
Locus curve in TOFD and its importance?

Hi Mark,

You should have a look at section 2.3.3 from Charlesworth and Temple (1989).

- Charlesworth J.P. and J.A.G. Temple, 1989, “Ultrasonic Time of Flight Diffraction,” Research Studies
Press.

What follows is based on their book.

From figure 2.10 page 36. You have Tx and Rx which are the foci of an ellipse. The dotted line is the
locus of points. This curve means that any pair of rays coming from the Tx to the curve and back to the
Rx traveled the same distance.

Physically it means that if your reflector is at the center between Tx and Rx the depth will be correct. But
if the diffraction source is away from the center, in any point along the locus, it will still produce the same
reflection.

 

 

 

Here is the math behind figure 2.10. For two given focal points (the foci), an ellipse is the locus of points
such that the sum of the distance to each focus (Tx, Rx) is constant.



Example: Let's assume that your Probe Center Separation (PCS) is 40 mm. The depth of the diffraction
point source is 10 mm.

You know that c = 20, b = 10. You need to compute "a":



 

b=10;c=20;
a = sqrt(b^2 + c^2)

a = 
  22.360679774997898

 

With "a" we can computer the ellipse and plot the points of interest (foci: Tx, Rx; diffraction point source
d)

ezplot('x^2/(22.36^2)+y^2/(10^2)=1', [-30,30]);
ylim([-15 15])
grid on
text(-21,1,'Tx')
text(19,1,'Rx')
text(-1,-9,'d')
hold on
scatter(-20,0,'s','filled')
scatter(20,0,'s','filled' )
scatter(0,-10,'s','filled' )
linel = linspace(-a,a,100);
line(linel,zeros(size(linel)))
td = [-20, 0, 20];
ytd = [0, -b, 0];
plot(td,ytd)
 

If we evaluate the equation in any other location (for instance, x = -10) we will find the y-value in the
locus that gives the same indication as d =10;

yt1 = sqrt((1-(10^2 / a^2))*b^2)

yt1 = 
   8.944271909999159

scatter(-10,-y,'s','filled')
text(-10, -y + 1,'t1')
t1 = [-20,-10,20];
yT1 = [0, -yt1, 0];
plot(t1,yT1)



The length of the line Tx - d - Rx is equal to the length of Tx - t1 - Rx, and this case should be 2a =
44.72 mm.

Txd is clearly "a" Txd = sqrt(20^2 + 10^2) = 22.36; thus dRx = a and TxdRx = 2a;

Txt1 = sqrt(10^2 + y^2) 

Txt1 = 
  13.416407864998739

t1Rx = sqrt(30^2 + y^2)

t1Rx = 
  31.304951684997057

% And the sum of both segments is 2a = 44.72
disp(['The sum of the two segments is 2a: ' num2str( Txt1 + t1Rx)] )

The sume of the two segments is 2a: 44.7214

 
 



Two remove the ambiguity in depth caused by using only two probes, you can add a second receiver
or a second transmitter, it is the same effect, as is shown in Figure 2.11 from Charlesworth and Temple
(1989).

 

 

 

 

 


