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ABSTACT

The thesis presents a systems for acculately estimating position of an ultrasonic
transmitter in 3D space. The position is estimated by using differences in the time of
flights(DTOFs) from the transmitter to four receivers fixed in known coordinates. First the
DTOFs of the recivers 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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3'1]‘716.2 LLﬁﬂQﬂWWﬁWULﬂﬁUN‘V]?ﬂL?N@H

Fil: [D:¥inai_projectireiTestiDpyramd 3ds - J
&todio Version: 3 =
Load 2ds! iMash Yarsione: 3

;Scah: 3.937008
i

siliie.3 neraamaideunvesnwlumunuX
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Filt (D Final_projecttra\Test3Dloydog s il
| g:2!5‘:}(:::1&0 'Muon3 3 .
oad 3ds) Yarsiooes
oo 2= Saale: 1

]
=

sifie.4 naaInningnyaauau

Fie:  [D:¥inal_projecttreiTestaDtoydog3ds Ra! _‘___J
tudio Version: 3 ~
Load 3ds! Tg::h Yarsionas 3
el

< 1BANY
qilfie.5 uasmaiadeunvesn i luuwaunu Y
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File: ;o_rm |_projecttre\Test30\cube 3ds

38tudio Wersion: 3
ifash Versione: 3

s
jfrod i Scals: 1

l

N1 to N4

N1 |

N2 s

L

Jilile.6 uerasnnAmMAsINIAEIAY

Fie  [D:Finel_projecttreiTest30\cube. 08

tudio Yersion: 3

Load 3dst H.tsh %rslum 3

s 6.7 waaeamanasufivesnnluuuunuZ
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Ref. |0.0ns

Interval:  |800.0ns

Name: ﬂ\/a!ue: f[‘ S.QUS ‘IU‘pus 15.0us QO.QUS 25.0us

5= Clock U AT NZAAT N U U Tuyyuy
=
Sy

|

e A,
- B
g C
- )
=% star
=53 stopl
=73 stop2
w3 stop3
=1 stopd

=
ggDCIDG—*DDDDC)

XXX 00 i 0f

=5 lowbyte2[7..0]]  HXX XN 02 I 0
S5 lowbyte3[7.0)]  HXX ey, 03 X 04 ¥oo
S lowbyted[7.0]]  HXX XX b 0 07

SR & SRR & S § See—

(@51
e
ol

[]
= ]

Timing Diagram Ua4a ey 1aiion11Block Start



Ref |0.0ns |[«]*] Time: |4.3Bus | Interval: |4,

0.0ns
[’3

Name: “Yalue: 5.0us 10.0us 15.0us 20.0us
| o ' ! ; ’

N TR U iiyuuuyy

(%3]
(W3]
e
(€3]

N
U1
-
o
03}

;j‘;
=
5

i A
5= B
g C
i D

P on e o IR on R s G o

ey Start V, o\ | :
=59 lowbyte1[7.0]|  H XX XN ’ o | o
S5 lowbyte2[7.0]]  HXX Xk T R e 1 0o

555 lowbyte3[7..0]]  HXX R ) 03 5 04 Yoo
55 lowbyted[7.0]|  H XX XX ¥ | 05 o 07
iy send

5y sENA2
iy SENA3
5 seNnd4

L
L

v
= 1

Timing Diagram "IJ’E)QZ%JﬂJﬂJU”lmLN@W"IHBIOCk Counter



Ref |0.0ns [«]*] Time: [0.0ns Interval:  |[0.0ns ]
0.0ns
_Value: S.QUS 'ID.pUS 15.{3us QU.QUS ZS.QUS
1 o PUUATU TN U LU _ﬂﬂﬂ_ﬂm
0
0
0
g D U | | ————J
HOF  [ljorRk 10 Y £5F & [/ e 10 o d
= e 5 T
Hxx (o il s 1 ¥ Y
HXX N\ 2% & 02 o w0 |
H XX XX X 04 }
H %X XX X 05 i 07 &
=153 sendl 0 l |
wizp send2 0
wry send3 0
- sendd 0 !

Timing Diagram GlJ’eN’ggfj

mmamuBlock Control



entity bbl is

port ( inputl : in bit;
input2 : in bit;
input3 : in bit;
input4 : in bit;
outputl: out bit;
output2: out bit;
output3: out bit;
output4: out bit;
start : out bit);

end bbl ;

architecture ff of bbl is
begin
process(inputl,input2,input3,input4)

variable spl,sp2,sp3,sp4,np1,np2,np3,np4 : integer range 0 to 2;

begin
if (inputl'EVENT and inputl ='1") thennpl :=npl+1; end if;
if (input2'EVENT and input2 ='1") then np2 :=np2+1; end if;
if (input3'EVENT and input3 ='1") then np3 :=np3+1; end if;
if (input4'EVENT and input4 ='1") then np4 :=np4+1; end if;

if np1=1 then np1:=0; outputl<='1"; else output1<='0"; end if;
if np2=1 then np2:=0; output2<='1"; else output2<='0"; end if;
if np3=1 then np3:=0; output3<='1"; else output3<='0'"; end if;
if np4=1 then np4:=0; outputd<='1"; else output4<='0'; end if;

if (input1='0") and (input2='0") and (input3='0") and (input4='0") then
start<='1";
else start<='0'"; end if;
end process;
end ff;



library ieee;

use ieee.std_logic 1164.all;
use ieee.std logic_arith.all;
entity b2 is

port ( clk :in std logic;
start  :in std logic;
clr :in std_logic;
input :1in std_logic;

overflow : out bit;
send : out bit;
Lowbyte : out std_logic_vector(7 downto 0);
Highbyte : out std_logic_vector(7 downto 0));
end b2;

architecture RTL of b2 is
begin
process(clk,input,start)
variable counterLow,counterHigh,ss : integer range 0 to 256 ;

begin
if (cIKEVENT and clk ='1") then
if (input='0' and start='0") then counterLow:=counterLow + I}
if;
if counterLow =256 then counterLow:= 0;
counterHigh:=
counterHigh +1; end if;
if counterHigh > 255 then overflow <='1'; end if;
end if;

if (input='1" and start='0") then
Lowbyte <=conv_std_logic_vector(counterLow,8);
Highbyte <= conv_std_logic_vector(counterHigh,8);
ss =% end'if,

if (start="1") then counterLow :=0; counterHigh:=0; ss:=0; end if;

if ss=1 then send <="'1"; else send <='0"; end if;
end process;
end RTL;

end



library ieee;

use ieee.std logic 1164.all;
use ieee.std_logic arith.all;
entity b3 is

port ( Lowbytel :in std logic_vector(7 downto 0);
Lowbyte2 : in std_logic_vector(7 downto 0);
Lowbyte3 : in std_logic_vector(7 downto 0);

Lowbyte4 :in std_logic_vector(7 downto 0);
Highbytel : in std_logic_vector(7 downto 0);
Highbyte2  :instd logic vector(7 downto 0);
Highbyte3 :instd_logic_vector(7 downto 0);
Highbyte4 :instd_logic_vector(7 downto 0);
get sendl : in bit;
get send2 : in bit;
get send3 : in bit;
get send4 :in bit;

control - inout std_logic_vector(3 downto 0);
Data »out . std logic vector(7 downto 0);
status :out  std logic vector(7 downto 3) );

end b3;
architecture aaa of b3 is
signal m1,m2,m3,m4 : std_logic_vector(7 downto 0),
signal n1,n2,n3,n4 : std_logic_vector(7 downto 0);
begin
process(Lowbytel,Lowbyte2,Lowbyte3,Lowbyte4,Highbyte1,Highbyte2,

Highbyte3,Highbyte4,get sendl,get send2,get send3,get send4)
variable yl1,y2,y3,y4,x : integer range 0 to 4;
begin
control <= "ZZZZ",
if (get_send1='1") then yl:=1; m1 <= lowbytel;
nl <=highbytel;
else y1:=0; end if;
if (get_send2='1") then y2:=1; m2 <= lowbyte2;
n2 <= highbyte2;
else y2:=0; end if;
if (get_send3='1") then y3:=1; m3 <= lowbyte3;
n3 <= highbyte3;
else y3:=0; end if;
if (get_send4='1") then y4:=1; m4 <= lowbyte4;
n4 <= highbyte4;
else y4:=0; end if;

x:=yl+y2+y3+y4;
case X 18
when 1 to 3 => status <="10000";
when others => status <="01111";
end case;
case control 1s



when "0001" => Data <=ml;
when "0101" =>Data <=nl; -

when "0010" => Data <= m2;
when "1010" => Data <= n2;

when "1100" =>Data <= m3;
when "0111" => Data <= n3;

when "1000" =>Data <= m4;
when "0011" => Data <= n4;

when others => Data <= "00000000";
end case;
end process;
end aaa;



Option Explicit

Private Declare Function BitBlt Lib "gdi32" (ByVal hDestDC As Long, ByVal X As
Long, ByVal Y As Long, ByVal nWidth As Long, ByVal nHeight As Long, ByVal
hSrcDC As Long, ByVal xSrc As Long, ByVal ySrc As Long, ByVal dwRop As
Long) As Long

Private Declare Function GetCursorPos Lib "user32" (IpPoint As POINTAPI) As
Long

Dim bClick As Integer

Dim ¢ As POINTAPI

Private Sub Command2_Click()
Pic.Refresh
End Sub

Private Sub CmdLoad Click()
Dim TempX As Double

Dim TempY As Double

Dim Lista() As String

ReDim Lista(0)

Pic.Cls

Lst.Clegr

AzzeraVar

ReadFile TxtFile, True, Lista
TraslaX Pic.ScaleWidth /2
Traslay Pic.ScaleHeight / 2
Dim I As Integer

For I =1 To UBound(Lista)
Lst.AddItem Lista(I)

Next

Render tHdc

BitBIt Pic.hdc, 0, 0, Pic.ScaleWidth, Pic.ScaleHeight, tHde, 0, 0, vbSrcCopy
Pic.SetFocus

End Sub

Private Sub Start Click()
Start.Enabled = False
Timerl.Enabled = True
Stopl.Enabled = True
End Sub

Private Sub Form_KeyDown(KeyCode As Integer, Shift As Integer)
GetKey Pic, KeyCode
End Sub

Private Sub Form Load()
CreaBit Pic :
TxtFile.AddItem App.Path + "\pyramid.3ds"



TxtFile.AddItem App.Path + "\cube.3ds"
TxtFile.AddItem App.Path + "\toydog.3ds"
bDone = True

End Sub

Private Sub Form_Unload(Cancel As Integer)
DeleteAll

End

End Sub

Private Sub Pic_KeyDown(KeyCode As Integer, Shift As Integer)
GetKey Pic, KeyCode
End Sub

Private Sub Pic_MouseDown(Button As Integer, Shift As Integer, X As Single, Y As
Single)

bClick = True

X=X

Er=n

End Sub

Private Sub Pic_Paint()
'Render Pic.hdc
End Sub

Private Sub Stopl Click()
Start.Enabled = True
Timerl.Enabled = False
Stop1.Enabled = False
End Sub

Private Sub Timerl Timer()
Dim s As Double
Dim bL1, bL2, bL3, bL4 As Integer
Dim bH1, bH2, bH3, bH4 As Integer
Dim exc As Double
Dim n0, n1, n2, n3 As Double
Dim 10, rl, 12, 13 As Double
Dim cl, ¢2, ¢c3 As Double
Dim d1, d2, d3 As Double
Dim I As Double
Dim u As Double
Dim v As Double
Dim w As Double
Dim X As Double
Dim Y As Double
Dim Z As Double



s = Inp(&H379) And &H8
If s =8 Then

Out &H37A, &HA
bL1 = Inp(&H378)
Out &H37A, &HE
bH1 = Inp(&H378)

Out &H37A, &H9
bL2 = Inp(&H378)
Out &H37A, &H1
bH2 = Inp(&H378)

Out &H37A, &H7

bL3 = Inp(&H378)
Out &H37A, &HC
bH3 = Inp(&H378)

Out &H37A, &H3
bL4 = Inp(&H378)
Out &H37A, &HS8
bH4 = Inp(&H378)

Out &H37A, &H4
Out &H37A, &HB

Textl. Text=bH]1

exc = ConWelg(Toxtl TER)
n0 =exc + bL1

Textl.Text =n0

Text2.Text =bH2

exc = Convert(Text2.Text)
nl =exc +bL2
Text2.Text =nl

Text3.Text =bH3

exc = Convert(Text3.Text)
n2 =exc +bL3
Text3.Text =n2

Text4.Text = bH4

exc = Convert(Text4.Text)
n3 =exc +blL4
Text4.Text =n3

If(n0=nl 5n2+n3)<>0 Then



r0 = (340 * 1n0) / 251250
rl = (340 * nl) / 251250
12 = (340 * n2) / 251250
r3 = (340 * n3) / 251250

el=2* (10=rl)
c2=2%* (10 -r2)
c3=2%* (0 -13)

dl=(172)-@0"2)-625
d2=(122)-(t0"2)-625
d3=(132)- (10 ~2)-1250

u=2500 * (c#f2 - ¢3)

X =50 2 * A h—Cc3 ¥ d¥Y=(cE7* S (N P 7u
Text5. Text =X

Y =pf (cl § dBr= (o A1)~ (s § 13 (FIRK P L
Text6.Text=Y

v = 2500 * (d1 praZ2ed’) ~Au

wE(ve2) - 2)- XY 2)
If w> 0 Then
Z = Sqr(w)
TERtA Texie=7
Else
Text7. Text=""
End If
Else: Text5. Text=""
Text6. Text=""
Text7. Text=""
End If
Else
End If

If X >0 Then
IfY >0 Then
If Z> 0 Then
GotoX X
GotoY Y
GotoZ Z
End If
End If
End If
Render tHdc
BitBIt Pic.hdc, 0, 0, Pic.ScaleWidth, Pic.ScaleHeight, tHdc, 0, 0, vbSrcCopy



End Sub

Function Convert(aaa As Double) As Double
Dim a, b, ¢, d As Double
Dim Z(1 To 8) As Double
b =aaa Mod 128
c=b/64

d = Int(c)

Z(2)=d* 16384

a=b Mod ¢4

b=a/32

¢ = Int(b)

Z(3)=c * 8192

b =aMod 32

c=b/16

d = Int(c)

Z(4)=d * 4096

a=b Mod 16

c=a/8

d = Int(c)

Z(5)=d * 2048
b=aMod 8§

c=b/4

d = Int(c)

Z(6)=d * 1024

a=b Mod 4

c=al/2

d = Int(c)

Z(7)=d* 512
b=aMod 2

d = Int(b)

Z(8)=d * 256

Convert = Z(1) + Z(2) + Z (3Tl [Ay==Fsd=ZI0)e¥7.(7) + Z(8)

End Function
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