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Abstract ‘

The thesis present@systems for acculately estimating position of an ultrasonic
transmitter in 3D space. The position is estimated by using differences in the time of flights
from the transmitter to 5 receivers fixed in known coordinates. First the receivers are measured
by using a field program gate array (FPGA) . Then they are transferred to Personal Computer
(PC) via a PC ‘s parallel port. Finally the coordinate of the transmitter is calculated and

presented in PC.
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4.5 #an153AA1 DToFs HazN 1511 IMA U YD I8

v v v
MINN 4.1 uEAIHaNISIAAIA ti iSﬂ’JNﬁ’ﬁ‘UﬂyﬁﬁN (Rx1) NUAITUM 4 A2 Nevianu

50 cm
asisn A (6) 713018 Mo (us)
Rx1 A1l Rx2 Rx1 11 Rx3 Rx1 11 Rx4 Rx1 il Rx5
Arfiufese 1439.3 1439.3 1439.3 1439.3
1 1456.4 1425.8 1394.8 1432.6
2 1442.2 1437.8 1400.8 1420.2
3 1478.8 1421.6 1365.8 1429.2
4 1435.6 14132 1393.8 14450
5 1480.4 1434.0 1383.8 1434.4
6 1414.4 1413.8 1407.6 14432
7 1443.0 1431.8 1391.8 1442 8
8 1479.2 1436.6 1393.4 1437.8
9 1471.0 14112 1392.0 1425 4
10 1457.0 1434.2 13802 14182
% Error g4aA 2.86 1.95 511 1.47
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H 9
M3 4.2 UTANHANITIAAILIA (ti)iZW'J'NWJ%‘U'g]LN?N (Rx1) NUAITUNY 4 A2 UAZAMKUS

(x,y,2)
ataiisn A () 1308 wiae (us) AN (cm)
R2 R3 R4 R5 X y z
ﬁwﬁuﬁfn?q -177.385 | -952.166 | 436.765 961.669 -0.50 1.00 0.10
1 2226 | 9042 | 337.8 888.8 -0.81 1.56 0.24
2 -239.8 -022.4 310.2 881.2 -0.95 1.78 0.34
3 2374 | 919.6 | 3442 902.4 -0.80 1.53 0.23
4 -221.8 | 9162 374.0 850.4 -0.80 1.51 0.42
5 -215.4 -025.8 304.8 874.6 -0.83 1.53 0.36
6 -224.2 -924.8 312.6 869.6 -0.72 1.33 0.35
7l -258.2 -9024.0 325.6 896.4 -0.88 1.65 0.28
8 -259.8 -921.6 341.8 859.4 -0.67 1.37 0.38
9 -292.6 | -934.2 334, 875.8 -0.79 1.58 0.32
10 -221.6 -924.0 328.4 883.0 -0.90 1.64 0.33
% Error 64.95% 5.03% 30.21% 11.57% 90.00% 78.00% 320.00%
gaga
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Dim T(1 To 5) As Integer
Dim DX1 As Double, DX2 As Double, DX3 As Double, DX4 As Double
Dim DY1 As Double, DY2 As Double, DY3 As Double, DY4 As Double
Dim DZ1 As Double, DZ2 As Double, DZ3 As Double, DZ4 As Double
Dim DR1 As Double, DR2 As Double, DR3 As Double, DR4 As Double
Dim Datal As Double, Data2 As Double, Data3 As Double, Data4 As Double
Dim TotalDet As Double ,
Dim Datall As Double, Data21 As Double, Data31 As Double, Data41 As Double
Dim Datal2 As Double, Data22 As Double, Data32 As Double, Data42 As Double
Dim Datal3 As Double, Data23 As Double, Data33 As Double, Data43 As Double
Dim Datal4 As Double, Data24 As Double, Data34 As Double, Data44 As Double
Dim C11 As Double, C21 As Double, C31 As Double, C41 As Double
Dim C12 As Double, C22 As Double, C32 As Double, C42 As Double
Dim C13 As Double, C23 As Double, C33 As Double, C43 As Double
Dim C14 As Double, C24 As Double, C34 As Double, C44 As Double
Dim Term1 As Double, Term2 As Double, Term3 As Double, Term4 As Double
Dim DX As Double, DY As Double, DZ As Double, DR As Double
Dim statusportl As String
Dim dataportl As String
Function FindTotal(N As Double, O As Double, P As Double, Q As Double, R As
Double, S As Double, T As Double, U As Double) As Double
FindTotall= @Y *%R) (0 5 8) FPY/T) HHQ *\)
End Function
Function Fdeerm(J As Double, K As Double, L As Double, M As Double) As
Double
FindTerm = ((J*2)+ (K"2)+ (L "A2)-(M~A2))/2
End Function
Function FindSubDet(A As Double, B As Double, C As Double, D As Double, E As
Double, F As Double, G As Double, H As Double, I As Double) As Double
FindSubDet =(A *E* I) AB* EXG)+ (CEDAH)<(G*EXC)~(H*F * A) -
(I*D*B)
End Function

Public Function FindT(intA, intB, intC As Integer)
Dim Datal, Data2, Data3 As Integer
Dim Rultl, Rult2, Rult3 As Integer
Dim rult As Integer
Datal =intA \ §
Data2 = intB \ 8
Data3 =intC \ 8
Rultl = Datal
Rult2 = Data2 * 32
Rult3 = Data3 * 1024

rult = Rultl + Rult2 + Rult3
FindT = rult
End Function
Public Function Compute(latchnum As Integer) As Integer



Dim N As Integer
Dim intA, intB, intC As Integer
Dim find As Integer
dataportl = &H378
statusportl = &H379
N = latchnum
While latchnum < (N + 3)
DoEvents
If latchnum = N Then
Out Val(dataportl), latchnum
intA = Str(Inp(Val(statusport1)))
End If
If latchnum = N + 1 Then
Out Val(dataportl), latchnum
intB = Str(Inp(Val(statusport1)))
End If
If latchnum = N + 2 Then
Out Val(dataportl), latchnum
intC = Str(Inp(Val(statusportl)))
End If
latchnum = latchnum + 1
Wend
find = FindT(intA, intB, intC)
If N =1 Then
T(1) = find
Compute = T(1)
End If
If N =4 Then
T(2) = find
Compute = T(2)
End If
If N =7 Then
T(3) = find
Compute = T(3)
End If
If N =10 Then
T(4) = find
Compute = T(4)
End If
If N =13 Then
T(5) = find
Compute = T(5)
End If
End Function
Private Sub cmdRun_Click()
Dim M As Integer
Dim K As Integer
Dim intA, intB, intC As Integer _
Dim Countl, Count2, Count3, Count4, Count5 As Integer
Dim CountR0, CountR1, CountR2, CountR3, CountR4 As Integer



Dim data As Integer

Dim latchnum As Integer

Dim RO, R1, R2, R3, R4 As Double
Dim Finish, OverFlow As Integer

Const ClockTime = 0.2 / 1000000
Const Velocity =331 + (0.607 * 25)

dataportl = &H378
statusportl = &H379

Out Val(dataportl), 16 'Reset FPGA
While Finish <> 2
DoEvents
Out Val(dataportl), O 'Latch 0 Enable , Read Finish & OverFlow Status

Finish = Inp(Val(statusport1)) \ 8
OverFlow = Inp(Val(statusportl)) \ 8
If OverFlow = 1 Then
Out Val(dataportl), 16 ~ 'Reset FPGA
txtOverFlow.Text = "OverFlow"
End If
Wend

If Finish = 2 Then 'Program Run

M=1

latchnum = 1

While M <6

DoEvents

Select Case M
Case Is = 1: latchnum =1
Case Is = 2: latchnum =4
Case Is = 3: latchnum =7
Case Is = 4: latchnum = 10
Case Is = 5: latchnum = 13

End Select o

M=M-+1

data = Compute(latchnum)

Wend

Countl =T(1)

Count2 =T(2)

Count3 =T(3)

Count4 = T(4)

Count5 =T(5)

CountR0O = Countl - Countl
CountR1 = Count2 - Countl
CountR2 = Count3 - Countl
CountR3 = Count4 - Countl



CountR4 = Count5 - Countl

txtR0O.Text = CountRO * 0.2
txtR1.Text = CountR1 * 0.2
txtR2.Text = CountR2 * 0.2
txtR3.Text = CountR3 * 0.2
txtR4.Text = CountR4 * (.2

Textl.Text = CountR1
Text2.Text = CountR2
Text3.Text = CountR3
Text4.Text = CountR4

RO = CountRO * ClockTime * Velocity
R1=CountR1 * ClockTime * Velocity
R2 = CountR2 * ClockTime * Velocity
R3 = CountR3 * ClockTime * Velocity
R4 = CountR4 * ClockTime * Velocity

txtR11.Text =R1
txtR22.Text = R2
txtR33.Text = R3
txtR44.Text = R4

"Matrix Calculation

DX1 = CDbl(txtX1.Text)
DX2 = CDbl(txtX2. Text)
DX3 = CDbl(txtX3. Text)
DX4 = CDbl(txtX4.Text)

DY1 = CDbl(txtY1.Text)
DY2 = CDbl(txtY2.Text)
DY3 = CDbl(txtY3: Text)
DY4 = CDbl(txtY4.Text)

DZ1 = CDbl(txtZ1.Text)
DZ2 = CDbl(txtZ2. Text)
DZ3 = CDbl(txtZ3.Text)
DZ4 = CDbl(txtZ4.Text)

DR1 =RI
DR2 =R2
DR3 =R3
DR4 =R4

Datal = FindSubDet(DX2, DY2, DZ2, DX3, DY3, DZ3, DX4, DY4, DZ4)
Data2 = FindSubDet(DX1, DY1, DZ1, DX3, DY3, DZ3, DX4, DY4, DZ4)
Data3 = FindSubDet(DX1, DY1, DZ1, DX2, DY2, DZ2, DX4, DY4, DZ4)
Data4 = FindSubDet(DX1, DY1, DZ1, DX2, DY2, DZ2, DX3, DY3, DZ3)



TotalDet = (-DR1 * Datal) + (DR2 * Data2) + (-DR3 * Data3) + (DR4 * Data4)

Datall = FindSubDet(DY2, DZ2, DR2, DY3, DZ3, DR3, DY4, DZ4, DR4)
Datal2 = FindSubDet(DX2, DZ2, DR2, DX3, DZ3, DR3, DX4, DZ4, DR4)
Datal3 = FindSubDet(DX2, DY2, DR2, DX3, DY3, DR3, DX4, DY4, DR4)
Datal4 = FindSubDet(DX2, DY2, DZ2, DX3, DY3, DZ3, DX4, DY4, DZ4)
Data2] = FindSubDet(DY1, DZ1, DR1, DY3, DZ3, DR3, DY4, DZ4, DR4)
Data22 = FindSubDet(DX1, DZ1, DR1, DX3, DZ3, DR3, DX4, DZ4, DR4)
Data23 = FindSubDet(DX1, DY1, DR1, DX3, DY3, DR3, DX4, DY4, DR4)
Data24 = FindSubDet(DX1, DY1, DZ1, DX3, DY3, DZ3, DX4, DY4, DZ4)
Data31 = FindSubDet(DY1, DZ1, DR1, DY2, DZ2, DR2, DY4, DZ4, DR4)
Data32 = FindSubDet(DX1, DZ1, DR1, DX2, DZ2, DR2, DX4, DZ4, DR4)
Data33 = FindSubDet(DX1, DY1, DR1, DX2, DY2, DR2, DX4, DY4, DR4)
Data34 = FindSubDet(DX1, DY1, DZ1, DX2, DY2, DZ2, DX4, DY4, DZ4)
Data41 = FindSubDet(DY1, DZ1, DR1, DY2, DZ2, DR2, DY3, DZ3, DR3)
Datad2 = FindSubDet(DX1, DZ1, DR1, DX2, DZ2, DR2, DX3, DZ3, DR3)
Data43 = FindSubDet(DX1, DY1, DR1, DX2, DY2, DR2, DX3, DY3, DR3)
Data44 = FindSubDet(DX1, DY1, DZ1, DX2, DY2, DZ2, DX3, DY3, DZ3)

Cll=((-1)~ (1 + 1)) * Datall) / TotalDet
C12=(((-1)~ (1 +2)) * Datal2) / TotalDet
C13=(((-1)~ (1 + 3)) * Datal3) / TotalDet
Cl4 =(((-1)~(1 +4)) * Datal4) / TotalDet
C21 =(((-1) (2 + 1)) * Data21) / TotalDet
C22=(((-1) (2 +2)) * Data22) / TotalDet
C23 =(((-1) ~(2 + 3)) * Data23) / TotalDet
C24 =(((-1) ~ (2 +4)) * Data24) / TotalDet
C31=(((-1)~ 3+ 1)) * Data31) / TotalDet
C32=(((-1)~ 3 +2)) * Data32) / TotalDet
C33 =(((-1) ~(3+3)) * Data33) / TotalDet
C34=(((-1)~ (3 + 4)) * Data34) / TotalDet
C41=(((-1)" (4 + 1)) * Datad41) / TotalDet
C42 =(((-1) ~ (4 + 2)) * Data42) / TotalDet
C43 =(((-1)~ (4 + 3)) * Data43) / TotalDet
C44=(((-1)~ (4 + 4)) * Datad4) / TotalDet

Terml = FindTerm(DX1, DY 1, DZ1, DR1)
Term2 = FindTerm(DX2, DY2, DZ2, DR2)
Term3 = FindTerm(DX3, DY3, DZ3, DR3)
Term4 = FindTerm(DX4, DY4, DZ4, DR4)

DX = FindTotal(C11, C21, C31, C41, Term1, Term2, Term3, Term4)
DY = FindTotal(C12, C22, C32, C42, Term1, Term2, Term3, Term4)
DZ = FindTotal(C13, C23, C33, C43, Terml, Term2, Term3, Term4)
DR = FindTotal(C14, C24, C34, C44, Terml, Term2, Term3, Term4)

txtX Text = CStr(DX)
txtY.Text = CStr(DY)
txtZ . Text = CStr(DZ)



txtR.Text = CStr(DR)

txtFinish.Text = Finish

txtOverFlow.Text = "No OverFlow"
'End Matrix Calculation

End If

End Sub





