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Abstract

This article is an electronic publication in Spectrochimica Acta Electronica (SAE), a section of Spectrochimica Acta Part B
(SAB). The hardcopy text is accompanied by an electronic archive, stored on the SAE homepage at http://www.elsevier.nl/
locate/sabe. The archive contains program, data and text files. The hardcopy text describes a program that has been developed t
accept data from a compact electronic spectrograph and translate the data into a display on a computer screen. The computel
display mimics the view seen through a direct vision spectroscope. Atomic spectra appear as vertical lines of the appropriate
color dispersed on a black field. A conventional plot of intensity versus wavelength is simultaneously displayed. The update of
the display is sufficiently rapid that the image on the screen is essentially a real-time representation of the light entering the
spectrograph. The system was designed for use in conjunction with video projection equipment in demonstrations to large
groups of students® 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction ductory chemistry and physical science courses. One
of the difficulties of teaching spectroscopy in the
Spectroscopy is a topic touched upon in most intro- classroom is actually displaying live spectra in a
large group setting for students to see. In a large
_ ) o o lecture setting, such as those experienced by most
" This article is an electronic publication in Spectrochimica Acta

Electronica (SAE), a section of Spectrochimica Acta Part B (SAB). _begmmng ChemIStr_y or phySICS SIUden,tS’ it becomes
This printed text is accompanied by one or more electronic files impractical to provide each student with a spectro-
archived on the SAE homepagéttp://www.elsevier.nllocate/ ~ meter. Small transmission gratings mounted in
sabg under the name "Electronic Spectroscope” and identified by 35 mm slide frames are often distributed as substitutes
53/1889/98, where 53 is the volume number, 1889 is the number of {4 spectrometers, but in our experience, onIy a frac-
the first page of this printed text, and 98 is the two digit year. tion of the students successfully orient the grating
Readers of this journal are permitted to copy the contents of the " .
electronic archive for their personal use under the conditions stated with respectto the “ght source. Those who do succeed
in the "Copyright" and "Disclaimer" sections in this article, and See a low-quality spectrum.
generally in the notes for contributors published elsewhere in this We present here a system designed to facilitate the
1SSue. , o demonstration of spectroscopic principles to large
7892(?5rf65p°”(.j',”g author. Tel:+ 39-332.-789801; Fax 39-332- audiencesElectronic Spectrometer Graphical Inter-

; e-mail: paul-farnsworth@byu.edu. These numbers are } . )
temporary, only valid until 01 May 1999. Please use tel. 801 378 face (ESGI)S a graphlcal user interface developed to
6502, Fax 801 378 9027. The e-mail address will not change. control an electronic spectrometer and display visible

0584-8547/98/$ - see front mattér 1998 Elsevier Science B.V. All rights reserved.
Pll: S0584-8547(98)00224-9
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520 530 3. Correlating wavelength to computer color

The biggest challenge in developiE$Glwas the
creation of an accurate color-to-wavelength correla-
tion in order to display the graphical spectra. Several
measurement systems exist to describe colors. The
RGB color specification system is common in compu-
ter programming and was used in this application. In
the RGB system, colors are broken down into red,
green, and blue components each having a value
from 0 to 255. These values are then translated into
the respective intensities of the red, green, and blue
phosphor triads in the monitor, generating additive
700 colors. For example, the RGB designation (255,
400 255, 0) translates to the red and green phosphors of
a particular triad being completely illuminated while
the blue is off. The triad would therefore appear
yellow.

Matching RGB designations to wavelengths
involved the use of a chromaticity diagram such as
spectra using a laptop or desktop PC connected to athat depicted in Fig. 1. The outer line represents wave-
video projector. The novelty of this application lies in !€ngth values of monochromatic colors. The corners
its ability to translate light collected through the Of the inscribed right triangle mark the three primary
spectrometer into a living color spectrum in real Colors (going clockwise from the lower left) blue,

time for all to see, thus reinforcing the relationship 9réen, and red. The cross inside of the triangle is the
between light, wavelength, and color. point at which the colors sum to pure white. By draw-

ing a tie line (like those shown in Fig. 1) from pure
white to any wavelength on the outer boundary it is
possible to get a value for the amount of each of the
2. Software development three primaries which can be mixed to make that color
in RGB values. The vertical axis is a measurement of
ESGIlwas written in standard C using the Microsoft the percent green and the horizontal axis is a measure-
Visual C++ 1.52 compiler, making use of the ment of the percent red. The percent blue can be
Windows API library to create the user interface. It calculated from the fact that the sum of the percen-
is a 16-bit application that will run in the Windows tages of the three primaries must add to one hundred
3.1, Windows 95, and Windows 98 environments. The percent. The only pure or monochromatic colors that
graphical user interface is a standard single documentmay be achieved are the primaries themselves since
interface window complete with a menu and various these are the only values for which the monochrome
pushbutton controls, all of which may be accessed line and the inscribed triangular RGB scale intersect.
with the mouse or keyboard. This interface gives the  The actual primary color values depend upon the
user control of how the data are read from the spectro- type of monitor [1] used to display the program. Thus,
meter and subsequently displayed in the window. The to generate a true correlation between wavelength and
user manual, supplied in MS Word and Adobe pdf RGB values, it would be necessary to create a chro-
formats, gives a more detailed description of the maticity diagram specific to the particular monitor
graphical interface controls. that will be used with the application. This would be
Communication to the spectrometer is through calls a cumbersome task. In order to simplify the process, a
to functions in the 16-bit library that is included inthe diagram with primary wavelengths of 460, 530, and
OOIWinlIP software produced by Ocean Optics. 650 nm as selected [2] to generate initial RGB values,
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Fig. 1. Chromaticity diagram for RGB color scheme (adapted from
Ref. [2]).
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which were then adjusted manually until an accept- principle color palette is created from calibration
able color representation of the visible spectrum was coefficients input by the user for the particular spec-
obtained. Users will notice slight differences between trometer being used and an RGB-color versus wave-

the colors displayed on a conventional electron beam
monitor and those shown on a liquid crystal display.

4. Displaying the color graphic spectra

Once the RGB values were generated, the next step

was to get the computer to display these colors. In
order to display the desired colors, it was necessary
to use a logical palette [3]. A logical palette stores the
color values to be used by the application. The number
of colors in the logical palette that may be displayed at
any one time is limited by the color capacity of
computer. Since this application was originally writ-
ten for use with a laptop with only 256-color capabil-
ity, the palette was essentially constrained to this
number of colors.

In order to obtain a smooth color transition across
the graphical representation of the visible spectrum,
colors contained in the logical palette had to be
selected carefully to meet the 256-color constraint.
Unique RGB values were assigned to nearly every
integral wavelength from 460 to 650 nm for a total
of about 190 colors. Windows automatically assigns
sixteen additional colors to the palette, leaving a

length structure.

5. Hardware

ESGlwas specifically designed for use with the
S1000, S2000BT, and S2000 miniature spectrometers
made by Ocean Optics, Inc. (Dunedin, FL). For the
best results, the spectrometer should cover the visible
spectrum with minimal coverage of IR and UV wave-
lengths. The program was developed and tested with a
spectrometer that covered the range from 350 to
850 nm. The spectrometers can be connected to either
a laptop or desktop PC using the DAQCard-700
PCMCIA card made by National Instruments (Austin,
TX) or the ADC500/PC1000 or ADC1250/PC2000
A/D cards made by Ocean Optics.

6. Data acquisition and manipulation

Data acquisition and manipulation are directed by a

maximum of twenty more colors that can be used to function that communicates with the spectrometer.
represent the remaining wavelengths. These 256 Each time this function is called, an array of 2048
colors are enough to represent a smoothly varying, data points is fed into the computer by the spectro-
maximum intensity, visible spectrum; however, in meter via the A/D card. (The S1000 and S2000BT
order to display varying levels of intensity based on spectrometers only use the first 1100 data points.)
the data read from the spectrometer, it is necessary toThis data array is manipulated according to the spec-
be able to vary the saturation of each of the 256 RGB trometer type to produce an intensity array containing
hues. In the original program, saturation was varied by 512 data entries. For the S1000 and S2000BT spectro-
random insertion of pixels of the saturated color for a meters, the intensity array is created by discarding the
wavelength into a black field with a density propor- first 16 and the last 62 data points (out of 1100) and
tional to the intensity at that wavelength. With the averaging the remaining points two at a time. Four

migration to computers with color depth of at least
16 bits, dithering was no longer necessary. In the
current version of the program, intensity values are
scaled logarithmically to produce saturation factors.
At each of the principle wavelengths in the color
palette, the RGB Components are multiplied by the
saturation factor for that wavelength to give the visual
impression of an intensity scale.

To accommodate differences in spectrometers, the

points are averaged to produce the intensity array
when the S2000 is used. The intensity array values
are correlated to the proper colors by wavelength,
based on a calibration of the spectrometer unit, and
displayed graphically in the user interface window as
a color graphic spectrum and an intensity versus
wavelength plot. Exposure control and dark current
subtraction are provided to accommodate sources
with a range on intensities.
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7. Display formats 10. Disclaimer

In its default display mode, the program shows the  Neither the authors nor the publisher warrant that
spectroscope display positioned above a conventionalthe program is free from defects, that it operates as
x—y plot of intensity versus wavelength. To facilitate designed, or that the documentation is accurate.
comparisons among spectra from different sources, Neither the authors nor the publisher are liable for
two alternative display modes are provided. In one any damage of whatever kind sustained through
of these modes, three spectroscope displays aredownloading and/or using the programs and the data
stacked vertically. The top display can be either static files.
or live, while the lower two are static displays of By downloading and/or using the programs the
stored spectra. In the second of the modes, up toreader of Spectrochimica Acta Electronica, acting as
three spectra can be superimposed in different colorsa user of an electronic publication therein, agrees to
on thex—y plot. the above terms and conditions.

8. Summary Acknowledgements

We have developed a means of displaying live visi-  11iS Project was funded by the College of Honors
ble spectra to a large audience. The system has beerfnd General Education at Brigham Young University.
used successfully at Brigham Young University in | "€ l0an of an S2000 spectrometer by Ocean Optics
lecture halls seating 250 students. While originally [OF testing of the program on that instrument is grate-

conceived as a means of displaying atomic spectra, fUlly acknowledged.
it has also proven useful in discussions of black
body radiation, color, optics and absorption spectro- Appendix A. AppendixESGI (Disk 1 of 1)
photometry.
The 1.44 MB, IBM compatible formatted, program
diskette forESGIlincludes the following files:

9. © Copyright e \Program\

The programs, the data files and the manual are e ESGI.exe: high color executable program file
copyrighted by the author(s). Readers of Spectrochi- e o00idrv16.dll: Ocean Optics direct link library
mica Acta Electronica are permitted by the publisher required for the driver
Elsevier Science B.V., to copy the material for their
own private, non-commercial use, and to run the
programs according to the instructions provided by e ESGIDemo.exe: high color demo executable

e \Demo\

the authors. No charge for any copies may be program file
requested, neither may the program or any modified e Demo256.exe: 256 color demo executable
version of it be sold or used for commercial purposes. program file

Those who wish to use the program and data files in

. . e \Spectra\
a commercial environment should contact the corre- P

sponding author at the address given on the hardcopy e air.spt: sampl&ESGldata files
paper. e argon.spt
Programs for which the source code is made avail- e bromine.spt
able by the author(s) may be freely modified by the e co2.spt
readers. However if a modified version is brought into e h2o0.spt
the public domain, the original author(s) and the jour- e helium.spt
nal reference should be stated clearly in all subsequent e hydrogen.spt
use and dissemination. e krypton.spt
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e mercury.spt hardware and will run on a machine without the inter-
e neon.spt face and spectrometer installed.
e oxygen.spt The files in the “Spectra” directory are sample

spectra recorded usingSGl They may be opened

* \Document\ using either the “Demo” or “Full” versions of the

e Manual.doc: instruction manual f&SGI(MS application. The 256-color demo is included only for
Word 97) the purpose of demonstrating how the dithering
e Manual.pdf: instruction manual fdESGI (pdf works.
format)
References

The manual can be viewed and printed by opening
the file “Manual.doc” in MS Word 97, or by opening  [1] L.G. Thorell, W.J. Smith, Using Computer Color Effectively:
the file “Manual.pdf” in Adobe Acrobat Reader. An lllustrated Reference, Prentice-Hall, Inc, Englewood Cliffs,
The program files may be run directly from the New Jersey, 1990. _
; . " [2] H.J. Durrett, Color and the Computer, Academic Press, Inc,
diskette or copied to the hard drive on the computer. Orlando. 1987
The “Demo” version of ESGI is the same as the 3] c. Petzold, Programming Windows, Microsoft Press,

“Full” versions except that it will not control the Redmond, WA, 1990.



