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Outline 

• Introduction to OSLO
• Basic fundamental of OSLO

– Example 1 : Cooke triplet

• Advanced fundamental of OSLO
– Example 2 : four-prism configuration beam displacer 

(achromatic polarization preserving)
– Example 3 : effective lens model of VCSEL (vertical 

cavity surface emitting lasers with whispering gallery 
mode)
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Introduction to OSLO
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• What is OSLO?
• The advantages of OSLO
• The computer interface of OSLO
• What could be designed with OSLO?
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What is OSLO?

• OSLO is an optical system design software. It can 
design geometrical (lens) optical systems and 
analyze the system and evaluate the performance, 
such as image quality.

• The method of ray tracing used in OSLO is 
sequential ray tracing, but it also can execute non-
sequential ray tracing. 

• It can execute the optimization and tolerance 
analysis. 
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The advantage of OSLO

• OSLO works like to window’s program. It is convenient for you to 
use the mouse and enter the data. 

• OSLO also provides the command interface. Users can choose 
both windows interface and command interface by convenience. 

• The analyzed data output could be in graphic type or in text type. 

• In optimization and tolerance analyses, users could employ the 
default error function or create user-defined error function.

• OSLO provides  global optimization to find the best solutions of a 
system.
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The interface of OSLO
Surface spreadsheet Command input area

Graphic 
window

Text 
window
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Surface data spreadsheet

Glass material
thicknessCurvature 

radius Aperture radius
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Text output
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Graphic Output
Aberration 

plots 

Ray intercept 
curve

System 
layout
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What could be designed by OSLO?

• Standard geometrical optical lens system
• Standard reflected system
• Aspherical lens system
• Non-sequential lens array system
• Diffraction optical element 
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The limitation of OSLO

• It could not simulate physical optics.
• It could not do stray-light analysis of a system.
• It  could not simulate complex light sources.
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Basic fundamental of OSLO
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• Ray tracing 
• Image quality analysis

– Aberration analysis
– Image evaluation

• Spot diagram, MTF, PSF etc

• Optimization 
• Tolerance 
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Example 1
Cooke triple
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• Focal length:  10mm
• f/# : f /2.8
• Half field angle :  20º
• Aperture  radius : 1.8mm
• materials:

– Lens A and Lens C : SK16
– Lens B : F4

• Working wavelengths 
– main : 0.5876  µm
– 0.4861 µm
– 0.6563 µm

A

C

B
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The procedure of optical system design

1. System data entry
2. Ray tracing 
3. Checking optical performance 
4. Optimization 
5. Tolerance 
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Data entry

• System parameters
– Wavelengths
– Lens parameters

• Curvature radius
• Thickness 
• Aperture radius
• Glass materials

– Field angle
– Paraxial parameters

• Beam radius
• f/#
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Data entry – wavelength and field angle

• Wavelength 

• Field angle
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Data entry – lens parameters

• When you enter the surface data , it is better to move from 
right  to left :glass, aperture radius, thickness, finally radius.
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Data entry – paraxial parameters

• We should enter 1.78571 
in entrance beam radius 
field, since the f-number 
must set in 2.8. 

D
ff =/#

D=entrance beam radius

f=focal length



A-Chuan Hsu
jane@phys.ncku.edu.tw

22

Checking the feature

• Graphic output 

• Text  output 
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Ray trace

• Paraxial ray tracing
– Command : “pxt all”
– The algorithm is YUI method

• Y: the ray height at surface
• U: ray slope 
• I: ray angle 
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Setting object point

• Using menu :
– Select “Evaluate >> Single Ray Trace>>Set object point”

• Using command :
– set_object_point  (FBY) (FBX) (FBZ) (FYRF) (FXRF)

• FBY,FBX,FBZ : object point fractional coordinates
• FYRF,FXRF : aperture-stop coordinates of a reference ray.  
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Ray trace

• Single ray trace
– It shows the trajectory of a single Lagrangian (ordinary) ray 

through an optical system. 
– Evaluate >> Single Ray Trace

• K,L,M : direction cosine
• IANG, RANG :incident and refraction angle
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Ray trace

• Ray fans
– FY: fractional coordinates in object space
– DX, DY, DZ: image displacement
– DYA, DXA : the differences in ray slope 

between the ray and reference ray.
– OPD: optical path difference.

*TRACE FAN - FBY  1.00, FBX  0.00, FBZ  0.00

RAY      FY       FRAC RFS   DYA      DXA       DY         DX         DZ        OPD       DMD

1       1.000000  0.689575      1.0000e+20     1.0000e+20 1.0000e+20 1.0000e+20 1.0000e+20 1.0000e+20 1.0000e+20

2   0.500000      0.327809  -0.081239     -- -0.021304   -- -- 1.398099   0.422897

3            -- -- -- -- -- -- -- -- --

4      -0.500000  -0.302660   0.083840     -- 0.016727  -- -- 1.099659 0.722299

5  -1.000000 1.0000e+20 1.0000e+20 1.0000e+20 1.0000e+20 1.0000e+20 1.0000e+20 1.0000e+20 1.0000e+20
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Ray trace

• Ray-intercept curves
– Select  “Ray fans >> single field point”
– These curves are graphical plots of ray fans.
– The data represents image space displacements as a function of object-

space fractional coordinates.
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Image quality analysis

• Aberration 
– Spherical aberration
– Chromatic aberration
– Astigmatism
– Distortion 

• Spot diagram
• MTF
• SPF
• Energy distribution 
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Aberration 

• Spherical aberration
– Longitudinal spherical aberration 

– Lateral spherical aberration 
lLLAB −=

BBBB UlLULATA tan)(tan −==



A-Chuan Hsu
jane@phys.ncku.edu.tw

30

Aberration

• Chromatic spherical aberration
– Longitudinal chromatic aberration

– Lateral color
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Aberration

• Astigmatism 
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Aberration

• Distortion 

– distortion < 0: barrel distortion
– distortion > 0: pincushion distortion
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Report graphs of  Ray analysis

• This report graph includes the ray intercept curves, 
spherical aberration plot, astigmatism plot, chromatic focal 
shift plot, distortion plot, and lateral color plot.



A-Chuan Hsu
jane@phys.ncku.edu.tw

34

Spot diagram
• A collection of ray data resulting from tracing a 

large number of rays from a single object point 
through the aperture of the lens.

• In OSLO, the rays that trace for a spot diagram is 
distributed in a square grid in entrance pupil. The 
parameter is set in the Setup spreadsheet. 
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Spot diagram

• Graphic  output 
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Spot diagram 

• Text output 
• Using “Evaluate >> Spot Diagram >> Spot Size Analysis”
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PSF

• Full name : Point Spread Function
• The diffraction image of a point object.

– The diffraction amplitude 

• P(x, y): complex pupil function

– The usual definition of point spread function

– The airy disk = diffraction limit 
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PSF

• Using “Evaluate >> Spread 
Function >> Plot PSF 
Scans “
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Energy distribution

• It is representing how much of 
the total energy in the point 
image is contained within a 
circle or square of size which 
is given.
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MTF (modulation transfer function)

• The OTF (optical transfer function) is a measure of the accuracy with 
which different frequency components in the object are reproduced in 
the image

• The algorithm of MTF and PTF
– The modulation 

– MTF, PTF

• The object irradiance distribution with Fourier spectrum O(νx,νy) and 
the Fourier spectrum of the image I(νx,νy) have the form :

minmax

minmax
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MTF
• .We can choose through-

focus MTF or through-
frequency MTF in Calculate 
optical transfer function
dialog.

• Using “Transfer Function >> 
Print/Plot OTF “
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Optimization
StartStart

Select variables

Defining operandsDefining operands

Iterate Iterate 

Select variables

Checking Checking 

Accept ?Accept ?

StopStop
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Optimization – curvature radius and thickness
• Step 1: Setting variables

– First, we would like to optimize the curvature radius and the thickness of the 
system.

– All the curvature radius are defined as variables. 
– Because the element thickness could not be changed, the thickness of Srf 2, Srf 

4 and Srf 6 are defined as variables.
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Optimization – curvature radius and thickness

• Step 2: Setting operands
– Optimize >> Create Error Function 

>> GENI ray aberration

– Using the GENI error function  is the 
most convenient method.

– GENI error function is designed to 
handle system of moderate 
complexity, such as camera lenses 
and other systems having three to 
eight elements.

– Click the “Ope” button in the text 
window to show all the operands 
been defined. 
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Optimization – curvature radius and thickness

• Step 3: Executing “iterate”
– Defining numbers of iterates. 

• “ Optimize >> Iterate “
• We can define the numbers of 

iterate by myself.
• The default number is 10.

– After executing “iterate”, the 
value of the error function will 
be appeared in the text window.
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Optimization – curvature radius and thickness

• Step 4: Checking
– Checking the feature and the surface data
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Optimization – curvature radius and thickness

• Checking  the image quality
– Ray analysis report graph

– Spot diagram report graph
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Optimization – curvature radius and thickness

• Step 4 : Checking the image 
quality
– PSF report graph

• MTF report graph

• Energy distribution  report graph 
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Optimization – materials
• Setting variables & executing “iterate”

• If the material of Srf 1 and Srf 5 could be changed and the 
materials of the two surfaces are the same.
1. We define the “glass” of Srf 1 be “model” and Srf 5 “pickup”

with Srf 1.
2. Selecting  the glass of Srf 1 to be variable (choosing “variable-

RN/DN”). 
3. Defining  the boundary of the two variables (1.5 to 1.8 on RN, 

0 to 1 on DN )
4. Executing “iterate” until it could not be improved.
5. Fixing  the glass into commercial glass.
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Optimization – materials

• Setting variables & executing  iterate
– Step 1: set Srf 1 to be a model glass and define it as a variable.

“M” means the glass of srf 1 
was set as “model”
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Optimization – materials

• Setting variables & executing  iterate
– Step 2: define the boundary of variables.

• Using “Optimize >> Variables ” to define the boundary of RN and DN.
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Optimization – materials

• Setting variables & executing  iterate
– Step 3: execute iterates and fix the glass.
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Optimization – materials
• Checking 

– The  TH[2] is too close to Srf. 3, and the image quality is not good.
– Enter 1.2 as TH[2] and re-optimize the system.



A-Chuan Hsu
jane@phys.ncku.edu.tw

54

Optimization – materials
• Checking 

– TH[4] is too close to Srf 5
– We  setting TH[4] as 1.1 and re-optimize again.
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Optimization – the image quality after re-optimize

• Checking 
– Checking the image equality 
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Tolerance analysis
startstart

Define operands and set compensatorsDefine operands and set compensators

Define tolerance valueDefine tolerance value

Execute sensitive toleranceExecute sensitive tolerance

Evaluation standard deviation value σδS. Evaluation standard deviation value σδS. 

Calculate target contribution ∆Smax. Calculate target contribution ∆Smax. σ < σδS ?σ < σδS ?

Stop Stop 

Execute inverse sensitive toleranceExecute inverse sensitive tolerance

Obtain the limitation of tolerance value. Obtain the limitation of tolerance value. 

No
Yes
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Tolerance analysis
• Sensitive tolerance

– The change in system 
performance S from nominal 
performance S0

– The value of standard deviation 
σδS is dependent on the 
probability distribution 
parameter κ and performance 
change.

– Κ is the probability distribution 
parameter, which depends on 
the distribution function.

0SSS −=δ

0.44Guassian 
0.58Uniform 
1.0End point 
ΚDistribution 

2

1

)( i

n

i
S S∆= ∑

=

κσδ
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Tolerance analysis
• Inverse-sensitive tolerance

– The probability of success is 
dependent on the ratio of 
acceptable performance change 
δSmax to standard deviation σδS.

– The allowed performance 
change for each construction 
parameters :

• ∆Star : the target value of ∆Si

• n:  the number of construction 
parameters to be considered.

n
S S

tar κ
σδ=∆

0.992.5
0.952.0
0.871.5
0.681.0
0.580.8
0.500.67

Probability of success δSmax /σδS
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Tolerance – element thickness

• Step 1: Defining operands and setting compensator
– Let TH[6] to be a variable which could be used as compensator. Click the 

“Var” in the text window to check the variable.

– We will use the RMS-spot size in three wavelength to calculate the tolerance.
• Select “ Optimize >> Generate Error Function >> OSLO Spot Size/Wavefront ”

and accept the defaults.
• Click “Ope”in the text window to check the operands.
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Tolerance – element thickness

• Step 2: Defining the desired tolerance value
– Use “lens >> show Tolerance Data >> Surface” to display the default 

tolerance (ISO10110) in the text window.
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Tolerance – element thickness

• Step 3 : Executing sensitive tolerance 
– Use “Tolerance >> User-Defined Toleranceing”, choose the “sensitive” mode 

and select the tolerance item you desired. 
– We will do the “element thickness ” tolerance first.

Nominal value
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Tolerance – element thickness

• Step 4 : Evaluation 
– Let the maximum allowed spot size is 18 µm. Since the 

nominal value of spot size is 3.55 µm, the maximum allowed 
change is 14.45 µm (δSmax). 

– If we desire the probability success rate to be 99%, then the 
desired standard deviation is 5.78 µm (0.00578 mm).

– Since the standard deviation of uncompensated is 0.004458, 
smaller than the desired value, the default element thickness 
tolerance value (0.1 mm) is acceptable.
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Tolerance – surface tilt

• Step 1: Use the default operands (ISO10110).

• Step 2: Execute sensitive tolerance again. 
– Select “Surface tilt-TLA” in User-Define Tolerance 

dialog box and the result will be displayed in the 
text window.
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Tolerance – surface tilt

• Step 3 : Evaluation
– The calculation is the same as the tolerance calculation of element thickness. 

The desired standard deviation is 0.00578 mm. 
– The target performance change ∆star is 0.00407.
– Select “Inverse sensitive” and “Surface tilt-TLA” in User-define Tolerance 

dialog box, and enter 0.00407 in the “change in Error Function” field.
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Tolerance – surface tilt

• Step 4: Update the tolerance value
– Select “Tolerance >> Update tolerance Data >> Surface” to change values.
– Without compensation, we set “TA TOL” about 0.2 for Surface 1 and 6, and 

0.25 for surface 2, 3, 4 and 5.
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Tolerance – surface tilt

• Step 5: Re-execute sensitive tolerance.
– After re-executing, check the standard deviation.



A-Chuan Hsu
jane@phys.ncku.edu.tw

67

Tolerance – surface tilt

• Step 6 : Re-set the tolerance value and re-execute sensitive 
tolerance.
– Update the tilt tolerance about 0.2 for surface 2, 3 and 5.
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Tolerance – surface tilt

• Step 7 : Re-set the tolerance value and re-execute sensitive 
tolerance.
– Update the tilt tolerance about 0.15 for surface 1, 2 and 6, and 0.2 for surface 3.

Smaller than the value 
of desired standard 
deviation(0.005577).
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Tolerance – surface decenter(Y)

• The process are the same as surface tilting tolerance analysis.
– Step 1: Set tolerance value 0.05 for all six surfaces and do sensitive tolerance.
– Step 2: Set 0.00407 for inverse sensitive tolerance analysis to check the 

maximum allowed change value.
– Step 3: Set tolerance value 0.2 for surface 1,3 and 4, 0.5 for surface 2 and 5, and 

0.15 for surface 6. Re-run the tolerance analysis.
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