, respectively, of the
on-chip precision analog comparator. The Port 1 output
butters can sink 20 mA and can drive LED displays directly.
When 1s are written to Port 1 pins, they can be used as
inputs. When pins P1.2 to P1.7 are used as inputs and are
externally pulled low, they will source current (I, ) hecause
of the internal pullups.

Port 1 aiso receives code data during Flash programming
and verification.

Port 3

Port 3 pins P3.0 to P3.5, P3.7 are seven bi-irectional /O
pins with internal pullups. P3.6 is hard-wired as an input to
the output of the on-chip comparater and is not accessible
as a general purpose /O pin. The Port 3 output buffers can
sink 20 mA. When 1s are written to Port 3 pins they are
pulled high by the internal pullups and can be used as
inputs. As inputs, Port 3 pins that are externally being
pulled low will source current (1, ) because of the pullups.

Port 3 also serves the functions of various special features
of the ATBZC2051 as listed below:

Port Pin Alternate Functions
P3.0 RXD {serial input port)
P3.1 W TXD (serial output port)
P32 INTO (external interrupt @)
P33 INTT (external interrupt 1)
P34 TQ {timer 0 external input
Pa.s T1 (timer 1 external input)

Port 3 also receives some control signals for Flash pro-
gramming and verification.

RST

Reset input. All /O pins are reset to 1s as soon as RST
goes high. Holding the RST pin high for two machine
cycles while the oscillator is running resets the device.

ATmEL

Each machine cycle takes 12 osciliator or clock cycles.

XTAL1

Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Qutput from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be left
unconnected while XTAL1 is driven as shown in Figure 2,
There are no requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuitry
is through a divide-by-twao flip-flop, but minimum and maxi-
mum voltage high and ow time specifications must be
observed.

Figure 1. Oscillator Connegtions

XTAL2

XTALA1

GND

C1,C2 =30pF £ 10 pF for Crystals
= 40 pF + 10 pF for Ceramic Resonators

Note:

Figure 2. External Ciock Drive Configuration

NG ———— XTaLz
EXTERNAL
OSCILLATOR XTAaL
SIGNAL
e GND
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Special Function Registers
A map of the on-chip memory area called the Special Func-
fion Register {SFA) space is shown in the lable below.

Note that not all of the addresses are pccupied, and unoc-
cupied addresses may not be implemented on the chip.
Read accesses to these addresses will in general return

Table 1. ATBOC2051 SFR Map and Reset Values

random data, and write accesses will have an indetermi-
nate effect,

User software should not write 1s to these unlisted loca-
tions, since they may be used in future products to invoke
new features. In that case, the reset or inactive values of
the new bits will always be 0.

OF8H t OFFH
O0FOH B 1 0F7H
00000000
0E8BH OEFH
OECH ACC 0E7H
00000000
0oDBH ODFH
0DOH PSW 0D7H
00000000
0CBH 0CFH
0COH | oC7H
i
0B&H r‘ P OBFH
XXX00000
0BOH P3 0B7H
11111111
0ABH IE OAFH
0XX00000
0AQH DA7H
g8H SCON SBUF 9FH
00000000 XIOOXXX
90H P1 a7H
11111111
88H TCON TMOD TLD TL1 THO TH1 8FH
00000000 00000000 00000000 00000000 00000000 00000000
80H SP DPL DPH PCON B7H
00000111 00000000 00000000 0XXX0000

ATEOC 205 1 s ——————
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Restrictions on Certain Instructions

The AT89C2051 and is an economical and cost-effective
member of Atmel’s growing family of microcontrollers. It
containg 2K bytes of flash program memory. It Is fully com-
patible with the MCS-51 architecture, and can be
programmed using the MCS-51 instruction set. However,
there are a few considerations one must keep in mind
when utilizing certain instructions to program this device.

All the instructions related to jumping or branching should
be restricted such that the destination address falls within
the physical program memory space of the device, which is
2K for the AT88C2051. This should be the responsibility of
the software programmer. For example, LIJMP 7EQH
would be a vaiid instruction for the AT89C2051 {with 2K of
memory), whereas LUMP 300H would not.

1. Branching Instructions:
LCALL, LIJMP, ACALL, AJMP, SJMP, JMP @A+DPTR

These unconditional branching instructions will execute
correctly as long as the programmer keeps in mind that the
destination branching address must fall within the physical
boundaries of the program memory size (locations 00H to
7FFH for the 89C2051). Violating the physical space limits
may cause unknown program behavior.

CJNE ..., DUNZ[...], JB, JNB, JC, JNC, JBC, JZ, JNZ With
these conditional branching instructions the same rule
above applies. Again, violating the memory boundaries
may cause erratic execution.

For applications involving interrupts the normal interrupt
service routine address locations of the 80C51 family archi-
tecture have been preserved.

2. MOVX-related Instructions, Data Memory:

The AT89C2051 contains 128 bytes of internal data mem-
ory. Thus, in the AT89C2051 the stack depth Is limited to
128 bytes, the amount of available RAM. External DATA
memory access is not supported in this device, nor is exter-
nal PROGRAM memory execution. Therefore, no MOVX
[...] instructions should be included in the program.

A typical BOC51 assembler will still assemble instructions,
even if they are written in violation of the restrictions men-
tioned above. It is the responsibility of the controller user to
know the physical features and limitations of the device
being used and adjust the instructions used
correspondingly.

Program Memory Lock Bits

On the chip are two lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the
additional features listed in the table below:

Lock Bit Protection Modest"

Program Lock Bits
LB1 LB2 | Protection Type
1 U u No program lock faatures.
2 P U Further programming of the Flash
is disabled.
3 P P Same as mode 2, also verify is
disabled.
Note: 1. ThaLock Bits can only be erased with the Chip Erase
operation.
Idle Mode

In idle mode, the CPU puts itself to steep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

P1.0 and P1.1 should be set to “0” if no external pullups are
used, ar set to “1” if external pullups are used.

It should be noted that when idle is terminated by a hard-
ware reset, the device normally resumes program
execution, from where it left off, up to two machine cycles
before the internal reset algorithm takes control. On-chip
hardware inhibits access to internal RAM in this event, but
access o the port pins is not inhibited. To eliminate the
possibility of an unexpected write to a port pin when Idle is
terminated by reset, the instruction following the one that
invokes Idle should not be one that writes to a port pin or to
external memaory.

Power-down Mode

tn the power down mode the oscillator is stopped, and the
instruction that invokes power down is the last instruction
executed. The on-chip RAM and Special Function Regis-
ters retain their values until the power down mode is
terminated. The only exit from power down is a hardware
reset. Reset redefines the SFRs but does not change the
on-chip RAM. The reset should not be activated before Ve
is restored to its normal opetating level and must be held
active long enough to allow the oscillator fo restart and
stabilize.

P1.0 and P1.1 should be set to “0” if no external pullups are
used, or set to “1” if external puilups are used.

AMEL s



intersil IRF510

Data Sheet June 1999 File Number 1573.3

5.6A, 100V, 0.540 Ohm, N-Channel Power Features
MOSFET « 5.6A, 100V

This N-Channel enhancement mode silicon gate power field
effact transistor is an advanced power MOSFET designed,
tested, and guarantesd to withstand a specified level of + Single Pulse Avalanche Energy Rated
anergy in the braakdown avalanche mode of operation. All of
these powar MOSFETs are designed for applications such
as switching regulators, switching convertors, motor drivers,
relay drivers, and drivers for high power bipolar switching « Linear Transfer Characteristics
transistors requiring high speed and low gate drive power.
These types can be operated directly from integrated
circuits. » Related Literature
- TB334 “Guidelines for Soldering Surface Mount
Components to PC Boards”

* TDS{ON) = 0.540Q

« 50A is Power Dissipation Limited

» Nanosecond Switching Speeds

» High Input Impedanca

Farmerly developmental type TA17441.

Ordering Information Symbol
PART NUMBER PACKAGE BRAND D
IRF510 TO-220AB IRF510
NOTE: When ordering, include the entire part number.
G
S
Packaging
JEDEC TO-220AB
SOURCE
DRAIN
GATE
DRAIN (FLANGE)
166 CAUTION: These devices are sensitive 1o efectrostatic dischargs; fellow proper ESD Handling Procedures.

hitp:/iwww.intersil.com or 407-727-9207 | Copyright © Intarsil Corporation 1999



IRF510

Absolute Maximum Ratings T = 25°C, Unless Otherwise Specified

IRF510 UNITS
Drain to Source Voltage (Note 1. .. .. .. .. e Vps 100 v
Drain to Gate Voltage (Reg = 20KED(Note 1) ... .. oo VDGR 100 v
Continuous Drain CUITBNE ... ... 5] 5.6 A
T =000 e e In 4 A
Pulsed Drain Current (Note 3) . . . ... .. L 'Dm 20 A
Gateto Source Voltage . . ... .. ... .. Vasg 120 v
Maximum Power Dissipation ... ... ... .. .. . . e Pp 43 w
Linear Derating Faclor . ... ... o e 0.29 w/°C
Single Pulse Avalanche Energy Rating (Note d) . . ... ... ... ... ... . . . i i Eas 19 mJ
Operating and Storage Temperature RaNGe . .. ... ..., .ot it T. TsTg -55 to 175 °c
Maximum Temperature for Soldering
Leads af 0.063in (1.6mm) fram Casefor 10s. . ................. e T 300 oc
Package Body for 10s, See Techbrief 334 .. ... ... ... Tokg 260 °c

CAUTION: Stresses above those listed in *Absoiute Maximum Rafings” may cause permanent damage to the device. This is a siress only rating and operation of the
davice at thess or any other conditions abave those indicated in the operational sections of this specification is nol implied,

NOTE:
1. Ty = 255C to 150°C,

Electrical Specifications T¢ = 25°C, Unless Qtherwise Specifisd

PARAMETER S§YMBOL TEST CONDITIONS MIN | TYP | MAX | UNITS
Drain to Source Breakdown Voltage BVpgs | Vs = OV, Ip = 250uA, {Figure 10} 100 - - v
Gate to Threshald Valtage Ves(TH) | Vas = Vs Ip = 250pA 2.0 - 4.0 v
Zem-Gate Voltage Drain Current IDss Vps = Rated BVpgs, Vgg = 0V - - 25 pA
Vps = 0.8 x Rated BVpgg, Vgs = 0V, Ty = 150°C - - 250 pA
COn-Sate Drain Current (Note 2) Injon) | VDS > Ipion) x 'osonMax: Vs = 10V {Figure 7) 586 - - A
Gate fo Source Leakage Current lgss Vag = 120V - . 100 nA
Drain to Source On Resistance (Note 2) |  rpg(oN) Vs = 10V, Ip = 3.4A (Figures 8, 9) - 04 0.54 (7]
Forward Transconductance (Nota 2} s Vs = 50V, Ip = 3.4A {Figure 12} 1.3 20 - S
Tum-On Delay Time td(oNy Ip = 5.6A, Rgg = 240, Vpp = 50V, R = 94, - 8 11 ns
i ; Vpp = 50V, Vgg = 10V N 25 6 ns
Rise Time tr MQSFET swilching times are essentially independent
Tum-Gff Delay Time t4(QFF) | of operating temperature - 15 21 ns
Fall Time iy - 12 21 ns
Total Gate Charge Qgrom) |Ves=10V.1p= 5.6A, Vpg = 0.8 x Rated BVpgs, - 50 7.7 nC
(Gate io Source + Gate to Drain) Ig(REF) = 1.5mA (Figure 14)
. - § i
Gate ta Sourca Charge Qgs t((;a::: ;;?L?: ia essentiafly independent of operating . 20 - nc
Gate to Drain “Miller” Charge Qga - 3.0 - nC
Input Capacitance Ciss Vas = 0V, Vpg = 25V, f = 1.0MHz (Figure 11) - 135 - pF
Qutput Capacitance Coss . - 80 - pF
Reverse-Transfer Capacitance Crss - 20 - pF
Internat Drain Inductance lp Measured From the Modified MOSFET - a5 - nH
Contact Screw On Tab To | Symbal Showing the
Center of Die Internal Devices
Measured From the Drain | "ductances - 45 . nH
Lead, Bmm (0.25in) From
Package to Center of Die
Internal Source Inductance Lg Measured From The - 75 - nH
Source Lead, mm
{0.25in) From Header to
Source Bonding Pad
Junction to Case RoJc - - 35 | "cw
Junction to Ambient Rgja |Free air operation - - 80 | “cw

167 | intergjl



IRF510

Source to Drain Diode Specifications

PARAMETER SYMBOL Test Conditions MIN | TYP | MAX | UNITS
Continuous Source to Drain Current lso Madified MOSFET D - - 5.8 A
Puise Source to Drain Current IsoM Symbol Showing the - - 20 A
Note 3 Integral Reverse
{Nate 3) P-N Junction Diade s
L)
Source to Drain Diode Voltage (Note 2) Vso T, =25°C, tgp = 5.6A, Vgg = OV (Figure 13) - 25 v
Raverse Recovery Time fre T)=25°C, Igp = 5.6A, tigp/d; = 100AJs 48 96 200 ns
Raverse Recovered Charge QrRr Ty =25°C, lgp = 5.6A, digp/d; = 100A/us 0.17 | 04 0.83 pG
NOTES:
2. Pulse test; pulse widih < 300us, duty cycle £ 2%.
3. Repetitive rating: pulse width limited by max junction temperature, See Transient Thermal Impedance curve (Figure 3).
4. Vpp = 25V, start T; = 25°C, L = 910uMH, Rg = 2542, peak Iag = 5.6A.
Typical Performance Curves uniess Otherwise Specified
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FIGURE 1. NORMALIZED POWER DISSIPATION vs CASE
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LM78XX
Series Voltage Regulators

General Description

The LM78XX series of three terminal regulators is available
with several fixed output voltages making them useful in a
wide range of applications. Ona of these is local on card
regulation, eliminating the distribution problems associated
with single point regulation. The voltages available allow
these regulators to be used in logic systems, insfrumenta-
tion, Hifi, and other solid state electronic equipment. Al-
though designed primarily as fixed voltags regulatars these
devices can be used with external components fo obtain ad-
justable voltages and currents.

The LM78XX series is available in an aluminum TO-3 pack-
age which will allow over 1.0A load current if adequete heat
sinking is provided. Current limiting is included to limit the
peak cutput current to a safe value. Safe area protection for
the output transistor is provided to limit internal power dissi-
pation. If internal power dissipation becomes too high for tha
heat sinking provided, the thermal shutdown circuit takes
over praventing the IC from overheating.

Considerable efforl was expanded to make the LM78XX se-
ries of regulators easy to use and minimize the number of
axternal componenis. It is nat necessary to bypass the out-

May 2000

National Semiconductor

put, although this does improve transient response. Input by-
passing is needed only if the regulator is located far from the
filter capacitor of tha powar supply.

For output voltage other than 5V, 12V and 15V tha LM117
serigs provides an output voltage range from 1.2V to 57V.

Features

Cutput current in excass of 1A

Internal thermal overload protection

No external components raquired
Cutput transistor safe area prolection
Internal short circuit current limit
Available in the aluminum TO-3 package

Voltage Range

LM7805C sV
LM7812C 12v
LM7815C 15V

Connection Diagrams

Metal Can Package
TO-3 (K)
Aluminum

OUTPUT — — GND

IMPUT —
DSOOTILE.2
Bottom View
Order Number LM7805CK,
LM7812CK or LM7815CK
See NS Package Number KCO2ZA

Plastic Package
TO-220 (T)

ouTRL
GhD
]

CS007746-1

O

Top View
Order Number LM7805CT,
LM7B42CT or LM7815CT
See NS Package Number T03B

® 2000 National Samiconductor Corperation DSO07T46

www.national.com
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LM78XX

Schematic
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Absolute Maximum Ratings (Note 3) Maximum Junctien Temperature
If Military/Aerospace specified devices are required, (K Package) 150°C
please contact the National Samiconductor Sales Office! (T Packags) 150°C
Distributors for availability and specifications. Storage Temperature Range -B5°C to +150°C
Input Voltage Lead Temperature {Soldering, 10 sec.)

(Vo = 5V, 12V and 15V) 3sv TO-3 Package K 300°C
Internal Power Dissipation (Note 1) Intemally Limited TO-220 Package T 230°C
Operating Temperature Range (T,) 0°C to +70°C

Electrical Characteristics LM78XXC (note 2)

0°C £ T, < 125°C unless otherwise noted.

Output Voltage 5V 12v 15v
Input Voltage (unless otherwise noted) 10v 19V 23V Units
Symbol Paramater Conditions Min l Typ [Max Min \ Typ IMax Min [ Typ |Max
Va Output Voltage Tj=25C, 5mA <y < 1A 48 5 52 |118 12 125|144 15 156 v
Pps t6W, 5mA <y < 1A 4.75 525 {114 12.6 14.25 15.75 v
Vi < Vin £ Vwax (7.5 £V £ 20) (1455Vy < (176 <V < v
27) 30}
AVy Line Regulation lo = 500 Tj=25C 3 50 4 120 4 150 my
mA
AV (TsVns25) | 148cv 30 (1752 V,< v
30)
0°C<Tj< +125°C 50 120 150 | mV
AViy (B8 £V, <20) (15 £ V|y S 27) (185 <V, € v
30)
lo € 1A Tj=25C 50 120 150 mv
AV (7.5 < Vi s 20) (146 s Vy = (17.7 <V, < \
27 30)
0'C<Tj< +125'C 25 60 75 my
AV (8 sV <12) {16 sV $22) | (20 5V, < 26) vV
AVy Load Regulation Tj=25C [5mAc<Is<15A 10 50 12 120 12 180 f mVv
2580 mMA < lp < 25 60 75 my
750 mA
EmMA<IgZ1A,0CsTis 50 120 150 [ mV
+125°C
Ig Quiescent Current | I < 1A T} = 25°C 8 8 8 mA
0C<Tjs +125°C B85 85 8.5 mA
Alg Quiescent Current | 5mA < I £ 1A 05 05 0.5 mA
Change Tj=25'C, lp s 1A 1.0 10 1.0 mA
Vi S Vin € Viuax (75<V,,<£20) | (1485 Vys27) (178 sV < v
30)
lg € 500 mA, 0°C s Tj < +125°C 1.0 1.0 10 mA
Vi & Vin € Vuax (TEV,,<25) | (145 < V< 30} (175 <V < v
3o)
Vi Qutput Noise T =25°C, 10 Hz < f < 100 kHz 40 75 90 pv
Voltage
Ripple Rejaction o< 1A Tj=25C| 62 B0 55 72 54 70 dB
AVIN or
aVour =120 Hz | 15 < 500 mA 62 55 54 dB
0°CsTjs+125°C
Viame & Vin S Vimax (8 <V, 5 18) {15 < Vy € 25) (185 5V, < v
28.5)
Ro Dropout Voltage Tj=25C, lgur = 1A 2.0 2.0 2.0 v
lOutput Resistance | f = 1 kHz B 18 19 mi2

3 www.national.com
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LM78XX

Electrical Characteristics LM78XXC (Note 2) (Continued)

0°C £ T, < 125°C unless otherwise noted.

Line Regulation

Qutput Voltage 5V 12v 15V
Input Voltage (unless otherwise noted) 10V 19v 23V Units
Symbeol Paramater Conditions Min l Typ ] Max | Min 1 Typ ] Max | Min ] Tyﬂ Max
Shor-Circuit Tj=25C 21 1.5 1.2 A
Currant
Peak Output Tj=25C 2.4 24 24 A
Current
Average TC of 0°CsTj<+125°C, I = 3 mA 0.6 1.5 1.8 myi"C
vDUT
Vin Input Voitage
Required to Tj=25C, I £ 1A 7.5 146 17.7 v
Maintain

Note 1: Thermal resistanca of the TO-3 package (K, KC} is typically 4'C/W junction 1o case and 35°C/W case to ambient. Thermal resistance of the TO-220 package
(T) is typicatly 4'C/W junclion to case and 50°C/W case to ambient.
Note 2: All characteristics are measured with capacilor acress the input of .22 pF. and a capacitar across the output of 0.1pF. All characleristics except noise vollage
and rippie rejection ratio are measured using pulse techniques (t, < 10 ms. duty cycle < 5%} Output voliage changes due to changes in internal temperalture must
ba taken intg account separately.

Noltg 3: Absolute Maximum Ratings indicale limits beyond which damage to the device may occur. For guaranteed specifications and the lest conditians, ses Elec-
iricat Characteristics.

www.nationai.com
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LM317

3-terminal posifive adjustable regulator

Features Description

+ Output Current In Excess of 1. 5SA This monolithic integrated circuit is an adjustable 3<terminal
+ Output Adjustable Between 1. 2V and 37V positive voltage regulator designed to supply more than 1.5A
+ Internal Thermal-Overload Protection of lpad current with an output voltage adjustable overa 1.2
+ Internal Short-Circuit Current-Limiting 10 37V. It employs internal current {imiting, thermal shut-

« Output Transistor Sate-Area Compensation down and safe area compensation.

« T0-220 Package

TO-220

1. Adj 2. Output 3. Input

Internal Block Diagram

lnput [3

Rlimit

Output

vadj

Rev. 5.0

©2000 Fairchild Semiconductor Intemational



LM317

Absolute Maximum Ratings

Parameter Symbol Value Unit
Input-Output Voltage Differential Vi-Vo 40 v
Lead Temperature TLEAD 230 °C
Power Dissipation Pp Internally limited w
Operating Temperature Range TOPR 0~+125 °C
Storage Temperature Range TsT1G -65 ~+125 °C
Temperature Coefficient of Output Voltage AVO/AT 10.02 %/°C

Electrical Characteristics
(V1-VO=5V,10=0354A,0°C = Ty = +125°C, IMAX = 1.5A, PMAX = 20W, unless otherwise specified)

Parameter Symbol Conditions Min Typ. | Max. | Unit
Ta =+25°C o
Line Regulation Rline VEVI-Vo 540V ) 0.01 ) 0.04 hiV
3V <V -V 540V - 002 [ 007 | %NV
Ta = +25°C, 10mA <lo <IMax mv
Vo< 5V - 18 25 | %iVo
Vo =5V 0.4 0.5
Load Regulation Rload
10mA < 1o < IMAX my
Vo <5V - 40 70 | %VO
Voz 5V 0.8 1.5
Adjustable Pin Current lADJ - - 46 100 LA
. . IV <V - Vo =4V
éﬂfﬁtaeb'e Pin Current AlADS | 10mA <o < Imax ; 20 | 5 | pa
g PD < PmAX
3V S VIN - Vo <40V
Reference Voltage VREF 10mA <10 < IMAX 1.20 125 | 1.30 v
PD < PMAX
Temperature Stability STr - - 07 - %O
Minimum Load Current to - )
Maintain Regulation LviNy | Vi~ Vo = 40V 3.5 12| mA
V|- Vo <15V, Pp £ PMAX 292
Maximum Output Cusrent logwax) | Vi- VO <40V, Pp <PMax 1.0 ’ - A
0.3
Ta=25°C
RMS Noise, % of VouT eN Ta= +25°C, 10Hz < f < 10KHz - 0.003 | 0.01 | %NVO
Vo =10V, f=120Hz
Ripple Rejection RR without CADJ 66 60 - dB
CapJ = 10uF 75
Long-Term Stability, Ty = ST Ta = +25°C for end point i 03 1 %
THIGH measurements, 1000HR )
Thermal Resistance Junction ReJC . ) 5 ) SCIW

fo Case

+ Load and line regulation are specified al constant junction temperature. Change in VD duc to heating effects must be taken
into account separately. Pulse testing with low duty is used. (PMaX = 20W)




LM317

Typical Perfomance Characteristics
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+5V-Powered, Multichannel RS-232

General Description

The MAX220-MAX249 tamily of line drivers/receivers is
intended for all EIATIA-232E and V.26/V.24 communica-
tions interfaces, particularly applications where 12V is
not available.

These parts are especially useful in battery-powered sys-
tems. since their low-power shutdown mode reduces
power dissipaticn to fess than 5uW. The MAX225,
MAX233, MAX235, and MAX245/MAX246/MAX247 use
no external components and are recommended for appli-
cations where printed circuit board space is critical,

Applications

Portable Computers

| ow-Power Modems

Inferface Tranglation
Battery-Powered RS-232 Systems
Multidrop RS-232 Networks

Drivers/Receivers

Features

Superior to Bipolar

¢ Operate from Single +5V Power Supply
(+5V and +12Vv—MAX231/MAX239)

¢ Low-Power Receive Mode in Shutdown
(MAX223/MAX242)

¢+ Moot All EIA/TIA-232E and V.28 Specifications
+ Muitipte Drivers and Receivers

¢ J-State Driver and Receiver Outputs

¢ Open-Line Detection (MAX243)

Ordering Information

PART TEMP. RANGE PIN-PACKAGE
MAX220CPE 0°C to +70°C 16 Plastic DIP
MAX220CSE 0°C to +70°C 16 Narrow SO
MAXZ220CWE 0°C 1o +70°C 16 Wide SO
MAX220C/D 0°C to +70°C Dice"

MAX220EPE -40°C to +85°C 16 Plastic DIP
MAX220ESE -40°C 10 +85°C 16 Narrow SO
MAXZ220EWE -40°C 10 +85°C 16 Wide SO
MAXZ220EJE -40°C to +85°C 16 CERDIP
MAXZ20MIE -55°C to +125°C 16 CERDIP |

Ordering information coniinued at end of data sheet.
‘Contact factary for dice specifications.

Selection Table

Power No. of Nominai SHDN Rx
Part Supply R5-232 Mo. of Cap. Value & Three- Activein Date Rate
Number [\J] Drivers/Ax Ext. Caps (pF} State SHDN (kbps) Features
MAX220 +5 2/2 4 0.1 No e 120 Ulira-low-power, industry-standard pinout
MAXZ22 +5 2/2 4 0.1 Yes ! 200 Low-powsr shutdown
MAXZ23 (MAX213) +5 4/5 4 1.0(0.1) Yes v 120 MAX241 and receivers activa in shutdawn
MAX225 +8 5/5 a - Yes v 120 Available in 50
MAX230 (MAX20Q) +& 5{0 4 1.0(0.1 Yas — 120 5 drivers with shutdown
MAX231 (MAX201) +5 and 242 2 1.0(0.1) Na — 120 Standard +5/+ 12V or battery supplies.
+7.510 +13.2 same functions as MAX232
MAX232 (MAX202) +5 2i2 4 1.0(0.1} Mo 120 (64) Induslry standard
MAX232A +5 2i2 4 04 Na — 200 Higher slaw rate small caps
MAX233 (MAX203) +5 242 0 — Mo - 120 Mo external caps
MAX233A +5 2/2 2] — Nao — 200 Ng extarnal ¢aps, high slew rate
MAX234 (MAX204) +5 40 4 1.0{0.1) No — 120 Replaces 1488
MBX235 MAXZ0E) +5 ] ¢ . Yes 120 No external caps
MAX236 (MAX206} +5 443 4 1.0{01) Yas - 120 Shutdown, three state
MAX237 (MAX207) +5 543 4 1.0(01) No 120 Complemants |BM PC serial port
MAX238 (MAX208) +5 4/4 4 1.0(0M No 120 Replacas 1488 and 1489
MAX239 (MAX209) +band 35 2 1.0{071) No 120 Standard +5/+ 12V or patiery supplies,
+7510+132 single-package salution for IBM PC serial port
MAXZ40 +5 55 4 1.0 Yes 120 DIP or flatpack package
MAXZ241 (MAX211) +5 4f5 4 1.0{(0 1) Yas 120 Complete IBM PC serial port
MAX242 +5 22 4 Q1 Yes v 200 Separate shutdown and enabie
MAX243 +5 2/2 4 Q1 No — 200 Oper-lina datection simplifies cabling
MAX244 +5 a8/10 4 10 No — 120 High slew rate
MAX245 +5 810 a Yes v 120 High siew rate, int. caps. lwo shutdown modes
MAX246 +5 ano o] Yes v 120 High slew rate, int caps, three shutdown modes
MAX247 +5 a8/9 o] — Yes v 120 High slew rate, int caps, nine operating medes
MAX248 +5 a/8 4 10 Yes 4 120 High slew rale, salective half-chip enables
MAXZ49 +5 610 4 Yes v 120 Available in quad flalpack package
INAXLM Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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+5V-Powered, Multichannel RS-232
Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX22012221232A1233AI242I243

Supply Veltage (Vee) ...
Input Voltages

TN
Rin {Except MAX220]

RIS {MAX220) 00
Tout (Except MAX220) (Note 1) ... ...
TouT {MAX220) ... TR TOP ST TOT

QOutput Voltages
Tout.
Rour...

Drwer,fﬁecewer Oulput Short Circuited to GND

Continuous Power Dissipation (Ta = +70°C)
16-Pin Plastic DIP {derate 10.53mW;*C above +70°C]...
18-Pin Flastic DIP {(derate 11.11mW/°C above +70°C)...

Note 1:

=03V o (Voo - 0.3V)

~0.3V 1o +6V

215V

-0 3V tD (Vcc +0.3V) MAXZ2_ _AC_ _ MAX2_
““““ Continuous MAX2_ _AE_ _ MAX2_
MAX2_ _AM_ _, MAX2_

B42mw
.888mw

Input voltage measured with TouT in high-impedance state, SHDN or Vog = OV
Note 2: For the MAX220, V+ and V- can have a maximum magnitude of 7V, but their absolute difference cannol exceed 13V.

L__

_M_

Storage Temperalure Range ...
Lead Temperature (soldering. 10sec)

.

20-Pin Plastic DIP {derate 8.00mW/°C above +70°C) ..440mwW
16-Pin Narrow SO (derate 8.70mwW/°C above +70°C)..
16-Pin Wide SO (derate 9.52mW,°C above +70°C)......762mW
18-Pin Wide SO (derate 9.52mW/°C above +70°C)
20-Pin Wide SO (derate 10.00mW/°C above +70°C)...
20-Pin SSOP (derate 8.00mW/°C above +70°C)
16-Pin CERDIP (derate 10.00mW/°C above +70°C)
18-Pin CERDIP (derate 10.53mW/°C above +70°C)
Operating Temperature Ranges

696mwW

762mw

.800mw

800mw
842mw

-..0°C 10 +70°C
.-40°C to +85°C
-95°C 10 +125°C
.-65°C to +160°C
..+300°C

Stresses bavand thoge lsted under "Absolute Maximum Ratings” may causa permanent damage io the device. These are siress ralings only, and funchonat
operation of the device at these or any other conditions beyond those indicated in the operational seclions of ihe specilicalions is not implied. Expaswre fo
absolute Mmaximum rahing congditions for axtended periods may affect device refiability.

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243

(Voo = +5Y ©10%, C1-C4 = 0.1uF, MAX220, C1 = 0.047yF, C2-C4 = 0.33pF, TA = TMIN To Thax, Unless otherwise noted.)

PARAMETER | CONDITIONS | MIN  TYP  maX | unirs |
RAS-232 TRANSMITTERS
Output Yoitage Swing All transmitter cutputs loaded with 3kE) to GND 5 8 v
Input Lagic Threshold Low 1.4 0B vV
Input Logic Threshold Hign All devices except MAX220 2 1.4 v
MAX220: Voo = 5.0V 2.4
All except MAX220, normal operation 5] 40
Logee Pull-Upfinput Current SHON = OV, MAX222/242, shutdown, MAX220 w00 = | ™
Voc = 5.5V, SHDN = 0V, Vout = £15V, MAX222/242 +001  £10
Output Leakage Current Voo = SHDN < OV, Vauy = 2167 007 T A
LData Rate 200 116 kbfs
Transmitter Qutput Resistance Yoo = V+ = V- = 0V, VouTt = £2V 300 10M Q
Qutput Shert-Circuit Current Vout = OV +7 +22 mA
RS-232 RECEIVERS
RS-232 Input Vollage Operating Range +30 v
All except MAXZ243 R2iy 08 13
RS-232 Input Threshold Low Ve = 5V WAY243 R (Nole 2) 3 v
: All except MAX243 R2iy 1.8 2.4
RS-232 Input Threshold High Voo = 5V NMAY43 A5 (o 2) ox o v
RS-232 Input Hysleresis All except MAX243, Voo = 5V, no hysterssis in shdn. 0.2 0.5 1 y
MAX243 1
RAS-232 input Resistance 3 5 7 ®0
TTL/CMOS Output Voltage Low fouT = 3.2mMA 0.2 04 Vv
TTL/CMOS Output Voltage High lout = -1.0mA 35 Veo-02 v
TTL/CMOS Oulput Sher-Circuit Current Sourcing Vot = GND 2 10 mA
Sharinking Your = Veo 10 30
MAXILA



+5V-Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243 (continued)
(Voo = +5Y £10%, C1-C4 = D1uF, MAX220, C1 = 0.047F, C2-C4 = 0.33pF, Ta = Tymin 10 Tmax, unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
SHON = Vg or EN = Ve (SHON = OV for MAX222),
TTL/CMOS Qutput Leakage Current OV < Vour S Veo +0.05 +10 LA
EN Input Threshold Low MAX242 1.4 0.8 v
EN fnpu Threshold High MAKX242 2.0 1.4 Y
Operating Supply Voltage 4.5 55 v
TMax220 05 2
_ No icad
Ve Supply Current (SHON = Vee), MAX222/232A/233A/242/243 4 10 A
Figures 5. 6, 11, 19 3k$2 foad MAX220 12
both inputs MAX222/232A/233A(242/243 15
Ta = +25°C 0.1 10
Shutdown Supply Current MAX222/242 Ta = 0°C 0 +70°C 2 50 A
wn Su en
wn supply LU Ta = -40°C 1o +85°C 0 ] ¥
Ta = -55°C to +125°C 35 100
SHDN Input Leakage Current MAX222/242 +1 LA
SHON Tnreshold Low MAX222/242 1.4 0.8 v
SHON Thresheld High MAX222/242 20 1.4 A
Ci = 50pF 10 2500pF,
Ry = 3K to TKQ, MAX222/232A(233A/242/243 6 12 30
Transition Slew Rate Voo =5V, Ta = +25°C, Vius
measured from +3V | maxoog 15 3 a0
to -3V or -3V {o +3V
MAXZ222{232A(233A/242/243 1.3 35
Transmitier Propagation Delay PHLT MAXZ50 2 0
TLL to RS-232 {normal ration), 5
Figurz 1 normal operation) i MAX222/232A/2334/242/243 1.5 35 H
PLHT MAX220 5 10
MAX222/232A/233A/242/243 05 1
Receiver Propagation Delay IPHLRA MAX220 06 3
RS-232 10 TLL (normal cperation). 5
Figure 2 ( perationy t MAX222/232A/233A/242/243 o6 1 | "
PLHA MAX220 08 3
Receiver Propagation Delay PHLS MAX242 0.5 10 .
R5-232 to TLL (shutdown), Figure 2§ 1p s MAX242 2.5 10 .
Receiver-Output Enable Time, Figure 3 | ter MAX242 125 500 ns
Receiver-Output Disable Time, Figure 3 | tpi MAX242 160 500 ns
Transmitier-Output Enable Time y MAX222/242, O 1uF caps 250 o
(SHON goes high), Figure 4 3l (includes charge-pump stant-up) "
Transmuitter-Output Disable Time
(SHDN goes low), Figure 4 DT MAX222/242, 0.1F caps 600 ns
Transmitter + to - Propagation | - MAXZ22/232A/233A/242/243 300 ns
Delay Difference (normal gperaticn) PHLT - IPLHT MAX220 2000
Receiver + 1o - Propagaﬁgn ¢ ot MAX222/232A/233A/242/243 100 ns
Delay Difference (normal operation) PHLA - IPLHR MAX220 225
Note 3: MAX243 R2pyT is guaranteed to be low when R2\N is 2 OV ¢r is floating.
MAXILM 3
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