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Ophir-Spiricon, LLC 
3050 North 300 West 

North Logan, UT 84341, USA 
 

Tel 435-753-3729  
Fax 435-755-5231 

 
www.ophiropt.com/photonics 

   
 

Dear Ophir-Spiricon Customer, 

 

Thank you for your recent purchase of the BeamGage system. 

 

At Ophir -Spiricon we strive to provide the highest level of 

leading edge photonic measurement technology and service 

possible. We hope that your experience with us is a pleasant 

one, and anticipate the relationship we build will serve your 

photonic measurement needs for years to come. 

 

As a valued customer, your comments and opinions are always 

very important to us. If you have any concerns, questions, or 

comments, we sincerely hope that you will bring them to our 

service departmentôs attention. We are ready to help with 

everything from basic setup to working with you to find 

solutions for your most complex photonics measurement needs. 

 

Please let us know if there is any way we can be of service. 

Thank you once again for your business and please let us know 

if we can be of assistance. 

 

Sincerely, 

 

Ophir -Spiricon, LLC  
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BeamGage ⌐│ ─ │№╡╕∑╪⅜⁸ ◙כ꜠│≡™⅔⌐ ≤ ⌐ ™╠

╣╕∆─≢⁸ ◙כ꜠│ ⌐ ∆╢ ╩ ⇔⌂↑╣┌⌂╡╕∑╪⁹ ─

◙כ꜠│ ⌐╟╢ ╛ ─ ≢∆⁹ 

 

◙כ꜠ ─  

 BeamGage≤≤╙⌐ ™╠╣╢╒≤╪≥ ≡─◌ⱷꜝ≢│⁸◌ⱷꜝ☿fi◘┼─ ─

│ ⌐ ™─≢⁸╒≤╪≥ ≢№╢≤ ⅎ╠╣╕∆⁹⇔⅛⇔⁸ꜚכ◙

◙כ꜠│ ≢─ ⅜ ↕╣╕∆─≢⁸ ╩ ↑╢ ⅜№╢↓≤⅛╠

⅜ ≤⌂╡╕∆⁹ 

◙כ꜠ ⅜ ™ ╕╣≡™⌂™ ⁸ ┼─ ─ ╩ ⅜⌂↑╣┌⌂╡

╕∑╪⁹╕√ ─ ⌐ ⇔≡╙ ⅜ ≢∆⁹ ∞↑≢⌂ↄ

⌐╙ ⅜№╡╕∆⁹  

⅜ ™ ╕╣≡™⌂™ ─◙כ꜠⁸ ╩≢⅝╢∞↑ →≡ ╩ ∫≡

↕™⁹╕√⁸ ─ ⅜№╢ ⁸ ⱷ●Ⱡ╛ ─ ⅜ ≢∆⁹ 

 

 

 BeamGage│ IEEE-1394Ᵽ☻╛ USBⱣ☻⅛╠ ↕╣╢ ≢ ⇔╕∆⁹⇔

√⅜∫≡⁸ ─ │╒≤╪≥№╡╕∑╪⁹  

Ɫכ♪►▼▪─ ╛ ─ ⁸PC─ │ ∏○ⱨ⌐⇔≡ↄ∞↕™⁹ 

◖fiⱧꜙכ♃│ ∏◌Ᵽכ╩ ⇔⁸ ─ ⌐ ∫≡ ⇔≡ↄ∞↕™⁹ 

AC ≡∫≥╩☻כ▪│♪כ◖ ⇔≡ↄ∞↕™⁹ 
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BeamGage─  

│∂╘⌐ 

○ⱨ▫כꜟ ☻Ⱨꜞ◖fi ─LLC ꜠כ◙ⱦכⱶ▪♫ꜝ▬◙ BeamGage│⁸ ⌂

♁ⱨ♩►▼▪≢⁸ⱴꜟ♅◖▪─ Pentiμm ≢Windows 7 ─Ɽ♁◖fi≢

≢∆⁹ ⌂ │ ─ ╡≢∆  

Á ⱦכⱶ─ ╩ ⁸ ≢ 2D⁸3D◌ꜝכ  

Á Windows 7 (32/64) ⅔╟┘∕╣ ─ OS⌐≡ 64ⱦ♇♩Ᵽכ☺ꜛ

fi≢ ≢⅝⌂™◌ⱷꜝ№╡ ⁹ 

Á ≤⌂∫≡™╢ ─ ▪ꜟ◗ꜞ☼ⱶ⌐╟╢ⱦכⱶⱪ꜡ⱨ□▬ꜟ─

 

Á ⌐╦√╢ ISO  

Á 3≈─ ⅜╡ ⁸1≈│ ISO  

Á ⌂ ISO ⱨꜝ♇♩♩♇ⱪ  

Á ≡─ ISOⱦכⱶ ⱶכⱦה ╩◘ⱳכ♩ 

Á 2D/1D ⌐ ⇔ ISO⅔╟┘ ●►☻ⱨ▫♇♩─ ⅜   

Á ↕╣√►▫fi♪► ⱪ♇♩◒☻♦╡╟⌐ꜟכ♠♩►▪▬꜠ ─

⅜   

Á ╒≤╪≥ ≡─ Ɽꜝⱷכ♃⌐ ⇔ ♥☻♩⅜  

Á USB, FireWire, Gig-E, Pyrocam╩◘ⱳכ♩ 

Á ⇔™ ⱦכⱶⱷכ◌ ⱦכⱶ◦Ⱶꜙ꜠כ♃⌐╟╡ ⅜ ⱦכⱶⱷ

─Ⱨꜞ◖fi, LLC☻-ꜟכ▫ⱨ○│◌כ  

Á │ ○ⱨ▫כꜟ Ɽ꞉כ/◄Ⱡꜟ◑ⱷכ♃─ ≤  

Á ⸗♬♃כ≢◘♥ꜝ▬♩ ►▫fi♪►╩◘ⱳכ♩ 

Á 2D⅔╟┘ 3D≢ ⅜ⱶכ☼  

Á ◌ⱷꜝ ROI │ USB, FireWire, Gig-E ◌ⱷꜝ╩◘ⱳכ♩ 

Á Pointing Stability│☻♩ꜞ♇ⱪ ≥♩כꜗ♅ ─ⱨ◊כⱶ≢  

Á ╖ ╖ ⌂꜡◓─ⱨꜟ  

Á ♦כ♃ⱨ□▬ꜟ ⱨ◊כⱴ♇♩HDF5 ≤ CSV╩◘ⱳכ♩ 

Á ꜠ⱦꜙכ╛ ─√╘─ⱦ♦○ ◖fi♁כꜟ 

Á ꜠ⱳכ♩ ꜟכ♠  .PDFⱨ□▬ꜟ⅛╠ ⁸ ⁸ ─◌♇♩ ▪

fi♪ Ɑכ☻♩⅜  

Á NET○כ♩ⱷכ◦ꜛfi ▬fi♃כⱨ▼כ⸗ꜞ╡╟⌐☻כ♩ ◖fi♩꜡כꜟ⅜

 

Á Ɽꜝⱷכ♃─ ─  

Á ◌☻♃ⱶ ⱪ꜡◓ꜝⱶ⅜   

Á ─ⱥ☻♩◓ꜝⱶ  

Á ⱦכⱶ ♃כ♦ ─√╘─ⱴ♬ꜙ▪ꜟ⅔╟┘○כ♩▪Ɽ♅ꜗ 

Á ─  

Á ꜡◓ ⌐╟╡⁸ ⅜◓꜡─♃כ♦┘╟⅔  

Á ꜚכ◙●▬♪⌐ꜞfi◒⇔√Ⱬꜟⱪ №╡ 
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BeamGage ◦☻♥ⱶ  

Á ☻Ⱨꜞ◖fi BeamGage ♁ⱨ♩►▼▪ 

Á FireWire, USB ⅛ Gig-E ◌ⱷꜝ ꜟⱩכ◔ ≥ꜟⱩכ◔●ꜞ♩ ,

 

Á ⱴꜟ♅◖▪ Pentiȉm (2.00 GHz ) ⅛∕╣ ─ PC⁸Windows 7⅛

Windows 10○Ɑ꜠כ♥ꜛfi◓ ◦☻♥ⱶ 

¶ IEEE-1394a/b (FireWire) Ᵽ☻ ▬fi♃כⱨ▼כ☻  ⁸ⱴ◙כⱲכ♪

№╢™│ PCI ◌כ♪≢▬fi☻♩כꜟ 

¶ ◓ꜝⱨ▫♇◒ ♅♇ⱪ ☿♇♩⁸ⱷ⸗ 2ꜞ56MB ⅝  

¶ ⱷ⸗ꜞ 2 GB⁸  4 GB  

¶ Ɫכ♪♦▫☻◒ ⅝ 50 GB,  >100 GB 

⁸♃♬⸗כꜝ◌ ¶  1440x900 

¶ CD-ROM ♪ꜝ▬Ⱪ 

─Windows Experience Index ╩ ⇔╕∆   

 ♦☻◒♩♇ⱪ ꜝ♇ⱪ♩♇ⱪ 

ⱪ꜡☿♇◘4.7 4.4 כ 

ⱷ⸗ꜞ (RAM) 4.5 4.8 

◓ꜝⱨ▫♇◒☻ 3.5 3.4 

ⱶכ◕ ◓ꜝⱨ▫♇◒☻ 3.0 3.8 

Ɫ4.0 5.0 ◒☻▫♦♪כ 

○ⱪ◦ꜛfi  

Á ◌ⱷꜝ╩ 1≈─ IEEE-1394Ᵽ☻⌐≈⌂→╢√╘─ IEEE-1394 ⱢⱩ 

Á Windows OS⌐ ⇔√ⱪꜞfi♃כ 

Á LBS-300 , LBS-100№╢™│ ⱶכⱦ◙כ꜠─ ▪♇♥Ⱡכ♃ 

Á USB-TTL Pass/Fail ○ⱪ◦ꜛfi╕√│ SP90060 

─┼◘ⱷꜝ☿fi◌⁸│≢◙כ꜠─≤╪≥╒ ─ ⌐⅛⌂╡─ ⅜ ≤⌂╡╕

∆⅜⁸ ─ │ ⌐╟╡╕∆⁹☻Ⱨꜞ◖fi ≢│ⱦכⱶ ▪♇♥Ⱡכ◦ꜛfi─

√╘─○ⱪ◦ꜛfi╩ ⇔≡⅔╡╕∆⁹ │⅔ ™ ╦∑ↄ∞↕™⁹ 

◌ⱷꜝ  

◌ⱷꜝ ⌐≈™≡│ ─ ╩ ™╕∆⁹ 

Important:  BeamGage╩▬fi☻♩♩כꜟ∆╢ ⌐ ∏ ─Microsoft▪♇ⱪ♦כ

☻ⱦכ◘┘╟⅔♩ Ɽ♇◒╩ ≡▬fi☻♩כꜟ⇔≡⅔™≡ ↕™⁹  
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─ꜟ▪ꜙ♬ⱴ◙כꜚ ™  

 

BeamGage╩ ∆╢ ⌐↓─●▬♪╩ ⱶכⱦ◙כ꜠⁸╖ ⅔╟┘

BeamGage─ ─ ╩ ⇔≡ↄ∞↕™⁹◦☻♥ⱶ─☿♇♩▪♇ⱪ⁸

─ ⅜ ⇔ↄ ⅎ╢╟℮⌐⌂╢≢⇔╞℮⁹  

1   ─☿♇♩▪♇ⱪ ╩ ∆╢ ─ ⅔╟┘ ╩☻ⱶכ☼⌐

⌂℮√╘─ⱡ►Ɫ►╩ ⇔╕∆⁹ 

2   BeamGage ─  ⁸◖fi♩꜡כꜟⱤⱠꜟ⁸ⱷ♬ꜙ⁸כ♄▬▪꜡

◓Ⱳ♇◒☻⌐≈™≡─ ⅔╟┘ ─ ─ ⁸ ╩ ∆╢

√╘─♥◒♬♇◒⌐≈⅝ ⇔╕∆⁹ 

3    ↄהꜟכ♠הⱷ♇☿ה☺כ ♅ꜟⱴה ⌂≥─ ◖fi

ꜟכ꜡♩ ⌐≈™≡ ⇔╕∆⁹ 

4   ⱨ□▬ꜟ⁸ⱨ◊כⱴ♇♩⁸  BeamGage≢ ↕╣╢ⱨ□▬ꜟ ⱨ◊

≡™≈⌐ⱴ♇♩─♃▬ⱪכ ═⁸▪◒☿☻ ╩ ╪∞∕╣╠─ ╡ ™⌐≈™≡

⇔╕∆⁹ 

5 ⱶכⱦ◙כ꜠    ⅔╟┘ ISO ─ ⌐⌂╢ ─ ⌐≈™≡

─ ⅔╟┘ BeamGage⸗♦ꜞfi◓ ─ ╩ ™╕∆⁹ 

6   Ɽכ♥▫◦ꜛfi  Ɽכ♥▫◦ꜛfi BeamGageⱪ꜡ⱨ▼♇◦ꜛ♫ꜟ⌐№╢

Ɽכ♥▫◦ꜛfi ⌐≈™≡ ⇔╕∆⁹ 

7  ◌☻♃ⱶ   ⱪ꜡ⱨ▼♇◦ꜛ♫ꜟ≢ ⌂ BeamGage◌☻♃ⱶ ◘

─Ᵽכ ⌐≈™≡ ⇔╕∆⁹ 

8 fiꜛ◦כⱷ♩כ○   ▬fi♃כⱨ▼כ○ ☻כ♩ⱷכ◦ꜛfi ▬fi♃כⱨ▼כ

☻ ⱪ꜡ⱨ▼♇◦ꜛ♫ꜟ≢ ⌂ BeamGage○כ♩ⱷכ◦ꜛfi ─Ᵽכ◘

⌐≈™≡ ⇔╕∆⁹ 
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1   ─☿♇♩▪♇ⱪ 

│∂╘⌐─☿◒◦ꜛfi╩ ╖  BeamGage─ ╩ ∆╢─⌐ ⌂◖fiⱧꜙכ

♃─ ╩⇔≡ ↕™⁹ ≢ ℮ │ ≢∆  

Á BeamGage╩▬fi☻♩כꜟ∆╢ 

Á ◌ⱷꜝ╩ ∆╢ 

Á BeamGage╩ ∟ →╢ 

Á ◌ⱷꜝ⌐ ╦∑≡ BeamGage ╩ ∆╢ 

Á ♦כ♃╩ ╢   

1.1 BeamGage ─▬fi☻♩כꜟ 

Important: ◖fiⱧꜙכ♃┼─◌ⱷꜝ─ │ BeamGage ╩▬fi☻♩כꜟ⇔≡⅛╠ ∫≡

↕™⁹ 

♁ⱨ♩►▼▪─▬fi☻♩כꜟ  

☻Ⱨꜞ◖fi  ⅛╠ ↕╣╢ CD⅛╠♁ⱨ♩►▼▪╩▬fi☻♩כꜟ∆╢⌐│ ╡─

⅜№╡⁸ │Windows 7─ OS ≢ ↕╣≡™╕∆⁹▬fi☻♩כꜟ│ ─ ≢

⌂℮ ⅜№╡╕∆⁹ 

☻Ⱨꜞ◖fi ≢│ Windows XP ╕√│ Vista≢─ ⌐≈™≡│ ⇔≡™╕∑╪⁹ 

1. Ɽ♁◖fi⅜○כ♩ⱪ꜠▬─ ⌐⌂∫≡™╢ ─  

a. CD╩ CD-ROM ♪ꜝ▬Ⱪ⌐ ⇔⁸♁ⱨ♩►▼▪ ▬fi☻♩כꜟ ⅜

ↄ─╩ ∟╕∆⁹ 

b. ▬fi☻♩כꜟ Ⱳ♃fi╩◒ꜞ♇◒⇔╕∆⁹ 

c. ─ ⌐ ∫≡ ╩ ↑╕∆⁹ 

Note: Certain Drivers are required when installing BeamGage, and the 
installation of these drivers may be interrupted by StarLab. Refer to the 
Ophir -Spiricon Driver Manager User Guide for details.   

 

2. Ɽ♁◖fi⌐○כ♩ⱪ꜠▬ ⅜⌂™ ─  

a. CD╩ CD-ROM ♪ꜝ▬Ⱪ⌐ ⇔⁸◄◒☻ⱪ꜡כꜝ╩ ⅝╕∆⁹ 

b. “My Computer” ≢☻Ⱨꜞ◖fi CD⅜ ∫≡™╢ CD-ROM╩ ◒ꜞ♇◒⇔⁸

╩ⱪ꜠▬○ⱪ◦ꜛfi♩כ○ ⇔╕∆⁹♁ⱨ♩►▼▪ ▬fi☻♩כꜟ

⅜ ⅝╕∆⁹ 

c. ▬fi☻♩כꜟ Ⱳ♃fi╩◒ꜞ♇◒⇔╕∆⁹ 

d. ─ ⌐ ∫≡ ╩ ↑╕∆⁹ 

1.2 ◌ⱷꜝ─  

Important: ◌ⱷꜝ⌐╟∫≡│ ⅜ ⇔™╙─⅜№╡╕∆⁹BeamGage ≤≤╙⌐ ⇔

√◌ⱷꜝ⅜∕─╟℮⌂╙─≢№╢ │⁸ ⌐ꜝⱷ◌⅜♩כⱡ◙כꜚ⌂

⇔≡™╕∆⁹ ∏ ↕╣√ ⌐ ∫≡ ↕™⁹ 

─ FireWire⁸USB╕√│ Cat6 ◔כⱩꜟ╩ ™≡⁸◌ⱷꜝ╩ PC─ FireWire⁸USB╕

√│ Gig-E ▬כ◘כⱠ♇♩ⱳכ♩⌐ ⇔≡ ↕™⁹↓↓≢│ ∆╢◌ⱷꜝ│ 1 ≤⇔╕

∆⁹Pyrocam⁸ Xeva⁸ Gig-E⁸ L11059⌂≥─◌ⱷꜝ│ ╩ ≤⇔╕∆⁹◌ⱷꜝ

╩ ─ AC▪♄ⱪ♃ ≢ AC ⌐ ⇔╕∆⁹ 
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Important: BeamGage ≢ ∆╢◌ⱷꜝ⌐│ꜝ▬☿fi☻⅜ ≢№╡⁸☻Ⱨꜞ◖fi

≤ ⌐ ↕╣╢◌ⱷꜝ─╖⅜ BeamGage⌐ ⅎ╕∆⁹ ⌐ ☻Ⱨ

ꜞ◖fi ⅛╠ ↕╣√ FireWire ≤ USB ◌ⱷꜝ⌐│ BeamGage≢ ℮√

╘─ꜝ▬☿fi☻ ⅜ ≢∆⁹ⱨ꜠כⱶ ◓ꜝⱣ ◌ⱷꜝ│BeamGage

⌐│ ⅎ╕∑╪⁹ 

1.3 BeamGage─ ∟ →  

BeamGage ╩ ∟ →╢⌐│⁸ Windows ─♃☻◒Ᵽכ≢ Start > All Programs > 

BeamGage (edition)≤ ╖╕∆⁹ 

Important: ─ ╩ ╘╢ ⌐♪▬●◙כꜚ─↓⁸⌐ ╩ ⇔⁸BeamGage ─ ™

⅔╟┘ ⌐ ╣≡ↄ∞↕™⁹↓─ꜚ⁸│♪▬●◙כPDFⱨ□▬ꜟ≤⇔≡

▬fi☻♩כꜟ ♦▫☻◒⅔╟┘○ⱨ▫כꜟ☺ꜗⱤfi─ web ◘▬♩⅛╠╙ ≢

⅝╕∆  http://www.ophiropt.com/main/homepage 

1.4 ◌ⱷꜝ─☿♇♩▪♇ⱪ 

◌ⱷꜝ⅜ PC⌐ ↕╣≡™╣┌ BeamGage │ ⌐◌ⱷꜝ╩ ⇔⁸ ╩ ⇔╕

∆⁹♦ⱨ◊ꜟ♩─ ⅜ ╖ ╕╣⁸◌ⱷꜝ ⅜♃כ♦ 2D ⌐ ╣╕∆⁹  

♦ⱨ◊ꜟ♩ │ CW ꜠כ◙╩ ⇔≡™╕∆⅜⁸◌ⱷꜝ⅜ ⅜♃כ♦╣↕ ╠╣╢↓≤

─ ≤⇔≡ↄ∞↕™⁹◌ⱷꜝ⌐ ⅜ ╢≤ 2D ⌐│∕─ ⅜ ╣╕∆⁹ 

ꜝⱲfi♃Ⱪ╩◒ꜞ♇◒⇔⁸◌ⱷꜞ☻כ♁ ◖fi♩꜡כꜟ╩ ⇔╕∆⁹  

ⱳכ☼ Ⱳ♃fi Ⱳ♃fi  ⌐╟╡⁸♩כ♃☻┘╟⅔  ─ ה ╩◖fi♩꜡כꜟ⇔

╕∆⁹ 

☻Ⱨꜞ◖fi ⅛╠ꜝ▬☿fi☻ ↕╣√◌ⱷꜝ╩ ⇔⌂™ │ 1.2 ⌐ ∫≡◌ⱷꜝ╩

ꜟ◌כ꜡⁸⇔ ♦▫♥◒♃Ⱳ♃fi╩◒ꜞ♇◒⇔╕∆⁹◌ⱷꜝ⌐ BeamGage─ꜝ▬☿fi

☻⅜ ↕╣≡™╣┌⁸⸗♦ꜟ ≤◦ꜞ▪ꜟ ⅜♪꜡♇ⱪ♄►fiꜞ☻♩⌐ ↕╣╕∆─

≢⁸◌ⱷꜝ╩ ⇔≡ BeamGage ⌐ ↕∑╕∆⁹◌ⱷꜝ ◖fi♩꜡כꜟ⅜ꜞⱲfiⱣכ⌐

↕╣⁸ ≤⌂╡╕∆⁹ 

:  ꜝ▬☿fi☻ ⅜⌂↕╣≡™⌂™◌ⱷꜝ⅜ ↕╣√ │◌ⱷꜝ ◖fi♩꜡כꜟ│

↕╣╕∑╪ ╦╡⌐ꜝ▬☿fi☻ ◄fi♩ꜞכⱲ♇◒☻⅜ ╣╕∆⁹ LBA ╕√│

BeamStar ♁ⱨ♩►▼▪⅛╠▪♇ⱪ◓꜠כ♪∆╢ │⁸◌ⱷꜝ╩ BeamGage≢ ∆╢

√╘─ꜝ▬☿fi☻◐כ⅜ ↕╣╕∆⁹ ∕╣╩ꜝ▬☿fi☻◐כ ⱤⱠꜟ⌐ ⇔⁸ ─

⌐ ∫≡ ↕™⁹ 

↓─ ≢⁸ ↕╣√◌ⱷꜝ─◌ⱷꜝ ◖fi♩꜡כꜟ╛ ⅜ ≢⅝╕∆⁹ ↄ─◌ⱷ

ꜝ⌐│ ⇔√ ⅜ ₁№╡╕∆⅜⁸◌ⱷꜝ⌐╟∫≡│ ─  ╩ ∟╕∆⁹ 

1.5  
1. … ≢∆⁹BeamGage─ ≢ ⌐ ℮ │ꜞⱲfiⱣכ⌐ ↕╣

╕∆⅜⁸∕╣ ─ ↄ─ │ ↕╣╕∑╪⁹ ⌐ ≢⅝╢╟℮⌐ ↕

╣≡™╕∆⁹  

2. … ╟╡ ⌂ ╩ ™╕∆⁹ ╟╡ ╪∞ ⅜ ╩◙כꜚ⌂

≤⇔≡™╕∆⁹ 

3. … ≡─ ╩◌Ᵽ⁹∆╕⇔כ ≡─ BeamGage ─ ╩ ⅎ≡™╢ꜚכ

◙╩ ≤⇔≡™╕∆⁹  

http://www.ophiropt.com/main/homepage
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BeamGage ⅜▬fi☻♩כꜟ↕╣╢≤♪◐ꜙⱷfi♩ⱨ◊ꜟ♄⌐ ↄ─ⱨ◊ꜟ♄⅜ ↕╣╕

∆⅜⁸∕╣╠ ─☿♇♩▪♇ⱪ ⱨ□▬ꜟ─ ╖ ╖│ ─ ≢ ™╕∆  

1. ⱨ□▬ꜟ▪◒☿☻Ⱳ♃fi  ╩◒ꜞ♇◒⇔╕∆ 

2. ╖╩◒ꜞ♇◒⇔╕∆ 

3. ⱨ□▬ꜟ│ Documents\BeamGage\Setups\ folder⌐ ╣╕∆ 

4. ⌐ ≤ ╦╣╢☿♇♩▪♇ⱪ ⱨ□▬ꜟ╩ ⇔╕∆ 

:  BeamGage⌐ ⇔≡™╢ ≡─ ─☿♇♩▪♇ⱪ ⱨ□▬ꜟ│ ⅝ ╖ ≤⌂

∫≡™╕∆⁹ⱨ□▬ꜟ │♥▫ꜟ♪(~)≢ ╕╡╕∆⁹ 

☿♇♩▪♇ⱪ ⱨ□▬ꜟ⅜ ⅝⁸BeamGage │◌ⱷꜝ╩ ⇔≡ ╩ ⇔╕∆⁹ 

╩ ╘╢ ⌐⁸ ⌂▪♇♥Ⱡכ♃╩◌ⱷꜝ≤꜠כ◙─ ⌐ ⅝⁸◌ⱷꜝ≤꜠כ◙ⱦכ

ⱶ─▪ꜝ▬ⱷfi♩╩ ™╕∆⁹  

☻Ⱨꜞ◖fi ⅛╠ ↕╣╢╒≤╪≥─◌ⱷꜝ⌐│⁸5 W ─◙כ꜠─≢╕ ⅜≢⅝╢

NDⱨ▫ꜟ♃─ ☿♇♩⅜ ⇔≡™╕∆⁹↓╣ ─ ꜠ⱬꜟ─꜠כ◙─ ⁸↕╠

⌐▪♇♥Ⱡכ♃╩ ⇔◌ⱷꜝ─ ╩ ← ⅜№╡╕∆⁹ 

Warning:  ⅜ ↕™≤ ⅎ╠╣╢꜠⁸╙≡∫№≢◙כ∕─Ɽ꞉כ№╢™│◄

Ⱡꜟ◑≢◌ⱷꜝ│ ⌐ ╩ ↑╢ ⅜№╡╕∆⁹◌ⱷꜝ─ ⌐ ∆

╢ ╩ ⇔⁸∕╣╩ ⅎ⌂™╟℮⌐ ∆╢ ⅜№╡╕∆⁹◌ⱷꜝ─

⌐│ ╙ ╙⅛⅛╡╕∆⁹ 

1.5.1  CW ꜠כ◙─☿♇♩▪♇ⱪ 

CW ꜠כ◙ ─ ⁸…CW… ♃▬ⱪ─ ☿♇♩▪♇ⱪ ⱨ□▬ꜟ╩ ┘╕∆⁹↓

╣│ ╙ ⌂╙─≢⁸ ™⅜ ⌂ He-Ne꜠כ◙╩ ∫≡ BeamGage ⌐ ╣╢

─⌐╙ ≢∆⁹ 

─◙כꜚ─≡╘ ⁸ ╣╢√╘─ ⌐ ─ HeNe ⅛♄▬○כ♪ ╩ ◙כ꜠

℮≤╟™≢⇔╞℮⁹ 

Ɽꜟ☻꜠כ◙─ ╡⌂⅛╡╟♩כ꜠ⱶכ꜠ⱷꜝ─ⱨ◌⅜♩כ꜠⇔ ™ ⁸◌ⱷꜝ

⌐≤∫≡│ CW ≤ ─ ≤⌂╡╕∆─≢⁸CW☿♇♩▪♇ⱪ╩ ∆╢─⅜

╟™≢⇔╞℮⁹   

Ɽꜟ☻꜠כ◙─ ⅜♩כ꜠⇔ ™⅛⁸ Ɽꜟ☻╩Ɽכ♥▫◦ꜛfi∆╢ ⅜№╢

│ ⌐ ═╢Ɽꜟ☻꜠כ◙─☿♇♩▪♇ⱪ╩ ⇔≡ↄ∞↕™⁹ 

1.5.2  Ɽꜟ☻꜠כ◙─☿♇♩▪♇ⱪ 

Ɽꜟ☻꜠כ◙ ─ ⁸…Ɽꜟ☻…♃▬ⱪ─ ☿♇♩▪♇ⱪ ⱨ□▬ꜟ╩ ┘╕

∆⁹ ≡─Ɽꜟ☻☿♇♩▪♇ⱪ ⱨ□▬ꜟ│ⱦ♦○♩ꜞ●  ◐ꜗⱪ♅ꜗ⸗כ♪╩ ⇔

≡™╕∆⁹↓╣│ ╩ ⌐♩כ꜠☻ꜟⱤ─◙כ꜠⌐ ↕∑╢√╘─ ⌂

≢⁸◌ⱷꜝ⅛╠꜠כ◙Ɽꜟ☻╩ ⅜ⱶכ꜠ⱨ♃כ♦╗ ↕╣╢√┘⌐ BeamGage

⌐□ⱶ╩Ᵽ♇ⱨכ꜠ⱨ♃כ♦│ ⇔╕∆⁹ 

ⱦ♦○♩ꜞ●⸗⁸│≢♪כ ⌐Ɽꜟ☻ ⅜ⱨ꜠כⱶ ⌐ ⇔≡ ⅝™ ⁸

─ │ ╠╣╕∑╪⁹ ⌐╟∫≡│⁸ⱨ꜠כⱶ⅜ ╪∞╡⁸ ─

╟╡ ↄ⌂∫√╡∆╢↓≤╙№╡╕∆⁹↓─╟℮⌂ⱨ꜠כⱶ│ ⇔≡ↄ∞↕™⁹ 

─♃כ♦ ╩ ♪כ⸗●ꜞ♩ꜝⱷ◌╠⅛♪כ⸗●ꜞ♩○♦ⱦ╩♪כ⸗⁸│⌐╢→

⌐ ⅎ╕∆⁹BeamGage≢ ™╠╣╢╒≤╪≥─◌ⱷꜝ≢│◌ⱷꜝ─ ♩ꜞ●⅜

◘ⱳ⁹∆╕™≡╣↕♩כ☻Ⱨꜞ◖fi ⅛╠ ↕╣╢ ≡─◌ⱷꜝ⌐│ ♩ꜞ●
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⅜ꜟⱩכ◔─ ⇔≡™╕∆⁹◌ⱷꜝ─♩ꜞ●⸗כ♪ ●ꜞ♩─Ⱳfiꜞ☻כ♁│

ⱤⱠꜟ≢ ⅎ╕∆⁹ ≡─◌ⱷꜝ│ TTL ╛ CMOS ─ ≢♩ꜞ●≢⅝╕

∆⁹ 

Caution:  ⌐ DC5V ─ ╩ FireWire ╛ USB ♃▬ⱪ─◌ⱷꜝ─

♩ꜞ●⌐ ⅎ⌂™≢ↄ∞↕™⁹◌ⱷꜝ ─ ≤⌂╡╕∆⁹ 

1.6 ☿♇♩▪♇ⱪ─  

≢─ ─√╘⌐☿♇♩▪♇ⱪ╩ ≢⅝╕∆⁹ⱨ□▬ꜟ▪◒☿☻Ⱳ♃fi╩◒ꜞ♇◒

⇔ ≢ …╩ ⇔╕∆⁹☿♇♩▪♇ⱪ ⱨ□▬ꜟ─ √⌂ ╩ ⇔⁸ ╩◒

ꜞ♇◒⇔╕∆⁹ 

⌐ ↕╣╢⅛ ⅛╣√☿♇♩▪♇ⱪ⅜ ↕╣⁸ ─ BeamGage → ─

⇔™♦ⱨ◊ꜟ♩≤⌂╡╕∆⁹⌂⅔⁸↓─ “ ⌐ ╦╣√”№╢™│ “ ⌐ ↕╣√”≤

™℮ ◙כꜚ│ ─╙─≢∆⁹≈╕╡⁸ ⌐ ╦╣√⅛ ↕╣√ⱨ□▬ꜟ│∕╣

╩ ⱨ◊ꜟ♩≤⌂╡╕∆⅜⁸♦─◙כꜚ√⇔ │⌐◙כꜚ─ ─♦ⱨ◊ꜟ♩ⱨ□▬ꜟ⅜

↕╣╕∆⁹ 

:  BeamGage⅜ ∂╠╣╢√┘⌐☿♇♩▪♇ⱪ─ ⅜ ↕╣⁸ ⇔™☿♇♩▪♇

ⱪ⅜ ↕╣╕∆⁹  

▬fi☻♩כꜟ⅜ ╦╣╢≤⁸BeamGage │ 2≈─ⱨ◊ꜟ♄╩▬fi☻♩כꜚ─ꜝכ◙ ▪◌►

fi♩⌐ ⇔╕∆  

C:\Users\<user_name>\Documents\BeamGage\Data       
C:\Users\<user_name>\Documents\BeamGage\Setup 

─♩ꜟ◊ⱨ♦─♩כⱨ□▬ꜟ⁸꜠ⱳ◓꜡⁸♃כ♦ │..\Data folder≢∆⁹ 

☿♇♩▪♇ⱪⱨ□▬ꜟ─♦ⱨ◊ꜟ♩─ │..\Setup folder≢∆⁹ 
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2   BeamGage ─  

 

↓─ ≢│ ₁─ ╛►▫fi♪►≤ ⌐⁸ꜞⱲfiⱤⱠꜟ⅔╟┘ ₁⌂►▫fi♪► ≢─

◖fi♩꜡כꜟ ⌐≈™≡ ⇔╕∆⁹ 

2.1  ♃▬♩ꜟⱣכ─  
○ⱨ▫כꜟ-☻Ⱨꜞ◖fi, LLC (☻Ⱨꜞ◖fi) ─ BeamGage │⁸Microsoft  2007 Office ≢

™╠╣√ ─ꜞⱲfi ◖fi♩꜡כꜟ ╩ⱨכ♅⸗ ⇔≡™╕∆⁹↓─ ⇔™ⱨ◊כⱴ♇♩

│⁸╟╡ ⌐◖fi♩꜡כꜟ ⌐▪◒☿☻≢⅝╢╟℮⌐⁸╕√◖fi♩꜡כꜟ ╩ ⇔

≡ ╩╟╡ ≢⅝╢╟℮⌐ ↕╣√╙─≢∆⁹↓↓≢│ BeamGage≢

⌂ ₁─◖fi♩꜡כꜟ ⌐≈™≡ ═╕∆⅜⁸ ⌐ ⌂ ⌐≈™≡ ⇔╕∆⁹  

♃▬♩ꜟⱣכ ⌐№╢↓─Ᵽכ⌐│ ⅛╠ ┼ ⅜ ╕╣≡™╕∆   

¶ ⱨ□▬ꜟ▪◒☿☻Ⱳ♃fi   

¶ ◒▬♇◒▪◒☿☻    כⱣꜟכ♠

3≈─Ⱳ♃fi─ ⅛╠  

o ─☻♃כ♩/☻♩♇ⱪ ╕√│  

o ►ꜟ♩ꜝ◐ꜗꜟ─  

o ○כ♩▪Ɽ♅ꜗ─ /   

¶ ♁ⱨ♩►▼▪─ ≤Ᵽכ☺ꜛfi   

¶ ↕╣√ ꜟ▪ꜞ◦≥ꜟ♦⸗ ,☻כ♁    

¶ ⌐ ⅛╣√⅛ ↕╣√☿♇♩▪♇ⱪ ⱨ□▬ꜟ

 
¶ ►▫fi♪►─ ה ☼כ꜡◒ה Ⱳ♃fi 

 

ꜞⱲfi♃Ⱪ    

 ↓─Ᵽכ│ ─ⱷ♬ꜙכⱣכ─╟℮⌐ ⅎ╕∆⅜⁸↓╣│ ▪◒☿☻⇔≡™╢ꜞⱲ

fi ◖fi♩꜡כꜟ╩ ⇔≡™╕∆⁹ⱷ♬ꜙכ ─™∏╣⅛╩♄Ⱪꜟ◒ꜞ♇◒∆╢↓≤

≢ꜞⱲfiⱣכ─ / ⅜ ╡ ⅎ╠╣╕∆⁹◦fi◓ꜟ◒ꜞ♇◒∆╢≤ ∂╠╣√ꜞ

ⱲfiⱣכ╩ ⌐ ⅝⁸ ≈─ ─ ⅜ ≤⌂╡╕∆⁹ 

 

ꜞⱲfiⱣכ   

↓─ ≢│ ↕╣√ⱷ♬ꜙכ ≢ ⌂◖fi♩꜡כꜟⱤⱠꜟ ○ⱪ◦ꜛfi╩

↕╣╕∆⁹↓╣╠─ⱤⱠꜟ⌐│⁸╟ↄ ╦╣╢ ▪▬♥ⱶ⅜ ╕╣≡™╕∆⁹ 

ⱤⱠꜟ ⱤⱠꜟ⌐│ ─Windows Ⱳ♃fi⁸♪꜡♇ⱪ♄►fiꜞ☻♩⁸ ⌂≥⅜

╕╣≡™╕∆⁹™ↄ≈⅛─ⱤⱠꜟ─ ⌐│ ↕⌂ Ⱳ♃fi⅜№╡⁸◒ꜞ♇◒∆╢≤

─ ™ ─ ⅜ ↕╣╕∆⁹♃♇♅ ⅜╒≤╪≥─ ≢ ⅎ╕∆⁹ 

◄ꜞ▪ │⁸ⱷ▬fi ◄ꜞ▪ ≢♪♇◒↕╣╢ ₁⌂ ╩ ↕∑╢

↓≤⅜≢⅝╕∆⁹ ⅜◙כꜚ⁸│ ∆╢ ₁⌂ⱨ◊כⱴ♇♩≢♪♇◒≢⅝╕∆⁹

│⁸ⱷ▬fi ⅛╠ ⇔♦☻◒♩♇ⱪ ─ ─ ⌐ ↑╕∆⁹ⱨ꜡כ♥▫fi◓
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│ BeamGage ≢│ ⌐ ⌐ ╣╕∆⅜⁸ ─▪ⱪꜞ◔כ◦ꜛfi♁ⱨ♩ ≢│

∆↓≤⅜≢⅝╕∆⁹ 

Important: ⱨ꜡כ♥▫fi◓ │Windows ♃☻◒Ᵽכ⌐│ ↕╣╕∑╪─≢⁸ ↄ

─▪ⱪꜞ◔כ◦ꜛfi⅜ ™≡™╢ ⁸ ℮↓≤⅜№╡╕∆⁹ ⇔≡ ∫

≡ ↕™⁹ 

כⱣ☻♃כ♥☻  BeamGage─ ⌐№╢↓─Ᵽכ⌐│ ─ ה ╩ ∆▪

▬♥ⱶ⅜ ╕╣╕∆⁹∕╣╠─ ⌐≈™≡│⁸↓─ ─ ≢ ⇔╕∆⁹ 

Ⱬꜟⱪ   ⌐╟╡ ─ ⅜ ╠╣╕∆⁹Ⱬꜟⱪ   Ⱳ♃fi╩◒ꜞ♇◒⇔⁸

BeamGage─ ╩ ⅜♪▬●◙כꜚ⁸≥╢∆ ⅝ ⇔√ ─ ⅜ ↕╣╕

∆⁹ 

2.1.1  Default PDF Viewer 

There are many different programs that allow viewing a PDF. Adobe itself has several of 
these products (Adobe Reader, Adobe Acrobat, etc.). The BeamGage Whatôs This links 
work best if Adobe Reader is your default PDF viewer. If Adobe Reader is not your default 
viewer, follow these steps to change it.  

1. Navigate to Start -> Default Programs -> Associate a file type or 
protocol with a program  

 
2. Find and select the line that has the .pdf  extension. 

 
3. Click on the Change programé button.  
4. Select Adobe Reader  and click OK. 
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2.1.2 Adobe Reader XI ─ ⌐≈™≡ 

Ⱬꜟⱪ ⅜ ─ Adobe Reader XI≢ ⌐ ⇔⌂™ ⅜№╡╕∆⁹↓╣│

Adobe Reader XI⌐ √⌐ ↕╣√☿◐ꜙꜞ♥▫ ⌐╟╢╙─≢⁸↓─ │

╙ ↄ≤ ╦╣╕∆⁹Ⱬꜟⱪ ╩ ⌐ ↕∑╢√╘⌐│ Adobe Reader 9⌐

∆⅛ Adobe Reader XI≢ ─ ╩ ℮↓≤⅜ ≢∆  

1. Adobe Reader XI╩ ∟ →╢ 

2. ⱷ♬ꜙכⱣכ≢ Edit/ ╩◒ꜞ♇◒∆╢ 

3. Preferences…/ⱪꜞⱨ□꜠fi☻╩◒ꜞ♇◒∆╢ 

4. ꜞ☻♩⅛╠ Security (Enhanced)/☺▼Ⱡꜝꜟ╩◒ꜞ♇◒∆╢ 

5. Enable Protected Mode at startup/ ⌐ ╩◒♇▼♅─╢∆≥♪כ⸗

│∏⇔⁸Yes╩ ∆ 

6. OK ╩◒ꜞ♇◒∆╢ 

 Ⱳfi≤ⱤⱠꜟ○ⱪ◦ꜛfiꜞ☻כ♁ 2.2

ⱤⱠꜟ│⁸☻כ♁ ─▪ⱪꜞ◔כ◦ꜛfi≢ ∆╢ ♃▬ⱪ╩ ⇔╕∆⁹4

≈─ ♃▬ⱪ⅜№╡╕∆⅜⁸BeamGage─Ᵽכ☺ꜛfi⌐╟╡ ⅎ⌂™♃▬ⱪ ⅜

╩☻כ♁⁹∆╕∂ ∆╢≤ⱤⱠꜟ│ ∆╢ ╩ ╗╟℮⌐ ↕╣╕∆⁹ 

 

 

ꜟכ♠ ↓─ⱤⱠꜟ│ ≡─ꜞⱲfi⌐ ≢∆⁹∕↓≢│ ≤ⱤⱠꜟ─▪▬♥ⱶ─

/ ╩ ⇔╕∆⁹  
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ꜟ◌כ꜡ ♦▫♥◒♃ ↓╣╩◒ꜞ♇◒∆╢≤ USB ◌ⱷꜝ⁸FireWire ◌ⱷꜝ⁸Gig-E ◌ⱷ

ꜝ ⁸Ɽ▬꜡◌ⱶ⌂≥ ⌂ ♦Ᵽ▬☻─ꜞ☻♩⅜♪꜡♇ⱪ♄►fi≢ ↕╣╕∆⁹  

↕╣╢─│ ↕╣≡™╢ PC─▬fi♃כⱨ▼כ☻⌐ ⇔≡™╢╙─∞↑≢∆⁹ 

ⱨ□▬ꜟ◖fi♁כꜟ ↕╣√ⱨ꜠כⱶ─♦כ♃ⱨ□▬ꜟ╩↓↓⅛╠ ↕∑╢↓≤

☻כ♁╢∑↕ ⁹∆╕⅝≢⅜ ⱨ□▬ꜟ≤ⱨ꜠כⱶ ╩ ⇔≡ ↕™⁹ⱨ꜠כⱶ ⁸

◖fiⱲꜞꜙכ◦ꜛfi⌂≥─ ⇔™ ╙ ↕╣╕∆⁹↓╣│ BeamGage─╒≤╪

≥─Ᵽכ☺ꜛfi≢ ≢⅝╢ ≢∆⁹ 
 

ⱦכⱶⱷכ◌®
◙כꜚ│╣↓  ⌐╟╢ ⌂ⱦכⱶ╩ ∆╢╙─≢∆⁹↓─

⌐╟╡⁸ⱦכⱶ─ ╛ BeamGage─ ▪ꜟ◗ꜞ☼ⱶ╛◌☻♃ⱶ ╩ ◙כꜚ╗

▪ꜟ◗ꜞ☼ⱶ─ ╩ ℮↓≤⅜≢⅝╕∆⁹ 

ⱬכ☻ꜝ▬fi ○ⱨ☿♇♩⁸S/N ⁸▪Ɽ♅ꜗ ─≤⌂♪כ⸗ ⁸ ⅜⸗♦ꜟ ↕

╣╕∆─≢⁸ ₁⌂ ⌐ ∆╢ ISO ─ ⅜ ⅎ╕∆⁹↓╣│ BeamGage─

╒≤╪≥─Ᵽכ☺ꜛfi≢ ≢⅝╢ ≢∆⁹ 

ꜟ◌כ꜡  2.2.1 ♦▫♥◒♃   

↓─Ⱳ♃fi╩◒ꜞ♇◒∆╢≤ ⌂ ♦Ᵽ▬☻⁸∆⌂╦∟ PC┼ ∆╢◌ⱷ

ꜝ⁸─ꜞ☻♩⅜⸗♦ꜟ≤◦ꜞ▪ꜟ ≢ ↕╣╕∆⁹ ∆╢◌ⱷꜝ╩◒ꜞ♇◒⇔

╕∆⁹BeamGage⅜ ∟ ⅜╢≤⁸◌ⱷꜝ│ ⌐≡ ↕╣╕∆   

1. ─☿♇♩▪♇ⱪ ⱨ□▬ꜟ≢◌ⱷꜝ⸗♦ꜟ≤◦ꜞ▪ꜟ ╩

⇔╕∆⁹ 

2. ◌ⱷꜝ⅜ ≈⅛╠⌂™ ⁸ ⌂ ─◌ⱷꜝ╩ ⇔╕∆⁹ 

3. ─ ─◌ⱷꜝ⅜ ↕╣≡™╢ ꜞ☻♩⅜ ↕╣⁸≥╣⅛ 1≈─

⅜ ↕╣╕∆⁹ 

4. ⌂◌ⱷꜝ⅜ ↕╣⌂™ ⁸ ∟ ⅜╡╕∆⁹ 

◌ⱷꜝ⅜ ─ꜟⱤⱠ ☻כ♁≥╢╣↕ │⁸ ↕╣√◌ⱷꜝ≢ ⌂◖fi♩

ꜟכ꜡ ─ ⌐ ╦╡╕∆⁹╕√ BeamGage≢ ∆╢ ─ ─◖fi♩꜡כ

ꜟ ╙ ╕╣╕∆⁹  

─☿◒◦ꜛfi≢│ ─◖fi♩꜡כꜟ ≤◌ⱷꜝ⌐ ∆╢◖fi♩꜡כꜟ ⌐≈

™≡ ⇔╕∆⁹ 

2.2.2  ◌ⱷꜝ♁כ☻≤◖fi♩꜡כꜟ  

↓─☿◒◦ꜛfi≢│⁸◌ⱷꜝ⅜♁כ☻≤⇔≡ ↕╣√  ⌐ ⌐╟ↄ ╦╣╢◖

fi♩꜡כꜟ ─ ™ ╩ ⇔╕∆⁹∕╣∙╣─◌ⱷꜝ⌐│ ─ ⅜№╡

⌐ ⌐╦√╢─≢⁸∕╣╠╩ ≡ ∆╢─│ ≢∆⁹↓↓≢│ ╙╟ↄ ╦

╣╢ ⌐≈™≡ ═╕∆⁹  

 

Important: ◌ⱷꜝ─ ⌂◖fi♩꜡כꜟ ─♪▬●◙כꜚ─↓⁸│≡™≈⌐ ⌐№╢

╩ ⇔≡ↄ∞↕™⁹ 
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2.2.2.1  Ɽ꞉כⱷכ♃     

BeamGage≢ ╘≡ ↕╣√ │⁸ ↕╣√○ⱨ▫כꜟ  Ɽ꞉כ/◄Ⱡꜟ◑

ⱷכ♃╩ ⱶכⱦ◙כ꜠ ⌐ ⅎ╢╟℮⌐∆╢╙─≢∆⁹↓─ │ꜞ▪ꜟ

♃▬ⱶ≢Ɽ꞉כ/◄Ⱡꜟ◑ ╩○ⱨ▫כꜟ  ⱷכ♃─ USBⱳכ♩⅛╠ ⇔⁸

∕╣╠─ ╩ BeamGage─Ɽ꞉כ/◄Ⱡꜟ◑ ▪▬♥ⱶ⌐ ╡╕∆⁹↓╣⌐╟

╡ Ɽ꞉כ/◄Ⱡꜟ◑ ─ │ NIST ─Ɽ꞉כ/◄Ⱡꜟ◑ⱷכ♃Ⱬ♇♪≤

≤⌂╡╕∆⁹↓─ ⌐╟╡⁸☿♇♩▪♇ⱪ╩ ∆╢√┘⌐ BeamGage 

╩ⱴ♬ꜙ▪ꜟ≢ ∆╢ │⌂ↄ⌂╡╕∆⁹ 

1 ╕√│∕╣ ─ ○ⱨ▫כꜟ Ɽ꞉כⱷכ♃⅜ USB ꜟ◌כ꜡≢ PC⌐

↕╣╢≤⁸Ɽ꞉כⱷכ♃ ♪꜡♇ⱪ♄►fi ≢ ─╟℮⌐ⱷכ♃─ID⅜

↕╣╕∆⁹BeamGage≢ ℮○ⱨ▫כꜟ ╩ ⇔╕∆⁹ 

 

ⱷכ♃⅜ⱴꜟ♅Ⱬ♇♪ Ɽꜟ◘כ ꜝ▬fi⌂≥ ≢№╣┌⁸♅ꜗfiⱠꜟ ♪

꜡♇ⱪ♄►fi ◖fi♩꜡כꜟ⅜▪◒♥▫Ⱪ≤⌂╡⁸ ⌂Ⱬ♇♪ ─1 ⅛╠

─ ╩ ⅜≢⅝╕∆⁹ 

○ⱨ▫כꜟ Ɽ꞉כ/◄Ⱡꜟ◑ⱷכ♃⅜↓─ⱤⱠꜟ≢ ↕╣╢≤ BeamGage≢

─Ɽ꞉כ─ ╖│ꜞ▪ꜟ♃▬ⱶ≢ⱷכ♃⅛╠─ ╖─ ≤ ⌐ ⇔╕∆⁹

│↓╣╠─ │ⱴ♬ꜙ▪ꜟ≢ ↕╣√ ╩ ⅝⇔╕∆⁹ 

 ⌐ⱦכⱶ◘fiⱪꜝ/▪♇♥Ⱡכ♃⅜№╢ ⁸○ⱨ

─╠⅛♃כⱷꜟכ▫ ⅜ ⇔ↄ☻◔כꜞfi◓↕╣⌂™ ⅜№╡╕∆⁹ ⅜

─Ɽ꞉כ/◄Ⱡꜟ◑╩ ⇔ↄ ∆╢╟℮⌐⁸↓─◖fi♩꜡כꜟ כ◔☻≢

ꜟⱨ□◒♃╛ⱦכⱶ◘fiⱪꜟ ╩ ∆╢ ⌐♃◒□ⱨꜟכ◔☻⁹∆╕╡№⅜

ↄ⌐│ ─ ╩⁸ⱦכⱶ◘fiⱪꜟ ⌐ ↄ⌐│ ─ ╩ ™

│♃◒□ⱨꜟכ◔☻⁹∆╕ 1000.000 ⅛╠ 1.0000╕≢─ ≢∆⁹ⱦכⱶ◘fiⱪ

ꜟ │ 0.1% ⅛╠ │♃◒□ⱨꜟכ◔☻⁹∆≢ 100% StarLab 2.01─ ≤ ≢

∆ ⁹ⱦכⱶ◘fiⱪꜟ │ Nova II ╛ Vega─ ≤ ≢∆⁹ 

 Nova II≢─◘fiⱪꜟ ⅜ 5% ─ ⁸ⱦכⱶ◘fiⱪꜟ ╩ 5%≤ ⇔╕∆⁹

StarLab ≢─☻◔כꜟⱨ□◒♃⅜ 20─ ⁸BeamGage≢─☻◔כꜟⱨ□◒♃╩

20.000 ≤ ⇔╕∆⁹  
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   BeamGage     StarLab  2.0x  
 

BeamGage gives you the option to change the wavelength setting. Select the 
icon at the bottom right of the power meter panel to alter the settings.  
 

   
 

Note: Selected settings are automatically set to the Auto Intensity sensitivity 
range.  

   BeamGage         StarLab 2.0x 

       ♃כ♦  2.2.2.2

↓─ │◒▬♇◒▪◒☿☻ ╢╟⌐⁸BeamGage⅜∆╕╡№╙⌐כⱣꜟכ♠

≢ꜟ▪ꜙ♬ⱪ╩ⱴ♇♩☻ ≥ ♩כ♃☻─ ℮╙─≢∆⁹Ⱳ♃fi─ⱳⱧꜙꜝכ⌂♦

◙▬fi⅛╠ │∆←⌐ ⅜≈ↄ≢⇔╞℮⁹ 

2.2.2.3  ►ꜟ♩ꜝ◐ꜗꜟ ≤   

↓╣╠─ 3≈─ │◌ⱷꜝ─ ≤ⱬכ☻ꜝ▬fi ⌐ ™╠╣╢╙─≢⁸↓

╣⌐╟╡ ⌂ⱦכⱶ ⅜ ╠╣╕∆⁹↓↓≢│⁸∕╣∙╣─ ≤ ⌐≈

™≡ ⇔╕∆⁹ 

  ►ꜟ♩ꜝ◐ꜗꜟ   ⌂ ╩ ™◌ⱷꜝ≤꜠כ◙─☿♇♩▪♇ⱪ╩

∫√╠⁸◌ⱷꜝ┼─ⱦכⱶ╩ ⇔►ꜟ♩ꜝ◐ꜗꜟ╩◒ꜞ♇◒⇔╕∆⁹↓╣⌐

╟╡◌ⱷꜝ─ⱬכ☻ꜝ▬fi ⅜ ⌐ ⅎ╕∆⁹►ꜟ♩ꜝ◐ꜗꜟ │ ─ⱡ▬

☼꜠ⱬꜟ╩ ꜗ♅Ɽ▪♩כ○⁸≢─∆╕⇔ ╩ ∆╣┌⁸◌ⱷꜝ╩ ™√

─ ≢│ ╙ ⌐ⱦכⱶ ╩ ╘╢↓≤⅜≢⅝╕∆⁹ⱬכ☻ꜝ▬fi

⅜ ∆╢≤►ꜟ♩ꜝ◐ꜗꜟ♅▼♇◒Ⱳ♇◒☻⅜○fi⌐⌂╡⁸◌ⱷꜝ─ S/N

⅜ rms dB ≢ ↕╣╕∆⁹ │ כⱣ☻♃כ♥☻⁸╣↕ ♃fiⱲכꜞ◓─

fi  ⅜ ⇔╕∆⁹►ꜟ♩ꜝ◐ꜗꜟ  ╩○ⱨ⌐∆╢⌐│♅▼♇◒Ⱳ♇◒☻

Ⱳ♃fi╩○ⱨ⌐⇔╕∆⁹ 
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 ☿♇♩▪♇ⱪ⌐ ∆╢ ╩ ∆╢≤▬fi☺◔כ♃ “U” ⅜ ⌐⌂╡ ⁸►ꜟ♩ꜝ◐

ꜗꜟ ─ ⅜ ↕╣╕∆⁹↓─▬fi☺◔כ♃│ ─ ╩ ⇔╕∆⁹ 

      ↓─ ╩ ⅎ┌⁸►ꜟ♩ꜝ◐ꜗꜟ ─≤↓╤≢ ═√╟℮⌂

₁≤⇔√◌ⱷꜝכ꜠ה◙◦☻♥ⱶ─ │ №╡╕∑╪⁹ⱦכⱶ ╩

⇔≡  Ⱳ♃fi╩◒ꜞ♇◒⇔╕∆⁹↓─ ⌐╟╡◌ⱷꜝ─ ╛◕▬

fi│ ⌐ ↕╣⁸►ꜟ♩ꜝ◐ꜗꜟ ─ ⅜ ⱶכ⁸ⱦ⇔♩כ♃☻⌐

─♃▬Ⱶfi◓╙ ↕╣╕∆⁹ ⅜ ⅜ⱶכⱦ◙כ꜠≥╢∆ ⌐

╣⁸ ⌂ⱬכ☻ꜝ▬fi⅜ ↕╣ ⌐ ↕╣╕∆⁹ 

≤ ─►ꜟ♩ꜝ◐ꜗꜟ ─ ⅜ ≤⌂╡╕∆⅜⁸∕─ ─ ⇔↕│

─ ⅜≥─ ™ ⌐ ™╙─≢№∫√⅛≥℮⅛⌐ ⇔╕∆⁹

↕╣√ S/N ╩ ╣┌ ≢⅝╕∆⁹ ⅜◌ⱷꜝ─ ⌐№╢ S/N ─ ⌐

™╒≥ ⅜╟╡ ≢№╢↓≤⌐⌂╡╕∆⁹ 

╛◕▬fi─ ╙ ≤⌂╡╕∆⁹◕▬fi⅜ ⌐ ↄ⌂╢≤

◌ⱷꜝ─ⱡ▬☼⅜ ⅝ↄ⌂╡⁸S/N│ ⌐ ⇔╕∆⁹ ⌐⁸ ╩

⌐ ↄ∆╢≤⁸◌ⱷꜝ⌐╟∫≡│⁸ ⌐╟∫≡ ╓↑╩ ∏╢↓≤⌐⌂╡

╕∆⁹ 

⅜ ↕╣√ ⱬכ☻ꜝ▬fi⅜♪ꜞⱨ♩∆╢╟℮≢№╣┌⁸↕╠⌐ ►ꜟ

♩ꜝ◐ꜗꜟ ╩ ⌐ ∆╢ ⅜№╡╕∆⁹ 

♩כ○≥╢∆◒♇ꜞ◒╩X   ↓─Ⱳ♃fi ♩כ○   Xposure ⸗⁸╡⌂⌐♪כ

◦ꜗ♇♃ ⁸ ◕▬fi⁸Ⱪꜝ♇◒꜠ⱬꜟ (EGB) ◖fi♩꜡כꜟ ☻▬♇♅│ ♩

ꜝ♇◐fi◓⸗⁹∆╕╡⌂⌐♪כ ─►ꜟ♩ꜝ◐ꜗꜟ │ ≤⌂╡⁸ ⇔™

ⱬכ☻ꜝ▬fi ⅜ ⱶכⱦ◙כ꜠│≢♪כ⸗─↓⁹∆╕╡⌂≥

╩♩ꜝ♇◐fi◓⇔⁸ⱦכⱶ ─ ⁸∕─ ╩ ↕∑╕∆⁹∕─ ⁸ⱬכ☻

ꜝ▬fi │ ⅝ ⅝ ╦╣╕∆⅜⁸ │ ⌐ ⇔╕∆⁹ 

≢♪כ⸗─↓ ╠╣╢ⱦכⱶ ─ │⁸ ⅜ ≢№╣┌⁸►ꜟ♩ꜝ◐

ꜗꜟ─ ≢ ╠╣╢ ≤╒≤╪≥ ∂≢∆⁹◕▬fi╩ →╢≤ⱡ▬☼⅜ ⅎ

│ ↄ⌂╡╕∆⁹◦ꜗ♇♃ ⅔╟┘ ⌐◕▬fi◖fi♩꜡כꜟ ☻ꜝ▬♄─

╩ ∆╢↓≤≢ ─ ╩ ╢↓≤⅜≢⅝╕∆⁹◕▬fi ╩ ≢⅝

╢╟℮⌐ ╩ ↕∑╢↓↓≤≢⁸ ⌐ ╩ ↕∑╢↓≤⅜≢⅝╕∆⁹ 

◦☻♥ⱶ╩ ⌐☿♇♩▪♇ⱪ⇔⁸►ꜟ♩ꜝ◐ꜗꜟ ═כ☻ꜝ▬fi ╩ ™╢↓

≤≢ ⌐ ─ ⅜ ╠╣╕∆⁹ │⁸ ─ ─ │№╡╕∆⅜

⌂ ≢∆⁹≥∟╠╩ ╢⅛│ ⌐ ∂≡ ╘≡ ↕™⁹ 

 

Ɽꜟ☻꜠כ◙─ ╛◌ⱷꜝ╕√│ⱦ♦○⌐╟╢♩ꜞ●⅜ ╦╣╢ ⁸

⌐│ ⅜ ∂╕∆⁹ ⇔─ ™Ɽꜟ☻꜠כ◙─ ≢│⁸ │

╩☻ꜟⱤ◙כ꜠ ─╖⌐⇔⅛ ™╢↓≤⅜≢⅝╕∑╪─≢⁸ ─

│ ─ ╒≥ fi▬◕│≡™⅔⌐♪כ⸗●ꜞ♩⁹╪∑╕╡№│≢

◖fi♩꜡כꜟ⅜ ⌂ ≢∆⁹↓─╟℮⌐⁸◦fi◓ꜟⱤꜟ☻ ⌐╟╢

⁸│≢♪כ⸗●ꜞ♩ ─ⱷꜞ♇♩│ ╠╣√╙─≤⌂╡╕∆⁹ 
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Important: ○כ♩ X ⸗כ♪│ⱴ♬ꜙ▪ꜟ≢─Ɽ꞉כ/◄Ⱡꜟ◑ ─√╘─ │ ™╕

∑╪─≢⁸ⱦכⱶ─Ɽ꞉כ/◄Ⱡꜟ◑ ╩ ⌐ ∆╢↓≤│≢⅝╕∑╪⁹

│♪כ⸗─↓ Ɽ꞉כ/◄Ⱡꜟ◑ⱷכ♃≢ ™╢─⅜ ≢∆⁹ 

2.2.2.4  ⱨ꜠כⱶⱨ◊כⱴ♇♩    

↓─ │◌ⱷꜝ ╩♩♇ⱴכ◊ⱶ─ⱨכ꜠ⱨ♃כ♦ ∆╢─⌐ ™╠╣╕∆⁹

ↄ─◌ⱷꜝ│↓─◄ꜞ▪≢ ╠⅛─ ╩ ∫≡™╕∆⁹∆⌂╦∟⁸OSI⅜

BeamGage≤ ⌐ ℮◌ⱷꜝ─╒≤╪≥│ ╠⅛─ⱨ◊כⱴ♇♩ ╩ ∫≡™

╕∆⁹↓↓≢ ╣╢ ─♃▬ⱪ│ ─ ╡≢∆  

  ⱨ꜠כⱶⱨ◊כⱴ♇♩  ↓─♪꜡♇ⱪ♄►fiꜞ☻♩│◌ⱷꜝ─ⱪꜞ☿

♇♩ ROI ≤ꜚכ◙⅜ ≢⅝╢ⱦ♬fi◓ ⱨ◊כⱴ♇♩╩ ⇔╕∆⁹

↓╣╠─ⱨ◊כⱴ♇♩│ ◌ⱷꜝ ►▫fi♪►─ ⌐ ⅛╣⁸◌ⱷꜝ ─

⅜ ╛⅛⌐ ⅎ╕∆⁹ⱨ◊כⱴ♇♩⌐╟∫≡│⁸◌ⱷꜝ─ ╩ ⇔ ⁸

↕⌂ ROI≢│ⱨ꜠כⱶ꜠כ♩│ ↄ⌂╡╕∆⁹  

◌☻♃ⱶ ROI Ⱳ♃fi│⁸◌ⱷꜝ⅜ⱪ꜡◓ꜝⱶ ⌂ ROI ╩ ∫≡™

╢ ⌐ ↕╣╕∆⁹Ⱳ♃fi╩◒ꜞ♇◒∆╣┌ ─╟℮⌂◌☻♃ⱶ ROI◖fi

⅜ꜟכ꜡♩ ╣╕∆  

 

ROI ◖fi♩꜡כꜟ⅜ ↕╣╢≤ │ⱨꜟⱨ꜠כⱶ⌐ ╦╡⁸ ─▪Ɽ♅

ꜗ ⱨ꜠כⱶ⅜2D ⌐ ╦╣╕∆⁹↓─▪Ɽ♅ꜗ╩◒ꜞ♇◒⇔≡⁸

─╟℮⌐ ─◖fi♩꜡כꜟ Ɫfi♪ꜟ╩ ↕∑╕∆⁹ 
 

     
─ ROI▪Ɽ♅ꜗ│◌ⱷꜝ ⌐ ∆╢ ⇔™ ROI ╩ ∆╢

─⌐ ≢⅝╕∆⁹ 
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 2≈─ ⌐╟╡ ROI╩ ─ / ─ / ↕ ─ ⌐ ∫≡ↄ

╢↓≤⅜≢⅝╕∆⁹  

  ☿fi♃ꜞfi◓ ⌐╟╡ ROI╩ ─ ⌐ ™√╕╕≢

≢─ ⅜≢⅝╕∆⁹ 

  ☿fi♃ꜞfi◓ ⌐╟╡ ROI╩ ─ ⌐ ™√╕╕≢

≢─ ⅜≢⅝╕∆⁹ 

 ⅔╟┘ ☿fi♃ꜞfi◓╩ ⌐ ℮≤ ROI│◌ⱷꜝ─ ⌐꜡♇◒↕╣╕

∆⁹  

ⱦ♬fi◓ ⌐╟╡♦כ♃ ╩♩כ꜠ ╘╢↓≤⅜≢⅝╕∆⅜⁸♦▫♥◒♃ ≢◌

Ᵽכ∆╢◄ꜞ▪│ ╦╠∆⁸ROI≢ ↕╣╢ ╡≢∆⁹ⱦ♬fi◓⅜ ↕╣╢≤

╒≤╪≥─◌ⱷꜝ≢│Ⱨ◒☿ꜟ ⅜≢⅝⌂ↄ⌂╡╕∆⁹ ⌐╟∫≡│⁸↓─

⅜ ≤⌂╢↓≤╙№╡╕∆⁹ 

Ⱨ◒☿ꜟ ╡ⱦ♇♩ ╩ ⇔╕∆⁹◌ⱷꜝ⌐╟∫≡│Ⱨ◒☿ꜟ ╡ⱦ♇♩ ╩

↕ↄ∆╣┌ ↄ⌂╡╕∆⅜⁸∕℮≢│⌂™◌ⱷꜝ╙№╡╕∆⁹ⱦ♇♩ ⅜

⌐ ↕™ ⁸S/N ⅜ ↄ⌂╡ ⅜ ⇔╕∆⁹ 

ROI ─ ⅜ ⇔√╠☿♇♩Ⱳ♃fi╩ ⇔≡ ╩ ⌐⇔╕∆⁹2D ─◘

▬☼│ ⌐ ∫≡ ╦╡╕∆⁹ ─ ≢│⁸ ⇔™ 2D │ ─╟℮⌐⌂

╡╕∆  

 

Ɫfi♪ꜟ⌐╟╡▪Ɽכ♅ꜗ

╩ ∆╢ ROI─ / ⌐

≢⅝╕∆⁹ 

◖fi♩꜡⁸│⌐ꜟכ

─ X ⅔╟┘ Y○ⱨ☿♇

♩  ≤ ─Ⱨ◒☿ꜟ  ⅔

╟┘ ↕ ⅜ ↕╣╕∆⁹

ROI─ │↓╣╠─ ╩

∆╢↓≤≢╙ ≢

∆⁹  
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⌐ 1≈─◌☻♃ⱶ ROI ⅜ ≢∆⁹◌ⱷꜝ─ ⌐╟∫≡│⁸ROI⅜

≢№╢ ⱤⱠꜟ─Ⱨ◒☿ꜟ ╡─ⱦ♇♩ ╛ⱨ꜠כⱶ꜠כ♩ ♪꜡♇ⱪ♄►fi

⅜ ≤⌂╢↓≤⅜№╡╕∆⁹◌ⱷꜝ⌐╟∫≡│ⱨ꜠כⱶ꜠כ♩⅜ ⌐

⌐ ↕╣╢ ⅜№╡╕∆⁹ 

  Ⱨ◒☿ꜟ ╡─ⱦ♇♩   ↓╣│◌ⱷꜝ ⱨ◊כⱴ♇♩╩Ⱨ◒

☿ꜟ ╡─ⱦ♇♩ ≢ ∆╢╙─≢∆⁹ │ 8≢ │ 16≢∆⁹ │

◌ⱷꜝ⌐ ⇔╕∆⁹ 

  Hz≢─ⱨ꜠כⱶ꜠כ♩   ↓╣│ ⌂♦ⱨ◊ꜟ♩─

◌ⱷꜝ ⱨ꜠כⱶ꜠כ♩╩ ∆╢√╘╙─≢∆⁹ │ ↕╣√ⱨ꜠כⱶⱨ

≡∫╟⌐♩♇ⱴכ◊ ╦╡╕∆⁹  

2.2.2.4.1. ◌ⱷꜝ L11059 ─  

Lumenera L11059 ─◌ⱷꜝ≢│⁸ ☿fi♃ꜞfi◓ ─ / ≢ ⅜

⌂╡╕∆⁹ ☿fi♃ꜞfi◓⅜ ╦╣╢≤⁸ROI⅜☿fi♃ꜞfi◓↕╣⌂™

⌐ ═◌ⱷꜝ─ ⅜ ↄ⌂╡╕∆⁹ ☿fi♃ꜞfi◓⌐ ⇔≡│ ⌐ │№

╡╕∑╪⁹  

2.2.2.5  ◦ꜗ♇♃ |◕▬fi|Ⱪꜝ♇◒꜠ⱬꜟ  

☻ꜝ▬♪ ─↓─ │⁸◌ⱷꜝ ─ ה ╩ ∆╢ ╩ ∆

│≢♪כ⸗♩כ○⁹∆≢─╙─╘√╢ ⱦכⱶ ⌐ ╦∑≡ ↕╣╕

∆⁹►ꜟ♩ꜝ◐ꜗꜟ ≢│Ⱪꜝ♇◒꜠ⱬꜟ─╖─ ⅜ ≢∆⅜⁸ ☿♇♩▪

♇ⱪ ≤ ○כ♩ X ≢│ ≡─ ⅜ ≢∆⁹ 

2.2.2.6  ♩ꜞ●   

↓─ⱤⱠꜟ│◌ⱷꜝ─ ♩ꜞ●╩ ∆╢╙─≢∆⁹ ♩ꜞ●╩ ℮  

 TTL/CMOS ♩ꜞ●Ɽꜟ☻⅜ ≢∆⁹☻♩꜡Ⱳ ▪►♩│  

TTL/CMOS ≢꜠כ◙─♩ꜞ●⌐ ™╠╣╕∆⁹♩ꜞ●⌐│ ─○ⱪ◦

ꜛfi⅜№╡╕∆⁹ 

o ⌂⇔    ◌ⱷꜝ│ CW ⸗כ♪≢ ⇔ⱨ꜠כⱶ╩ ⌐ ⇔╕∆⁹ 

o ♩ꜞ● ▬fi   ◌ⱷꜝ│⁸♩ꜞ●Ɽꜟ☻⅜◌ⱷꜝ⌐ ╠╣√≤⅝⌐ ⇔⁸

╩ⱶכ꜠ⱨ♃כ♦ ⇔╕∆⁹◦ꜗ♇♃╩ ↄ ╩ ╠∑╢ ⅜№╢

⁸ ─ Ⱳ♇◒☻⌐ ╩ ⇔╕∆⁹ │Ⱶꜞ

≢ ≢⅝╕∆⁹ 

o  ☻♩꜡Ⱳ ▪►♩   ◌ⱷꜝ│ CW ⸗כ♪≢ ⇔╕∆⅜⁸

ⱨ꜠כⱶ─ ⌐ ☻♩꜡Ⱳ Ɽꜟ☻⅜ ↕╣╕∆⁹◌ⱷꜝ⌐╟

∫≡│☻♩꜡Ⱳ ⅔╟┘ ☻♩꜡Ⱳ  Ɽꜟ☻ ⅜№╡╕∆⁹ 
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o  ○fiⱲכ♪ ⱨ◊♩♄▬○כ♪    SP503U ≤ SP620U ◌

ⱷꜝ⌐│ⱨ◊♩♄▬○כ♪ ♦▫♥◒♃⅜ ↕╣≡⅔╡⁸ ⌂⇔

≢Ɽꜟ☻꜠כ◙⌐ ↕∑╢↓≤⅜≢⅝╕∆⁹  ↓─♦Ᵽ▬☻⅜ ↕╣

╢≤◌ⱷꜝ│ ╩ ⇔⁸ⱨ◊♩♄▬○כ♪ ♦▫♥◒♃│ ─

⌐ ↕╣╕∆⁹↓─ ─ ╩◙כ꜠│ ↕∑≡│™↑╕∑╪⁹

⅜ ∆╢≤⁸◌ⱷꜝ│꜠כ◙Ɽꜟ☻⌐ ◙כ꜠≡⇔ ≤♩ꜞ●─

╩ ⇔╕∆⁹ ⅜ ╦╡◌ⱷꜝ⅜♩ꜞ●╩ ∆╢≤⁸

↓─ ⱪ꜡☿☻│♩ꜞ●-None ⌐ ∫≡ ╡ ↕╣⁸○fiⱲכ♪ ⱨ◊

⅜♪כ○▬♄♩ ↕╣╕∆⁹ 

◌ⱷꜝ─ ─☻ꜟⱤ◙כ꜠│ ⌐╟∫≡ ─ ╩ ╢↓≤⌐⌂

╡╕∆⁹Ɽꜟ☻⅜ ↄ<100us≢№╢≤⁸ ⌂ↄ≤╙ 1.0ms─ ─

╩ ⇔⁸◌ⱷꜝ─◦ꜗ♇♃ ╩ ⌂ↄ≤╙ 2ms≤⇔╕∆⁹꜠כ◙Ɽ

ꜟ☻ ⅜ ™ │ ╩ 0ms ≤⇔⁸◦ꜗ♇♃ ╩Ɽꜟ☻ ╟╡

╘⌐ ⇔╕∆⁹ 

○fiⱲכ♪ ♦▫♥◒♃─ │◌ⱷꜝ ≢ ↕╣≡™╕∆─≢⁸

⅜☻ꜟⱤ◙כ꜠│≡∫╟⌐ ≢⅝⌂™ ⅜№╡╕∆⁹∕─ │○

ⱪ◦ꜛfi─ꜞ⸗כ♩ ⱨ◊♩♄▬○כ♪ ♦▫♥◒♃ ╩ ∆

╩ꜟⱩכ◔●ꜞ♩┼ꜝⱷ◌╠⅛◙כ꜠⁸⅛╢ ⇔╕∆⁹ 

o  ⱨ◊♩♦▫♥◒♃ ▬fi     SP503⁸ SP620─◌ⱷꜝ≢

│ ⱨ◊♩♄▬○כ♪ ♩ꜞ●ⱪ꜡כⱩ⅜ ⅎ╕∆⁹◌ⱷꜝ─ │⁸

─☻ꜟⱤ◙כ꜠ ⌐╟∫≡ ─ ╩ ╢↓≤⌐⌂╡╕∆⁹Ɽꜟ☻

⅜ ↄ<100us≢№╢≤⁸ ⌂ↄ≤╙ 1.0ms─ ─ ╩ ⇔⁸◌ⱷ

ꜝ─◦ꜗ♇♃ ╩ ⌂ↄ≤╙ 2ms≤⇔╕∆⁹꜠כ◙Ɽꜟ☻ ⅜ ™

│ ╩ 0ms ≤⇔◦ꜗ♇♃ ╩Ɽꜟ☻ ╟╡ ╘⌐ ⇔╕∆⁹ 

♃כ♦  2.2.2.7      

↓─ⱤⱠꜟ⌐│™ↄ≈⅛─ ⅜№╡╕∆⁹↓╣╠│◌ⱷꜝ⌐ ⌂

╩ ⅎ╢╙─≢│№╡╕∑╪⅜⁸BeamGage ─ ○ⱪ◦ꜛfi╩

⇔╕∆⁹ 

   ⱦ♦○♩ꜞ●    ↓─♪꜡♇ⱪ♄►fi≢│ⱦ♦○♩ꜞ●─⇔⅝™ ─

╩ ™╕∆⁹↓─ │⁸ ╩☻ꜟⱤ◙כ꜠╢╣↕ ─ⱶכ꜠ⱨ♃כ♦╗

╖⌐ ↕╣╕∆⁹↓╣│⁸◌ⱷꜝ─Ⱨ◒☿ꜟ ╡─ⱦ♇♩ ⌐ ≠⅝♩ꜞ●─

╩ ∆╢╙─≢∆⁹ Ⱨ◒☿ꜟ ╡ 12 ⱦ♇♩⁸ⱨꜟ☻◔כꜟ≢ 4095 ◌

►fi♩⁸⇔⅝™  ¼─◌ⱷꜝ │Ⱨכ◒  >1023 ◌►fi♩─ⱦכⱶ╩♩ꜞ●

⇔╕∆⁹ 

   ꜠fi☼    ◌ⱷꜝ⅜ ꜠fi☼╩ ≈ ↓─Ⱳ♇◒☻╩◒ꜞ♇◒⇔╕

∆⁹↓─ ╩ ⌐∆╢≤⁸ ⅜№√⅛╙◌ⱷꜝ─ ⅛╠ ≡™╢╟℮

⌂ 2D ⅜ ↕╣╕∆⁹ ⌐∆╢≤⁸ ⅜◌ⱷꜝ─ ≢♦▫♥◒♃≤

⇔≡™╢≤⅝─ 2D ⅜ ↕╣╕∆⁹ 
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  ●fiⱴ     ◌ⱷꜝ⅜ CCD⅛ MOS♃▬ⱪ─♦▫♥◒♃╩

≈ ⁸♦▫♥◒♃│ ⌐ ⇔≡ ╩ ⇔╕∆⁹ ─◌ⱷꜝ

⌐ ⇔≡│●fiⱴ─ │ 1≤⇔╕∆⁹ 

◌ⱷꜝ⌐ ╛ ⅜ ↕╣≡™╢ ⁸ ─●fiⱴ ╩↓↓

⌐ ⇔ ╩ ⌐ ⇔╕∆⁹ 

2.2.2.8.  ◌ⱷꜝ/ⱨ□כⱶ►▼▪   

 ↓╣╠─ⱤⱠꜟ│◌ⱷꜝ⌐≈™≡─ ╩ ⇔╕∆⅜⁸ ₁⌂ ⅜ ╕

╣╕∆⁹ ─ ≢│⁸X Y ─◌ⱷꜝ Ⱨ◒☿ꜟ☻◔כꜟ Ⱨ◒☿ꜟⱧ♇♅ ≤ⱨ

▪▼►ⱶכ□ Ᵽכ☺ꜛfi⅜ ↕╣≡™╕∆⁹ 

2.2.3  ⱨ□▬ꜟ◖fi♁כꜟ   

↓╣│ⱨ□▬ꜟ ◖fi♁⁹∆≢ꜟכ↓╣╩ ∆╢≤ BeamGage♦כ♃ⱨ□▬ꜟ

─↓⁹∆╕╡⌂≥☻כ♁♃כ♦│ │◙כꜚ⁸╡╟⌐ ≢ꜟ▬□ⱨ♃כ♦√⇔

─ⱨ꜠כⱶ ╩♪כ◖꜠ ╗╙─╩ ⇔╕∆⁹ ↕╣√ⱨ꜠כⱶ⅜ⱨ꜠כⱶⱣ

♇ⱨ□┼ ↕╣√╡⁸ ₁⌂ ⅜ ⌐♃כ♦ ↕╣╕∆⁹  

Important: ⱨ□▬ꜟ◖fi♁⁸│≢ ꜟכ◌ⱷꜝ⅛╠─ √⌂ ─╟℮⌐⁸ כ♦

♃ⱨ□▬ꜟ│№√⅛╙ ╘≡─╙─≤⇔≡ ╡ ╦╣╕∆⁹ ╠╣╢ ≡─

⅜♃כ♦⁸│ ⌐ ↕╣√ ─ ≢│⌂ↄ⁸ ─ ⌐ ⇔╕∆⁹

⇔√⅜∫≡ │⁸≥╪⌂ ⅜ ↕╣≡™╢⅛⌐╟∫≡ ╦╡╕∆⁹ 

2.2.4  ⱨ꜠כⱶ    

ⱨ□▬ꜟ◖fi♁כꜟ─ ╙ ⌂ ™ │⁸ ⌐ ─ⱶכ꜠ⱨ♃כ♦√⇔ ⌂╢

─♃כ♦⁹∆≢ ⌐│⁸ⱨ꜠כⱶ  ⱤⱠꜟ≢ ∆╢ⱨ□▬ꜟ⅜ ↕╣≡

™⌂↑╣┌⌂╡╕∑╪⁹Ⱪꜝ►☼Ⱳ♃fi╩◒ꜞ♇◒⇔≡ ⱨ□▬ꜟ╩ ⇔╕∆⁹

ⱨ꜠כⱶ≤ⱨ꜠כⱶ (#) ⌐│∕╣∙╣ 1≤ ↕╣√ⱨ꜠כⱶ ⅜ ↕╣╕

∆⁹ ⌂ ╩ ℮ │ ╩ ⅎ╕∆⁹ 

2.2.5  ⱪ꜠כⱣ♇◒꜠כ♩   

↕╣√ⱨ□▬ꜟ│ ≢ ↕╣╕∆ ⅜♀꜡─ ⅜⁸

╡╟꜡♀╩♩כ꜠ ⅝⌂ ⌐∆╢≤ ☻Ⱨכ♪╩ ↄ∆╢↓≤⅜≢⅝╕∆⁹꜠כ♩

│ 1 №√╡─ⱨ꜠כⱶ  (fps)≢∆⁹ 

⌐ ∆╢⌐│↓╣ ╩◒ꜞ♇◒⇔╕∆⁹ 

Important: ≢─ ╩ ℮≤ⱨ□▬ꜟ─ ╖ ╖⅜ ╟╡ ↄ⌂╡⁸ⱨ꜠כⱶ⅜☻

◐♇ⱪ↕╣↓≤⅜№╡╕∆⁹ ∕─ │ ╩♩כ꜠ →⁸ ≡─ⱨ꜠כⱶ

⅜ ╖ ╕╣≡ ↕╣╢╟℮⌐⇔≡ↄ∞↕™⁹ 
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2.2.6  ⱦכⱶⱷכ◌®   

ⱦכⱶⱷכ꜠│ ◌כ◙ⱦכⱶ ▪♫ꜝ▬◙≢ ╘≡ ↕╣√ ⌂ ≢

∆⁹↓─ ╩ꜟכ♠ ⅎ┌⁸ꜚכ◙│ ≢ ⇔√ⱦכⱶ╩ ₁⌂ ─╙≤

≢ ⌐ ≢⅝╕∆⁹↓─ ⱦכⱶ⌐╟╡☻Ⱨꜞ◖fi ─ ISO ▪ꜟ

◗ꜞ☼ⱶ⅔╟┘ꜚכ◙ ─▪ꜟ◗ꜞ☼ⱶ─ ⅜≢⅝╕∆⁹ 

5 ≢ⱦכⱶⱷכ◌─ ╩ ⇔⁸ ╩ ⇔≡ ─ ™ ╩ ╪≢™√

∞⅝╕∆⁹ 

2.3 ⱦכⱶ ꜞⱲfi≤ⱤⱠꜟ  

ⱦכⱶ ꜞⱲfi│ 2D⁸3D⁸ ╛ ⱶכ☼/ ╩◖fi♩꜡כꜟ∆╢╙─

╡╟⌐ꜟⱤⱠꜟכ♠ ⁹∆≢ ▪▬♥ⱶ─ / ⅜≢⅝╕∆  

 

    כꜝ◌  2.3.1

כꜝ◌│╠╣↓ ○ⱪ◦ꜛfi╩ ∆╢√╘─╙─≢⁸ 2D, 3D, /☼כⱶ 

⌐ ─╙─≢∆⁹  

 

 

♩♇꜠Ɽכꜝ◌ ♪꜡♇ⱪ♄►fi

ꜞ☻♩⅛╠ⱦכⱶ ⱪ꜡ⱨ□▬

ꜟ≢ ⌂ ⅜ ═╕∆⁹

כꜝ◌─ Ɽ꜠♇♩╩◒ꜞ♇◒⇔

≡ ↕™⁹ 

 



  

BeamGage ꜚכ◙●▬♪ Document No: 50220-003      v6.11    10/3/2017 Page 35 

 
│Ɽ꜠♇♩ ⅔╟┘ ╛ Z ≢─ⱦכⱶⱪ꜡ⱨ□▬ꜟ╩ ∆╢ Z ☻◔

◓fiꜞכ ╩♃◒□ⱶⱨכ☼ ⇔╕∆ 

 

2.3.2  2D|3Dⱪ꜡Ɽ♥▫   

↓─ⱤⱠꜟ│ 2D ╛ 3D ⱦכⱶ ≢─ ╩◖fi♩꜡⁹∆≢─╙╢∆ꜟכ

─ 5≈─Ⱳ♃fi│⁸ ⅛╠ ─ ≢⁸ ╩○fi/○ⱨ⇔╕∆  

 

כꜝ◌ Ᵽכ│ 2D ⱦכⱶ ≢─

─ כⱣכꜝ◌ ╩ ⇔╕

∆⁹ 

 
 
 

 

כꜝ◌ Ᵽכ │ ╩ ∆╢

─Ᵽכ ( ) ⅛é 

 
é ≢ ) ꜟⱬ꜠כꜝ◌ √╣↕ )  

─ ≤⌂╡╕∆⅜⁸↓╣│ ╩⁸ ─

Ⱨ◒☿ꜟ ◌►fi♩╕√│ ↕╣√Ⱨ◒☿

ꜟ ⱨꜟ◄fi☻⌐ ⇔√╙─≢∆⁹ 
 

  

Z ☻◔כꜟ╩ ∆╢≤ 2≈─☻ꜝ▬♄ ◖

fi♩꜡כꜝ╩ ≈ ─Ɽ꜠♇♩⅜ ⅝╕

∆─≢⁸Z ─ⱦכⱶ ⱪ꜡ⱨ□▬ꜟ

─ ─ ↑⅜ ≢∆⁹↓─ │⁸

ⱦכⱶ─ ⌐ ⌐ ™ ─ ╩

⇔√™≤⅝⌐ ⌐ ≢∆⁹ 
 

─ ╩ ⌐ →╢≤ⱦכⱶⱪ꜡ⱨ□▬ꜟ

─ ─ ≈⅝─ ⅜ ↕╣╕∆⁹ 

 

╩◒ꜞ♇◒⇔⁸Ɽ꜠♇♩ ╩

⌐ ⅛⇔≡╖≡ↄ∞↕™⁹ 
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ⱶכ☼ ¶ כ♠ fi/○ⱨ○ꜟ─♁כ◌ ⅜ꜟ♁כ◌ ↕╣≡™╣┌↓─Ⱳ♃fi

│○fi⌐⌂∫≡⅔╡⁸2D ≢╕╢∆ⱪ♇♩☻⅜ꜟ♁כ◌│ⱶכ☼─≢ ╦

╣╕∆⁹Ⱳ♃fi⅜○ⱨ≢№╢⅛◌כ♁ꜟ⅜ ↕╣≡⌂↑╣┌⁸2D ⱦכⱶ

 ─ ⱶכ☼─≢╕ ≢∆⁹ 

¶ ⱦכⱶⱪ꜡ⱨ□▬ꜟ─○fi/○ⱨ ⅜ ꜟ♁כ◌  ↕╣≡™╣┌⁸ⱦכⱶ

ⱪ꜡ⱨ□▬ꜟ─ 1D─ ─ ⅜ ≢⁸ⱪ꜡ⱨ□▬ꜟ│ 2D ⱦכⱶ

 ─ ─ ⌐ ↕╣╕∆⁹ 

¶ ꜞⱨ□꜠fi☻ ⱪ꜡ⱨ□▬ ─ꜟ○fi/○ⱨ ⅜ꜟ♁כ◌  ♃כ♦≡™≡╣↕

⅜ꜞⱨ□꜠fi☻ ⱨ꜠כⱶ⌐ ☻ⱨ□꜠fiꜞ⁸│ꜟ♁כ◌⁸┌╣™≡╣↕

ⱨ꜠כⱶ─ ⱪ꜡ⱨ□▬ꜟ─ 1D ─ ⅜ ≢⁸ꜞⱨ□꜠fi☻

ⱨ꜠כⱶ─ │ 2D ⱦכⱶ  ─ ─ ⌐ ↕╣╕∆⁹↓─○ⱪ

◦ꜛfi│ꜞⱨ□꜠fi☻ ⱨ꜠כⱶ⅜ ↕╣╢╕≢│ ≢∆⁹ꜞⱨ□꜠fi

☻ ⱨ꜠כⱶ⌐≈™≡│2.4.5╩ ™╕∆⁹ 

¶ 3D  ─○fi/○ⱨ  3D Ᵽ♇◒ ⱪ꜠כfi─○fi/○ⱨ╩ ™╕∆⁹↓╣╠

─ⱪ꜠כfi│ 3D ⱦכⱶ  ≢ ⱪ꜡ⱨ□▬ꜟ╩ ╢─⌐ ≢∆⁹  

¶ 3D≢─ 2D ─○fi/○ⱨ 3D ⱦכⱶⱪ꜡ⱨ□▬ꜟ ┼─ⱴ♬ꜙ▪ꜟ

ⱶכⱤ♅ꜗ⁸ⱦ▪♩כ○╛ ─ ╩○fi/○ⱨ⇔╕∆⁹ 

─ │ 2D ≤ 3Dⱦכⱶⱪ꜡ⱨ□▬ꜟ ≢∆⅜⁸ ╩ ≡○fi⌐⇔⁸◌

☻ⱨ□꜠fiꜞ≥ꜟ♁כ ⱨ꜠כⱶ╩ ↕∑√╙─≢∆⁹ 

2≈─ ⌂∫√ⱦכⱶⱪ꜡ⱨ□▬ꜟ⅜ ↕╣≡™╕∆⁹ 

 

2.3.3  2D ⱦכⱶ  

ⱶכⱤ♅ꜗ ( )⁸ⱦ▪♩כ○  ( כꜝ◌⁸( Ᵽכ╩ ⌐⇔≡™╕∆⁹ⱦכⱶ─

ⱪ꜡ⱨ□▬ꜟ⅜◓꜠⁸≢כꜞⱨ□꜠fi☻ ⱨ꜠כⱶ ⱪ꜡ⱨ□▬ꜟ⅜ ≢ ↕╣╕

∆⁹2Dⱦכⱶ│ⱪꜝ▬ⱴꜞכ ♪♇◒ ≢ ↕╣╕∆⅜⁸ ─♃Ⱪ≢ ≢⅝

╕∆⁹ⱴ♬ꜙ▪ꜟ▪Ɽ♅ꜗ│ ≤⌂∫≡™╕∑╪⁹ 

─ ⌐№╢ ↕⌂ ™ │  ╩ ⇔╕∆⁹ 
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2.3.4  2D |☼כⱶ     

2Dⱦכⱶ ≢─ │ⱶכ☼╛ ─◖fi♩꜡כꜟ ♦Ᵽ▬☻⅛ⱴ►☻≢ ⅎ╕

∆⁹ ⅜ ⁹∆≢ꜟכ꜡♩ⱶ─◖fiכ☼⅜♄▬ꜝ☻⁸ ╪ ─Ⱳ♃fi│⁸ⱦכⱶ

╩ ⌐╙∫≡ↄ╢⅛⁸№╢™│ ─ ⅝↕⌐ ╦∑╢─⌐ ™╕∆⁹ 

2D ⱦכⱶ ─ ╩ⱶכ☼╛ ⌐ ℮⌐│⁸ⱴ►☻─ⱳ▬fi♃╩ ⌐ ⅝⁸

ⱴ►☻Ⱳ♃fi╩ ⇔⌂⅜╠ ╕≢ ⅛∑┌ ⅜ ⅎ╕∆⁹☼כⱶ│ⱴ►☻

─ⱱ▬כꜟ ◖fi♩꜡כꜟ≢ ⅎ╕∆⁹ 

 
ⱶכ☼/ : ─▬fi☺◔כ♃│◌ⱷꜝ─ ROI ╛▪Ɽ♅ꜗ≢ ↕╣√ ≤

│ ≢∆⁹ ⌂╢  ⁹╪∑╕╡№⅛⇔≢ꜟכ♠

 

 

♃כ♦│ ─  ─ ⁸ ☿fi♃⁸כ№╢™│

─ ⌐╙∫≡ↄ╢↓≤⅜≢⅝╕∆⁹ 

 

─ ⅛⇔ │⁸ ─◖fi♩꜡כꜟⱤⱠꜟ╩ ⇔

≡ↄ∞↕™⁹ 

 

│ ⱶכ☼/ 2D ⅜ⱦכⱶ♦

♃כ ─≥↓⅛╠─╙─⅛╩ ∆─⌐

™╠╣╕∆⁹ 

 
─Ⱳ♇◒☻│Ɽfi╛☼כⱶ⅜ ╦╣

√ ╩ ⇔╕∆⁹ 
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2.3.5  3Dⱦכⱶ  

↕╣√▪Ɽ♅ꜗ ⱴ♬ꜙ▪ꜟ▪Ɽ♅ꜗ כ꜠◓ ꜗ♅Ɽ▪♩כ○⁸ ⁸ ⱦכ

ⱶ  ⁹ⱦכⱶ ─ⱪ꜡ⱨ□▬ꜟ│ ≢ ⅛╣⁸ ⌐ ↕╣╕∆⁹  

  3D   ≢│ 3Dⱦכⱶⱪ꜡ⱨ□▬ꜟ≢ ↕╣╢

꜠ⱬꜟ╩ ⇔╕∆⁹  1│ ─ⱶכ꜠ⱨ♃כ♦⁸╡№≢ ☻Ⱨכ♪│╝

∫ↄ╡≤⌂╡╕∆⁹ ─ │ 10 ≢ │ ↄ⌂╡╕∆⅜ ☻Ⱨכ♪│ ↄ⌂

╡╕∆⁹ 

3D │⁸PC╛◓ꜝⱨ▫♇◒◌כ♪⅜ ≈ ─◓ꜝⱨ▫♇◒ ╩☻כ♁ꜞ

⇔╕∆⁹ ≤⇔≡⁸3D ≢│ ♃כ♦⌐ ☻Ⱨכ♪⅜ ⌐ ↄ⌂╡╕∆⁹

⌐⁸ ◌ⱷꜝ─ ⌐ ≢∆⁹ 

2.3.6  3D |☼כⱶ| |♅ꜟ♩   

3Dⱦכⱶ ≢─ ⱶ⁸כ☼⁸ ⁸♅ꜟ♩ │ ─◖fi♩꜡כꜟ ♦Ᵽ▬☻╕

√│ⱴ►☻≢ ™╕∆⁹ ─ ─ │ 3D ⱦכⱶ─ ≢ 2≈─☻ꜝ▬♄│☼

ⱶ▪►♩ ≢∆⁹כ☼ⱶ▬fi⁸כ ╪ ─Ⱳ♃fi╩◒ꜞ♇◒∆╣┌⁸ ⌐ ℮╟℮

⌐ⱦכⱶ─ ⅔╟┘◘▬☼ ⅜ ╦╣╕∆⁹  

─ 2≈─ │ 3D ╩ ─ ╡⌐ ↕∑╢ ⅝╩⇔╕∆⁹ 

─ ─ │ ╩ ∆╢ 2≈─ ⌐ ⇔≡ ⁸ ╡ ╡⌐♅

ꜟ♩↕∑╕∆⁹ ╪ ─Ⱳ♃fi╩◒ꜞ♇◒∆╣┌⁸♅ꜟ♩↕╣√ ╩ ─ ⌐

╡╕∆⁹⌂⅔⁸↓─ 3D ⱶ⁸כ☼⁸ ⁸♅ꜟ♩─ │ ⱴ►☻⌐╟∫≡╙

≢∆⅜⁸ ⅎ╢─⌐ ─ ⅜ ╩ꜟ♁כ◌⁹╪∑╕╣⇔╙⅛ 3Dⱦכⱶ

⌐ ⅝⁸ ─ ╩ ™╕∆  

¶ ∆╢⌐│ⱴ►☻─ Ⱳ♃fi╩ ⇔╕∆⁹ 

¶ ↕∑╢⌐│ⱴ►☻─ Ⱳ♃fi╩ ⇔╕∆⁹ 

¶ ♅ꜟ♩↕∑╢⌐│ ─Ⱳ♃fi╩ ⇔╕∆⁹ 

╩ꜟכ▬ⱶ▬fi/▪►♩∆╢⌐│ⱱכ☼ ¶ ⇔╕∆⁹ 

     ꜟ♁כ◌  2.3.7

↓─ⱤⱠꜟ│ 2D⁸3Dⱦכⱶ ─ꜟ♁כ◌≢ / ╛ ♩fi◖╩♪כ⸗

ꜟ▬□ⱶⱪ꜡ⱨכ⁹ⱦ∆╕⇔ꜟכ꜡ ≢ⱪ꜡♇♩↕╣√♦כ♃─ ⅜ ↕

│⌐ꜟ♁כ◌⁹∆╕╣ ─ 3≈─ ∆╕╡№⅜♪כ⸗   

V ⱴ♬ꜙ▪ꜟ ╩ꜟ♁כ◌ 2Dⱦכⱶ ─ ─ ⌐ ↄ⌐│⁸ⱴ►

☻╩♪ꜝ♇◓&♪꜡♇ⱪ∆╢⅛⁸╙∫≤ ⌐│ X Y ╩ ⇔╕∆⁹ 

V Ⱨכ◒ │ꜟ♁כ◌ ⌐ⱨꜟ◄fi☻─Ⱨכ◒ ⌐ ⅛╣╕∆⁹ Ⱨכ◒

⅜ 2≈ ∆╢ ⁸ ⌐ ╙ ™ ⅜ ↕╣╕∆⁹ 

V ☿fi♩꜡▬♪ ◌כ♁ꜟ│ ⌐⁸ ↕╣√ⱦכⱶ─☿fi♩꜡▬♪⌐

⅛╣╕∆⁹ 
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2.3.8        

↓─ⱤⱠꜟ│ 2Dⱦכⱶ ≢ ─ / ╛ ꜟכ꜡♩fi◖╩♪כ⸗

⇔╕∆⁹3D ≢│ ╣╕∑╪⁹ ⌐│ ─ ∆╕╡№⅜♪כ⸗─≈3   

V ⱴ♬ꜙ▪ꜟ ╩ꜟ♁כ◌ 2Dⱦכⱶ ─ ─ ⌐ ↄ⌐│⁸ⱴ►

☻╩♪ꜝ♇◓&♪꜡♇ⱪ∆╢⅛⁸╙∫≤ ⌐│ X Y ╩ ⇔╕∆⁹ 

V Ⱨכ◒ │ ⌐ⱨꜟ◄fi☻─Ⱨכ◒ ⌐ ⅛╣╕∆⁹ Ⱨכ◒⅜

2≈ ∆╢ ⁸ ⌐ ╙ ™ ⅜ ↕╣╕∆⁹ 

V ☿fi♩꜡▬♪ │ ⌐⁸ ↕╣√ⱦכⱶ─☿fi♩꜡▬♪⌐ ⅛

╣╕∆⁹ 

↕╣╢  │  ≢─ ⌐ ∂╕∆ 

2.4 ◐ꜗⱪ♅ꜗꜞⱲfi 

◐ꜗⱪ♅ꜗꜞⱲfi⌐│⁸ ─♃כ♦ ⌐ ∆╢ ₁ Ɽꜟכ♠⁹∆╕╡№⅜

Ⱡꜟ≢│ ─ / ─ ⅜ ⅎ╕∆  

 

2.4.1  ⱨ꜠כⱶⱣ♇ⱨ□◘▬☼     

Ᵽ♇ⱨ□─◘▬☼│↓─ⱤⱠꜟ≢ ≢⅝╕∆⁹ ≢⅝╢ⱨ꜠כⱶ ╩

∆╢≤⁸ ⌂ⱷ⸗ꜞ╛ ⱷ⸗ꜞ─ ⅜ ↕╣╢⅛⅜ ↕╣╕∆⁹ 

ⱨ꜠כⱶⱣ♇ⱨ□│ ♃כ♦⌂ ≢∆⁹Ᵽ♇ⱨ□≢─ ─ⱨ꜠כⱶ

כⱣ☻♃כ♥☻│ ─Ᵽ♇ⱨ□ ◖fi♩꜡כꜟ ◄ꜞ▪⌐ ↕╣╕∆⁹  

  Ᵽ♇ⱨ□─ ╩ ⅛∆⌐│☻ꜝ▬♄ Ⱳ♃

fi⁸☻Ⱨfi ╩ ∫≡ ↕™⁹ 

ⱨ꜠כⱶ⌐ ╡ ≡╠╣╢ⱷ⸗ꜞ│◌ⱷꜝ─ⱨ꜠כ ◘▬☼⌐ ⇔╕∆⁹ ⅜

⅝↑╣┌╟╡ ↄ─ⱷ⸗ꜞ╩ ≤⇔╕∆⁹◌ⱷꜝ─ ROI ⌐╟╡ ⌂ⱷ⸗ꜞ

╩ ⅎ╢↓≤⅜≢⅝╕∆⁹ 

BeamGage │♄▬♫Ⱶ♇◒ⱷ⸗ꜞ fiꜛ◦כ◔꜡▪ ▪ꜟ◗ꜞ☼ⱶ╩ ⇔≡™╕∆─

≢⁸◦☻♥ⱶ ─ⱷ⸗ꜞ ⅜ ⅎ╢≤ ⌐ⱨ꜠כⱶⱣ♇ⱨ□◘▬☼╩ ↕

∑╕∆⁹≈╕╡⁸ ─▪ⱪꜞ◔כ◦ꜛfi⅜ ∟ →╠╣∕╣╠⅜ ─ⱷ⸗

ꜞ╩ ≤∆╢ ⁸ ↕╣√ⱨ꜠כⱶⱣ♇ⱨ□◘▬☼│ ↕ↄ⌂╡╕∆⁹ ─

PC≢ 2≈╕√│ GB─ RAMⱷ⸗ꜞ⅜ ↕╣≡™╣┌⁸ ↓─╟℮⌂↓≤│ ↓

╡╕∑╪⁹⇔⅛⇔⁸CAD╛♪◐ꜙⱷfi♩⌂≥─ ⅝⌂ⱨ□▬ꜟ⅜ ⅛╣╢≤⁸∕╣╠

⅜ ⅛╣╢╟℮⌐ⱨ꜠כⱶⱣ♇ⱨ□─◘▬☼⅜ ↕ↄ⌂╡╕∆⁹  

ⱥfi♩:  ⌂ ⅜ ⅎ╢╟℮⁸ ⌐Ᵽ♇ⱨ□◘▬☼╩ ⌐⇔≡ↄ∞↕™⁹ 
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2.4.2  ⅝ ╖    

↓─ ─┼ⱶכ꜠ⱨ♃כ♦╡╟⌐ ⅝⅜ →╕∆⁹ ⱨ꜠כⱶ╛ⱨ꜠כⱶⱣ♇

ⱨ□ ⌐ ∆╢ ─○fi○ⱨ⅜≢⅝╕∆⁹ ↕╣√ⱨ꜠כⱶ⅜꜡♇◒↕╣

⌐כⱣ☻♃כ♥☻⁸┌╣™≡ ↕⌂ Ⱳ♃fi⅜ ╣╕∆⁹ 

  ╩◒ꜞ♇◒∆╣┌ ─ⱨ꜠כⱶ⅜ ⅝ ╖ ≤⌂╡╕∆⁹ 

 ╩◒ꜞ♇◒∆╣┌ ↕╣╕∆⁹ 

  ◒ꜞ♇◒∆╣┌ ⱨ꜠כⱶⱣ♇ⱨ□⅜ ⅝ ╖ ≤⌂╡╕∆⁹ 

 ╩◒ꜞ♇◒∆╣┌ ↕╣╕∆⁹ 

2.4.3  ⱪ꜡☿♇◦fi◓   

⌐♃כ♦√╣↕ ⇔ ₁⌂ ⅜ ⅎ╕∆⁹↓↓≢│∕─ ─ 3≈─ ⌐

≈™≡ ═╕∆⁹  

  ⱨ꜠כⱶ ♃כ♦   ─ ∆╢ⱨ꜠כⱶ ╩ ⇔╕

∆⁹↓─ ≢│⁸8 ─ⱨ꜠כⱶ⅜ ↕╣⁸ ≤⇔≡ ╠╣╢ 1≈─ⱨ꜠כⱶ

⅜Ᵽ♇ⱨ□⌐ ↕╣╕∆⁹ⱨ꜠כⱶ │ S/N ╩ ⇔╕∆─≢⁸ⱡ▬☼⅜ ⅝

™ ≢ ™ ╩ ⌂↑╣┌⌂╠⌂™ ⌐ ⌂ ≢∆⁹S/N │ ⌐ ™

╢ⱨ꜠כⱶ ─ ─ ⌐ ⇔≡ ↕╣╕∆⁹ 

  ⱨ꜠כⱶ   ∆╢ⱨ꜠כⱶ─ ╩ ⇔╕∆⁹ │

ⱨ꜠כⱶⱣ♇ⱨ□⌐ ↕╣╕∆⁹↓─ ≢│ⱨ꜠כⱶ ⅜ 1⌂─≢⁸ │

╦╣╕∑╪⁹ⱨ꜠כⱶ │ ─ ꜠ⱬꜟ╩ →╢─⌐ ™╠╣╕∆⁹ ╩

↕∑╢⌐│►ꜟ♩ꜝ◐ꜗꜟ ─ ╩ ⌐ ⌐⇔≡⅔⅝⁸ ┼─ⱬכ☻ꜝ▬

fi─○ⱨ☿♇♩≢ ⅜ ⌂╙─⌐⌂╠⌂™╟℮⌐⇔≡⅔ↄ↓≤⅜ ≢∆⁹ 

 
◖fiⱲꜞꜙכ◦ꜛfi⌐╟╡⁸ ⱡ▬☼⅜ ⌐ ™ⱦכⱶ╩⅝╣™⌂ⱦכⱶ⌐ ⅎ

╢↓≤⅜≢⅝╕∆⁹ 

 

◖fiⱲꜞꜙכ◦ꜛfi   

↓─ │⁸ ♃ꜟ▫Ɽ☻ⱨכ꜡⌂₁

(LPF) ▪ꜟ◗ꜞ☼ⱶ╩ ™≡ ⱡ▬☼╩

∆╢╙─≢∆⁹  
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2.4.4  ⱨ꜠כⱶ◖ⱷfi♩   

⌐ⱶכ꜠ⱨ─♃כ♦ ∆╢◖ⱷfi♩╩↓↓⌐ ⇔╕∆⁹ ↕╣√◖ⱷfi♩│↓

─ⱤⱠꜟ≤ ─ⱨ꜠כⱶ ⌐ ↕╣╕∆⁹ ⅝ ╖ ─ⱨ꜠כⱶ│

≢∆⁹ ⌐│ ─ 4≈─ ⅜№╡╕∆  

─◖ⱷfi♩  

◖ⱷfi♩╩ ↕╣≡™╢ⱨ꜠כⱶ─╖⌐ ⇔╕∆⁹ 

≡─◖ⱷfi♩   

◖ⱷfi♩╩ⱨ꜠כⱶⱣ♇ⱨ□ ─▪◒☿☻ ⌂ ≡─ⱨ꜠כⱶ⌐ ⇔╕∆⁹ 

  ⇔™◖ⱷfi♩     

◖ⱷfi♩╩ ⅔╟┘↓╣⅛╠ ∆╢ ⌐♃כ♦─≡ ⇔╕∆⁹ 

  ≡─◖ⱷfi♩≤ ⇔™◖ⱷfi♩  

◖ⱷfi♩╩▪◒☿☻ ⌂ ≡─ⱨ꜠כⱶ≤↓╣⅛╠ ↕╣╢ ≡─ⱨ꜠כⱶ⌐ ⇔

╕∆⁹ 

2.4.5 ꜞ ⱨ□꜠fi☻    

↓╣│ ☻ⱨ□꜠fiꜞ⁹∆≢♪כ⸗⌂ ⱨ꜠כⱶ╩ ⌂ⱨ꜠כⱶⱣ♇ⱨ□ ⌐

⇔⁸ ╠⅛ⱶכ꜠ⱨ♃כ♦ ⅝╕∆⁹2≈ ─ꜞⱨ□꜠fi☻ ⱨ꜠כⱶ╩

⌐ ∆╢↓≤│≢⅝╕∑╪⁹ ↕╣≡™╢ꜞⱨ□꜠fi☻ ⱨ꜠כⱶ╩ ╢⌐

│Ᵽ♇ⱨ□ ╩♪כ⸗ ─╟℮⌐ “R” ⌐⇔≡ↄ∞↕™⁹ 

 

─ⱨ꜠כⱶ╩ꜞⱨ□꜠fi☻⌐  

↓─Ⱳ♃fi╩◒ꜞ♇◒∆╢≤⁸ ↕╣≡™╢ⱨ꜠כⱶ⅜ꜞⱨ□꜠fi☻ ⱨ꜠כ

ⱶⱣ♇ⱨ□⌐ ↕╣╕∆⁹ 

  ─ⱨ꜠כⱶ─●►☻ⱨ▫♇♩╩ꜞⱨ□꜠fi☻⌐  

↓─Ⱳ♃fi╩◒ꜞ♇◒∆╢≤⁸ ↕╣≡™╢ⱨ꜠כⱶ─●►☻ⱨ▫♇♩⅜ꜞⱨ

□꜠fi☻ ⱨ꜠כⱶⱣ♇ⱨ□⌐ ↕╣╕∆⁹ 

  ꜞⱨ□꜠fi☻ ─○fi/○ⱨ 

♩◓ꜟ☻▬♇♅≢⁸ꜞⱨ□꜠fi☻ ─○fi/ ○ⱨ ⅜ ⅎ╕∆⁹ ⅜○fi─ ⁸

☻ⱶ≢│ꜞⱨ□꜠fiכ꜠ⱨ♃כ♦⌂√ ⱨ꜠כⱶ⅜ ↕╣⁸ │ⱨ꜠כⱶⱣ♇

ⱨ□⌐ ≢כⱣ☻♃כ♥☻⁸╣↕ ─  ⅜ ⇔╕∆⁹   

 

:  ☿♇♩▪♇ⱪ⌐ ╩ ⅎ╢╟℮⌂◌ⱷꜝ  ⅜ ╦╣╢≤⁸“R” ─ ⅜

⌐ ╦╡⁸ꜞⱨ□꜠fi☻ ─ ⅜ ↕╣╕∆⁹ ⅜ ╦∫√⅛╩ ╢√╘⌐↓─

⌐ ╩ ∫≡ ↕™⁹ 
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Important: ꜞⱨ□꜠fi☻ ╩○fi⌐≢⅝╢─│⁸ ≥♩♇ⱴכ◊ⱨ♃כ♦ ∂ⱨ◊

☻ⱶ⅜ꜞⱨ□꜠fiכ꜠ⱨ♃כ♦─♩♇ⱴכ ⱨ꜠כⱶⱣ♇ⱨ□⌐ ↕╣√

∞↑≢∆⁹ 

   ♩כ꜠☻כ♁  2.4.6

↓─ⱤⱠꜟ│♦כ♃ⱨ꜠כⱶ ⌐≈™≡ ∆╢╙─≢∆⁹ ─╟℮⌂ ─

♃כ♦⁸ │○Ɑ꜠כ♃№╢™│◖ⱴfi♪⌐╟╡ ↕╣╢╕≢ כ♦⁹∆╕⅝

♃ │ⱨ꜠כⱶ ⱪꜝ▬○ꜞ♥▫ ╕√│ ⱪꜝ▬○ꜞ♥▫─ ∏™─♪כ⸗─≈2

╣⅛≢ ╦╣╕∆⁹ 

ⱨ꜠כⱶ ╩ⱶכ꜠ⱨ♃כ♦│ ⇔⁸ ╛⅛⌐ⱨ꜠כⱶⱣ♇ⱨ□⌐ ∆╢╙─

≢∆⁹ │ ↕╣ⱳ☻♥▫fi◓↕╣╕∆⅜⁸ ─ⱳ☻♥▫fi◓⅜♦כ♃ ꜠

⌐♩כ ™≈⅛⌂™ ⁸ⱨ꜠כⱶ│☻◐♇ⱪ↕╣╕∆⁹↓─⸗כ♪≢╙◌ⱷꜝ│

BeamGage╟╡ ↄⱨ꜠כⱶ╩ ≢⅝╕∆⁹ 

 │ⱨ꜠כⱶ╩™⅛⌐ ↄⱨ꜠כⱶⱣ♇ⱨ□⌐ ∆╢⅛≢│⌂ↄ⁸ ─

╛ⱳ☻♥▫fi◓⌐╟╡ ╩ ↄ╙─≢∆⁹ ─ ⅜ ╩ ╢↓≤≢№╣

╩♪כ⸗─↓⁸┌ ∫≡ ↕™⁹ 

  ☻♩♇ⱪ▪ⱨ♃│♦כ♃ⱨ꜠כⱶ ╩ ⇔⁸↓─ ⌐ ∆╢

≤ │☻♩♇ⱪ⇔╕∆⁹☻♃כ♩Ⱳ♃fi╩◒ꜞ♇◒∆╢≤ ┘ ⅜ ╕╡╕∆⁹

╩♀꜡⌐∆╢≤↓─ │ ≤⌂╡╕∆⁹ 

─♪꜡♇ⱪ♄►fiꜞ☻♩⅛╠♦כ♃ ╩♪כ⸗ ⌐♪כ⸗─ ≢⅝╕∆⁹

↓─ │ ─ ≤ ⇔≡ ≤⌂╡╕∆─≢⁸ ─ ⅜ ⌐ ≤⌂╢

≤⁸ ∑⌠ ⅜ ∆╢ ⅜№╡╕∆… ⇔≡ ↕™⁹  ─ ⅛╠ 3

≈─ ⌐≈™≡∕╣∙╣ ⇔╕∆⁹ 

 

 ⱨ꜠כⱶ◘fiⱪꜞfi◓  

X ┼─ │◘fiⱪꜞfi◓ ╩♩כ꜠ ⇔╕∆⁹ ─ ≢│⁸ ♦Ᵽ▬☻⅛╠ ╠

╣╢ 2ⱨ꜠כⱶ↔≤⌐ 1ⱨ꜠כⱶ─ ≢ ◘fiⱪꜞfi◓⅜ ╦╣╢↓≤╩ ⇔≡™╕

∆⁹ 

 ≢─ⱨ꜠כⱶ◘fiⱪꜞfi◓  

T ↔≤⌐ Xⱨ꜠כⱶ─ ╩ ⇔╕∆⁹ ─ ≢│ 1 ↔≤⌐ 2ⱨ꜠כⱶ⁸∆

⌂╦∟ⱨ꜠כⱶ꜠כ♩ 2Hz≢─♦כ♃ ╩ ⇔╕∆⁹ 

 Ᵽכ☻♩⌐╟╢◘fiⱪꜞfi◓  
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⁸│≢♪כ⸗─↓ T ↔≤⌐ X ─Ᵽכ☻♩ ⱨ꜠כⱶ╩ ⇔╕∆⁹ ╩ 

HH:MM:SS─ ≢ ⇔╕∆⁹ ─ ≢│⁸1 1 ↔≤⌐ 10ⱨ꜠כⱶ⅜

╛⅛⌐ ↕╣╕∆⁹  

─◘fiⱪꜞfi◓│☻♃כ♩Ⱳ♃fi╩◒ꜞ♇◒∆╢≤ ↕╣╕∆⁹ ╩◒

ꜞ♇◒∆╢≤ │ ≢Ⱳ♃fi♩כ♃☻⁸⇔ √⌂◘fiⱪꜞfi◓⅜ ╕╡╕∆⁹♦

♃כ │○Ɑ꜠כ♃№╢™│◖ⱴfi♪⌐╟╡ ↕╣╢╕≢ ⅝╕∆⁹ 

2.4.7.     

↓─ │ BeamGage ⱪ꜡ⱨ▼♇◦ꜛ♫ꜟ≢ ≢⅝⁸↓╣ⱦכⱶ ─ ─

╖╩ ∆╢√╘⌐ ─ ╩ ℮╙─≢∆⁹↓─ │ X ╕√│ Y ─

╖⌐ ⇔≡ ╦╣╢╙─≢№╡⁸X, Y ─ ╖╩ ⌐ ∆╢↓≤│≢⅝

╕∑╪⁹ ⌐ ⇔≡│⁸◌ⱷꜝ⅜ ─ ⅛╠ ⅜◙כ꜠⁸╙≡™≡╣

─ ⅛╠ ╣≡™≡╙ ∂≢∆ ◌ⱷꜝ⅛꜠כ◙─≥∟╠⅛ ≈⅜ ⌐

≢№╣┌ №╡╕∑╪⁹ │⁸◌ⱷꜝ≤꜠כ◙─ ⅜ Y ≢ ⅛

╠ ╣≡™╢ ╩ ⇔√╙─≢∆⁹X ≢─ ⌐≈™≡╙ ≢∆⁹ 
 

 
 

◌ⱷꜝ⅜  

 

◌ⱷꜝ ○ⱨ☿♇♩  

⌐╟╡ ╘╠╣√ 

ⱦכⱶ  

X ≢ 45 ○

ⱨ☿♇♩─

─◌ⱷꜝ  

◙כ꜠ ⱦכⱶ 

ⱦכⱶ 

θ 

 fiכꜞ◒☻

 fiכꜞ◒☻

ⱦכⱶ ⌐

⇔≡  
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⅜◙כ꜠  

≥∟╠─ ≢╙ ⱦכⱶ│ ≢∆⅜⁸◌ⱷꜝ≢ ╠╣╢ │⁸ ⌐№╢─⅜

◌ⱷꜝ⅛꜠⁸≡∫╟⌐⅛◙כX ⌐ ↕╣╢⅛ ┌↕╣╕∆⁹ⱦכⱶ─

╩ ⌐ ∆√╘⌐ ─ⱦכⱶ ⅜ ╦╣╕∆⁹ 

BeamGage ≢│Ⱪ꜠♀fiⱢⱶ ▪ꜟ◗ꜞ☼ⱶ╩ ™≡ ─ ╩ ∫≡™╕∆⁹

─ 2≈─ ─ ─ ≢│ Y ♃כ♦─ ⅜ ╦╣⁸ ─ ≢│ X ─♦

♃כ ⅜ ╦╣╕∆⁹ 

 BeamGage ≢│ ╩ ┌∆↓≤│≢⅝╕∑╪⁹ ∆╢─╖≢∆⁹ 

2.4.7.1. 2 ☻♥♇ⱪ≢─  

─╟℮⌂ ◦☻♥ⱶ─ ⁸ ─ 2≈─☻♥♇ⱪ≢ⱦכⱶ ─

╩ ℮↓≤⅜≢⅝╕∆⁹ 

 

  ☻♥♇ⱪ 1 ╩ ∆╢   

╩ ℮√╘⌐⁸ ∆╢ ╩ ⇔╕∆⁹Y ⅜ X ⌐ ═≡ ┘≡™

╢╟℮≢№╣┌ “Y╩ ∆╢” ╩ ⇔╕∆⁹ ⌐⁸X ⅜ Y ⌐ ═≡ ┘≡

™╢╟℮≢№╣┌ “X╩ ∆╢” ╩ ⇔╕∆⁹ ╩⇔⌂™ │ None

╩ ⇔╕∆⁹  ○ⱨ☿♇♩ ⁸∆⌂╦∟◌ⱷꜝ╕√│꜠כ◙⅜ ─ Z ≤

∆ ⁸╩Θ⌐ ∆╢⅛⁸cosΘ ─ ╩ ⇔╕∆⁹≥∟╠⅛─╩ ∆╣┌

│ ⌐ ↕╣╕∆⁹ 

 Θ ─ │ 45.0°, cosΘ ─ │ 0.707≢∆⁹ 

 

  ☻♥♇ⱪ ≥ꜟכ◔☻ 2   

╩ ⇔√╠ ╩ ⇔ↄ ⇔╕∆⁹ ꜟכ◔☻ ◖fi♩꜡כꜟ⌐≈

™≡│ 2.5.3⌐ ═╠╣≡™╕∆⁹ ♃◒□ⱨꜟכ◔☻ ◖fi♩꜡כꜟ╙∕↓⌐

№╡╕∆─≢⁸ ⌐◓fiꜞכ◔☻╛ ⌂ ≡─ ⅜ ⅎ╕∆⁹ꜟכꜝ

◙כ꜠ ⱦכⱶ 

ⱦכⱶ 

θ 

─ ⅝─

√╘⌐ ╘╠╣

√ⱦכⱶ  

◌ⱷꜝ│

⌐  
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╩◓fiꜞכ◔☻≡⇔◒♇ꜞ◒╩Ⱳ♃fiכ ╩♃◒□ⱨꜟכ◔☻⁸⇔⌐ ⇔╕

∆⁹  

2.4.7.1.1.  ─   

─ ╩↔ ⇔╕∆⁹↓─ ≢│⁸◌ⱷꜝ│♃כ◕♇♩─ Y ╟╡ ⌐ ⅛╣

≡™╕∆⁹ ⌐ 1m─ ⅜ ≤≤╙⌐ ⌐ ⅛╣≡™╕∆⁹∕╣│

─ ⁸ ⌐◓fiꜞכ◔☻⁸ ™╠╣╕∆⁹ ⌐ ⇔√ │⁸ ◕כ♃─

♇♩╩ ⇔╕∆⁹ ─√╘⌐⁸BeamGage ─ ►▫fi♪►─ │ ⌂ↄ⇔≡№╡╕∆⁹ 

◌ⱷꜝ│♃כ◕♇♩⌐ ╩ ≥ꜟ♁כ◌⁸∑╦ │ ≤⌂∫≡™╕∆⁹◌

≥ꜟ♁כ ─ │ 2D ⌐ ─♩♇◕כ♃⁹∆╕╣↕ │◌ⱷꜝ─

ⱦꜙכ─ ≤⇔≡ ╠⌐⌂∫≡™╕∆⁹ │♃◒□ⱨꜟכ◔☻─ 1⌂─≢⁸ │◌ⱷ

ꜝ─Ⱨ◒☿ꜟⱧ♇♅⌐ ≠™√╙─≢∆⁹ 

 

↓─ ╩ ∆╢⌐│⁸╕∏ X ⌐ ╩ ™╕∆⁹Θ─ ╩ ∆╢≤⁸X ⅜

│♩♇◕כ♃╣↕ ─╟℮⌐  ⌐ ╡╕∆⁹  
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↓─ ≢│⁸ ⌐╟╡◌ⱷꜝ≤ Y ─ ∆ ⅜ 26.0 ≤⌂∫≡™╕∆⁹↓─

⌐╟╡⁸ ╩ – ꜟ♁כ◌│ ™≡ X ⅔╟┘ Y ≢ ↕╣⁸

│ ∂ ⌐⌂╡╕∆⁹ 

╩♃◒□ⱨꜟכ◔☻⌐ ╘ ─ ╩ 1m≤⇔╕∆⁹ ╩♃◒□ⱨꜟכ◔☻⁸│≢

368.1≤⇔√≤⅝⌐⁸ ─ ╩ ─ - ꜟ♁כ◌∆ ⅜ 1.000+00 m≤⌂∫≡™

╕∆⁹  

 

⌐ ∂⁸↓─ ╩ ⇔╕∆⁹ 

2.4.7.2. ⌐ ℮  

╩ ⌐⇔≡╙☻Ⱨכ♪╩ →╢√╘⌐Ⱪ꜠☿fiⱢⱶ ▪ꜟ◗ꜞ☼ⱶ⅜ ↕╣╕⇔

√⁹1≈─ ─ ≤⇔≡⁸ ↕⌂ ─ ⁸ ⅜ ╗↓≤⅜№╡╕∆⁹ ╩

⌐ ⅎ╢⌐│⁸ⱦכⱶ⅜≢⅝╢∞↑ ↄ─◌ⱷꜝ ╩ ╘╢╟℮⌐∆╢↓≤⅜
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≢∆⁹√∞⇔⁸ⱨ꜠כⱶ⌐⅛⅛╠⌂™╟℮⌐ ⅜ ≢∆⁹ ↄ─◌ⱷꜝ≢│ X ─

⅜ ™─≢⁸ ≢─ X ⅜◌ⱷꜝ─ X ⌐⌂╢╟℮⌐◌ⱷꜝ╩ ∆╢↓≤╩ ⇔

╕∆⁹↓─ ⁸ │ X ⌐ ⇔≡ ℮↓≤⌐⌂╡╕∆⁹ 

ⱦכⱶ │ ◄ꜞ▪╟╡ ↕ↄ⇔≡ ↕™⁹ ≤⇔≡│⁸ⱦכⱶ ⅜

◄ꜞ▪─ ≤⌂╢╟℮⌐⇔≡ ↕™⁹ 

│⁸ ₁⌂ ⱦכⱶ ≤○ⱨ☿♇♩ ⌐ ∆╢ ⱶכⱷfi♩─ⱦכ⸗

╩ ⇔√╙─≢∆⁹Ⱨ◒☿ꜟ◘▬☼≤ⱦכⱶ │ ↕╣≡™╕∆⁹

ⱦכⱶⱷכ◌╩ ™≡ ⇔√●►◦▪fiⱦכⱶ╩ ╡⁸ ⌐╟╡∕╣╩

⇔╕⇔√⁹ⱦכⱶⱷכ◌╩ ⅎ┌⁸ ─ ⌐⅔↑╢ ─ ╩ ∆

╢√╘⌐ⱦכⱶ ╛ ╩ ∆╢↓≤⅜≢⅝╕∆⁹  

ⱦכⱶ

(Ⱨ◒☿ꜟ) 

vs Θ 10° 20° 30° 45° 

10 +1.5% +4.3% +1.1% +1.0% 
15 +1.6% -0.3% -0.3% +0.5% 
30 +1.5% -0.4% 0% 0% 
60 -0.2% +0.1% 0% 0% 

100 -.4% 0% 0% 0% 

ⱶכⱷfi♩─ⱦכ⸗ ⁸ 

ⱦכⱶ  vs○ⱨ☿♇♩  

↓─ ⅛╠╦⅛╢╟℮⌐⁸ⱦכⱶ > 60 Ⱨ◒☿ꜟ⌐⅔™≡│ ⌐╟╢ │╒

≤╪≥ ∂╕∑╪⁹ ⅜ ≤⌂╢─│ⱦכⱶ ⅜ 10Ⱨ◒☿ꜟ ≤⌂╢

≢∆⁹ ╩⇔⌂™ ≢╙⁸ ↕╣╢ ⱦכⱶ │↓─꜠ⱬꜟ≢∆⁹   

2.4.7.3. ⌐╟╢ ─♩♇ⱴכ◊ⱨ♃כ♦   

⅜ ╦╣╢≤⁸◌ⱷꜝ⌐╟╢○ꜞ☺♫ꜟ─ⱨ◊כⱴ♇♩│ ⇔™ ♦

⌐♩♇ⱴכ◊ⱨ♃כ ↕╣╕∆⁹ ♦─ꜝⱴ♇♩│◌ⱷכ◊ⱨ♃כ♦√╣↕

⌐℮╟─♃כ ⁸ ⁸ ╖ ⇔⅜≢⅝╕∆⅜⁸ ─ⱨ◊כⱴ♇♩│

⌐ ≠ↄ╙─≢∆⁹≈╕╡⁸ ⇔™ ─◘▬☼│ ⌐╟╡ ⌂╡

╕∆⁹ 

Ⱨ◒☿ꜟ─☻◔כꜞfi◓╙↓╣╠─♦כ♃ ☿♇♩⌐ ⇔≡ ⌐ ↕╣⁸

╩♃כ♦ ⅜ꜟכ◔☻─⧵┌↑ ↕╣╕∆⁹ ↕╣√ⱨ꜠כⱶ╩ ─

⌐ ∆↓≤│≢⅝╕∑╪⁹ 

╩ ─ ≤ ⌐ ∆╢ ⁸∆⌂╦∟ ≤─ ⌂≥⁸ ─

ⱨ◊כⱴ♇♩ ∂≢⌂↑╣┌⌂╡╕∑╪─≢⁸ ╩ ∆╢ ⌐│

⅜ ≢∆⁹  

2.4.7.4. ─  

™╢ ◦☻♥ⱶ│ ⇔ↄ ↕╣√╙─≢⌂↑╣┌⌂╡╕∑╪⁹≈╕╡⁸

◦☻♥ⱶ≢│꜠fi☼─ ⅜ ↕╣╢ ⅜№╡╕∆⁹ ─ⱦכⱶ

≢│⁸ⱦכⱶ⅜ ⇔ↄ◖ꜞⱷכ♩↕╣≡™⌂™ ∆⌂╦∟⁸ ⌐ ⁸

∆╢ ╛ ⅜ ⌐ ⇔≡ ™≡™╢ ⌐│⁸ ⅜↕╠⌐ ╗
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⅜№╡╕∆⁹↕╠⌐⁸ ה ה ה ⱨ▫ꜟ♃⌂≥⌐≈™≡╙

∆╢ ⅜№╡╕∆⁹ 

 

⌐ ╩ ™≡⁸ ╩ ⌐ ↕∑╢↓≤╙≢⅝╕∆⁹

│ ≢ ╦╣╕∆⁹ ─ⱨ꜡fi♩ ≢ ∆╢ ╖│ ⌐╙ ⇔

╕∆⁹ 

◌ⱷꜝ┼─  

⅜◙כ꜠ ─ ─ │⁸◌ⱷꜝ ◄ꜞ▪╩ ⌐ ⅝⅛ⅎ╣┌⁸∕─╕

╕ ⌐ ≢⅝╕∆⁹↓╣│№╕╡ ⌂ ≢│№╡╕∑╪⅜⁸

│ ↄ ∂≢∆⁹  

2.5  

↓╣│ ─ ╩ ℮╙─≢⁸ ╛◓ꜝⱨ⅜ ↕╣╢ ╕√│

⌐≡ ≢⅝╕∆⁹ ≢─ │ ≢ꜟⱤⱠꜟכ♠ ⇔╕∆  

 

─כꜙ♬ⱷꜟכ♠─ Ⱳ♃fi│ ─ ╩ ™╕∆⁹

≢│⁸ⱤⱠꜟ ⌐≈™≡ ⇔╕∆⁹ 

2.5.1 Ɽ꞉כ /◄Ⱡꜟ◑  

↓─ⱤⱠꜟ│ⱴ♬ꜙ▪ꜟ≢ⱦכⱶⱤ꞉כ/◄Ⱡꜟ◑╩ ∆╢─⌐ ™╕∆⁹ ⌐⌂╢

│♃כ♦ ─Ɽ꞉כ/◄Ⱡꜟ◑ⱷכ♃─ ≢∆⁹ ╩♀꜡⌐∆╢≤ ─

│ ╦╣∏⁸ⱦכⱶ │◌►fi♩ ≢─ ≤⌂╡╕∆⁹ 

○ⱨ▫כꜟ Ɽ꞉כ/◄Ⱡꜟ◑ⱷכ♃⅜ PC⌐ ↕╣⁸ ⌐ ↕╣≡™╢ ╩ ⅝

╕∆⁹∕─ ⁸↓↓≢─ │ ─ ╙ ↑╕∑╪⁹ 

  ╩    ╩ ℮⌐│Ɽ꞉כ/◄Ⱡꜟ◑ ╩ ⇔⁸ ╩ ⇔≡⅛╠

╩◒ꜞ♇◒⇔╕∆⁹ ↕╣≡™╢ⱨ꜠כⱶ│↓─ ╩ ™≡™╕∆⁹

⅜ ↕╣╕∆⅜⁸ ↕╣≡™⌂™↕╣≡™╢ │⁸ ⅜ ⌐ ╦╡╕∆⁹ 

  ╩    ╩◐ꜗfi☿ꜟ⇔╕∆⁹ ⌐ ↕╣√ ⅜ ↕╣╕

∆⅜⁸ │♦☺♃ꜟ ◌►fi♩ (cnts)⌐ ╡ ≤⌂╡╕∆⁹ 

  ↓─Ⱳ♃fi│⁸Ɽ꞉כ/◄Ⱡꜟ◑ │ ○ⱨ▫כꜟ Ɽ꞉כ/◄Ⱡꜟ◑ⱷכ♃─ ≢

№╡⁸↓↓≢─ │ ↕╣╢↓≤╩ ⇔╕∆⁹ 
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⅜ ╦╣ ⅜ ╦╢≤⁸ │ ⌐ ↕╣╕∆⁹⇔⅛⇔⁸ ⅜

Ɽ꞉כ⅛╠◄Ⱡꜟ◑ №╢™│ ⌐ ╦╢↓≤│№╡╕∑╪⁹╙⇔∕─╟℮⌂

╩∆╢ │⁸ ╩◒ꜞꜘ⇔≡ ⌂ ≢ ∆╢ ⅜№╡╕∆⁹ 

─Ⱳ♃fi│Ɽ꞉כ/◄Ⱡꜟ◑♄▬▪꜡◓╩ ⇔╕∆⁹↓╣╠─ ⌐╟╡⁸

─Ɽ꞉כ/◄Ⱡꜟ◑ ⅜ ≢⅝╕∆⁹↓╣╠⌐≈™≡│ 5  ⌐⅔

™≡ ⌂ ⅜ ╦╣╕∆⁹ 

⌂ ⅜ ⅜כꜝ◄≥╢╣╦ ╩ꜟ♁כ◌⁹∆╕╣↕ ◘▬fi ⌐

↕∑≡⁸○ⱪ◦ꜛfi⅜ ≢№╢ ╩ ⇔≡ ↕™⁹ 

 

ISO│⁸ ⅜ ISO ─ ≢ ╠╣√↓≤╩ ⇔╕∆⁹≈╕╡⁸ ─ ≢│

⅜ ≢│⌂ↄ⁸ISO─ ⅜ ╠╣⌂™↓≤⌐⌂╡╕∆⁹ │ 5 ╩ ™╕∆⁹ 

2.5.1.1  Ɽꜟ☻Ɽ꞉כ 

☻ꜟⱤ─◙כ꜠│כⱤ꞉◒כⱤꜟ☻─Ⱨ◙כ꜠ ╩ ∆╣┌ ↕╣╕∆⁹ 

2.5.1.2  Ɽꜟ☻Ɽ꞉כ 

Ɽꜟ☻Ɽ꞉כ│Ɽꜟ☻─ ╩ ∆╣┌ ↕╣╕∆⁹ 

2.5.1.3  Ɽ꞉כ/◄Ⱡꜟ◑─♩♇ⱪⱢ♇♩⇔⅝™  

♩♇ⱪⱢ♇♩⇔⅝™ P/E │♩♇ⱪⱢ♇♩ ⱦכⱶ─ ⅝╩∆╢─⌐ ⌂ ─

ⱨꜟ◄fi☻ ╩ ∆╢↓≤≢ ↕╣╕∆⁹↓─ ╙Ⱨכ◒% ─ ⌐

≠™≡ ╦╣╕∆⁹ 

2.5.1.4  ♦Ᵽ▬☻  

─◙כ꜠ Ɽ꞉כ╕√│◄Ⱡꜟ◑╩ ◙כ꜠⁸┌╣∆ ─♦Ᵽ▬☻ ⅜

─◙כ꜠⁹∆╕⅝≢ Ɽ꞉כ/◄Ⱡꜟ◑│ Ɽ꞉כ/◄Ⱡꜟ◑ ─ ≤

∂ ≢ ⇔╕∆⁹∆⌂╦∟⁸ ≢─ ╩꞉♇♩⅛☺ꜙ⁹∆╕⇔≥ꜟכ 
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2.5.2  ⱦכⱶ    

ⱦכⱶ │ ↄ─ ⌂ ISO ╩ ╢√╘─ ╙ ⌂ ─ ≈≢∆⁹↓↓≢

─ │ⱦכⱶ ╛ ⱦכⱶ  ⅜ ∆╢ ≡─Ɽꜝⱷכ♃─ ⌐ ™╠╣╕∆⁹

ⅎ┌⁸ ISO ⅜╡ ─ ⌂ ⌐│ ⌂ 2 ♩ⱷfiכ⸗ ⱦכⱶ ─ ⅜

≢∆⁹ ⁸ ↄ─ ISO ─ ≢│ 2 ♩ⱷfiכ⸗ ⱦכⱶ ⅛ⱦכⱶ ─ ⅜

≤⌂╡╕∆⁹ 

♪꜡♇ⱪ♄►fiꜞ☻♩⅛╠ⱦכⱶ ─ ╩ ⇔╕∆⁹ ─♪꜡♇ⱪ♄►fi≢

╩ ┘╕∆⁹ D4σ │ 2 ♩ⱷfiכ⸗ ≢⁸╟╡ ╕⇔™╙─≢∆⁹ 

─Ⱳ♃fi╩◒ꜞ♇◒∆╢≤ ⌐ ∆ⱦכⱶ ♄▬▪꜡◓⅜ ⅝╕∆⁹ⱦ

ⱶכ ⌐⅛⅛╦╢Ɽꜝⱷכ♃─ ╩ ⇔ↄ ℮√╘⌐ ⅜ ≤⌂╢ ⅜

№╡╕∆⅜⁸∕─ │↓─ ≢ ™╕∆⁹ 

 

◌ⱷꜝ⌐ⱦכⱶ◄◐☻Ɽfi♄/ꜞ♦ꜙכ◘כ⌂≥─ ⅜ ™╠╣≡™╢

│⁸↓─♄▬▪꜡◓Ⱳ♇◒☻⌐│Ⱨ◒☿ꜟ ⅜ ╣╕∆─≢⁸ ⌂

ה ─ ⅜ ≢∆⁹ 

ⱦכⱶ ╛ⱦכⱶ  ─ ⌐≈™≡│ 5 ⌐ ═╠╣≡™╕∆⁹ 

2.5.2.1  ⱪ꜡◓ꜝⱶ ⌂♫▬ⱨ◄♇☺, KEProg KE ◒ꜞ♇ⱪ% 

◙כꜚ│╠╣↓ ≢ⱪ꜡◓ꜝⱶ ⌂♫▬ⱨ◄♇☺ ◒ꜞ♇ⱪ꜠ⱬꜟ ─√╘─

≢∆⁹Ɽ꞉כ◒ꜞ♇ⱪ꜠ⱬꜟ─꜡► (Low) ⅔╟┘ Ɫ▬(High)  % ⅔╟┘ⱴꜟ

♅ⱪꜝ▬ꜘ ╩ ⇔╕∆ 13.5% ≤ 86.5% ⌐ x 2 ╩ ≤⇔√╙─

⅜♦ⱨ◊ꜟ♩ ≤⌂∫≡⅔╡⁸TEM00 ●►◦▪fiⱦכⱶ─ ─┼♩ⱷfiכ⸗

≤⌂╡╕∆⁹ 

2.5.2.2  ⱪ꜡◓ꜝⱶ ⌂Ɽ꞉כ/◄Ⱡꜟ◑%,  %P/E ◒ꜞ♇ⱪ% 

ⱦכⱶ ⅔╟┘ⱦכⱶ ─ ─√╘⌐Ɽ꞉כ/◄Ⱡꜟ◑%╩ ⇔≡◒ꜞ♇ⱪ꜠

ⱬꜟ╩ ⇔╕∆⁹ 86.5% ⅜♦ⱨ◊ꜟ♩ ≢№╡⁸TEM00 ●►◦▪fiⱦכⱶ─

─┼♩ⱷfiכ⸗ ≤⌂╡╕∆⁹ 
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2.5.2.3  ⱪ꜡◓ꜝⱶ ⌂Ⱨכ◒%, %Ⱨכ◒ ◒ꜞ♇ⱪ% 

☻Ⱨꜞ◖fi─ ⅛╠─↓─ │⁸X/Y╕√│M/m ─♃כ♦─ 1D ⌐

╟╢╙─≢∆ ⁹ⱦכⱶ ⅔╟┘ⱦכⱶ ─ ─√╘⌐Ⱨכ◒ ⱨꜟ◄fi☻%╩

⇔≡◒ꜞ♇ⱪ꜠ⱬꜟ╩ ⇔╕∆⁹13.5% ⅜♦ⱨ◊ꜟ♩ ≢№╡⁸TEM00 ●

►◦▪fiⱦכⱶ─ ─┼♩ⱷfiכ⸗ ≤⌂╡╕∆⁹FWHM ( ) ─ ╩

╢⌐│ 50%⌐ ⇔╕∆⁹ 

2.5.2.4  ⱪ꜡◓ꜝⱶ ⌂Ⱨכ◒─ ☻ꜞ♇♩ %,  D%ms   Clip%   

↓─ │ ISO 11146 -3.≢ ↕╣√ ☻ꜞ♇♩ ⌐ ∂√╙─≢∆⁹◒ꜞ

♇ⱪ꜠ⱬꜟ╩ ╘╢Ⱨכ◒ ⱨꜟ◄fi☻─ ╩ ⇔╕∆⁹♦ⱨ◊ꜟ♩ │ 13.5%

≢⁸TEM00 ●►◦▪fiⱦכⱶ─ ╩♩ⱷfiכ⸗ ⇔╕∆⁹↓─ ≢│ⱦכⱶ

⅜ TEM00 (M² =1) ≢№╢↓≤╩ ⇔≡™╕∆⁹ FWHM ( ) ─ ╩ ╢⌐

│ 50%⌐ ⇔╕∆⁹ 

2.5.2.5  Ɽ꞉כ/◄Ⱡꜟ◑─ⱦכⱶ , EPSA % 

↓╣│ EPSA (Encircled power Smallest Aperture) ⁸№╢™│ ⌐◄fi◘כ◒

ꜟ♪ Ɽ꞉כ╕√│Ᵽ◔♇♩ Ɽ꞉כ ≤ ┌╣╢╙─≢∆⁹ ↕╣√ ≢ ╕

╣╢ⱦכⱶ Ɽ꞉כ─%╩ ⇔≡ↄ∞↕™⁹86.5%⅜♦ⱨ◊ꜟ♩ ≢№╡⁸

TEM00 ●►◦▪fiⱦכⱶ─ ─┼♩ⱷfiכ⸗ ≤⌂╡╕∆⁹ 

   ꜟכ◔☻ 2.5.3

◌ⱷꜝ⌐ⱦכⱶ◄◐☻Ɽfi♄/꜠♦ꜙכ◘⌂≥─ ⅜ ™╠╣≡™╢ ⁸↓─

♄▬▪꜡◓Ⱳ♇◒☻≢Ⱨ◒☿ꜟ─☻◔כꜟⱨ□◒♃╩ ⇔≡ⱦכⱶ ╩

⇔╕∆⁹  

≡⇔◒♇ꜞ◒╩Ⱳ♃fiכꜝכꜟ ◓fiꜞכ◔☻ ╩ ⌐⇔╕∆⁹↓─ ⅜○

ⱨ─ │◓fiꜞכ◔☻⁸ ╦╣╕∑╪⁹ ⌐⇔√ ╩♃◒□ⱨꜟכ◔☻⁸

⇔≡ ╕√│ ↕╣√ⱦכⱶ┼─ ╩ ™╕∆⁹  

>1─ ⁸◌ⱷꜝ┼─ FOV⅜ ⅝ↄ⌂╢ ↓≤⌐⌂╡╕∆⁹ ≤⇔≡│⁸ⱦכⱶ꜠

╛◘כꜙ♦ Cⱴ►fi♩ ꜠fi☼⅜ ™╠╣╢ ≢∆⁹ 

 <1 ─ ⁸◌ⱷꜝ┼─ FOV⅜ ↕ↄ⌂╢ ↓≤⌐⌂╡╕∆⁹ ≤⇔≡│⁸ⱦכⱶ

◄◐☻Ɽfi♄╛ ꜠fi☼⅜ ™╠╣╢ ≢∆⁹ 

2.5.4 ⅜╡   

BeamGage≢│ ⅜╡ ─√╘⌐ 3≈─ ⅜◘ⱳ⁹∆╕™≡╣↕♩כ  

1. ISO  

2. ⱨ□כⱨ▫כꜟ♪ 2  

3. ⱨ□כⱨ▫כꜟ♪   

∕╣∙╣─ ⌐≈™≡│ 5  ╩ ™╕∆⁹ 

↓↓≢│ ⌐ ╩⇔╕∆⁹  
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2.5.4.1     

↓╣│ⱦכⱶ ─ ─ ⌐⅔↑╢ⱨ□כⱨ▫כꜟ♪≢─ⱦכⱶ ⅜╡

╩ ╘╢ ≢∆⁹↓╣│ ⅜╡ ⅜ ↕™ ⌐ ≢⁸ ⌐mrad ─

⌐ ≢∆⁹ ꜠fi☼─ ╩mm≢ ⇔╕∆⁹ 

2.5.4.2  ⱨ□כⱨ▫כꜟ♪ 2    

↓╣│ⱦכⱶ ─ ◙כ꜠⌂↕ ─ⱨ□כⱨ▫כꜟ♪≢─ ⅜╡ ╩ ╘╢

⌐─╖ ⌂ ≢∆⁹mrad ─ ⅜╡ ╩ ≈ⱦכⱶ⌐ ⇔≡ ⇔≡

↕™⁹↓─ ≢│ ™⌐ ╣√ 2 ≢─ 2 ─ ⅜ ≢∆⅜⁸∕─ 2 │

ⱨ□כⱨ▫⁹╪∑╕╡⌂┌╣↑⌂⌐♪ꜟכ │ⱦכⱶ ⅜ ™ ─ ╩ ™

╕∆⁹ ⅜ ⇔√╠  Ⱳ♃fi╩◒ꜞ♇◒⇔≡ ╩ X:, Y:, D: ⌐ ╢⅛⁸◐

╠⅛♪כⱲכ ⇔╕∆⁹◌ⱷꜝ─ ⌐ ╩ⱷ⸗⇔≡⅔™≡ↄ∞↕™⁹ 

◌ⱷꜝ╩ 2 ─ ╡ ╣√ ┼ ↕∑⁸1 ⅛╠─ ╩mm─ ≢

⇔╕∆⁹ 

⁹∆╕⇔◒♇ꜞ◒╩♩כ♃☻ ⅜╡ │ 2≈─ⱦכⱶ ⅛╠ ╕╢ ⌐ ≠™

≡ ↕╣╕∆⁹  

╟╡ ⌂ ╩ ╢⌐│ 2 ╩ⱶכⱷfi♩ⱦכ⸗ ™⁸ ─ ⌐ ►ꜟ♩ꜝ

◐ꜗꜟ ⅜ ⌐⌂∫≡™╢↓≤╩ ⇔≡ↄ∞↕™⁹ 

2.5.4.3  ⱨ□כⱨ▫כꜟ♪    

↓─ ◘כ꜠│ ⅜ ⅛╠ ↕╣╢↓≤╩ ≤⇔≡™╕∆⁹↓╣│♄

─◙כ꜠♪כ○▬ ⅜╡ ╩ ∆╢─⌐ ⌐ ™ ≤⌂╡╕∆⁹◌ⱷꜝ╩

ⱨ□כⱨ▫⁸≢♪ꜟכ⅛≈ⱦכⱶⱪ꜡ⱨ□▬ꜟ ╩ ≢⅝╢ ⌐ ⅝╕∆⁹

⁸∕─ ◙כ꜠│ ⌐ ╘≡ ™ ≤⌂╡╕∆⁹↓─ │ ⌐

╘╢ ⅜№╡⁸ ╩ ⇔╕∆⁹ 

ⱦכⱶ ⅜ ╘╠╣╢≤ ⅜╡ ⅜ ↕╣╕∆⁹ 

2.5.5    

↓─ⱤⱠꜟ│ ─ ╩ ℮√╘─╙─≢∆⁹ ─ │

⌐≡ ⅎ╕∆⁹ ▬fi☺◔כ♃╛ ─ / │↓↓≢ ⇔╕∆⁹ 

:  ╩ ⌐∆╢≤♅▼♇◒Ⱳ♇◒☻⌐♅▼♇◒⅜ ⌐ ╡╕∆⁹ 

  /    ○fi≢ ⅜ ↕╣╕∆⁹○ⱨ⌐∆╣┌ ↕╣╕∑

╪⁹ 
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  ⌐╟╢     ╩ ∆╢ ╩ ⇔╕∆⁹ ─ ≢│

─ ⌐ ⅜ ↕╣╕∆⁹ ⌂ │ ─ ╡≢∆  

 TTL  USB▪♄ⱪ♃ ⅛╠─ ⁹○ⱪ◦ꜛfi≢─▪♄ⱪ♃─ ⅜ ≢

∆⁹  SP90060 

  ⱦכⱪ PC─ⱦכⱪ ╩ ╠⇔╕∆⁹ 

    ⅜ ⇔╕∆⁹  

  

2.5.6    

↓─ⱤⱠꜟ≢│ ─ ─◖fi♩꜡כꜟ╩ ™╕∆⁹↓↓≢│ ─

≢ ™╢◘fiⱪꜟ ─ ╙ ╦╣╕∆⁹ ─ ⅜ ╕╢≤ │ꜞ☿♇♩

↕╣╕∆⁹⌂⅔⁸ ─ꜞ☿♇♩│ ─ ─ ≢ ⌐ ⅎ╕∆⁹ 

⌂ ─ │ ─╟℮⌐⌂╡╕∆⁹ 

 

⌂  Mean( ), Std Dev( ), Max( ), Min( ), 

Sample Size(◘fiⱪꜟ◘▬☼)⅜ ─ ─╟℮⌐ ↕╣╕∆⁹  

 

♃כ♦ ⌐│ ≢↓↓⁹∆╕╡№⅜♪כ⸗─≈4 ꜗ♅ⱪꜗ◐│♪כ⸗√╣↕

ꜞⱲfi≢ ≢♩כ꜠☻כ♁√╣↕ ╩♪כ⸗⁹∆╕⇔ ⇔√╠⁸◐ꜗⱪ♅ꜗ

⅜ ♪כ⸗ ≤ ∫≡™╢↓≤╩ ⇔╕∆⁹ 

 ⱨ꜠כⱶ    ╙ ≢ ⌂ ─ ╩♃כ♦⁸│≈1 ⇔

꜠ⱳכ♩∆╢ⱨ꜠כⱶ ╩ ∆╢↓≤≢∆⁹ ↕╣√ ─ⱨ꜠כⱶ⅜ ↕╣╢

≤ │☻♩♇ⱪ⇔╕∆⁹ 
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     ↓─ │ ╩ ⌐ ∆╢╙─≢∆⅜⁸

⇔√ⱨ꜠כⱶ─ ⌐ ↕╣√ ⅜ ↕╣╕∆⁹ 

╩♃כ♦      ∆╢ ╩ ♪כ⸗─↓⁹∆╕⇔

≢│ⱨ꜠כⱶ │⁸◐ꜗⱪ♅ꜗ ≤⌂♩כ꜠☻כ♁ ─ ≢ ╕╡╕∆⁹ 

     │⁸ⱴ♬ꜙ▪ꜟ≢ ∆╢╕≢ ⌐ ↕╣╕

∆⁹ 

♩כ♃☻   ꜞ☿♇♩   ↓─ ╩ ╩Ⱳ♃fi♩כ♃☻⁸≥╢∆⌐ ∆≤

≡─ ⅜ꜞ☿♇♩↕╣╕∆⁹↓╣│⁸ ≡─ ⅜ ↕╣≡™╢↓≤╩

∆╢─⌐ ™ ≢∆⁹ 

  ꜞ☿♇♩  ↓─Ⱳ♃fi╩◒ꜞ♇◒∆╢≤ ≡─ ⅜ꜞ☿♇♩↕╣╕∆⁹   

Important: ♦כ♃⅜ ↕╣≡™╢ ⌐⁸◌ⱷꜝ ─ ⌐╟∫≡◌ⱷꜝ─ⱬכ

☻ꜝ▬fi⅜♪ꜞⱨ♩∆╢↓≤⅜№╡╕∆⁹ ─ ╩ ╢⌐│⁸◌ⱷꜝ

─ ⅜ ⌐⌂╢╟℮⌐⇔⁸ ─ ≢⅝╢∞↑∕─ ⅜ ≡╢╟℮

⌐⇔≡ↄ∞↕™⁹ 

2.6  

│ ⌐ ↄ─ ╩ ≈ ─ ≢∆⁹ ⱪכꜟ◓─ ≢

│∕╣∙╣─ ⁸♪꜡♇ⱪ♄►fi⅛╠ ∆╢ ⅜ ≢⅝╕∆⁹╕√

⌐ ─ ╙≢⅝╕∆  

─ⱪכꜟ◓ ¶ /  

¶ ₁≢⌂ↄ◓ꜟכⱪ─ ╩ ⌐∆╢ 

¶ ╩ ─ ┼♪ꜝ♇◓ ▪fi♪♪꜡♇ⱪ∆╢ 

¶ ─ ╩ ∆╢ 

¶ ⇔√ ≢☻♩ꜞ♇ⱪ ╩♩כꜗ♅ ↄ 

¶ ⱨ◊fi♩─◘▬☼≤ ╩ ∆╢ 

⌂ ─╖⅜ ↕╣╕∆⁹ 
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Ɽ꞉כ/◄Ⱡꜟ◑ ◓ꜟכⱪ│ ─ ╩ ╖╕∆⁹  

 

 
√╣↕◒♇▼♅≢ⱪכꜟ◓ │⁸ ─╟℮⌐ ↕╣╕∆⁹ 

ⱪכꜟ◓ 2.6.1  

ⱪכꜟ◓ ─ ╩ ⌐∆╢⌐│ ⌐ ∆╟℮⌐ ─♪꜡♇ⱪ♄►fi ○ⱪ

◦ꜛfi╩◒ꜞ♇◒⇔╕∆⁹ ╣╙ ⌂ ≢∆⁹ ⇔ ↕∑╢ ╩◒

ꜞ♇◒⇔╕∆⁹ 

│ ⱪכꜟ◓⌐

↕╣╕∆⁹∕╣∙╣ ⅜ ↑

╠╣╕∆─≢⁸ ⌂ ⅜≥↓

⌐№╢⅛╦⅛╡╕∆⁹ 

 

ⱪכꜟ◓ ╩◒ꜞ♇◒⇔≡♪꜡♇

ⱪ♄►fi╩ ⅝╕∆⁹+ כꜟ◓│ 

ⱪ╩ ⇔≡ ╩ ⇔╕

∆⁹ 
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◘fiⱪꜟ◘▬☼│ ≡─ ≢ ≢∆⅜⁸ ⅜ ↕╣╢≤◘fiⱪꜟ◘▬☼

│ꜞ☿♇♩↕╣╕∆⁹ ≡─ ╩ ↕∑╢⌐│⁸ ⌂ ╩ ⇔⁸ ꜞⱲ

fi≢ ≡─ ╩ꜞ☿♇♩⇔╕∆⁹ 

│ ─ⱨꜟ☿♇♩─ ╩ ⇔√╙─≢∆⁹ 

 

2.6.2 ♪ꜝ♇◓ ▪fi♪ ♪꜡♇ⱪ 

⌐ ∆╟℮⌐⁸♪ꜝ♇◓ ▪fi♪ ♪꜡♇ⱪ ╩ ™≡ ╩ ─

⌐ ↕∑╢↓≤⅜≢⅝╕∆⁹⇔√⅜∫≡⁸ ↕∑╢ ─╖╩ ⇔⁸

─ ⌐ ∆╢↓≤⅜≢⅝╕∆⁹ ⌐ ⅜♪ꜝ♇◓↕╣╢≤⁸♪꜡

♇ⱪ⇔√ ⌐∕╣╠│ ⌐ ↕╣╕∆⁹╕√⁸ ─ / ─ ╙

≢∆⁹ 
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│ ↕╣√ ⌐ ≢ ↕╣╕∆⁹ ╩ ⅎ√↑╣┌

─ ┼ⱴ►☻≢♪ꜝ♇◓ ▪fi♪ ♪꜡♇ⱪ⇔╕∆⁹ ╩ ∆╢⌐

│⁸ⱴ►☻╩∕─ ⌐ ↕∑⁸ ╣╢◐ꜗfi☿ꜟ Ⱳ♇◒☻╩◒ꜞ♇◒⇔╕

∆⁹ ⅜◖Ⱨכ↕╣ ─►▫fi♪►⌐ ↕╣≡™╢ │

≢ ≢№∫≡╙ ⅛╠ ⅎ╢↓≤│№╡╕∑╪⁹∕─ ─ │

⌐ ™╕∆⁹ ≥כⱤ꞉ꜟ♃כ♩│≢ Ɽ꞉כ ─ ⅜ 2D ⱦ

ⱶכ ⌐ ↕╣≡™╕∆⁹ 

 

 

2.6.3 ○ⱪ◦ꜛfi 

⌐│⁸♪ꜝ♇◓ ▪fi♪ ♪꜡♇ⱪ ≤ ⁸ ─♪꜡♇ⱪ♄►fi

ꜞ☻♩≤○ⱪ◦ꜛfi⅜№╡╕∆⁹ ○ⱪ◦ꜛfi≢│♄▬▪꜡◓Ⱳ♇◒☻⅜

⅝⁸ √⌐ ⅜ ≤⌂╡╕∆⁹ 

2.6.3.1  ○ⱪ◦ꜛfi 

ⱨ◊fi♩◘▬☼⁸◌ꜝ⁸כ │ ○ⱪ◦ꜛfi♄▬▪꜡◓Ⱳ♇◒☻

≢ ≢⅝╕∆⁹ ╩ ◒ꜞ♇◒⇔≡ ○ⱪ◦ꜛfi╩ ∆╢≤♄

▬▪꜡◓Ⱳ♇◒☻⅜ ⅝╕∆⁹  

 

ⱨ◊fi♩◘▬☼⁸◌ꜝ⁸כ ─ ─ ╩ ⇔╕∆⁹

 òScientific notation/ ò ─ ╙ ≢∆⁹ 
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⇔√ ≢ ╩ ∆╢≤ │כꜝ◌√╣↕ ⌐כꜝ◌ ╦

╡╕∆⁹ 

⅜ ─ ≢ ™╠╣╢ ⁸ ○ⱪ◦ꜛfi─ │ ↕╣╕∆⅜⁸∕

─ ≢╙ ○ⱪ◦ꜛfi─ │ ≢∆⁹ 

 ♩כꜗ♅  2.6.3.2

ⱪ◦ꜛfi│☻♩ꜞ♇ⱪ○♩כꜗ♅ ╩ ♩כꜗ♅ ⅝ ─ ╩ⱪ

♩כꜗ♅⁹∆╕⇔♩♇꜡ ꜞⱲfi≤♅ꜗכ♩ ⌐│ ⌂ ⅜ ╕╣≡⅔╡⁸

♩כꜗ♅ ╩ ⇔ↄ ⅛∑╢√╘⌐│∕╣╠─ ─ ⅜ ≤⌂╢ ⅜

№╡╕∆⁹ 

♩כꜗ♅ │ ─♪♇◒ ♃Ⱪ≢ ⅝╕∆⅜⁸ ⅜ ≤⌂╢≢⇔╞℮⁹ 

─ ─כⱤ꞉ꜟ♃כ♩│ ⌂☻♩ꜞ♇ⱪ ♩כꜗ♅ ╩ ⇔≡™╕∆⁹ 

 
 

☻♩ꜞ♇ⱪ ╢╣↕♩♇꜡ⱪ╙⌐♩כꜗ♅ ─ ╛◘fiⱪꜟ ⅜ ↕╣╢

↓≤╩ ⇔≡ ↕™⁹ 

♩כꜗ♅ ⌐│ ⅜№╡╕∆  

o ꜞ☿♇♩  ∆╕⇔ꜘꜞ◒╩♃כ♦♩כꜗ♅

o ♅ꜗכ♩╩ ASCII .csv ⱨ□▬ꜟ≤⇔≡ ⇔╕∆ 

o  ↕╣√♅ꜗכ♩╛꜡◓ⱨ□▬ꜟ╩꜡כ♪⇔╕∆ 

o ♅ꜗכ♩╩ ⇔╕∆ 

o ꜞ☿♇♩  ∆╕⇔♩♇☿ꜞ╩ⱶכ☼/

o ☿fi♃כ◌כ♁ꜟ ─♩כꜗ♅╩ꜟ♁כ◌  ⌐ ↕∑╕

∆⁹   

2.6.3.3  ₁─  

─ / │ ≢ ≢⅝╕∆⁹ ─ ⇔╩ ◒ꜞ♇

◒∆╣┌○ⱪ◦ꜛfi⅜ ↕╣╕∆─≢ ╩ ⇔╕∆⁹ 
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2.6.3.4   

↓╣│ ─ ⅔╟┘ ─ ╩ ℮╙─≢∆⁹ ╩ ◒ꜞ

♇◒⇔ ╩ ⇔╕∆⁹♥☻♩─ ─ ╩ ⌐⇔⁸

≤⌂╢ ╩ ⇔╕∆⁹ 
 

 

─ ≢│ ⅜כⱤ꞉ꜟ♃כ♩│ 500W ≤⌂∫≡™╕∆⁹ ↕╣√

⅜ ─ ≤⌂∫≡™╢↓≤╩ ⇔≡ ↕™⁹  

 

⅜ ─ ⁸ │ ≢ ↕╣╕∆⁹ ─ │ ≢ ↕╣╕∆⁹ 

 

─ ⅜כⱤ꞉ꜟ♃כ♩│ ≢№╢↓≤╩ ⇔≡™╕∆⁹ 

 

 
 

─ │  ⱤⱠꜟ≢ ™╕∆⁹ 

2.6.3.5   

⅛╠ ╩ ∆╢⌐│ⱴ►☻╩∕─ ⌐ ↕∑⁸ ╣╢

▪▬◖fi╩◒ꜞ♇◒⇔╕∆ ⅜◖Ⱨכ↕╣ ─►▫fi♪►⌐ ↕╣≡™

╢ │ ≢ ≢№∫≡╙ ⅛╠ ⅎ╢↓≤│№╡╕∑╪⁹

∕─ ─ │ ⌐ ™╕∆⁹ 
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2.7 ▪Ɽ♅ꜗꜞⱲfi 

BeamGage≢│ⱴ♬ꜙ▪ꜟ▪Ɽ♅ꜗ⁸○כ♩▪Ɽ♅ꜗ⁸ⱦכⱶ ▪Ɽ♅ꜗ─ 3≈─♃▬

ⱪ─▪Ɽ♅ꜗ─ ⅜ ≢∆⁹ 

 
 

ⱴ♬ꜙ▪ꜟ▪Ɽ♅ꜗ ≤ ○כ♩▪Ɽ♅ꜗ ≢│♦כ♃─ ⅔╟┘ ─ ≤⌂╢ ⅜

↕╣╕∆⁹  

ⱦכⱶ ▪Ɽ♅ꜗ│⁸ ♦Ᵽ▬☻≢◘▬☼ה ─ ⱶכⱦה  ╩ ⇔╕∆⁹

↕╣√ⱦכⱶ ⌐╟╡▪Ɽ♅ꜗ◘▬☼⅜ ╕╡╕∆⁹ 

2.7.1 ⱴ♬ꜙ▪ꜟ▪Ɽ♅ꜗ   

ⱴ♬ꜙ▪ꜟ▪Ɽ♅ꜗ ≢כ꜠◓  │ ⁸ ⁸ ⁸ ─ 4≈─ ≢

≢⅝╕∆⁹▪Ɽ♅ꜗ◘▬☼⁸ ⁸ │↓─ Ⱳ♇◒☻⌐ ╩ ∆╢⅛⁸ⱴ

►☻╩ ⅛∆↓≤≢◖fi♩꜡⁹∆╕⅝≢ꜟכ  

 

▪Ɽ♅ꜗ╩ ∆╢⌐│⁸╕∏ ╩◒ꜞ♇◒⇔╕∆⁹↓╣≢ ─Ɫfi♪ꜟ⅜ ↄ

─≢⁸ ה ה ⅜≢⅝╕∆⁹ 

 

 ▪Ɽ♅ꜗ─ꜞ☿♇♩   ROI ≢─▪Ɽ♅ꜗ─ ⅝↕ ⅜ ⅎ╠╣⁸

▪Ɽ♅ꜗ│ ⅛╠ ⅎ╕∆⁹ 

 

Ⱪꜟכ─ ╩◒ꜞ♇◒

∆╣┌▪Ɽכ♅ꜗ ⅜♪ꜝ♇

◓ ▪fi♪ ♪꜡♇ⱪ ≢⅝╕∆⁹ 

↕⌂Ⱪꜟכ─Ⱳ♇◒☻─ 1≈

╩◒ꜞ♇◒∆╣┌◘▬☼⅜ ⅎ

╠╣╕∆⁹ 

↕⌂Ⱪꜟכ─Ⱳ♇◒☻╩♪ꜝ

♇◓ ▪fi♪ ♪꜡♇ⱪ∆╣┌

⅜ ⅎ╠╣╕∆⁹ 

Ⱪꜟכ─ ─ ╩◒ꜞ♇◒

∆╣┌ Ɫfi♪ꜟ─ ה

⅜ ≢∆⁹ 
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2.7.2 Ɽכ♥▫◦ꜛfi   

BeamGage ⱪ꜡ⱨ▼♇◦ꜛ♫ꜟ ≢─ ≢∆⁹↓─ │ ⌂─≢⁸ │ 6

≢ ═╢↓≤⌐⇔╕∆⁹ 

 

  Ɽכ♥▫◦ꜛfi─    Ɽכ♥▫◦ꜛfi╩ ─ⱴ♬ꜙ▪ꜟ▪Ɽ♅ꜗ─◘▬☼≤

≢ ⇔╕∆⁹↓─○ⱪ◦ꜛfi│ⱴ♬ꜙ▪ꜟ▪Ɽ♅ꜗ⅜ ≤⌂∫≡™╢ ─╖

≢∆⁹Ɽכ♥▫◦ꜛfi│ ⌐ ⅛ ≢ ⌐ ⇔╕∆⁹ 

 

    Ⱡכⱶ ♪꜡♇ⱪ♄►fiꜞ☻♩⅛╠ ⇔√ ─Ɽכ♥▫◦ꜛfi╩ ⇔

╕∆⁹↓─○ⱪ◦ꜛfi│Ɽכ♥▫◦ꜛfi⅜ ↕╣√ ⌐─╖ ≢∆⁹ 

 

  Ⱡכⱶ   Ɽכ♥▫◦ꜛfi╩ ∆╢√╘─♪꜡♇ⱪ♄►fiꜞ☻♩≢

∆⁹”Full Frame/ⱨꜟⱠכⱶ” │♦▫♥◒♃◄ꜞ▪ №╢™│ ≤⌂∫≡™╢ⱴ♬ꜙ▪

╩ꜗ♅Ɽ▪♩כ○/ꜟ ⇔╕∆⁹ 

     ꜗ♅Ɽ▪♩כ○ 2.7.3

ꜗ♅Ɽ▪♩כ○ ≢ │ ╙ ⌂ ─ ≈≢№╡⁸ ⌂ ╡

⇔≡ ↕™⁹↓─ │ ⌐ ⌂─≢⁸Ⱳ♃fi│♃▬♩ꜟⱣכ─ ─◒▬

♅fiכ꜡◒♇ ─ⱪⱲ♃fi♇♩☻/♩כ♃☻─▪ꜞ◄ ⌐ ⅛╣≡™╕∆⁹ 

 

─ⱶכⱤ♅ꜗ│ⱦ▪♩כ○ ≢─ⱡ▬☼─ ╩ ∆╢─≢⁸2 ♩ⱷfiכ⸗

⌐ ⌐ ≤⌂╡╕∆⁹2 │♩ⱷfiכ⸗ ─ⱡ▬☼⌐╟╡ ⌐┌╠≈⅝╕

∆⁹ ◄ꜞ▪⌐ ═≡ⱦכⱶ⅜ ─ꜗ♅Ɽ▪♩כ○≤╒™↕ ⅜ ╕╡╕∆⁹ 

 

╩ꜗ♅Ɽ▪♩כ○│ ™√ⱦכⱶ╩ │ꜗ♅Ɽ▪♩כ○⁹∆╕™≡⇔ ≢ ╠

╣╢ⱦכⱶ ╩ ⇔≡™╕∆⁹ ─ⱡ▬☼│ ⅛╣≡™╢↓≤⌐ ⇔≡ ↕

™⁹ 
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│ꜗ♅Ɽ▪♩כ○ ⌐ ≢ ⅛╣⁸ ⅛╠─∏╣⌐ ∆╢ ⁸ ⁸

─ ≈╩ ⌐∆╢≤ │ ╩ ╣╕∆⁹ 

Important: ⱴ♬ꜙ▪ꜟ≤○כ♩▪Ɽ♅ꜗ│ ─√╘─ ╩ ⇔╕∆─≢⁸

⅜ ⌐ ╩ ⌐ ≡⅔ↄ ⅜№╡╕∆⁹╕∏ⱴ♬ꜙ▪ꜟ▪Ɽ♅ꜗ 

⅜ ─ ꜗ♅Ɽ▪♩כ○│╣⧵⁸╣↕ ⁸◘▬☼⁸ ⌐ ∆╢↓≤⅜№

⅜ꜗ♅Ɽ▪♩כ○⁹∆╕╡ ↕╣╢≤⁸ │ ─╖≢ ↕╣

╕∆⁹ 

2.7.4 ⱦכⱶ ▪Ɽ♅ꜗ   

ⱦכⱶ ▪Ɽ♅ꜗ ≢ │⁸ ↕╣√ⱦכⱶ ╛ ╩ⱦכⱶⱪ꜡ⱨ□▬

ꜟ ⌐ ⌡≡ ∆╢─⌐ ™╠╣╕∆⁹↓─ ⅝│ 2D/ 3Dⱦכⱶ ─ ≢

ⅎ╕∆⁹▪Ɽ♅ꜗ╩ ∆╢ ╩ ⇔≡ ↕™⁹ 

─ ⱶכⱤ♅ꜗ≤ⱦ▪♩כ○⁸│≢ ⅜ 2Dⱦכⱶ ⌐ ↕╣≡™╕∆⁹  

 

2.8 ⱦכⱶⱪ꜡ⱨ□▬ꜟ ꜞⱲfi 

ⱦכⱶⱪ꜡ⱨ□▬ꜟ ꜞⱲfi≢│⁸◌כ♁ꜟ ≢─1D ⱪ꜡ⱨ□▬ꜟ╩ ∆╢►

▫fi♪►⅜ 2≈ ≢⅝╕∆⁹ⱦכⱶⱪ꜡ⱨ□▬ꜟ │ꜟכ♠ ─ ╡≢∆  

 

 

2.8.1 ⱦכⱶⱪ꜡ⱨ□▬ꜟ   

X/ ≤ Y/ ─ⱪ꜡ⱨ□▬ꜟ ☿◒◦ꜛfi│ ⌂─≢⁸≥∟╠⅛ ╩ ∆╢

↓≤⌂ↄ ╩ ╘╕∆⁹ 

 

  ●►☻ⱨ▫♇♩ⱪ꜡ⱨ□▬ꜟ─○fi/○ⱨ⁹ 

 



  

BeamGage ꜚכ◙●▬♪ Document No: 50220-003      v6.11    10/3/2017 Page 63 

  ⱦכⱶ ⱴכ◌ ─○fi/○ⱨ⁹ 

 

  ♩♇ⱪⱢ♇♩⇔⅝™ ⱴכ◌╩ ⇔╕∆⁹↓╣│ ⌐ ⇔≡ ⌂─≢Ⱳ♃

fi│ ≈∞↑≢∆⁹ 

    

2 ╩ꜟ♁כ◌─ ∆╢√╘─◐ꜗꜞⱤ─ /  

      1Dⱪ꜡ⱨ□▬ꜟ≢─ ꜟⱶ│ⱤⱠכ☼╛ ─ ╛☻

ꜝ▬♄╩ ℮⅛⁸ ≢ⱴ►☻╩♪ꜝ♇◓∆╢⅛⁸ⱴ►☻ⱱ▬כ◌≢ꜟכ♁ꜟ

╢∆ⱶכ☼┼ ⅜№╡╕∆⁹ ╪ ─Ⱳ♃fi╩◒ꜞ♇◒∆╢≤⁸ ⅜ꜞ☿♇♩↕

╣ ⌐ ╡╕∆⁹ 

 

ⱦכⱶⱪ꜡ⱨ□▬ꜟ ─ │ 2D/ 3D ≢ ↕╣╢ⱪ꜡ⱨ□▬ꜟ≤ ≢∆

⅜⁸╟╡ ↄ─ ╩ ≢ꜟכ♠╢∆ ⅛╣╢ ⅜ ⌂╡╕∆⁹ ♁כ◌│

ꜟ ≢─ 1Dⱪ꜡ⱨ□▬ꜟ─ ⌂ⱪ꜡♇♩ ╩ ⇔≡™╕∆⁹ 

 
   

⅜ꜟ♁כ◌  : ⌐№╣┌ │ 2D ─ X╕√│ Y─ ≤ ⅜ꜟ♁כ◌⁹∆≢∂

ꜟ♁כ◌⁸┌╣№⌐ ⅛╠─∏╣⅜+/-≢ ↕╣╕∆⁹  

 

ⱥfi♩ ─ ⌐ ♪▬꜡♩fi☿╩ꜟ♁כ◌⁸ ↕∑╢≤╟™≢⇔╞℮⁹  

    Ⱳfiꜞ♩כꜗ♅ 2.9

BeamGage ☻♃fi♄כ♪⌐│ Pointing Stability ≤ ☻♩ꜞ♇ⱪ ─♩כꜗ♅ כꜗ♅─≈2

♩⅜№╡╕∆⁹Pointing Stability ╠⅛ꜟכ♠♩כꜗ♅│♩כꜗ♅ ≢⅝⁸☻♩ꜞ♇ⱪ

ⱨꜝ◓│♩כꜗ♅ ↕╣╢ ₁─ ⅛╠ ≢⅝╕∆⁹ 

 

∆⌂╦∟ BeamGage ⱪ꜡ⱨ▼♇◦ꜛ♫ꜟ⌐│ⱥ☻♩◓ꜝⱶ ♩כꜗ♅  ⅜№╡╕∆⁹

ⱥ☻♩◓ꜝⱶ│꜠ⱳכ♩ ╩ ™≡ ↕╣╕∆⁹╕√⁸ⱥ☻♩◓ꜝⱶ│☻ⱪ꜠♇♪

fiⱴ◖ ⌐♩כ◦ ╡─.csv♥◐☻♩ⱨ□▬ꜟ ⱨ◊כⱴ♇♩≢ ≢⅝╕∆⁹ 
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Pointing Stability│꜠כ◙ⱦכⱶ─☿fi♩꜡▬♪ ─ ⌐╟╢ ─ ╩

⇔╕∆⁹Pointing Stability♅ꜗכ♩│☿fi♩꜡▬♪ ─ 2Dⱥ☻♩◓ꜝⱶ≢№╡⁸

│ ╖╕∑╪⅜⁸ ─ ISO ╩ ╖╕∆⁹ 

☿fi♩꜡▬♪ Pointing Stability│ⱦכⱶ ─♪ꜞⱨ♩╩ ∆─≢⁸⇔┌⇔┌ⱦכⱶ─

“ⱳ▬fi♥▫fi◓ ☻♃ⱦꜞ♥▫” ≤╙ ┌╣╕∆⁹  

─ 2≈─ ≢│◘fiⱪꜟ ─ ╙ ↕╣⁸ ⌐ ™╠╣√ⱨ꜠כⱶ ╩ ⇔╕∆⁹ 

ⱥ☻♩◓ꜝⱶ♅ꜗכ♩│ ─ⱶכ꜠ⱨ♃כ♦─≈1 ≢∆⁹ ⱥ☻♩◓ꜝⱶ ♩כꜗ♅

⌐ ╕╣╢Ⱨ◒☿ꜟ │▪Ɽ♅ꜗ⌐╟∫≡ ╕╡⁸▪Ɽ♅ꜗ─ⱪꜝ▬○ꜞ♥▫ ⌐ꜟכꜟ

™╕∆⁹ 

2.9.1 Pointing Stability 

│♪▬꜡♩ⱶ─☿fiכⱦ◙כ꜠ ≢ ∆╢ ⅜№╡╕∆⁹▪ⱪꜞ◔כ◦ꜛfi⌐

╟∫≡│∕─ ⅜≥─ↄ╠™⅛╩ ╢ ⅜№╡╕∆⁹Pointing Stability♅ꜗכ♩

│☿fi♩꜡▬♪ ─ ⅝╩ⱪ꜡♇♩⇔√ 2D ⱥ☻♩◓ꜝⱶ≢∆⁹↓─♃▬ⱪ─♅ꜗ

│♩כ ≢│⌂ↄ ≢─ⱦכⱶ─ ╩ ─♩כꜗ♅⁹∆╕⇔ ⅛↕⁸№╢™│

Ᵽ◔♇♩⁸│◌ⱷꜝ Ⱨ◒☿ꜟ─ ⅝↕⌐ ⇔╕∆⁹∕╣∙╣─ ≢⁸☿fi♩꜡▬

♪⅜Ⱨ◒☿ꜟ ◄ꜞ▪⌐ ╢ ⅜ │♩♇꜠Ɽכꜝ◌⁹∆╕╣↕ 2Dⱦכⱶ

≢ ↕╣√╙─≤ ∂≢∆⁹⇔⅛⇔⁸Ɽ꜠♇♩│ ⌐ ↕╣⁸

⁸ │ ⌐ ─Ᵽ◔♇♩⌐ ↕╣⁸∕╣╟╡ ↕™ ⌐≈™≡

│⁸ ⌐ ⇔√ ─ ⅜ ⌐ ╦╣╕∆⁹ 

 

│ ┼┤╠≈ↄⱦכⱶ─ Pointing Stability ⱥ☻♩◓ꜝⱶ─ ⅝╩ ⇔≡™

╕∆⁹  

 

Pointing Stability►▫fi♪►⌐│⁸↓─►▫fi♪►≢─╖ ⌂ ─ ─ ⅜

№╡╕∆  

 

o ꜞ☿♇♩ ≥♩כꜗ♅ ╩◒ꜞꜘ⇔╕∆  

o ♅ꜗכ♩╩ ASCII .csv ⱨ□▬ꜟ⌐ ⇔╕∆ 

o ↕╣≡™╢♅ꜗכ♩╩ ╖ ╖╕∆ 
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─ ⅛╠│☿fi♩꜡▬♪ ⱥ☻♩◓ꜝⱶ─ ⌂ ⅜ ╠╣╕∆⁹↓╣╠│ISO

≢ ↕╣√ ≢⁸ │ ─ ╡≢∆  

 

¶ ◘fiⱪꜟ │ⱥ☻♩◓ꜝⱶ─♦כ♃ⱳ▬fi♩─ ≢∆⁹ISO ─√╘⌐│

1000◘fiⱪꜟ⅜ ≢∆⁹ 

¶ │ⱥ☻♩◓ꜝⱶ─☿fi♩꜡▬♪─ ≢∆⁹ 

¶ ꜝ☻♩│ ⌐ⱪ꜡♇♩↕╣√☿fi♩꜡▬♪─  ≢∆⁹ 

¶  │ ⅝─ ≢∆⁹ 

¶   │ⱦכⱶ─ ╩ 4σ≢ ⇔√╙─≢⁸Δx, Δy, Δs│∕

╣∙╣ ─ ⁸ ⌐ ⌂ ─ ⁸ ─

⅜ꜝfi♄ⱶ≢ ─ ⅜ ≢⌂™ ─ ╩ ⇔╕∆⁹ 

¶ ▪Ɽ♅ꜗ │ ⁸Δx⁸Δy ╩ ⌐ⱪ꜡♇♩⇔√╙─≢⁸ⱥ☻♩◓

ꜝⱶ ⌐ ⌡≡ ↕╣╕∆⁹ 

 

─ x, y│ ISO11670⌐ ⇔√☿fi♩꜡▬♪─ ╩ ⇔╕∆⁹ ≢

│ ⌐ ─ X, Y╩ ™╕∆⁹ 

 

  Pointing Stability │╣↓ ⱶכ☼| Pointing Stability

─ 2D ≢⁸ ╩ⱶכ☼╛ ™╕∆⁹ ─ │ⱴ►☻─♪ꜝ♇◓ ▪fi

♪ ♪꜡♇ⱪ╛ⱴ►☻ⱱ▬כꜟ≢╙ ≢∆⁹  

Ⱳ♃fi  │ ⌐ ╩ⱶכ☼/ ℮╙─≢⁸ⱪ꜡♇♩↕╣√♦כ♃⅜ ╛∆ↄ

⌂╢─≢ⱦכⱶ─ ⅝⅜ ⌐⌂╡╕∆⁹  

2.9.2 ☻♩ꜞ♇ⱪ    ♩כꜗ♅

☻♩ꜞ♇ⱪ ⁸│♩כꜗ♅ ╩◒ꜞ♇◒⇔⁸ ≥╢∆◒♇ꜞ◒╩♩כꜗ♅⌐

─♩כꜗ♅╡╟⌐╣↓⁹∆╕⅝ ♪♇◒ ⅜ ⅝⁸∕╣∙╣─ ♩כꜗ♅─

⅜ ≤⌂╡╕∆⁹ ─ ⅜♩כꜗ♅─כⱤ꞉ꜟ♃כ♩⁸│≢ ↕╣≡™╕∆⁹ⱴ

 ⱪ╙ⱪ꜡♇♩↕╣≡™╕∆⁹♇♩☻/♩כ♃☻─≢ꜟ▪ꜙ♬

 

⅜ ⌐⌂╢ ⅜№╡╕∆ ☿fi♩꜡▬♪─ ╛Ɽ꞉כ⅜ⱴ▬♫☻─

⌐⌂╢ ⁹∕─ ⁸∕╣╠│ ⁸☻♩ꜞ♇ⱪ  ⱪ꜡♇♩↕╣╕∑╪⁹│⌐♩כꜗ♅
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↓─ ≢│⁸ │Ɽ꞉כ (W) ⁸ │  (t) ≢∆⁹◌כ♁ꜟ( ─ ) │ ─

┼ ↕∑╢↓≤⅜≢⅝⁸∕╣⌐ ∂≡ Ⱳ♇◒☻ ─ ≤Ɽ꞉כ─ ⅜

─♃כ♦≥ꜟ♁כ◌⁹∆╕╡╦ │ ─ X ≢ ⅜♩כꜗ♅⁹∆╕╣↕ ⅛╣

│ꜟ♁כ◌≥╢╣↕♩♇☿ꜞ⅛╢ ⌐ ↕╣╕∆⁹☿fi♃כ◌כ♁ꜟ Ⱳ♃fi

─♩כꜗ♅╩ꜟ♁כ◌≡⇔◒♇ꜞ◒╩ ⌐ ↕∑╕∆⁹ 

 

─♃כ♦─♩כꜗ♅ │►▫fi♪►─ ⌐ ↕╣╕∆⁹↓╣│⁸

≢ ╩ ≤⇔⌂ↄ≡╙ ↕╣╢╙─≢∆⁹ 

╩ⱶכ☼╛ ℮↓≤≢⁸╟╡ ⌂ ⅜ ☻►ⱶ│ⱴכ☼⁸⅔⌂⁹∆╕╣╠

╩ ≤⇔≡ ╦╣╕∆⁹ ╡ ╩◒ꜞ♇◒⇔♪ꜝ♇◓∆╢↓≤≢ ─

╙ ≢∆⁹ 

 

☻♩ꜞ♇ⱪ │⌐♩כꜗ♅ ≤ ─ ♃כ♦⁸╡№⅜ ≤ ASCII ꜡◓ⱨ□▬

ꜟ⅛╠─ ╖ ╖⅜ ≢∆⁹↓╣╠─ⱨ□▬ꜟ││◖fiⱴ╩ ╡≤∆╢ⱨ◊כⱴ

♇♩≤⌂∫≡⅔╡⁸◄◒☿ꜟ≢ ≢∆⁹ 

 

ⱪꜞfi♩Ⱳ♃fi⅛╠ ⌐ ≢⅝╕∆⁹ 

 

│♩כꜗ♅ ₁⌐ꜞ☿♇♩≢⅝╕∆⅜⁸↓╣│ Ⱳfiꜞ╢∆♩♇☿ꜞ╩♩כꜗ♅─≡

ⱤⱠꜟ ─ ≤│ ⌂╡╕∆⁹ 

   ▫♥ⱪ꜡Ɽ♩כꜗ♅ 2.9.3

↓╣│ Pointing Stability≤ ☻♩ꜞ♇ⱪ ─♩כꜗ♅ ⌐ ─ ≢⁸ ─

 ⱪ꜡Ɽ♥▫╩ꜞ☿♇♩∆╢╙─≢∆⁹─♩כꜗ♅╛

 

Ⱳ♃fi╩◒ꜞ♇◒∆╢≤⁸─↓   ♩♇☿ꜞ♩כꜗ♅   ™≡™╢ ♅♃כ♦─≡

│♃כ♦⁸⅔⌂⁹∆╕╣↕♩♇☿ꜞ⅜♩כꜗ ∏⇔╙ ↕╣≡™╢ │⌂ↄ⁸

╖ │♩כꜗ♅√╣╕ ≡ ╕╣╕∆⁹ 

 



  

BeamGage ꜚכ◙●▬♪ Document No: 50220-003      v6.11    10/3/2017 Page 67 

♩כ♃☻   ⌐ꜞ☿♇♩   ↓─ ╩ ♇ꜞ◒─Ⱳ♃fi♩כ♃☻⁸≥╢∆⌐

◒ ⌐ ╡╟⌐╣↓⁹∆╕╣↕♩♇☿ꜞ│♩כꜗ♅─≡ ─♩כꜗ♅─≡ ⅜≤╣

╕∆⁹ 

 

  ◘fiⱪꜟ    ↓─Ⱳ♃fi≤ ─♩כꜗ♅⁸╡╟⌐ ╩ ╘

╠╣√◘fiⱪꜟ ─╙─⌐ ∆╢↓≤⅜≢⅝╕∆⁹↓─ │♩כꜗ♅│≢ 1200◘

fiⱪꜟ╕≢ ↕╣ ⅜ⱪ꜡♇♩↕╣╕∆⁹♅ꜗכ♩│ ╣ ≢♪כ⸗⇔

↕╣⁸ ⌐ ─ 1200◘fiⱪꜟ⅜ ≤⌂╡╕∆⁹ ↕╣√◘fiⱪꜟ│ ╦

╣⁸ ↕╣╢ │ ↕╣≡™╢◘fiⱪꜟ⌐ ╢╙─≢∆⁹ 

2.9.4 ⱥ☻♩◓ꜝⱶ    ♩כꜗ♅

ⱥ☻♩◓ꜝⱶ │♩כꜗ♅ ─ⱶכ꜠ⱨ♃כ♦ ╩ ⇔√╙─≢∆⁹ ╕╣

╢Ⱨ◒☿ꜟ │▪Ɽ♅ꜗ⌐╟∫≡ ╕╡⁸▪Ɽ♅ꜗ─ⱪꜝ▬○ꜞ♥▫ ⌐ꜟכꜟ ™

╕∆⁹ⱥ☻♩◓ꜝⱶ ≢│Ɽכ♥▫◦ꜛfi│ ↕╣⁸ⱴ☻♃כ Ɽכ♥▫◦ꜛfi

≤∕─ ─ⱴ♬ꜙ▪ꜟ/○כ♩▪Ɽ♅ꜗ─ ⅜ ≤⌂╡╕∆⁹ 

 

ⱥ☻♩◓ꜝⱶ │ ꜟ☿◒ⱶ≢─Ⱨכ꜠ⱨ♃כ♦⌐ ⌐ ╦∑╠╣╕∆⁹

─ⱥ☻♩◓ꜝⱶ ⱤⱠꜟ⌐│ ⌂ כ꜡◒☻╛ⱶכ☼│◙כꜚ⁸╡№⅜ ⅔ꜟ╟

┘ⱦ♬fi◓ ◘▬☼─ ⅜ ≢∆⁹ ⱦ♬fi◓ │ 1Ⱨ◒☿ꜟ ◌►fi♩≢∆⁹

Ɽ꞉כ/◄Ⱡꜟ◑⸗כ♪ ⇔≡™╢ ⁸ ↕╣√ⱦ♬fi◓ │ ⌂Ɽ꞉כ

/◄Ⱡꜟ◑ ⌐ ↕╣╕∆⁹ⱥ☻♩◓ꜝⱶ≢│ ⱦ♬fi◓ ⌐ ∆╢◌►fi♩/Ɽ꞉

─◑ꜟⱠ◄/כ ⅜ ↕╣╕∆⁹ 

 

○꜠fi☺─◌כ♁ꜟ│ ─ⱦ♬fi◓ ≤∕↓≢─Ⱨ◒☿ꜟ ╩ ⇔╕∆⁹↓─◌

│ꜟ♁כ ─ⱦ♬fi◓ ┼ ≢∆⁹ 
 

─ⱥ☻♩◓ꜝⱶ│ S/N 55dB─ 12ⱦ♇♩◌ⱷꜝ─ ⌂●►◦▪fi ⱡ▬☼

╩ ◓ⱦ♬fi│ꜟ♁כ◌⁹∆≢─╙√⇔ ♀꜡─ ⌐№╡╕∆⁹ 

 

 



  

BeamGage ꜚכ◙●▬♪ Document No: 50220-003      v6.11    10/3/2017 Page 68 

 

fiⱴ◖╩♃כ♦─↓⁸┌╣∆◒♇ꜞ◒╩ ╡─.csv ⱨ□▬ꜟ⌐ ≢⅝╕∆⁹

─Windows─ ≢ ♄▬▪꜡◓⅜ ╣╕∆─≢⁸ⱨ□▬ꜟ ╩ ⇔≡

╩◒ꜞ♇◒⇔≡ ↕™⁹↓─♃▬ⱪ─ⱨ□▬ꜟ│◄◒☿ꜟ╛∕─ ─ ♠

┼ꜟכ ∆╢↓≤⅜≢⅝╕∆⁹ 

 

≡─ⱥ☻♩◓ꜝⱶ │♩♇☿♃כ♦ ↕╣√Ᵽ◔♇♩◘▬☼≢ ↕╣╢↓≤⌐ ⇔

≡ ↕™⁹ 

2.9.5 ⱥ☻♩◓ꜝⱶ  

↓↓≢│ⱥ☻♩◓ꜝⱶ ≤ ⌐≈™≡ ⇔╕∆  

 

  ⱦ♬fi◓   ⱦ♬fi◓─Ⱨ◒☿ꜟ ◌►fi♩╩ ≢ ⇔╕∆⁹Ⱨ

◒☿ꜟ ◌►fi♩│ ↕╣⁸ ≤⇔≡Ᵽ◔♇♩⌐ ╡ ≡╠╣╕∆⁹ ⅎ┌⁸

ⱦ♬fi◓ ⅜ 2≤ ↕╣≡™╢ ⁸◌►fi♩⅜ 1.000 ⅛╠ 2.999 ╕≢─◌►fi♩

╩ ≈Ⱨ◒☿ꜟ⅜#2 ─ⱦfi⌐ ╡ ≡╠╣╕∆ ╕√⁸+.999 ⅛╠ -1.000 ╕≢─Ⱨ

◒☿ꜟ│#0 ─ⱦfi⌐ ╡ ≡╠╣╕∆⁹ 

 

  ⱥ☻♩◓ꜝⱶ Ɽ♬fi◓   ⱥ☻♩◓ꜝⱶ ╩ⱶכ☼≢ ∫√ ⁸

▪♇ⱪ/♄►fi─ ≢ ╩ ─↓⁹∆╕⅝≢ꜟכ꜡◒☻⌐ │⁸ⱴ►☻─ Ⱳ

♃fi╩ ⇔√╕╕ ⌐ ⅛∆↓≤≢╙ ≢∆⁹ⱴ►☻≢─ │ ─ ⌐

╠╣╕∆⅜⁸ ⌂ ⅝⅜ ⌂ ⌐ ≢∆⁹ ─ ╩◒ꜞ♇◒∆╣┌Ɽ♬

fi◓≤☼כⱶ─ │ꜞ☿♇♩↕╣╕∆⁹ 

 

  ⱥ☻♩◓ꜝⱶ ╣∙╣⧵│♄▬ꜝ☻─╠╣↓   ⱶכ☼ ⌐ ⁸

╩ⱶכ☼─ ™╕∆⁹ ╩ⱶכ☼ ≢ ∫√ ⌐─╖⁸ ⅜ ↕╣

╕∆⁹ 

│ⱶכ☼ ꜟ♁כ◌─ ╩ ≤⇔≡ ╩ꜟ♁כ◌⁹∆╕╣╦ ⌂ ╕≢

╩ⱶכ☼≡⇔◓♇ꜝ♪ ⌂∫≡ↄ∞↕™⁹↓─ │ⱴ►☻ⱱ▬כꜟ╩ ∫≡╙ ⅎ

╕∆⁹ 

 

  ⱥ☻♩◓ꜝⱶ ─↓    ◓fiꜞכ◔☻ ╩ ⌐∆╣┌⁸ⱥ☻♩◓ꜝ

ⱶ─ ה ─Ᵽ◔♇♩◘▬☼⅜ ⌐ ╦∑≡ ⌐ ≢⅝╕∆⁹ ⅜

─ ⁸ⱥ☻♩◓ꜝⱶ─ │ⱴ♬ꜙ▪ꜟ≢─ ⌐ ℮↓≤⌐⌂╡╕∆⁹ 

 

♠♇♫כ♪│ ⱦכⱶ─ⱥ☻♩◓ꜝⱶ≢∆⁹Ᵽ◔♇♩◘▬☼│ 2≢∆⁹ⱥ☻

♩◓ꜝⱶ─ ⅜ ↕╣≡™╕∆⁹Ɽ꞉כ/◄Ⱡꜟ◑│ ↕╣≡™╕∑╪⁹ 
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ⱥ☻♩◓ꜝⱶ─ ─ ╩ ⌐ √™ │ ⌂ ╩ ™╕∆⁹ ⅎ┌⁸

─ ™ ─ ─ ╩ √™ ⁸ ─╟℮⌐⇔╕∆  

 

╩ꜟכ◔☻♩כ○ ⌐⇔╕∆⁹ⱴ►☻╩ ⇔√™ ─ ⌐ ⅝⁸ⱴ►☻─꜡

╩ꜝכ ≡⇔ⱶכ☼≡⇔ ⇔√™ ╩ ⌐ ↕∑╕∆⁹ ─☻ꜝ▬♄≢

⌐ ⇔╕∆⁹ ─ ≢ ─╟℮⌂ ⅜ ╠╣╕∆⁹ 

 



  

BeamGage ꜚכ◙●▬♪ Document No: 50220-003      v6.11    10/3/2017 Page 70 

2.10  ꜡◓ꜞⱲfi  

꜡◓ ⌐╟╡⁸ ⌂∫√♃▬ⱪ─♦כ♃ⱨ□▬ꜟ╩ PC─Ɫכ♪♦▫☻◒ ⌐ ≢⅝

╕∆⁹꜡◓─☻Ⱨכ♪│ PC─ ☻Ⱨכ♪⅔╟┘꜡◓╩ ℮▪▬♥ⱶ─ ≤ ⌐

⇔╕∆⁹ 

 

Ᵽ▬♫ꜞ ⱨ꜠כⱶ♦כ♃│ ≢⁸ⱨ꜠כⱶ№√╡ ⱷ●Ᵽ▬♩⌐⌂╡╕∆⁹╕√⁸

│♃כ♦ ╛ ─ ╩ ╪≢™╕∆⅜⁸∕╣╠│ⱨ꜠כⱶ↔≤⌐☻Ɑכ☻

╩ ╘╕∆⁹ⱨ□▬ꜟ│ ☻♃fi♄כ♪─ HDF5 ⱨ□▬ꜟ ⱨ◊כⱴ♇♩≢ ↕╣╕

∆⁹ⱨ□▬ꜟ│ BeamGage ⌐ ╖ ╖ ꜟכ♁⁸ⱨ□▬ꜟ◖fi☻כ♁⁸≢  ⌐

╟╡ ↕╣╕∆⁹  

 

─꜡◓│ ⌐ ASCII ⱨ□▬ꜟ≢⁸♦כ♃ ╙ ╠╣≡™╢√╘ │ ⌐

™≢∆⁹ 

 

≤ ≢╕≤╘╠╣╢ ⌂꜡◓ⱨ□▬ꜟ─ ≡─ ≤ ─ │ ASCIIⱨ□▬ꜟ≤⇔≡

≢⅝╕∆⁹ │⌐♪כ◖꜠ ⅔╟┘ ─ ⅜∕─ ≢ ╕╣╕∆⁹  

 

ASCII ♦כ♃ⱨ□▬ꜟ│ ─ ⌂ꜟ◌▫ⱨꜝ◓⁸≢כⱧ◖─♃כ♦ ⅝ │

╕╣╕∑╪⁹⇔√⅜∫≡⁸↓─♃▬ⱪ─ ≢│ ↕╣√Ⱨ◒☿ꜟ ⅜ ⌐ ↕

⅜♃כ♦⁹∆╕╣ ↕╣≡™╣┌⁸ASCIIⱨ□▬ꜟ≢─ Ⱨ◒☿ꜟ│ ↕╣√Ɽ꞉כ/

◄Ⱡꜟ◑ ╩ ⇔╕∆⅜⁸ ↕╣≡™⌂↑╣┌◌►fi♩╩ ⇔╕∆⁹►ꜟ♩ꜝ◐ꜗꜟ≤

♩כ○ X ─♦כ♃⌐│ ─ ≤ ⌐ ─ⱡ▬☼╙ ╕╣╕∆⁹ⱨ꜠כⱶ ⅜ ⅝

ↄ⁸♦כ♃─Ɽ꞉כ/◄Ⱡꜟ◑⅜ ↕╣≡™╢≤⁸ASCII ⱨ□▬ꜟ│ ⌐ ⅝ↄ⌂╡

╕∆⁹ 

 

≥♩♇ⱴכ◊ⱨ♃כ♦─ ™⁸ⱴ♬ꜙ▪ꜟ╕√│○כ♩▪Ɽ♅ꜗ╩ ™⌂↑╣┌

ASCII♦כ♃⅜ ≡─ⱨ꜠כⱶ≤⌂╡╕∆⁹↓─ ♃כ♦⁸≢ ╩ ⌐ ⌂

─╙─∞↑⌐ ≢⅝╕∆⁹ⱴ♬ꜙ▪ꜟ▪Ɽ♅ꜗ─ X, Y ⌐╟╡⁸ASCIIⱨ□▬ꜟ

⌐꜡◓↕╣√ │ ↕╣╕∆⁹▪Ɽ♅ꜗ⅜ ≢⌂↑╣┌⁸▪Ɽ♅ꜗ─ ─Ⱨ

◒☿ꜟ│ ⌂⇔≤⇔≡ ↕╣╕∆⁹  

 

▪Ɽ♅ꜗ│ ASCII ⱨ□▬ꜟ⌐◖Ⱨכ↕╣╢ ∞↑≢⌂ↄ⁸♦כ♃ ⅜ ╦

╣╢ ╙ ⇔╕∆⁹∕─ ⁸ⱴ♬ꜙ▪ꜟ▪Ɽ♅ꜗ╩ ℮↓≤╩ ⅎ≡⅔™≡ↄ∞↕™⁹  

 

ⱥfi♩ ꜡◓↕╣√ ╩ ⌐ ♅Ɽ♅ꜗ╩○ⱨ⌐⇔≡ⱴ♬ꜙ▪ꜟ▪Ɽ▪♩כ○⁸│⌐≈

ꜗ╩ ™╕∆⁹ 

 

≥ⱶכ꜠ⱨ♃כ♦∂ ⌐ ∆╢ ≡─꜡◓ⱨ□▬ꜟ│꜠◖כ♪≤ ┌╣⁸ כ◖꜠

♪⌐│ ↕╣√ ⅜ ╕╣╕∆⁹꜡◓ⱨ□▬ꜟ╩ ↄ≤꜠◖כ♪⅜ ╖ ╕╣⁸ ∂

╢≤ ⅜♪כ◖꜠─ ↕╣⁸꜡◓ ⅜ ⇔╕∆⁹ 

 

꜡◓ⱨ□▬ꜟ╩ ↄ⌐│™ↄ≈⅛─ ⅜ ≢∆⁹ ∂╢─│∏∫≤ ≢∆⁹ “

│ ⁸ │ ”≤™℮ │ ─ ╩ ←√╘─╙─≢∆⁹ 

 

ⱨ□▬ꜟ│◓ꜝⱨ▫◌ꜟ ⱨ□▬ꜟ─♃▬ⱪ≢∆⁹∕╣╠│Adobe ╛ MS Word⌂≥

─▫♥כⱤ♪כ◘─ ⌐ꜟכ♠ ≢⅝╢ ╩ ∆╢─⌐ ™╠╣╕∆⁹↓╣╠─

ⱨ□▬ꜟ╩ⱨ꜠כⱶ─ ╩♃כ♦─ ∆╢─⌐ ™╢↓≤│≢⅝╕∑╪⁹╒≤╪≥─
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⌂◒♇▫♥☻▫♥כ▪│╠╣⧵⁸ ⌐ ™╠╣⁸AVI ╛ⱦ♦○ ─ ─♃

▬ⱪ─ⱨ□▬ꜟ╩ ╙≢⅝╕∆⁹  

 

BeamGage≢ ⌂ⱨ□▬ꜟ ⱨ◊כⱴ♇♩─ ⌐≈™≡│ 4 ╩ ™╕∆⁹

∕↓≢│⁸↓─☿◒◦ꜛfi≢ ™╠╣√꜡◓ⱨ□▬ꜟ♃▬ⱪ≤ ⌂ ╛ ASCII♦

⅜◓꜡⁹∆╕╣↕כⱨ□▬ꜟ╙◌Ᵽ♃כ ≢⌂⅛∫√ ⁸ ╩ ∫≡ №╢

─≢ⱪכꜟ◓│™ ⱨ□▬ꜟ ⇔≡ ↕™⁹ 

2.10.1  ⱨ□▬ꜟ    

─╟℮⌐⁸ ─♃▬ⱪ─꜡◓ⱨ□▬ꜟ╩ ⌐ ↄ↓≤│ ≢∆⁹╕∏⁸Ɽ

☻ ≤ⱨ□▬ꜟ ╩ⱨ□▬ꜟ ⱤⱠꜟ≢ ⇔╕∆⁹↓─ⱨ□▬ꜟ │⁸ ↓℮≤

∆╢꜡◓ⱨ□▬ꜟ⌐ ≢⁸ⱨ□▬ꜟ♃▬ⱪ ─√╘⌐ⱨ□▬ꜟ ⌐ ⅜ ™

≡™╢≢⇔╞℮⁹♦ⱨ◊ꜟ♩─ │ ─ ╡≢∆ 

¶ .bgData BeamGage HDF5 ♦כ♃ⱨ□▬ꜟ  

¶ .cvs  for BeamGage ASCII ◖fiⱴ ╡꜡◓ⱨ□▬ꜟ 

¶ .bmp, .gif, .jpg, .png, .tif ⱨ□▬ꜟ ⱨ◊כⱴ♇♩ 
 

─ │꜡◓ⱨ□▬ꜟ ⱨ◊ꜟ♄┼─Ɽ☻ ≢∆⁹ ─ ⌐꜡ ◓ⱨ□▬ꜟ ╩ ⇔

╕∆⁹ 

 

BeamGage╩▬fi☻♩כꜟ∆╢≤ ─ 2≈─ⱨ◊ꜟ♄⅜ ↕╣╕∆   

C:\Users\<user_name>\Documents\BeamGage\Data       
C:\Users\<user_name>\Documents\BeamGage\Setup 

─♩ꜟ◊ⱨ♦─♩כⱨ□▬ꜟ⁸꜠ⱳ◓꜡⁸♃כ♦ │..\Data folder≢∆⁹   

 

  ⌐№╢↓─Ⱳ♃fi│ ⅝⌐ ∆╢ ╩ ⌐⇔╕∆⁹↓╣│○fi⌐⇔

≡⁸꜡◓ⱨ□▬ꜟ⅜ ⌐ ⅝↕╣⌂™╟℮⌐⇔≡ ↕™⁹ 

 

 
 

Important: ꜡◓╩ ℮ ⌐│ ⅜ ≢∆⁹ ⌐│ ⁸ ╛♃כ♦─ ⱨ□

▬ꜟ⅜Ɫכ♪♦▫☻◒⌐ ⅝ ╕╣╕∆⁹ ≡─꜡◓─ ╩⇔∫⅛╡ ™⁸

⌐ ≢⌂™꜡◓│ ╦⌂™╟℮⌐⇔≡ ↕™⁹ ─꜡◓ │♃כ♦

╖ ╖⅜≢⅝⌂™─≢ ╦⌂™≢ↄ∞↕™⁹ASCII ♦כ◘⁸│◓꜡─♃כ♪

Ɽכ♥▫─♁ⱨ♩►▼▪┼─ ⅜ ⌂ ≢∆⁹Ɽ꞉כ/◄Ⱡꜟ◑⅜ ↕

╣≡™╢ⱨ꜠כⱶ─ ⁸ⱨ□▬ꜟ│ ╘≡ ⅝ↄ⌂╡╕∆⁹ 
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  ♃כ♦◓꜡  2.10.2

꜡◓╩ ─↓ⱨ□▬ꜟ─♃▬ⱪ│⁸♃כ♦℮ 5≈─Ⱳ♃fi≢ ↕╣╕∆.⁹ 

 

  ⱨ꜠כⱶ♦כ♃─꜡◓╩ HDF5 ⱨ◊כⱴ♇♩≢ ™╕∆⁹↓╣╠─Ᵽ▬♫ꜞ ♦

╣∙╣⧵ⱨ□▬ꜟ⌐│⁸♃כ ♪כ◖꜠─ ⱨ꜠כⱶ ⅜ ╕╣╕∆⁹ 

  ─꜡◓╩ ASCII≢ ™╕∆⁹↓╣╠─ⱨ□▬ꜟ⌐│ ⱨ꜠כⱶ─

⅜ ╕╣╕∆⅜⁸∕╣⌐│ ⅜ ╕╣╕∆⁹ ⱨ□▬ꜟ⌐│ ⅜♪כ◖꜠─ ╕

╣≡™╕∆⁹ 

  / ꜡◓╩ ASCII≢ ™╕∆⁹↓╣╠─ⱨ□▬ꜟ⌐│ ⱨ꜠כⱶ─

⅜ ╕╣╕∆⅜⁸∕╣⌐│ ⅜ ╕╣╕∆⁹ ⱨ□▬ꜟ⌐│ ⅜♪כ◖꜠─

╕╣≡™╕∆⁹ 

♃כ♦ꜟ♁כ◌   ꜡◓╩ ASCII≢ ™╕∆⁹  ↓╣╠─ⱨ□▬ꜟ⌐│ ⱨ꜠כⱶ

─ ⅜ ╕╣╕∆⅜⁸∕╣⌐│ ⅜ ╕╣╕∆⁹ ⱨ□▬ꜟ⌐│ ─꜠◖

⅜♪כ ╕╣≡™╕∆⁹ 

  ⱨ꜠כⱶ♦כ♃ ꜡◓╩ ASCII╟╡ ™╕∆⅜⁸▪Ɽ♅ꜗ⌐╟╡ ⌐ ∆╢

│♃כ♦ ↕╣╕∆⁹ ⱨ꜠כⱶ│ ₁─ⱨ□▬ꜟ⌐ ↕╣╕∆⁹ ≢

│Ɽכ♥▫◦ꜛfi╩ ₁⌐꜡◓∆╢↓≤│≢⅝∏⁸ⱴ☻♃כ Ɽכ♥▫◦ꜛfi─╖꜡

◓↕╣╕∆⁹Ɽכ♥▫◦ꜛfi ▪Ɽ♅ꜗ│ ↕╣╕∆⁹ 

↓─ ╩ ⌐⇔√ Ⱳ♃fi ╩◒ꜞ♇◒∆╣┌⁸♩כ♃☻⁸ ↕╣√ⱨ□▬

ꜟ♃▬ⱪ─꜡◓⅜ ↕╣╕∆⁹  

 

꜡◓╩ ↕∑╢⌐│☻♩♇ⱪⱲ♃fi ╩◒ꜞ♇◒⇔╕∆⁹ 

 

≥╪⌂ ≢№╣⁸™∫√╪꜡◓⅜ ↕╣╢≤⁸↓─꜡◓♃▬ⱪ Ⱳ♃fi │

⌐ ≤⌂╡╕∆⁹ √⌐꜡◓╩ ∆╢√╘⌐│ ⁸ ─ ╩ ⌐∆

╢ ⅜№╡╕∆⁹ 

2.10.3  2D/3D ─꜡◓     

↓╣╠─ │꜡◓ⱨ□▬ꜟ╩ ∆╢ ⱨ□▬ꜟ─♃▬ⱪ╩ ∆╢╙─≢∆⁹

ⱨ꜠כⱶ│ ⌂∫√ⱨ□▬ꜟ ↕╣╕∆⅜⁸ ─ⱨ□▬ꜟ ⌐ⱨ꜠כⱶ ≤

♃▬ⱪ⌐ ∂√ ⅜ ⅝╕∆⁹ 

⌂ ─√╘⌐│ ⱪꜝ▬○ꜞ♥▫ ◐ꜗⱪ♅ꜗ ≢♪כ⸗ ∆╢⅛⁸ⱨ꜠כ

ⱶ ╩☻◐♇ⱪ↕∑⁸ⱨ꜠כⱶ ╩ ↕╣√ ╟╡ ↕ↄ∆╢ ⅜№╡╕∆⁹  
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   Bmp ⱨ□▬ꜟ─꜡◓╩ ™╕∆⁹ 

   Gif ⱨ□▬ꜟ─꜡◓╩ ™╕∆⁹ 

   Jpeg ⱨ□▬ꜟ─꜡◓╩ ™╕∆⁹ 

   Png ⱨ□▬ꜟ─꜡◓╩ ™╕∆⁹ 

   Tiff ⱨ□▬ꜟ─꜡◓╩ ™╕∆⁹ 

 

≡─꜡◓ │WYSIWYG ⱨ◊כⱶ≢ 2D ╕√│ 3D≢ ⌐ ↕╣╕∆⁹ 

Important: ⱨ□▬ꜟ│ ⁸ ↕╣≡™╢ ╩ ∆╢─⌐ ™╠╣╢ ♃כ♦

╩ ╩ⱨ□▬ꜟ♃▬ⱪ♃כ♦⁹╪∑╕⅝≢│≥↓╢∆ ™≡⁸ⱨ꜠כⱶ⅛╠

─ ╩ ⇔≡ ↕™⁹ 

 2D ╕√│ 3D ►▫fi♪►╩꜡◓ ⌐ⱴ►☻≢∕─ ─◘▬☼╩ ⅎ╢ ⁸

─ │☻♩♇ⱪ↕╣⁸∕─ ⅜ ∆╢╕≢꜡◓│ ↕╣╕∆⁹ 

2.10.4  ꜡◓◖fi♩꜡כꜟ    

↓╣╠│ ꜡◓╩ ⌐ ↕∑╢╙─≢∆⁹ ─╟℮⌐⁸ ╘╠╣√ⱨ꜠כⱶ

─꜡◓╩ ╦∑╢ ⅜ ≢∆⁹ 

 

   №╢™│⁸ ╘╠╣√ ⅜ ⇔√╠ ∆╢╟℮⌂

╙ ≢∆⁹  

 

   ╕√⁸☻♩♇ⱪⱲ♃fi  ⅜◒ꜞ♇◒↕╣╢╕≢ ⇔≡ ╩

℮ ╙≢⅝╕∆⁹ ⱴ♬ꜙ▪ꜟ≢ ⇔⌂↑╣┌⁸꜡◓│Ɫכ♪♦▫☻◒

⅜ ⌐⌂╢╕≢ ⅝╕∆⁹ 

 

♃כ♦   ─ ה ⁸│≢♪כ⸗◓꜡     ╛ⱨ꜠כⱶ ⅜ ⌐

♃כ♦≥╢∆ │ ⇔╕∆⁹꜡◓ ♃כ♦⌐ ╩ ∆╢⌐│⁸↓─

╩ ⌐⇔╕∆⁹ 

 

  ꜡◓   ꜡◓∆╢ⱨ□▬ꜟ╩ ∆╢⅛╩ ╘╢ ⱨ▫ꜟ

♃⅜ ≢⅝╕∆⁹ ⅜♅▼♇◒↕╣╢≤⁸ ╩Ɽ☻⇔√ⱨ꜠כⱶ─╖

⅜꜡◓↕╣╕∆⁹ ⌐ ⅜♅▼♇◒↕╣╢≤⁸ ≤⌂∫√ⱨ꜠כⱶ─╖⅜

꜡◓↕╣╕∆⁹ 
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2.11  ꜠ⱳכ♩ꜞⱲfi  

꜠ⱳכꜚ│♩כ◙ ⌐╟╢ ╛ ⌂ PDFⱨ□▬ꜟ⅛╠ ╡╕∆⅜⁸∕╣

╠│ BeamGage≢─ ₁─ ╛ ≢ ⇔╕∆⁹ ⌐ │WYSIWYG≢

╦╣╕∆⁹ ⅜Ⱨfi≢ ↕╣╢≤⁸ ╛ PDF─ ─√╘⌐⁸∕╣╠│

⌐ ⅛╣╕∆⁹ 

 

  ▬fi◒ꜟכ♪ ○ⱪ◦ꜛfi   ꜠ⱳכ♩─▬fi◒ꜟכ♪ ♪꜡♇ⱪ♄►

fi⅛╠꜠ⱳכ♩⌐ ╘╢ ╩ ⇔╕∆⁹ 

 

 ☻♩ꜞ♇ⱪ ⅜♩כꜗ♅ ↕╣╢≤⁸ ↕╣≡™╢╙─∞↑≢│⌂ↄ꜡כ♪↕╣

√ ⅜♩כꜗ♅─≡ ╩♩כꜗ♅─≈ ⁹∆╕╣╕ ∆╢ ♩כꜗ♅│ ─

Ⱳ♃fi╩ ⇔╕∆⁹ ⌐⁸☿♇♩▪♇ⱪ⅜♅▼♇◒↕╣╢≤ ≡─ⱤⱠꜟ⅜ ≡─

╩ ∫≡꜠ⱳכ♩⌐ ↕╣╕∆⁹ 

 

  ☿Ɽ꜠כ♩ Ɑכ☺    √ ╩╟ↄ∆╢⌐│↓─Ⱳ♃fi╩◒ꜞ♇◒⇔≡⁸∕╣∙

╣─ ⅜ ─Ɑכ☺⌐ ↕╣╢╟℮⌐⇔╕∆⁹ 

 

  ─ │꜠ⱳכ♩ ╩ ∆╢ⱨ꜠כⱶ╩ ⇔╕∆⁹ ≈

─ⱨ꜠כⱶ╩ ∆╢ │ ─# ⌐ⱨ꜠כⱶ ╩ ⇔╕∆⁹  

 

  ⱨ□▬ꜟ ⁸ ⱪ꜠ⱦꜙכ⅔╟┘ ─Ⱳ♃fi≢∆⁹ⱨ□▬ꜟ ╩

◒ꜞ♇◒∆╢≤⁸ ─Windows─ ╩≈↑≡ ─♄▬▪꜡◓⅜ ╣╕∆⁹ 

 
ⱪꜞfi♩╩◒ꜞ♇◒∆╢≤ ⌐ PDF ⱨ□▬ꜟ⅜ ↕╣╕∆⁹↓╣⌐╟╡ ⅜≥

─ ⌐ ╦╣╢⅛╩ ∆╢↓≤⅜≢⅝╕∆⁹PDFⱨ□▬ꜟ│ Adobe ─◖fi♩꜡כꜟ╩

™≡ ╛ ⅜ ≢∆⁹PDFⱨ□▬ꜟ╩ ∂╢≤♥fiⱳꜝꜞ ⱨ□▬ꜟ│ ↕╣

╕∆⁹ 

Important: ⌐꜠ⱳכ♩─ ╩ ℮≤⁸ ─ ⅜ ↕╣≡⇔╕℮↓≤⅜№╡

╕∆⁹ ⱨ꜠כⱶ╩ ∆╢ │ ∏○ⱪ◦ꜛfi╩ ♅▼♇◒⇔≡ ↕™⁹ 
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3    

3.1 ─  

BeamGage≢ ─ ™√ ─ ─◙כꜚ⁸⅜≈ ╖╩ ⇔√ ╩ ╣╢↓≤

≢∆⁹√∞ ≈─▪▬♥ⱶ╩ ∆╢ ⌂ ⅛╠⁸ ⌐ ∂≡◄꜠ⱷfi♩╩

⌐ ↕∑√╡⁸ ╩ⱨ꜡כ♥▫fi◓↕∑√╡⁸ ╩ ↕∑√╡≤™℮

⌐ ⌂ⱴꜟ♅♃☻◒ ╕≢ ≢⅝╕∆⁹ 

 

↓─ ≢│⁸ ꜠▬▪►♩⌐ ╦╢ ⌐≈™≡ ⇔╕∆⁹ │ ≢∆⁹ 

 

 
 

│ ↄ─ ⅜ ╡ ╕╣≡™╢ ≢⁸ ↕╣≡⌂ↄ≡╙♃ⱩⱢfi♪ꜟ⌐№╢

▪▬♥ⱶ╩◒ꜞ♇◒∆╢≤⁸∕─▪▬♥ⱶ⅜ ┘ ∆ ≢ ↕╣╕∆⁹ 
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3.2  

꜠▬▪►♩╩◖fi♩꜡כ♠╢∆ꜟכꜟ≢ ™╠╣╢ │⁸Windowsꜚכ◙≤∫≡

╘≡ ↄ╙─≢№╢⅛╙⇔╣╕∑╪⁹↓↓≢│ ╩ ™≡∕╣╠─ ╩ ⇔╕∆⁹  

 

 BeamGage─ꜞⱲfi ─≢ⱨכ♅⸗ ≢│ ─╙─≤ ⌂╢╙─⅜№╡╕

∆⁹↓↓⌐ ∑√ │⁸ ≢ ↕╣√╙─≢│№╡╕∑╪⅜⁸ ⌂ↄ≤╙ ⌐

⅜№╡╕∆⁹  

  

 

3.2.1 ♪♇◒ ≤♪♇◒ Ɫfi♪ꜝכ 

╩ ™√ ⁸ ⌐ ∟ ⅜╢ ╩ ♪♇◒ ≤ ┘╕∆⁹↓╣│♃Ⱪ ⅝

─ ≢⁸ⱷ▬fi ⌐ ↕╣╕∆⁹ ─ 2D ⱦכⱶ ╩ ≡ↄ∞↕™⁹

⇔™ ⅜ ⅛╣╢≤⁸∕╣│ ∂ ─ ─♃Ⱪ─ ⌐ ↕╣╕∆⁹∕╣∙╣

─ ♪♇◒  │ ─ ─ ⌐ ╕∆⁹↓─ ⌡╠╣√꜠▬▪►♩│ ○ⱪ◦ꜛ

 

○Ⱪ☺▼◒♩  
ⱨ□▬ꜟ▪◒☿☻ Ⱳ♃fi   

 ◒▬♇◒ Ⱳ♃fi            Windows  

  ꜞⱲfi ♃Ⱪ  ♃▬♩ꜟⱣכ 

      ꜞⱲfiⱣכ≤ⱤⱠꜟ 

 

               ♪♇◒≤ ╘ ⅝ ♃Ⱪ             ☻♥כ♃☻Ᵽכ 

       ⱷ▬fi ≢─ ►▫fi♪► 

                    2D ⁸ⱡכ♩─ ♪♇◒  
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fi─ ≈─♃▬ⱪ≢∆⅜⁸∕╣∙╣│ ⌐ ╢↓≤⅜≢⅝╕∆⁹ ♩כ♃☻

Ɑכ☺ │∂╘⌐ ♃Ⱪ│ⱤכⱴⱠfi♩ ○Ⱪ☺▼◒♩≢№╡⁸ │≢⅝╕∑╪⁹ 

♪♇◒ ╩▪fi♪♇◒∆╢⌐│⁸ⱴ►☻≢♃Ⱪ╩≤╠ⅎ▪ⱪꜞ◔כ◦ꜛfi

⌐♪ꜝ♇◓⇔╕∆⁹♪♇◒ ⅛╠ ↕╣╢≤⁸ │ ⌐ ╦╡⁸ ─♪♇◒Ɫ

fi♪ꜟ│ ─╟℮⌐⌂╡╕∆⁹  

 
 

↓↓≢ⱴ►☻╩♪♇◒Ɫfi♪ꜟ╕≢♪ꜝ♇◓⇔ⱴ►☻Ⱳ♃fi╩ ∆≤⁸ │♪♇◒

↕╣╕∆⁹ 

 

♪♇◒Ɫfi♪ꜟ 
≡─ │♪ꜝ♇◓⇔≡ ≈─◘▬♪⌐♪♇◒↕∑╢↓≤⅜≢⅝╕∆⁹ ─○Ⱪ☺▼

◒♩│♪♇◒Ɫfi♪ꜟ⌐ ↕∑╠╣√ ≢∆⁹ ⌂ │ⱴ►☻≢♃▬♩ꜟ⅛♃

Ⱪ ╩≤╠ⅎ♪♇◒Ɫfi♪ꜟ ⌐♪ꜝ♇◓⇔╕∆⁹ 

 

♪♇◒Ɫfi♪ꜟ

  

♪♇◒Ɫfi♪ꜟ 

♪♇◒Ɫfi♪ꜟ 

♪♇◒Ɫfi♪ꜟ  

♪♇◒   
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⅜ ╕∫√╠⁸ ─◘▬☼╩ ⅎ ╛∆ↄ⇔╕∆⁹ⱴ►☻≢ ╩≤╠ⅎ ╩♪

ꜝ♇◓⇔≡ ↕™⁹ 

 

 ╩ ∆╢≤ BeamGage │∕─ ╩ ⇔╕∆─≢⁸ ⌐ ╩ ↄ≤

│ ♪♇◒ ≢│⌂ↄ⁸ ⌐♪♇◒↕╣√ ⌐ ↕╣╕∆⁹ 

Important: ↓─ ♪♇◒ ⅜ ⌐ ∆╢√╘⌐│⁸ ⌐ ♪♇◒ ⌐ ⅛⅜

⅛╣≡™╢ ⅜№╡╕∆⁹↓╣⌐╟╡ ─♪♇◒Ɫfi♪ꜟ┼─▪◒☿☻

⅜ ⌐⌂╢─≢⁸ ꜠▬▪►♩─ ⁸ ─ ╩╟╡ ⌐ ≢⅝╕∆⁹

♪♇◒ ─ ╩ ⌐∆╢√╘⌐⁸”│∂╘⌐” ≤™℮ ─♃Ⱪ⅜ ⌐

⇔╕∆ ⁹ ⁸↓─ │ ─ ⌐№╢ 2D ⌂≥─╟℮

⌂ ─ ≢ ╦╣╕∆⁹ 

 

3.2.2 ♪♇◒Ɫfi♪ꜟ  ◓fi♬כ꜡◒

∕╣∙╣─ ⌐│ ─♪♇◒Ɫfi♪ꜟ⅜№╡⁸ ⅜♪♇◒↕╣╢≤ ─♪

♇◒Ɫfi♪ꜟ─◒꜡כfi⅜ ↕╣╕∆⁹⇔√⅜∫≡⁸ ╩ ⇔™ ≢ ₁

⌐ ∆╢↓≤⅜≢⅝╕∆⁹↓╣⌐╟╡ ╩ ╕√│ ⌐ ═≡ ↕∑╢

↓≤⅜≢⅝╕∆⁹ 

ⱨ꜡כ♥▫fi◓ ►▫fi♪►│ ♪♇◒Ɫfi♪ꜟ─◒꜡כfi╩ ⇔╕∑╪─≢ ─

⌐ ┘≈↑╢↓≤│≢⅝╕∑╪⁹ ⱨ꜡כ♥▫fi◓ ►▫fi♪►│ⱷ▬fi ⅛╠ ⇔

 

  

─ ♪♇◒≢─ 

2D ⱦכⱶ  

─♪♇◒Ɫfi♪ꜟ┼─ 
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≡™╢─≢ ⌐№╢ ─ │№╡╕∑╪⁹ⱨ꜡כ♥▫fi◓ ►▫fi♪►│ⱷ▬fi─▪

ⱪꜞ◔כ◦ꜛfi⌐ ♪♇◒ ≢∆⁹ 

 

│ ↄ─ ─ ≢∆⅜⁸™ↄ≈⅛│ ─♪♇◒ ≢♪♇◒↕╣⁸ⱨ꜡כ♥

▫fi◓ ►▫fi♪►⅜ⱷ▬fi─BeamGage ─ ⌐№╡╕∆⁹ ─ ╩ ┬ⱬ☻

♩⌂ │♪♇◒Ɫfi♪ꜟ╩ ⌐ ™≡ ∆╢↓≤≢∆⁹ⱴ♬ꜙ▪ꜟ─ ∞↑

≢ ∆╢↓≤│≢⅝╕∑╪⁹  

 

 

3.2.3 Ⱨfi   

Ⱨfi │ ↄ─▪▬♥ⱶ╩ ≈─♪♇◒◘▬♩⌐ ↄ╙─≢⁸Ⱨfi ─♃Ⱪ ⱴ

►☻╩ ↄ⅛◒ꜞ♇◒∆╣┌ ⌐ ┘ ∆↓≤⅜≢⅝╕∆⁹ ≢Ⱨfi Ⱳ♃

fi╩◒ꜞ♇◒∆╣┌ │♪♇◒ ⱨ꜠כⱶ⌐⌂∞╣ ╖╕∆⁹ │ ≈─ ⇔

√ ⅜ BeamGage ⱷ▬fi ─ ⌐ ╘ ⅛╣≡™╢ ╩ ⇔≡™╕∆⁹ 
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⌐ ╘ ⅛╣√♃Ⱪ ⌐ⱴ►☻╩ ↄ⅛◒ꜞ♇◒∆╣┌ ⁸∕─▪▬♥ⱶ│ ─╟℮

⌐ ⌐ ⌐ ↕╣╕∆⁹ ◒ꜞ♇◒∆╢≤ ┘ ⌐ ╘ ⅛╣╕∆⁹ 

 

  Ⱨfi   ◒ꜞ♇◒∆╢≤ ╘ ⅛╣√ ⅜ ─♪♇◒↕╣√ ⌐ ╡╕

∆⁹ 

  כⱣ☻♃כ♥☻ 3.3

─כⱣ☻♃כ♥☻─ │ ⌐ ↄ ╣╢╙─≢∆⁹∕╣∙╣⌐≈™≡ ⌐ ⇔

╕∆⁹ 

 

  ⱨꜟ◄fi☻   ↓─ │ ─ ≢─ⱦכⱶ ⱨꜟ◄fi

☻≢∆⁹ ◦☻♥ⱶ⅜ ↕╣≡⌂↑╣┌⁸ │ ⅛╢№≢♃כ♦ ◌►fi♩ (cnts)≢∆⁹ 

 

ꜟ♁כ◌   ⱨꜟ◄fi☻   ↓─ ꜟ♁כ◌│ ≢─ⱦכⱶ ⱨꜟ◄

fi☻≢∆⁹◦☻♥ⱶ⅜ ↕╣≡⌂↑╣┌⁸ │ ⅛╢№≢♃כ♦ ◌►fi♩ (cnts)≢

∆⁹ 

 

  ⱨ꜠כⱶ꜠כ♩    ◌ⱷꜝ⅛╠ꜞ▪ꜟ♃▬ⱶ⌐ ♦כ♃ⱨ꜠כⱶ╩ ↑ ╢≤⁸ⱨ

⅜♩כ꜠ⱶכ꜠ ↕╣ ♃כ♦⁹∆╕╣↕ ⅜ ╕╢≤ │ 0Hz≤⌂╡╕∆⁹ 

 

  ♪꜡♇ⱪⱨ꜠כⱶ   BeamGage⅜ⱨ꜠כⱶ─ ╩ ╘╢≤⁸♪꜡♇ⱪⱨ꜠כ

ⱶ─▬fi☺◔כ♃⌐│  ─♅▼♇◒ⱴכ◒⅜ ╡╕∆⁹ⱨ꜠כⱶ⅜ ↕╣╢≤♅▼♇

◒ⱴכ◒│ ─ ⌐ ╦╡╕∆⁹ⱨ꜠כⱶ꜠כ♩⅜ ╩☻ꜟⱤ◙כ꜠  │─╢⌂⌐

≢♩כ꜠√╣╠╘ ∆╢ ≢∆⁹ ⌂Ɽꜝⱷכ♃─ ╩⇔⁸ ♃כ♦─≢

⅜ ≤⌂╢╟℮⌐⇔╕∆⁹ⱨ꜠כⱶ ╙ ⇔≡ ↕™⁹ 

 

  ꜞⱨ□꜠fi☻    ↓╣│ ╩ ⅎ╢↓≤≢ ꜞⱨ□꜠fi☻ ─ ╩

∆╙─≢∆  

כ꜠◓ ¶ ꜞⱨ□꜠fi☻ │   

¶ ꜞⱨ□꜠fi☻ │ ≢▪◒♥▫Ⱪ 

¶  ◌ⱷꜝ ⌂≥─ ≢ ⅜ ╦╣╢ ⌐  

 

  ►ꜟ♩ꜝ◐ꜗꜟ   ↓╣│ ╩ ⅎ╢↓≤≢►ꜟ♩ꜝ◐ꜗꜟ─ ╩ ∆╙

─≢∆  

│ꜟꜗ◐ꜝ♩ꜟ► כ꜠◓ ¶  

¶  ►ꜟ♩ꜝ◐ꜗꜟ│ ≢▪◒♥▫Ⱪ. 

¶ ◌ⱷꜝ ⌂≥─ ≢ ⅜ ╦╣╢ ⌐  
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♩כ○    X   ⸗כ♪≢ ∆╢ ⁸►ꜟ♩ꜝ♩◐ꜗꜟ─▬fi☺◔

♩כ○│♃כ X─▬fi☺◔כ♃⌐ ╦╡╕∆⁹ ╠⅛ⱶכ꜠ⱨ♃כ♦⁸│ ⇔™ ⅜

╠╣╢↓≤⅜ ≢⅝⁸ⱬכ☻ꜝ▬fi ╙ ⇔ↄ ╦╣╢↓≤╩ ⇔╕∆⁹ ≢№╣

┌ ╠⅛─ ≢ ⅜ ≢⅝⌂™⅛ ⅜ ™ ↓≤╩ ⇔╕∆⁹  

 

  ⱨ꜠כⱶⱣ♇ⱨ□ ▬fi☺◔כ♃/☿꜠◒♃   ↓╣

│ ↕╣≡™╢ⱨ꜠כⱶⱣ♇ⱨ□─ ╩ ⇔╕∆⁹ⱨ꜠כⱶⱣ♇ⱨ□╩ ↕∑

╢⌐│⁸ⱨ꜠כⱶ ╩ ∆╢⅛☻ꜝ▬♄╩ ⅛⇔╕∆⁹ ⌐╟╡⁸ ─ⱨ꜠

□ⱶⱣ♇ⱨכ ⅜ ≢⅝╕∆⁹B ⌐ ∆╢≤⁸ ⅜Ᵽ♇ⱨ□ ⌐ ™╕∆⁹

R ⌐∆╢≤⁸ ↕╣≡™╢ꜞⱨ□꜠fi☻ ⱨ꜠כⱶ⅜ ↕╣╕∆⁹U ≢│⁸

─►ꜟ♩ꜝ◐ꜗꜟ ⱨ꜠כⱶ⅜ ↕╣╕∆⁹  

 
 

╩♃כ◔☺fi▬│כⱣ☻♃כ♥☻ ≤∆╢ ─ⱳ♇ⱪ▪♇ⱪ ▪▬♥ⱶ╛ ╙ ⇔

╕∆⁹BeamGage⅜ Ᵽכ☺ꜛfi⌐⌂∫√╠⁸ ⇔™▪▬♥ⱶ⅜ ↕╣≡™╢⅛≥℮⅛

⇔≡ ↕™⁹ 
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4   ⱨ□▬ꜟ⁸ⱨ◊כⱴ♇♩⁸  

4.1 BeamGage ⱨ□▬ꜟ♃▬ⱪ 

⁸BeamGage ≢│ 4≈─♃▬ⱪ─ⱨ□▬ꜟ⅜ ≢⅝╕∆⁹ⱨ□▬ꜟ♃▬ⱪ≤

│ ─ ╡≢∆  

 

 BeamGage  ⱨ◊כⱴ♇♩ 

.bgSetup ☿♇♩▪♇ⱪ ⱨ□▬ꜟ─♃▬ⱪ  HDF5⁸  

.bgData 
ⱨ□▬ꜟ◖fi♁כꜟ ≢☻כ♁

╖   ꜟ▬□ⱨ♃כ♦⌂

HDF5⁸Matlab ╛◘כ♪Ɽכ♥▫

─♁ⱨ♩≤ №╡  

.csv 
꜡◓ⱨ□▬ꜟ≤♅ꜗכ♩ ⱨ□

▬ꜟ  

◖fiⱴ ╡ ASCII 

.pdf ꜠ⱳכ♩ⱨ□▬ꜟ ⱨ◊כⱴ♇♩ Adobe  

 

4.2 ☿♇♩▪♇ⱪ ⱨ□▬  ꜟ .bgSetup, HDF5 

☿♇♩▪♇ⱪ ⱨ□▬ꜟ│BeamGage─◖fiⱨ▫◑ꜙ꜠כ◦ꜛfi╩ ∆╢─⌐ ™╠╣

│◙כꜚ⁹∆╕ BeamGage ─☿♇♩▪♇ⱪ╛꜠▬▪►♩╩ ⌐ ∂≡ ₁⌐ ⅎ╢↓

≤⅜≢⅝╕∆⁹ ↄ ∂ ╩ ™√™─≢№╣┌ “ ╩ ≢ ” ╩ⱨ□▬ꜟ▪◒

☿☻Ⱳ♃fi⅛╠ ╪≢ↄ∞↕™⁹ ─ 5≈─ ⅜ ≢∆  

 

1. ☿♇♩▪♇ⱪ ╖   Windows─ⱨ□▬ꜟ ╖─♄▬▪꜡◓⅜ ⅝╕∆⁹ⱨ

□▬ꜟ╩ ⇔≡ OK╩◒ꜞ♇◒⇔╕∆⁹♦ⱨ◊ꜟ♩─ⱨ◊ꜟ♄│ ⌐ ⌐

↕╣√╙─≢№╢↓≤⌐ ⇔≡ ↕™⁹ 

2. ╖│ BeamGage ☿♇♩▪♇ⱪ─╖  1. ≤ ☻כ♁⁸⅜∆≢ ⌐

⇔⌂™ ╩ ☻כ♁⁹∆≢↑∞╢∆ │↓─ ≢ ╦╡╕∑╪⁹ 

3. ╖│☿♇♩▪♇ⱪ ≥ .1    ╖─☻כ♁ ☻כ♁⁸⅜∆≢ ≤ ╩ ╖

╗∞↑≢∆⁹∕─ ─ │↓─ ≢ ╦╡╕∑╪⁹ 

4. ☿♇♩▪♇ⱪ╩ ≢    Windows─ⱨ□▬ꜟ ─♄▬▪꜡◓⅜ ⅝╕∆⁹

⇔™☿♇♩▪♇ⱪ ⱨ□▬ꜟ ╩ ⇔≡ ╩◒ꜞ♇◒⇔╕∆⁹♦ⱨ◊ꜟ♩─

ⱨ◊ꜟ♄│ ⌐ ⌐ ↕╣√╙─≢№╢↓≤⌐ ⇔≡ ↕™⁹ 

5. ☿♇♩▪♇ⱪ╩    ─ ⅜ ⅝↕╣╕∆⁹ 

 ⱨ□▬ꜟ  .bgData, HDF5♃כ♦ 4.3

│⌐ꜟ▬□ⱨ♃כ♦ ↕╣√ⱦכⱶ ⱪ♇▪♩♇☿⅜♃כ♦ ≤ ⌐ ╕╣╕∆⁹╕

─♃כ♦│⌐ꜟ▬□ⱨ♃כ♦√ ─ⱨ꜠כⱶ⅜ ╕╣⁸∕╣∙╣─ⱨ꜠כⱶ│꜠◖כ♪

≤ ┌╣╕∆⁹ ⌐ ♃כ♦─ ─♪כ◖꜠ ה ╖⅜ ▬□ⱨ♃כ♦⁹∆≢

ꜟ│ⱨ꜠כⱶⱣ♇ⱨ□⅛╠ ↕╣⁸∕↓┼ ╖ ╕╣╕∆⁹  

 

◓꜡│ꜟ▬□ⱨ♃כ♦ ╩ ™≡ ↕╣╕∆⁹꜡◓ⱨ□▬ꜟ⌐│ꜞ▪ꜟ♃▬ⱶ≢

↕╣√ ⅜♪כ◖꜠ ╕╣≡™╕∆⁹ 

 

☻כ♁│ꜟ▬□ⱨ♃כ♦ ◖fi♁כꜟ╩ ™≡ ∆╢↓≤⅜ ≢∆⁹  
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─♃כ♦│⌐ꜟ▬□ⱨ♃כ♦ ╖╛ ⌐ ⌂ ⅜ ⅜♃כ♦⁸╡⅔≡╣╕

↕╣√ ≢─ ⅜ ↕╣≡™╕∆─≢⁸∕╣╠│☿♇♩▪♇ⱪ ╩ ∑∏⌐

┘ ∑╕∆⁹ 

 

♃כ♦ (1 …  Windows─ ⌂ ♄▬▪꜡◓  ⅜ ⱨ♃כ♦⁸⅝

□▬ꜟ⅜ ↕╣≡™╢♦▫꜠◒♩ꜞ╙ ↕╣╕∆⁹ⱨ꜠כⱶⱣ♇ⱨ□─≥─

ⱨ꜠כⱶ╩ ∆╢⅛╩ ⇔╕∆⁹ ⱨ꜠כⱶ≤ⱨ꜠כⱶ  ╩ ∆╢⅛⁸

♪כ◖꜠  ╩♅▼♇◒⇔≡ ↕™⁹  

a.  ─♦ⱨ◊ꜟ♩│ ↕╣≡™╢ⱨ꜠כⱶ≢∆⁹ 

b. ⱨ꜠כⱶ ─♦ⱨ◊ꜟ♩ │ 1≢∆⁹ 

c. ꜠◖כ♪ │♅▼♇◒↕╣≡™╕∑╪⁹ 

 

Ⱪꜝ►☼Ⱳ♃fi╩◒ꜞ♇◒⇔≡ ⇔™ⱨ□▬ꜟ ╩ ⇔╕∆⁹ ╩◒ꜞ♇◒⇔

OK ╩ ∑┌ⱨ□▬ꜟ│ ↕╣╕∆⁹♦ⱨ◊ꜟ♩─ⱨ◊ꜟ♄│ ⌐ ⌐ ╦╣

√ⱨ◊ꜟ♄≤⌂╡╕∆⁹ 

 

 
 

♃כ♦ (2 ╖   Windows─ ⌂ ╖♄▬▪꜡◓  ⅜ כ♦⁸⅝

♃ⱨ□▬ꜟ⅜ ↕╣≡™╢♦▫꜠◒♩ꜞ╙ ↕╣╕∆⁹ⱨ꜠כⱶⱣ♇ⱨ□─

≥─ⱨ꜠כⱶ╩ ╗⅛╩ ⇔╕∆⁹ ╖ ⱨ□▬ꜟ: ⱨ꜠כⱶ⁸ⱨ꜠כ

ⱶ  ⁸Ᵽ♇ⱨ□┼─ ⅝ ╖ : ╩ ⇔≡ ↕™⁹╕√│⁸ ⱨ꜠כⱶ

╖ ╩♅▼♇◒∆╣┌ ≡─ⱨ□▬ꜟ≤꜠◖כ♪─ ╖⅜ ↕╣√ⱨ꜠כ

ⱶ≢ Ᵽ♇ⱨ□ ⅛╠ ↕╣╕∆⁹ ╖ ⅜♃כ♦√╣↕╖ ≥♃כ♦─

∂≢№╢↓≤╩ ∆╢√╘⌐│ ─ ╩ ─Ⱳ♇◒☻╩♅▼♇◒⇔≡ ↕

™⁹ 

a.  ─♦ⱨ◊ꜟ♩│ ⱨ□▬ꜟ─  ⁹∆≢♪כ◖꜠─

b. ⱨ꜠כⱶ ─♦ⱨ◊ꜟ♩│ 1≢∆⁹ 

c. Ᵽ♇ⱨ□┼─ ⅝ ╖ :  │ ─ ≢∆⁹ 

d. ꜠◖כ♪ │♅▼♇◒↕╣≡™╕∑╪⁹ 

e. ─ ╩  x│♅▼♇◒↕╣≡™╕∑╪⁹  

 

Ⱪꜝ►☼Ⱳ♃fi╩◒ꜞ♇◒⇔≡ ⇔™ⱨ□▬ꜟ ╩ ⇔╕∆⁹ ↄ ╩◒ꜞ♇

◒⇔ OK ╩ ∑┌ⱨ□▬ꜟ─꜠◖כ♪⅜ ╖ ╕╣╕∆⁹ 

 

♦ⱨ◊ꜟ♩─ⱨ◊ꜟ♄│ ⌐ ⌐ ╦╣√ⱨ◊ꜟ♄≤⌂╡╕∆⁹ 
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Important: ⱨ꜠כⱶⱣ♇ⱨ□◘▬☼╟╡ ╩ꜟ▬□ⱨ♃כ♦⌂⅝ כ꜠ⱨ│♃כ♦≥╗

ⱶⱣ♇ⱨ□╩ ╖ ╗ ≤⌂╡⁸ⱨ꜠כⱶⱣ♇ⱨ□│Ᵽ♇ⱨ□ ⌐№╢ ─

ⱨ꜠כⱶ≢ ⅝↕╣╕∆⁹ 

4.4  HDF5 ⱨ◊כⱴ♇♩  

BeamGage─ ⌐ ™⁸☻Ⱨꜞ◖fi │○כⱪfi⌂ ⱨ□▬ꜟ ⱨ◊כⱴ♇♩≢№╢

HDF5╩ ∆╢↓≤⌐⇔╕⇔√⁹HDF5 ⱨ◊כⱴ♇♩│ ↄ─◘כ♪Ɽכ♥▫─♁ⱨ♩

►▼▪≤ ⅜№╡⁸MATLAB╙∕─ ≈≢∆⁹ │ Webꜞfi◒╩ ™╕

∆   http://www.hdfgroup.org/HDF5/ 

 

.bgData ⱨ□▬ꜟ ⱨ◊כⱴ♇♩│  BeamGage⅛╠─ ⌐ ™╠╣╕∆⁹

HDF5 ⱨ□▬ꜟ⌐│ⱨ꜠כⱶ ─ 2D ▪꜠▬⅜ ╕╣⁸∕╣╠│Matlab⌐ ≢⅝╕

─≢▪▼►♩ⱨ♁─▫♥כⱤ♪כ◘≢─∆ ⅜ ≤⌂╡╕∆⁹ ≤Ⱨ◒☿ꜟ♦כ♃

─ⱨ◊כⱴ♇♩│ ╗↓≤⅜≢⅝⁸ ─ HDF5ⱨ◊כⱴ♇♩⌐╙ ⇔≡™╕∆⁹ 

HDF5 ⱨ□▬ꜟ╩MATLABn⌐ ╖ ╗◘fiⱪꜟ⅜ ⱨ◊ꜟ♄⌐№╡╕∆   

C:\Program Files\☻Ⱨꜞ◖fi\BeamGage <edition>\Examples\MatLab\... 

♃כ♦ 4.4.1 ▪◒☿☻ 

Ⱨ◒☿ꜟ ♄ꜟ◊HDF5 ⱨ□▬ꜟ≤⇔≡ⱨ│♃כ♦ ⱡכ♦ ,1 ♪כ♃ ⌐ ↕╣╕∆⁹ 

≡─Ⱨ◒☿ꜟ │♃כ♦ ⌐ ∆╟℮⌂S32ⱦ♇♩ ◘▬fi Ᵽ▬♫ꜞ ⱨ◊כ

ⱴ♇♩≤⌂∫≡™╕∆⁹♦⁸2│♃כD ⌐ ╣╢╟℮⌐ ⅛╠ ⁸ ⅛╠

⌐ 32ⱦ♇♩─ ⌐ ↕╣≡ ─ⱶכ꜠ⱨ♃כ♦⁹∆╕╣↕ ≤ ↕╩ ╘╢

⌐│⁸ⱡכ♪ 1, RAWFRAME,  WIDTH≤ 1, RAWFRAME,  Height⌐▪◒☿☻⇔≡

↕™⁹ 

♃כ♦ 4.4.2  

◌ⱷꜝ─Ⱡ▬♥▫Ⱪ ꜟ☿◒Ⱨ│≢☻כ♁ ╡─ⱦ♇♩ │8, 10, 12, 14, 16 ≢∆⁹  

BeamGage≢│Ⱨ◒☿ꜟ ╩ HDF5♦כ♃ⱨ□▬ꜟ⌐ ∆╢ ⁸ ↕╣√

⅝ 32ⱦ♇♩  ⱨ◊כⱴ♇♩⅜ ™╠╣╕∆⁹ ↕╣ ↕╣√◌ⱷꜝ

─Ⱨ◒☿ꜟ♦כ♃│ 32ⱦ♇♩─ ⅝ ⌐ ↕╣ ↕╣╕∆⁹◌ⱷꜝ─Ⱡ▬

♥▫Ⱪ ≢♃כ♦ ╙ ⌂ⱦ♇♩│⁸ ⱦ♇♩ (ⱦ♇♩ ⅜ 0 [lsb] -31 [msb] 

≤∆╢≤⁸30─ ) ─∆← ╤⌐◦ⱨ♩↕╣╕∆⁹Ⱡ▬♥▫Ⱪ ⱨ◊כⱴ♇♩─

⌐№╢ ─ⱦ♇♩│ⱨ꜠כⱶ ⁸ ⌂≥─ ≢ ™╠╣⁸↕╠⌂

╢ ⌐ ⇔╕∆⁹ 

http://www.hdfgroup.org/HDF5/


  

BeamGage ꜚכ◙●▬♪ Document No: 50220-003      v6.11    10/3/2017 Page 85 

↓─ⱨ◊כⱴ♇♩│™ↄ≈⅛─ ╩ ∫≡™╕∆⁹ ⌂ ─ ≈│⁸ⱨ꜠כⱶ

╛ⱬכ☻ꜝ▬fi ⌐⅔™≡ ⱦ♇♩⌐ ─ ⅜ ╡ ≡╠╣╢─≢

⅜╟╡ ↄ⌂╡╕∆⁹  

╩♃כ♦√╣↕ ™╢√╘⌐│⁸Ⱡ▬♥▫Ⱪ ⱨ◊כⱴ♇♩│ ≢№╢⅛⁸

╘ │♩♇ⱴכ◊ⱨ♃כ♦⁹╪∑╕╡⌂┌╣↑⌂╣↕ HDF5ⱨ□▬ꜟ─ⱡכ♪─

≈⌐ ↕╣╕∆⁹ ⌐ ∆►▫fi♪►│ HDFⱦꜙכ꞉≢⁸♦כ♃─Ⱡ▬♥▫Ⱪ

ⱨ◊כⱴ♇♩╩ ∆╢☻♩ꜞfi◓⌐▪◒☿☻∆╢╙─≢∆⁹ ⌐ ↕╣≡™╢☻♩

ꜞfi◓│ⱡ1 ♪כ, RAWFRAME, BITENCODING─ⱨ◊ꜟ♄⌐№╡⁸L16_12≤

↕╣≡™╕∆⁹ 

 

↓╣│⁸ ─№╢™│ ⅜♩♇ⱴכ◊ⱨ♃כ♦─ 12 ⱦ♇♩ ◌ⱷꜝ⅛╠─╙─≢⁸

⅜ ⅎ╠╣√ 16 ⱦ♇♩─ ≢ ╠╣╢↓≤╩ ⇔╕∆⁹L, R , S │∕╣∙╣⁸♦

☼▬◘♪כ꞉⅜♃כ Ɽ◔♇♩ Ⱨ◒☿ꜟ ≢ ⅎ⁸ ⅎ≢№╢⅛⁸№╢™│

╩⅛╢№≢♃כ♦─⅝ ⇔╕∆⁹ ≡─ ⅝ⱨ◊כⱴ♇♩│ ⌐

⅜ ™√ ⅎ≢∆⁹BeamGage≢│ Ⱡ▬♥▫Ⱪ ⱨ◊כⱴ♇♩─ ≡╩◘ⱳכ

♩⇔╕∆ ↓╣╠│◌ⱷꜝⱷכ◌≢ ⌐ ╦╣≡™╢ⱨ◊כⱴ♇♩≢∆  

L8 x x x x x x x x ⌂⇔ 8ⱦ♇♩ 

L16 x x x x x x x x x x x x x x x x ⌂⇔ 16ⱦ♇♩ 

L16_8 x x x x x x x x _ _ _ _ _ _ _ _  

L16_10 x x x x x x x x x x _ _ _ _ _ _  

L16_12 x x x x x x x x x x x x _ _ _ _  

L16_14 x x x x x x x x x x x x x x _ _  

R16_8 _ _ _ _ _ _ _ _ x x x x x x x x  

R16_10 _ _ _ _ _ _ x x x x x x x x x x  

R16_12 _ _ _ _ x x x x x x x x x x x x  

R16_14 _ _ x x x x x x x x x x x x x x  

S16 s x x x x x x x x x x x x x x x │ 15ⱦ♇♩ 

S16_13 s x x x x x x x x x x x x x _ _  

S16_14 s x x x x x x x x x x x x x x _  

S32 s x x x …                         … x x x │ 31 ⱦ♇♩* 

s = ⅝ⱦ♇♩; x = ⱦ♇♩; _ = ⱦ♇♩ 
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* ≡─ BeamGage♦כ♃ⱨ□▬ꜟ│Ⱡ▬♥▫Ⱪ ⱨ◊כⱴ♇♩─ ⌐⅛⅛╦╠∏

S32⌐ ↕╣╕∆⁹⇔⅛⇔⁸ ╩ ⇔™ ⌐ ↄ√╘⌐Ⱡ▬♥▫Ⱪ ⱨ◊כ

ⱴ♇♩╩ ╠⌂↑╣┌⌂╡╕∑╪⁹  

 

─Ⱡ▬♥▫Ⱪ Ⱨ◒☿ꜟ ⌐ ╢√╘⌐ ≢ ╢ ⅜№╡╕∆⁹ 
 

√∞⇔ ►ꜟ♩ꜝ◐ꜗꜟ ⱨ꜠כⱶ≤ ♃כ♦─ ⅜ ╦╣╢≤⁸○ꜞ☺♫ꜟ─

╩♃כ♦ ∆╢↓≤│≢⅝╕∑╪⁹ 

♃כ♦ 4.4.3  

BeamGage≢│Ⱨ◒☿ꜟ │♃כ♦ ⌐ S32⌐ Ᵽ▬♫ꜞ ⱨ◊כⱴ♇

♩≢ ↕╣╕∆⁹ⱨ꜠כⱶ⅜Ɽ꞉כ/◄Ⱡꜟ◑ ≤⇔≡ ↕╣╣┌⁸

HDF5ⱨ□▬ꜟ⌐│⁸ Ⱨ◒☿ꜟ ╩Ɽ꞉כ/◄Ⱡꜟ◑ ⌐ ∆╢ ⅜ ╕

╣╕∆⁹ ╩ ╡√↑╣┌⁸ⱡ1 ♪כ, RAWFRAME, ENERGY, 

POWER_CALIBRATION_MULTIPLIER─ⱨ◊ꜟ♄─☻♩ꜞfi◓ ⌐▪◒☿☻⇔╕

∆⁹ 

 

─ ╩ ℮⅛╩ ∆╢√╘⌐ⱡ1 ♪כ, RAWFRAME, ENERGY ENERGY 

BASE, ENERGY QUANTIFIER─ⱨ◊ꜟ♄⌐▪◒☿☻⇔╕∆⁹ ♃כ♦│ ⅔

╟┘ ⌐ ≤⌂╡╕∆⁹ ─ W, mW, J, mJ, etc… 

 

Ⱨ◒☿ꜟ ⅛╠Ɽ꞉כ/◄Ⱡꜟ◑ ╩ ∆╢⌐│ S32 Ᵽ▬♫ꜞ ⌐

POWER_CALIBRATION_MULTIPLIER ╩ ↑⁸◄Ⱡꜟ◑ (ENERGYUNITS)╩

⇔╕∆⁹ 

♩כꜗ♅ ,◓꜡ 4.5 ⱨ□▬ ,ꜟ .csv, ASCII  

꜡◓ⱨ□▬ꜟ│◖fiⱴ ╡─ ASCII♥◐☻♩ ⱨ□▬ꜟ≢⁸ ⁸ ⁸ ⅜

╕╣≡™╕∆⁹↓╣╠─ⱨ□▬ꜟ♃▬ⱪ│ Excel╛ ◦כ◔ꜞⱪ▪─▫♥כⱤ♪כ◘─

ꜛfi♁ⱨ♩▼▪⌐▬fiⱳ⁹∆╕⅝≢♩כ꜡◓ⱨ□▬ꜟ─ ─ │Ⱬ♇♄≢⁸ ╩

⇔╕∆⁹ ─ ⅛╠ ⅜ ↕╣⁸ ∆╣┌ ⌐ ⅜ ↕╣╕∆⁹

─ │⁸꜡◓ⱨ□▬ꜟ╩ Excel≢ ™√╙─≢∆⁹ 
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BeamGage─☻♩ꜞ♇ⱪ ⌐ꜟ▬□ASCII ꜡◓ⱨ │♩כꜗ♅ ≢⅝╕∆⁹╕√⁸꜡◓ⱨ

│♃כ♦─ꜟ▬□ BeamGage─☻♩ꜞ♇ⱪ ≢♩כꜗ♅ ≢⅝╕∆⁹☻♩ꜞ♇ⱪ ♅ꜗ

╩♩כ ╗√╘⌐│⁸꜡◓ⱨ□▬ꜟ⌐ⱪ꜡♇♩∆╢ ⅜ ╕╣≡™╢ ⅜№╡╕∆⁹

כ♩⌐ꜟ▬□Ⱡꜟ◑╩ⱪ꜡♇♩∆╢⌐│⁸꜡◓ⱨ◄/כⱤ꞉ꜟ♃כ♩≢♩כꜗ♅⁸╡╕≈

♃ꜟⱤ꞉כ/◄Ⱡꜟ◑─ ⅜ ╕╣≡™⌂↑╣┌⌂╡╕∑╪⁹ 

 

♩כꜗ♅ ⱨ□▬ꜟ│ ─꜡ ◓ⱨ□▬ꜟ≤ ≢∆⅜⁸ ≢♩כꜗ♅⅜╖─♃כ♦⌂

↕╣╕∆⁹ ⅎ┌⁸♩כ♃ꜟⱤ꞉כ ☻♩ꜞ♇ⱪ♅ꜗכ♩│≢♩כ♃ꜟⱤ꞉כvs. 

─ ⅜ⱪ꜡♇♩↕╣╕∆⁹⇔√⅜∫≡⁸ ≤ כꜗ♅─↓⅜כⱤ꞉ꜟ♃כ♩┘╟⅔

♩≢  ⁹∆≢♃כ♦╢╣╦

4.6 ꜠ⱳכ♩ⱨ□▬ꜟ, .pdf 

꜠ⱳכ♩≢│ BeamGage─ ₁⌂ ╛ ╩ ⌐꜠▬▪►♩∆╢↓≤⅜≢⅝╕

∆⁹꜠ⱳכ♩│ ╛ PDFⱨ□▬ꜟ≢─ ⁹ 

4.7 ⱨ□▬ꜟ▪◒☿☻    

↓─ⱨ□▬ꜟ▪◒☿☻ Ⱳ♃fi≢♦כ♃≤ ⱨ□▬ꜟ─ ╛ ╖⅜ ⅎ╕∆⁹ⱨ□

▬ꜟ▪◒☿☻ ►▫fi♪►─ ╩ ⌐ ⇔╕∆⁹ ⌐ ↕╣≡™╢ⱨ□▬ꜟ│ ⁸

№╢™│ ⅛╣√╙─≢∆⁹ⱨ□▬ꜟ ╩◒ꜞ♇◒∆╣┌⁸ⱨ□▬ꜟ⅜ ↄ ⅝╕∆⁹ 

 

 
 

4.7.1 ◒▬♇◒ ⱪꜞfi♩   

◒▬♇◒ ⱪꜞfi♩ Ⱳ♃fi╩ ⅎ┌꜠ⱳכ♩ ꜞⱲfi╩ ╦∏⌐꜠ⱳכ♩╩ ≢⅝

╕∆⁹꜠ⱳכ♩ ꜞⱲfi≢─ │ ≤⇔≡ ↕╣╕∆⁹ ─Windows ⱪ

ꜞfi♩ ♄▬▪꜡◓Ⱳ♇◒☻⅜ ─○ⱪ◦ꜛfi≤ ⌐ ╣╕∆⁹ 
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4.7.2    

2D ╕√│ 3D ╩ ─ ⱨ□▬ꜟ ⱨ◊כⱴ♇♩≤∆╢⌐│ … ⱨ◊ꜟ♄╩◒

ꜞ♇◒⇔≡⁸ ⌐ ∆  ♄▬▪꜡◓╩ ⅝╕∆⁹ 

 

 
 

∆╢ ⱨ◊כⱴ♇♩╩ ⇔╕∆⁹⅜⁸ ⌐ ─ⱨ◊כⱴ♇♩─ ⅜

≢∆⁹ ─Ᵽ♇ⱨ□─ ⅔╟┘ ∆╢ⱨ꜠כⱶ ╩ ⇔╕∆⁹ⱨ□▬ꜟ ╩

⇔≡Ⱪꜝ►☼╩◒ꜞ♇◒⇔⁸OK╩ ⇔╕∆⁹ 

Important: 2D ╛ 3D ─ │ ╩ ⇔≡ ℮ ⅜№╡╕∆⁹ ⅜ ∂≡™

√╡⁸ ─ ─ ⌐ ╣≡™√╡∆╢≤ ⁸▪Ɽ♅ꜗ⁸ⱪ꜡ⱨ□▬ꜟ ☻

ꜝ▬☻⁸Ɽכ♥▫◦ꜛfi⌂≥─ ⅜▬꜠כⱣכ○─≡ ⅛╠ ⅎ≡⇔╕

™╕∆⁹ 

Important: jpeg, tiff, gif, bmp, png ⌂≥─ ⱨ□▬ꜟ│♁כ♦─☻כ♃ ╩ ⌐

⇔╕∑╪⁹↓╣╠─ⱨ□▬ꜟ│ ↕╣≡™╢ ╩ ⌐ ⇔

╕∆⁹ 

ASCIIⱨ□▬ꜟ≢│⁸ ─♃כ♦ ◖Ⱨכ⅛╠◓ꜝⱨ▫♇◒ ꜝכⱣכ○─

♇ⱪ⅜ ⅛╣╕∆⁹⇔√⅜∫≡⁸↓─♃▬ⱪ─ⱨ□▬ꜟ≢│ ↕╣√Ⱨ◒☿ꜟ ╩

⌐ ⅜♃כ♦⁹∆╕⇔ ↕╣≡™╣┌⁸ASCII ≢│ Ⱨ◒☿ꜟ│ ↕╣√

Ɽ꞉כ/◄Ⱡꜟ◑ ╩ ⇔╕∆⅜⁸ ↕╣≡™⌂↑╣┌⁸◌►fi♩╩ ∆↓≤⌐⌂╡

♩כ○ ≥♃כ♦ꜟꜗ◐ꜝ♩ꜟ►⁹∆╕ X ♦כ♃⅜ ↕╣⁸ ─ ≤ ─ⱡ▬☼

⅜ ⌐ ╕╣╕∆⁹ⱨ꜠כⱶ⅜ ⅝ↄ⁸♦כ♃⅜Ɽ꞉כ/◄Ⱡꜟ◑≢ ↕╣≡™╢≤

ASCII ⱨ□▬ꜟ│ ⌐ ⅝ↄ⌂╡╕∆⁹ 

─ ⱨ◊כⱴ♇♩≤ ™ ASCII ♦⁸│♃כⱴ♬ꜙ▪ꜟ╕√│○כ♩▪Ɽ♅ꜗ⅜

⌂↑╣┌⁸ ⌂ⱨ꜠כⱶ≤⌂╡╕∆⁹↓╣⌐╟╡⁸♦כ♃ ╩ ⌐ ─ ⌐

⌂ ⌐╕≢ ↕∑╢↓≤⅜≢⅝╕∆⁹ⱴ♬ꜙ▪ꜟ▪Ɽ♅ꜗ─ X ⅔╟┘ Y ─

⌐╟╡ ASCII ⱨ□▬ꜟ⌐ ↕╣╢ │ ↕╣╕∆⁹▪Ɽ♅ꜗ⅜

≢№╣┌⁸∕─ ─ ─Ⱨ◒☿ꜟ│ Ⱨ◒☿ꜟ≤⇔≡ ↕╣╕∆⁹    

 

:  ↕╣√▪Ɽ♅ꜗ⌐╟╡⁸ASCII ⱨ□▬ꜟ⌐◖Ⱨכ∆╢ ∞↑≢⌂ↄ⁸♦כ

♃ ⅜ ╦╣╢◄ꜞ▪╩ ∆╢↓≤╙≢⅝╕∆⁹ⱴ♬ꜙ▪ꜟ▪Ɽ♅ꜗ─ ⌐│↓

─↓≤╩ ⌐ ╣≡⅔™≡ↄ∞↕™⁹ 

ⱥfi♩   ASCII ╩ ꜗ♅Ɽ♅ꜗ≢│⌂ↄⱴ♬ꜙ▪ꜟ▪Ɽ▪♩כ○│⌐╢∑↕

╩ ™╕∆⁹ 

╩ꜞ▪ꜟ♃▬ⱶ≢ ∆╢⌐│⁸ 2 ─ 2D ─꜡◓─☿◒◦ꜛfi╩ ⇔

≡ↄ∞↕™⁹ 
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4.7.3 ○ⱪ◦ꜛfi   

○ⱪ◦ꜛfiⱲ♃fi ≤ ─▪▬♥ⱶ╩◒ꜞ♇◒⇔≡ ─♄▬▪꜡◓Ⱳ♇◒☻ ╩

⅝╕∆⁹↓─ ◖fi♩꜡⁸│⌐╢∆☻☿◒▪⌐ꜟכ ─ ⅜ ≢∆⁹

│↓─ ╩ ™≡⁸ ╛ ╩ ⅜◙כꜚ⁸⇔(◒♇꜡)  ╩

∆╢↓≤╩ ←↓≤⅜≢⅝╕∆⁹  

 
↓─ ─ │ ⅜◙כꜚ™⌂≢ ∆╢ ╩ ∆╢↓≤≢∆⁹ ≤

⇔≡│⁸BeamGage╩ ─ ⅜ ⅎ╢╟℮⌐⇔⁸∕─ꜚכ◙⌐ ─

╩ ⅎ⌂™╟℮⌐⇔√™⁸≤™℮ ⅜№╡╕∆⁹ 

↓─♄▬▪꜡◓Ⱳ♇◒☻│ ⅜ ⌐▪◒☿☻≢⅝⌂™ ╟℮⌐∆╢╙─≢∆⁹  

BeamGage≢─ ╩ ⇔√╠ⱨ□▬ꜟ╩ ⇔⁸ ⇔כⱨ◊ꜟ♄⌐◖Ⱨ◙כꜚ

╕∆   

C:\Users\<user_name>\Documents\BeamGage\Setup\ file folder  
 

⅜ ⁸ ↕╣⌂™╟℮⌐ⱨ□▬ꜟ─ ╩ ∏ ╖ ╡ ⌐⇔≡ↄ∞↕™⁹ 

↓─ ⱨ□▬ꜟ│ ↕╣√ ─▪◒☿☻ ⱨ□▬ꜟ≤ ⌐ ─◙כꜚ√╣╠

╖⅜ ≢⅝╢╙─≢∆⁹ ╩ ∫≡꜡◓○fi⇔⁸ꜚכ◙ ꜡◓▬fi ▪◌►

fi♩≢ ⅛╣√ BeamGage─ ⱨ□▬ꜟ╩ ⌐ ╗↓≤≢⁸ │◙כꜚ

╣√◖fi♩꜡כꜟ ⌐▪◒☿☻∆╢↓≤│≢⅝⌂ↄ⌂╡╕∆⁹ 

 

:  ↓─꜡♇◒ │ BeamGage─ ≡─◄ꜞ▪⌐ ≢⅝╢╙─≢│№╡╕∑╪⅜⁸

⅛⌂╡─ ⌐ ⇔╕∆⁹☻Ⱨꜞ◖fi ≢│⅔ ⅛╠─ⱨ▫כ♪Ᵽ♇◒⌐ ≠⅝⁸

⌐ ╩ ↕∑≡™ↄ ≢∆⁹ 

 

│ Ⱳ♇◒☻⌐♅▼♇◒⅜ ∫≡™╢ Ⱪ꜡♇◒↕╣╕∆   

≢ꜟⱤⱠꜟכ♠ (1 №╢™│ ↕╣√ⱤⱠꜟ│꜡♇◒↕╣╕∆⁹

≢─ⱤⱠꜟ ╛ │≢⅝╕∑╪⁹ 

│כⱤⱠꜟ─ꜞⱲfiⱣꜟכ♠ (2 ≤↕╣▪◒☿☻≢⅝╕∑╪⁹ 

3) ─ │ ≢⅝∏⁸ √⌐ ∆╢↓≤╙≢⅝╕∑╪⁹ ⇔√

╩ ∆♪꜡♇ⱪ♄►fiꜞ☻♩⌐╙▪◒☿☻≢⅝╕∑╪⁹ ⌐╟∫≡ ≤↕

╣√ ─╖⅜ ≢⅝╕∆⁹ 

⁸ │Ⱪ꜡♇◒↕╣╕∑╪  

1) ╩♦☻◒♩♇ⱪ≢ ™√╡ ∂√╡ ╩ ⅎ√╡∆╢  

2) BeamGage ─ ⅝↕⁸  

3) ⱨ□▬ꜟ─ ⁸ ╖  

4) ⱨ□▬ꜟ─ ⁸ ╖  

5) / ─ꜗ♅Ɽ▪♩כ○⁸ꜟꜗ◐ꜝ♩ꜟ► ⁸ ◒▬♇◒▪◒☿☻ Ⱳ♃fi 

6) ⱨ꜠כⱶⱣ♇ⱨ□ ☻ꜝ▬♄⅔╟┘ ⁹ 

7) ꜞⱲfi♃Ⱪ─○כⱪfi/◒꜡כ☼  
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5    

5.1   

─ │ ⌐ 2≈─ ⌐ ⇔╕∆⁹1≈│⁸ ╙ ⌂╙─≢∆⅜⁸◌ⱷꜝ

≢─ ♀꜡ ─ ↕≢№╡⁸2≈ │⁸♦▫♥◒♃№╢™│▪Ɽ♅ꜗ ≢─

ⱦכⱶ─ ≢∆⁹ 

 

─♀꜡ ⌐╟╡♀꜡ ꜞⱨ□꜠fi☻⅜ ⅎ╠╣⁸ │∕╣⌐ ≠™≡ ╠

╣╕∆⁹♀꜡ ⅜ ⇔ↄ ╦╣⌂™ ╛ ─◄Ⱡꜟ◑─⸗♬♃כ⅜ ⌐ ╦

╣⌂™ ⁸ ⇔™ │ ╠╣╕∑╪⁹ ─◄Ⱡꜟ◑꜠ⱬꜟ⅜ ∆⅞╢≤ⱦכⱶ

│ ╟╡ ⅝ↄ ↕╣⁸◄Ⱡꜟ◑ ⅜ ↕ↄ ↕╣╕∆⁹╕√⁸ ꜠ⱬꜟ⅜

⌐ ™≤ ─ ⅜ ∂╕∆⁹ 

 

BeamGage⌐│ ≤⌂∫≡™╢►ꜟ♩ꜝ◐ꜗꜟ≤ ┌╣╢ ⅜ ╕╣≡™

╕∆⁹ ↕╠⌐►ꜟ♩ꜝ◐ꜗꜟ╙ ™╣┌ ─♀꜡ ⅜ⱴ♬ꜙ▪ꜟ≢ ℮╟╡│╢

⅛⌐ ⌐ ⅎ╕∆⁹►ꜟ♩ꜝ◐ꜗꜟ ─▪ꜟ◗ꜞ☼ⱶ≢│ ⱡ▬☼⁸◌ⱷꜝ ─

⁸◌ⱷꜝ─◦▼כ♦▫fi◓╩ ⇔╕∆⁹ 

5.1.1 ►ꜟ♩ꜝ◐ꜗꜟ≤│  

►ꜟ♩ꜝ◐ꜗꜟ │◄Ⱡꜟ◑─♀꜡ ╩ⱴ♬ꜙ▪ꜟ≢ ℮ ╦╡⌐ ™╠╣

╢═⅝╙─≢∆⁹►ꜟ♩ꜝ◐ꜗꜟ │ ─▪ꜟ◗ꜞ☼ⱶ╩ ™≡⅔╡⁸ ₁⌂

╛♄▬♫Ⱶ♇◒꜠fi☺⌐ ⇔≡ ⌂ ⅜ ≢∆⁹↕╠⌐⁸ ─

─ ⅛╠ ╛ ╩ ⇔≡╙∆←⌐ ≢⅝╕∆⁹ 

 
Before performing an Ultracal it is recommended that the beam’s presentation be 
optimized. Any changes to camera settings (Gain, Exposure, ROI, etc.) will invalidate 
the current Ultracal. Auto and Manual apertures are not locked by the calibration cycle 
and may be manipulated by the user at any time. 
 

⌐ ─ⱡ▬☼⅜№╢≤►ꜟ♩ꜝ◐ꜗꜟ│ ⇔╕∑╪⁹∕─ │◕▬fi╩

→≡ ↕™⁹∕╣≢╙►ꜟ♩ꜝ◐ꜗꜟ⅜ ⇔⌂™ ⅜ꜟ☿◒Ⱨ ”◒כ♄“⁸ ∆

╢ ⅜№╡⁸ ∆╣┌ Ⱨ◒☿ꜟ ╩ ℮ ⅜№╡╕∆⁹Pyrocam III ╛ 

Pyrocam IV╩ ⇔≡™╢ │∕╣∙╣ ─ H.1 ⁸I.1╩ ⇔≡ ↕™⁹∕╣

─◌ⱷꜝ≢│○ⱨ▫כꜟ-☻Ⱨꜞ◖fi≢─ ⅜ ≤⌂╡╕∆⁹ 

►ꜟ♩ꜝ◐ꜗꜟ│™≈≢╙ ≢∆⁹ⱦכⱶ│◌ⱷꜝ ♦▫♥◒♃⌐ ╠⌂™╟

℮⌐Ⱪ꜡♇◒↕╣╢ ⅜№╡╕∆⁹►ꜟ♩ꜝ◐ꜗꜟ │☿♇♩▪♇ⱪ ⅜

∂≢⁸◌ⱷꜝ─Ⱪꜝ♇◒꜠ⱬꜟ⁸◦▼כ♦▫fi◓⁸ⱡ▬☼ ⅜ ╦╠⌂™ ╡⁸

─ ™ ⅜ ╠╣╕∆⁹  

◌ⱷꜝ⌐╟∫≡│ ⌐╟∫≡♪ꜞⱨ♩╩ ↓∆╙─⅜№╢─≢ 10 ⅛ 15 ↔≤⁸

№╢™│◌ⱷꜝ⅜ ∆╢√┘⌐►ꜟ♩ꜝ◐ꜗꜟ╩ ∆╢↓≤╩ ⇔╕∆⁹ ↓─

♪ꜞⱨ♩│ ⱡ▬☼⌐ ∆╢ ≤⇔≡ ≢⅝╕∆⁹ ↕╣≡™⌂™◄ꜞ▪

≥כ꜠◓│ ™ ╒≤╪≥ ─ꜝfi♄ⱶ ⱡ▬☼≢ ↕╣╕∆⁹ כ꜠◓≢

⅜ ↄ⌂╢≤ⱬכ☻ꜝ▬fi│ⱴ▬♫☻ ⌐♪ꜞⱨ♩⇔╕∆ ⅜ ↄ⌂╢≤ⱬ

☻ꜝfi│ⱪ▬ꜝ☻כ ⌐♪ꜞⱨ♩⇔╕∆⁹ 
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↓╣╠─ │ ⇔√ 128 Ɽ꜠♇♩⌐ ⇔╕∆⁹ ♇꜠fi◓│Ɽ▫♦כ▼◦─

♩─ ⌐ ⇔╕∆⅜⁸ │ ∂≢∆⁹ 

Important: ╩ ℮ ⌐◌ⱷꜝ─►◊כⱶ▪♇ⱪ╩ ™⁸ ⌂ ⌐⇔╕∆⁹

1 №╣┌ ≢∆⁹ ─ ⅜ ╦╡╛∆™ ⁸ ─◄Ⱡꜟ

◑ ꜠ⱬꜟ╩ ⌐♅▼♇◒⇔⁸ ⇔™ ⅜ ⅝≡™⌂™↓≤╩ ⇔≡

↕™⁹ 

5.2  ⱦכⱶ ─  

─♃כ♦ꜟ♃☺♦ SN ╩ ↕∑ ╩ →╢ √╘⌐│ⱦכⱶ ╩ ∆╢↓≤

⅜ ⌐ ≢∆⁹◌ⱷꜝ≤♦☺♃ꜟ ⱪ꜡☿☻≢│⁸╕∏ⱡ▬☼꜠ⱬꜟ⅜ ↕╣╕∆

─≢⁸ ꜠ⱬꜟ╩ →╢ ⅜ ≤⌂╡╕∆⁹ 

 

⌐ⱦכⱶ ╩ ⇔⁸◌ⱷꜝ─♄▬♫♇◒ ⌐ ↕∑╕∆⁹ ⌂ ╡⁸

─ ╩ ™≡ⱦכⱶ─Ⱨכ◒ ꜠ⱬꜟ⅜ⱦ♦○ ─♄▬♫Ⱶ♇◒꜠fi☺─

⌐ ╢╟℮⌐⇔╕∆⁹ ⌐╟╡ ꜠ⱬꜟ⅜ ↄ⌂╢ │◌ⱷꜝ─ⱦ♦○◕▬

fi ◖fi♩꜡כꜟ⌐╟╡ ╩ →╕∆⁹ 

Important: ◕▬fi╩ →╢≤ⱡ▬☼╙ ⅎ╕∆─≢ ⅜ ≢∆⁹  

⌐ꜟ▬□ⱶⱪ꜡ⱨכⱦ◙כ꜠ ─ ╩ ╘⌂™╟℮⌐∆╢√╘⌐ BeamGage ⌐│

ⱴ♬ꜙ▪ꜟ▪Ɽ♅ꜗ≤○כ♩▪Ɽ♅ꜗ─ 2≈─ ⅜№╡╕∆⁹☻Ⱨꜞ◖fi ≢│ ⌐○

╩ꜗ♅Ɽ▪♩כ ∫≡ ─ ╩ ∆╢↓≤╩ ⇔╕∆⁹ │ ⱷfiכ⸗

♩─ ╩ ℮ ⁸ ╩ ╓⇔╕∆⁹ 

 

ⱦכⱶ ⅜ ™⅛ⱦכⱶ─ ⅝↕⅜ ⌐ ↕™ │ⱴ♬ꜙ▪ꜟ▪Ɽ♅ꜗ╩ ™≡

─ ⱡ▬☼╩ ⇔╕∆⁹ⱦכⱶ⅜ Ⱨ◒☿ꜟ⇔⅛ ╘⌂™ │ⱦכⱶ╩ ↕

∑╕∆⁹ ─ ™ⱦכⱶ ─√╘⌐│ 10Ⱨ◒☿ꜟ ─ⱦכⱶ─ ⅝↕⅜

≢∆⁹ 

5.3  ISO ┼─  

☻Ⱨꜞ◖fi ⱶכⱦ◙כ꜠⁸│ ─ ⌐ ∆╢  (ISO) ─ Ᵽכ☺ꜛ

fi╩ ∆╢≤ ⌐⁸ ≢ ↄ ╦╣≡™╢ ╙ ╡ ╣≡™╕∆⁹↓╣╠─

─ ⌐│ ISO ─╙─╙№╡╕∆⁹ 

 

ISO ⸗♦ꜟ⌐ ∂√ ≢ ╠╣√ ⌐≈™≡│⁸BeamGage⌐≡ ─

⌐ ISO─ ╩ ╘╢↓≤≢ ↕╣╕∆⁹⅜⁸↓╣│ ⅜ ⌂ ISO ╩ ≡

√⇔≡™╢↓≤╩ ∆╢╙─≢│№╡╕∑╪⁹ ⌐ ISO ─ │⁸ ♩ⱷfiכ⸗

ⱦכⱶ ╩ ≤⇔≡ ∆╢ ⌂≥─ ⌐ ─◒כⱧ⅜◙כꜚ⁹∆╕⇔

50%≤™℮ ⌂∫√ ╩ ∆╢ ⌐│⁸ ╠╣╢ │ ISO ≤™℮↓≤

⌐│⌂╡╕∑╪⁹ 

 

ISO ─ ™ ⅜ ╠╣⌂™ ─ ≤⇔≡│ⱬכ☻ꜝ▬fi ⅜№╡╕∆⁹►ꜟ♩ꜝ

◐ꜗꜟ │ ISO⌐ ⇔√╙─≢∆⅜⁸ ♪ꜞⱨ♩╛ ─ ╩ ⌐ ∆╢

↓≤│≢⅝╕∑╪⁹⇔√⅜∫≡⁸ ⅜ ISO─ ⌐╟╡ ╦╣√≤⇔≡╙ ╠╣╢

│ ⌐ ⌂╙─≢│№╡╕∑╪⁹ 

Important: ↓↓≢ ↕╣√ ISO │ ⅜ ╪≢™╢╙─≢∆⁹☻Ⱨꜞ◖

fi ≢│ BeamGage╩▪♇ⱪ♦⁹∆╕⇔♩כ↓─ⱴ♬ꜙ▪ꜟ
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⌐│“ ” ─ ⌐≈™≡ ⅜ ↕╣ ISO 13694 ⁸ ⅛╣╕⇔

√⁹ ⁸ │ ₁─▪ꜟ◗ꜞ☼ⱶ⌐ ≠™≡ ↕╣≡™╕∆⅜⁸

⌐│ ∆╢↓≤⌐⌂╡╕∆⁹ 

BeamGage⅜◘ⱳכ♩∆╢ ISO ≤ ⌂ ISO ┼─ꜞⱨ□꜠fi☻⌐≈™

≡│ A ─ꜞ☻♩╩ ™╕∆⁹ 

 

5.4  ◒ꜞ♇ⱪ꜠ⱬꜟ 

◒ꜞ♇ⱪ꜠ⱬꜟ│Ɽ꞉כ/◄Ⱡꜟ◑─Ⱨ◒☿ꜟ ≢⁸ ₁⌂ ♄▬▪꜡◓Ⱳ♇◒☻≢─

⌐ ⇔╕∆⁹◒ꜞ♇ⱪ꜠ⱬꜟ╩ ⅎ√Ⱨ◒☿ꜟ ─╖⅜ ─ ⌐ ™╠╣╕

∆  

¶ ⱦכⱶ ≢⁸ ─╟℮⌂ ⌂◒ꜞ♇ⱪ꜠ⱬꜟ╩ ≈╙─  

 

¶ ♩♇ⱪⱢ♇♩≢⁸ ↕╣√⇔⅝™ ⌐ ⇔ ♄▬▪꜡◓≢◒ꜞ♇

ⱪ꜠ⱬꜟ⅜ ↕╣╢╙─   

↓↓≢─ │ 1Dⱪ꜡ⱨ□▬ꜟ╛ ⌐╙ ™╠╣╕∆⁹ 

 
 

↕╣√ⱦכⱶ ⌐ ∫≡⁸◒ꜞ♇ⱪ꜠ⱬꜟ │ ─╟℮⌐ ↕╣╕∆  

¶ Ɽ꞉כ/◄Ⱡꜟ◑ ⌐╟╡ BeamGage│Ⱨ◒☿ꜟ ◄Ⱡꜟ◑╩ ⌐

⇔╕∆⅜⁸ │ ⅜ ꜟ♃כ♩√⇔ ◄Ⱡꜟ◑ ─◒ꜞ♇

ⱪ% ╩ ⅎ≡⇔╕℮Ⱨ◒☿ꜟ╩ ∆╢╕≢ ╦╣╕∆⁹↓─Ⱨ◒☿

ꜟ─◄Ⱡꜟ◑ ⅜◒ꜞ♇ⱪ꜠ⱬꜟ⌐⌂╡╕∆⁹ 

¶ Ⱨכ◒ ⌐╟╡ BeamGage│◒ꜞ♇ⱪ꜠ⱬꜟ╩ ─Ⱨכ◒◄Ⱡꜟ

◑ ⅜◒ꜞ♇ⱪ% ⌐ ⇔ↄ⌂╢ ⌐ ⇔╕∆⁹ 

 

◒ꜞ♇ⱪ꜠ⱬꜟ╩ ⅎ╢ ╩ ≈Ⱨ◒☿ꜟ ⌐╟╡ⱦכⱶ─ ◄ꜞ▪⅜ ↕╣╕∆⁹

⌐╟∫≡│⁸ ⇔√ⱦכⱶ ─ │⁸ ⱦכⱶ─ ⅝─ ≢⁸≥─◒ꜞ♇ⱪ

꜠ⱬꜟ⅜ ↕╣╢⅛⌐╟╡ ╕╡╕∆ ⁹ 

 

ⱦכⱶ  ─◒ꜞ♇ⱪ꜠ⱬꜟ 

D4◦◓ⱴ None 

☻ꜞ♇♩ None 
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♫▬ⱨ◄♇☺ 16/84 None 

♫▬ⱨ◄♇☺ 10/90 ◄Ⱡꜟ◑ ◒ꜞ♇ⱪ 

♫▬ⱨ◄♇☺  ◄Ⱡꜟ◑ ◒ꜞ♇ⱪ 

% ◄Ⱡꜟ◑ ◄Ⱡꜟ◑ ◒ꜞ♇ⱪ 

% Ⱨכ◒ Ⱨכ◒ ◒ꜞ♇ⱪ 

☻ꜞ♇♩ None 

 

 ◑ꜟⱠ◄/כⱤ꞉ꜟ♃כ♩  5.5

Total Pwr/Engy 

BeamGage≢ ∆╢◌ⱷꜝ│ ↕╣≡™╕∑╪─≢⁸ Ɽ꞉כ/◄Ⱡꜟ◑ ╩ ∆

↓≤│≢⅝╕∑╪⁹Ɽ꞉כ/◄Ⱡꜟ◑ ⱤⱠꜟ≢ꜚכ꜠│◙כ◙Ɽ꞉כ/◄Ⱡꜟ◑─

╩ ⅎ╕∆⁹ │ ↕╣≡™╢ⱨ꜠כⱶ─♩כ♃ꜟⱤ꞉כ/◄Ⱡꜟ◑≢⌂↑╣

┌⌂╡╕∑╪⁹ ⌂ ─√╘⌐│⁸ⱦכⱶ│ ─ ROI─ ⌐ ⇔⌂↑╣┌⌂

╡╕∑╪⁹ 

 

⅜♀꜡≢№╢⅛◌►fi♩ (cnts) ─ ⅜ ╦╣╢≤⁸Ɽ꞉כ/◄Ⱡꜟ◑⌐

⇔√ ≡─ ─ ⅜♦☺♃ꜟ ↕╣╕∆⁹♀꜡ ─ │ ∟⌐Ɽ꞉כ/◄Ⱡ

ꜟ◑ ⌐ ↕╣╕∆⁹ ─ ╩ ™⁸◄Ⱡꜟ◑ W, J, mw/cm²⌂≥ ╩ ⇔

╕∆⁹ 

 

ⱴ♬ꜙ▪ꜟ▪Ɽ♅ꜗ╩ ™√ │ꜗ♅Ɽ▪♩כ○ ꜟⱠ◄/כⱤ꞉ꜟ♃כ♩⁸

◑│⁸ ™√▪Ɽ♅ꜗ ─Ɽ꞉כ/◄Ⱡꜟ◑ ╩ꜗ♅Ɽ▪♩כ○⁹∆╕╡⌂⌐ ™√

ⱴ♬ꜙ▪ꜟ▪Ɽ♅ꜗ─ ה │ ♩כ○Ⱡꜟ◑│⁸◄/כⱤ꞉ꜟ♃כ♩⁸

▪Ɽ♅ꜗ ─Ɽ꞉כ/◄Ⱡꜟ◑ ⌐⌂╡╕∆⁹  

⇔√⅜∫≡ ╡╟ꜗ♅Ɽ♅ꜗ│ⱴ♬ꜙ▪ꜟ▪Ɽ▪♩כ○  ⅜ ™≢∆⁹ 

 

 ○ⱨ▫כꜟ ─Ɽ꞉כ/◄Ⱡꜟ◑ⱷכ♃⅜ ™╠╣√ ⁸ ─Ɽ꞉כ/◄Ⱡꜟ◑

ⱤⱠꜟ│ ⌐ ⇔╕∑╪⁹↓─ ─ ⌐№╢Ɽ꞉כ/◄Ⱡꜟ◑ⱷכ♃ ─☿

◒◦ꜛfi╩ ⇔≡ ↕™⁹ 

5.6  Ⱨכ◒≤  
Peak, Min 

 

↓╣╠│Ɽ꞉כ/◄Ⱡꜟ◑ ─ ┘ ≢∆⅜⁸ ↕╣≡™╢ⱨ꜠כⱶ№╢

™│ⱴ♬ꜙ▪ꜟ╛○כ♩▪Ɽ♅ꜗ ─╙─≢∆⁹ │⇔┌⇔┌ ─ ≤⌂╢↓≤⅜№

⌐♃כ♦⁸≢─∆╕╡ ╕╣╢ⱡ▬☼╛ⱬכ☻ꜝ▬fi ♪ꜞⱨ♩ ╩ ⇔≡™╢⌐∆⅞╕

∑╪⁹  

╡╟ꜗ♅Ɽ♅ꜗ│ⱴ♬ꜙ▪ꜟ▪Ɽ▪♩כ○ ⅜ ™≢∆⁹ 

5.7  Ⱨכ◒  
Peak Loc X, Peak Loc Y 
 

↓╣│Ⱨכ◒ ─ ≢∆⁹Ⱨכ◒ ╩♃כ♦│ ⅛╠ ⅔╟┘ ⅛╠ ⌐☻◐ꜗfi

∆╢↓≤≢ ≢⅝╕∆⁹ⱴ♬ꜙ▪ꜟ╕√│○כ♩▪Ɽ♅ꜗ⅜№╢ ⁸☻◐ꜗfi│▪Ɽ

♅ꜗ ⌐ ╠╣╕∆⁹ 

╡╟ꜗ♅Ɽ♅ꜗ│ⱴ♬ꜙ▪ꜟ▪Ɽ▪♩כ○ ⅜ ™≢∆⁹ 
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5.8  ☿fi♩꜡▬♪  
Centroid X, Centroid Y 
 

☿fi♩꜡▬♪ │ ─√╘─ Ⱨ◒☿ꜟ─ ⸗כⱷfi♩ ╩ ∆╢↓≤

≢ ╕╡╕∆⁹Ⱨ◒☿ꜟ │▪Ɽ♅ꜗ─ ≢◖fi♩꜡⁹∆╕⅝≢ꜟכ▪Ɽ♅ꜗ─

⅜⌂↑╣┌⁸☿fi♩꜡▬♪ │◌ⱷꜝ─ ◄ꜞ▪⅛╠ ↕╣╕∆⁹ⱴ♬ꜙ▪ꜟ▪Ɽ♅

ꜗ⅜ ↕╣≡™╣┌⁸☿fi♩꜡▬♪─ ⌐│▪Ɽ♅ꜗ ⅜╖─♃כ♦─ ™╠╣╕∆⁹

⅜ꜗ♅Ɽ▪♩כ○ ↕╣≡™╣┌⁸∕─ ≢─ ⅛╠☿fi♩꜡▬♪ ⅜ ╘╠╣

╕∆⁹ 

╡╟ꜗ♅Ɽ♅ꜗ│ⱴ♬ꜙ▪ꜟ▪Ɽ▪♩כ○ ⅜ ™≢∆⁹ 

 

♪▬꜡♩fi☿─♃כ♦√╣╠ ─ X , Y │ ─ ⅛╠ ╕╡╕∆   

( )

ä

ä ³
=

z

zX
centroidx  

 

( )

ä

ä ³
=

z

zY
centroidy   

↓↓≢:  X = Ⱨ◒☿ꜟ─ x  

 Y = Ⱨ◒☿ꜟ─ y  

 z = Ⱨ◒☿ꜟ  

5.9  ⱦכⱶ ⅔╟┘ⱦכⱶ  

ⱦכⱶ ╩☼▬◘─ⱶכⱦ◙כ꜠│ ∆╢ ⌐ ™╠╣╢ ≢∆⁹BeamGage│⁸

↓─ ╩ ℮√╘─ ─ ╩ꜟכ♠ ∆╢╙─≢∆⁹ISO ⌐│ⱦכ

ⱶ ─ ⅜ ═╠╣≡™╕∆⁹↓─ │ⱦכⱶ ⌐ ≠ↄ╙─≢⁸ ⸗

♩ⱷfiכ №╢™│ D4◦◓ⱴ ⱦכⱶ ≤ ┌╣╕∆ “D” │ Diameter ╩ ⇔╕

∆⅜⁸ⱦכⱶ ─ ≢ ™╠╣╢↓≤╙№╡╕∆  ⁹σ ◦◓ⱴ │ ╩ ∆─

⌐╟ↄ ™╠╣╢ ≢∆⁹⇔√⅜∫≡⁸ X ─ⱦכⱶ │⁸X ─ⱦכⱶ

─ ─ 4 ≢ ↕╣╢↓≤⌐⌂╡╕∆⁹Y ≢─ ⅛╠│ Y ─

ⱦכⱶ ⅜ ╠╣╕∆⁹ 

 

 TEM00 ●►◦▪fi ⱦכⱶ≢│⁸2σ⅜ ☿fi♩꜡▬♪⅛╠─ 1/e² ─ ⌐ ⇔

╕∆⁹ 

 │ⱦכⱶ⅜ ⌐ ∆⌂╦∟ ≢№╢↓≤╩ ⇔≡™╕∆⁹╕√⁸ │⁸

─ │⌂™⅜ ⌐ ≢⁸ 2≈─ ⌐ ⇔≡ ↕╣╕∆⁹

⌂ⱦכⱶ⁸ ╖⅜№╢ⱦכⱶ⁸ ⌂ ─ⱦכⱶ⌂≥⌐≈™≡│ ─

│ ≢⅝╕∑╪⁹ 

ⱦכⱶ ─ ⅜◌ⱷꜝ≢ ╦╣╢ ⁸X, Y ─ ⌐│ X ⅔╟┘ Y─ ⅜

↕╣╕∆⁹ ⱦכⱶ╩ ∆╢ ⌐│⁸X/Y─ ╦╡⌐ M/m ─ ⅜ ™╠╣⁸

™⌐ ∆╢ ⅔╟┘ ≢∕╣∙╣─ⱦכⱶ ╩ ⇔╕∆⁹ 

⅜ ↕╣╢≤ X/Y ╛ M/m ─ │⌂ↄ⌂╡╕∆⁹ 

ISO≢│ⱦכⱶ ⅜ 0.85 ⌐⌂╢≤ⱦכⱶ│ ≤╖⌂↕╣⁸ ⅜ ↕╣╕∆⁹ 

5.9.1 D4 ◦◓ⱴ  

D4σX/M, D4σY/m, D4σ 
 

♩ⱷfiכ⸗ , ISO 11145, ISO 11146-1 and ISO 11146-3. 
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ⱶכⱦ◙כ꜠ ≢│⁸ ♩ⱷfiכ⸗ №╢™│ 4σ ⱦכⱶ │ ⌐

⌂╙─≢⁸X, Y ─ⱦכⱶ ⱪ꜡ⱨ□▬ꜟ⅛╠ ╘╠╣╢◄Ⱡꜟ◑ ─

─ 4 ≢ ↕╣╕∆⁹ 

D4σX:  xxx dd ss sÖ=4  

 D4σY:   yyy dd ss sÖ=4  

↓↓≢  dσ = 4σⱦכⱶ   

 σ = ⱦכⱶ ─  

│◄Ⱡꜟ◑ ─ ⅛╠ ↕╣╕∆⅜⁸ │ ─ ⌐ ⇔™

╙─≢⁸ ─ ≢ ↕╣╕∆  

ää

ää Ö-
=

x y

x y
x

yxZ

yxZxx

),(

),()( 2
2s  

ää

ää Ö-
=

x y

x y
y

yxZ

yxZyy

),(

),()( 2
2s  

↓↓≢:   Z = x, y≢─Ⱨ◒☿ꜟ  
       

 y , x │☿fi♩꜡▬♪  

ⱦכⱶ─  :│♩ⱷfiכ⸗

  D4σ:   )(22)( zzd ss =  

↓↓≢ 

ññ

ññ
ÖÖ

ÖÖÖ
=

jj

jj
s

drdrZrE

drdrZrEr

),,(

),,(2
2

 

↓↓≢ 

r │☿fi♩꜡▬♪ ),( yx ─  

                        j │ ≢⁸ ╠⅛♩ⱷfiכ⸗ ☿fi♩꜡▬♪ ⅜

╠╣╕∆ 

dxdyzyxE

dxdyzyxxE
x

),,(

),,(

ññ

ññ
=  

dxdyzyxE

dxdyzyxyE
y

),,(

),,(

ññ

ññ
=  

♩ⱷfiכ⸗ ⱦכⱶ / ⅔╟┘◄Ⱡꜟ◑ ─ ╠⅛♩ⱷfiכ⸗ ╠

╣╢ ⅜╡ ⌐╟∫≡─╖ⱦכⱶ ⅜ ≤⌂╡╕∆⁹ⱦכⱶ / ⅔╟┘ ⅜

╡ ⌐≈™≡│ ─ ╩ ™╢↓≤⅜≢⅝╕∆⅜⁸ⱦכⱶ ╩ ⇔ↄ ∆╢√

╘⌐│⁸∕╣╠⅜ ─♩ⱷfiכ⸗ ≤ ≢⌂↑╣┌⌂╡╕∑╪⁹ 

ⱦכⱶ ╩ ⌐ ∆╢⌐│⁸ⱴ♬ꜙ▪ꜟ╕√│○כ♩▪Ɽ♅ꜗ≢▪Ɽ♅ꜗ ⅜

≢∆⁹▪Ɽ♅ꜗ│ⱦכⱶ─ ♅Ɽ▪♩כ○⁹╪∑╕╡⌂┌╣↑⌂≢☼▬◘─

ꜗ≢│╒≤╪≥─ ⁸∕─╟℮⌂▪Ɽ♅ꜗ⅜ ⌐ ↕╣╕∆⁹ ⌐ ∂⁸

ⱴ♬ꜙ▪ꜟ▪Ɽ♅ꜗ≤─ ╙ ≢∆⁹ⱦכⱶ◘▬☼⅜∆≢⌐ⱦכⱶ ─

1/2 ╩ ╘≡™╣┌▪Ɽ♅ꜗ─ │ №╡╕∑╪⁹∕─ ⁸ⱦכⱶ⅜

⌐ ╢╟℮⌐ ⇔≡ ↕™⁹ 
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5.9.2 ♫▬ⱨ◄♇☺  

DkeX/M 10/90, DkeY/m 10/90, DKE 10/90 
DkeX/M 16/84, DkeY/m 16/84, DKE 16/84 
DkeX/M prog, DkeY/m prog, DKE prog 
 

♫▬ⱨ◄♇☺ ⱦכⱶ │⁸♫▬ⱨ◄♇☺ ╩◦Ⱶꜙ꜠כ♩⇔√▪ꜟ◗ꜞ☼ⱶ╩

™≡ ↕╣╕∆⁹BeamGage≢ ™╠╣≡™╢ │ ─ ─╙─╠⅛☻כ♁─≈2

≢∆  

1) ISO 13694 ⅜ ⇔√ ≢⁸16/84 ◒ꜞ♇ⱪ꜠ⱬꜟ ⌐ ≠ↄ╙─⁹ 

2) BeamGage │╕√☻Ⱨꜞ◖fi ≢ ⅛╠ ™╠╣≡™╢ 10/90◒ꜞ♇ⱪ꜠ⱬ

ꜟ  ╙ ⇔≡™╕∆⅜⁸↓╣│ ISO 16/84 ╟╡ ╣≡™╢≤ ⅎ╕∆⁹

IEEE Journal of Quantμm Electronics, Vol. 27, No 4, April 1991 Choice of 

Clip Levels for Beam Width Measurements Using Knife-Edge Techniques by 
Siegman, Sasnett and Johnston. 

3) ╕√ ─ ≢ ⱪ꜡◓ꜝⱶ≢◙כꜚ⁸⌐╘√─◙כꜚ™√⇔ ⌂

╙ ⇔≡™╕∆⁹  

 

ISO 16/84 ≢│◒ꜞ♇ⱪ%╩ 16% ≤ 84% ⌐ ⇔⁸ ╩ 2.0≤⇔≡™╕∆⁹↓

╣│ TEM00⸗כ♪⌐ ™ⱦכⱶ ⇔≡│ ⌐ ⌂ ≢∆⁹ 

10/90 ≢│◒ꜞ♇ⱪ% ╩ 10% ≤ 90% ⌐ ⇔⁸ ╩ 1.561≤⇔≡™╕∆⁹↓╣

│ ─ Siegman╠─ ≢ ↕╣≡™╢╙─≢⁸CCD◌ⱷꜝ─ⱡ▬☼╩ ⇔

√╙─≢∆⁹↓─ ≢│ TEM00 ⱦכⱶ─ ╩♩ⱷfiכ⸗ ⌐ ╘╢↓≤⅜≢⅝⁸

╒≤╪≥─ ⌐♪כ⸗ ⇔≡╙╟™ ≢≤⌂╡╕∆⁹ 

3 ─♫▬ⱨ◄♇☺╩ ∆╢≤⁸◒ꜞ♇ⱪ% ≤ ╩ⱪ꜡◓ꜝⱶ∆╢↓≤⅜≢⅝

╕∆⁹↓─ ╩ ⇔ↄ ™╢⌐│ⱦכⱶ─⸗כ♪⌐≈™≡ ⇔≡™╢ ⅜№╡

╕∆⁹ ≡─♫▬ⱨ◄♇☺─ │ ™⌐ ⇔√ ⱦכⱶ ─ ⌐⌂

╡╕∆⁹ 

╩ ⌐∆╢≤⁸ⱦכⱶ │∕╣∙╣ X, Y ≢◌♇♩∆╢ 2 ─♫▬ⱨ◄

♇☺⌐╟╢ ⅛╠ ↕╣╕∆⁹⇔√⅜∫≡⁸ⱦכⱶ │ X⅔╟┘ Y≢ ↕╣╕

⅜ⱶכⱦ◙כ꜠⁹∆ ≢│⌂ↄ 2≈─ ╩ ≈ ╩ⱶכⱦ◙כ꜠⁸ ↕∑⁸

∕╣╠─ ╩ X, Y ⌐ ↕∑╕∆⁹ ╩ ⌐∆╢≤⁸ⱦכⱶ │∕╣∙╣

⁸ ≢◌♇♩∆╢ 2 ─♫▬ⱨ◄♇☺⌐╟╢ ⅛╠ ↕╣╕∆⁹⇔√

⅜∫≡⁸ⱦכⱶ │M/ ≤ m/ ≢ ↕╣╕∆⁹ ↕╣√ │ ⱦכⱶ─

⁸ ─ⱦכⱶ ╩ ⇔╕∆⁹ 

 

⁸ ⁸  ⅜ ⌐⌂∫≡™╢≤ ⅜ ⌐⌂╡╕∆⁹ 

◑ꜟⱠ◄/כⱤ꞉ꜟ♃כ♩ 5.9.3    

D%tX/M, D%tY/m, D%t  
 

With the Percent of Power/Energy  method, BeamGage totals the pixel energy 
values of all pixels in descending order until it finds the pixel that causes the sum 
to exceed the set Clip% of the total energy value. The energy value of this pixel 
becomes the clip level. 
 
BeamGage determines the beam widths by separately looking out along the 
lengths of two orthogonal lines that pass through the beam centroid and counts all 
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the pixels that are greater than the set clip level. The reported beam widths are 
the number of pixels greater than the cl ip level multiplied by the pixel pitch.  
 
When rotated beam results are disabled, the computed beam widths are the 
measure of the pixels in the row and column that pass through the centroid. The 
beam widths in the results window are labeled X and Y. 
 
When rotated beam results are enabled, the computed beam widths are the 
measure of the pixels along the Major and Minor axes that pass through the 
centroid. The beam widths in the results window are labeled M/Major and 
m /minor.  
 
The Percent of Total diameter result is derived by taking the area of all pixels 
above the clip level, and computing the diameter of a circle that contains that 
amount of area. The Diameter beam width in the results window is labeled without 
axis labels. 

5.9.4 Ⱨכ◒  

D%pkX/M, D%pkY/m, D%pk 
 

With the Percent of Peak  method, BeamGage sets the clip level to the value that 
is equal to the set Clip% of the current peak energy value.  
 
BeamGage determines the beam widths by separately looking out along the 
lengths of two orthogonal lines that pass through the beam centroid and counting 
all the pixels that are greater than the set clip level. The reported beam widths are 
the number of pixels greater than the clip level multiplied by the pixel pitch.  
 
When rotated beam results are disabled, the computed beam widths are the 
measure of the pixels in the row and column that pass through the centroid. The 
beam widths in the results window are labeled X and Y. 
 
When rotated beam results are enabled, the computed beam widths are the 
measure of the pixels along the Major and Minor axes that pass through the 
centroid. The beam widths in the results window are labeled M/Major and 
m /minor.  
 
The Percent of Peak diameter result is derived by taking the area of all pixels 
above the clip level, and computing the diameter of a circle that contains that 
amount of area. The Diameter beam width in the results window is labeled without 
axis labels. 

5.9.5 ☻ꜞ♇♩ Ⱨכ◒   

D%msX/M, D%msY/m  
 

BeamGage│ ☻ꜞ♇♩╩◄Ⱶꜙ꜠⁸⅜∆╕⇔♩כ↓╣│ X/Y№╢™│M/ m 

─♃כ♦─⅛╠∟≤─ ≤ ╩∕╣∙╣ ⇔ ╦∑╢↓≤≢ ╦╣╕∆⁹ⱦכⱶ

│⁸ ꜝ▬fi⌐ ∫≡⁸ ↕╣√◒ꜞ♇ⱪ꜠ⱬꜟ ─ ╩ ∆╢↓≤≢ ╘
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╠╣╕∆ ◒ꜞ♇ⱪ꜠ⱬꜟ ─ ─ ⌐Ⱨ◒☿ꜟⱧ♇♅╕√│ ⌐╟╡

↕╣√Ⱨ◒☿ꜟⱧ♇♅╩ ↑≡ ╠╣√ ⅜ⱦכⱶ ≢∆⁹♦ⱨ◊ꜟ♩─◒ꜞ♇ⱪ꜠

ⱬꜟ│ 13.5% ≢⁸TEM00ⱦכⱶ⌐ ⇔≡ ⌂ ⅜♩ⱷfiכ⸗ ╠╣╕∆⁹ 

 

ISO 11146-3 ─ 10.4.3 ⌐↓─ ─ ⅜№╡╕∆⁹M² =1 ≤ ↕╣≡™╕∆─≢⁸

│♃כ♦╢╣╠ ⌂ TEM00 ●►◦▪fiⱦכⱶ⌐╟╢╙─≤⌂╡╕∆⁹ ≤⇔≡⁸

☻ꜞ♇♩ ≢│ TEM00ⱦכⱶ─ ⌂ ⱶכⱷfi♩ⱦכ⸗ ⅜ ╠╣╢↓≤⌐

⅜♪כ⸗⁹∆╕╡⌂ ⇔√⁸╟╡ │≢♪כ⸗─ ♩ⱷfiכ⸗ ⅜∑™−™

≢⁸╒≤╪≥─ ⁸ │∕╣╒≥ ↄ№╡╕∑╪⁹ 

5.9.6 ◄fi◘כ◒ꜟ♪ Ɽ꞉כ  

Depss(X/M) 95.4, Depss(Y/m) 95.4, Depsa86.5, Depsa -prog  
 

◄fi◘כ◒ꜟ♪ Ɽ꞉כ(ep) ⌐│ⱦכⱶ ╩ ∆╢ ☻ꜞ♇♩ (ss) ≤ⱦכⱶ

╩ ∆╢ ▪Ɽ♅ꜗ (sa) ─ 2 №╡╕∆⁹ ▪Ɽ♅ꜗ │⇔┌⇔┌ 

“power-in-a-bucket” ≤╙ ┌╣⁸ ▪Ɽ♅ꜗ─◘▬☼⅜Ᵽ◔♠─ ⌐ ⇔╕∆⁹ 

epss ≢☻ꜞ♇♩⅜ⱦכⱶ ☿fi♩꜡▬♪╩ ≤⇔≡X/Y ╕√│ M/m ⌐ ⅛╣

╢ ⁸ Ɽ꞉כ/◄Ⱡꜟ◑─ 95.4% ⅜ ╕╣╕∆⁹☻ꜞ♇♩ ◄♇☺ ─

⅜ⱦכⱶ ⌐⌂╡╕∆⁹epsa ≢│ ≢─ ⅝↕ ⅜ ⌂▪Ɽ♅ꜗ─ ⅜ⱦ

ⱶכ ☿fi♩꜡▬♪⌐ↄ╢╟℮⌐⇔ⱦכⱶ─ Ɽ꞉כ/◄Ⱡꜟ◑─ 86.5% ⅜ ╕╣╢╟

℮⌐⇔╕∆⁹epsa-prog ꜗ♅Ɽ▪⅜◙כꜚ│≢ ─Ɽ꞉כ ╩ ≢⅝╕∆⁹ 

─ ≢│ TEM00 ⱦכⱶ─ ⌂ ♩ⱷfiכ⸗ ⱦכⱶ ⅜ ╠╣╕∆⁹

⅜♪כ⸗ ⇔≡™╢ ⁸ ♩ⱷfiכ⸗ ⅜ ╙ ≢∆⅜⁸╒≤╪≥─

∕╣╒≥ ≢│№╡╕∑╪⁹ 

5.10  ⱦכⱶ 

Orientation, Ellipticity, Eccentricity  
 

BeamGage ≢│ X, Y ─∕╣∙╣─ ╡≢ ↕╣√ ╛ ⱦכⱶ─ ⁸

⁸ ⅜ ↕╣ ↕╣╕∆⁹∕╣╠─ 1≈⅜ │ꜟ♁כ◌≥╢╣↕ ♪כ⸗

│ꜟ♁כ◌⁸│≢♪כ⸗─↓⁹∆╕╡⌂≥ ⱦכⱶ─ ⌐ ℮ ≤⌂╡╕∆⁹ 

(Orientation) │⁸ ⅝╩ ⌐≤∫√ ≤ ⅜ ∆ ≢ ↕╣╕∆⁹ ─

⅝⅜ ─ ⌐ ↄ ╩ (+)⁸ ⌐ ↄ ╩ ( )≤⇔╕∆⁹ ≤

│ ™⌐ ⇔╕∆⁹ ─ │ⱦכⱶ ⌐ ⇔╕∆⁹ISO ─ ╩

╢⌐│⁸ISO≢ ↕╣√ⱦכⱶ ─≥╣⅜ ≈╩ ™╢ ⅜№╡╕∆⁹ ISO (꜠●

ⱶכⱦ (כ◦ ╩ ™√ ⁸ ₁⌂◒ꜞ♇ⱪ꜠ⱬꜟ ╩ ∆╢↓≤⌐⌂╡╕∆⁹  

 

ⱦכⱶ   ⅝─▪ꜟ◗ꜞ☼ⱶ 

D4◦◓ⱴ  (ISO) 

☻ꜞ♇♩  (ISO) 

♫▬ⱨ◄♇☺ 16/84  (ISO) 

♫▬ⱨ◄♇☺ 10/90 ꜠●◦כ 

♫▬ⱨ◄♇☺  ꜠●◦כ 

% ◄Ⱡꜟ◑ ꜠●◦כ 

% Ⱨכ◦●꜠ ◒כ 
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☻ꜞ♇♩  (ISO) 

 

(Ellipticity )│ ─ⱦכⱶ ╩ ─ⱦכⱶ ≢ ∫√╙─≢⁸ │ 1

≤⌂╡╕∆⁹⇔√⅜∫≡⁸ ⅜ 1.000 ⌐ ™╒≥ ⌐ ↄ⌂╡╕∆⁹ 

M

m

d

d
z

s

sx =)(  

(Eccentricity) │ ⌐ ↄ⌂╢╒≥♀꜡⌐ ™ ≤⌂╡╕∆⁹  

  
M

myM

d

dd
ze

s

s
22

)(
-

=  

5.11   

X-Sec Area 
 

ⱦכⱶ─ │ⱦכⱶ ≢ ╕╡╕∆⁹↓─ ⌐ ™╢ⱦכⱶ │ⱦכⱶ ≤⇔

≡ ↕╣╢╙─≢∆⁹BeamGage ≢│ ─ ⌐ ™╠╣╢─│ⱦכⱶ ≢│⌂

ↄⱦכⱶ ─╖≢∆⁹ 

X-Sec Area:   
4

yxdd
A

ss
s p=  

5.12   

Cursor-Crosshair, Centroid-Crosshair 
 

↓╣╠│ │™╢№⁸ꜟ♁כ◌≥ ≤☿fi♩꜡▬♪─ ─ ≤⇔≡ ╘╠

╣╕∆⁹↓─ ─√╘⌐│⁸ ⅜ꜟ♁כ◌≥ ≤⌂∫≡™╢ ⅜№╡╕∆⁹ 

5.13  Ɽ꞉כ  

Avg Pwr Density 
 

Ɽ꞉כ │ⱦכⱶ─♩כ♃ꜟⱤ꞉כ╩ ≢ ∫√╙─≢∆⁹ 

5.14  Ⱨכ◒Ɽꜟ☻Ɽ꞉כ 

Peak Pulse Power 
 

ISO≢│ ⌐Ɽꜟ☻Ɽ꞉כ≤ ┌╣╕∆⅜ ⁸ ⁸“Ⱨכ◒” ≤™℮ ╩ ↑≡ Ɽ

ꜟ☻≢─Ⱨכ◒Ɽ꞉כ≢№╢↓≤╩ ⇔╕∆⁹“Ⱨכ◒Ɽ꞉כ”≤│ ⌂╡⁸↓╣│ ─

≤⇔≡─Ɽ꞉כ─ ╩ ∆╙─≢∆⁹ 

 

↓╣│ Ɽꜟ☻─◄Ⱡꜟ◑╩Ɽꜟ☻ ≢ ∫√╙─≢∆⁹Ɽꜟ☻ │Ⱨכ

◒─ ⌐ √╢ ≢─ ≢ ↕╣╕∆⁹ 

 

ꜟ♃כ♩│⌐╘√─ P/E ─ ─◑ꜟⱠ◄─≤⌂ꜟכꜙ☺╩ ⌐ ⇔⁸Ɽꜟ☻

╩Ɽꜟ☻ ≢ ⇔╕∆⁹↓─ │⁸Ɽ꞉כ/◄Ⱡꜟ◑

♄▬▪꜡◓Ⱳ♇◒☻ ⌐№╡╕∆⁹ ─ ≢│⁸Ɽꜟ☻ │ 10us⌐ ↕╣≡™╕

∆⁹ 
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5.15  Ɽꜟ☻Ɽ꞉כ 

Avg Pulse Power 
 

Ɽꜟ☻Ɽ꞉כ│Ɽꜟ☻ ╠⅛ ◑ꜟⱤꜟ☻◄Ⱡ≥♩כ꜠⇔ ↕╣╢ Ɽ꞉

╩(Hz)♩כ꜠☻ꜟ⁸Ɽꜟ☻◄Ⱡꜟ◑⌐Ɽ≢כ ↑╢↓≤≢ ╕╡╕∆⁹ 

 

ꜟ♃כ♩│⌐╘√─ P/E ─ ─◑ꜟⱠ◄─≤⌂ꜟכꜙ☺╩ ⌐ ⇔⁸Ɽꜟ☻

╩Ɽꜟ☻ ≢ ⇔╕∆⁹↓─ │⁸Ɽ꞉כ/◄Ⱡꜟ◑

♄▬▪꜡◓Ⱳ♇◒☻ ⌐№╡╕∆⁹ ─ ≢│⁸Ɽꜟ☻꜠כ♩│ 30Hz⌐ ↕╣≡

™╕∆⁹ 

 

5.16  ♦Ᵽ▬☻  

Efficiency 
 

─◙כ꜠│ Ɽ꞉כ/◄Ⱡꜟ◑⅜ Ɽ꞉כ/◄Ⱡꜟ◑⌐ ↕╣╢ ╩ ⇔╕∆⁹

╩ ≢ ∫√ ╩%≢ ⇔√╙─≢∆⁹ 

↓─ ─√╘⌐│ ─◙כ꜠⌂ Ɽ꞉כ/◄Ⱡꜟ◑⅜ ╠⅛◌כⱷ◙כ꜠⁹∆≢

ⅎ╠╣╢ ╙№╡╕∆⅜⁸Ɽ꞉כⱷ⁸┌╣№⅜♃כ∕─ ╩ ™╢─⅜ ≢∆⁹ 

─√╘⌐│ ─ P/E ─ ╩ ⅎ╢ ⅜№╡╕∆⁹ Ɽ꞉כ/◄Ⱡꜟ◑ ╩

♦Ᵽ▬☻ P/E─ ≢ ⇔╕∆⁹↓─ │⁸Ɽ꞉כ/◄Ⱡꜟ◑

♄▬▪꜡◓Ⱳ♇◒☻ ⌐№╡╕∆⁹ ─ ≢│⁸ Ɽ꞉כ│ 1000W⌐ ↕╣

≡™╕∆⁹ 

 

5.17  ▪Ɽ♅ꜗ≢─  

% in Aperture 
 

↕╣√ⱦכⱶ⌐ⱴ♬ꜙ▪ꜟ▪Ɽ♅ꜗ⅜ ꜟ♃כ♩⁸≥╢╣↕ ◄Ⱡꜟ◑ ⌐ ∆╢▪

Ɽ♅ꜗ ─◄Ⱡꜟ◑─ ⅜ ↕╣╕∆⁹  

⅜ꜗ♅Ɽ▪♩כ○ ↕╣≡™╢≤∕─ ─◄Ⱡꜟ◑─ ⅜ ↕╣╕∆⁹  

▪Ɽ♅ꜗ─ ⅜⌂↑╣┌ 100%⅜ ↕╣╕∆⁹ 

5.18  ⅜╡  

Q X/M, Q Y/m, Q 
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BeamGage≢│ⱦכⱶ ⅜╡ ╩ ╘╢─⌐ 3≈─ ⅜◘ⱳ⁸╡⅔≡╣↕♩כ ⌐

∂≡ ™ ↑╢↓≤⅜≢⅝╕∆⁹ISO ⌂─│ ∞↑≢∆⅜⁸ ─ 2≈─

╙ ⇔ↄ ™╠╣╣┌ ─ ↕≢ ≢⅝╕∆⁹√∞⇔⁸ │≢⅝╕∑╪⁹   

Important: ⱦכⱶ ⌐ ≠ↄ ⅜╡  │ ⱶכⱷfi♩ⱦכ⸗ ⅛╠

╦╣╕∆⁹↓╣╠─ ≢ ™╠╣╢ⱦכⱶ │ⱦכⱶ ≢ ↕╣

╕∆⁹ │™╢№♩ⱷfiכ⸗ ♩ⱷfiכ⸗ ─ ⅜ ╦╣╢≤⁸

│ ╦╡╕∆⁹ 

5.18.1  

↓─ │ ⱦכⱶ─☻ⱳ♇♩ ≤ ─ ⌐ ≠ↄ╙─≢∆⁹ ⅜

╡ │⁸ ─ ╩ ≤⇔√ ⁸ⱦכⱶ─ X ⅔╟┘ Y ⌐ ∫≡ ↕╣⁸

─ ╩ ≤∆╢ │ ⁸ ⌐ ∫≡ ↕╣╕∆⁹ ─ ╩

─ ⅜╡ ⱤⱠꜟ⌐≡ ⇔≡ ↕™  

 
 

⅜╡ ≢│⁸ ─ ─ ≢─ⱨ□כⱨ▫כꜟ♪ ⱦכⱶ ⅜╡  

╩ ╘╢↓≤⅜≢⅝╕∆⁹ ⌐ ∆╟℮⌐ │ BeamGage ⌐⅔™≡ ⌐ ╦╣

╕∆⅜⁸ ⌂☿♇♩▪♇ⱪ│ ⌐ ℮ ⅜№╡╕∆⁹ ⌂ ≢№╣┌⁸

◙כꜚ ≢ ╩ ∆╢ ⅜№╡╕∆⁹ │ ⱦכⱶ╩ ℮─⌐

⌐ ⅝ↄ⇔⁸ ⅜ ↓╠⌂™╟℮⌐ ⇔╕∆⁹ ╕√│ ╩ ™

╢↓≤⅜≢⅝╕∆⅜⁸≥∟╠─ ≢╙◌ⱷꜝ─♦▫♥◒♃│ ─ ⌐ ⇔

ↄ ™≡ↄ∞↕™⁹ ☻ⱳ♇♩ ⌐╟╢ ⅜╡ │ ─ ⅛╠ ↕╣╕∆  

ö
ö

÷

õ

æ
æ

ç

å
= -

f

Wf1tan  

          ↓↓≢  Wf  =  ⅛╠ f─ ≢─ ☻ⱳ♇♩  

                          f  = ꜠כ◙─ ⌐ ≠ↄ ─  

5.18.2 ⱨ□כⱨ▫כꜟ♪ ꞉▬♪꜠fi☺  

↓─ ≤⌂♪כ○▬♄◙כ꜠│ ⅝⌂ ⅜╡ ╩ ≈♦Ᵽ▬☻─ ⌐♦◙▬fi

↕╣√╙─≢⁸ │mrad≢│⌂ↄ ⅜ ™╠╣╕∆⁹↓─ │◙כ꜠⁸│≢

≤⇔≡ ꜝⱷ◌╠⅛◙כ꜠⁹∆╕╣╦ ╕≢─ ╩ ─ ⅜╡ ⱤⱠꜟ≢

⇔╕∆  

 
 

◌ⱷꜝ ╩ ╘╠╣√ ⌐ ⅝⁸ⱦכⱶ⅜◌ⱷꜝ ╟╡ ⅝ↄ⌂╠⌂™↓≤

╩ ⇔╕∆⁹↓╣╠─ ≢│⁸ ⁸ ─ ─ ⅜╡ ⅜ ─ ╟╡

⅝™─≢⁸ ⅜╡ ⅜ ⅝™ ╩◌ⱷꜝ ─ ⌐ ╦∑╕∆⁹ 

 

⅜╡ │ ⅛╠ ╕╡╕∆  
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ö
÷

õ
æ
ç

å

Ö
Ö= -

S

WC

2
tan2 1

 

↓↓≢  WC  =  S≢─ⱦכⱶ  

     S =  ⅛╠◌ⱷꜝ ╕≢─  

5.18.3 ⱨ□כⱨ▫כꜟ♪ 2  

↓─ │ⱨ□כⱨ▫כꜟ♪≢─ⱦכⱶ ─ ─ ⅜╡╩ ∆╢╙─≢∆⁹ ↓─

≢─ ╩ ℮ ⌐⁸ ⅜ⱦכⱶ─ⱨ□כⱨ▫כꜟ♪≢ ╦╣⁸ⱦכⱶ◘▬☼

⅜◌ⱷꜝ ─ ⅝↕ ⌐⌂╠⌂™↓≤╩ ⇔≡ↄ∞↕™⁹ ⅜╡ │ X ≤ Y 

⌐≈™≡ ↕╣╕∆⁹  

 

↓─ ≢│ ─ ╩♪כ⸗ ™⌂™↓≤╩ ⇔╕∆⅜⁸ ™╢ │◌ⱷ

ꜝ╩ ─◙כ꜠∑↕ ╩ X, Y ⌐ ℮╟℮⌐⇔╕∆⁹∕℮∆╣┌⁸2≈─ ≢─

⌐ ∆╢ ╩ ↄ↓≤⅜≢⅝╕∆⁹ 

  

─ⱦכⱶ ╩ ∆╢√╘⌐◌ⱷꜝ╩ⱦכⱶ ⌐ ⅝╕∆⁹↓╣│ⱦכⱶ►◄

☻♩⌐ ™╙─≤⌂╡╕∆⅜⁸ ⱨ□כⱨ▫כꜟ♪─ ⌐№╡╕∆⁹ ≢

♅▼♇◒ⱴכ◒╩◒ꜞ♇◒⇔≡ ╩ X, Y, D ─ⱦכⱶ / ─ ┼ ─╟℮⌐

↕∑╕∆  

 

↓╣╠─ │ ≢ ∆╢↓≤╙≢⅝╕∆⁹ 

⌐⁸ⱦכⱶ►◄☻♩⅛╠↕╠⌐ ╣√ ┼◌ⱷꜝ╩ ↕∑╕∆⁹◌ⱷꜝ─

╩ Ⱳ♇◒☻ ≢ ≤⇔≡ ⇔╕∆⁹↓─ ≢ⱦכⱶ ╩ ⇔⁸

─ ≤ ─ ≢─ⱦכⱶ─ ─ ⅜╡⅛╠ ⅜╡ ⅜ ↕╣╢↓

≤╩ ⅛╘╕∆⁹  

│ ─ ⌐╟╡ ╦╣╕∆  

ö
÷

õ
æ
ç

å

Ö

-
Ö= -

S

WWC

2
tan2 11

 

↓↓≢  W1  = 1 ─ⱦכⱶ ►◄☻♩⌐ ™  

               WC  = 2 ─ⱦכⱶ ►◄☻♩⅛╠⌐ ™  

                  S  = 2≈─ ─  

5.18.4 ⱨ□כⱨ▫כꜟ♪  

◌ⱷꜝ⅜꜠fi☼─ ─ ⌐ ⅛╣√ ⁸◌ⱷꜝ ─ │ⱨ□כⱨ▫כꜟ

♪ ⌐⅔↑╢ⱦכⱶ─ ⌐ ⇔╕∆⁹ 

ⱨ□כⱨ▫כꜟ♪ │⁸☻♥ꜝ☺▪fi (sr) √╡─ Ɽ꞉כ/◄Ⱡꜟ◑≢⁸

ⱶכⱷfi♩ⱦכ⸗ ≢ ↕╣╢╙─≢∆⁹↓─ │ ⱦכⱶ╩ ⇔√╙─

≢⁸ ⅜╡  ɡ ─╖⅜ ™╠╣╕∆⁹ⱦכⱶ⅜ ≢⌂™ ⁸ ╠╣√ │

№╢™│ ─ ♩ⱷfiכ⸗ ≤⌂╡╕∆⁹ 
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≢ │◑ꜟⱠ◄/כⱤ꞉◙כ꜠╢⅜ sr √╡─W╕√│ J≢ ╦↕╣⁸ ⌐│

≢∆⁹ ⌐ ╦╠∏ⱨ□כⱨ▫כꜟ♪≢─ ⅜╡ ⅜╦⅛╣┌ ⅜ ≢

⅝╕∆   

ὐɡ
ὖ

ς“ρ ÃÏÓ
ɡ
ς

 

  ↓↓≢   Pů  = ♩כ♃ꜟ  ◑ꜟⱠ◄/כⱷfi♩Ɽ꞉כ⸗

 Q  = ⅜╡  (rad) 

5.19  ●►☻ⱨ▫♇♩ 

BeamGage≢│ 2D ⱦכⱶ ⌐ ╩♃כ♦ ™√ ꜟ♁כ◌⁸⅛ ≢

↕╣╢ ꜝ▬fi─∕╣∙╣⌐ ∆╢ ⅜ ™╠╣╕∆⁹ 

 

ⱦכⱶ │2Dⱦכⱶⱪ꜡ⱨ□▬ꜟ⌐ ⇔≡ ╦╣⁸ │ⱷ▬fi─

⌐ ↕╣╕∆⁹ 2D │ ≢╙ ≢╙ ⅎ╕∆⁹ 

 

1D │ X/Y, M/m 1D ⱦכⱶⱪ꜡ⱨ□▬ꜟ ≢ⱪ꜡♇♩↕╣√ⱦכⱶ♦כ♃⌐ ⇔≡

╦╣╕∆⁹1D ─ │ⱦכⱶⱪ꜡ⱨ□▬ꜟ ⌐≡ ≢∆⁹  

 

⅛╠ ╠╣╢ ─ ≢ ISO⌐≡ ↕╣≡™╢─│ ─ ↕≢∆⁹

 │ ≢ ⅜ ∂╢ ⅜№╢─≢ ISO ⅛╠ ⌐ ⅛╣≡™╕∆⁹

⁸ ─ ≢ ⇔≡™╕∆⅜⁸ISO⌐≡ ↕╣√ ⅜ ≡ↄ╣┌ ⅜

╦╢ ⅜№╡╕∆⁹ 

 

⌐⁸2D ⅔╟┘ 1D ●►☻ⱨ▫♇♩⅛╠ ╠╣╢ ╩ ⇔╕∆  

* (Goodness of Fit )│ ISO ⌐ ∆╢ ₁─ ⌐ ≠ↄ╙─≢∆⁹ISO─ ⅜

∆╣┌∕╣⌐ ∂≡▪ꜟ◗ꜞ☼ⱶ╩ ⇔╕∆⁹ 

 

≡─ │ ⌐╟╢╙─≢⁸ ─ ≢ ≥♃כ♦⁸⌐℮╟╢╣↕ ↕╣√

№╢™│ ≤─ ─ ⅜ ⌐⌂╢╟℮⌂▪ꜟ◗ꜞ☼ⱶ⅜ ™╠╣╕∆⁹ 

2D ⱦכⱶ  1Dꜝ▬fi ꜟ♁כ◌│ ≢  

●►☻  X/M ●►☻  Y/m ●►☻  

●►☻  X/M X/M ●►☻  X/M  Y/m ●►☻  Y/m 

●►☻  Y/m   

●►☻ ☿fi♩꜡▬♪ X X/M  X/M  Y/m  Y/m   

●►☻ ☿fi♩꜡▬♪ Y   

* X/M * Y/m * 

─ ↕ X/M ─ ↕ Y/m ─ ↕ 

Δ ☿fi♩꜡▬♪ X   

Δ ☿fi♩꜡▬♪ Y   

Δ ☿fi♩꜡▬♪  X/M Δ ☿fi♩꜡▬♪ Y/m Δ ☿fi♩꜡▬♪ 
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( )ää -=
x y

xyxy SZA
2

min  

↓↓≢  Zxy  =  (x,y)≢─Ⱨ◒☿ꜟ ♃כ♦  

 Sxy =  (x,y)≢─ ─  

5.19.1 ⱦכⱶ ─  

╩ ™≡⁸ ↕╣√ 2 ⁸X ≤ Y №╢™│ ≤ ⁸┼─

⅜ ╦╣╕∆⁹ ⱦכⱶ─ ≢│ⱦכⱶ⅜ ╕√│ ≢№╢↓≤╩ ⇔≡™

╕∆⁹ ⅔╟┘ ↕╣╢ │ ─ ╡≢∆  

ù
ù
ù
ù

ú

ø

é
é
é
é

ê

è

ö
ö

÷

õ

æ
æ

ç

å -
+öö
÷

õ
ææ
ç

å -
-

=

2
2

2/2/
2

yw

yy

xw

xx

eJJ o  

↓↓≢  J  =   (x,y)≢─  

 Jo * =  ●►◦▪fi ☿fi♃כ≢─  

 x =  Ⱨ◒☿ꜟ─ x  

 x * =  ●►◦▪fi ☿fi♃כ─x  

 wx * =  ◄Ⱡꜟ◑ 1/e²≢─  

 y =  Ⱨ◒☿ꜟ─ y  

 y *  = ●►◦▪fi ☿fi♃כ─y  

 wy * =  ◄Ⱡꜟ◑ 1/e²≢─  

▪☻♃ꜞ☻◒ (*) ⅜ ™√Ɽꜝⱷכ♃│ ⌐╟╢ ≢∆⁹ 

5.19.2 X/Y ╕√│ / ꜝ▬fi ─   

⌐╟╡ ─ ⅜ ⅎ╕∆⁹ ┘ │ ─ ╡≢

∆⁹ 

X№╢™│ ꜟ♁כ◌ ⌐ ⇔≡  
2

2/
2 öö

÷

õ
ææ
ç

å -
-

= Mw

MM

MeJJ  

↓↓≢  J =  M≢─  

 J
M
* = ●►◦▪fi ☿fi♃כ≢─  

 M = Ⱨ◒☿ꜟ Location of pixel 

 M  = ●►◦▪fi ☿fi♃כ  

 w
M
* = ◄Ⱡꜟ◑ 1/e² ≢─  

▪☻♃ꜞ☻◒ (*) ⅜ ™√Ɽꜝⱷכ♃│ ⌐╟╢ ≢∆⁹ 

Y№╢™│ ꜟ♁כ◌ ⌐ ⇔≡  
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2

2/
2 ö

ö
÷

õ
æ
æ
ç

å -
-

= mw

mm

meJJ  

↓↓≢  J =  m≢─  

 J
m
* = ●►◦▪fi ☿fi♃כ≢─  

 m = Ⱨ◒☿ꜟ  

 m = ●►◦▪fi ☿fi♃כ─M  

 w
m

* = ◄Ⱡꜟ◑ 1/e² ≢─  

▪☻♃ꜞ☻◒ (*) ⅜ ™√Ɽꜝⱷכ♃│ ⌐╟╢ ≢∆⁹ 

5.19.3 2D ⱦכⱶ ●►☻ⱨ▫♇♩─  

●►☻ⱨ▫♇♩─ │ ≢ ↕╣╕∆  

 

●►☻ ●►☻ⱨ▫♇♩─Ⱨכ◒ ⱨꜟ◄fi☻ 

●►☻ ●►☻ⱨ▫♇♩⁸X/Y ⅛ M/m─ ♩ⱷfiכ⸗   

●►☻ ☿fi♩꜡▬♪ ☿fi♩꜡▬♪─ X≤ Y   

Δ ☿fi♩꜡▬♪ X/Y   ☿fi♩꜡▬♪─ X , Y . ⱦכⱶ ☿fi♩꜡▬♪─X, 

Y ─  

Δ ☿fi♩꜡▬♪   ☿fi♩꜡▬♪≤ ⱦכⱶ─☿fi♩꜡▬♪≤─ ⌂  

─ ↕   ≤ ≤─ ─  

max

max

E

EE
R

f

ijij -
=  

↓↓≢  
f

ijE │   

i jE │ ⱦכⱶ  

 0 ≤ R ≤ 1 , R ­ 0 ⌐ ™ │ ≤⌂╡╕∆⁹ 

5.19.4 1D●►☻ⱨ▫♇♩─  

●►☻ⱨ▫♇♩─ │ ≢ ↕╣╕∆  

 

●►☻ ●►☻ⱨ▫♇♩─Ⱨכ◒ ⱨꜟ◄fi☻ 

●►☻ ꜟ♁כ◌ ─♩♇▫ⱨ☻►●─≢♃כ♦ ♩ⱷfiכ⸗   

●►☻ ☿fi♩꜡▬♪ ꜟ♁כ◌ ─≢♃כ♦ ☿fi♩꜡▬♪─   

Δ☿fi♩꜡▬♪ ☿fi♩꜡▬♪≤◌כ♁ꜟ ─≥♪▬꜡♩fi☿─♃כ♦─   

─ ↕   ≤ ≤─ ─  

max

max

E

EE
R

f

ii -
=  

↓↓≢
f

iE │  

iE │ ⱦכⱶ  

 0 ≤ R ≤ 1 , R ­ 0 ⌐≈╣ │ ≤⌂╡╕∆⁹ 
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1D ●►☻ⱨ▫♇♩│ X╕√│ Y ⌐ ℮╙─≢⁸X, Y ꜟ♁כ◌─≢ ♃כ♦

⌐ ⇔≡ ╦╣╕∆⁹╕√⁸ │ / ─ ≢ ℮↓≤⅜≢⅝⁸☿fi♩꜡▬♪

╩ ╢ ╛ ⌐ ꜟ♁כ◌⌂ ⌐♃כ♦ ⇔≡ ╦╣╕∆⁹ 

─ / ⅜♪כ⸗ ─ꜟ♁כ◌⁸┌╣™≡∫⌂≥ ⅜ 1Dⱪ꜡ⱨ□▬ꜟ

ⱪ꜡♇♩─ ≤⌂╡╕∆⁹ 

5.20  ♩♇ⱪⱢ♇♩─  

ISO 13694 ≢│♩♇ⱪⱢ♇♩ ⱪ꜡ⱨ□▬ꜟ≤ ┌╣╢ⱦכⱶ ⌐ ↕╣╢ ₁⌂

⅜ ↕╣≡™╕∆⁹2D ♩♇ⱪⱢ♇♩ ⱪ꜡ⱨ□▬ꜟ│⁸ ⅜ⱨꜝ♇♩≢ ⅜

◑ꜟⱪ≤⌂∫≡™╢◄Ⱡכ꜡☻⌂ ╩ ∆╙─≢∆⁹2D ♩♇ⱪⱢ♇♩─ │

ⱷ▬fi─ ⌐ ↕╣╕∆⁹↓╣╠─ │♩♇ⱪⱢ♇♩ ⌐ ∫√╙─

≢│№╡╕∑╪⅜⁸↓─ ⌐ ⇔≡╟ↄ ™╠╣╢─≢♩♇ⱪⱢ♇♩ ≤⇔≡╕

≤╘╠╣≡™╕∆⁹♩♇ⱪⱢ♇♩ │ 1Dⱦכⱶⱪ꜡ⱨ□▬ꜟ ≢ ↕╣⁸

│ⱦכⱶⱪ꜡ⱨ□▬ꜟ ⌐ ↕╣╕∆⁹♩♇ⱪⱢ♇♩─ ⌐│ ─

⅜ ╕╣╕∆  

* 1D≢ ╦╣╢ │ ISO≢ ↕╣≡™╢ ≤│ ⌂╡╕∆⁹↓╣╠─ ─ │

─◙כꜚ ≢ ╦╣╢╙─≢⁸2D ISO ≤ 1D ─ ⌐ ⌂ │№╡╕

∑╪⁹ 

♩♇ⱪⱢ♇♩⅛╠│ⱨꜟ◄fi☻─⇔⅝™ ⅜ ↕╣╕∆⁹↓─ │⁸ ─▪Ⱪ꜠כ◦

ꜛfi⁸ ⌂≥─ ⌐ ⌂ⱦכⱶ─Ɽ꞉כ/◄Ⱡꜟ◑ ─ ╩ ∆↓≤⌐⌂╡

╕∆⁹⇔√⅜∫≡↓─⇔⅝™ ─ │ ⌐ ─ⱶכⱦ◙כ꜠╢∆ ╩ ⇔╕∆⁹ 

↓─⇔⅝™ │⁸ ⌐ ∆⇔⅝™ P/E ≤ ┌╣╢ ⅔╟┘Ɽ꞉כ/◄Ⱡꜟ◑

♄▬▪꜡◓Ⱳ♇◒☻≢ ≢⅝╕∆⁹ 

 

 
 

─ ≢│ⱨꜟ◄fi☻⇔⅝™ │ 2000 W/cm²⌐ ↕╣≡™╕∆⁹↓─ │╕√⁸ⱦכ

ⱶ─Ⱨכ◒ ⱨꜟ◄fi☻─ ⌐ ≠™≡ ∆╢↓≤╙≢⅝╕∆⁹  

↓─⇔⅝™ │ TEh ≢ ↕╣╕∆⁹ 

2D♩♇ⱪⱢ♇♩ *1D♩♇ⱪⱢ♇♩ (◌כ♁ꜟ ≢ )  

 X/M  Y/m  

◄ꜞ▪   

Ɽ꞉כ X/M Ɽ꞉כ Y/m Ɽ꞉כ 

Ɽ꞉כ X/M Ɽ꞉כ Y/m Ɽ꞉כ 

ⱨꜟ◄fi☻   

 X/M  Y/m  

ⱪꜝ♩כ  X/Mⱪꜝ♩כ  Y/mⱪꜝ♩כ  

◄♇☺ ☺♇◄ⱪⱠ☻ X/Mכ▫♥☻ ☺♇◄ⱪⱠ☻ Y/mכ▫♥☻  ☻ⱪⱠכ▫♥☻
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5.21  2D ⱦכⱶ ♩♇ⱪⱢ♇♩  

↓↓≢│ 2D ⌐ ↕╣√♩♇ⱪⱢ♇♩ ─ ⌐≈™≡ ⇔╕∆⁹ 

5.21.1 ◄ꜞ▪ 

Effective Area 

 z≢─ ◄ꜞ▪ )(zAi
h │Ɽ꞉כ/◄Ⱡꜟ◑ ⅜⇔⅝™ ╩ ⅎ≡™╢◄ꜞ▪

╩ ∆╙─≢⁸ⱨꜟ◄fi☻⇔⅝™ ─Ⱨ◒☿ꜟ ◄ꜞ▪─ ≢∆⁹ 

5.21.2 Ɽ꞉כ/◄Ⱡꜟ◑  

Effective Avg Fluence 

z≢─ Ɽ꞉כ/◄Ⱡꜟ◑ ≢⁸ ≢ ↕╣╕∆  

iA

P
zE

h

h
h =)(  

↓↓≢ hP │⇔⅝™ ─Ɽ꞉כ/◄Ⱡꜟ◑─  

 
iAh │⇔⅝™ ─Ɽ꞉כ/◄Ⱡꜟ◑╩ ≈◄ꜞ▪ 

5.21.3 ⱨ□◒♃ 

Flatness 

│ z≢─ Ɽ꞉כ/◄Ⱡꜟ◑ ≤Ɽ꞉כ/◄Ⱡꜟ◑ ─ ≤─

≢ ↕╣╕∆⁹ 

max

)(
E

E
xF

h
h =  

↓↓≢  hE   │ Ɽ꞉כ/◄Ⱡꜟ◑   

        maxE  │Ⱨכ◒Ɽ꞉כ/◄Ⱡꜟ◑  

5.21.4 Ɽ꞉כ/◄Ⱡꜟ◑ 

Effective Pwr/Engy 

Ɽ꞉כ/◄Ⱡꜟ◑ )(zPh  │ⱨꜟ◄fi☻⇔⅝™ ╩ ⅎ√◄ꜞ▪≢─ Ɽ꞉⁹∆≢כ  

╩ √∆◄ꜞ▪(x,y)≢─ ≤⌂╡╕∆  

TEyxE h>),(  

5.21.5 Ɽ꞉כ/◄Ⱡꜟ◑ 

Fractional Pwr/Engy 
 

Ɽ꞉כ/◄Ⱡꜟ◑│⇔⅝™ ─Ɽ꞉כ/◄Ⱡꜟ◑╩ⱦכⱶ─ Ɽ꞉כ/◄Ⱡꜟ◑

≢ ∫√╙─≢⁸ z≢─ │ ≢ ↕╣╕∆  

)(

)(
)(

zP

zP
zf

h
h =  

↓↓≢    1)(0 ¢¢ zfh  
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5.21.6 ⱦכⱶ  

Uniformity 

z≢─Ɽ꞉כ/◄Ⱡꜟ◑ ─ rms ╩ ⇔√╙─≢∆⁹ 

[ ]dxdyEyxE
AE

U
i ññ -=

2
),(

11
h

hh

h

 
 Uη = 0 │ ⅜ ⌂ ⌂ⱨꜝ♇♩ ♩♇ⱪ╩ ⇔╕∆⁹ 

5.21.7 ⱪꜝ♩כ  

Plateau Uniformity 

ⱨꜝ♇♩ ♩♇ⱪ⌐ ™ ─ ≢∆⁹ 

max
)(

E

E
U FWHM

ZP

D
=  

FWHMED │⁸Ⱨכ◒Ɽ꞉כ/◄Ⱡꜟ◑ ⱥ☻♩◓ꜝⱶ )( iEN ─Ⱨכ◒ maxE ─

 (FWHM) ≢№╡⁸ )( iEN │Ɽ꞉כ/◄Ⱡꜟ◑ iE ╩ ≈  (x,y) ─ ╩ⱪ꜡♇♩

⇔√╙─≢∆⁹ 

 

1)(0 << zU P ;   0)( ­zPU  ⌐≈╣ⱨꜝ♇♩ ♩♇ⱪ⌐ ≠⅝╕∆⁹ 

5.21.8 ◄♇☺  ☻ⱪⱠכ▫♥☻

Edge Steepness 

Ⱨכ◒─ 10%≤ 90%─ ◄ꜞ▪≢─ ╩Ⱨכ◒─ 10%─Ɽ꞉כ/◄Ⱡꜟ◑ ≢

⇔√╙─≢∆⁹ 

)(

)()(
)(

1.0

9.01.0

zA

zAzA
zs

i

ii -
=

 
 

 0 < s(z) < 1; s(z) ќ0 ⌐≈╣◄♇☺│ ⌐ ≠⅝╕∆⁹ 

5.22  1D♩♇ⱪⱢ♇♩  

↓↓≢│ 1D ⌐ ↕╣√♩♇ⱪⱢ♇♩─ ⌐≈™≡ ⇔╕∆⁹ 

5.22.1 1D ⱨ□◒♃ 

Flatness 

│⁸ z≢─ Ɽ꞉כ/◄Ⱡꜟ◑ ≤Ɽ꞉כ/◄Ⱡꜟ◑ ─ ≤─

≢ ↕╣╕∆⁹ 

max1

1
1 )(

E

E
zF

h
h =   

↓↓≢⁸ h1E │⇔⅝™ ─ Ɽ꞉כ/◄Ⱡꜟ◑  

  max1E │ 1Dⱦכⱶⱪ꜡ⱨ□▬ꜝ≢─Ⱨכ◒Ɽ꞉כ/◄Ⱡꜟ◑  

5.22.2 1D Ɽ꞉כ/◄Ⱡꜟ◑ 

Effective Pwr/Engy 
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Ɽ꞉כ/◄Ⱡꜟ◑ )(1 zPh  │ⱨꜟ◄fi☻⇔⅝™ ╩ ⅎ√◄ꜞ▪≢─ Ɽ꞉⁹∆≢כ 

╩ √∆◄ꜞ▪(x)≢─ ≤⌂╡╕∆  

TExE h>)(  

5.22.3 1D Ɽ꞉כ/◄Ⱡꜟ◑ 

Fractional Pwr/Engy 
 

Ɽ꞉כ/◄Ⱡꜟ◑│⇔⅝™ ─Ɽ꞉כ/◄Ⱡꜟ◑╩ⱦכⱶ─ Ɽ꞉כ/◄Ⱡꜟ◑

≢ ∫√╙─≢⁸ z≢─ │ ≢ ↕╣╕∆  

)(

)(
)(

1

1
1

zP

zP
zf

h
h =  

↓↓≢    1)(0 1 ¢¢ zfh  

5.22.4 1D ⱦכⱶ  

Uniformity 

z≢─Ɽ꞉כ/◄Ⱡꜟ◑ ─ rms ╩ ⇔√╙─≢∆⁹ 

id

dxExE

E
U

h

h

h
h

1

2
11

1
1

])([1 ñ -
=  

 0=nU  │ ⅜ ⌂ ⌂ⱨꜝ♇♩ ♩♇ⱪ╩ ⇔╕∆⁹ 

5.22.5 1Dⱪꜝ♩כ  

Plateau Uniformity 

ⱨꜝ♇♩ ♩♇ⱪ⌐ ™ ─ ≢∆⁹ 

max1

1
1 )(

E

E
zU FWHM

P
D
=  

FWHME1D  │⁸Ⱨכ◒Ɽ꞉כ/◄Ⱡꜟ◑ ⱥ☻♩◓ꜝⱶ )( iEN ─Ⱨכ◒ maxiE ─

 (FWHM) ≢№╡⁸ )( iEN │Ɽ꞉כ/◄Ⱡꜟ◑ iE ╩ ≈  (x,y) ─ ╩ⱪ꜡♇

♩⇔√╙─≢∆⁹ 

  1)(0 1 << zU P ;   0)(1 ­zU P ⌐≈╣ⱨꜝ♇♩ ♩♇ⱪ⌐ ≠⅝╕∆⁹ 

5.22.6 1D ◄♇☺  ☻ⱪⱠכ▫♥☻

Edge Steepness 

Ⱨכ◒─ 10%≤ 90%─ ◄ꜞ▪≢─ ╩Ⱨכ◒─ 10%─Ɽ꞉כ/◄Ⱡꜟ◑ ≢

⇔√╙─≢∆⁹ 

i

ii

d

dd
zs

1.0

9.01.0
1 )(

-
=  

 0 < s1(z) < 1; s1(z) ќ0 ⌐≈╣◄♇☺│ ⌐ ≠⅝╕∆⁹ 
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5.23  ⱦכⱶ   

Pointing Stability⌐≈™≡│ ISO 11670≢ ↕ⅎ≡™╕∆⁹BeamGage≢│꜠כ◙

│◌ⱷꜝ─ Z ⌐ ≢№╡ │◌ⱷꜝ ≢ ╦╣╢↓≤╩ ≤⇔≡

™╕∆⁹  

 

 BeamGage─ Ᵽכ☺ꜛfi≢│ⱦכⱶ ─ │ ╦╣╕∑╪⁹ 

 

ⱦכⱶ ⌐ ∆╢ ISO ─ ╩ √∆√╘⌐│⁸ 1000 ◙כ꜠─ ─◘fi

ⱪꜞfi◓⅜ ≢∆⁹  

ISO≢│ 3≈─ ╙ ↕╣≡™╕∆  

o ◦ꜛכ♩   ⱶ⁸1כ♃

o Ⱶכ♦▫▪ⱶ ⱶ⁸1כ♃  

o ꜡fi◓   ⱶ⁸1כ♃

 

⌐⁸◌ⱷꜝ≢ 1 ⌐ 1000ⱨ꜠כⱶ─♦כ♃╩ ∆╢─│ ≢∆ ─

◌ⱷꜝ≢╙ 60-100 fps(ⱨ꜠כⱶ/ )≢∆⁹╕√ BeamGage ≢ ─ ╩∕─╟℮⌂

☻Ⱨכ♪≢ ℮─│ ≢∆⁹ ↕╣√ ≢№╣┌⁸1 ⌐ 1000ⱨ꜠כⱶ─

♃כ♦ │ ⅛╙⇔╣╕∑╪⁹1 ≢№╣┌ ⌐ ≢∆⁹ 

5.23.1  

Center 
 

X/Y │ ☿fi♩꜡▬♪ ╩ ⇔╕∆⁹↓─ │⁸ⱷ▬fi─ ⌐ ↕

╣╢ ☿fi♩꜡▬♪ X/Y ≤ ∂≢∆⁹↓╣│☿fi♩꜡▬♪ ─ ≢№

╡⁸ⱦכⱶ─ ⱥ☻♩◓ꜝⱶ─ ≤⌂╡╕∆⁹↓─ │⁸Pointing Stability

≢ ↕╣╢ ≢ ↕╣╕∆⁹   

5.23.2  

Last 
 

X/Y Last─ ─♃כ♦│ ⱨ꜠כⱶ─☿fi♩꜡▬♪╩ ⇔╕∆⁹∕╣⌐╟╡⁸

─☿fi♩꜡▬♪ ⅜ ≢⅝╕∆⁹↓─ │ⱷ▬fi─ ⌐ ↕╣╢☿fi♩

꜡▬♪ X/Y ≤ ∂≢∆⁹ 

5.23.3  

Azimuth 
 

↓╣│ ─☿fi♩꜡▬♪ ⱥ☻♩◓ꜝⱶ─  (x)⅜◌ⱷꜝ ≤⌂∆ ≢∆⁹ⱦ

ⱶכ ☿fi♩꜡▬♪─ ⅝╩ⱪ꜡♇♩∆╢≤⁸∕─ ⅝│⇔┌⇔┌ ⌂ ⌐⌂

╡╕∆⁹☿fi♩꜡▬♪─ ⌐╟╢ ⌐ ™⁸↓─ │ ⌂ ┼ ⅝⁸◌ⱷ

ꜝ─ X/Y ⌐ ⇔≡ ∆╢↓≤⌐⌂╡╕∆⁹ ─ │◌ⱷꜝ─ ⌐ ⇔≡

⇔√ X/Y⌐≡ ↕╣╕∆⁹ ⇔√ ─ x ≤◌ⱷꜝ─ x ≤─

∆ ╩ ≤ ™╕∆⁹ ⱦכⱶ ─ ─ ≤ ⌐⁸ │+90 /̄-89¯

─ ≤⌂╡╕∆⁹ 

5.23.4 ⱦכⱶ  

Δx, Δy, Δs 



  

BeamGage ꜚכ◙●▬♪ Document No: 50220-003      v6.11    10/3/2017 Page 111 

 

x/y ─ⱦכⱶ─ │☿fi♩꜡▬♪ ⱥ☻♩◓ꜝⱶ─ ─4 ≤⌂

╡╕∆⁹2Dⱥ☻♩◓ꜝⱶ ≢│ⱦ♬fi◓ ◘▬☼│ ─◌ⱷꜝⱧ◒☿ꜟ☻◔כ

ꜟ⌐ ⇔ↄ⌂∫≡™╕∆⁹Ⱨ◒☿ꜟ─ │ⱦfi─ ╩ ⇔⁸∕─Ⱨ◒☿ꜟ

⌐ ╢ ☿fi♩꜡▬♪│∕─Ⱨ◒☿ꜟ─ⱦfi⌐ ╡ ≡╠╣╕∆⁹ ─

│ⱦfi ⌐ ≠™≡ ↕╣⁸ ↕╣√ ⅜ ↕╣╕∆⁹  

Δs │⁸ⱥ☻♩◓ꜝⱶ⅜ ⌐ ≢№╢⅛ ⅜ ╩ √⌂™

ꜝfi♄ⱶ ≤⌂╢ ─ ─ Pointing Stability╩ ⇔╕∆⁹Pointing 

Stability─  ≢│⁸▪Ɽ♅ꜗ╩ ↕∑≡ ⱥ☻♩◓ꜝⱶ≢ ↕╣╢ ─

╛ ⅝↕╩ ∆↓≤⅜≢⅝╕∆⁹ ─ │ X ╕√│ ⌐ ╦↕╣⁸

─ │ ∆╢ y ⌐ ╦↕╣╕∆⁹ ─ ⅝↕│ⱥ☻♩◓ꜝⱶ ─

⌐ ≠™≡ ↕╣⁸ⱦכⱶ ≤⇔≡ ↕╣╕∆⁹ 

5.24  ●fiⱴ    

◌ⱷꜝ─●fiⱴ ⅜ 1 ╕√│ 1 ≢№╣┌ ⁸ BeamGage ≢◌ⱷꜝ─

╩ ∆╢↓≤⅜≢⅝╕∆⁹◌ⱷꜝ─●fiⱴ ╩♄▬▪꜡◓Ⱳ♇◒☻≢ כ♦⁹∆╕⇔

♃─ ⇔™ⱨ꜠כⱶ─ Ⱨ◒☿ꜟ│⁸ ─ ⌐╟╡ ⌐ ↕╣╕∆⁹“1.0” ╩

∆╢≤●fiⱴ │ ≤⌂╡╕∆⁹ 

P
P

Z
z

g

³ö
÷

õ
æ
ç

å
=

/1

 

↓↓≢⁸ z = ●fiⱴ ↕╣√Ⱨ◒☿ꜟ   

 Z = ↕╣≡™⌂™Ⱨ◒☿ꜟ  

 g = ●fiⱴ  

 P = Ⱨ◒☿ꜟ─   (8-bit ◌ⱷꜝ≢│ 255, 10-bit ◌ⱷ

ꜝ≢ 1023, 12-bit ◌ⱷꜝ≢ 4095⌂≥) 

Important: ●fiⱴ ⌐≈™≡─ ⅜ ≢∆⁹ ≢№╣┌⁸◌ⱷꜝ─

╩ ═≡ↄ∞↕™⁹ ⌐⌂∫≡™╢ ─●fiⱴ │№╢◌ⱷꜝ≢─

≢№╢─≢⁸ ⌐╟∫≡│ ⌂ ⅜ ╠╣⌂™↓≤⅜№╡╕∆⁹╕√⁸

CCD◌ⱷꜝ≢●fiⱴ ⅜ 1 ─ ╙ ⅜ ≢∆⁹↓╣╠─ │

≢⁸ ⌂●fiⱴ ⌐ ∆╢ ⅛╠ ╠╣√╙─≢∆⁹

⌂ ╡●fiⱴ 1─ ⅜ ⌂ CCD◌ⱷꜝ╩ ™⁸BeamGage≢●

fiⱴ ╩⇔≡ ↕™⁹ 

5.25  ◖fiⱲꜞꜙכ◦ꜛfi 

BeamGage≢─◖fiⱲꜞꜙכ◦ꜛfi─▪ꜟ◗ꜞ☼ⱶ│™╤™╤⌂ ╦╣ ╩⇔╕∆⁹

╙ ™ ≢│⁸◄ꜞ▪ ─ ₁⌂ ⌐ ™╠╣╢ ⌂▪ꜟ◗ꜞ☼ⱶ╩ ⇔╕

∆⅜⁸∕─ ≈─ ╩↓↓≢ ⇔╕∆⁹ 

 

⌐ ℮≤⁸◖fiⱲꜞꜙכ◦ꜛfi≤│ ╖╩╙√∑√ ─ ╩ ╘╢ ≢∆⁹ 

─ Ⱨ◒☿ꜟ│ Ⱨ◒☿ꜟ╩ ╦∑√Ⱨ◒☿ꜟ ─ ≤⌂╡╕∆⁹ ─

⅝↕─◖fiⱲꜞꜙכ◦ꜛfi ≥ꜟⱠכ◌ ∆╢ Ⱨ◒☿ꜟ─ ╩ ╡╕∆⁹↓╣╠─

─ ╩ Ⱨ◒☿ꜟ─ ≤⇔╕∆⁹ 
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◖fiⱲꜞꜙכ◦ꜛfi─ │ ╖─ ™√ ≢◖fiⱲꜞꜙכ◦ꜛfi ≤ ┌╣╕∆⁹

↓─◖fiⱲꜞꜙכ◦ꜛfi ─◘▬☼≤ ⅜ ⌐♃כ♦ ↕╣╢◄ꜞ▪ ─♃▬

ⱪ╩ ⇔╕∆⁹  

 

⌐ 3x3 ─ Ⱨ◒☿ꜟ≤◖fiⱲꜞꜙכ◦ꜛfi ╩ꜟⱠכ◌ ⇔╕∆⁹ 

 

☻Ɽכ꜡│ ⱨ▫ꜟ♃ ─◖fiⱲꜞꜙכ◦ꜛfi (K ) ─ ≢∆⁹ 

 
 

◖fiⱲꜞꜙכ◦ꜛfi 

 

╖ ⅝  

3x3 Ⱨ◒☿ꜟ 

P5│ ⅝ ⅎ╠╣╢ ◖fiⱲꜞꜙכ◦ꜛfi  

 ꜟⱠכ◌

Ⱨ◒☿ꜟ─ ⇔™

⅜ ⌐

⅛╣╢ 
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5.26  Ɽ꞉כ/◄Ⱡꜟ◑ⱷכ♃  

⁸○ⱨ▫כꜟ─Ɽ꞉כ/◄Ⱡꜟ◑ⱷכ♃╩ ™≡ꜞ▪ꜟ♃▬ⱶ⌐♩כ♃ꜟⱤ꞉כ/◄Ⱡ

ꜟ◑╩꜠ⱳכ♩∆╢ │ ≢∆⅜⁸BeamGage ─ ⌐ ™⁸○ⱨ▫כꜟ─

4 ≤─▬fi♃כⱨ▼כ☻⅜ ≤⌂╡╕∆  

o USBI ≤ Pulsar -1, -2⅔╟┘ -4 ♅ꜗfiⱠꜟ USB ⸗♦ꜟ 

o Vega ♦▫☻ⱪ꜠▬, USB ◔כⱩꜟ  

o Nova II ♦▫☻ⱪ꜠▬, USB◔כⱩꜟ  

o Juno ♅ꜗfiⱠꜟ USB ⸗♦ꜟ, 2010  

  

Vega ≤ Nova II ─♦▫☻ⱪ꜠▬│꜡כ◌ꜟ≢☿♇♩▪♇ⱪ⇔╕∆⅜⁸Pulsar ≤ 

Juno ⸗♦ꜟ⌐≈™≡│ StarLab ≢─☿♇♩▪♇ⱪ⅜ ≢∆⁹ 

 

ⱥfi♩ ╩Ⱬ♇♪─ⱷ⸗ꜞ⌐ ⇔≡⅔↑┌⁸♦▫☻ⱪ꜠▬╕√│ StarLab≢─

╩ ℮ ⅜⌂™─≢⁸ ⅜♩כ♃☻ꜞ™ ≤⌂╡╕∆⁹ 

5.26.1 Ɽ꞉כ/◄Ⱡꜟ◑ⱷכ♃─    

BeamGage⅜ ⌂Ɽ꞉כⱷכ♃╩ ∆╢≤⁸Ɽ꞉כⱷכ♃─♪꜡♇ⱪ♄►fi

ꜞ☻♩⌐╟╡ ⌂ⱷכ♃/Ⱬ♇♪⅜ ↕╣╕∆⁹ 



  

BeamGage ꜚכ◙●▬♪ Document No: 50220-003      v6.11    10/3/2017 Page 114 

 

Ⱬ♇♪│⸗♦ꜟ/◦ꜞ▪ꜟ♫fiⱣכ⅛╠ ≢⅝╕∆⁹ⱷכ♃⅜ ─Ⱬ♇♪⌐ ∆

╢ │⁸Ⱬ♇♪⌐ ∆╢♅ꜗfiⱠꜟ ╙ ↕╣╕∆─≢⁸♅ꜗfiⱠꜟ─♪꜡♇ⱪ

♄►fiꜞ☻♩⅛╠ ∆╢Ⱬ♇♪╩ ⇔╕∆⁹Ⱬ♇♪─ ⅜ 1 ≈⇔⅛⌂™ ⁸

∕╣⅜ ⌐ ↕╣╕∆⁹ⱷכ♃╩ BeamGage ⅛╠ ╡ ∆ │⁸Ɽ꞉כⱷ

♃כ ♪꜡♇ⱪ♄►fi╩ ⅝ ╩ ⇔╕∆⁹ 

 

™∫√╪ⱷכ♃≤ BeamGage─ ╩ ╢≤ StarLab │ ⅎ⌂ↄ⌂╡╕∆⁹⇔√⅜

∫≡⁸BeamGage⌐ ∆╢ ⌐ ⌐ ╦∑≡ ⇔ↄⱷכ♃╩ ∆╢↓≤⅜ ≢

∆⁹ ⱷכ♃─ ⅜ ⌂ ⁸╕∏ BeamGage⅛╠ ╡ ⇔╕∆⁹∕─ ⁸StarLab

⌐ ⇔≡⅛╠ BeamGage⌐ ⇔╕∆⁹  BeamGage │ StarLab╩ ⇔≡ⱷכ♃╩

≢⅝╕∆⅜⁸StarLab│ BeamGage ≢ⱷכ♃╩ ℮↓≤│ ╕∑╪⁹ 

5.26.2 Ɽ꞉כ/◄Ⱡꜟ◑ⱷכ♃─  

ⱷכ♃⅜ ↕╣≡™╢≤⁸Ɽ꞉כ/◄Ⱡꜟ◑─ⱴ♬ꜙ▪ꜟ≢─ │ ≤⌂╡

╕∆⁹ Ⱳ♃fi  ⅜Ɽ꞉כ/◄Ⱡꜟ◑ ⱤⱠꜟ⌐ ╣⁸ⱷכ♃─ ╖⅜Ɽ꞉כ/◄Ⱡꜟ

◑ ╛ ∆╢ ⌐ ™╠╣╢↓≤╩ ⇔╕∆⁹ 

 

ⱷכ♃─ │ BeamGage≢ ↕╣√ⱨ꜠כⱶ⌐ ⇔≡™╕∆⁹⇔⅛⇔⁸Ɽ꞉כ

ⱷכ♃╛ BeamGage≢ ↕╣╢ │⁸ ╦╣≡™╢ ─♃▬ⱪ╛ ─ ⌐╟

∫≡ ה ⌐⌂╢↓≤╩ ⇔≡⅔ↄ ⅜№╡╕∆⁹≈╕╡⁸ ⱨ꜠כⱶ⌐

∆╢ ─ ⌂ ↕│ ≢№╢≤™℮↓≤≢∆⁹ ─ ≢│⁸ ─

⇔↕⌐ ╩ ⅎ╢ ≡™≈⌐☻כ◔⌂₁ ⇔╕∆⁹ 

ꜟ▬Ɽ⸗כ◘ 5.26.3 Ⱬ♇♪─  

○ⱨ▫כꜟ ─ ≡─Ɫ▬Ɽ꞉כ Ⱬ♇♪≢│◘כ⸗Ɽ▬ꜟ─ ⅜ ™╠╣≡™╕

─ꜟ▬Ɽ⸗כ◘⁹∆ ─ 1≈│ ⅜ ™≤™℮↓≤≢∆⁹ ⌐⁸╟╡

⅜כⱤ꞉ꜟ♃כ♩⌂⅝ ⅎ╢╟℮⌐∆╢≤⁸Ⱬ♇♪─ │ ↄ⌂╡╕∆⁹

│Ⱬ♇♪⌐ ╡╕∆⅜⁸1 ⅛╠ ≤⌂╡╕∆⁹ 

◌ⱷꜝⱬכ☻─ⱪ꜡ⱨ□▬ꜝ≢│ ⌐ │ ↄ⁸ ⌐◌ⱷꜝ─ⱨ꜠כⱶ꜠

╩♩כ ⅝ↄ∆╢≤ ≢∆⁹⇔√⅜∫≡⁸ⱷכ♃≢─ │◌ⱷꜝ≢─♦כ♃

╟╡ ↄ⌂╡╕∆⁹ Ɽ꞉כ⅜ ⅝ↄ ╙ ™╒≥ⱷכ♃≤◌ⱷꜝ ─ │

⌐⌂╡╕∆⁹ ⅜ ∆╢≤Ⱬ♇♪≤◌ⱷꜝ─ │ ∆╢╟℮⌐⌂╡╕∆⁹ 

○ⱨ▫כꜟ ─Ɽ꞉כⱷכ♃≢│ ╩ ⇔ↄ ↕∑╢▪ꜟ◗ꜞ☼ⱶ⅜ ™╠

╣≡™╕∆ ⇔⅛⇔ⱬ☻♩ ◖fi♦▫◦ꜛfi≢─ ≢╙ ╣│ ≤⌂╡╕∆⁹ 

BeamGage≢ ⌂ꜞ▪ꜟ♃▬ⱶ≢─Ɽ꞉כ ╩ √™─≢№╣┌ BeamGage ╩

ⱴ♬ꜙ▪ꜟ≢ ≢⅝╢ⱷכ♃╩ ™⁸►ꜟ♩ꜝ◐ꜗꜟ≢ ⇔ↄ☿♇♩▪♇ⱪ∆╢≤

╟™≢⇔╞℮⁹↓─ ≢│⁸Ɽ꞉כ ⅜ 50:1 ─ ⁸ ⌐ ⌂ ⅜

≢⅝╕∆⁹╟╡ ⅝⌂♄▬♫Ⱶ♇◒꜠fi☺⅜ ⌂ כⱶ vs. Ɽ꞉כ꜠ⱨ♃כ♦╛
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╩ 1:1≤⇔√™ ⁸BeamGage ╩○כ♩ X ⸗כ♪≢ ⇔⁸ ⌂Ɽ꞉כ

╩ ℮↓≤│⇔⌂™↓≤≢∆⁹ 

5.26.4 ⱨ◊♩♄▬○כ♪ Ⱬ♇♪─  

ⱨ◊♩♄▬○כ♪─ ⌐ꜟ▬Ɽ⸗כ◘│ ═∏∫≤ ™≢∆⁹ⱨ◊♩♄▬○כ♪│

⌂ ♦Ᵽ▬☻⌂─≢⁸ │╒╓ꜞ▪ꜟ♃▬ⱶ≢∆⁹Ɽ꞉כⱷכ♃⌐ ™╠╣

╢ ⁸♄▬♫Ⱶ♇◒꜠fi☺≤─ ⌡ ™⅜№╢─≢⁸ │╙∫≤ ↄ⌂╡╕∆⁹

ⱨ◊♩♄▬○כ♪─♄▬♫Ⱶ♇◒꜠fi☺│ ⌐ ↄ⁸CCD◌ⱷꜝ╟╡∏∫≤ ™≢

∆⁹ ≤⇔≡⁸ ⌂ⱷכ♦─♃כ♃ │♩כ꜠  15 16 Hz≢∆⁹◌ⱷꜝ≤

⌐⁸ⱨ꜠כⱶ꜠כ♩≤ ─☻Ⱨכ♪≢ ∆╢ ⁸Ɽ꞉כ─ │◌ⱷꜝ─

≤╒≤╪≥ ⌐ ╦╣╕∆⁹ 

5.26.5 Ɽ▬꜡◄꜠◒♩ꜞ♇◒ Ⱬ♇♪─  

ꜟכꜙ☺ ⱷכ♃│ Ɽꜟ☻⌐ ∆╢╙─≢⁸ ⇔─Ɽꜟ☻◄Ⱡꜟ◑─ ⅜

≢∆⁹Ɽꜟ☻ ─◄Ⱡꜟ◑╩ ∆╢ ⁸◄Ⱡꜟ◑ ⱷכ♃─ ⅜BeamGage

◌ⱷꜝ◦☻♥ⱶ╟╡│╢⅛⌐ ╣≡™╕∆ ⁹ⱷכ♃│☿ꜟⱨ ♩ꜞ●(Ⱬ♇♪≢ ╦╣

╢) ⅔╟┘ ♩ꜞ●⌐ ⇔╕∆⁹◌ⱷꜝ≢│ ╩ ╢√╘⌐│ ♩ꜞ●

╩ ™⌂↑╣┌⌂╠∏⁸ │Ɽꜟ☻ ╩◌Ᵽכ≢⅝╢∞↑─ ↕⅜ ≢∆⁹ 

╩☻ꜟⱤ◙כ꜠ ╡ ↑⁸ꜞ▪ꜟ♃▬ⱶ≢∕╣╠╩ ∆╢≤™℮◌ⱷꜝ─ │◌

ⱷꜝ─ⱨ꜠כⱶ꜠כ♩≢ ╕╡╕∆⁹ ◌ⱷꜝ≢│ 60-100 Hz ─ⱨ꜠כⱶ꜠כ♩≢

⇔╕∆⅜⁸ ≡⅜↓─ ↕≢♩ꜞ●≢⅝╢≤│ ╡╕∑╪⁹◌ⱷꜝ─ⱨ꜠כⱶ꜠

╩♩כ ⅎ╢Ɽꜟ☻꜠כ♩─ ⁸ ╩ ↄ⇔≡ 1ⱨ꜠כⱶ⌐ 1Ɽꜟ☻∞↑╩

╡ ╗↓≤⅜ ≢∆⁹╙∟╤╪⁸ ≡─Ɽꜟ☻─ ⅜≢⅝╢╦↑≢│№╡╕∑

╪⁹ 

 

⌐⁸1ⱨ꜠כⱶ⌐ Ɽꜟ☻╩ ╡ ╗≤™℮ ╙№╡╕∆⁹↓╣│⁸ ↕╣

√ⱨ꜠כⱶ ≢ Ɽꜟ☻╩ ⇔ ╦∑╢╙─≢∆⁹♩ꜞ● ⅜♩כ꜠ ∞≤⁸

ⱨ꜠כⱶ⌐╟∫≡│Ɽꜟ☻ ⅜ ⌂╢ ⅜№╡╕∆⁹ ≢│⁸ BeamGage│ 

Pulsar ⅛╠─ ╩◌ⱷꜝⱨ꜠כⱶ⌐ ⌐ⱴ♇♅fi◓↕∑╢↓≤⅜≢⅝╕∆⅜⁸☻

Ⱨכ♪│ 100Hz⅛♩ꜞ●↕╣╢◌ⱷꜝ─ⱨ꜠כⱶ꜠⁸∟℮─♩כ≥∟╠⅛ ↕™ ⌐

⌂╡╕∆⁹  

Ɽꜟ☻꜠10 ⅜♩כHz╟╡│╢⅛⌐ ⅝™ ⁸Vega ╛ Nova II─꜠כ♩≤ⱴ♇♅fi

─♩כ꜠─╠╣↓⁹╪∑╕⅝≢│≥↓╢∑↕◓ ≢↕ⅎ ⌐╟╡ ⌂ⱴ♇♅fi

◓⅜ ⅎ╢≤│ ╡╕∑╪⁹  

≢│ Juno│ ≢∆⅜⁸Pulsar≤ ─ ≤⌂╢↓≤╩ ⇔≡™╕∆⁹  

5.27  ⱦכⱶⱷכ◌™ 

ⱦכⱶⱷכ◌│ ⇔ↄ ╖ ╕╣√⸗♦ꜟ Ⱨꜞ◖fi☻⁸≢ꜟכ♠ ─ⱦכⱶ ▪ꜟ

◗ꜞ☼ⱶ⁸ISO ▪ꜟ◗ꜞ☼ⱶ⁸ꜚכ◙ ─▪ꜟ◗ꜞ☼ⱶ─ ⌐ ™╠╣╕∆⁹╕√⁸

₁⌂ ≢ ╠╣╢ ╩ ╢√╘─ ∏╕│≢↓↓⁹∆╕╡⌂≥ꜟכ♠⌂

╩ ═⁸ ™≡ⱦכⱶⱷכ◌ ⅜ ™╠╣╢ 2≈─ ⌐≈™≡ ⇔╕∆⁹ 
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     ♃כ꜠Ⱡ▼☺♪כ⸗ 5.27.1

↓╣│⁸⸗♦ꜟ⌐ ™╢ⱦכⱶ⸗כ♪─ ─♪כ⸗╛ ╩ ℮╙─≢∆⁹  

BeamGage☻♃fi♄כ♪ ≢│ ≥♪כ⸗ ─ כ⸗♠♇♫כ♪≡⇔≥♪כ⸗

♪   (TEM01*)⅜◘ⱳ⁹∆╕™≡╣↕♩כ ⌐│⁸ ╩ ⇔≡─ ♪כ⸗

⅜◘ⱳכ♩↕╣╢ ≢∆⁹◄ꜟⱵ⁸ꜟכ◕ꜝ⁸♩כ ╩⅛╣≤─♪כ⸗♠♫כ♪

⇔╕∆⁹ ⸗♦ꜟ─ M² │ ≢ ↕╣╕∆  

◄ꜟⱵכ⸗♩כ♪≢│ TEMmn ─ m ≤ n ─ ╩ ⇔╕∆  

   12
2

+= mM x      12
2

+= nM y  

─ TEMpl≢ p ≤ l │≢♪כ⸗ꜟכ◕ꜝ ╩ ⇔╕∆ 

122 ++= lpM  

♪כ⸗♩כTEM01* │ ◄ꜟⱵ ♪כ⸗♠♫כ♪ TEM01 ≤ TEM10 ─ ⌡ ╦∑≤⌂╡╕

∆⁹↓─  M² │ 2≤⌂╡╕∆⁹  ─♪כ⸗♠♫כ♪│

5.27.2 ⱨ꜠כⱶⱨ◊כⱴ♇♩    

↓─ⱤⱠꜟ≢Ⱨ◒☿ꜟ≢─ⱨ꜠כⱶⱨ◊כⱴ♇♩⁸ x ↕⁸≤♦כ♃ⱨ◊כⱴ♇♩

≤⇔≡─Ⱨ◒☿ꜟ ╡─ⱦ♇♩ ╩ ⇔╕∆⁹BeamGage ≢│ ╘ ─ⱨ◊כⱴ

♇♩⅜ ⌐☻כ◔♩☻♥─≤╪≥╒≢─∆╕™≡╣↕ ≢⅝╕∆⁹♪꜡♇ⱪ♄►

fi╩ ⅝⁸ ⌂ⱨ◊כⱴ♇♩╩ ⇔╕∆⁹ ─ ≢│⁸ⱨ꜠כⱶⱨ◊כⱴ♇♩│

500 Ⱨ◒☿ꜟ⁸ ↕ 500 Ⱨ◒☿ꜟ⁸Ⱨ◒☿ꜟ ╡ 12 ⱦ♇♩─♦כ♃ⱨ◊כⱴ♇♩⁸

1.00μm ─Ⱨ◒☿ꜟⱧ♇♅ Ⱨ◒☿ꜟ│ ⌐ ≢⸗♦ꜟ ↕╣╕∆ ⌐

↕╣≡™╢↓≤╩ ⇔≡™╕∆⁹ 

 

Ⱨ◒☿ꜟ☻◔כꜟ─ ⅜ ≢№╣┌⁸Ⱨ◒☿ꜟ☻◔כꜟ ≢ ╩

∆╢↓≤⅜≢⅝╕∆⁹Ⱨ◒☿ꜟ☻◔כꜟ─ │ ⌐Ⱶ◒꜡fi(μm)≢∆⁹ 

5.27.3 ◌☻♃ⱶⱨ꜠כⱶ ⱨ◊כⱴ♇♩ 

⇔™ⱨ◊כⱴ♇♩⅜ ⌂ │⁸ ╩ ⇔♄▬▪꜡◓ Ⱳ♃fi╩◒ꜞ♇◒

⇔╕∆⁹↓╣⌐╟╡⁸ ─♄▬▪꜡◓Ⱳ♇◒☻⅜ ⅝ ⇔™ⱨ◊כⱴ♇♩⅜ ≢

⅝╕∆  
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⌂ⱨ◊כⱴ♇♩│”◘ⱳכ♩ ⱨ◊כⱴ♇♩ : “ꜞ☻♩⌐ ↕╣╕∆⁹ⱨ◊כⱴ

♇♩╩ ∆╢⌐│ ∆╢ Ⱳ♃fi╩◒ꜞ♇◒⇔╕∆⁹ⱨ◊כⱴ♇♩╩ ∆╢

⌐│ⱨ꜠כⱶ ⁸ ⱨ꜠כⱶ ↕ ⁸Ⱨ◒☿ꜟ☻◔כꜟ╩ √⌐ ⇔⁸◄fi◖כ♦▫

fi◓ ♃▬ⱪ≢ⱦ♇♩Ⱨ◒☿ꜟ ╩ ⇔⁸ ⌐ⱨ◊כⱴ♇♩ ╩◒ꜞ♇◒⇔╕

∆⁹ ⇔√ⱨ◊כⱴ♇♩╩ ⱨ◊כⱴ♇♩≤⇔≡ ⇔⁸ ∂╢╩◒ꜞ♇◒⇔

╕∆⁹ 

Start╕√│►ꜟ♩ꜝ◐ꜗꜟ⅜◒ꜞ♇◒↕╣╢≤⁸ⱦכⱶ ─ ⅝↕│ ⇔ↄ

↕╣√ⱨ◊כⱴ♇♩ ♦◙▬fi⌐ ╦∑≡ ╦╡╕∆⁹ 

◄fi◖כ♦▫fi◓ ♃▬ⱪ│ ⸗♦ꜟⱦכⱶ ⌐ ™╠╣╢ⱦ♇♩/Ⱨ◒☿ꜟ ╩

⇔╕∆⁹☻Ⱨꜞ◖fi ≢│ 8bpp - 14bpp ─ⱨ◊כⱴ♇♩╩◘ⱳכ♩∆╢◌ⱷꜝ╩

⇔≡™╕∆⁹ 16bppⱨ◊כⱴ♇♩ ─◌ⱷꜝ╙№╡╕∆⅜⁸ ⌐ ≢№╕

╡ ™╠╣╕∑╪⁹S32ⱨ◊כⱴ♇♩│ ⅝─ 32ⱦ♇♩  ⱨ◊כⱴ♇♩≢∆⁹  

↓─ ⅝⌂♄▬♫Ⱶ♇◒꜠fi☺╩◘ⱳכ♩∆╢ ─◌ⱷꜝ│№╡╕∑╪⅜⁸↓─ⱨ

─fiꜛ◦כ꜠♩☻ⱴ♇♩│♦⸗fiכ◊ ≤⇔≡◘ⱳ⁸╡⅔≡╣↕♩כ╒╓ ⌐ ™

≢ ╦╣╢ ─ ─ ⅜≢⅝╕∆⁹ 

5.27.4 ⱨ꜠כⱶ꜠כ♩   

ⱦכⱶⱷכ◌ │ ─ⱨ꜠כⱶ꜠כ♩≢ ⇔╟℮≤⇔╕∆⅜⁸☻Ⱨכ♪│ⱪ꜡☿♇

⌐כ◘ ╖ ╕╣√ ╛◐ꜗⱪ♅ꜗꜞⱲfi≢─ /ⱨ꜠כⱶ ⌐╟

∫≡ ╕╡╕∆⁹ⱦכⱶ⅜ ⅝ↄⱨ꜠כ ◘▬☼╙ ⅝ↄ⌂╣┌⸗♦ꜟ ╙

ↄ⌂╡╕∆⁹ⱡ▬☼⅜ ╦╣┌↕╠⌐ │ ↄ⌂╡╕∆⁹ 

 

5.27.5 ⱦכⱶ◘▬☼   

↓↓≢│⸗♦ꜟⱦכⱶ─◘▬☼⁸ ⁸ ⅜ ↕╣╕∆⁹ ≡─ ⁸ ↕╣

╢─│ ╖ ╕╣√ TEM00 ●►◦▪fi ─↓⁹∆≢♪כ⸗ ╖ │♪כ⸗√╣╕

≢♃כ꜠Ⱡ▼☺♪כ⸗─ ↕╣╢ ⌐♪כ⸗ ≢⅝╕∆⁹ ⅎ┌⁸ ╖ ╕╣
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√ TEM00 ⱦכⱶ─ⱦכⱶ ⅜ 100μm ≢№╣┌⁸⸗♦ꜟⱦכⱶ─ⱦכⱶ │∕─ M

≤⌂╡╕∆─≢⁸M² ⅜ 2≢№╣┌⸗♦ꜟⱦכⱶ─ⱦכⱶ │ ⱦכⱶ ─

1.414… ≤⌂╡╕∆⁹ 

 

  ⱦכⱶ │↓─ ≢ ≢⅝╕∆⁹ │Ⱶ◒꜡

fi(μm)≢∆⁹ ↓↓≢─ │⁸Ⱨ◒☿ꜟ☻◔כꜟ⅜ⱨ꜠כⱶⱨ◊כⱴ♇♩ ⱤⱠꜟ

≢ ↕╣≡™╣┌⁸ ⌐ ⇔╕∆⁹ 

 

  ⸗♦ꜟⱦכⱶ─ ╩ⱨꜟ ♄▬♫Ⱶ♇◒꜠fi☺─%≢ ⇔╕∆⁹

ⱡ▬☼⅜№╡►ꜟ♩ꜝ◐ꜗꜟ⅜ ™╠╣≡™╢ ⁸↓─ ╩ 100%⌐ ™ ⌐⇔

≡│™↑╕∑╪⁹ⱡ▬☼ │⁸ ─◌ⱷꜝ─ ≤ ⁸⸗♦ꜟ─♄▬♫Ⱶ♇◒

꜠fi☺─ ╩⌂⇔╕∆⁹⇔√⅜∫≡⁸ⱬכ☻ꜝ▬fi⅜ ↕╣⸗♦ꜟ─♄▬♫Ⱶ

♇◒꜠fi☺⅛╠ ⇔ ⅛╣╢─≢⁸ ⱦכⱶ │ 100%≤│⌂╡ ∏⁸ │

ⱬכ☻ꜝ▬fi ○ⱨ☿♇♩ ∞↑ ↕ↄ⌂╡╕∆⁹ ⌐ⱡ▬☼╩ ⇔⁸  90-

95% ─ ⅜ⱨꜟ ⌐ ™╠╣╕∆⁹ SN ⅜ ↄ⌂╡⁸ⱡ▬☼⅜ ─ ⅝⌂

╩ ╘╢╟℮⌐⌂╢≤⁸↓─ ─ ╩∏∫≤ ↕ↄ∆╢ ⅜№╡╕∆⁹ 

 

  ─ ⱦכⱶ─⸗♦ꜟ ╩∆╢ ⁸⸗♦ꜟⱦכⱶ─ X ⌐

∆╢ ⅝╩ ∆╢ ⅜№╡╕∆⁹X/M  ⅜ 2≈─ ─℮∟ ⅝™ ≢

↕╣╣┌⁸ │ ≤ ⇔╕∆⁹Y/m ⅜ ─ ⅝™ ≢ ↕╣

╣┌⁸ ─ │↓↓≢ ↕╣√ ⅛╠ 90  ̄○ⱨ☿♇♩⇔√╙─⌐⌂╡╕∆⁹ 

5.27.6 ⱡ▬☼☺▼Ⱡ꜠כ♃   

↓─ⱤⱠꜟ≢●►◦▪fi rms S/N  (SNR) ╩⸗♦ꜟⱦכⱶ⌐ ∆╢↓≤⅜≢⅝╕

∆⁹ⱡ▬☼│ dB≢ ↕╣╕∆⁹ ─ SNR≢◌ⱷꜝ─⸗♦ꜟ ╩ ℮ ⁸◌ⱷꜝ

─ⱡ▬☼ ╩ ⇔╕∆⁹ⱡ▬☼─⸗♦ꜟ⅜ ⌂™ │ None╩ ⇔╕∆⁹◌

ⱷꜝ─ DC○ⱨ☿♇♩ Ᵽ▬▪☻─ ╩⸗♦ꜟ⌐ ↕∑╢↓≤╙ ≢∆⁹

─○ⱨ☿♇♩╩◌ⱷꜝ─ⱨꜟ ♦☺♃ꜟ ꜠fi☺─%≤⇔≡ ⇔╕∆⁹ ⅎ┌⁸% 

DC ○ⱨ☿♇♩ = -0.1, 12 ⱦ♇♩ (0-4095) ◌►fi♩ ◌ⱷꜝ ꜠fi☺ ⁸≤∆╢≤-4 

◌►fi♩─○ⱨ☿♇♩⅜ ∂╕∆⁹↓╣│⁸♀꜡ ≢─ ⅛╠ 4◌►fi♩╩

○ⱨ☿♇♩ ⇔╕∆⁹ ⌐⁸  0.1% ─○ⱨ☿♇♩ ─ ⁸◌►fi♩⅜

⌐ ↕╣╕∆⁹ 

BeamGage≤≤╙⌐ ™╠╣╢≤⁸◌ⱷꜝ─Ⱪꜝ♇◒꜠ⱬꜟ│ ⅜╡⁸ⱨꜟ ⱡ▬☼

꜠ⱬꜟ⅜ ↕╣╕∆⁹↓╣│ ╕√│ ─ⱡ▬☼╩ ™╢↓≤≢⁸╟╡ ⌂ⱬכ

☻ꜝ▬fi⅜ ╠╣╢↓≤╩ ╩♩♇☿ⱨ○│◙כꜚ⁹∆╕⇔ ⇔≡⁸○ⱨ☿♇

♩ ⌐כꜝ◄ ∆╢ⱦכⱶ ┼─ ╩◦Ⱶꜙ꜠⁹∆╕⅝≢♩כDC○ⱨ☿♇♩⅜

ⅎ╠╣⌂↑╣┌ⱡ▬☼│∕─╕╕ ⇔╕∆⅜⁸ⱦכⱶ ⅜ ↕╣╢≤ ─ⱡ▬☼

─╖≤⌂╡⁸ⱦכⱶ◘▬☼─ ╩ ⅝ↄ↕∑╢↓≤⌐⌂╡╕∆⁹ ⌐⁸ⱡ▬☼꜠

ⱬꜟ╩ →≡ⱬכ☻ꜝ▬fi╩ →╢≤⁸ⱦכⱶ ⅜ ↕ↄ⌂╢↓≤⌐≈⌂⅜╡╕∆⁹
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─כꜝ◄ ↕│⁸▪Ɽ♅ꜗ─ ⁸◌ⱷꜝ ⌐ ═√ⱦכⱶ◘▬☼ ▪Ɽ♅ꜗ

─ ⌂≥ ─ ⌐ ╡╕∆⁹ 

Important: ⱦכⱶ ⸗♦ꜟ⅛╠ ⌂ⱦכⱶ ╩ ⇔√↑╣┌⁸►ꜟ♩ꜝ◐ꜗꜟ ╩ ╦

⌂↑╣┌⌂╡╕∑╪⁹►ꜟ♩ꜝ◐ꜗꜟ ≢│Ⱪꜝ♇◒꜠ⱬꜟ╩ ⇔≡─◦Ⱶ

⅜fiꜛ◦כ꜠ꜙ ⅎ╕∆─≢⁸ⱦכⱶⱷכ♁─ ◌כ☻╩№√⅛╙ ─◌ⱷ

⌐℮╟─♃כ♦─╠⅛ꜝ ⅎ╕∆⁹ ⁸►ꜟ♩ꜝ◐ꜗꜟ ≢│○ⱨ☿♇♩╩

⇔≡ ⌂ⱬכ☻ꜝ▬fi ╩ ℮─≢⁸ ↕╣√%DC ○ⱨ☿♇♩ │

◐ꜗfi☿ꜟ↕╣╕∆⁹ 

5.28  ⱦכⱶⱷכ◌™  

─ ≢│⁸BeamGage≢ ⌂™ↄ≈⅛─ ≢ ╩  ♠♇♫כ♪⁸≢≥↓℮

TEM01ⱦכⱶⱪ꜡ⱨ□▬ꜟ⅜≥─╟℮⌐ ╦╢⅛⅜ ↕╣≡™╕∆⁹↓─⸗♦ꜟ≢│ SN

│ 60dB≢ ↕╣≡⅔╡⁸ ⅜ ⌐ ╦╣≡™╣┌⁸↓─ │╒≤╪≥─◌ⱷꜝ

⌐ ≢⅝╢╙─≢∆⁹ⱦכⱶ │ 95% ⌐ ↕╣≡⅔╡⁸ ⌐│ ⇔╕∑╪⁹

⌐ ↕╣√ⱦכⱶ│ ─●►◦▪fi ≢⁸X⅔╟┘ Y ≢ 100μm⌐ ↕╣

╩ꜗ♅Ɽ▪♩כ○⁹∆╕™≡ ™⁸ ╩▪Ɽ♅ꜗ ─╖⌐ ╢↓≤≢ ≢─ⱡ▬☼╩

↕∑╢↓≤⅜≢⅝╕∆⁹∕╣⌐╟╡⁸↓─ⱦכⱶ─ ⇔™ ⱶכⱷfi♩─ⱦכ⸗

/ │ 141.42μm≤⌂╡╕∆⁹  

 

 

│ X ⱦכⱶ / ─╖─ ≢∆   

 

 
 

─ ⌐ ↕╣╢╟℮⌐⁸ ♩ⱷfiכ⸗ D4σX ─ │ ⌂ ╩ 4 ≢

⇔≡™╕∆⁹ ─ ≢│⁸ │ ↄ⌂╡⁸ISO≢ ↕╣√ ≢╙ ≢∆⁹ 

DkeX16/84 ≢│ⱦכⱶ / ⅜ ⅝ↄ ↕╣⁸DepssX 95.4╛ Depsa 86.5 ≢│

↕ↄ ↕╣╕∆⁹ 

DkeX prog ≢─ │ ⌐ ≢∆⁹≤™℮─│⁸ ⅜ ╩ 1.86 ≤⇔≡

16/84⌐ ↕╣⅔╡⁸∕╣│ ─ ♪כ⸗♠♇♫כ♪⌂ ⌐♩ⱷfiכ⸗ ∆╢╙─



  

BeamGage ꜚכ◙●▬♪ Document No: 50220-003      v6.11    10/3/2017 Page 120 

─♪כ⸗┘╟⅔♪כ⸗⁸╪╤∟╙⁹∆≢╠⅛╢№≢ ⅜ ⌂╣┌ ─ ╩ ™⌂↑╣

┌⌂╡╕∑╪⁹ 

─ ─ ⌐♩ⱷfiכ⸗ ⇔≡─ │ ─╟℮⌐⌂╡╕∆⁹☻Ⱨꜞ

◖fi ≢ ™╠╣≡™╢ 10/90 ─ │ ─ ♩ⱷfiכ⸗ ⌐ ╘≡ ↄ⁸+1.7%─

≢∆⁹╕√⁸ ↄ─ ⌐♪כ⸗ ⇔≡╙╟™ ⅜ ╠╣╢√╘⁸☻Ⱨꜞ◖fi ≢│

↓─ ╩ ⇔≡⅝≡™╕∆⁹ 

 

 /  % 

D4σX ISO 141.4 --- 

DkeX10/90 143.8 1.7 

DkeX16/84 ISO 151.9 7.4 

DkeX prog 141.3 -.01 

D%pk 149.2 5.5 

D%t 131.4 -7.1 

DepssX 95.4 ISO 129.4 -8.5 

Depsa 86.5 ISO 132.5 -6.3 

♠♇♫כ♪ ⱦכⱶ   

 

⌐⁸ ™╢ⱦכⱶ ⌐╟╡ ⅜ ⌂╢ ╩ ⇔╕∆⁹ⱦכⱶ⸗כ◕ꜝ│♪כꜟ

TEM10 ⸗⁹∆≢♪כ │ ─ ≤ ∂≢∆⁹DkeX prog ≢│ ╩ 1.75⌐ ⇔

╕⇔√⁹↓╣│ ∆╢ D4σ╩ ∆╢√╘≢∆⁹ 

ⱶכM² │ 3≢⁸ⱦ ─≢♪כ⸗─↓ │ 173.2μm (3-² x 100μm)≤⌂╡╕∆⁹ ⱦכⱶⱪ꜡

ⱨ□▬ꜟ│ ─╟℮⌐⌂╡╕∆⁹  
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 /  % 

D4σX ISO 173.2 --- 

DkeX10/90 186.8 7.9 

DkeX16/84 ISO 198.5 14.6 

DkeX prog 173.7 .28 

D%pk 123.3 -28.8 

D%t 154.3 -10.9 

DepssX 95.4 ISO 159.2 -8.1 

Depsa 86.5 ISO 164.5 -5.0 

  TEM10 ꜟכ◕ꜝ

 

≡─ ⱦכⱶⱷכ◌ ≡⇔≥ꜟ▬□ⱶ│.bgData ⱨכ꜠ⱨ♃כ♦ HDF5ⱨ◊כⱴ♇♩

≢ ↕╣╕∆⁹∕╣╠│Ɽ꞉כ/◄Ⱡꜟ◑ ⅜ ╦╣ 3
rd

 Ɽכ♥▫─♁ⱨ♩►▼▪⌐

↕╣⁸ ⌂╢ ⅜ ≤⌂╡╕∆⁹ ⌂Ⱬ♇♄ Ɽꜝⱷכ♃⅜ ╣⌂™ ♃כ♦⁸╡

⁸BeamGage┼─ ╖ ╖│ ≢∆⁹ 
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6   Ɽכ♥▫◦ꜛfi 

Ɽכ♥▫◦ꜛfi │ BeamGage ⱪ꜡ⱨ▼♇◦ꜛ♫ꜟ ≢◘ⱳ⁹∆╕™≡╣↕♩כ ↓─

⌐╟╡⁸◌ⱷꜝ ╩Ɽכ♥▫◦ꜛfi≤ ┌╣╢™ↄ≈⅛─◄ꜞ▪⌐Ɽכ♥▫◦ꜛfi≢

⅝⁸Ɽכ♥▫◦ꜛfi ≢∕╣∙╣ ⌐ ⅜≢⅝╕∆⁹Ɽכ♥▫◦ꜛfi╩ ™╢≤ Ɽכ

♥▫◦ꜛfi─ ↕╣√☿fi♩꜡▬♪ ─ ⌐ ⇔√ ⌂▪▬♥ⱶ─ ⅜ ↕

╣╕∆⁹Ɽכ♥▫◦ꜛfi╩ ™╢≤⁸ ─ ─ ⌐│ ╩ √⌂ↄ⌂╢▪▬♥ⱶ

⅜ ≡⅝╕∆⁹ 

6.1  Ɽכ♥▫◦ꜛfi─  ꜟכꜟ≥

ⱴ☻♃כ─Ɽכ♥▫◦ꜛfi│○ꜞ☺♫ꜟ─ ⱨ꜠כⱶ≢∆⁹ √⌐ ∆╢Ɽכ♥▫◦

ꜛfi│ⱴ☻♃כ Ɽכ♥▫◦ꜛfi ⌐ ╠╣╕∆⁹Ɽכ♥▫◦ꜛfi⅜ √⌐ ╠╣╢≤⁸

Ɽכ♥▫◦ꜛfi≤ⱴ☻♃כ Ɽכ♥▫◦ꜛfi⌐ ⇔≡ ─╟℮⌂ ⅜ꜟכꜟ⌂

↕╣╕∆  

¶ │ⱴ☻♃כ Ɽכ♥▫◦ꜛfi≢ ↕╣⁸ ≡─Ɽכ♥▫◦ꜛfi⌐ ↕╣╕

∆⁹  

¶ Ɽכ♥▫◦ꜛfi│ ⌐ ⅛ ≢⁸ ⌐ ⌐ ⅛╣╕∆⁹  

¶ Ɽכ♥▫◦ꜛfi│ 2D ⌐○꜠fi☺─▪Ɽ♅ꜗ≤⇔≡ ↕╣╕∆⁹ 

¶ Ɽכ♥▫◦ꜛfi│⁸3D ╛ 2D ⱶכ☼/ ⌐│ ↕╣╕∑╪⁹ 

¶ Ɽכ♥▫◦ꜛfi│○כⱣכꜝ♇ⱪ↕∑╢↓≤⅜≢⅝⁸ ™⌐ ╣ ⌐≢⅝╕∆⁹ 

¶ │ ⌐ ≈─Ɽכ♥▫◦ꜛfi─ ─╖⅜ ↕╣╕∆⁹ ↕╣√

Ɽכ♥▫◦ꜛfi│ ≢Ɫ▬ꜝ▬♩↕╣╕∆⁹ 

כ♃☻ⱴ♬ꜙ▪ꜟ▪Ɽ♅ꜗ│ⱴ≥♩כ○ ¶ Ɽכ♥▫◦ꜛfi⌐─╖ ↕╣⁸Ɽכ♥

▫◦ꜛfi ≢ ↕╣√ ⌐│ ╩ ╓⇔╕∑╪⁹ 

כ♃☻ⱴ│ꜟ♁כ◌ ¶ Ɽכ♥▫◦ꜛfi─╖≢ ⇔╕∆⁹  

¶ Ɽ꞉כ/◄Ⱡꜟ◑ │ ⌐ⱴ☻♃כ Ɽכ♥▫◦ꜛfi─♦כ♃⌐ ↕╣╕∆⁹  

ꜟⱣכ꜡◓│ ¶ ⱬכ☻≢ ⅎ╕∆⁹∆⌂╦∟⁸ ─Ɽכ♥▫◦ꜛfi

≢ / ⅜ ≢⅝╢ │ ≡─Ɽכ♥▫◦ꜛfi≢ / ⅜ ≢⅝╕∆⁹ 

6.2  Ɽכ♥▫◦ꜛfi ≤  

│ Ɽכ♥▫◦ꜛfi⌐ ⇔≡∕╣∙╣ ↕╣╕∆⁹ ⌐ ∆╢ │⁸☿fi♩꜡▬

♪╕√│Ⱨכ◒ ─ ≢⁸ Ɽכ♥▫◦ꜛfi ≢ ╦╣╕∆⁹ 

 

¶ Ɽכ♥▫◦ꜛfi⌐│ ⇔√ ⅜№╡╕∆⁹ 

¶ ≡─Ɽכ♥▫◦ꜛfi⅛╠─ │ ⌐◖Ⱨ⁹∆╕⅝≢כ 

¶ ∕╣∙╣─ ─fiꜛ◦▫♥כⱤ│ꜟכꜟ ⌐ ↕╣╕∆⁹ 

¶ Ɽכ♥▫◦ꜛfi ─☿fi♩꜡▬♪─ │Ɽכ♥▫◦ꜛfi ⌐ꜟⱩכ♥

≢∆⁹ 

¶ Ɽכ♥▫◦ꜛfi ─Ⱨכ◒ ─ │Ɽכ♥▫◦ꜛfi ⌐ꜟⱩכ♥

≢∆⁹ 

Ɽכ♥▫◦ꜛfi─ ≤ Ɽכ♥▫◦ꜛfi ≢ ╦╣╢ ─ │ ─ ⌐

⇔╕∆⁹ │☻כ◔─ ⱦכⱶ─●►☻ⱨ▫♇♩⅜ Ɽכ♥▫◦ꜛfi ≢ ╦╣╢

⌐ ↓╡╕∆⁹ 

  



  

BeamGage ꜚכ◙●▬♪ Document No: 50220-003      v6.11    10/3/2017 Page 123 

6.3  Ɽכ♥▫◦ꜛfi─  

≡─Ɽכ♥▫◦ꜛfi│ⱴ♬ꜙ▪ꜟ▪Ɽ♅ꜗ⅛╠ ╕╡╕∆⁹≤™℮─│⁸Ɽכ♥▫◦ꜛ

fi─ │ ╕√│ ≢⌂ↄ≡│⌂╠⌂™√╘⁸ⱴ♬ꜙ▪ꜟ▪Ɽ♅ꜗ⌐≡ ∆

╢ ⅜№╢⅛╠≢∆⁹Ɽכ♥▫◦ꜛfi│ ⌐ ↕╣╢ ⅜№╢√╘⁸ⱴ♬ꜙ

▪ꜟ▪Ɽ♅ꜗ─ │ ⌐ 0 ⌐ ⇔≡⅔ↄ ⅜№╡╕∆⁹ 

↕╣√ ─ ⌐ ∆╢▪Ɽ♅ꜗ─ ⅜ ≢№╣┌⁸ ╩ ─ ⌐ ⇔

≡ ↕™⁹↓╣│ ≢ ≢⅝╕∆⅜⁸☿fi♩꜡▬♪╩ ─ ⌐ ⇔√™ │⁸

∕─ ╩ ─ ⌐∆╢─⅜╟™≢⇔╞℮⁹ 

Ɽכ♥▫◦ꜛfi ⌐│ⱴ♬ꜙ▪ꜟ▪Ɽ♅ꜗ ╩ꜟכ♠ ™╕∆⁹ ⌂ ⌐ ⌂

⅝↕─▪Ɽ♅ꜗ╩ ⇔╕∆⁹ ─ ⌐ ⇔≡ ⌐ ↕∑╢⌐│ⱴ♬ꜙ▪ꜟ▪

Ɽ♅ꜗ ⱤⱠꜟ─ ╩ ™╕∆⁹ 
 

ⱥfi♩ ⌂ⱦכⱶ ─√╘⌐│▪Ɽ♅ꜗ╩ ⱦכⱶ ─ 2 ⌐ ⇔╕∆⁹  

 

Ɽכ♥▫◦ꜛfi ⱤⱠꜟ╩ ™≡▪Ɽ♅ꜗ╩Ɽכ♥▫◦ꜛfi⌐ ∆╢⌐│Ɽכ♥▫◦ꜛ

fi Ⱳ♃fi  ╩◒ꜞ♇◒⇔╕∆⁹ 

 

 
 

⌐☺fi⅜○꜠fiꜛ◦▫♥כⱤ√™≡∫⌂⌐כ꜠◓ ╦╡⁸Ɽכ♥▫◦ꜛfi ꜝⱬꜟ⅜

 ⌐ ╣╕∆⁹▪Ɽ♅ꜗ⅜Ɽכ♥▫◦ꜛfi⌐ ╦╢≤⁸ⱴ♬ꜙ▪ꜟ▪Ɽ♅ꜗ ◖fi♩꜡כ

ꜟ│ ⌐ ⅎ╕∆⁹ ─Ɽכ♥▫◦ꜛfi╩ ∆╢⌐│ ⌂ ╩ ⇔⁸ ⌂

≡─▪Ɽ♅ꜗ⅜ ↕╣╢╕≢ ╩ ╡ ⇔≡▪Ɽ♅ꜗ╩ ⌐⇔╕∆⁹ 

⌐⌂∫√ⱴ♬ꜙ▪ꜟ▪Ɽ♅ꜗ│⁸ ⌐ ↕╣√Ɽכ♥▫◦ꜛfi ⅛╠

∏╣≡ ╣╕∆⁹⇔√⅜∫≡⁸∕╣╩ ⇔™ ⌐ ╛ ⇔™ ─ ⅜ ≤

⌂╢≢⇔╞℮⁹ 

Ɽכ♥▫◦ꜛfi⌐│ P P1, P2, P3…⌂≥≢ ╕╢ꜝⱬꜟ⅜ ╡ ≡╠╣⁸ 12 ─Ɽכ

♥▫◦ꜛfi─ ⅜ ≢∆⁹  

™∫√╪ ↕╣╢≤⁸Ɽכ♥▫◦ꜛfi│ ≢⅝╕∑╪⁹⇔√⅜∫≡⁸ ⌐│ ⌂

⅜ ≢∆⁹ ─√╘─ ─ │⁸™∫√╪ ⇔≡ ∆╢↓≤≢∆⁹

Ɽכ♥▫◦ꜛfi─ │⁸Ɽכ♥▫◦ꜛfi╩ Ɽכ♥▫◦ꜛfi Ⱳ♃fi  ╩◒

ꜞ♇◒⇔≡ ™╕∆⁹ 

Ɽכ♥▫◦ꜛfi ꜝⱬꜟ│ꜚכ◙≢ ≢⅝╕∆⁹╕∏⁸ ⇔√™Ɽכ♥▫◦ꜛfi╩

⇔╕∆⁹  

   ╩   ⌐  

⇔™ꜝⱬꜟ ╩ ⇔ Enter ╩ ⇔╕∆⁹ 

 

⇔™Ɽכ♥▫◦ꜛfi ⅜⁸Ɽכ♥▫◦ꜛfi ꜝⱬꜟ≤⇔≡Ɽכ♥▫◦ꜛfi⅜№╢ ≡─

⌐ ↕╣╕∆⁹ꜝⱬꜟ │ ™ ⅜ ≢⇔╞℮⁹Ɽכ♥▫◦ꜛfi╩∆═ⅎ ∂

⌐∆╢↓≤│≢⅝╕∆⅜⁸ꜞ☻♩ ≢│ ⌐ ⅜⌂↕╣≡™╕∆⁹ 

 

Ɽכ♥▫◦ꜛfi─ ≤ ⅝↕│ ─╟℮⌐ ↕╣╕∆  
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↓↓≢⁸X, Y │Ɽכ♥▫◦ꜛfi─ ⁸W, H │ ≤ ↕≢∆⁹ 

 

ⱥfi♩ Ɽכ♥▫◦ꜛfi ╩ ⌐☿♇♩∆╢⌐│ X, Y ╩ ≢ ↕╣╢

 ⁹∆╕⇔כⱩꜟ⌐◖Ⱨכ♥

6.4  Ɽכ♥▫◦ꜛfi─  

≢│ ⌐ ≈─Ɽכ♥▫◦ꜛfi≢─ ⅜ ↕╣╕∆⁹↓─ │☻Ɑ

─☻כ ⌐╟╢╙─≢⁸ ─Ɽכ♥▫◦ꜛfi⅜ ↕╣≡™╢≤ ─√╘⌐│

╙∫≤ ↄ─☻Ɑכ☻⅜ ⌐⌂╡╕∆⁹ Ɽכ♥▫◦ꜛfi─ │Ɽכ♥▫◦ꜛfi

ⱤⱠꜟ≢ ℮⅛⁸ ─ ≢ ™╕∆⁹ 

─ │Ɽכ♥▫◦ꜛfi P2─ ≤∕╣⌐ ∆╢ ⱨ꜠כⱶ≢∆  

 
 

↕╣√Ɽכ♥▫◦ꜛfi│ ≢Ɫ▬ꜝ▬♩ ↕╣╕∆⁹ Ɽכ♥▫◦ꜛfi─ │

ꜟכ꜡♩fi◖≢◙כꜚ ≢∆⁹ ─ │ⱴ►☻≢ ℮⅛⁸Ɽכ♥▫◦ꜛfi

⌐ ╣╢ ╩ ™≡ ≢ ⇔╕∆⁹ 

╩ ℮⌐│ Ⱳ♃fi╩◒ꜞ♇◒⇔╕∆⁹ ↕╣√Ɽכ♥▫◦ꜛfi ─

─╟℮⌂ ⅜ꜟⱩכ♥ ↕╣╕∆⁹♅▼♇◒Ⱳ♇◒☻≢ ₁─Ɽכ♥▫◦ꜛfi

─ ON/OFF⅜ ≢⅝⁸ ─ ─ ⅜ ≢⅝╕∆⁹  
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Ɽכ♥▫◦ꜛfi ╩Ɽכ♥▫◦ꜛfi ⌐ ↄ↓≤│≢⅝╕∑╪⁹ 

6.5  Ɽכ♥▫◦ꜛfi─  

Ɽכ♥▫◦ꜛfi─ ╙ ⌂ ─ ≈│⁸ ─ⱦכⱶ☻ⱳ♇♩ ≤ ─

№╢™│☻ⱳ♇♩ ─ ╩ ℮╙─≢∆⁹↓╣│ ⁸ Ɽכ♥▫◦ꜛfi─

☻ⱳ♇♩ ☿fi♩꜡▬♪ ╕√│Ⱨכ◒ ─ ⅛╠ ╩ ╘╢↓≤≢ ╦╣╕∆⁹↓─

╩ ⌐ ℮√╘─ √⌂ ⅜ ↕╣≡⅔╡⁸♦ꜟ♃ ☿fi♩꜡▬♪⁸♦ꜟ♃ Ⱨ

◒כ ≥ꜟⱩכ♥ ┌╣╕∆⁹∕╣╠│ ≢─ ╕√│X, Y ≤─ ≢ ↕╣╕

ꜟⱩכ♥⁹∆ ─ │⁸ Ɽכ♥▫◦ꜛfi≢─ ⅛╠ ─∆═≡─Ɽכ♥▫◦ꜛfi

≢─ ╩ ™√╙─≢∆⁹ 

│☿◒◦ꜛfi 6.4≢ ↕╣√ Ɽכ♥▫◦ꜛfi≢─Ⱨכ◒ ─ ╩ ⇔√

╙─≢∆⁹ 

 
 

6≈─ ─ ⅜ ≢⁸ │ ⌐ ≠⅝ ╦╣╕∆   

1. ☿fi♩꜡▬♪ ─  

2. X ─☿fi♩꜡▬♪  

3. Y ─ ☿fi♩꜡▬♪  

4. Ⱨכ◒ ─  

5. X ─Ⱨכ◒  

6. Y ─Ⱨכ◒  

 

─ ⱨ◊כⱴ♇♩│⁸ ○ⱪ◦ꜛfi≢ ⌐ ↕╣√╙─≤ ∂≤⌂╡

╕∆⁹ │ 2.6.3.1 ╩ ™╕∆⁹ 

Important: ≡─ X/Y♦ꜟ♃ │ ≢ ↕╣ ⁸BeamGage─ ─ ≤│

⇔╕∑╪⁹ ≢ ─№╢ ╩ ╢√╘⌐⁸ ⁸ ⁸

⌂≥─ │ ⌐⇔≡⅔⅝╕∆⁹ ⅜ ≢№∫≡╙

│ ╩ ↑╕∑╪⁹ 

6.6  Ɽכ♥▫◦ꜛfi≤꜡◓ 

Ɽכ♥▫◦ꜛfi≤ ⌐ ╩꜡◓∆╢≤⁸ Ɽכ♥▫◦ꜛfi─꜡◓│∕╣∙╣ ─꜡◓ⱨ

□▬ꜟ⌐ ↕╣╕∆⁹ 

Click on the Logging control panelôs Log Results   drop down to see a list of 
partitions to enable for logging. When statistics are enabled they will appear at the 
end of the log file in the normal fashion.  

6.7  Ɽכ♥▫◦ꜛfi─  

≡─ ⅜Ɽכ♥▫◦ꜛfi ≢ ⅎ╢╦↑≢│⌂™─≢⁸™ↄ≈⅛─ ╛ │

─╟℮⌐ ─№╢╙─≤│⌂╡╕∑╪⁹™ↄ≈⅛─ ╩↔ ⇔╕∆⁹ 
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6.7.1 Ɽכ♥▫◦ꜛfi≤◌כ♁ꜟ/  

2D ╛ 3D ⱷ▬fi ╛ꜟ♁כ◌─ │ⱴ☻♃כ Ɽכ♥▫◦ꜛfi≢╙ ⅝

⅝ ≢⅝╕∆⁹↓╣│⁸ ⌐Ɽכ♥▫◦ꜛfi╩ ⇔√ ≤ ≢∆⁹ ♪כ⸗

⅜Ⱨכ◒⅛☿fi♩꜡▬♪─ ≢№╣┌⁸Ɽכ♥▫◦ꜛfi─ ♁כ◌∏╠╦⅛⅛⌐

הꜟ ─ │ ⅜ꜗ♅ⱴ♬ꜙ▪ꜟ▪Ɽ╛♩כ○⁹∆≢ ⌐⌂∫≡™╣┌⁸

─▪Ɽ♅ꜗ ⌐ꜟכꜟ ™╕∆⁹▪Ɽ♅ꜗ╩ הꜟ♁כ◌⁸⇔ ─

╩ ─ ⌐ ∆╢⌐│ⱴ♬ꜙ▪ꜟ≢ ℮⇔⅛№╡╕∑╪⁹ 

6.7.2 ⱦכⱶⱪ꜡ⱨ□▬ꜟ≢─Ɽכ♥▫◦ꜛfi 

ⱦכⱶⱪ꜡ⱨ□▬ꜟ ⅜ ↕╣≡™╢ │⁸1 ⅜ꜟ♁כ◌─ ≡─Ɽכ♥▫◦

ꜛfi⌐ ≤⌂╡╕∆⁹⅜⁸ ≡─Ɽכ♥▫◦ꜛfi⅜ ⌐ ∫≡⅝╣™⌐

↕╣≡™⌂ↄ≡⁸ ╛ ⇔╟℮≤∆╢╙─⅜ ╣≡™╢≤ ™≠╠ↄ⌂╢≢⇔

╞℮⁹ 

ⱪ꜡ⱨ□▬ꜟ─ │ⱷ▬fi─ ≤ ⌂╡⁸ Ɽכ♥▫◦ꜛfi ⌐◖Ⱨכ│↕╣╕

∑╪⁹ⱪ꜡ⱨ□▬ꜟ─☿◒◦ꜛfi╩ ⇔⁸ ╩ ꜟ♁כ◌ ─ ⌐ ∆╢↓

≤⅜≢⅝╕∆⁹⇔⅛⇔ ⱪ꜡ⱨ□▬ꜟ ⌐ ⇔≡⁸ ⅜↑∞ꜟ♁כ◌─

≤⌂╡╕∆⁹ 

6.7.3 Pointing Stability≢─Ɽכ♥▫◦ꜛfi 

Ɽכ♥▫◦ꜛfi⅜ ≤⌂∫≡™╢ ⁸Pointing Stability ─ ╙ ╠╣╕∆⁹⅜⁸

─ⱪ꜡♇♩╛ │ⱴ☻♃כ Ɽכ♥▫◦ꜛfi─ ⌐ ⇔≡ ╦╣╕∆─≢⁸

─Ɽכ♥▫◦ꜛfi╩ ∆╢↓≤│≢⅝╕∑╪⁹ 

ⱴ♬ꜙ▪ꜟ▪Ɽ♅ꜗ╩Ɽכ♥▫◦ꜛfi↕╣√ ─ ≈⌐ ∆╣┌⁸ ─

╩ ≈─ ⌐ ∆╢↓≤⅜≢⅝╕∆⁹⇔⅛⇔⁸∕╣⌐╟╡ ≡─ⱴ☻♃כ ╙

≈─ ⌐ ╠╣⁸Ɽ꞉כ/◄Ⱡꜟ◑ ╛ ⱨ꜠כⱶ⸗♬♃⅜ ⌐⌂╡╕∆⁹ 

6.7.4 ⱥ☻♩◓ꜝⱶ≢─Ɽכ♥▫◦ꜛfi 

─☿◒◦ꜛfi≢ ═√╟℮⌐ⱥ☻♩◓ꜝⱶ │ⱴ☻♃כ Ɽכ♥▫◦ꜛfi─

⌐ ⇔≡─╖ ╦╣╕∆⁹ⱴ♬ꜙ▪ꜟ╕√│○כ♩▪Ɽ♅ꜗ╩ ∆╢≤ⱥ☻♩◓

ꜝⱶ─ ⅜↕╠⌐ ↕╣⁸ ─ⱴ☻♃כ ⌐ ╩ ⅎ╕∆⁹ 
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7   ◌☻♃ⱶ  

 

BeamGage ⱪ꜡ⱨ▼♇◦ꜛ♫ꜟ⌐│◌☻♃ⱶ │◙כꜚ⁸≢─∆╕╡№⅜ ─

ⱪ꜡◓ꜝⱶ╩ ⌐ ∆╢↓≤⅜≢⅝╕∆⁹◌☻♃ⱶ ╩ ⇔ↄ ℮⌐│ ™ ☻

◐ꜟ⅜ │◙כꜚ⁸≢─∆╕╡⌂≥ ─ ╩ √⇔≡™╢↓≤⅜ ≢∆  

Ç ◖fiⱧꜙכ♃ ◘▬◄fi☻⁸◖fiⱧꜙכ♃ ◄fi☺♬▪ꜞfi◓ │ ─ ≢─

BS ─  

Ç Microsoft Visual Basic, C++, C#⌂≥≢─ⱪ꜡◓ꜝⱶ  

Ç ☻Ⱨꜞ◖fi ◌☻♃ⱶ ♪◐ꜙⱷfi♩ ( 7.1 ) ─ ⁹ ⅛╣≡™╢

⅜ ≢⅝⌂™ ⁸◌☻♃ⱶ │ ╦⌂™≢ ↕™⁹ 

7.1 ♪◐ꜙⱷfi♩ 

◌☻♃ⱶ ─ │ html ⅛╠ ≢⅝╕∆⁹html ≢│⁸◌☻♃ⱶ ⌐ ∆╢

≡─▬fi♃כⱨ▼כ☻╛ ┼─ ⅜ ≢∆⁹BeamGage ◌☻♃ⱶ ⌐│

ꜞfi◒⅛╠▪◒☿☻≢⅝╕∆  Custom Calculations Documentation 

 

№╢™│ ♩♇◌♩כꜛ◦─כꜙ♬ⱷ♩כ♃☻  

 
Start, All P rograms, Spiricon Documentation, BeamGage Custom Calculations  
 

  
  

file:///C:/Program%20Files/Spiricon/BeamGage%20Professional/Custom%20Calculations/Documentation/index.html
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8 fiꜛ◦כⱷ♩כ○   ▬fi♃כⱨ▼כ☻ 

 

BeamGage ⱪ꜡ⱨ▼♇◦ꜛ♫ꜟ≢│ .Net fiꜛ◦כⱷ♩כ○≢ ▬fi♃כⱨ▼כ☻⅜

ⱶכⱦ◙כ꜠│◙כꜚ⁸≢─∆╕╣↕ ≢─ BeamGage─ ╩ ⇔√ ‘◌☻♃

ⱶ ▪ⱪꜞ◔כ◦ꜛfi’ ╩ ≢⅝╕∆⁹BeamGage ○כ♩ⱷכ◦ꜛfi ▬fi♃כⱨ▼כ☻╩

ⅎ┌⁸♁ⱨ♩►▼▪ fiꜛ◦כⱷ♩כ○│ ▬fi♃כⱨ▼כ☻≤⇔≡ ╠╣≡™╢

─“ⱤⱭ♇♩ ☻♩ꜞfi◓” ╩ ⇔≡ⱪ꜡◓ꜝⱶ ≢ BeamGage╩◖fi♩꜡⁹∆╕⅝≢ꜟכ

fiꜛ◦כⱷ♩כ○ ▬fi♃כⱨ▼כ☻│ BeamGage≢ ╠╣√ ╩ ⇔≡⁸ ⌂╢

╩ ℮ⱪ꜡◓ꜝⱶ ─√╘─ ╩ ⌐ ↕╣╕⇔√⁹↓─ ╩ ⅎ┌ /

⁸╩ꜟכ◗─≢ ↄ ⌐⁸⇔⅛╙ ─ ◖☻♩≢ ∆╢↓≤⅜≢⅝╕∆⁹ 

fiꜛ◦כⱷ♩כ○  8.1 ─√╘─☻◐ꜟ 

─ ⅛╠☻Ⱨꜞ◖fi ≢│⁸BeamGage─╟℮⌂ ꜛ◦כⱷ♩כ○⅜◙כꜚ─

fi ╩ ⇔ↄ ℮⌐│⁸ ⌂◖fiⱧꜙכ♃ ⱪ꜡◓ꜝⱴ≤ ꜠ⱬꜟ─☻◐ꜟ⅜ꜚ

⌐◙כ ≢№╢↓≤╩ ⇔≡™╕∆⁹≤│™ⅎ⁸ ─꜠ⱬꜟ⌐ ∆╢⌐│∕╣⌂╡

─ ⅜ ≢∆⁹☻Ⱨꜞ◖fi ◓ⱦ☻⅔╟┘◄fi☺♬▪ꜞfiכ◘─ ⌐│⁸ ⌂

⌂Ᵽ♇◒◓ꜝ►fi♪⅜ fiꜛ◦כⱷ♩כ○∏╠╦⅛⅛╙⌐™ ▬fi♃כⱨ▼כ☻

─ ╩ ↑√ ₁⅛╠─ ™ ╦∑⅜ ↄ№╡╕⇔√⁹∕↓≢⁸↓─ ─ ╩↓⌂

∆√╘⌐ ⌂☻◐ꜟ⌐≈™≡ ─●▬♪ꜝ▬fi╩ ⇔╕⇔√⁹ 

 

LabView≤─▬fi♃כⱨ▼כ☻: 

Ç .NET ⱪ꜡◓ꜝⱶ ╩ ⇔≡™╢⁹ 

Ç ○כ♩ⱷכ◦ꜛfi ≢⁸ ╕√│ ♫◦ꜛ♫ꜟ ▬fi☻♠ꜟⱷfi♩ ─ 

LabView ─ VI─ ╛ ─ ⅜№╢⁹ 

Ç ☻Ⱨꜞ◖fi fiꜛ◦כⱷ♩כ○─ ♪◐ꜙⱷfi♩  8.4 ╩ ⇔⁸

≢⅝╢↓≤⁹ ≢⅝⌂™ fiꜛ◦כⱷ♩כ○│ ⌐ ╦╢═⅝≢│№╡╕

∑╪⁹ 

 

Visual Basic (VB), C++, or C#≢ ⅛╣√ⱪ꜡◓ꜝⱶ≤─▬fi♃כⱨ▼כ☻: 

Ç ◖fiⱧꜙכ♃ ◘▬◄fi☻⁸◖fiⱧꜙכ♃ ◄fi☺♬▪ꜞfi◓≢ ─ ╩

⇔≡™╢⅛ ─꜠ⱬꜟ≢№╢↓≤⁹ 

Ç Microsoft Visual Studio ─ ⁸♦Ᵽ♇◓ ╩ꜟכ♠ ™√ ─ ⅜3

№╢↓≤⁹ 

Ç Microsoft Visual Basic ╛ C++⁸C#⌂≥≢─ⱪ꜡◓ꜝⱶ ⅜ ╘╠╣≡™╢↓≤⁹ 

Ç .NET ⱪ꜡◓ꜝⱶ ─Ᵽ♇◒◓ꜝ►fi♪⅜№╢↓≤⁹ 

Ç ☻Ⱨꜞ◖fi fiꜛ◦כⱷ♩כ○─ ♪◐ꜙⱷfi♩  8.4 ╩ ⇔⁸

≢⅝╢↓≤⁹ ≢⅝⌂™ fiꜛ◦כⱷ♩כ○│ ⌐ ╦╢═⅝≢│№╡╕

∑╪⁹ 

8.2  ☻Ⱨꜞ◖fi fiꜛ◦כⱷ♩כ○ ▬fi♃כⱨ▼כ☻─  

☻Ⱨꜞ◖fi ─ ™ fiꜛ◦כⱷ♩כ○│≢ ▬fi♃כⱨ▼כ☻╩ ∆╢√╘⌐ COM 

╛ ActiveX⅜ ™╠╣≡™╕⇔√⁹.NET─╟℮⌂ ─ ≢│↕╠⌐ ⇔√ ⅜

↕╣≡™╕∆⁹ ♩כ⸗ꜞ─ ─ ⌐╟╡⁸♪ⱷ▬fi ≢│ PC⅜ ≡ ∂

PC ⌐№╢⅛─╟℮⌂ ⅜ ↕╣≡™╕∆⁹⇔√⅜∫≡⁸BeamGage ╩ ─ ⁸
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⌐ ─ PC╩ ℮↓≤⅜≢⅝╕∆⁹.NET ≤ ═╢≤ COMꜞ⸗כ♩ ─ ╛

│ ⇔™√╘⁸BeamGage─○כ♩ⱷכ◦ꜛfi ▬fi♃כⱨ▼כ☻│ Microsoft

─ .NET ╩ ™≡ ↕╣╕⇔√⁹ ≡─ Any .NET ▪ⱪꜞ◔כ◦ꜛfi│ ⌐ ≢⅝⁸

BeamGage─◖▪ ⌐ ┘≈↑╢↓≤⅜≢⅝╕∆⁹ 

8.3   

BeamGage○כ♩ⱷכ◦ꜛfi ▬fi♃כⱨ▼2│☻כ≈─ ╩ ∆╢√╘⌐ ↕╣

╕⇔√⁹1≈ │⁸ⱪ꜡◓ꜝⱶ╩ ⇔≡ BeamGage╩ ™⁸ ╕≢◓ꜝⱨ▫◌ꜟ כꜚ

◙ ▬fi♃כⱨ▼כ☻(GUI) ≢ ∫≡™√ ╩ ℮↓≤≢∆⁹2≈ │⁸ ⇔⌂™

⇔√▬fi♃כⱨ▼כꜚ╩☻כ◙⌐ ∆╢↓≤≢∆⁹↓╣╠─ ╩ ∆╢√╘⌐│⁸

─╘√─ⱪ꜡◓ꜝⱶ│◙כꜚ ⅜ ⌐ ⅎ╠╣╢↓≤⅜ ≢∆⁹╕√⁸BeamGage

⌐ ⅜ ↕╣≡™↓≤╙ ≢∆⁹☻Ⱨꜞ◖fi ≢│ BeamGage─▪♇ⱪ◓꜠כ

♪─ ⁸ ⌂ ≢─ │ ╦⌂™╟℮⌐⇔≡™╕∆⁹⇔√⅜∫≡⁸BeamGage

fiꜛ◦כⱷ♩כ○─ ▬fi♃כⱨ▼⁸│☻כ▪ⱪꜞ◔כ◦ꜛfi─ ╩ ⇔√ ─▬

fi♃כⱨ▼כ☻≤⇔≡ ↕╣╕∆⁹↓╣╠─ ₁⌂▬fi♃כⱨ▼כ☻┼─▪◒☿☻│

AutomatedBeamGage⇔≡ ╠╣≡™╢◖fi◒ꜞכ♩ ◒ꜝ☻╩ ∆╢↓≤≢ ╦╣╕

∆⁹AutomatedBeamGage⅛╠ꜚכ◙│ BeamGage▪ⱪꜞ◔כ◦ꜛfi╩ ה ≢⅝

╕∆⁹ 

8.4  ♪◐ꜙⱷfi♩ 

fiꜛ◦כⱷ♩כ○ API ꜞⱨ□꜠fi☻│ html ≢ ≢⅝╕∆⁹html ꜞⱨ□꜠fi☻⌐╟

fiꜛ◦כⱷ♩כ○⁸╡ ─√╘─ ≡─▬fi♃כⱨ▼כ☻╛ ⌐▪◒☿☻≢⅝╕∆⁹

BeamGage○כ♩ⱷכ◦ꜛfi API │ ꜞfi◒⅛╠ ≢⅝╕∆  

Automation Documentation 

╕√│ 

♩כ♃☻─ ⱷ♬ꜙכꜛ◦─כ♩◌♇♩⅛╠ ≢∆: 
Start, All Programs, Spiricon Documentation, BeamGage Automation Interface 

 

8.4.1 ◘fiⱪꜟ 

LabView ≤ Visual Basic .NET ≢─ fiꜛ◦כⱷ♩כ○⌂ ▪ⱪꜞ◔כ◦ꜛfi─ ⅜

↕╣╕∆⁹ ─ꜞfi◒⌐╟╡⁸☻♥♇ⱪ Ᵽ▬ ☻♥♇ⱪ≢─ ⌂ ⅜ ≢

∆  

file:///C:/Program%20Files/Spiricon/BeamGage%20Professional/Automation/Documentation/index.html


  

BeamGage ꜚכ◙●▬♪ Document No: 50220-003      v6.11    10/3/2017 Page 130 

☿♇♩▪♇ⱪ (LabView) 

☿♇♩▪♇ⱪ (VB) 

 

8.4.2 LabView ◘fiⱪꜟ─  

TotalPeakExample ⅜ LabView VI≤ ⌐ ∟ ⅜╡╕∆: 

 

 
 

… ∕⇔≡ BeamGage⌐≈⌂⅜╡ ∟ →╕∆⁹BeamGage│ ⌐ ↕╣√☿♇

♩▪♇ⱪ ⱨ□▬ꜟ╩ ⌐ ∟ ⅜╡╕∆⁹ ♃כ♩⁸≥╢→⌂≈⌐☻כ♁⌂

ꜟⱤ꞉כ╛Ⱨכ◒ ⱨꜟ◄fi☻ ♩כꜗ♅⅜ ⌐ⱪ꜡♇♩↕╣╕∆⁹ 

START/STOP Ⱳ♃fi⌐╟╡ BeamGage─ ≤ ⅜◖fi♩꜡⁹∆╕⅝≢ꜟכ 

►ꜟ♩ꜝ◐ꜗꜟ Ⱳ♃fi│►ꜟ♩ꜝ◐ꜗꜟ ─ ╩◖fi♩꜡⁹∆╕⇔ꜟכ 

─ LabView ◘fiⱪꜟ≤ BeamGage╩ ∂╢⌐│ ⌐ ™╕∆  

1. Stop ServerⱲ♃fi╩◒ꜞ♇◒⇔ BeamGage╩ ∂╢⁹ 

2. VI╩ ∂╢⁹ 

Important: BeamGage│ Stop ServerⱲ♃fi≢ ∂⌂↑╣┌⌂╡╕∑╪⁹VI ⅜ ∂╠╣

╢≤ BeamGage│ ⌐ ∂╢↓≤⅜≢⅝⌂ↄ⌂╡╕∆⁹BeamGage ╩ 

Stop ServerⱲ♃fi≢ ∂╢ ⌐ VI╩ ∂≡⇔╕∫√ ⁸BeamGage ╩

∂╢⌐│ PC╩ꜞ☻♃⁹∆╕⇔♩כ 

Important: ○כ♩ⱷכ◦ꜛfi ◒ꜝ▬▪fi♩⅜BeamGage ╩ ∟ →√ ⁸

BeamGage ╩ ⇔ↄ ∂╢⌐│ ∂◒ꜝ▬▪fi♩⅜ ∂⌂↑╣┌⌂╡╕∑╪⁹

⇔√⅜∫≡⁸BeameGage│◒ꜝ▬▪fi♩⅜ ╩ ╢ ⌐ ∂╠╣╢

⅜№╡╕∆⁹◒ꜝ▬▪fi♩ ▪ⱪꜞ◔כ◦ꜛfi╩ ∆╢ ⁸↓─↓≤⌐

⇔≡ ↕™⁹ 

file:///C:/Program%20Files/Spiricon/BeamGage%20Professional/Automation/Documentation/labview_example.html
file:///C:/Program%20Files/Spiricon/BeamGage%20Professional/Automation/Documentation/vb_example.html
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9  ♩ꜝⱩꜟ◦ꜙכ♥▫fi◓ 

 

♩ꜝⱩꜟ◦ꜙכ♥▫fi◓  
   

 כꜝ◄

☺כ☿♇ⱷכꜝ◄  “☻Ⱨꜞ

◖fi ◖fi♁כ◘ꜟכⱦ☻⅜

≢⅝╕∑╪⁹” 

⅜☻ⱦכ◘ ⇔≡™╕∑

╪⁹ 

Spiricon.ConsoleService.exe

│ ≡─ BeamGage ⌐

 ⱦ☻≢∆⁹כ◘⌂

≢№╣┌⁸Windows◘כⱦ

☻ⱴⱠכ◘⌐╙≥≥ꜗ☺כⱦ☻

≡⇔♩כ♃☻ꜞ╩ ↕™⁹№╢

™│ PC╩ ⱦכ◘╠⅛≡⇔

≡∑↕♩כ♃☻ꜞ╩☻ ↕™⁹  

◖fi♁כ◘ꜟכⱦ☻─ ⱳ

⅜♩כ ↕╣≡™╢⅛Ⱪ꜡

♇◒↕╣≡™╕∆⁹ 

TCPⱳכ♩ 10100-11100 ⅜

≢№╢↓≤╩ ⇔≡ ↕

™⁹ ─▪ⱪꜞ◔כ◦ꜛfi≢

╦╣≡™╢ │
PortFinder.config.xml 

(BeamGage▬fi☻♩כꜟ ♦▫

꜠◒♩ꜞ⌐№╡) ╩ ™≡ⱳכ♩

꜠fi☺╩ ╩☻ⱦכ◘⅛╢∆

 ⁹∆╕⇔♩כ♃☻ꜞ

╩☻ⱦכ◘ ↕∑╢√╘─

⅜ ∫≡™╕∑╪⁹▬fi

⅜♪כ꜠◓ⱪ♇▪/ꜟכ♩☻

⇔ↄ ╦╣≡™⌂™

⅜№╡╕∆⁹ 

≡─ BeamGage ╩▪

fi▬fi☻♩⁸⇔ꜟכ Ᵽכ☺

ꜛfi╩▬fi☻♩⁹∆╕⇔ꜟכ 

☺כ☿♇ⱷכꜝ◄ ♃כ♦“ 

⅜☻כ♁ ≢⅝╕∑╪⁹” 

☻כ♁♃כ♦ כꜝ◄⌐

ⱷ♇☿כ☺⅜ ╣√ ⁸

BeamGage ≤◌ⱷꜝ─

⅜ ↕╣≡™╕∑╪⁹ 

○ⱨ▫כꜟ☺ꜗⱤfi╕≢⅔ ™

╦∑ ↕™⁹ 

☻כ♁♃כ♦ ⁸∆⌂╦

♃כ♦∟ ╛◌ⱷꜝ

⅜☺כ☿♇ⱷכꜝ◄⌐

╣√ ⅜☻כ♁♃כ♦⁸

◒ꜝ♇◦ꜙ⇔≡™╢ ⅜

№╡╕∆⁹ 

○ⱨ▫כꜟ☺ꜗⱤfi╕≢⅔ ™

╦∑ ↕™⁹ 
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♩ꜝⱩꜟ◦ꜙכ♥▫fi◓  
   

Ⱬꜟⱪ≢ ⇔√♩Ⱨ♇◒

⅜ Adobe Reader ≢ ⇔

ↄ ⅛╣⌂™⁹ 

Adobe Reader XI ┘∕╣

≢│“Protected Mode”≤

┌╣╢ ─√╘⁸

▪ⱪꜞ◔כ◦ꜛfi⅛╠ PDF 

♪◐ꜙⱷfi♩─Ⱪ♇◒ⱴכ◒

┼─▪◒☿☻⅜ ⇔ↄ ╦╣

⌂™ ⅜№╡╕∆⁹ 

Adobe reader─ ╩♪כ⸗

⌐⇔╕∆⁹ 

│  

http://www.ophiropt.com/laser-
measurement-instruments/beam-
profilers/knowledge-center/tech-
tips/beamgage-adobe-reader 

⅜ ╦╠⌂™ ⁸PC ≢

╩♪▬●◙כꜚ ⅝⁸Ⱬꜟⱪ ⅛

╠ ♩Ⱨ♇◒╩ ⇔≡ ↕

™⁹ 

SP ◌ⱷꜝ 

SP620U / SP503U 1◌ⱷꜝ

⌐ ≢⅝⌂™⅜⁸

BeamMaker /ⱨ□▬ꜟ◖fi

ꜟכ♁ │⌐☻כ♁♃כ♦

≢⅝╢⁹ 

◌ⱷꜝ⅜ ↕╣≡™⌂™

⅛⁸USB◔כⱩꜟ⅜ ⇔≡

™╕∆⁹ 

◌ⱷꜝ≤ PC─ ╩ ⇔≡

↕™⁹ 

♦Ᵽ▬☻⅜Windows♦Ᵽ▬☻ⱴ

Ⱡכ☺ꜗ≢ ↕╣≡™╢↓≤

╩ ⇔╕∆⁹  

USB 2.0 ⱳכ◔≥♩כⱩ

ꜟ⅜ ↕╣≡™╕∑╪⁹ 

◌ⱷꜝ⅜ USB 2.0 ⱳכ♩⌐

↕╣≡™╢↓≤⁸

⅜♪כ⸗ ⌐⌂∫≡™╢↓

⅜ꜟⱩכ◔⁸≥ USB 2.0 ♦

Ᵽ▬☻ ≢№╢↓≤╩ ⇔

╕∆⁹ 

∆╢►▼Ⱪ◌ⱶ⅜▬fi☻

 ⁹∆╕™≡╣↕ꜟכ♩

◦☻♥ⱶ BIOS≢►▼Ⱪ◌ⱶ╩

⌐⇔╕∆⁹ 

∕╣≢╙ ⅜ ⇔⌂™

⁸►▼Ⱪ◌ⱶ ♁ⱨ♩►▼▪/

♪ꜝ▬Ᵽ╩▪fi▬fi☻♩כꜟ⇔

╕∆⁹ 

http://www.ophiropt.com/laser-measurement-instruments/beam-profilers/knowledge-center/tech-tips/beamgage-adobe-reader
http://www.ophiropt.com/laser-measurement-instruments/beam-profilers/knowledge-center/tech-tips/beamgage-adobe-reader
http://www.ophiropt.com/laser-measurement-instruments/beam-profilers/knowledge-center/tech-tips/beamgage-adobe-reader
http://www.ophiropt.com/laser-measurement-instruments/beam-profilers/knowledge-center/tech-tips/beamgage-adobe-reader
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♩ꜝⱩꜟ◦ꜙכ♥▫fi◓  
   

Pyrocam ◌ⱷꜝ 

Windows 7 ≢ BeamGage

⅛╠ Pyrocam III⅜ ≈⅛╠

⌂™⁹ 

⌂ FireWire Bus Host 

Controller♪ꜝ▬Ᵽ⅜▬fi☻

  ⁹╪∑╕™≡╣↕ꜟכ♩

Pyrocam III ◌ⱷꜝ⌐│Windows 
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fi

 

 
 
 

 

         
P

PP f

ijij
max

-
=D  

10 ¢¢G , 1­G ⌐≈╣

│ ↄ⌂╢⁹ 

48 dx , dy ◓ꜞ♇♪      2 
 

3.1 ▪Ɽ♅ꜗ╩ ◓ꜞ♇♪⌐∆╢

√╘─♦▫♥◒♃ ─Ɽכ♥

▫◦ꜛfi⁹ 

49 Aij ◘Ⱪ ▪Ɽ♅ꜗ

 

    2 3.2 ◘Ⱪ ▪Ɽ♅ꜗ │ ⅜

≢∆⁹ 

50 LH      2 3.3 ◘Ⱪ ▪Ɽ♅ꜗ ╠⅛fiכꜞ◒☻

♦▫♥◒♃ ▪꜠▬╕≢─

⁹ 

51 dp Ⱨfiⱱכꜟ       2 3.5 Ɫꜟ♩ⱴfi ⱴ☻◒ ≢─ ─

 

52 NFr ⱨ꜠Ⱡꜟ      2 3.6 Ⱨfiⱱכꜟ ╩♦▫♥◒♃ ⌐

↕╣√☻ⱳ♇♩ ≢ ∫√

╙─⁹ 

ⱨ꜠Ⱡꜟ  

           
ij

x
Fr

d
N

r
=  

ρij = ☻ⱳ♇♩  

53 ρij ☻ⱳ♇♩      2 3.6 ☻ⱳ♇♩ │⁸ ⅜╡ ─

─Ⱶ♬ⱴⱶ ╕≢─ ≢

↕╣╕∆⁹  

Ⱨfiⱱכꜟ  

x

H
ij

d

L l
r =  

Ⱨfiⱱכꜟ  

p

H
ij

d

L l
r 22.1=  

54 βmax ♄▬♫Ⱶ♇◒

꜠fi☺  

    2 3.7 Ɫꜟ♩ⱴfi ☿fi◘─

⌂   

55 ws,rms ─

 y 

    2 3.8 ▪Ɽ♅ꜗ ⌐╦√╢

─  

56 w(x,y)      1 3.1.1  

57 wc(x,y)      1 3.4.2  
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1. ISO ≢│ 2≈─ⱦכⱶ / ⌐≈™≡ ⇔≡™╕∆

♪ꜟ◒כ◘ⱷfi♩≤◄fiכ⸗ ◄Ⱡꜟ◑⁹ ⱦכⱶ╩ ℮ ⁸◄fi◘

♪ꜟ◒כ │ ☻ꜞ♇♩ ⌐ ↕╣≡ ™╠╣⁸ ─●►◦▪fi

ⱦכⱶ⌐ ⇔≡│☻ꜞ♇♩⌐ ╕╣╢◄Ⱡꜟ◑─ 95.4%⅜ ♩ⱷfiכ⸗

⌐⌂╡╕∆⁹╕√ ⱦכⱶ╩ ℮ ⁸ ☻ꜞ♇♩─ │“

”≤⇔≡ ↕╣╕∆…11145 sec 3.5.1.╩ ⁹“ ” ─ ⅜

⅛⌂╡╝╢╛⅛⌂ ⁸ ⅛╠ ↕╣√ ⅜ ╦╡⌐ ™╠╣╢↓≤

⅜ ⅎ╠╣╕∆…11146-1 sec 7.2 ⁹ 

 

2. ♫▬ⱨ◄♇☺ │ 13694 sec 3.2.4 d⌐ ═╠╣≡™╕∆⁹ISO─♪

◐ꜙⱷfi♩≢│№╕╡ ↕╣≡™╕∑╪⅜⁸ ⇔ↄ ∆╣┌ ─№

╢ ≢∆⁹   

 

3. ⱦכⱶ ─ │ ⱦכⱶⱤ꞉כ/◄Ⱡꜟ◑ ≤│ ⌂╡

╕∆⁹ 
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B BeamGage Supported Cameras 

BeamGage supports a variety of cameras to best suit your measurement application. We 
will add support for new cameras as technology continues to evolve. This table displays all 
the cameras that are supported in BeamGage. Click on the model name to access the 
camera specifications. 

All of the cameras currently available have additional information provided in subsequent 
sections of this user guide. Please read over the information carefully before attempting to 
use the camera. 

 

Model  BeamGage 
Standard  

BeamGage 
Professional  

Section  

SP928 X X C.4 

SP907 X X C.4 

SP300 X X C 

LT665 X X C 

GeviCam X X D⁸ E 

L11059  X F 

SP928-1550 X X C.4 

SP907-1550 X X C.4 

LT665-1550 X X C 

Xeva XC-130  X G 

Pyrocam III  X X H 

Pyrocam III HR X X D⁸ I  

Pyrocam IV X X D⁸ I  
    

Legacy 
Products  

  
 

SP620 X X  

SP503 X X  

Gras20 X X  

SP620-1550 X X  

SP503-1550 X X  

Gras20-1550 X X  

 

http://bit.ly/OSI-SP928
http://bit.ly/OSI-SP907
http://bit.ly/OSI-SP300
http://bit.ly/OSI-LT665
http://bit.ly/GeviCam
http://bit.ly/L11059
http://bit.ly/OSI-SP928-1550
http://bit.ly/OSI-SP907-1550
http://bit.ly/LT665-1550
http://bit.ly/Xeva_XC-130
http://bit.ly/PyrocamIII
http://bit.ly/PyrocamIIIHR
http://bit.ly/PyrocamIV
http://bit.ly/SP620
http://bit.ly/SP503
http://bit.ly/Gras20
http://bit.ly/SP620-1550
http://bit.ly/SP503-1550
http://bit.ly/Gras20-1550
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C   USB 3.0◦ꜞכ☼ ◌ⱷꜝ  

C.1 Multi-tap Sensor Behavior 

The Sony ICX694 sensor in the LT665 and the ICX687 in the SP300 utilizes EXview HAD II 
CCD Multi Tap sensor technology. There are some differences in behavior from traditional 
single tap sensors that are worth noting.  
 

¶ Multi-tap sensors read out each tap individually and allow for fast er frame rates 
in CCD sensors. 

¶ Each tap has its own A/D converter and amplifier and thus must be factory 
matched. 

¶ Factory matching ensures a uniform background response for a wide variety of 
conditions. 

¶ A tap mismatch appears as a visible seam between taps. 
 
Slight mismatching is possible under some operational conditions but does not typically 
affect laser beam measurement. 
The color palettes available in BeamGage are designed to maximize visibility across the 
dynamic range of the sensor and can greatly exaggerate tap mismatching to the human eye. 
The significance of a tap mismatch on a beam measurement is a function of the delta of the 
intensity across the mismatch and the peak intensity of the beam.  
If conditions cannot be avoided that encourage a tap mis match, then adjusting the peak 
intensity of the beam to 80 -95% of saturation will ensure that the effect of the mismatch is 
statistically minimized. 

 
 

 

 

 

 

This section contains reference material that has been reproduced with minor modification as it was 

provided in The Benefits of Multi-tap Sensors by Lumenera Corporation. No assumption of copyright is made 
on such material; all rights are retained by the o riginal author.   
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C.2 LT665 ◌ⱷꜝ  

C.2.1 Supplied Accessories 

The LT665 is a quad-tap camera and is supplied with the following accessories: 

¶ 5 volt AC power adapter, 2 Amp minimum, Center Positive 

¶ Pre-wired 8-pin GPI/O cable (Hirose HR1824-ND adapter) 

o Pins 1 & 8 ï External Power, DC Coaxial socket: 2.1mm (ID) x 

5.5mm (OD) 

o Pins 6 & 7 ï External Trigger, SMA Bulkhead, Female 

o Pins 2, 3, 4, 5 ï Unused, Insulated, see reference tables 

C.2.2 External Trigger Control  

The LT665 camera is supplied with an external trigger input cable. The input to this 
cable should be a standard TTL level positive going pulse. The camera will trigger, and 
begin integrating light on the rising edge. A trigger pulse should be at least 5µs in 
duration.  
To operate in external trigger mode you must set this control to Trigger In . Select 
None  when operating in CW mode. 

C.2.3 GPI/O Connector Description1 

For all non-isolated GPO/GPI pins, the voltage swing is as follows: 

¶ For a LOW value: 0.0 to 0.1 V 
¶ For a HIGH value: 3.0 to 3.3 V 
¶ The typical forward current (If) is 20mA with maximum of 50mA.  

 

Figure 1: USB3.0 Camera front view of connector 

 

Figure 2: GPI/O cable wire color definition  
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C.2.4 Optically Isolated Inputs1 

The optically-isolated input pins are designed to operate from 5V to 24V at a typical 
current of 20mA and must not exceed 50mA. Greater input voltages are supported 
with use of an external resistor. When current flow from GPI1+ to GPI1 - it will be 
seen as a level 1 from the camera otherwise the camera will see it as a level 0. A 
simple usage is to apply the signal (active high) on GPI1+ and then have GPI1- 
connect to the ground plane of the input signal (illustrated below). In some 
applications the trigger may need to be active low, and then Vcc (5 -24V) from the 
trigger circuit should be applied at GPI1+ and the signal at GPI - as illustrated below. 
The internal resistor value on these pins is 820ǹ. Therefore, Vinput = (0.02 
A)*(820ǹ + Rexternal). 

  
 

C.2.5 Optically Isolated Outputs1 

The optically-isolated output requires an external resistor and biasing current. The 
current flow between collector and emitter should nominally be 20mA and must not 
exceed 50 mA. For example, for biasing with a 5V supply (output referenced to 5V), 
use a 220ǹ series resistor. For a 12V supply, use 560ǹ. There are 2 common 
configurations that can be used for outputs, active high or active low output signal. 
Active high output, will produce an output level to VCC when the LED in the opto-
coupler is on, alternatively for active low output, configure the GPO1 to output 0 
when the signal is active (illustrated below).  
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1Some sections above contain reference material that has been reproduced with minor modifications as it 
was provided in the Lumenera Cameras Userôs Manual Release 6.5 by Lumenera Corporation. All information 
is assumed to be accurate at the time of writing.  No assumption of copyright is made on such material, all 
rights are retained by the original author.  
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C.3 SP300 ◌ⱷꜝ  

C.3.1 Supplied Accessories 

The SP300 is a dual-tap camera and is supplied with the following accessories: 

¶ USB3.0 Certified Standard-A to Micro-B cable 

¶ Coax External Trigger Cable ï Hirose HR25-&TP-8P(72) to BNC 

o Pins 1 & 5 ï External Trigger, SMA Bulkhead, Female 

o Pins 2-4, & 6-8 ï Unused, see reference tables 

C.3.2 External Trigger Control  

The SP300 camera is supplied with an external trigger input cable. The input to this 
cable should be a standard TTL level positive going pulse. The camera will trigger, and 
begin integrating light on the rising edge. A trigger pulse should be at least 5µs in 
duration.  
To operate in external trigger mode you must set this  control to Trigger In . Select 
None  when operating in CW mode. 

C.3.3 GPI/O Connector Description 

The camera has an 8-pin GPIO connector on the back of the case; refer to the 
diagram below for wire color -coding. The connector is a Hirose HR25 8 pin connector 
with part number: HR25-7TR-8SA. The male connector is part number: HR25-7TP-
8P(72). For all non-isolated GPO/GPI pins, the voltage swing is as follows: 

¶ For a LOW value: 0.0 to 0.1 V 
¶ For a HIGH value: 3.0 to 3.3 V 
¶ The typical forward current (If) is 20mA with maximum of 25mA. 
 

 
Figure 3: SP300 front view of connector and Pin-out Definition  

 
This section contains reference material that has been reproduced with minor modifications as it was 
provided in the Point Grey Grasshopper3 U3 Technical Reference by Point Grey Research, Inc. All 
information is assumed to be accurate at the time of writing. No assumption of copyright is made on such 
material, all rights are retained by the original author.  
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C.4 SP907 and SP928 Camera Specifications 

C.4.1 Supplied Accessories 

The SP907 and SP928 are single tap cameras and are supplied with the following 
accessories: 

¶ USB3.0 Certified Standard-A to Micro-B cable 
¶ Coax External Trigger Cable ï JST BM09B-NSHSS-TBT to BNC 

o Pins 7 & 9 ï External Trigger, SMA Bulkhead, Female 

o Pins 1-6 & 8 ï Not connected, see reference table 

 

C.4.2 External Trigger Control  

The SP907 and SP928 cameras are supplied with an external trigger input cable. The 
input to this cable should be a standard TTL level positive going pulse. The camera 
will trigger, and begin integrating light on the rising edge. A trigger pulse should be at 
least 5µs in duration. 
To operate in external trigger mode you must set this control to Trigger In . Select 
None  when operating in CW mode. 

C.4.3 GPI/O Connector Description 

The camera has a 9-pin GPIO connector on the back of the case; refer to the diagram 
below for wire color -coding. The header connector is JST part number BM09B-NSHSS-
TBT and the wire plug connector is JST part number NSHR-09V-S. The wire contacts 
are SSHL-003T-P0.2. 

 

 
Figure 4: SP907 and SP928 front view of connector and Pin-out Definition  

 
 

This section contains reference material that has been reproduced with minor modifications as it was provided in the 
Point Grey Chameleon3 U3 Technical Reference by Point Grey Research, Inc. All information is assumed to be accurate at 
the time of writing. No assumption of copyright is made on such material; all rights are retained by the original author.  
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D Gig-E ◌ⱷꜝ  

D.1 Gig-E ◌ⱷꜝ 

 

Important:  Gig-E ◌ⱷꜝ╩ ∆╢ ⁸↓↓≢ ═╢ ⌐ ∫≡ BeamGage⌐

⇔ↄ ∆╢ ⅜№╡╕∆⁹ 

 

Gig-E ◌ⱷꜝ⌐│◑●ⱦ♇♩▬כ◘Ⱡ♇♩ USB 3.0 ▪♄ⱪ♃≤ Cat6▬כ◘Ⱡ♇♩◔כⱩꜟ

⅜ ⇔≡™╕∆⁹ 

 

↕╣≡™╢╒≤╪≥─ Gig-E ♩♇◔fiⱲⱤꜗ☺│♪כ◌♩♇Ⱡכ◘כ▬ ⌂─≢

≢∆⁹⌂⅔⁸○ⱨ▫כꜟ ☻Ⱨꜞ◖fi≢│⁸☺ꜗfiⱲⱤ◔♇♩╩◘ⱳכ♩∆╢Ⱡ♇♩꞉כ◒

▬fi♃כⱨ▼כ◌☻כ♪╩ ™╣┌▬fi♥ꜟ PRO/1000 ◦ꜞכ◘כ▬─☼כⱠ♇♩ PCI-Express 

╩♩♇☿ⱪ♇♅8168/8111 ◒♇♥ꜟ▪ꜞ╛♪כ◌ ≈ PCI-Express/34 ◌כ♪⅜ ⌂ↄ ∆

╢↓≤╙ ⇔≡™╕∆⁹ 

 

PC ─ Gig-E ▬כ◘כⱠ♇♩ⱳכ♩─ 1≈╩ Gig-E ◌ⱷꜝ ≤⇔≡⅔ↄ↓≤╩ ⇔

╕∆⁹ ⁸BeamGage≢│☻♃fi♪▪꜡כfi≢꜡כ◌ꜟ◄ꜞ▪ Ⱡ♇♩꞉כ◒⌐

↕╣√◌ⱷꜝ│◘ⱳ⁹╪∑╕╣↕♩כ ⌐Ⱡ♇♩꞉כ◒ │ ↕╣╢ ≢∆⁹ 

D.2 ▬כ◘Ⱡ♇♩▪♄ⱪ♃─  

Important: ↓↓≢─ │ ─ ≢ ∫≡ ↕™⁹ 

◑●ⱦ♇♩▬כ◘Ⱡ♇♩ USB 3.0 ▪♄ⱪ♃─▬fi☻♩כꜟ⅔╟┘ │ ─ ╡≢∆⁹

⌂⅔⁸PC ─ ╙♩כⱠ♇♩ⱳכ◘כ▬ ≢№╡⁸ │≥∟╠⌐╙ ⇔≡

™╕∆⁹ 

Important: ─ PCI ☻♃▬ꜟ─ NIC ◌⁸│≡™≈⌐♪כ∕╣╠⅜ 66MHz ─Ᵽ☻

☻Ⱨכ♪≢ ⇔⌂↑╣┌⁸∕─ │ ⇔╕∑╪⁹33MHz─ ♪כ◌™

≢│ ⌂ ⅜ ╠╣╕∑╪⁹ 

⅜№╢╕≢│ ╩ ╣√╡◌ⱷꜝ╩ ⇔√╡⇔⌂™≢ ↕™⁹  

 

1. USB ◖Ⱡ◒♃╩ USB 3.0 ⱳכ♩⌐ ⇔╕∆ USB 3.0 ⱳכ♩┼─ ╩ ↄ ⇔╕

∆ ⁹USB 2.0ⱳכ♩╩ ⇔√ ⁸◌ⱷꜝ⅜ ⌐ ⇔⌂™ ⅜№╡╕∆⁹

⌂ↄ≤╙⁸◌ⱷꜝ─ │♩כ꜠ ⇔╕∆⁹ 

 

2. Windows─ⱪꜝ◓▪fi♪ⱪ꜠▬ ⌐╟╡⁸ ⇔™Ɫכ♪►▼▪ ♪ꜝ▬Ᵽ⅜ ╡ ≡

╠╣╕∆⁹   

 

3. NIC ≤♪ꜝ▬Ᵽ⅜▬fi☻♩כꜟ↕╣√╠♦Ᵽ▬☻ⱴⱠכ☺ꜗ╩ ⅝⁸Ⱡ♇♩꞉כ◒▪♄

ⱪ♃≢ ╩♪כ◌™⇔ ⇔╕∆⁹ ─ ≢│ ASIX AX88179 USB 3.0 to Gigabit 

Ethernet Adapter ⅜ ↕╣≡™╕∆⁹NIC≢│⌂ↄ⁸ ∏ ╩♪כ◌™⇔ ⇔≡

↕™⁹Ⱡ♇♩꞉כ◒─ ╩ ℮≤Ⱡ♇♩꞉כ◒┼─ │ ↕╣╕∆⁹ 
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4. ⇔™▪♄ⱪ♃╩♄Ⱪꜟ◒ꜞ♇◒⇔≡ⱪ꜡Ɽ♥▫ ╩ ⅝⁸♪ꜝ▬Ᵽ♃Ⱪ╩◒ꜞ♇◒

⇔╕∆⁹ ⅜№╣┌⁸Update Driver/ ♪ꜝ▬Ᵽ  Ⱳ♃fi╩ ∫≡ ─♪ꜝ▬Ᵽ

╩▬fi☻♩כꜟ⇔≡ ↕™⁹ 

5. Advanced / ▪♪Ᵽfi☻♃Ⱪ╩◒ꜞ♇◒⇔╕∆⁹Property / ⱪ꜡Ɽ♥▫ꜞ☻♩≢ Jumbo

╩ ╗ ╩ ⇔◒ꜞ♇◒⇔╕∆⁹ ⌂ ╩ ⇔╕∆ ⁹  
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 NIC ⅜☺ꜗfiⱲⱤ◔♇♩╩◘ⱳכ♩⇔≡™⌂™ │ Gig-E◌ⱷꜝ│ ≢⅝

╕∑╪⁹◘ⱳכ♩↕╣≡™⌂™ │▬fi☻♩כꜟ↕╣≡™╢♪ꜝ▬Ᵽ⅜ ™─≢⁸♪

ꜝ▬Ᵽ─ ╩ ∫≡ ↕™⁹  
 

6. OK╩◒ꜞ♇◒⇔╕∆⁹ 

7. ≢ NIC ─ │ ≢∆⁹ 

 

D.3 Gig-E ╩ BeamGage⌐  

≢ Gig-E ◌ⱷꜝ╩ PC ⅔╟┘ BeamGage⌐ ∆╢ ⅜ ™╕⇔√⁹◌ⱷꜝ─

BeamGage┼─ꜝ▬☿fi☻ │ ⌐ ╦╣≡™╕∆⁹  

Important: Gig-E ◌ⱷꜝ╩ √⌐▬fi☻♩כꜟ⇔√ NIC╩ ™≡ BeamGage⌐ ∆╢

⁸ │ ─ ─ ≢ ℮ ⅜№╡╕∆⅜⁸ │ ─ ⌐

≡ ≢⅝╕∆⁹ 

: 

1. BeamGage CD ≢⁸☺ꜗ◔♇♩─ ⌐ ™ BeamGage▬fi☻♩כꜟ╩ ⇔╕∆⁹  

2. ◌ⱷꜝ≤ NIC╩ Cat6 ◔כⱩꜟ≢ ⇔╕∆⁹ 

3. ≤◌ⱷꜝ╩ ⇔ AC ╩ ⌐ ⇔╕∆⁹ 

4. BeamGage ╩ ─ ≢ ∟ →╕∆⁹ 

ꜟ◌כ꜡≢Ⱪ♃☻כ♁ .5 ♦▫♥◒♃╩◒ꜞ♇◒⇔╕∆⁹ 

6. ◌ⱷꜝ─ ⅜ ≢ ─╟℮⌐ ↕╣╢↓≤╩ ⇔╕∆   

 (<IP address> / OSI_182000 #<ser nμm>) 
  (<IP address> / Pyrocam_IV #<ser nμm>) 

7. ◒ꜞ♇◒⇔≡◌ⱷꜝ╩ ⇔╕∆⁹ ⅜ ╦╢≤▬fi☻♩כꜟ ╩ ∆ ⅜

╣⁸ ─ ≤⌂╡╕∆⁹↓─☻♥♇ⱪ│ ⅜⅛⅛╡⁸PC⌐╟∫≡│ 5, 

6 ⅛⅛╢ ⅜№╡╕∆⁹15 ∫≡╙ ⅜ ╕╠⌂™ │ ⅜ ⇔≡

™╢ ⅜№╡╕∆⁹ 
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E Gevicam ◌ⱷꜝ  

E.1 Gevicam ◌ⱷꜝ─  

↓↓≢│ Gevicam◌ⱷꜝ⌐ ─◌ⱷꜝ ⌐≈™≡ ⇔╕∆⁹ ⌐≈™

≡│ ⱴ♬ꜙ▪ꜟ─ ─ ≢ ↕╣≡™╕∆⁹↓↓≢─ │ Gevicam ─

≡⌐ ╦╢╙─≢∆⁹ 

 

E.1.1 ⱨ꜠כⱶⱨ◊כⱴ♇♩   

Gevicam ≢│ ─ⱨ◊כⱴ♇♩⅜ⱦ♬fi◓ ○ⱪ◦ꜛfi ⅝≢ ╘ ↕╣≡™╕

∆⁹ │⁸ ⌂ⱨ꜠כ ◘▬☼≤ ∆╢ⱦ♬fi◓ ꜠ⱬꜟ╩ ⇔╕∆⁹ⱨ꜠

◓ⱦ♬fi│♩כ꜠ⱶכ ꜠ⱬꜟ⅜ ⅜╢⌐≈╣≡ ⅝ↄ⌂╡╕∆⅜⁸ⱦ♬fi◓ ⱨ◊כ

ⱴ♇♩⅜ ↕╣√ ⁸ Ⱨ◒☿ꜟ │ ⇔╕∑╪⁹  

 

 

ⱪ꜡◓ꜝⱶ≢◙כꜚ⁸│≢ ⌂ ROI │◘ⱳ⁹╪∑╕™≡╣↕♩כ ⌐

⅜☼כ♬ ╕╣┌⁸ │ ↕╣╕∆⁹ⱨ꜠כⱶ꜠כ♩│ 2≈ ↕╣≡™╕∆⁹

↓─℮∟ 7.5Hz ꜠כ♩│ 1064nm ─ CW YAG꜠כ◙⅔╟┘ 900-1100nm ─

─ ─ CW꜠כ◙⌐ ™╠╣╕∆⁹↓╣⌐╟╡⁸↓─ ≢ CCD◌ⱷꜝ⌐

⇔≡ ╠╣╢ ─ⱩꜟכⱵfi◓ ╩ ⌐ ⅎ╢↓≤⅜≢⅝╕∆⁹ 

 

Ɽꜟ☻⸗כ♪≢│ ♩ꜞ●╩ ™╕∆⅜⁸♩ꜞ●Ɽꜟ☻─♃▬Ⱶfi◓⅜ E.1.3

≢ ↕╣╢ ╩ √∆ ╡⁸↓─ ⅜ ≤⌂╢↓≤│№╡╕∑╪⁹ 

 

E.1.2 |◕▬fi|Ⱪꜝ♇◒꜠ⱬꜟ   

Gevicam ─ ⁸◕▬fi⁸Ⱪꜝ♇◒꜠ⱬꜟ─◖fi♩꜡כꜟ│ CCD♃▬ⱪ─◌ⱷꜝ≤

≢∆⁹ ≢♪כ⸗●ꜞ♩ ↕∑╢ ⁸ │ ≈─Ɽꜟ☻╩ ⌐

≢⅝╢ ↕⌐ ⇔╕∆⁹  

E.1.3 ♩ꜞ● ◖fi♩꜡כ  ꜟ  

◌ⱷꜝ─ ⌐│♩ꜞ● ─ BNC◖Ⱡ◒♃⅜ ™≡™╕∆⁹5V TTL ² 2 μsec ─

Ɽꜟ☻╩↓─◖Ⱡ◒♃⌐ ↕∑≡◌ⱷꜝ╩ ⅛╠♩ꜞ●⇔╕∆⁹  
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Ɽꜟ☻⸗כ♪≢─ ≢ ♩ꜞ●╩ ™╢ ⁸ⱨ꜠כⱶ꜠כ♩│  Max/♩כ꜠

Rate╩ ─☻ꜟⱤ●ꜞ♩│◙כ꜠⁹∆╕⇔ ∟ ⅜╡ ⅛╠  μsec ≢ ⇔

╕∆⁹ │Ɽꜟ☻ ⅜ ∆╢─⌐ ⌐ ∆╢≤ ⌐⁸◌ⱷꜝ⅜

╩ ∆╢ ⌐ ─Ɽꜟ☻╩ ⇔⌂™ ─ ↕⌐ ∆╢ ⅜№╡╕∆⁹↓

╣⌐╟╡⁸ ⇔≡Ɽꜟ☻╩ ∆╢↓≤⅜ ↑╠╣╕∆⁹ 

 

E.1.4 Ⱨ◒☿ꜟ   

◌ⱷꜝ⅜ⱨꜟ ≢♪כ⸗ ⇔≡™╢≤⅝│⁸ Ⱨ◒☿ꜟ ⅜ ⌐

⇔╕∆⁹►▫fi♪►⅜ ™≡™⌂™◌ⱷꜝ≢│Ⱨ◒☿ꜟ ⅜ ∆╢ ⅜ ↄ

⌂╡╕∆⁹ Ⱨ◒☿ꜟ⌐ ⇔≡ ≢⅝⌂™╟℮⌂ √⌂ ⅜ ⇔√ │⁸

◌ⱷꜝ╩☻Ⱨꜞ◖fi ⌐ ⇔⁸ ה ╩ ∫≡ ↕™⁹ √⌂ ⌐ ∆╢

│ Ⱨ◒☿ꜟ ⌐ ╖ ╕╣╕∆⁹ 
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F L11059◌ⱷꜝ  

F.1 L11059 ◦☻♥ⱶ ─   

L11059 ◌ⱷꜝ╩ ─ⱨꜟⱨ꜠כⱶ ≢ ℮ ⁸BeamGage ╩Windows 7⅛

Windows 10, 64 ⱦ♇♩ OS≢ 4GB ─ RAM ⱷ⸗ꜞ╩ ≈ PC ≢ ∫≡ↄ∞↕™⁹32 

ⱦ♇♩ OS ≢ ∆╢≤ ⅜ ⌐ ⇔⁸ⱨ꜠כⱶⱣ♇ⱨ□◘▬☼╩╦∏⅛ 2 - 4 ⱨ

⌐ⱶכ꜠ ⇔⌂↑╣┌⌂╡╕∑╪⁹╕√⁸ ∆═⅝Ⱨ◒☿ꜟ ⅜ ⌐ ™√╘ⱨ꜠כ

ⱶ ≥♩כ꜠ ╙ ↄ⌂╡╕∆⁹ 

 

ROI ⅜ ↕™ ╛ⱦ♬fi◓⸗כ♪─ ≈≢ ↕∑╢ │ⱨ꜠כⱶ№√╡

─Ⱨ◒☿ꜟ ⅜ ⌂ↄ⌂╢─≢⁸32 ⱦ♇♩ OS ≢─ │ ⇔ↄ ⇔╕∆⁹∕─

≢╙⁸RAM ⱷ⸗ꜞ╩ 3GB ⌐∆╢↓≤╩ ⇔╕∆⁹ 

F.2 LBA-USB ⅛╠ BeamGage┼─▪♇ⱪ◓꜠כ♪ 

L11058 ≤ L230 ─◌ⱷꜝ╩ ™╢ BeamGage v5.5─ꜞꜞכ☻⌐ ™⁸Lumenera ♪ꜝ▬Ᵽ

⅜ √⌐ ↕╣╕⇔√⁹↓╣╠─ ⇔™♪ꜝ▬Ᵽ│ LBA-USB ≤ ⅜⌂™─≢⁸LBA-

USB ⌐ ™╠╣≡™√ ™♪ꜝ▬Ᵽ─ ⅜ ≤⌂╡╕∆  LBA-USB │ L11059⌂≥

─ Lumenera ☻♃▬ꜟ─◌ⱷꜝ⌐│ ≢⅝╕∑╪⁹LBA-USB─ ╩ ↑√™ │⁸

∕╣╩ ─ PC⌐ ∆⅛ BeamGage ╩ ─ PC⌐▬fi☻♩כꜟ∆╢ ⅜№╡╕∆⁹

BeamGage │Ɫ▬Ɽⱨ◊כⱴfi☻ PC≢─ ╩ ⇔≡ ↕╣≡™╕∆─≢▬fi☻♩

│ꜟכ LBA⅜ ≤∆╢ ─ ─ PC⌐ ∫≡ ↕™⁹ 

 

F.3 L11059 ─ ─  

11059 ◌ⱷꜝ⅜ ⌐ BeamGage⌐ ↕╣╢≤⁸ⱨ◊כⱴ♇♩│♦ⱨ◊ꜟ♩≤⇔≡ⱨꜟ

ⱨ꜠כⱶ 4x4 ⱦ♬fi◓⸗⁹∆╕╡⌂⌐♪כ↓─ │⁸ⱨꜟ─ 11ⱷ● Ⱨ◒☿ꜟ ≢♪כ⸗

─ ╟╡ ™☻Ⱨכ♪≢─ⱨ꜠כⱶ ⅜ ≤⌂╢╟℮⌐ ╦╣╢╙─≢∆⁹

BeamGage─ ─ ⌐ ╡╕∆⅜⁸↓─◌ⱷꜝ─ │ⱨꜟ │≢♪כ⸗ ⌐

ↄ⌂╡╕∆⁹↓─ⱦ♬fi◓⸗כ꜠⁸│≢♪כ◙─ ╛▪ꜝ▬ⱷfi♩⅔╟┘ ─

╩ ℮√╘─ ⅜ ↕╣≡™╕∆⁹ ⅜ ⇔√╠ ⌐ ∫≡ⱨ◊כⱴ♇

♩╩ ⇔ ╩ ™╕∆⁹ ⌐ ╩ ⇔╕∆⁹ 

F.4 L11059 ◌ⱷꜝ L11058 ⸗♦ꜟ  

11058MB │ ≤⌂╡⁸L11059M⌐ ⅝ ╦╡╕⇔√⁹√∞⇔⁸Lumenera⅜ ꜞ

☻♩⅛╠ ∆╢╕≢│ 11058MB─ │ ≢∆⁹BeamGage │ Lumenera─ 35mm

ⱨ◊כⱴ♇♩◌ⱷꜝ≢№╢ 11058M, 11058MB, 11059M ⌐ ⇔╕∆⁹11059M │

11058MB─ ⸗♦ꜟ≢⁸╟╡◖fiⱤ◒♩⌐⌂∫≡™╕∆⁹∕─ ─ │ 11058MB≤

∂≢∆⁹ 

F.5 L11059 BeamGage⅛╠─   

LBA ⅛╠ BeamGage ┼─▪♇ⱪ◓꜠כ♪⌐ ⇔≡│™ↄ≈⅛ ∆═⅝ ⅜№╡╕∆⁹

BeamGage⌐│™ↄ≈⅛─ ⅜ ↕╣≡™╕∆⅜⁸ ↕╣√ ╙№╡╕∆⁹ 

BeamGage ─ ╩ ∆╢⌐│⁸Source⁸Frame FormatⱤⱠꜟ╩◒ꜞ♇◒⇔╕∆⁹

⌐№╢ⱨ◊כⱴ♇♩╩◒ꜞ♇◒∆╣┌ ↕╣╢ⱨ◊כⱴ♇♩─ꜞ☻♩⅜ ⅝╕∆⁹  
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ꜞ☻♩│ ⌐ ⅝⌂╙─⌐⌂∫≡™╕∆⁹↕╠⌐⁸2x2, 4x4, 8x8 ⱦ♬fi◓⸗כ♪╩

⇔√ⱨꜟⱨ꜠כⱶⱨ◊כⱴ♇♩⅜№╡╕∆⁹↓╣╠─ⱦ♬fi◓⸗כ♪─ⱨꜟ ⱨ◊כ

ⱴ♇♩ ⱨ꜠כⱶ꜠כ♩│LBA─ ╟╡╙∏∫≤ ↄ⌂∫≡™╕∆⁹8x8 ⱦ♬fi◓⸗כ♪

≢│⁸◌ⱷꜝ│ 20fps ─☻Ⱨכ♦≢♪כ♃─ⱨꜟⱨ꜠כⱶ╩ ≢⅝⁸↓─ ─◌ⱷꜝ

≢│⁸ⱨꜟ ⱨ◊כⱴ♇♩─☻Ⱨכ♪│ ≢∆⁹╙∟╤╪ⱦ♬fi◓≢│Ⱨ◒☿ꜟ ─

│ ⇔╕∆─≢⁸ ≢─ ↕⌂☻ⱳ♇♩─ ⌐ ⅜ ╕∆⁹ 

BeamGage─ Ᵽכ☺ꜛfi≢│ꜚכ◙ ⌂ ROI─ ↕╣╕∆⁹ │ 

BeamGageꜚכ◙●▬♪─ ─ ROI ─☿◒◦ꜛfi╩ ™╕∆⁹ 

 

☻♩꜡Ⱳ ▪►♩│◘ⱳ⁹╪∑╕™≡╣↕♩כ 

ⱦ♬fi◓⸗כ♪≢ ∆╢ ─ ╒≤╪≥─◌ⱷꜝ⌐⅔™≡⁸ Ⱨ◒☿ꜟ │◘

ⱳ⁹╪∑╕╣↕♩כ⇔⅛⇔ 11059 ◌ⱷꜝ≢│⁸⅛⌂╡ ↕⌂ⱨ◊כⱴ♇♩ ─ ⌐

═ Ⱨ◒☿ꜟ⅜ ⌐ ↄ⌂╡╕∆⁹►ꜟ♩ꜝ◐ꜗꜟ ╩ ™╢≤ⱬכ☻ꜝ▬fi ⅜

ⅎ╕∆⅜⁸ ╩ ∫≡╙⁸⅝╠╘⅝╩ ∆╢ ⌂Ⱨ◒☿ꜟ│ ꜝfi♄ⱶ⌐ ╣╕∆⁹

∕╣╠─ ╩ ↄ∆ ─ │ⱴ♬ꜙ▪ꜟ▪Ɽ♅ꜗ╩ ™≡⁸∕╣╠─Ⱨ◒☿ꜟ╩

⅛╠ ∆╢↓≤≢∆⁹ ⁸ Ⱨ◒☿ꜟ⅜ ⌐ ⅝ↄ ∆╢↓≤│№╡╕

∑╪⅜⁸Ⱨכ◒ ꜠ⱬꜟ╛Ⱨכ◒ ─ ╩ ℮ ╛ ─Ⱨכ◒⌐ Ⱨ◒☿ꜟ⅜

╢ │ ⅜ ≢∆⁹ 

F.6 ♩ꜞ● 

L11059 ⅛╠♩ꜞ●≢⅝╕∆⁹◌ⱷꜝ⌐│ BNC◖Ⱡ◒♃ ♩ꜞ● ⅜ꜟⱩכ◔ ⇔≡

™╕∆⁹♩ꜞ● │ ─ TTL꜠ⱬꜟ≢ 5Vdc ꜡☺♇◒ ꜠ⱬꜟ─Ɽꜟ☻≤ ─╙─≤⌂

╡╕∆⁹Ɽꜟ☻ │ 5µs ≢№╢↓≤⅜ ≢∆⁹ 

 

≢♪כ⸗●ꜞ♩ ↕∑╢ ⁸ ⱨ꜠כⱶ꜠כ♩│ CW ≢─ ─ 1/2≤⌂╡╕∆⁹

ⅎ┌⁸ ∆╢◌ⱷꜝ─ CW ⸗כ♪≢─ⱨ꜠כⱶ꜠כ♩⅜ 20fps ≢№╣┌⁸ ♪כ⸗

≢│ 10fps ≤⌂╡╕∆⁹ 

 

│⌐♪כ⸗●ꜞ♩ ╙№╡╕∆─≢ ─Ɽꜟ☻ ─ ⅛╠Ɽꜟ☻─ ⅜ ≢∆⁹  

 

G XenICs InGaAs ◌ⱷꜝ  

G.1 XenICs XEVA ◌ⱷꜝ─  
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Important:  XenICs USB XEVA◌ⱷꜝ╩ ℮⌐│☻Ⱨꜞ◖fi ⅛╠ ↕╣╢ 

BeamGage≤ XenICs ⌐ ∆╢ Xeneth╩▬fi☻♩כꜟ∆╢ ⅜№╡╕∆⁹

▬fi☻♩כꜟ─ │ ≢∆⁹ 

 

XenICs CD ≢ ⌐ ™ Xeneth╩▬fi☻♩כꜟ⇔≡ ↕™⁹◌ⱷꜝ ♪ꜝ▬Ᵽ≤ Ɽ♇

◒ NUCⱨ□▬ꜟ⅜⌂™≤⁸XenICs ◌ⱷꜝ│ BeamGage≢ ⇔ↄ ⇔╕∑╪⁹XEVA◌

ⱷꜝ╩ Xeneth ≤ BeamGage≢ ⌐ ∆╢↓≤│≢⅝╕∑╪ ⁹. 

 

Warning:  BeamGage ╩ ⇔ↄ ↕∑╢⌐│ ⌂Ᵽכ☺ꜛfi─ Xeneth ╩▬fi☻

╢∆ꜟכ♩ ⅜№╡╕∆⁹XenICs CD ⌐│ Xeneth -Software ≤™℮ ─

ⱨ◊ꜟ♄⅜№╡⁸4 ≈─ Xeneth EXE ▬fi☻♩כꜟ ⱪ꜡◓ꜝⱶ⅜ ╕╣≡™╕

∆⁹32 ⱦ♇♩─ OS ⌐│ Xeneth -Setup -Advanced ╩⁸ 64 ⱦ♇♩ OS ⌐│

Xeneth -Setup -Advanced64 ╩▬fi☻♩כꜟ∆╢ ⅜№╡╕∆⁹ Xeneth -

Api -Setup ≤ Xeneth -Api -Setup64 │◌ⱷꜝ╩ ⇔ ╩♃כ♦ ∆╢√

╘─ⱪ꜡◓ꜝⱶ╩ ∆╢ ─√╘─╙─≢∆⁹ 
 

XEVA ◌ⱷꜝ─ │ BeamGage╩ ℮↓≤≢ ⌐⌂╡⁸ⱬ☻♩─ ⅜ ╠╣≡

™╕∆⁹InGaAs ╩ ™√◌ⱷꜝ≢│ ⌂ ╩ ╢√╘⌐│ ⌐ ↄ─ ⅜

≤⌂╡╕∆⁹XenICs◌ⱷꜝ│ ⌂ NUC ( ) ⱨ□▬ꜟ╩ ™╕∆⅜⁸∕╣╩

◌ⱷꜝ⌐♄►fi꜡כ♪∆╢ ⅜№╡╕∆⁹↓─ ⱨ□▬ꜟ│◌ⱷꜝ ⅛╠⁸∕╣∙

╣─◌ⱷꜝ ⌐ ↕╣╕∆⁹NUCⱨ□▬ꜟ⌐│◕▬fi⁸○ⱨ☿♇♩⁸ Ⱨ◒☿ꜟ

≤ ⌐⁸ ⁸◕▬fi⁸Ⱪꜝ♇◒꜠ⱬꜟ⁸ ⌂≥─ ⅜ ╕╣╕∆⁹

BeamGage─◖fi♩꜡כꜟⱤⱠꜟ⅛╠ ⌂ NUCⱨ□▬ꜟ╩ ≢⅝╕∆⁹ 

 

NUC ⱨ□▬ꜟ⌐│⁸TrueNUCⱨ□▬ꜟ≤ NUCⱨ□▬ꜟ⅜№╡╕∆⁹NUCⱨ□▬ꜟ│ 

Xeneth≢ ≢∆⁹NUCⱨ□▬ꜟ⌐│ .xca⅜ ⅝⁸ “ Ɽ♇◒” ╕√│ “◌ⱷ

ꜝ ”ⱨ□▬ꜟ≤╙ ┌╣╕∆⁹  XenICs≢│◌ⱷꜝ≤ ⌐ CD⅜ ↕╣╕∆⅜⁸↓─

CD⌐│ NUCⱨ□▬ꜟ≤ TrueNUCⱨ□▬ꜟ⅜ ╕╣╕∆⅜⁸ ⌐ Xeneth ╙ ╕╣╕∆

─≢⁸◌ⱷꜝ─♥☻♩╛ ⌐ ∂≡ NUCⱨ□▬ꜟ─ ⅜≢⅝╕∆⁹  

 

NUC ≤ TrueNUC Ɫ▬◕▬fi (HG) ≤ ꜡כ◕▬fi (LG)─ 2≈─◒ꜝ☻⌐ ↑╠╣╕∆⁹꜠

ⱶכⱦ◙כ ≢│Ɫ▬◕▬fi NUCⱨ□▬ꜟ⅜ ╙╟ↄ ™╠╣╕∆⁹Ɫ▬◕▬fi NUC

ⱨ□▬ꜟ≢─ │ ⌐╟ↄ⁸꜡כ◕▬fi NUCⱨ□▬ꜟ≢─ │ ™≢

∆⁹ 

 

TrueNUCⱨ□▬ꜟ≢│ ™ ⌐ ⇔≡Ⱨ◒☿ꜟ ⅜ ⌐ ╦╣╕∆⁹

TrueNUC_HG ⱨ□▬ꜟ│ BeamGage≢ ∆╢↓≤╩ ⇔╕∆⁹ 

 

─ NUCⱨ□▬ꜟ│⁸∕─ ⌐ ≢№∫√ №╢™│∕╣⌐ ™ ─ ⌐

™╠╣╕∆⁹ ≢ ™╢≤⁸◌ⱷꜝ─ ⅜ ⇔╕∆⁹ 

G.1.1 X-Control XCA ⱨ□▬ꜟ╩ Xeneth⌐  

Warning:  X-Control NUC ⱨ□▬ꜟ│ BeamGage v6.0 ≢│ ≢⅝╕∑╪⁹ 

2013 10 ⌐ ↕╣√◌ⱷꜝ⌐ ⇔≡™╢ NUC ⱨ□▬ꜟ│ ⅜

≢∆⁹   
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⌐ ∫≡ X◖fi♩꜡כꜟ╩ XCAⱨ□▬ꜟ⌐ ⇔≡ BeamGage v6.0 ≢ ≢

⅝╢╟℮⌐⇔╕∆  

 

1. X-Control XCAⱨ□▬ꜟ╩  ñC:\Program Files\Xeneth\Calibrationsò⌐№╢ Xeneth 

Calibrationⱨ◊ꜟ♄⌐◖Ⱨ⁹∆╕⇔כ 

2. ◌ⱷꜝ─ ╩ ╣╢ ⌐ USB◔כⱩꜟ≢◌ⱷꜝ≤ PC╩ ⇔╕∆⁹ 

3. ◌ⱷꜝ─ ╩ ╣╕∆⁹ 

4. Xeneth ♁ⱨ♩╩ ↄ⁹ 

5. ◌ⱷꜝ╩ ⇔ñ ⌐ò ╩ñ(none)ò♃כ♦ ⇔╕∆⁹ 

6. ⱨ□▬ꜟ ⱷ♬ꜙכ≢ ñ ò╩ ⇔╕∆⁹ 

7. ∆╢ ⱨ□▬ꜟ╩ ⇔╕∆⁹ 

8. OK╩◒ꜞ♇◒⇔╕∆⁹ 

9. ⱷ♬ꜙכ≢ ñ ─♃כ♦ ò╩ ⇔╕∆⁹ 

10. Ɽ☻ ╩ ⇔╕∆⁹Ɽ☻│ ≢⁸ ⱨ◊ꜟ♄≢№╢ │№╡╕∑╪⁹ 

11. Xeneth╩ ╪∞ⱨ□▬ꜟ ╩ ⇔╕∆⁹ 

12. ╩◒ꜞ♇◒⇔╕∆⁹ 

13. Xeneth ♁ⱨ♩─Ᵽ◓⌐╟╡⁸ ↕╣√ ⱨ□▬ꜟ≢│◌ⱷꜝ─Ᵽ♇◒◓ꜝfi

♪ ⱡ▬☼⅜ ↕╣╢√╘⁸BeamGage─ AutoCal⅜ ≤↕╣ │ ⌂╙

─≤⌂╡╕∆⁹ ↓─ ╩ ∆╢⌐│ BeamGage≢─ ─√╘─ ╩

℮ ⅜№╡╕∆⁹  

 

 
 

a. BeamGage≤ ⌐▬fi☻♩כꜟ↕╣√ XEVA XCA ⱨ□▬ꜟ◖fiⱣכ♃╩ ⅝

╕∆⁹ 

i. Start Menu -> All Programs -> Spiricon Tools -> XEVA XCA 
File Converter  

 
b. Browse Ⱳ♃fi╩◒ꜞ♇◒⇔≡☻♥♇ⱪ 1─ Xeneth\Calibrations ♦▫꜠◒♩

ꜞ─ⱨ□▬ꜟ ♄▬▪꜡◓╩ ⅝╕∆⁹ 

c. Xeneth♁ⱨ♩≢ ╖─ NUCⱨ□▬ꜟ╩ ⇔╕∆⁹ 

d. OK╩◒ꜞ♇◒⇔╕∆⁹ 

e. Convert╩◒ꜞ♇◒⇔╕∆⁹ 

14. NUCⱨ□▬ꜟ⌐ ⇔≡☻♥♇ⱪ 6-13 ╩ ╡ ⇔╕∆⁹ 

 

BeamGage⌐ Ɽ♇◒╩ ╗ ⁸ ∏ Xeneth≢ ↕╣√ NUCⱨ□▬ꜟ╩ ⇔≡

↕™⁹X◖fi♩꜡כꜟ NUCⱨ□▬ꜟ╩ ╖ ╙℮≤∆╢≤◌ⱷꜝ ⱨ□▬ꜟ ♥◐☻♩

Ⱳ♇◒☻⌐ ñInvalid Calibration!/ │ !ò≤™℮◄ꜝכⱷ♇☿כ☺⅜ ↕╣╕∆⁹ 
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G.2 XEVA◌ⱷꜝ─  

≢ ═√♁ⱨ♩►▼▪─▬fi☻♩♩כꜟ⅜ ≡ ⇔√╠⁸ ╩ ⇔≡ ↕™   

1. ◌ⱷꜝ─ ╩ ╣╢ ⌐⁸◌ⱷꜝ-PC ─ USB ◔כⱩꜟ╩ ⇔╕∆⁹ 

2. ◌ⱷꜝ─ ╩ ╣╕∆⁹ 

3. BeamGage╩ ∟ →╕∆⁹ 

☻כ♁ .4  ⱤⱠꜟ≢꜡כ◌ꜟ ♦▫♥◒♃╩◒ꜞ♇◒⇔⁸◌ⱷꜝ╩ ⇔╕∆⁹◌ⱷꜝ

─ꜝ▬☿fi☻◐כ─ ⅜ ↕╣╕∆⁹ 

◌ⱷꜝ⅜○ⱨ▫כꜟ ☻Ⱨꜞ◖fi ⅛╠ ↕╣√╙─≢№╣┌⁸ꜝ▬☿fi☻◐כ

│ ╖≤⌂∫≡™╕∆─ 4 -5│ ⇔≡ ↕™⁹  

5. BeamGage CD ╕√│◌ⱷꜝ⌐№╢◌ⱷꜝ─ꜝ▬☿fi☻◐כ╩ ⇔╕∆⁹ │

◌ⱷꜝ╩ ∆╢ ≡─ PC≢ ℮ ⅜№╡╕∆⁹ 

☻כ♁ .6 ☿꜠◒♃≢ⱨ□▬ꜟ◖fi♁כꜟ ⌐ ⅝⁸ ꜟ◌כ꜡ ♦▫♥◒♃⌐ ╡╕

∆⁹ 

7. ◌ⱷꜝ⅜ ⱶכ꜠ⱨ♃כ♦⁸⇔ ⅜ ╕╡╕∆⁹ 

 Ⱳfi≢ ☻♩♇ⱪⱲ♃fi╩◒ꜞ♇◒⇔╕∆⁹ꜞ☻כ♁ .8

9. ◌ⱷꜝ ⱨ□▬ꜟⱤⱠꜟ⌐ ⅝⁸♪꜡♇ⱪ ♄►fi─ ╩◒ꜞ♇◒⇔╕∆⁹ 

10. Ⱪꜝ►☼…╩ ⇔╕∆⁹ 

11. ─ⱨ◊ꜟ♄⌐ ⅝╕∆:  C:\Program files\Xeneth\CalibrationPacks\ 

12. TrueNUC_HG ╩ ╗.xcaⱨ□▬ꜟ ╩◒ꜞ♇◒⇔⁸ ↄ╩ ⇔╕∆⁹ 

13. ╕∞ ≤⌂∫≡™⌂↑╣┌ ▪▬♥ⱶ╩♅▼♇◒⇔╕∆⁹ 

☻כ♁ .14 ♃Ⱪ─☻♃⁹∆╕⇔◒♇ꜞ◒╩♩כ 

15. ◌ⱷꜝ│⁸ ⇔ↄ ─ⱶכ꜠ⱨ♃כ♦√╣↕ ╩ ⇔╕∆⁹Ⱪꜝ♇◒꜠ⱬꜟ

─ⱬכ☻ꜝ▬fi│ ⅜∫≡™╕∆⁹ 

16. ╘ ↕╣≡™╢ │ 17  ̄C≢∆⁹ ─ ╖⅜↓─ ⌐ ∟ ↄ╕≢

∟╕∆⁹  . 

17. ⅜ ⇔√╠◌ⱷꜝ╩ ⅛╠ ⇔⁸►ꜟ♩ꜝ◐ꜗꜟ╩ ⇔╕∆⁹ 

18. CW ꜠כ◙─ ⅜≢⅝╕∆⁹ 

─◙כ꜠ .19 ╛⇔  ─ │ ≢∆⅜⁸ ╩ ⇔√ │ ∏►

ꜟ♩ꜝ◐ꜗꜟ╩ ∆╢ ⅜№╡╕∆⁹ 

 

Important:  XEVA ◌ⱷꜝ╩ ╡ ∆ ⁸ ⌐◌ⱷꜝ─ ╩ ╡⁸ ⌐ USB ◔

╩ꜟⱩכ ⇔≡ↄ∞↕™⁹ 

 

Warning:  XEVA◌ⱷꜝ≢│ USB ◔כⱩꜟ─ ╡ ⇔⌐ ⇔≡─Ᵽ◓⅜ ╠⅛⌐⌂∫

≡™╕∆⁹∕╣⌐╟╡◌ⱷꜝ─ⱨ□כⱶ►▼▪⅜◒ꜝ♇◦ꜙ⇔╕∆⁹ꜞ☻♃כ♩

↕∑╢⌐│ ⅛╠ ╩ ╡ ↕⌂↑╣┌⌂╡╕∑╪⁹USB◔כⱩꜟ╩ PC⌐

∆╢≤⁸BeamGage╩ ∟ →⌐│◌ⱷꜝ─ꜝ▬☿fi☻◖כ♪─ ⅜ 

↕╣╕∆⁹ XenICs  ≢│↓─Ᵽ◓─ │ ╦⌂™≤─↓≤≢∆⁹  

 
 

 Xeneth≢ ↕╣√◌☻♃ⱶ NUCⱨ□▬ꜟ│ BeamGage≢ ⇔ↄ ⇔╕∆⁹  
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G.3 XenICs XEVA ◌ⱷꜝ  

↓↓≢│ XenICs XEVA ⌐ ⌂◖fi♩꜡כꜟ ⌐≈™≡ ═╕∆⁹ ⌐≈™≡│⁸

ⱴ♬ꜙ▪ꜟ─ ─ ≢ ═╠╣≡™╕∆⁹”Ⱬꜟⱪ” │ XEVA ─ ≡─ ≢

≢⅝╕∆⁹ 

G.3.1 ⱨ꜠כⱶⱨ◊כⱴ♇♩   

─○ⱪ◦ꜛfi⅜ ↕╣≡™╣┌⁸ ⌐ ∆╢ │╒≤╪≥№╡╕∑╪⁹

The XEVA ◌ⱷꜝ│ⱦ♬fi◓╩◘ⱳ⁸√╕⁹╪∑╕™≡⇔♩כ │ l 320X256 

≤ ↕™─≢⁸ROI ─ │∕╣╒≥ ↄ№╡╕∑╪⁹↓─◌ⱷꜝ╩◘ⱳכ♩

∆╢ BeamGage ─ ꜟכ꜡♩⁸ROI │№╡╕∑╪⁹ROI ◖fi│≢☻כꜞꜞ─

┼─ ⅜ ╕╣┌ ◘ⱳכ♩↕╣╢↓≤╙№╡ ╕∆⁹ 

 

↓─◌ⱷꜝ│ 12ⱦ♇♩/Ⱨ◒☿ꜟ─⸗כ♪≢ ⇔╕∆⁹BeamGaged≢ №╢™

│◘ⱳכ♩↕╣≡™╢ XEVA◌ⱷꜝ │♪כ⸗ ╙ ↄ ™╠╣⁸100Hz─ⱨ꜠כⱶ

╩♩כ꜠ ∫≡™╕∆⅜⁸NUC≢│  90Hz⌐⌂╡╕∆⁹ ╩ ↄ∆╢ ⅜

│♩כ꜠⁸┌╣↑⌂ 90Hz⌐ ∆╢↓≤╩ ⇔╕∆⁹ 

G.3.2 |◕▬fi|Ⱪꜝ♇◒꜠ⱬꜟ   

│ TrueNUC ╕√│ NUC ⱨ□▬ꜟ≢ ╘ ↕╣≡⅔╡⁸◌ⱷꜝ─♄▬♫

Ⱶ♇◒꜠fi☺⅜ ↕╣ BeamGage≢─ ⅜ⱬ☻♩─ ≢ ⅎ╕∆⁹ꜚכ◙

⅜ ≢⅝╢─│ ∞↑≢⁸∕╣│ BeamGage ☿♇♩▪♇ⱪ ⱨ□▬ꜟ⌐

↕╣╕∆⁹ 

 

◖fi♩꜡כꜟ │ ─◌ⱷꜝ≤╒≤╪≥ ∂≢∆⁹ │Ⱶꜞ ≢ ↕

╣╕∆⁹ ≢♪כ⸗●ꜞ♩ ⇔≡™╢ ⁸ ─ │♩ꜞ●

≤⌂╡╕∆⁹ ─ NUC ⱨ□▬ꜟ TrueNUC≢│⌂™ ╩ ™≡™╢ ⁸

─ │≢⅝╕∑╪⁹ 

◕▬fi▬fi☺◔כ♃│ TrueNUC/NUC ⱨ□▬ꜟ⌐ ╘ⱪ꜡◓ꜝⱶ↕╣≡™╢ ⌐

™╕∆⁹ │Ɫ▬ ⅛ ꜡►≢∆⁹ 

Black Level ▬fi☺◔כ♃╙ TrueNUC/NUC fileⱨ□▬ꜟ⌐ ⇔√ ⌐ⱪꜞ☿♇♩↕

╣╕∆⁹ Xeneth ≢│⁸↓─ │ ADC Vin≤ ┌╣╕∆⁹↓↓≢─ │ ─√

╘─╙─≢∆⁹ 

ADC Vref▬fi☺◔כ♃╙ TrueNUC/NUC ⱨ□▬ꜟ⌐ ⇔√ ⌐ⱪꜞ☿♇♩↕╣╕

∆⁹ │↓↓⌐ ↕╣╕∆⅜⁸X-◖fi♩꜡כꜟ≢ ↕╣√ ─ ⅜ ≢∆⁹ 

G.3.3    

XEVA◌ⱷꜝ⌐│ ╩ ↕∑╢√╘─ ⅜№╡╕∆⁹InGaAs ♃▬ⱪ─

│ ⌐ ≢∆⁹ⱬכ☻ꜝ▬fi╩ ↕∑╢√╘⌐│⁸ ─

╩ ≤⇔⁸♦▫♥◒♃─ ≤∆╢ ⅜№╡╕∆⁹ │  300¯

◔ꜟⱦfi⌂─≢◌ⱷꜝ─ │ ⌐╟╡∕╣ ≤⌂╕∆─≢⁸ ≡─ TrueNUC
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ⱨ□▬ꜟ─ Cooling Temp │ ⌐ 17 C̄⌐ ↕╣╕∆⁹╙⇔ ⅜ ↄ⁸

ⅎ┌ 12 C̄─ ⁸XenICs ⌐◖fi♃◒♩⇔⁸ ╩ ↄ ⇔√ ⇔™

TrueNUC/NUCⱨ□▬ꜟ╩○כ♄כ⇔≡ ↕™⁹   

 

◌ⱷꜝ⌐│ ─ ╩ →╢√╘─ ⅜№╡╕∆⅜⁸◌ⱷꜝ─ ⅜

∆╣┌ ─ ⅜ ⅜╡╕∆⁹◌ⱷꜝ⅛╠─ Current Temp ─ ⌐╟╡⁸

⅜ ⇔ ╩♩ꜝ♇◐fi◓⇔≡™╢↓≤⅜╦⅛╡╕∆⁹ ≤◌ⱷꜝ⅛╠

─ ─ ⌐│ ⅜ ∂╕∆⁹↓─ │ TrueNUC/NUC ⱨ□▬ꜟ⌐≡ ≢⅝╕∆⁹   

G.3.4 ◌ⱷꜝ ⱨ□▬ꜟ   

XEVA⌂≥─ InGaAs ◌ⱷꜝ╩ ⇔ↄ ∆╢√╘⌐│⁸◌ⱷꜝ ⱨ□▬ꜟ╩◌ⱷ

ꜝ⌐♄►fi꜡כ♪∆╢ ⅜№╡╕∆⁹ⱨ□▬ꜟ│◌ⱷꜝ─ ⌐ ∫√╙─≢⌂↑

╣┌⌂╡╕∑╪⁹◌ⱷꜝ⌐ ∆╢♁ⱨ♩►▼▪ Xeneth ⅜▬fi☻♩⁸≥╢╣↕ꜟכ

◌◄ꜝ NUCⱨ□▬ꜟ⅜ ⱨ◊ꜟ♄⌐◖Ⱨכ↕╣╕∆   

C:\Program files\Xeneth\CalibrationPacks\... 

↓─ⱨ◊ꜟ♄⌐│ 2≈ ─.xca NUCⱨ□▬ꜟ⅜ ╕╣≡⅔╡⁸∕╣∙╣ ◌ⱷꜝ

─◦ꜞ▪ꜟ♫fiⱣכ⌐ ⇔≡™╕∆⁹ⱨ□▬ꜟ ⌐│⁸™≈∕╣⅜ ↕╣╢⅛╩

∆ ⅜ ╕╣≡™╕∆⁹LG ╛ HG ╩ ╗ⱨ□▬ꜟ│∕╣∙╣⁸꜡כ ◕▬fi/Ɫ

▬ ◕▬fi─ ⌐ ⇔√╙─≢∆⁹ 
 

NUC ⱨ□▬ꜟ╩ ╗⌐│⁸♪꜡♇ⱪ♄►fi─ ╩◒ꜞ♇◒⇔⁸ ─ⱨ◊ꜟ♄

⌐ ⇔╕∆⁹ ⌂ TrueNUC/NUC .xca ⱨ□▬ꜟ╩ ⇔ ↄ╩◒ꜞ♇◒⇔╕∆⁹ 

2 Ⱳ♇◒☻⅜ ⌐♅▼♇◒↕╣╕∆⅜⁸∕╣│ NUC ╩ ™∏⌐◌ⱷꜝ╩

∫≡╙ ⌂™√╘≢∆⁹↓─ ╩♅▼♇◒⇔⌂↑╣┌⁸NUC⌂⇔─ ─◌ⱷꜝ

─ ⅜ ⅛╢≢⇔╞℮⁹ 

↓─ⱨ□▬ꜟ │ ⱨ□▬ꜟ⌐ ↕╣⁸◌ⱷꜝ⅜ ↕╣√ ≢ ⱨ□▬ꜟ

⅜ ⅛╣╢≤ ⌐◌ⱷꜝ⌐ ↕╣╕∆⁹◌ⱷꜝ⅜ ↕╣≡™⌂↑╣┌ⱴ♬ꜙ

▪ꜟ≢ ℮↓≤⌐⌂╡╕∆⁹ 

 NUCⱨ□▬ꜟ╩ ™╢↓≤≢◌ⱷꜝ─ ⱨ꜠כⱶ꜠כ♩⅜ ≤↕╣╢

NUC ─ ⌐ ∂≡ ⇔╕∆⅜⁸ 10-20% ─ ≤⌂╡╕∆⁹ 

G.3.5 ♩ꜞ●    

XEVA ◌ⱷꜝ⌐│ ♩ꜞ● ⅜ꜟⱩכ◔ ─┼ꜟⱩכ◔─↓⁹∆╕™≡⇔

│ ─ TTS꜠ⱬꜟ─ ─Ɽꜟ☻≢ ™╕∆⁹◌ⱷꜝ⅜♩ꜞ●↕╣╢≤⁸Ɽꜟ☻─

∟ ⅜╡ ≢ ⅜ ↕╣≡™⅝╕∆⁹♩ꜞ● Ɽꜟ☻⌐│5us ─ ⅜

≢∆⁹ 

 

≢♪כ⸗●ꜞ♩ ↕∑╢ ⁸↓─ ╩♩ꜞ● ▬fi⌐⇔╕∆⁹╕√ CW⸗

─♪כ │ ⌂⇔≤⇔╕∆⁹ 
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H Ɽ▬꜡◌ⱶ III  

 

 BeamGage v5.5 ─ꜞꜞכ☻⌐╟╡Ɽ▬꜡◌ⱶ III │ 32 ⱦ♇♩≤ 64 ⱦ♇♩ 

Windows OS≢ ⅜ ≤⌂╡╕⇔√⁹ ∆╢ OS│ Windows 7⅛Windows 10≢
∆⁹ 

H.1 Ɽ▬꜡◌ⱶ III  

☻Ⱨꜞ◖fi ─Ɽ▬꜡◌ⱶ III ◌ⱷꜝ─ │ ─ CCD ╛ CMOS♦Ᵽ▬☻≤ ⌂╡╕∆

─≢⁸ ─◖fi♩꜡כꜟ ╩ ∫≡™╕∆⁹Ɽ▬꜡◌ⱶ⌐│☻♃fi♪▪꜡כfi ─

Windows ◖fi♁כꜟ ▪ⱪꜞ◔כ◦ꜛfi⅜ ⇔≡™╕∆⅜⁸Ɽ▬꜡◌ⱶ≢ ⌂ ⅔

╟┘ ⌂ ╩ √™─≢№╣┌⁸↓─♁ⱨ♩►▼▪∞↑≢ ≢∆⁹Ɽ▬꜡◌ⱶ ◖

fi♁כꜟ ▪ⱪꜞ◔כ◦ꜛfi│⁸Ɽ▬꜡◌ⱶ ♁ⱨ♩►▼▪CD≢ BeamGage☻♃fi♄כ♪

╩▬fi☻♩כꜟ∆╢ ⌐ ⌐▬fi☻♩⁹∆╕╣↕ꜟכ  

Important: Ɽ▬꜡◌ⱶ III ╩ ∆╢ ⌐ ─ ⱴ♬ꜙ▪ꜟ╩ ╖⁸Ɽ▬꜡◌ⱶ─ ╛
⌐≈™≡╟ↄ ⇔≡ ↕™⁹ 

Ɽ▬꜡◌ⱶ ◖fi♁כꜟ ▪ⱪꜞ◔כ◦ꜛfi│  

1. Ɽ▬꜡◌ⱶ─ ≡─ ╩ ≢⅝╕∆ ⁹ 

2. Ɽ▬꜡◌ⱶ ╩ ⇔⁸ ⌂ⱦכⱶ ─ ╩ ™╕∆⁹ 

3. Ⱨ◒☿ꜟ─ ╛◕▬fi ╩ ╩▫♥ꜞ▫♥כꜚ℮ ╪≢™╕∆⁹ 

4. Ɽ▬꜡◌ⱶ╩ LBA-PC ♁ⱨ♩►▼▪⌐ ⇔╕∆⁹ 

5. Ɽ▬꜡◌ⱶ╩M2-200 ♁ⱨ♩►▼▪⌐ ⇔╕∆⁹ 

6. BeamGage≤ ⌐ ∆╢↓≤│≢⅝╕∑╪⁹  

 

◖fi♁כꜟ ▪ⱪꜞ◔כ◦ꜛfi≢─BeamGage ─ │⁸ Ⱨ◒☿ꜟ ╛

◕▬fi ⌂≥─ⱷfi♥♫fi☻ ─╖⌐ ™╢↓≤≢⁸BeamGage≢ ↕╣ ⅝

ⅎ╠╣╕∆⁹ 

 

│Ɽ▬꜡◌ⱶ III ─◖fi♩꜡כꜟⱤⱠꜟ≢№╡⁸∕─ ─ ⅜ ↕╣≡™╕∆⁹∆

≢⌐◖fi♁כꜟ≢Ɽ▬꜡◌ⱶ╩ ⇔√↓≤⅜№╣┌ ╣≡™╢⅛╙⇔╣╕∑╪⁹ 

 

 
 

    ♅ꜛ♇ⱪ(CW) vs Ɽꜟ☻  CW⸗כ♪≢ ∆╢ ⁸

Ɽ▬꜡◌ⱶ III ≢│ ─ ♅ꜛ♇Ɽ⅜ ™╠╣╕∆⅜⁸♅ꜛ♇Ⱨfi◓ ∙╣⧵│♩כ꜠

╣ 24.3Hz ≤ 48.5Hz≢∆⁹ ╩ ↄ∆╢√╘⌐│⁸ ⌐ 48Hz≢─ ╩ ⇔╕

∆⁹24Hz│⁸ ◕▬fi≤ⱨ꜠כⱶ ╩ ™≡⁸ ⌐ ꜠ⱬꜟ─ ™ ╩ ∆

╢ ⌐─╖ ⇔╕∆⁹ 

Ɽꜟ☻⸗כ♪≢ ∆╢ ⁸Ɽ▬꜡◌ⱶ─♩ꜞ●│ ⅛╠ ™⁸Ɽꜟ☻ ╩ כ꜠─

◙Ɽꜟ☻ ╟╡ ↄ ⇔≡ ↕™⁹ 
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♩כ꜠   ♦▫☻ⱪ꜠▬⌐│ ─♅ꜛ♇Ɽ ⅛ ♩ꜞ●Ɽꜟ☻꜠כ♩⅜

Hz≢ ↕╣╕∆⁹ 

 

  ◖fi♩꜡כꜟ   Ɽꜟ☻ ≢♪כ⸗ ∆╢ ⁸Ɽ

▬꜡◌ⱶ─♩ꜞ●│ ⅛╠ ™⁸ ─ ╩ Ɽꜟ☻ ╟╡ ↄ ⇔≡ ↕

™⁹ ⌂ │ 50 ⅛╠ 12,800 us≢∆⁹ 

Important: ♅ꜛ♇ⱪ │≢♪כ⸗ │ ≢№╡⁸Ɽ▬꜡◌ⱶIII ─ ☿♇♩▪♇
ⱪ╛ Xⱨ▫⁹╪∑╕╡№│ꜗ♅כ 

ⱥfi♩ ╩ ⇔√ │ ∏►ꜟ♩ꜝ◐ꜗꜟ╩ ∆╢↓≤╩ ╣⌂™≢
↕™⁹   

 

   /꜡♇◒▬fi ☻ꜟⱤ   ♩כ꜠ fi▬◒♇꜡│≢♪כ⸗ כⱳ◘⅜♩כ꜠

♩↕╣≡™╕∆⁹↓╣│⁸♩ꜞ● ⅜♩כ꜠ ⌐ ⇔≡™≡ ⇔⌂™ ⌐─╖ ™

╠╣╕∆⁹↓─ ⌐╟╡♩ꜞ● ─ ⌐ ∆╢ ⅜⌂ↄ⌂╢─≢⁸Ɽ▬꜡◌ⱶ≢│

Ɽꜟ☻ ─◙כ꜠ ⅜╟╡ ↄ ⅎ╕∆⁹꜡♇◒▬fi╩ ∆╢≤⁸ ─♩ꜞ● ♩כ꜠

♩כ꜠│ ♦▫☻ⱪ꜠▬≢ ↕╣╕∆⁹ 
 

ⱥfi♩ ⌂ ⅜⌂™ ╡ ╩ ♪כ⸗ ∫≡ ↕™⁹ 

 

  ◕▬fi ◖fi♩꜡כ  ꜟ  Ɽ▬꜡◌ⱶ⌐│ⱦ♦○ ◕▬fi ◖

fi♩꜡⁸╡№⅜ꜟכ ─◙כ꜠ ⌐ ≢∆⁹♅ꜛ♇ⱪ≤Ɽꜟ☻≢│◖fi♩꜡כꜟ

⅜ ⌂╡╕∆⁹  

 

ⱥfi♩ ◕▬fi ╩ ⇔√ │ ∏►ꜟ♩ꜝ◐ꜗꜟ╩ ∆╢↓≤╩ ╣⌂™
≢ ↕™⁹ 

 

  Ⱨ◒☿ꜟ    ↓╣│Ɽ▬꜡◌ⱶ III≢─ Ⱨ◒☿ꜟ ─ On/Off╩

™╕∆⁹ Ⱨ◒☿ꜟ │♦ⱨ◊ꜟ♩≢│ On≢№╡⁸◖fi♩꜡כꜟ ◖fi♁כꜟ ▪ⱪꜞ

╩fiꜛ◦כ◔ ™≡Ɽ▬꜡◌ⱶ─ⱷfi♥♫fi☻╩ ℮ ╩ ™≡ ⌐ On⌐⇔╕∆⁹↓─

╩ ⌐∆╣┌⁸Ɽ▬꜡◌ⱶ⌐│ⱪ꜡◓ꜝⱶ↕╣√ BP ⱴ♇ⱪ⅜⌂™↓≤⅜ ↕╣╕∆⁹

Ɽ▬꜡◌ⱶ⌐│ⱪ꜡◓ꜝⱶ↕╣√ BPCⱴ♇ⱪ⅜Ɽꜟ☻⅔╟┘♅ꜛ♇ⱪ ⌐∕╣∙╣ ↕

╣≡™╕∆⁹ 

 

  ◕▬fi    ↓╣│Ɽ▬꜡◌ⱶ III─◕▬fi ─ On/Off╩ ™╕∆⁹◕▬fi

│♦ⱨ◊ꜟ♩≢│ On≢№╡⁸◖fi♩꜡כꜟ ◖fi♁כꜟ ▪ⱪꜞ◔כ◦ꜛfi╩ ™≡Ɽ▬꜡

◌ⱶ─ⱷfi♥♫fi☻╩ ℮ ╩ ™≡ ⌐ On⌐⇔╕∆⁹↓─ ╩ ⌐∆╣┌⁸Ɽ▬

꜡◌ⱶ⌐│ⱪ꜡◓ꜝⱶ↕╣√ GC ⅜⌂™↓≤⅜ ↕╣╕∆⁹Ɽ▬꜡◌ⱶ⌐│ⱪ꜡◓ꜝⱶ↕

╣√ GC ⅜Ɽꜟ☻⅔╟┘♅ꜛ♇ⱪ ⌐∕╣∙╣ ↕╣≡™╕∆⁹╒≤╪≥─Ɽ▬꜡◌ⱶ
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│ 48Hz ♅ꜛ♇ⱪ ◕▬fi ⅜▬fi☻♩כꜟ↕╣≡ ↕╣╕∆⁹Ɽꜟ☻ ◕▬fi

⅜▬fi☻♩כꜟ↕╣≡ ↕╣╢↓≤│╒≤╪≥№╡╕∑╪⁹ 
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I  Pyrocam IV ╛ IIIHR  

I.1 Pyrocam IV╛ IIIHR  

☻Ⱨꜞ◖fi ─Ɽ▬꜡◌ⱶ IV╛ IIIHR ◌ⱷꜝ─ │ ─ CCD╛ CMOS♦Ᵽ▬☻≤│

⌂╡╕∆─≢⁸ ⌂ ⅜ ≢∆⁹Ɽ▬꜡◌ⱶ III ≤ ⌂╡⁸Ɽ▬꜡◌ⱶ IV╛ IIIHR ⌐

│ Control Console│ ⇔≡™╕∑╪⁹Ɽ▬꜡◌ⱶ IV ╛ IIIHR ─ ≡─ │

BeamGage♁ⱨ♩⌐ ╕╣≡™╕∆⁹ ⅜Ɽ▬꜡◌ⱶ IV╛ IIIHR ─ⱤⱠꜟ≢∆  
 

 
 

 ♅ꜛ♇ⱪ (CW) vs. Ɽꜟ☻ CW ≢ ∆╢ ⁸Ɽ▬꜡◌ⱶ

≢│ ♅ꜛ♇Ɽ⅜ ™╠╣╕∆⁹♅ꜛ♇Ⱨfi◓ ≥ 25Hz│♩כ꜠ 50Hz⅜№╡╕∆⅜⁸

⇔™ ╩ ╢√╘⌐ 50Hz ╩ ⇔≡ ↕™⁹25Hz │⁸ ◕▬fi≤ⱨ꜠כⱶ

╩ ™≡ ⌐ ™ ╩♃כ♦ ∆╢ ⌐─╖ ⇔╕∆⁹ 

Ɽꜟ☻ ≢♪כ⸗ ∆╢ ⁸Ɽ▬꜡◌ⱶ│ ⅛╠♩ꜞ●↕╣╢ ⅜№╡⁸Ɽꜟ☻─

│ ◙כ꜠─ Ɽꜟ☻╟╡╙ ™ ⌐ ⇔╕∆⁹ 

─♩כ꜠ (Hz)│ ─♅ꜛ♇Ɽ ╕√│ ♩ꜞ● Ɽꜟ☻꜠כ♩╩ ⇔╕∆⁹  

 

◖fi♩꜡כꜟ  Ɽꜟ☻⸗כ♪≢─ ─ ⁸Ɽ

▬꜡◌ⱶ│ ⅛╠♩ꜞ●↕╣ ◖fi♩꜡כꜟ⅜ Ɽꜟ☻ ╟╡ ⅝⌂ ⌐ ↕

╣╢ ⅜№╡╕∆⁹ │ 50 ⅛╠ 65,535µs≢∆⁹ 

Important: ◖fi♩꜡כꜟ│♅ꜛ♇ⱪ │≢♪כ⸗ ≢∆⁹╕√Ɽ▬꜡◌ⱶ IV╛ IIIHR⌐

♩כ○│ ☿♇♩▪♇ⱪ╛○כ♩X │№╡╕∑╪⁹ 

ⱥfi♩  ╩ ⇔√╠►ꜟ♩ꜝ◐ꜗꜟ─ ╩ ╣⌂™≢ ↕™⁹  
 

◕▬fi ◖fi♩꜡כ  ꜟ Ɽ▬꜡◌ⱶ⌐│ⱦ♦○◕▬fi ◖fi

ꜟכ꜡♩ ⅜№╡⁸ ─◙כ꜠ ⌐ ≢∆⁹◖fi♩꜡כꜟ │♅ꜛ♇ⱪ⅔╟┘

Ɽꜟ☻⸗כ♪≢ ⌂╡╕∆⁹ 

 
ⱥfi♩  ◕▬fi ╩ ⇔√╠►ꜟ♩ꜝ◐ꜗꜟ─ ╩ ╣⌂™≢ ↕™⁹ 

 

Ⱨ◒☿ꜟ  Ⱨ◒☿ꜟ ╩ / ⌐⇔╕∆⁹ ♦ⱨ◊ꜟ♩│ò

ò≢∆─≢⁸ ⌐∕─ ╩ ∫≡ ↕™⁹↓─ ⅜ ⌐⌂╢≤ Ⱨ◒☿ꜟ ⱴ♇ⱪ

─ │≢⅝╕∑╪⁹╕√⁸ ↕╣╢ Ⱨ◒☿ꜟ ⱴ♇ⱪ │♅ꜛ♇ⱪ≤Ɽꜟ☻≢ ⌂╡

╕∆⁹ 

 
Ⱳ♃fi╩◒ꜞ♇◒⇔≡ Ⱨ◒☿ꜟ ⱴ♇ⱪ╩◌☻♃ⱴ▬☼≢⅝╕∆⁹  
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☻כ♁ √╕⁸⅛╢⅝≢⅜≥↓╢∆◒כⱪ≢│№≤≥─ↄ╠™─Ⱨ◒☿ꜟ╩ⱴכꜟ◓ ⌐

≥─ↄ╠™─Ⱨ◒☿ꜟ⅜ⱴכ◒↕╣√⅛⅜ ↕╣╕∆⁹ ≤ │≢ⱪכꜟ◓ Ɽ▬꜡◌

ⱶ─∕╣∙╣─ Ⱨ◒☿ꜟ ⱴ♇ⱪ╩ ꜟ♁כ◌⁹∆╕⇔ ⱴ╩ꜟ♁כ◌ⱪ≢│⁸כꜟ◓

♬ꜙ▪ꜟ ⅛Ⱨכ◒ ⌐ ⇔≡ Ⱨ◒☿ꜟ ╩ ⇔╕∆⁹X ≤ Y─ │ ꜟ♁כ◌─

─Ⱨ◒☿ꜟ ╩ ⇔╕∆⁹ 

Ⱨ◒☿ꜟ╩ꜞ☻♩⌐ ꜟ♁כ◌─   ╩Ⱨ◒☿ꜟ ꜞ☻♩⌐ ⇔╕∆⁹  

Ⱨ◒☿ꜟ╩ꜞ☻♩⅛╠    ↕╣√Ⱨ◒☿ꜟ╩Ⱨ◒☿ꜟ ꜞ☻♩─Ⱨ◒☿

ꜟ ♪꜡♇ⱪ♄►fi⅛╠ ⇔╕∆⁹ 

Ⱨ◒☿ꜟ ꜞ☻♩─ ╖   ─Ⱨ◒☿ꜟ ꜞ☻♩╩◌ⱷꜝ⌐ ⅝ ╖╕∆⁹ 

Ⱨ◒☿ꜟ ꜞ☻♩─ ╖  ◌ⱷꜝ⅛╠ ─Ⱨ◒☿ꜟ ꜞ☻♩╩ ╖╕∆⁹  

Ⱨ◒☿ꜟ ꜞ☻♩─◒ꜞ  ꜘ   ⱴכ◒↕╣√Ⱨ◒☿ꜟ╩ ꜞ☻♩⅛╠◒ꜞꜘ⇔╕∆⁹ 

Ⱨ◒☿ꜟ ♁ⱨ♩   BeamGage ♁ⱨ♩⌐ ╖ ╕╣√ Ⱨ◒☿ꜟ ╩

⌐⇔╕∆⁹ 

Ⱨ◒☿ꜟ ⱴ♇ⱪ   ꜞ☻♩⌐№╢Ⱨ◒☿ꜟ⌐ⱴכ◒╩ ↑╕∆⁹ 

 

Ⱨ◒☿ꜟ ♃▬ⱪ   ꜞ☻♩⅛╠Ⱨ◒☿ꜟ╩ ∆╢ ⁸ Ⱨ◒☿ꜟ⁸

Ⱨ◒☿ꜟ⁸ Ⱨ◒☿ꜟ─™∏╣⅛╩ ⇔╕∆⁹ 

 ◕▬fi  ◕▬fi ─ / ╩ ⇔╕∆⁹♦ⱨ◊ꜟ♩│ò ò≢∆─

≢⁸ ⌐∕─ ╩ ∫≡ ↕™⁹↓─ ⅜ ⌐⌂╢≤◕▬fi ─ │≢⅝╕∑

╪⁹╕√⁸ ↕╣╢◕▬fi │♅ꜛ♇ⱪ≤Ɽꜟ☻≢ ⌂╡╕∆⁹ ↄ─Ɽ▬꜡◌ⱶ 
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│⁸50Hz ≢ ⌂♅ꜛ♇ⱪ ◕▬fi ⅜ ╕╣√ ≢ ↕╣╕∆⁹Ɽꜟ☻ ◕▬fi

⅜ ╕╣╢↓≤│№╡╕∑╪⁹ 

 

Ⱳ♃fi ╩◒ꜞ♇◒⇔≡◕▬fi ╩◌☻♃ⱴ▬☼≢⅝╕∆⁹  

 

 
 

X≤ Y │ ─ꜟ♁כ◌─ ─Ⱨ◒☿ꜟ ≢∆⁹ ≤ ⱪ≢│Ɽ▬꜡◌ⱶכꜟ◓

─ ☿♇♩▪♇ⱪ─∕╣∙╣─◕▬fi ⅜ ↕╣╕∆⁹  

◕▬fi ♁ⱨ♩   ◕▬fi ─ / ╩ ⇔╕∆⁹ 

◕▬fi   ◕▬fi ─ ╩ ⇔╕∆⁹ 

ⱨꜝ♇◦ꜙ─ ╖  ◕▬fi ╩◌ⱷꜝ⌐ ⅝ ╖╕∆⁹  

ⱨꜝ♇◦ꜙ─ ╖   ⱨꜝ♇◦ꜙ⅛╠◕▬fi ╩ ╖╕∆⁹ 

◕▬fi ⱨ꜠כⱶ╩♦ⱨ◊ꜟ♩⌐∆╢  Ⱨ◒☿ꜟ─◕▬fi ⱨ꜠כⱶ╩♦ⱨ◊ꜟ♩

─ 1⌐ ⇔╕∆⁹ 

Ⱨ◒☿ꜟ ◕▬fi ꜟ♁כ◌─   ≢─Ⱨ◒☿ꜟ─◕▬fi ╩ ⇔

╕∆⁹ │ 0.50 ⅛╠ 2.00≢∆⁹ 
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