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# #4670537921 : MAJOR NUCLEAR TECHNOLOGY
KEY WORD: HALF VALUE LAYER / X-RAY GENERATOR

ARINYA UTBUAWONG : DEVELOPMENT OF HALF VALUE LAYER
MEASUREMENT DEVICE FOR SINGLE X-RAY EXPOSURE. THESIS ADVISOR
: ASST. PROF. ATTAPORN PATTARASUMUNT, THESIS CO-ADVISOR :
ATTAKOVIT SANGONSAT, 76 pp.

A portable single x-ray exposure (HVL) measuring device was developed. A
photodiode detector coated with scintillator was selected for x-ray intensity measurements. The
measuring system was connected to a microcomputer for data storage and analysis. The HVL
was calculated from a single exposure by using an attenuated intensity from a continuous
aluminum wedge. Then the measured HVL was calibrated with the corrected HVL measured by
the standard device of the Department of Medical Sciences. The tested HVL measurements
from the developed and the standard devices were performed with 6 x-ray generators used in
various institutes in the x-ray tube high voltage supply range from 60 to 90 kV at distance
between focal spot of x-ray tube to detector of 50 cm. and HVL between 2 to 3 mm Al The

differences were found to be within -0.14 to +0.80 for exposure not greater than 50 mAs.
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AMINN 4.1 1da9a1 OUTPUT 1o aanuidus o ns I uazaiuumy Al Naumul

1 A a o A o
AN €] VOUATOINAANTITLDNY

OUTPUT (Volt)
AWK U Al (mm) A A A —
A33N 1 ATIN 2 A33N 3 ARy
0 0.31 0.33 0.32 0.32+0.01
1 0.29 0.28 0.26 0.28 £0.02
2 0.25 0:21 0.24 0.23 +0.02
3 0.19 0.18 0.20 0.19+0.01
4 0.07 0.08 0.08 0.08 £0.01

A 1y Y o A o Y YS 1 Y Y A

Luaﬂﬁ]"lﬂﬁﬂ]uﬂluﬁlwnﬂhh/‘hﬂ']‘lJ’ENﬂ'J'I‘iJL‘UﬂJﬁQﬁLﬂﬂ‘ﬂfﬂ'JﬂulﬂiJﬂWH'ﬂleﬂﬂ ADNINY
[ . o A & 1 @ Ay Yo . ) v
DRINVYY (Gam) ﬁﬂ]uﬂJTillIﬂfJLWN!ﬂu 100 Wn‘ll'l’NﬁﬂJuﬂJuWﬂWlllﬂi‘U (mput) uazm"lﬂamu

A a o A ¢ A a Y1 v
IATOINDATITDONELATOIUAL %leﬂf’nﬂ\i@ﬂﬂﬂ 4.2

AINN 42 1dA9A1 OUTPUT 10 30a1udusadena L azaiuumy Al 1M

1 A a o a s A A o < '
AN €] VDNATDINAANTITLBNY WOINNBASINIT Ve Y 100 1t

OUTPUT (Volt)
ANUYIUT Al (mm) A T3 T3 S
AN 1 AIIN 2 ATIN3 AURNAY
0 3.21 3.20 3.25 3.22 £0.03
1 2.75 2.81 2.79 2.78 £0.03
2 2.02 2.03 2.05 2.03 £0.03
3 1.56 1.54 1.52 1.54 £0.02
4 0.98 0.96 0.99 0.98 £ 0.02
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4 $ ey NG NG I a
35050A WUGAVIATOA 72883 H¥IATaAT) 1WA Tonization Chamber
2. IN50INANTITIONTOND Toshiba 31 KXO-15E 52UV 1 phase full
wave
] v A d o = a = a I
3. WHUNIBITITRNFINNINOLILENVTANT 99.9 % Wil 1100 Ty

¥iiaN NCRP 19 NANNNUN 0.5 — 4.5 W,
[ d
422  madagunial

[ d v v o 8 o
m3tagUnsaliainsediond (lonization chamber) Woias1 HVL Vo9

A A o

= o = @ o ' Y a
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v A -4

Y 4o a o @ o w o
TNy (X-ray tube) R Tonization chamber NINU 50 (FUAUNT Lmzmﬂﬂmiﬂﬁ’mﬂ%iﬁ

a2 o . . A YA v A a . .. Y 1o o Y
WOAN1 Tonization chamber W 1HNTITNTLID (Scattering radiation) IIFHIIAUBDYAN

U

X-ray tube

Al base stand

. lonization chamber
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Keithley 1tazin5093aA1 HVL AfanUu

A1 HVL (mm Al)
AMANNEIADE 4 . n50397aa1 HVL AN NUUANFNS
1139930 Keithley Ao 2
(kVp) NNHUHIUVH (Difference)
60 2.04 2.06 -0.02
70 2.53 2.61 -0.08
80 3.08 291 -0.17
90 3.13 3.04 +0.09

A o 1 o T < a 4
1NA1T NN 4.3 U1 HVL mmmmﬁuwuﬁmmgﬂuwmﬁ}u Lﬁflﬂ%ﬁ\?ﬂﬁﬁ/‘l
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A001n317 4.4 vz lanslaumsmsasuifisudo
y=0.8496x +0.3728 ........... 4.1)

° A a o A 4 o .
MmMsnageunIoInansIdenguuuna (General x-ray machine) Tag
3 J 1 v J a o P 1 1 { o
AIAININANANIa0ANAASITONTT 70 KV ANTLuarasa 100 mA uagAIaINiInmg
[TAR= 4 a =~ 9 A 9 a 4
MeSedend 0.6 U1 v ldnamsnaaauuaasiviiive llsunsuneuiiumes 1isunsuy
a Jd o o 1 Cle e X A o 1 A Y A A A
ABNIABS NI IR IMIAUAT HVL TAMIAD 2.26 mm Al 1111 HVL A laninaiesilen
Y ¥ ' Y
Nannvundsuieununiesiadiie Keithley TagnsiilSuieua HVL i ldaal
) [ 9
NNFAUMT 4.1 4aZA1T HVL 91nAT0900ANAIUIAUY v =2.26 mm Al

. 2.26-0.3728
0.8496

=2.22 mm Al

[ d'cu 9 tﬂ' [ d‘ 9 : a
A1 HVL VI’Jﬂ]’lﬂﬁﬂﬂLﬂifNﬁﬂﬂﬂ’f) Keithley 391 2.22 mm Al
Sy d' a v A J
4.2.3 MINAAIUNITIAANT HVL UDIUNIDINAAITIAIDNY
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MMInaainiodian HVL AvanniuIagiinmidaal HVL a5
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L Half Valuo Layer (HVL)
Fic B

DATLA
GRAFH
l1:|1lrlx1l Al Volts
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0% 220
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1,61} 18 —
175 167 5
15 1.5%
175 124 e BN LT
200 L0:
i | T
25 .'1
(27 53
100 i}
125 20
150 13
174 0
a0 i3
425 02

COMHECT A |
|
DISCONNELT

! AF=F F Feme—s=— 1YL TuSoEa
OFEHN FILE Muclear Technology &' Hall Yalue Layor

A 9 a 4 [ 1
Eﬂ‘ﬂ 4.5 ﬂWﬁLLﬁﬂ\?W'ﬁ‘Uu‘l"iuWﬁ]@lllliﬂiﬂﬂllw'Jmf]iﬂlf]ﬂiﬂﬁl!ﬂiiﬂﬂﬂW HVL

J <3 1 ' 1 4 o { o
ﬁ']inﬁﬂW1Lﬂail“§uﬁﬂ31u@l1ﬁ§$ﬁ'}1@ﬂ1 HVL "’U'[’)\uﬂtﬁﬂ@\‘]jﬂﬂ'] HVL ﬁwml‘n

d?d' = [ A A v v A ) - Y a va v A A QS}Q}d"
YULNDTADUINIUNUVIATOINDIATITONYYYID Keithley fﬂ?ﬂﬁﬂﬁﬂ{]ﬂﬁﬂ'ﬁiﬁﬁnﬂﬂﬂuuqﬂ NU
' A 9 A Y] 1 A o d? Y 1w
9101 HVL Vlulﬂfﬂ']ﬂlﬂﬁﬂ\‘nﬂﬂ'l HVL NW&IUIYU hlﬂ!fl/l']ﬂ‘ﬂ 2.26 mm Al

' Ay v A a4 Ay ; o ~ Y 1w
1T HVL ‘Vlulﬂinﬂlﬂiﬂﬂﬂﬂﬂﬁﬂ Keithley Tﬂﬂ’l/nﬂﬁf’f’f)m‘i/lﬂ‘ﬂklﬂwnﬂﬂ 2.22 mm Al

ANUUANATN = ER—— 0.018
2.22

Y o % A A o A ¢ A A ~ 1 1 1 o J
L!ﬂ$Ulﬂ°Vl'lﬂ?ﬁﬂﬂﬁi’]ﬂﬂﬂlﬂi@ﬂﬂﬁ@liﬂﬁl’ﬂﬂ“mﬂﬁ’t’)ﬂ’ﬂu ) NUATSAINITUANANY

a o 1 a o 4 [ .
Wa@ﬂﬂﬁﬁiﬂﬁmﬂ“gngﬂTﬂigllﬁﬁaﬂﬂﬂﬁﬁiﬂﬁlﬂﬂ‘ﬂf ﬁ]gulﬁ!Wﬁﬂ"liVlﬂﬁﬂ‘]Jﬂ\W]”ﬁNﬁ 4.4



v 1 [ 4 v 1
M13190 4.4 LAAIHAMINATOUIATITAM HVL NWavuiuniednansedendou o

AMANNUAN

i 4 - A1 HVL (mm Al)
PYOLAIDINAN . A dow 2 a2 2 .
o p ﬂ1mﬂuﬂﬁ1‘lf (G RNER) ] RPN (20N
ENGIGHE ] o 2
IO TRERETET] Keithley (Difference)
60kV 100 mA 2.05 2.01 -0.04
TOSHIBA 70kV 100 mA 2.71 2.65 -0.06
IU KXO-15R 80 kV 100 mA 2.95 2.90 -0.05
90 kV 100 mA 3wl 3.01 -0.11
60 kV- 100 mA 1.75 1.61 -0.14
PHILIPS 70kV 100 mA 2.07 2.01 -0.06
34 OPTIMUS 80kV. 100 mA 2.35 2.29 -0.06
90 kV 100 mA 3.09 3.06 -0.06
60 kV 100 mA 2.00 1.95 -0.05
SHIMADZU 70kV 100 mA 2.26 2.20 -0.06
JUUD 150 L 80kV 100 mA 2.61 2.55 -0.06
90 kV 100 mA 2.85 2.81 +0.04
60kV 100 mA 2.04 1.97 -0.04
KELEX 70kV 100 mA 2.17 2.22 +0.05
I4 MD3125 80kV 100 mA 2.23 3.03 +0.80
90 kV 100 mA 2.81 2.77 -0.05
60 kV 100 mA 2.00 1.94 -0.06
SHIMADZU 70kV 100 mA 231 2.26 -0.05
34 UD150L-30F 80 kV 100 mA 2.52 2.57 -0.05
90 kV 100 mA 2.75 2.67 -0.08
60kV 100 mA 2.00 1.96 -0.04
SHIMADZU
, 70kV 100 mA 2.26 2.17 -0.09
34 XUDI50L-
80kV 100 mA 2.61 2.58 -0.03
30F
90kV 100 mA 2.81 2.76 -0.05
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The International Commission on Radiological Protection. Recommendations of the

International Commission on Radiological Protection, ICRP Publication 60.
New York, 1990.

Food and Drugs, Code of Federal Regulations No.21 Part 800-1299. Washington, 1991.

National Council on Radiation Protection and Measurements. Quality Assurance for

Diagnostic Imaging Equipment, NCRP Report N0.99. 1988.
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of Diagnostic Radiology. 3" edition. Philadelphia.

11. Quality Assurance for Diagnostic Imaging Equipment. National Council on Radiation

Protection and Measurements, 1988.



47

Y
o (2

12. Saade g3ozlverns tazAz. MINIUANAMNINYBIMWONHTS. NUWATIN 1.

=~ = Q‘
AN : Wte.au 39, 2538.

13. Quality Assurance in Diagnostic Imaging and Radiation Safety in Medicine. Division of
Radiation and Medical Devices, Medical of Science, Ministry of Public Health. 2001.

4 £ o o A )
14. QﬂﬂimﬁWiﬂﬁﬂflu’l. NIIUNN : HOAYATU, 2538.

a A a ad a a A
15. afte wienw. delszavseelIndnnioind ddnd malulad uazmsldnu.

4
Jd o

WUNATINL. ATUNNA, 2542,

a ua 4 1 a d o 4 ]
16. anu g uazane. Teuiiaglfiianeuaeneunanesnuglnisineuontiu

J c?;‘ d" a = < a 4
NWBTA USB YUNUTIY. NFIUNN : aulunan wameswua.

y ¢ A A ¢ a s &
17. iﬁf;{ﬂu‘f; HITANENY. ﬂ’]ﬁﬂﬁlujmvn\‘]ﬂmﬂﬁ'lﬁﬂﬁLlﬁgjﬂﬂ']ﬁ']ﬁﬁﬁlﬁ@qg{u.

4
¢ o A

AULINGIANANS WHINGIROT AN, TURATINL. NTUNNA, 2535,

18. http://en.wikipedia.org/wiki/Coefficient of determiantion



AONUUINYUINNS )
ANRINTUNAINENRE

48



49

NANUIN N
1 A o v A J
A1 HVL 3NASg1HNNaINUIIADNBAN 9[3]

A1519% 1 Minimum HVL requirement for dental and other x-ray units

Designed operating Measured operating Minimum HVL (mm AL)
potential (kVp) potential (kVp) Dental Other X-ray systems
Below 50 kVp 30 1.5 0.3

40 o 0.4

50 S 0.5

51t0 70 51 1.5 1.2
60 1.5 1.3

70 1.5 1.5

Above 70 71 2.1 2.1
80 2% 2.3

90 2.5 2.5

100 2.7 2.7

110 3.0 3.0

120 3.2 3.2

130 35 3.5

140 3.8 3.8

150 4.1 4.1




{ 1 o [ 4 a o 4 .
A13190 2 A1 HVL 11ae total filtration d1%5IAT0INAATIFIONGTLUL constant potential

wave form tazyuiihue Tua 17°

Total
filtration 1.5 2.0 2.5 3.0 4.0

(mm)

kVp HVL in mm of Aluminum
50 1.29 1.52 1.72
60 1.52 1.80 2.03
70 1.73 207 2.34
80 - 2.38 2.70 3.00
90 - 2.73 3.05 3.30
100 - 3.09 3.44 3.82 4.38
110 - | 3.83 4.22 4.84
120 - - 4.22 4.61 5.31
140 - - 5.08 5.47 6.17

H ] o o y a o 4 .
A15199 3 A1 HVL 1ag total filtration §IH5 UIATBIHAATITONFILL constant potential

waveform ttazyuiihue Tua 10° uag 20°

Target angel
Total filtration
kV 10° 20°
mm of Al
(HVL in mm of Al)
60 1.5 1.72 1.45
100 2.5 3.98 3.20

140 2.5 5.94 4.69




@135199 4 Limits for total filtration at different operating x-ray tube potentials
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Operating tube Minimum total aluminum
Potential (kVp) Filter thickness (mm)
(Inherent plus added)
Below 51 0.5
51to 70 1.5

Above 70 2.5
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MANUIN A
Tsunsumsimauveunsesinn HVL vosssdonadmsumsmasiansune
BRI Modul | B

Global resp As String
Public Const Strcon = "Provider=Microsoft.Jet. OLEDB.4.0;Persist Security Info=False"
Public NumL1 As Integer
Public IdexL1() As String
Sub main()
MDIForm1.Show
MDIForml.Enabled = True
Form1.Hide

End Sub
B MIDIL Form | #HHHHHHRHHH R

Private Sub exit Click()
StatusBarl.Panels(1).Text = "EXIT"
resp = MsgBox("Do you want to exit ?", voOKCancel, "WARNING !")
If resp = vbOK Then
End
Else: resp = vbCancel
End If

End Sub

Private Sub MDIForm_Load()
With MDIForm1

.Top=0

Left=0

.Width = 14300



.Height = 9980
End With

End Sub

Private Sub new_Click()
Form1.Show
StatusBarl.Panels(1).Text = "NEW"

End Sub

Private Sub save Click()
Dim str As String
Dim i As Integer
Dim j As Integer
Dim sqlTemp As String
Dim n As Integer
Dim m As Integer
Dim L1 As Integer
Dim L2 As Integer
Dim Ina As String
MDIForm]1.StatusBarl.Panels(1).Text = "SAVE FILE"
NumL1 = Form1.List1(0).ListCount + 1
ReDim IdexL1(NumL1)
For L1 =0 To NumL1
IdexL1(L1) = Form1.List1(0).List(L1)
Next L1
Load SaveFile
SaveFile.Show
End Sub
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'Option Explicit
Dim x, y As Integer
Dim Wdth, Hight, TopSpace, i, a, count_low As Integer
Dim b, c, tempdata As Double
Dim datafirst As Boolean
Dim Conn As New ADODB.Connection ' @3ti1)5 Object connection
Dim Rstvb As New ADODB.Recordset ' @5 Object Recordset
Dim sqltvb As String ¢ Lﬁuﬁmﬂiﬁmﬁﬁq sql
Dim ComTVB As New ADODB.Command
Dim Numlist As Integer
Dim max_volt, half volt, over volt, over_thick, lower volt, lower_ thick As Double
Private Sub Command1_Click(Index As Integer)
MDIForml.StatusBarl.Panels(1).Text = "READ/STOP"
If Timer1.Enabled = False Then
Timer1.Enabled = True
Command1(4).Caption = "STOP"
datafirst = True
count low =0
List1(0).Clear
ListI(1).Clear
Else
Timerl.Enabled = False
Command]1(4).Caption = "READ"
count_low =0
List1(0).Clear
List1(1).Clear
End If
End Sub
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Private Sub Command2_Click()
MDIForm]1.StatusBarl.Panels(1).Text = "DELETE"
resp = MsgBox("Do you want to delete data ?", vbYesNo, "WARNING !")
If resp = vbYes Then
List1(0).Clear
List1(1).Clear
Numlist =0
Call clear_graph
Text2. Text=""
End If
End Sub

Private Sub Command3_Click()

Dim str As String

Dim i As Integer

Dim j As Integer

Dim sqlTemp As String

Dim n As Integer

Dim m As Integer

Dim L1 As Integer

Dim L2 As Integer

Dim Ina As String

MDIForm]1.StatusBarl.Panels(1).Text = "SAVE FILE"

NumL1 = List1(0).ListCount + 1

ReDim IdexL1(NumL1)

For L1 =0 To NumL1
IdexL1(L1) = List1(0).List(L1)

Next L1

Load SaveFile

SaveFile.Show
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End Sub

Private Sub Command4 Click()
MDIForm]1.StatusBarl.Panels(1).Text = "EXIT"
resp = MsgBox("Do you want to exit ? ", vbOKCancel, "WARNING!")
If resp = vbOK Then
End
Else: resp = vbCancel
End If

End Sub

Private Sub Command5_Click()
Dim i, n As Integer
Dim fName As String
Dim iFileNum As Integer
Dim DataVar As String
List1(0).Clear
ListI(1).Clear
MDIForm]1.StatusBarl.Panels(1).Text = "OPEN FILE"
iFileNum = FreeFile
MDIForm]1.StatusBarl.Panels(1).Text = "OPEN FILE"
CommonDialog1.Filter = "All Files (*.*)|*.*/Text Files" & _
(R axt)*ext”
' Specify default filter
CommonDialogl-FilterIndex =2
' Display the Open dialog box
CommonDialog1.ShowOpen
fName = CommonDialog1.FileName
Open fName For Input As #iFileNum
i=0

Do While Not EOF(iFileNum)



i=i+1

Line Input #iFileNum, DataVar

List1(0).AddItem DataVar

Loop

Close #iFileNum

List1(1).Clear

n = List1(0).ListCount - 1

Fori=0Ton
List1(1).AddItem (List2.List(i))

Next i

Call graph

End Sub

Private Sub Command6_Click()
MDIForml.StatusBarl.Panels(1).Text = "Connect Card A/D"
HIDComm1.MatchManufacturer = "Innovative Experiment"
HIDComm1.MatchProduct = "U-board USB1.0/1.1 Interface"
HIDComm1.MatchSerial = 0
HIDComm1.MatchPID = 4095
HIDComm1.MatchVID = 1240
HIDComm1.MatchVersion = 256
HIDComm1.Connect

End Sub

Private Sub.Command?7- Click()
MDIForm]1.StatusBarl.Panels(1).Text ="Disconnect Card A/D "
resp = MsgBox("Disconnect Card A/D ? ", vbYesNo, "WARNING !")
If resp = vbYes Then
HIDComm1.Disconnect
End If

End Sub



Private Sub Form_Load()
With Forml
.Top=0
Left=0
.Width = 14000
.Height = 8580
End With
HIDComm1.Browse
With Conn 'Andeiugiudoya
If .State = adStateOpen Then .Close
.ConnectionString = Strcon & ";Data Source=C:\ProjectTVB.mdb"
.ConnectionTimeout = 90
.Open
End With
Numlist = 0
List1(0).Clear

End Sub

Private Sub HIDComm1_ConnectFailure(ByVal Status As Long)
MsgBox "Disconnect Card A/D ", vbOKOnly, "WARNING !"

End Sub

Private Sub HIDComm1_ConnectSuccess(ByVal Status As Long)
MsgBox "Connect Card A/D success ", vbOKOnly, "WARNING !"
End Sub

Private Sub Timerl Timer()
Dim x, y As Double
Dim s As String

Dim ¢ As Integer
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Dim buffer() As Byte

ReDim buffer(0)

Dim nlist]l As Integer
HIDComm1.ReportID = 2
buffer(0) = 4
HIDComm1.WriteTo buffer, 1
buffer = HIDComm1.ReadFrom(1)
If (buffer(0) <> 0) Then

x = buffer(0)
y=5%*x/255
s = FormatNumber(y, 2)
List1(0).AddItem s
¢ = List1(0).ListCount
List1(1).AddItem (List2.List(List1(0).ListCount - 1))
End If
Call graph
nlist] = List1(1).ListCount
If nlist] >= 42 Then
Timer1.Enabled = False
Command]1(4).Caption = "READ"
End If

End Sub

Private Sub graph()

Dim x, y, i, J, n, ii, datacount As Integer

Dim zx, zy As String

Dim m As Integer

Dim data, diff, hvl, sumx, sumy, sumxy, sumx2, r1, r2, r3 As Double
Dim datax(20) As Double

Dim datay(20) As Double
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Picture2.BackColor = vbBlack 'Color of Backgroud
Picture2.ForeColor = vbWhite 'Color of Line
Picture2.DrawWidth = 1 'Thick of Line and Scale
Picture2.Scale (0, 5)-(5, 0) 'Draw Scale Y Axis
Picture2.Scale (0, 5)-(5, 0) 'Draw Scale X Axis
Picture2.Line (0, 0)-(5, 0) 'Draw X Axis
Picture2.Line (0, 0)-(0, 5) 'Draw Y Axis
datacount = List1(1).ListCount - 1

For i =0 To datacount

datax(i) = Val(List1(1).List(i))
datay(i) = Val(List1(0).List(i))

Next i
Textl.Text = sumD(datacount, datax())
Text3.Text = sumD(datacount, datay())
Text4.Text = PowerX(datacount, datax())
Text5.Text = MultiX Y (datacount, datax(), datay())
Text6.Text = PowerX3(datacount, datax())
Text7.Text = PowerX4(datacount, datax())
m = List1(0).ListCount
sumx = Val(Textl.Text)
sumy = Val(Text3.Text)
sumx2 = Val(Text4. Text)
sumxy = Val(Text5.Text)
sumx3 =Val(Text6. Text)
sumx4 = Val(Text7.Text)
rl = (sumy - (sumx * r2) - (sumx2 *r3)) /m"............ )
2 = (sumxy - (sumx * r1) - (sumx3 * r3)) / sumx2 "............ 2)
3 = (sumx2y - (sumx2 * r1) - (sumx3 * r2)) / sumx4 '................
Text8.Text = str(rl)

Text9.Text = str(r2)
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Text10.Text = str(r3)
Textl7.Text = str(rl)
Text18.Text = str(12)
Text19.Text = str(r3)
Text20.Text = AverageY (datacount, datay())
Call YxiF(datacount, datax(), Val(Textl17.Text), Val(Text18.Text), Val(Text19.Text))
Text21.Text = PowerR(datacount, datay(), AverageY(datacount, datay()))
'Add numberal on X axis
Forx=0To 5 Step 0.5
Picture2.Line (x, 0.25)-(x, -0.25) 'Lenght of Line scale X
If x <> 0 Then
Picture2.CurrentY = 0.5
Picture2.Print (x)
End If
Next x
'Add numberal on Y axis
Fory=0To5
Picture2.Line (0.25, y)-(-0.25, y) 'Lenght of Line scale Y
Ify <> 0 Then
Picture2.CurrentX = 0.25
Picture2.Print (y)
End If
Nexty

'Plot data

Picture2.CurrentX = 0
Picture2.CurrentY = 0

n = List1(0).ListCount - 1



Fori=0Ton
zx = List1(1).List(i) '
zy = List1(0).List(i)
'Plot to Point
Picture2.PSet (Val(zx), Val(zy)), RGB(0, 0, 255)
Picture2.DrawWidth = 6
Next i
' Calculate hvl
max_volt=0
half volt=0
over volt=0
over_thick=0
lower volt=0
lower thick =0
max_volt = Val(List1(0).List(0))
half volt=max_volt/2
For j =0 To List1(0).ListCount - 1
data = Val(List1(0).List(j))
If (data < half_volt) Or (data = half volt) Then
lower volt = Val(data)
lower_thick = Val(List1(1).List(j))
over_volt =Val(List1(0).List(j - 1))
over_thick =Val(List1(1).List(j - 1))
diff = (half volt - lower volt)* 0.116 /(over_volt- lower volt)
hvl=diff + lower thick
hvl = FormatNumber(hvl, 2)
Text2.Text = str(hvl)
Exit Sub
End If

Next j
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End Sub
Private Sub clear graph()
Dim x, y, i, n As Integer
Dim zx, zy As String
List1(0).Clear
List1(1).Clear
Picture2.Cls
Picture2.BackColor = vbBlack 'Color of Backgroud
Picture2.ForeColor = vbWhite 'Color of Line
Picture2.DrawWidth = 1 'Thick of Line and Scale
Picture2.Scale (0, 5)-(5, 0) 'Draw Scale Y Axis
Picture2.Scale (0, 5)-(5, 0) 'Draw Scale X Axis
Picture2.Line (0, 0)-(5, 0) Draw X Axis
Picture2.Line (0, 0)-(0, 5) Draw Y Axis
'Add numberal on X axis
Forx=0To 5 Step 0.5
Picture2.Line (x, 0.25)-(x, -0.25) 'Lenght of Line scale X
If x <> 0 Then
Picture2.CurrentY = 0.5
Picture2.Print (x)
End If
Next x
'Add numberal on Y axis
Fory=0To5
Picture2.Line (0.25, y)-(-0.25, y) 'Lenght of Line scale Y
If y <> 0 Then
Picture2.CurrentX = 0.25
Picture2.Print (y)
End If

Nexty
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End Sub
Function sumD(n As Integer, dataxy() As Double) As Double
Dim sum As Double
Dim i As Integer
sum=0
Fori=0Ton
sum = sum + dataxy(i)
Next i
sumD = sum
End Function
Function AverageY(n As Integer, datay() As Double) As Double
Dim sum As Double
Dim i As Integer
sum =0
Fori=0Ton
sum = sum + datay(i)
Next i
AverageY =sum/ (n +1)
End Function
Sub YxiF(n As Integer, datax() As Double, r1 As Double, r2 As Double, r3 As Double)
Dim i As Integer
Fori=0Ton
Yxi(i) =1l + (r2 * datax(i)) + (r3 * (datax(i) * 2))
Next i
End Sub
Function PowerR(n As Integer, datay() As Double, AverY As Double) As Double
Dim i As Integer
Dim Suml, sum2 As Double
Fori=0Ton

Suml = Sum1 + ((Yxi(i) - AverY)) "2



sum?2 = sum?2 + ((datay(i) - AverY)) " 2

Next i
PowerR = Sum1 / sum2
End Function
Function PowerX(n As Integer, data() As Double) As Double
Dim sum As Double
Dim i As Integer
sum =0
Fori=0Ton

sum = sum + data(i) * 2
Next i
PowerX = sum

End Function

Function MultiXY (n As Integer, datax() As Double, datay() As Double) As Double

Dim sum As Double
Dim i As Integer
sum =0
Fori=0Ton
sum = sum + (datax(i) * datay(i))
Next i
MultiXY = sum
End Function
Function PowerX3(n As Integer, data() As Double) As Double
Dim sum-As Double
Dim i As Integer
sum =0
Fori=0Ton
sum = sum + data(i) * 3
Next i

PowerX3 = sum
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End Function
Function PowerX4(n As Integer, data() As Double) As Double
Dim sum As Double
Dim i As Integer
sum=0
Fori=0Ton
sum = sum + data(i) * 4
Next i
PowerX4 = sum
End Function

HHIHHHHEHHHEHRHHAERR A SaveFile #HH IR

Dim SaveStr As String
Dim iFileNume As Integer
Dim Litl As String

Dim Lit2 As String

Private Sub CmdCamcel Click()
Unload SaveFile
SaveFile.Hide

End Sub

Private Sub CmdSave Click()

If Textl.Text ="" Then
MsgBox "Can not file name to save ", vbOKOnly + vbCritical, "can not save"
Textl.SetFocus

End If

SaveStr = Dirl.Path & "\" & Textl.Text & ".txt"

iFileNume = FreeFile

Open SaveStr For Append As #iFileNume

ForI1 =0 To NumL1 -2
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Litl = IdexL1(I1)

Print #iFileNume, ; Litl
Next I1

Close #iFileNume
Unload Me

End Sub

Private Sub Drivel Change()
Dirl.Path = Drivel.Drive
End Sub

Private Sub Form_Load
Textl.Text=""

Dim I1, 12 As Integer
End Sub
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s1m3gilnsel
Feyanwal yHngilnsal s¥aginsainazamdnvas
U1, U3, U4, U9 OPAMP CA3140E
U2,U7 OPAMP LM311
Us REGULATOR 7812
U6 REGULATOR 7912
U8 NOT GATE 7404
Ql TRANSISTOR 2N3053
Q2,Q3 TRANSISTOR BC548
D1 -DII DIODE IN4007
D12 SCR
D13 DIODE 1N4002
M MOTOR DC 12V
z ZENOR DIODE 47V
RI,R7 RESISTOR 1M
R2, RS RESISTOR 10 M
RI1,R16 RESISTOR 10K
R3, R6, R9, R10, R12, R14 RESISTOR 1K
R4 RESISTOR 0.8K
RS RESISTOR 5K
R13,R15 RESISTOR 47K
R17 RESISTOR 750
RIS RESISTOR 100
VRI, VR3 VIRABLE RESISTOR 100 K
VR2, VR4, VRS VIRABLE RESISTOR 10K
C1,C3,C6,C8,Cl1,Cl13 CAPACITOR 0.01 WF, 50 V, MIRA
C2,C4,C7,C9,CI12,Cl4 CAPACITOR 3.3 WF, 10V
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daydnual ¥iingilnsal s¥agnsainaznn@nyay
C5,C10 CAPACITOR 33 nF, 160 V
C15,C16 CAPACITOR 470 uF, 25V
C17,C18 CAPACITOR 10 pF, 25V
C19, C20 CAPACITOR 0.01 uF,25V
C21 CAPACITOR 0.1WF,25V
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