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Simulating The Ronchi Test

Understanding The Inner Workings Of Ronchi For Windows

Here, you can learn about the internal workings of a simulation
program for the Ronchi Test. These are the techniques that have
gone into the Freeware program Ronchi for Windows. You can
duplicate these formulae and techniques in your own Ronchi
program while adding the features you need or desire. You may also
find this information valuable in other ATM programming pursuits
as well.

May 2000

An Overview Of The Ronchi Test

The Ronchi test is much like the Foucault tet inits set-up. Unlike the
Foucault test, however, the Ronchi test is not inherently quantitative. It
cannot tell you exactly how good (or bad) you mirror actudly is. It does
easly show dl the mirror's zones and irregularities. It can dso giveyou a
very good feding for the overdl qudity of your mirror and can give you
al that information at aglance. That iswherethetest redly shines. Y ou may use the test to get thet clear,
quick overview of the shagpe of your mirror asawhole. Y ou would then normally want to run some other
quantitative test againgt your mirror to determine whether you have met your desired quality criteria

To run the Ronchi test, you need asmdl pinhole or dit light source
which illuminates the mirror under test and aknife edge carriage in the
path of the returning light from the mirror. Both the light source and the
carriage are placed near the radius of curvature of the mirror. Inthe
Ronchi test, the actud knife edge is replaced by afine grating conssting
of opague lines ruled onto a transparent substrate. The mirror's surface
isviewed through this grating. Asthe carriage is moved dightly toward
and away from the mirror, the lines on the grating which appear
projected onto the surface of the mirror will change in response to the
new configuration. For asphericad mirror, the lines will gppear straight and undistorted. For any shape other
than sphericd, the lineswill appear bent in an amount and direction dependent on the mirror diameter, its
radius of curvature, its conic shape, the grating's line dengity, and the placement of the grating with respect to
the radius of curvature point. Figure 2 above shows some typica Ronchi test images at severd different
grating offsets.

In recent years, there has been a movement towards making the Ronchi test more quantitative. The newer
method of running the test has been termed the Matching Ronchi test. Whileit is till fundamentaly quditative,
the Matching Ronchi test attempts to be able to gpply some criteriato the testing so thet the result isa
bounding of the qudity of the mirror. The new method of using the test does this by having the operator match
the appearance of their mirror to a perfect mirror having exactly the same specifications as their own. When
the two match, you are done. Finding or making such a comparison mirror would seem an impossible task.
That is where the modern Personal Computer enters the scene. A computer is capable of cresting just such a
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perfect mirror and showing the test operator what their mirror should look like.

The Matching Ronchi test is easy to perform. You create avirtud, perfectly figured mirror with the same
gpecifications as your own on the computer screen and then visudly verify that your in-process mirror looks
the same. Since the digtortion of the bands depends on severd factors, to ensure an actual match, you must
compare your mirror and the virtual mirror a three or more different offsets. When the two match & all
offsets you compare, then your mirror isdone. Further, you can get some idea of how accurate your mirror is
if you can aso compareit to severa virtua mirrors with aknown amount of error. In thisway, it is possble to
assign an upper quantitative bound to the accuracy of your mirror using aquaditative test. Thisisthe bassfor
the Matching Ronchi test.

The only task that remains isto write a computer program that can smulate the appearance of a perfect
mirror undergoing the Ronchi test. Taking this one step further, the program can dso calculate the appearance
of amirror with aknown amount of error. Two such virtua mirrors can then be used to set the bounds the
user works within to achieve their desired quality criteria. These are the key tasks performed insde the
Freaware program Ronchi for Windows.

The Geometry Of The Simulation

The fundamentd task of Smulating the digtortion of the grating'slinesin
the Ronchi test can be approached from smple geometry. In the
discusson that follows, | will fredy (and doppily) use the absolute vaue
of many of the quantitiesin order to keep the steps clear and concise. If
you wish to write a program based on thisinformation, you must pay
close atention to sign conventions. (The computer is much less forgiving than the human mind in this respect.)
Figure 3 above shows two views of the Ronchi test. The view at the left represents the view the user has while
performing the Ronchi test. The view is from the perspective of the tester looking at the face of the mirror.
Theright view is aplan view from the top looking down on the test set-up.

Imagine aray of light leaving the tester's source at the radius of curvature and hitting the mirror. If the
mirror is sphericd, that ray will return to the light source. In practice, the light source may be moved dightly
away from the optica axis so that the returning ray may be viewed. Most ATMs may prefer to move the
source down a smal amount and view the returning light over the top of the source. Thismakesit easly visble
and avoids some of the effects of moving the source to one sde. For the purposes of smulation, however, it
will be assumed that everything is precisgly on axis. In addition, the smulaion will assume that the light source
and grating move as aunit. Thisisthe so caled moving source tester design. A fixed source (but moving
grating) tester may be gpproximated by having the grating offsets input for the smulation.

In the left view in Figure 3, assume that alight ray hitsthe mirror & point P. Assuming the originis & the
center of the mirror, that ray has an x offset of Px, ay offsat of Py, and hits the mirror a azond radius of Pr.
By definition, the radius of curvature of the centrd zone of the mirror isR. Any ray that hits the mirror a a
zond radius Pr from the center of the mirror will crossthe optical axisat apoint b * s avay fromR, whereb is
the coefficient of deformation and s isthe sagitta of the mirror at that zond radius. (The quantity b isaso
known as the Schwarzchild Congtant, SC, or the Conic Constant, K, for the curve.)

Next, we need to consder the grating which is placed a short distance from the radius of curvature of the
mirror. Wewill cal thisdistance o for offset. To complete the definition of quantities, let g represent the edge
length of the grating. We will define the edge length as the width of the individud lines and gaps of the
grating. g =1.0/ (2.0 * lines) Thelines parameter is the specified number of lines per unit length on the
grating -- such as 100 lines per inch.
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Figure 4 shows a magnified view of the area near the radius of

\ _____ curvature. Thisview isagain from the top looking down on the test

o Rl \«L‘L\ set-up. Using Figure 4, we can now derive the formulae which define the
: method to "ray trace" the grating's shape as projected onto the mirror.

Firg, note that for alight ray sriking any point P on the mirror's surface, the reflected ray will crossthe axis
a pointR + (b *s). Note aso that the grating is placed at a distance 0 fromR. We must remember, though,
that we are only interested in how far the returning ray is from the optical axisin the x direction. Thisis
because the lines of the grating are at fixed distances from the yz plane which includes the optica axis. Ascan
be seen in the two prior diagrams, the ray is coming from a point thet is adistance Px from the opticd axisin
the x direction.

To begin the amulation, let's first caculate the quantity b * s since it is used severd placesin the
cdculations. For aparaboloid, s = (Pr * Pr) / (2.0 * R). For any arbitrary conic, the more genera formula
s=(Pr*Pr)/(R* (1.0 + Sqrt(1.0- (Pr*Pr)/ (R *R)) * (b + 1.0)))) may be used. Now, we should be
ableto find the point a which the ray intersectsthe grating. Let'slet Lx represent the laterd offset in the x
direction of the ray at the point it passes through the grating. From amilar triangles, we can see that
Px/(R+ (b*s))=Lx/((R+0)-(R+ (b*s))). Thusfor any ray sriking the mirror a point P, the ray will
pass through the grating at apoint Lx =Px * (0 - (b *s)) / (R + (b * 5)).

Now that we know where the ray lateraly intersects the grating, we
need to seeif it will intersect an opague line or atransparent area. Inthe
first case, the point P on the mirror will appear dark, while in the second
case, it will gppear bright. Figure 5 at |eft helps us determine where the
ray has crossed. It represents a highly magnified view of the grating

: il el ; ~__| digned onthe opticd axis. Recdl above tha the quantity g was defined
to be the width of asingle opague or trangparent area on the grating. Note in the diagram that the grating is
centered on the optical axis. Because of this, we must account for theg / 2.0 offset to the first edge of a
grating line when we make our calculations.

At this point we will define anew quantity V to represent the visihility of the light ray coming from point P
on the mirror. Once we move the origin from the optica axisto the first edge at g / 2.0, we can see that
Lx / g will tell uswheretheray transverses the grating. Thus we can write the expresson V =
(Lx - (g / 2.0)) / g which will tell us aout the ray's vighility. Thisis made eader if we only look & the integer
result of this operation and ignore the remainder. Using the integer result of this divison, we see that if the
result is O or even, then the ray will be visble. If the result is odd, then the ray will be blocked from our view
by the line on the grating. We can dso optiondly invert (even / odd) this vishility result to Smulate the grating
being aigned with atrangparent area on the opticd axis.

Performing The Ronchi Test Simulation
The procedure for drawing the image can findly be summarized asfollows

o Pick apoint P on the mirror's surface. Y ou may want to just pick random points asin many ray trace
tools, or you can caculate every point. Ronchi for Windows caculates every point on the mirror a
whatever screen resolution the user has chosen.

o Cdculate the zond radius Pr for your point using the Pythagorean theorem.

Pr = Sqrt((Px * Px) + (Py * Py)).
o Make sure that the point you picked isredly on the mirror.
Pr <= mirror_radius
o Cdculate the point a which thisray crosses the optica axis beyond the radius of curvature.
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b*s=({0O*Pr*Pr)/(20*R)
Recall that thisisonly valid for aparaboloid. If your target mirror is not close to a paraboloid, you
should use the other more genera formula given earlier.

o Cadculate the laterd distance from the optica axis where the ray intersects the grating.
Lx=Px*((b*s)-0)/(R+ (b*5s))

> Determine whether the ray intersects an opaque or transparent area of the grating.
V=(x-(g/2.0)/g

= Draw the point on the mirror'simage in the proper color.

o Process as many other points on the mirror's surface as required using these same steps.

Making The Ideal Image More Realistic

The above method cdculates the ideal gppearance of the Ronchi grating's shadow bands across the face of
the mirror. We have assumed a point source and ignored the effects of diffraction. Both of these factors
affect the true appearance of amirror under the Ronchi test. If it is desrable to have a somewhat more
redlistic agppearance to the amulation, further processing of the Ronchi images may be done. (Of course one
could aso use wave optics theory rather than geometry to generate the image. In that case, no further
processing would be required.)

There are (at least) three Smilar methods for processing the image to give amore redistic appearance.
Each isjust away of defocussng the image and optiondly applying some artidtic license to modd diffraction
effects. Thefirs method isto assume afinite width dit and caculate each mirror point as many times as
required to modd the width of the dit. Each of these intermediate caculations is added together to get the
resultant intensity color of the image at that point. The second method aso assumes afinite width dit and then
assumes that the mirror's image from each sliver of the dit is just added together. In this method theimageis
caculated once per the above stlandard method and then added to an offset version of itself a number of times
samulating the addition of multiple dit image increments.

0000000 Each of these methods has drawbacksin coding, so Ronchi for Windows uses an
0111110 | goproachusedinmoretraditiond image processng gpplications. Thisisthe third
1111111} mehod Itcondstsof processng each pixe intheided Ronchi imageusing a

LL L1111 modfied blur filter. The blur filter is modified from its usua form to help account for
L1l L1l giffraction effectsin theimage. While not an accurate representation of diffraction, it
E ; ; ; ; ; E resultsin an image which at least reminds the user somewhat of how diffraction effects

appear in the Ronchi test.

The size of the blur filter is changed as screen resolution changes, but its generd form remainsthe same. It
can be represented by the matrix shown a upper left. This differs from the traditiona blur filter primarily in
that it isnot symmetrical. Thefilter isabit wider in the x direction thanitisin they direction. Thistendsto
blur the image more acrossits diameter than in its height. While it isnot very asymmetricd, its effects are
vigble on the screen and it gives amore pleasing appearance to the resulting image.

The absolute Sze of the matrix is determined by the current screen image Size. By keeping the matrix Szea
certain percentage of screen resolution, the image blurring appears naturd regardiess of size. (Y ou probably
would not want to gpply a 10 by 10 blur filter to an image only 50 pixelswide)) In use, thefilter is applied to
each point in the idedl image by using the matrix to multiply each pixd by its neighbors, sum, and then
normalize the point. Attention must be paid to boundary conditions during the application of the blur filter.
After goplying the filter to every point in theided image, the result is then digplayed as the "redigtic’ Ronchi
image for the user.

Calculating The Error Criteria
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Thefind step in our Smulation is to determine the parameters required to Smulate aless than perfect
mirror. Hereit is easest to assume that the mirror under test is a least a smooth conic curve of some sort.
Zond aberrations such as turned edge or higher order aberrated zones cannot be easily smulated using the
methods outlined above. For that reason, we will take the easy way out and assume the user is approaching a
paraboloid with a smooth under or over corrected conic shape.

Once the user specifiesthelr error criteria, we can caculate the equivaent Conic Congtant b which
describes a curve which deviates from the mirror's desired shape by precisdy the amount specified. It isthen
smply amatter of Smulating the new mirror to show the user whét to look for. It isactualy better to show the
user two such mirrors, one over corrected by their criteriaand one under corrected by the same amount. This
visudly bounds the degree of matching the user must achieve.

In order to make this error caculation, we go back to the generd form of the equation for the sagitta of any
conic presented earlier. s=(Pr*Pr)/ (R * (1.0 + Sqrt(1.0 - (Pr *Pr) /(R * R)) * (b + 1.0)))) Thistime
we will be deding with the full mirror, so we will user, the mirror'sradius, in place of Pr, the point's zonal
radius. Let'sdso define the quantity W, for surface wave error. Note that the surface wave error is actudly a
length measurement and must be trandated to such from the users wave criteria. Also note that usud
convention dictates that the wavefront error is what the user should specify and that quantity needs to be
halved to give the surface error criteriadlowed. The surface with gpplied error we are looking for can be
described ass2 = s1 £+ W where s2 is the aberrated surface and sl is the perfect surface we seek for our
mirror. Expanding s2 using the genera conic equation gives us
r*n/(R*@.0+Sqrt(2.0-((r*r)/(R*R)) * (b + 1.0)))) =s1 £ W. Now we can solvefor theb
which corresponds to that aberrated mirror. Rearranging terms, weget b =
(R*R)/(r*r)*((20*2) - (z* 2)) - 1.0 wheretheintermmediate quantity z= (r *r) / (R * (s1 £ W)).
All that remains now isto generate and display the Ronchi images using the two b values that are caculated.
(You may optionaly dlow caculations with an error of four times the user specified amount in order to dlow
for refocussng of the image at the telescope. This corresponds to choosing adightly different reference curve
and focdl length for the mirror.)

Thereyou haveit. Overdl, the math involved in writing a Ronchi test Smulator is not overly complex. Asin
any computer programming task, the real work is making the program easy to use, crash proof (as can be)
and fast. Those are the red challenges behind writing a program such as Ronchi for Windows. To download
your copy of my Ronchi test smulator, vigt the Ronchi for Windows Web Site. Fed free to incorporate any
of these techniques into your own program.

(Full sized figures for printing.)
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