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[57] ABSTRACI‘ 
A method of obtaining data for mathematical character 
ization of a wave surface by transmitting a beam toward 
the surface so that the beam is re?ected from an element 
of the surface in a direction determined by the instanta 
neous, two dimensional slope of the element. The re 
?ected beam impinges on a screen as a spot whose time 
varying coordinates correspond to the time varying 
slope of the element. These coordinates are captured by 
scanning the screen with a raster scan which controls 
counters identifying the spot position. The instanta 
neous distance is measured by a capacitance probe to 
relate the captured coordinates to the corresponding 
angles of re?ection by appropriate trigonometric rela 
mm. 

4 Claims, 2 Drawing Sheets 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more speci?c information on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 

WAVE 

COMPUTER 

/0 



US. Patent Aug. 2, 1988 Sheet 1 of 2 H503 

W35 WAVE 

COMPUTER 
437 

ANALYSIS 

COMPUTER 





H503 
1 

WAVE SURFACE CHARACTERIZATION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention pertains to the ?eld of optical measur 

ing and testing, more particularly to the measurement of 
angles in two planes to determine the two dimensional 
slope of a wave surface. 

2. Description of the Prior Art 
It is known to detect the presence or passage of a 

wave or wave on a surface by apparatus detecting a 
change in the angle of a beam re?ected from the surface 
or a change in the gross re?ectance of the surface. 
However, it is often desirable to distinguish a direct 

re?ection or emission from an object from a simulta 
neously received indirect reflection via a time changing 
wave surface. If the time changing surface can be math 
ematically characterized, the direct transmission can be 
distinguished from the indirect re?ection from the wave 
surface. 

SUMMARY OF THE INVENTION 

The present invention involves mathematical charac 
terization of a wave surface by transmitting a beam 
toward the surface so that the beam is re?ected from an 
element of the surface in a direction determined by the 
instantaneous, two dimensional slope of the element. 
The re?ected beam impinges on a screen as a spot 
whose time varying coordinates correspond to the time 
varying slope of the element. These coordinates are, 
typically, captured by scanning the screen with a raster 
scan which controls counters identifying the spot posi 
tion. Where the distance from the screen to the surface 
varies with time, the instantaneous distance is measured 
to relate the captured coordinates to the corresponding 
angles of re?ection. 

It is an object of the present invention to characterize 
a wave surface by the time varying, two dimensional 
slope of an element of the surface. 
Another object is to provide a method and apparatus 

for continuously determining the time varying slope of 
an element of a wave surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, advantages, and novel features of the 
subject invention will be apparent from the following 
detailed description when considered with the accom 
panying drawings in which: 
FIG. 1 is a schematic view of apparatus and operating 

environment of the subject invention; 
FIG. 2 is a block diagram of a wave computer of the 

apparatus. 

DESCRIPTION AND OPERATION OF THE 
PREFERRED EMBODIMENT 

FIG. 1 depicts an apparatus 10 for use in carrying out 
the method of the subject invention. Apparatus 10 is 
shown in an operating environment which includes a 
wave surface 12, such as the sea surface, having an 
in?nitesimal plane element 13 whose time varying, two 
dimensional slope characterizes the surface and is ob 
tained by apparatus 10 for, typically, preservation by a 
recorder 15 and analysis by a computer 16. 
Apparatus 10 and element 13 are associated with a 

three dimensional coordinate system identi?ed by nu 
meral 18. In this system the X and Y axes are in a hori 
zontal plane generally parallel to surface 12, the Z axis 
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2 
is vertical, and the instantaneous, two dimensional slope 
of element 13 is identified by angles phi (qb) and theta 
(0), where phi is the angle between the Z axis and the 
unit normal to element 13 and where theta is the angle 
between the X axis and the projection in the X-Y plane 
of this normal on said plane. 
Apparatus 10 includes a translucent, planar screen 20 

disposed parallel to the X and Y axes above element 13 
and spaced therefrom any suitable distance. The appara 
tus includes a laser 22 at one side of screen 20 and in 
cludes a mirror 24 centrally of and below the screen. 
Laser 22 is typically a helium-neon laser which emits a 
beam 25 reflectable from surface 12. Laser 22 and mir 
ror 24 are disposed so that beam 25 is re?ected from the 
mirror parallel to the Z axis along a ?rst path 26 toward 
surface 12. Beam 25 is re?ected from surface 12 along a 
second path 27 determined by angles phi and theta. Path 
27 impinges on screen 20 as an illuminated position or 
spot 29. The instantaneous coordinates of spot 29 on 
screen 20 are indicated by “x” and “y” and are deter 
mined by the two dimensional angular relations be 
tween paths 26 and 27, the angle between these paths 
being twice phi due to the law of re?ection. 

Apparatus 10 has a well-known capacitance probe 30 
extended along the Z axis from screen 20 surface 12 at 
a location as close as practical to element 13, the posi 
tion of this element on the surface being determined by 
the intersection of path 26 with the surface. The capaci 
tance of probe 30 varies linearly with the relative im 
mersion of the probe in the liquid which bears surface 
12 so that the probe measures, as described later, an 
instantaneous distance “2” between screen 20 and ele 
ment 13. 
Apparatus 10 includes a well known video camera 32 

disposed above screen 20 to perform a raster scan 
thereof along the X and Y axes and to detect at each 
scan period the instantaneous position of spot 29 on the 
screen and thereby measure coordinates x and y. 

Apparatus 10 incorporates a wave computer indi 
cated in FIG. 1 by the numeral 35 and con?gured inter 
nally as shown in FIG. 2. Computer 35 is connected to 
probe 30 by connection 36 and receives a video signal 
from camera 32 by a connection 37. Computer 35 has a 
ground connection 38, shown only in FIG. 2, for use 
with probe 30. Wave computer 35 typically provides a 
vertical sync signal to analysis computer 16 by a con 
nector 39. Computer 35 determines instantaneous coor 
dinates x, y, and z in a manner shortly to be described 
and provides these coordinates, respectively, via con 
nections 41, 42, and 43 to recorder 15 and to analysis 
computer 16. 
Wave computer 35 may be con?gured in various 

ways apparent to one skilled in the art to convert the 
signals received from connections 36 and 37 to appro 
priate signals on connections 39 and 41 through 43, the 
particular con?guration depending on the relative mag 
nitude and frequency components of the waves of sur 
face 12 and whether digital or analog signals, or both, 
are to be supplied to recorder 15 and computer 16. The 
con?guration now to be described is believed especially 
suited for use with sea surface waves and with a stan 
dard composite video signal from camera 32. 
As shown in FIG. 2, computer 35 has a sync stripper 

50 which receives composite video signal 37 and out 
puts a horizontal sync signal 51 and a vertical sync 
signal 52, signal 52 being output from computer 35 by 
connector 39. Signal 37 is also received by a threshold 
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detector 55 which outputs a signal to set a flip-flop 56 
reset by signal 52. The output of ?ip-?op 56 is a lock 
signal 57. 
As indicated by numeral 60, computer 35 has a 16 

MHz clock divided by 4 to provide an X clock signal 61 
and divided by 1050 to provide a Y clock signal 62. 
Computer 35 has an X counter 65 driven by signal 61 
and reset by signal 51 and has a Y counter 66 driven by 
signal 62 and reset by signal 52. The counts of counters 
65 and 66 are received, respectively, by latches 68 and 
69 which accept the corresponding count when signal 
57 is asserted. The content of latch 68 is output on con 
nector 41 and the content of latch 69 is output on con 
nector 42. Computer 35 thus captures, at each video 
?eld and in latches 68 and 69, counts corresponding to 
the coordinates x and y on screen 20 of spot 29. 
Wave computer 35 has a pulse width modulation 

one-shot 70 reset by a 10 KHZ clock 71. After each 
reset, one-shot 70 is set after a time determined by the 
capacitance of probe 30 across connections 36 and 38 to 
one-shot 70. The resulting pulses are summed and ?l 
tered by an integrator 73 whose output is provided 
through an analog to digital converter 74 to a Z latch 75 
which is clocked by signal 57 and provides to connector 
43 a digital signal corresponding to coordinate 2 at the 
moment each video frame when x and y are captured. 
When the coordinates x, y, and z are obtained each 

video frame time by apparatus 10, the two dimensional 
slope of element 13 represented by phi and theta at each 
such time may be calculated by the following trigono 
metric relations. 

phi = Q arctan [( J X2 + Y2 V2] 

theta = arctan (y/x) 

Successive time varying such slopes may be analyzed 
in any suitable manner, as by Fourier analysis, to mathe 
matically characterize wave surface 12. 

Obviously, many modi?cations and variations of the 
present invention are possible in light of the above 

15 

20 

25 

35 

45 

55 

65 

4 
teachings. It is, therefore, to be understood that the 
invention may be practiced within the scope of the 
following claims other than as speci?cally described 
herein. 
What is claimed is: 
1. A method of characterizing a time varying wave 

surface, comprising: 
directing a beam reflectable by said surface along a 

predetermined ?rst path toward said surface so that 
the beam is reflected from an element of said sur 
face along a second path determined by the instan 
taneous two dimensional slope of said element; 

determining the two dimensional angular relation 
between said paths; and 

calculating said slope from said angular relation. 
2. The method of claim 1 wherein said angular rela 

tion is determined by: 
disposing a screen in said second path so that the 

re?ected beam impinges on the screen; 
scanning the screen by a scan in a ?rst dimension and 

in a second dimension to identify, by a pair of coor 
dinates corresponding to said dimensions, a posi 
tion on the screen at which the re?ected beam 
impinges; 

measuring another coordinate from the screen to said 
element along a third dimension therebetween; and 

calculating said two dimensional slope by trigono 
metric relations between said coordinates. 

3. The method of claim 2 wherein: 
said screen is translucent to said beam and said posi 

tion is an illuminated spot thereon; and 
said scan is performed by a raster scanning device 

sensitive to said spot and disposed oppositely of the 
screen from the surface. 

4. The method of claim 2 wherein: 
said surface is liquid surface and the distance along 

said third dimension between the screen and said 
surface is time varying; and 

said another coordinate is measured by a probe ex 
tended from the screen through said surface. 

* * * it It 


