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A new hardwarehoftware system has been implemented using the existing 

three-regions-of-interest method for determining the concentration of =Ra in soil 

samples for the Pollutant Assessment Group of the Oak Ridge National Labora- 

tory. Consisting of a personal computer containing a multichannel analyzer, the 

system utilizes a new program combining the multichannel analyzer with a program 

analyzing gamma-radiation spectra for =Ra concentrations. This program uses a 

menu interface to minimize and simplify the tasks of system operation. 

X 





1. INTRODUCTION 

The Pollutant Assessments Group of Oak Ridge National Laboratory in 

Grand Junction, Colorado, has been involved for several years in the assessment of 

the contamination of properties from uranium mill tailings as part of the Uranium 

Mill Tailings Remedial Action program. At the beginning of this project, a system 

for rapidly estimating the concentration of 2a6Ra in soil samples was needed. To 

accomplish this, gamma radiation detectors and a stand-alone multichannel 

analyzer (MCA) were interfaced to a personal computer. The computer received 

gamma radiation energy spectra from the MCA, calculated the estimated concen- 

trations of the =Ra, stored the e n e r g  spectra data onto a floppy disk, and 

transferred the results to a data base. 

A new soil analysis program has been written that removes the need for 

separate MCA and computer hardware and simplifies operator interface with the 

analysis process. The integrated MCNgamma analysis program combines an MCA 

with a gamma analysis program into a single computer program. The program is 

written specifically to take a gamma energy spectrum from the MCA and, by 

comparing the sample spectrum to spectra of reference standard materials, 

determine the concentration of =Ra based on the weight of the sample. A system 

of menus guides the operator through the steps necessary to calibrate and maintain 

the system, as well as to analyze the actual samples. 

The MCA hardware, a plug-in computer board, is part of the personal 

computer on which the program runs. This configuration is an improvement in 

terms of simplicity and reliability over systems that connect a separate MCA to the 

computer with communication lines. Furthermore, the program itself is an 

improvement over other systems that have one program to control the MCA and 

another to analyze the spectra. With the MCNgamma analysis integrated 

program, these programs are combined for ease and efficiency of operation. 

*Research sponsored by U.S. Department of Energy, under contract DE-AC05-840R- 
21400 with Martin Marietta Energy Systems, Inc. 
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The program was developed for two major reasons: 

1. To make use of newer, more reliable MCA hardware available as 

computer plug-in boards. The gamma analysis system being used by 

ORNL-PAG had become unreliable due to equipment failure. 

2. To streamline and simplify the manual processes required for collecting 

and analyzing gamma spectra. The old system required the operator to 

control an MCA and a computer for analyzing and saving the spectra 

on computer disks and to coordinate data communication between the 

two. 

2 SYSTEMDESCRIPTION 

21 HARDWARE 

The soil analysis system consists of three major hardware subsystems: 1) the 

gamma radiation detectors and signal amplifiers, 2) the Digital Multiplexer Router 

(DMR-IP) ,  and 3) the computer and associated hardware. 

21.1 Gamma Detectors and Amplifiers 

The system uses three 9-inch thallium-doped sodium iodide [NaI(Tl)] crystal 

detectors housed in lead-shielded "pig" type containers. Each of these detectors is 

attached to an EG&G ORTECY model 113 preamplifier. The output from each 

of these preamplifiers is attached via shielded cable to the input of a Tennelec 

model TC240 shaping amplifier. 
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The DMR-IIN is a Digital Multiplexer Router Acquisition System made up of 

the following components: 

DMR-IIN Unit: 

The DMR-IP Unit (model DMRN-108) accepts input from up to 8 shaping 

amplifiers and multiplexes them to a single Personal Computer Analyzer 

(PCA-IIW) card. The PCA-II" card provides storage of the count data in 

8 memory input groups (the number of memory groups on the PCA-II" 

board is programmable). 

P C A - I P  MCA Card: 

The PCA-IP, an NCA card designed for installation in TBMe-compatible 

personal computers, contains a 100 MHz Wilkinson analog to digital 

Converter (ADC) and 8192 channels of count memory (each channel can 

count up to 16,777,215). The channel conversion gain can be set from 256 to 

8192 channels in binary increments. The memory counters can be 

programmed to count up (add mode) or count down (subtract mode). Two 

modes are available: pulse height analysis (PHA) or multichannel scaling 

(Ma)- 

D M R - I P  Timer Card: 

The DMR-11" Timer Control Board connects to the DMR-IIm unit and is 

installed next to the PCA-11" card in the computer. This board allows each 

input to be programmed with an independent preset collection time. 

213 Computer and Associated Hardware 

An IBMm Personal Computer AT (or compatible) must be used with this 

system. The DMFPI hardware and the analysis program were designed to operate 

on this type of computer. Computer requirements are: a floppy disk drive 
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installed as device A, a fured hard disk drive, and access to a printer. Our system 

is connected directly to a Texas Instrumentsm model 855 printer and has access to 

a Hewlett-Packard* LaserJetaP-II printer on a local area network 

The ORTECY preamplifiers are mounted on the pigs themselves. The 

TC240 amplifiers and the DMRm 108 multiplexer units are all housed in a 

standard NIM bin. The PCA-IIW and DMR-IIN timer cards are installed in the 

expansion slots of the computer. Figure 1 diagrams the interface of the hardware 

components, 

2.2 SOFTWARE 

A stand-alone program that runs on the DOS operating systems, the program 

was developed using the Borlande C+ + development system. Source code 

consists of 17 files: five C header files, eleven C source-code files, and one 

assembly language source-code file. See Appendix A for complete listings of these 

files. 

The major function of the program is to analyze a gamma radiation spectrum 

collected from a soil sample and estimate the concentration of 226Ra in the sample. 

The program also estimates the concentrations of two other elements used to 

calibrate the system: % and 232Th. The program specifications for the gamma 

analysis can be found in the C source-code file named ANALY2E.C. 

In the program, a gamma spectrum is stored as an array of 512 numbers 

(numbered 0 to 511), each number representing one channel of the gamma 

spectrum. A channel refers to the count of gamma rays detected by the NaI(TI) 

crystal at a particular energy level. Each channel represents 6 KeV in the gamma 

energy spectrum. The KRT method of analysis (which stands for potassium, 

radium, thorium) uses three regions of interest (ROIs) from the gamma spectrum, 

one region characteristic of each of the three reference elements. An ROI is the 
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sum of the counts from a series of channels. Beginning and ending channel 

numbers for each of the three ROIs are defmed in the file S0IL.H. 

The program function named "Sample" controls the collection and analysis of 

gamma spectra (see Fig. 2). Before the sample menu can be reached, a reference 

file must be loaded (described below). The sample analysis process proceeds as 

follows: 

1. The operator chooses the "Start" option from the sample menu. The 

program accepts from the operator, via the keyboard, the sample weight 

and number of days the sample has been in the container. The program 

then resets all channels to zero, triggers the PCAW hardware to collect 

counts, and starts a timer. 

2. While the hardware is acquiring counts, the operator may choose the 

"View" option from the sample menu to view the spectrum as it is 

collected on the custom MCA screen. If the operator alters the 

spectrum in any way during its collection, the program notes that the 

spectrum is invalid and will not perform any analysis of it. 

3. When the timer reaches 300 "live" seconds, counting by the PCAW 

hardware is halted. If the operator has not modified the spectrum in 

any way, the program executes the function "UpdateSamp", which sums 

the counts from the three ROIs, subtracts the reference background 

counts, and puts the results into the matrix SAMP. The program notes 

that the spectrum may now be analyzed. 

4. The operator may now choose the "Analyze" option from the sample 

menu at which time the program executes the function "Calc-Conc" to 

analyze the sample. The following sequence of steps outlines the 

Calc-Conc function: 



HIERARCHY OF MAJOR FUNCTIONS 

Ca I i bra te I 
1 1-j V i  ew-Spec t run F I  

Analyze Q View-Saved Q 

+I new-Ref +, 
1 I 

Prn-Spec-LJ Prn-Spec-TI 

Eg. 2 Hierarchy of major functions. 
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k Calculation of the concentration estimation 

The concentration is estimated using the KRT three ROI method, 

fully described in Appendix B. The many matrix operations used in 

this function are documented in Appendix C, and the code 

specifications of these operations are contained in the file 

MATRIXC. 

The inverse of the reference matrix (REF) is put into 

matrix INV. 

The proportionality constant matrix (CON) is multiplied by 

INV, and the result is put into matrix PROINV. 

PROINV is multiplied by matrix SAMP, and the result is 

put into matrix RESULT. 

RESULT is scaled by the reciprocal of the sample weight 

and the acquisition time. Any element of RESULT that is 

negative is clipped at zero. 

To adjust for radon ingrowth, RESULT is scaled by a factor 

from a table based on the number of days the sample has 

been in the container. 

Decision limits are calculated and placed into matrix LC. 

Detection limits are calculated and placed into matrix LD. 

PROINV is multiplied by LD, and the result is placed in the 

minimal detectable activity matrix MDA 

MDA is scaled by the reciprocal of the sample weight and 

the acquisition time. 

Each element in the RESULT matrix is compared to the 

corresponding element in the MDA matrix. If any element 

of RESULT is less than the element in MDA, the 

concentration estimate corresponding to that 

element of the array is flagged as being below minimal 

detectable activity levels. 
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B. Calculation of the error estimation 

The error file (ERFILE), the contents of which are outlined in 

Appendix D, is opened for reading- For each of the three analytes, 

the following steps are performed: 

The first line of the error file is positioned to be read. 

A line is read from the e m r  file. This line contains the pig 

number, the analyte number, the maximum and minimum 

concentrations, the error type, and the error amount. 

If the pig number matches the input that this sample was 

collected from, continue; otherwise, skip to step 8. 

If the analyte number matches the current analyte whose 

error estimate is being calculated, continue; otherwise, skip 

to step 8. 

If the concentration estimation falls within the range of 

minimum and maximum concentrations continue; otherwise, 

skip to step 8. 

If the error type is "C", then the error is a constant, and the 

error amount is the error estimation for this analyte. If the 

error type is "P", then the error amount is a proportion, and 

the concentration estimate is multiplied by the error amount 

to determine the error estimate. 

Repeat steps 1 through 6 for the next analyte. The process 

is complete when each of the three analytes has an error 

estimate. 

Position error file to  read the next line and go back to step 

2 until the end of the file is reached. If the end of the file 

is reached before a match is made, an error message is 

displayed, and the Calc - Conc function is aborted. 
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C. Display and confirmation of results 

1) All concentration and error estimates are rounded off to 

three significant digits. 

The concentration estimate, minimum detectable activity 

flag, and error estimate are printed to the screen for each 

of the three analytes. 

The operator then chooses whether or not to save the data. 

If the operator chooses not to save the data, the "Analyze" 

routine is complete. 

The operator chooses which of two files (TEMPDB-DAT or 

TEMPDB-BAD, described below) will receive the results of 

the analysis. 

2) 

3) 

4) 

D. Saving the gamma spectrum and the analysis results 

This program gives each gamma spectrum saved to disk a 

unique name. The naming convention is described in detail 

in Appendix E. Each time a new spectrum is named, the 

last spectrum file extension (consisting of three letters) is 

retrieved from the file named ,LATEST. 

Once the gamma spectrum name is determined, the 

extension name is incremented and written back to the 

LATEST file. 

The analysis results are printed on a single line at the 

attached printer. 

The gamma spectrum is written to floppy disk (drive A )  

using the file name created above. This gamma spectrum 

file conforms to the standards wed by Nucleus, Inc., the 

supplier of the PCAm and DMRW hardware. The C 

language format of these files is defined in the header file 

DMR.H. The format of these files is further described in 
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Appendix D. 

The analysis results are written to the file TETWDB-DAT 

or TEMYD€$.BAD, whichever is chosen by the operator. 

See Appendix D for the contents of these files. Used to 

store analysis results until they can be transferred to a data 

base for permanent storage, these fies are BASIC- 

compatible ASCII text files that can be retrieved by a 

number of software products. For our purposes the results 

are imported from these files into a KnowledgeMan* data 

base. 

The name of the spectrum is saved in computer memory to 

be displayed on the custom MCA screen. The spectrum 

name is also displayed as the last step of the Calc-Conc 

function. 

A procedure €or sample analysis is outlined in Appendix G. 

The second portion of the program is the custom MCA The program 

specifications that comprise the MCA are found in the C source-code file 

VIEWSPEC.C. The controlling function View-Spec", oversees setting up the 

graphics mode, drawing the screen, displaying the spectrum in real time, and 

interpreting user commands for manipulating the screen. 

View - Spec uses the 640 x 350 pixel screen mode of enhanced graphics 

adapter (EGA) or virtual graphics array (VGA) hardware. The routines for 

controlling and writing data to the Screen are provided in a run-time library called 

EGAVGABGI from Borland International, Inc. 

The program stores three separate gamma energy spectra, one for each input 

pig. The PCAW and DMR" hardware allow up to eight independent inputs to be 

used. The custom MCA allows the user to view and manipulate any one of the 

three gamma energy spectra. Since the settings €or each spectrum are stored 



12 

separately from the other two, each individual spectrum may be manipulated 

independently. 

The MCA screen displays many important attributes of the gamma spectrum, 

as well as prompting for commands (see Fig. 3). The important areas of the 

Screen are: 

1. INPUT #: displays the number of the spectrum being viewed. 

2. Spectrum box: displays the gamma energy spectrum. Each pixel 

left to right indicates a separate channel. Pixels up and down 

indicate how many counts have been collected in each channel. 

Also displayed is the cursor, a vertical line marking an individual 

channel. Channels in a region of interest are displayed in a color 

different from the rest of the channels. 

3. Function key prompts: 

a. 

b. 

c. 

d. 

e. 

f. 

g- 
h. 

1. 

F1: STARTBTOP to display whether hardware is acquiring 

count data or not, and prompt to show which will occur if 

the F1 key is pressed. 

E: CLEAR prompt to zero the spectrum. 

F3: ROI BEGIN prompt to set the first channel of a 

region of interest. 

F4: ROI END prompt to set the last channel of a region of 

interest. 

F5: PREV ROI prompt to make the previous ROI the 

current ROI. 

F6: NEXT ROI prompt to make the next ROI the current 

ROI. 

F7: CLR ROIs prompt to remove all regions of interest. 

F8: DOTFILL prompt to show whether spectrum box is in 

DOT or FILL mode and prompt to show which mode will 

start if the F8 key is pressed. 

ESC: EXIT prompt to exit the MCA screen, back to calling 

menu. 



INPUT 61 

F1: START 

F2: CLEAR 

F3: ROI BEGIN 

F4: ROI END 

F5: PREV ROI 

F6: NEXT ROI 

F7: CLR ROIs 

F8: DOT 

ESC: EXIT 

CHANNEL: 241 

COUNTS : 700 

LIVE TIME: 0 

FILE NAME: A:911122Al.BTN 

VERTICAL SCALE: LOG HORIZONTAL SCALE: 1X 

BEG END SUM 
> ROI1: 273 412 1754 
ROI2: 226 259 13555 
ROI3: 426 511 804 

Fig. 3. MCA screen. 
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Note: pressing the F1 or F 2  keys invalidates the spectrum €or 

analysis purposes. 

4. CHANNEL displays which channel (0-511) the cursor is on. 

5. COUNTS: displays how many counts are in the channel under the 

cursor. 

6. LIVE T I M E  displays the total Live time (in seconds) that the 

current spectrum has collected count data. 

Note: Live time refers to the elapsed time during which the 

spectrum is collected minus the time during which the PCA 

hardware was analyzing pulses and was, thus, not available to accept 

another pulse. 

7. FILE NAME: displays the disk file name (if any) of the spectrum 

being displayed. 

8. VERTICAL SCALE: displays the vertical scaling factor of the 

spectrum box Vertical scaling refers to how many counts can be 

represented in the vertical space of the spectrum box. A count of 

zero is always represented as a dot at the bottom of the spectrum 

box. If the vertical scale is set to 256, then a dot at the top of the 

spectrum box represents a count of 255. Counts that exceed this 

value wrap around to the bottom of the screen, The vertical 

scaling values are powers of 2: 256, 512, lK, 2K, 4K, 8K, 16K, 

32K, 64K, 128K, 512K, lM, 2M, 4M, 8M, and 16M, where K 

represents a value of 1024, and M represents a value of 1048576. 

Also available is a log scale that allows all count values to be 

represented in the box, with greater detail at lower counts. In this 

mode, the spectrum box is composed of 6 mnes from top to bottom 
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(42 vertical pixels per zone), with each zone representing 16 times 

as many counts as the zone below it. In other words, the bottom 

zone on the Screen represents counts from 0 to 15, the next zone 

up represents counts from 16 to 255, the next zone up represents 

counts from 256 to 4095, etc. 

9. HORIZONTAL SCALE: displays 1, 2,4, or 8, indicating how 

much horizontal stretching of the spectrum is being shown in the 

spectrum box. A horizontal scaling factor of 1 means one channel 

is displayed for each horizontal pixel in the spectrum box, a factor 

of 2 means one channel is displayed for every two horizontal pixels 

in the spectrum box, etc. 

10. Three columns for each regions of interest: 

a BEG displays the first channel number in the region of 

interest. 

END displays the last channel number in the region of 

in teres t. 

SUM displays the sum oE all counts in the region of interest. 

b. 

C. 

11. Current region of interest indicator (>): indicates which region of 

interest is currently under the control of the F 3  and F4 keys. 

The operator interacts with the MCA entirely through the keyboard, The 

keys used are the arrow keys, the page up and page down keys, the home and end 

keys, the plus and minus keys, and the function keys. The details of the functions 

are: 

1. F1: manually starts and stops count collection in the energy spectrum 

by taking the DMRYPCAW hardware in or out of acquire mode. The 

prompt displays what action will occur if the F1 key is pressed; for 

example, if the prompt is STOP, the spectrum is currently collecting 
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count data, and pressing F1 will stop the collection. Performing this 

function invalidates the spectrum for analysis purposes. 

F2: zeros all channels in the spectrum, erasing the spectrum. This 

function does not stop the DMRYPCAW hardware from continuing to 

acquire count data. Performing this function invalidates the spectrum 

for analysis purposes. 

F3: sets the cursor channel to be the first channel of the current ROI 

(indicated by >). 
F4: sets the cursor channel to be the last channel of the current ROI 

(indicated by >). 
F5: changes the current ROI from 1 to 2, from 2 to 3, from 3 to 1. 

The current ROI is indicated by the > next to the ROI display. 

F 6  changes the current ROI from 3 to 2, from 2 to 1, Erom 1 to 3. 

F7: removes all ROIs. 

F8: changes spectrum box from DOT to FXLL mode. In DOT mode, 

the number of counts in a channel is indicated by a dot placed vertically 

on the screen. In FILL mode, the number of counts in a channel is 

indicated by a solid line of color extending from the bottom up to where 

the dot would be placed. The prompt displays which mode will start if 

the F8 key is pressed; for example, if the prompt is FILL, the spectrum 

is currently being displayed in DOT mode, and pressing F8 will switch to 

FILL mode. 

Esc: exits the MCA and returns to the point in the program where the 

MCA was accessed. 

Left and Right Arrow Keys: move the cursor left (down) and right (up) 

one channel in the spectrum box 
PgDn and PgUp: move the cursor left (down) and right (up) sixteen 

channels in the spectrum box 

Home: moves the cursor to the left side of the spectrum, the first 

channel in the spectrum (channel 0). 

End: moves the cursor to the right side of the spectrum, the last 

channel in the spectrum (channel 511). 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 
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14. Up and Down Arrow Keys: decrease or increase the vertical scaling 

factor of the spectrum box 

Plus and Minus Keys: increase or decrease the horizontal scaling factor 

of the spectrum box 

15. 

223 SupportFeatunx 

The program has several other functions which support the two main 

functions of collecting and analyzing gamma spectra 

223.1 LoadMewPrint Gamma Spectra 

By choosing "View Saved Spectra" from the main menu, the operator can 

retrieve any Nucleus-compatible spectrum from disk. The operator chooses the 

appropriate "Load" option from the menu to load a spectrum from disk to replace 

any one of the three spectra stored in memory. The operator may then use the 

MCA screen to View the spectrum. (Any spectrum that is already in memory may 

also be viewed). Analysis cannot be performed on spectra that are retrieved from 

disk The only spectra that can be analyzed are those that are collected while in 

the "Analyze" option of the program. 

Additionally, a spectrum that is in memory can be printed to paper using 

either a Hewlett-Packardm LaserJete I1 or 111 or a Texas Instrument" model 855. 

The code that performs the printing is contained in the file VIEWSPEC.C, along 

with the MCA code. Examples of printed spectra are provided in Appendix F. 

In order to ensure that the PCAW hardware is storing gamma energy counts 

in the proper channels, the operator must perform an energy calibration. The 

procedure for this calibration is found in Appendix G. The Calibration Menu 

function aids in the energy calibration process by allowing the operator to start 

collecting a spectrum and set the MCA cursor and ROI for a particular 
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compound’s energy spectrum with only one selection from the menu. The two 

compounds supported by this menu, 1377cs and “OK, are used for energy calibration 

because of the large characteristic peaks in their gamma spectra. On the other 

hand, a generic start option starts collecting a spectrum without setting the cursor 

or highlighting any region of interest. 

From the Calibration menu, the operator can choose the “Smooth” option. 

The Smooth option averages counts over adjacent channels, thus eliminating the 

roughness caused by the scattering effect of the NaI(TI) detectors. A smoothed 

gamma energy spectrum shows its peaks more distinctly, allowing the operator to 

more easily align those peaks to the proper channel. 

2233 Reference Caliiration 

At the heart of the three-ROI method of estimating the concentration of 

radionuclides is the comparison of two ratios: the ratio of counts (measured 

nuclear decay events) in the sample to the amount of sample material and the 

ratio of counts to a known amount of the radionuclide. The three-ROI method 

uses three different radionuclides in known amounts (referred to as reference 

materials) and the counts from the same three ROIs in each of them to establish 

these count-to-amount ratios. 

The reference calibration function is the process of collecting gamma spectra 

from each of the three reference materials, summing the counts from the ROIs, 

and storing these counts, along with the associated amounts of the radionuclides, 

in a file called the reference file. The reference file is an ASCII text file whose 

format is specified in Appendix D. Calibration is normally performed once per 

quarter unless changes in equipment occur. A complete description of the 

procedure may be found in Appendix G. A reference file must be loaded into the 

computer’s memory (either by building a new reference file or by loading an old 

reference file from disk) before analysis of a sample can be performed. 

To load an old reference file, the operator may choose to load the most 

recent reference file or to manually type in the name of a desired reference file. 

Loading a reference file into memory consists of opening the ASCII text file and 
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reading the numbers it contains into three matrices (represented in the program by 

three variable arrays): REF, CON, and BKG. Each of these matrices is actually an 

array of three matrices, one for each of the three inputs. REF is a 3 x 3 matrix 

that contains the counts in each of the three regions of interest for each of the 

three reference materials. CON is a 3 x 3 matrix that contains the amount 

(concentration of radionuclide x weight of reference x time) of each of the three 

radionuclides in each of the three reference standards. BKG is a 3 x 1 matrix of 

background counts in each of the three ROIs. The program function that reads 

the numbers from the reference file into these arrays, Toad-Ref", is located in the 

file ANALY2E.C. 

If the operator chooses to create a new reference file, the program function 

"New-Ref" is executed. New-Ref controls the collecting and saving of the 

reference file. This function and its supporting functions are contained in the file 

NEWREF.C. The execution of this program function proceeds as foUows: 

1. Gamma spectra must be collected from each of the three inputs for 

background. These spectra are collected for a period ten times longer 

than the sample spectra to minimize the error inherent in counting 

random events such as radioactive decay. The following steps are 

executed for each background spectrum collected: 

When the operator chooses to begin collecting a background 

spectrum, program function "Setup-Ref" is executed. This function 

sets flags indicating that the background spectrum is being collected 

and that the three spectra for the reference materials (radium, 

potassium, thorium) for this input have not been collected. 

When the spectrum has been collected (50 minutes "live" time), 

program function "Update-Data" is executed. This function sums 

the counts in the three ROIs and stores the sums in the BKG 

matrix for that input. (These sums are divided by ten to match the 

sample collection counts.) Update-Data also saves the background 
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spectrum to the A: drive in an appropriately named file. Spectrum 

file naming conventions are discussed in Appendix E. 

2. After the background spectra for the inputs are collected, the spectra 

for the reference standards (radium, potassium, thorium) may be 

collected in any order. These spectra are also collected for a period ten 

times longer than sample spectra. The following steps are executed for 

each spectrum: 

a) When the operator chooses to begin collecting a reference spec- 

trum, program function "Setup-Re€" is executed. This function sets 

a flag indicating that the particular reference spectrum is being 

collected and accepts the weight of the reference material from the 

user via the keyboard. Next the user enters the known concentra- 

tion of each of the three radionuclides in the reference standards. 

(The concentrations in our reference standards come up as defaults 

in this function, so the operator can just press the Enter key.) The 

concentration x reference material weight x count time (sample 

time, not reference time) is entered into the appropriate row of the 

CON matrix for that input. 

b) The spectrum is collected for 50 minutes "live" time, after which 

program function "Update-Data" is executed. This function sums 

the counts in the three ROIs, divides the sums by ten to match the 

sample collection counts, subtracts the background counts for the 

three ROIs, and stores the sums in the appropriate row of the REF 

matrix for that input. Update-Data then saves the reference 

spectrum to the A: drive in an appropriately named file. 

3. At any time the operator may choose the View" option from the new 

reference menu to bring up the MCA screen and view the collection of 
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a spectrum. The operator must take care not to alter the spectrum 

from the MCA screen since this will invalidate the spectrum, requiring it 

to be re-collected (and these are very long collection times). 

After all background and reference spectra have been collected, thus 

loading the BKG, REF, and CON matrices with the proper values, the 

program is ready to save the reference file. When the operator chooses 

the "Save" option from the new reference menu, program function 

"Save-Ref" is executed. Save-Ref first checks to make sure all required 

spectra have been collected. It next executes program function 

"Get - RfName", creating a unique name for the reference file (see 

Appendix E for fie-naming conventions). This ASCII text file is 

opened in the reference directory, and the values in the REF, CON, 

and BKG matrices are written to it. See Appendix D €or the exact 

format of this file. Finally, Save-Ref saves the name of this reference 

file in the ASCII text file called LATEST in the reference subdirectory 

(see the section below called "Directories" for a description of the 

reference subdirectory). The reference file is now in memory, and 

sample analysis may be performed. 

4. 

3. INSlXJLATION PROCEDURES 

3.1 HARDWARE, 

Installation of the NaI(Tl) detectors, preamplifiers, and amplifiers is outside 

the scope of this memorandum. Installation of the unique parts of our system 

(namely the DMRW system) is discussed. 
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3.1.1 Digital Multiplexer Router 

The DMR-IIW model 108 must be mounted in a NIM bin. The DMRW has 

internal switches, set at the factory to the most common configuration, that 

determine the number of channels allocated to each of the inputs. Our system 

uses the default settings, but, if necessary, the left side panel of the DMRW may be 

removed and the switches changed. 

3.12 Personal Computer Analyzer 

The PCA-IIW card can be installed in any available expansion slot inside the 

computer. (See the computer manual for instructions on installing a computer 

card). If available, the left slot should be used for physical convenience. 

The P C A - I P  card has a set of 10 switches, with switch selections printed on 

the PCAM card for reference. The first three switches select the number of PCA- 

I P  cards installed in the computer. The last seven switches select the port address 

where the computer will access the PCA-IIW card. All switches are set at the 

factory to the most commonly used configuration. The computer port address 

used by the program is 1EO hex, which is also the default setting. 

There are several jumper wires on the PCA-IIW card, one of which selects the 

computer hardware interrupt lines to be used for timing purposes. Normally the 

IRQ3 line is used by the PCA-IIN card, which corresponds to the COM2 device. 

If a mouse device is installed on the computer using the COM2 device, a conflict 

occurs. In this case, the mouse should be installed on a different device; 

otherwise, the interrupt jumper on the PCA-IIM Card and the program’s interrupt 

routines will need to be modified. 

3.13 Digital Multiplexer T i i r  card 

The D M R - I P  timer card needs to be installed in a computer expansion slot 

next to the PCA-IIW Card. The settings of the switches on the timer card must 

match exactly the address settings of the PCA-IIM switches. It should be noted 
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that the program does not take advantage of the timing capabilities of the DMR- 

IIW timer card but uses instead the timing interrupts from the PCA-IP card to 

determine when to turn off the DMRW inputs. 

3.1.4 Hardware Adjustment 

Once the DMRW has been installed in the M M  bin, the cards installed in the 

computer, and the computer case closed, the system components may be 

connected. The outputs from the TC240 amplifiers are connected via BNC cables 

to the first three inputs on the front of the DMRW. The ribbon cable from the 

rear of the DMRM is connected to the rear panel of the DMRW timer control 

board in the computer. The signal output on the back of the DMRW is connected 

via BNC cable to the signal input on the back of the PCAW card. 

Of the three trim-pots on the rear of the PCAM card, two must be disabled 

when using the PCAm card in conjunction with the DMRW unit: the top one, 

called the upper level discriminator (ULD); and the middle one, called the lower 

level discriminator (LLD). The ULD trim-pot should be adjusted 20 turns 

clockwise, and the LLD should be adjusted 20 turns counterclockwise. 

The third trim-pot on the rear of the PCAW card is called the zero intercept 

(or zero crossover) and must be adjusted. In an MCA system, a linear relationship 

must exist between pulse height (in volts) and the channel to which the pulse is 

stored. For example, if a p u k  of 8 volts is stored in channel 500 and a pulse of 4 

volts is stored in channel 250, a pulse of 0 volts should be stored at channel 0. In 

reality, a pulse of zero volts is not a pulse at all and, therefore, cannot be detected. 

Even though this is the case, it is important that the linear relationship between 

pulse height and channel number match the zeroth channel to zero volts. 

Using a precision pulse generator (pulser) connected to an input on the front 

of the DMRW unit, the zero intercept can be determined and the trim-pot adjusted 

accordingly. If 8 volt pulses are being stored in channel 500 and 4 volt pulses are 

being stored in channel 200, it follows that a pulse of zero volts would be stored in 

channel -100 (the zero intercept). In this case, the zero intercept should be raised 

by turning the trim-pot clockwise. Conversely, if 8 volt pulses are being stored in 
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channel 500 and 4 volt pulses are being stored in channel 300, it follows that zero 

volt pulses would be stored in channel 100 (the zero intercept). In this case, the 

zero intercept should be lowered by turning the trim-pot counterclockwise. 

3 2  S o m A R E  

The following paragraphs describe the procedures necessary to install the 

program and supporting files on the fned hard disk drive of the personal 

computer. 

321 Directories 

To keep them together for easier access and maintenance, the program and 

supporting files should be placed in a file subdirectory. Although the name of the 

directory is not important to the operation of the program, a suggested name is 

SOIL. It would appear as CBOIL (where C is the hard disk drive name). This 

subdirectory is called the program directory henceforth. 

Another subdirectory must be placed within the program subdirectory to 

contain the reference files. The name of this subdirectory 

named REFER. It appears as CBOILWEFER (where CBOIL is the program 

subdirectory already established). This subdirectory is called the reference 

directory. 

important. It must be 

32.2 P r o g r a m a n d F k  

The program (named SOIL.EXE) must be copied into the program directory. 

A supporting file, EGAVGABGI, must also be copied into the program directory. 

This contains a run-time library from Borland International, Inc., distributor of the 

C language compiler used to develop the SOIL-EXE program. The file extension 

BGI stands for Borland Graphics Interface; the library contains graphic routines 

needed to display the MCA screen. 
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The two data files, TEMPDB.DAT and TEMPDB.BAD, that contain the 

analysis results are placed into the program directory by the SOLEXE program 

when needed. The operator does not need to create them. 

The next We that needs to be placed in the program directory is LATEST 
(no file extension). It is an ASCII text file that contains three letters used in 

naming the spectra files. Once this file is created, the SOILEXE program will 

maintain it. It may be created with a text editor or a word processor that can save 

files as ASCII text. To do so, create a file that contains AAA, with no leading, 

trailing, or intervening spaces. To create the file without the use of a text 

editor or word processor, type the following at the DOS prompt: 

COPY CON LATEST <Return> 

AAA <Ctrl-Z> <Return> 

where <Ctrl-Z> is a m m p k h e d  by holding down the control key and pressing 2. 

The following message should appear: 

1 File(s) copied 

To verify that the LATEST file has been properly created, type the following 

command at the DOS prompt: 

TYPE LATESTcEnter> 

The following should appear: 

AAA 

If not, start the process again from COPY CON LAEST. 

The last file that needs to be put into the program directory is ERFILE (no 

file extension). Also an ASCII text file, it can be created by the same methods 

used to create LATEST. This file is used to calculate the error estimation for the 
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analysis results. The format of this file is detailed in Appendix D. 

None of the files in the reference directory needs to be created by the 

operator. The SOIL.EXE program maintains the LATEST file and creates the 

reference files found there. 
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PROGRAM SOURCE CODE 

The first page is an index of all the user defined functions in the program. The 

source c d e  file name is listed for each function. 

Next are listed all the C language header files. These have a .H extension and are 

listed in alphabetic order. 

Next are listed all the C language and assembly language source code files. These 

have .C and .ASM extensions and are listed in alphabetic order. 

AI1 C language programs begin by executing the function called "main". Program 

execution can be traced from function to function from that point. 
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Index of all user-defined functions in soil analysis program. 

Function Name File Name ------------- --------- 
Acquire - Off.........PCA .c 
Acquire-On .......... PCA .c 
Analyze ............. ANALYZE .C 
Blank...............VIEWSPEC.C 
Calc-Conc ........... ANALYZE .C 
Calibrate...........CALIB .C 
ChArrDiff...........PCA .c 
Clear - Spec-Box ...... V1EWSPEC.C 
Clr-Input ........... SOILASM .ASM 
Clr - ROI.............VIEWSPEC.C 
Cursor..............GETSTR .C 
Draw-Acquire. ....... V1EWSPEC.C 
Draw-Channel ........ V1EWSPEC.C 
Draw-Counts ......... V1EWSPEC.C 
Draw-Cur-ROI ........ V1EWSPEC.C 
Draw-Cursor ......... V1EWSPEC.C 
Draw-FNarne .......... V1EWSPEC.C 
Draw-HScale ......... V1EWSPEC.C 
Draw-MCA-Screen ..... V1EWSPEC.C 
Draw Plot-Mode ...... V1EWSPEC.C 
DrawIROI-Beg.. ..... .VIEWSPEC.C 
Draw ROI End........VIEWSPEC.C 
DrawIROIISurn. ....... VIEWSPEC. c 
Draw-Spec ........... VIEWSPEC.C 
Draw-Time ........... V1EWSPEC.C 
Draw-VScale ......... V1EWSPEC.C 
Fill LogTable ....... V1EWSPEC.C 
Get-ZJ-Plot ......... V1EWSPEC.C 
Get Plot-Y .......... SOILASM .ASM 
GetIRfName .......... NEWREF .C 
GetEStr.............GETSTR .C 
GetKey-If-Ready ..... ME" .c 
GetVideoType ........ GETSTR .C 
Handler.............PCA .c 
HighLight ........... NE" .c 
Init Plot...........VIEWSPEC.C 
InitROI ............ V1EWSPEC.C 
LJ LTne ............. VIEW SPEC.^ 
Load Ref. .......... .ANALYZE . C 
MainrMenu ........... MA1NMENU.C 
Make-Prn-Num ........ V1EWSPEC.C 

Calc - DMR............PCA .c 

Draw-Menu-Box ....... MENU .c 

Function Name File Name ------------- --------- 
Matrix-Adj .......... MATRIX .C 

Matrix-Inv .......... MATRIX .C 

Matrix Cof..........MATRIX .C 
MatrixIDet. ........ .MATRIX .C 

Matrix Mul..........MATRIX .C 
MatrixIScal ......... MATRIX .C 
Matrix-Trans ........ MATRIX .C 
Menu................KENU .c 
main................MAIN .c 
New-Ref ............ .NEWREF .C 
Old Ref.............ANALYZE .C 
PCA-Interrupt-Off .. .PCA .c 
PCA-Interruptpn - .... PCA .c 
PCAOut..............PCA .c 
Prn-Spec-LJ ......... V1EWSPEC.C 
Prn-Spec-TI ......... V1EWSPEC.C 
Read-Input .......... SOILASM .ASM 
Ref ROIa............NEWF .C 
sample. ............ .ANALYZE . c 
Save-Ref ........... .NEWREF .C 
SetCuraor...........GETSTR .C 
Setup-Ref .......... .NEWREF .C 
Setup-Samp .......... ANALYZE .C 
Show-DskErr ........ .NEWREF .C 
Show-Err ............ ANALYZE .C 
Signif .............. ANALYZE .C 
Srnooth..............CALIB .C 
SpLoad .............. PCA .c 
SpSave .............. PCA .c 

Stop PCA............PCA .c 

Toggle-PCA-3 ........ PCA .c 
UnLight ............. ME" .c 

Valid - Clr...........PCA .c 

Valid-Write ......... PCA .c 

Start PCA...........PCA .c 

SubMatrix.. ........ .MATRIX .C 

- 

Update-Data ......... NEWREF .C 
Update-samp ......... ANALYZE .C 
Valid Read..........PCA .c 

View-Saved .......... V1EWSAVD.C 
View-Spectru rn....... V1EWSPEC.C 
Write-Input ......... SOILASM .ASM 

- 
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/* DMR.H Structure de f i n i t i ons  provided by Nucleus Inc. f o r  making */ 
/* conpetible spectrun f i l e s .  */ /* Last Modif id: 08/01/91 */ 
........................... CAL]B STRUCTURE ............................... 
typedef s t ruc t  ( 

char unitsl41; /* Un i t s  St r ings ( ie :  Kev) - ASCII2 S t r i ng  */ 
double calx0; /* Coe f f i c i en t  f o r  0 th Order Term */ 
double calxl;  /* Coe f f f c ien t  f o r  1st  Order Term */ 
double calx2- /* Coe f f i c i en t  f o r  2nd Order Term */ 
int nmt$ints; /* Nunber o f  c a l i b r a t i o n  points  */ 
double calctrdC51- /* Centroids f o r  Up t o  5 Points */ 
double ca l va lw t5 j ;  */ /* Values f o r  Up t o  5 Ca l i b ta t i on  Points 

> CALIB; 
.......................... A C N l R E  STRUCTURE .............................. 
typedef s t ruc t  t 

long 
1 OW 
1 O W  
char 
char 
char 
char 
char 
char 

preset; 
elaped; 
remain; ;psi re; 

s tar t t ime t 131 ; 
s t a r t d a t e t l f l ;  
stopt imec131; 
stopdate 1131 ; 

> ACWIRE; 
......................... 
typedef s t ruct  C 

char etimet31; 
char l t imef  lag; 
char rt imef tag; 
char convergein; 
char digoffset; 
char idcodestr[l5]; 
char pca datell21; 
char fxa-time[l2]; 
char g r q ;  
char units; 
C A L l B  cal ib. 
char f i L 1 (691 ; 
char phamcde; 
char mcs; 
char mcstimelab; 
char m c s d v e l l d ;  
char mcspasct t31; 
char centupflag; 

/* ( 0- 3) Preset Time in  Seconds */ /* ( 4- 7) Elapsed Time i n  Seconds */ /* ( 8-11) Remaining Time in Seconds */ 
/* (12 ) Olh i f  i n  acquire e lse OOh */ /* (13 ) Olh i f  armed e l se  OOh */ 

*/ 
*/ 
*/ */ 

/* (14-26) Acquire S ta r t  Time - hh:mn:ss M /* (27-39) Acquire S ta r t  Date - mnn &I yyyy /* (40-52) Acquire S ta r t  Time - hh:mn:ss Pn /* (53-65) Acquire S t a r t  Date - mm, dd yyyy 

/* Byte Of fset  Descript ion */ 
*/ /* - - - - - - - - -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

/* ( 0- 2) E!apseSf Tim - 3 Byte BCD mmber */ 
/* ( 3 L i v e  Time Flag */ 
/* ( 4 ) Real T i p  Flag */ 
/* ( 5 ) Conversion Gain Hunber */ /* ( 6 ) D i  i t a t  Of fset  N h r  */ 
/* ( 22- 33) Date o f  F f l e  Save - mrm dd yyyy */ 
/* ( 34- 45) Time of F i l e  Save - hh:mn:ss PM */ /* ( 46 ) Group Nunber */ /* ( 47 ) System Ca l i b ra t j on  Flag */ 
/* ( 48-157) Energy Cal ibrat ion Structure */ /* (158-256) For Compat ib i l i ty  With P C A - I  */ /* (257 ) PHA Mode Flag */ /* (258 ) MCS Mode FLag */ 
/* (259 ) MCS T i n  Label Flag */ /* (260 ) MCS Duel1 I lmber */ 
/* (264 1 Centroid Update Flag */ 

/* ( 7- 21) F i y e n m  - 15 Byte ASCII2 */ 

/* (261-263) MCS Pass C o u n t  - 3 Byte BCD Nunber */ 

? w 
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char 
in t  
char 
char 
i nt 
char 
char 
char 
char 
char 
char 
int 
char 
char 
char 
char 
char 
char 
char 
1 m g  
char 
char 
char 
char 
char 
in t  

fuhmupf lag; /* (265 ) FUHM Update Flag 
nunchanspn; 
asday; /* (268 1 Acquis i t ion S t a r t  Day 
asmonth; /* (269 ) Acquis i t fon S ta r t  Month 
as ear; 
asKunci; /* (272 ) Acquis i t ion S t a r t  Hundredth 
assec; /* (273 ) Acquis i t ion S t a r t  Second 
asmi n; /* (274 ) Acquis i t ion S ta r t  Minute 
ashour; /* (275 ) Acquis i t ion S ta r t  Hour 
astpday; /* (276 ) Acqu!s!t!on Stop Day 
astpnonth; /* (277 ) Acqu!s!t!on Stop Month 
astpyear; 
estphund; /* (280 ) Acquis i t ion Stop Hundredth 
astpsec; /* (281 ) Acquis i t ion Stop Second 
astpnin; /* (282 ) Acquis i t ion Stop Minute 
ast our; /* (283 ) Acquis i t ion S t o p  H o u r  

/* (284-355) l d e n t i f i c a f i o n  - ASCI12 St r ing  /* (356 ) Program M 8 J O r  Vers!on Nunber 
id[%; 

mi nvers; /* (357 ) Pro ram Minor Version Nunber 
rea l  elap t ime-  /* (358-361) Reef Elapsed T i m e  i n  Seconds 
acqsfop tTmel l f l ;  /* (362-374) Acquire Stop T i m e  - hh:mn:ss fV4 
acqstop-dafe[l31- /* (375-387) Acqujre S t o p  Dare - mnn dd yyyy 
acqstarf t imetl3j;/* (388-399) Acquire S ta r t  Time - hh:mn:ss PH 
acqstart-dateCl31;/* (400-412) Acquire S ta r t  Date - mrm dd yyyy 
futureW51; 
endheader; 

/* (266-267) Nunber of Channels i n  Spectrun 

/* (270-271) Acquis i t ion S ta r t  Year 

/* (278-279) Acquis i t ion Stop Year 

jvers; 

/* (413-509) For Future Expansion 
/* (510-511) Version Nunber * 100 

*/ */ */ */ 
*/ 
*/ */ 
*/ 
*/ */ */ */ 
*/ */ 
*/ */ */ */ */ */ */ 
*/ */ */ 
*/ */ 

1 DMRHEADER; 



PCA . H 
/* PCA.H De f in i t i ons  needed f o r  in te r face  with PCA Card */ 
/* and prototypes o f  PCA in te r face  functions. */ 
/* Last Modif ied:  08/01/91 */ 
#define PCA-INf OxOb 
#define I C C  CONTROL 0x20 
#def i ne I CC-MASK 0x2 1 
M e f  ine ~CCZACKN~LEDGE Ox20 

Wef ine PCA XUT OW Oxf 7 
#define P C A I l N T I O F F  0x08 

#def im PCAPORT OxleO 
#define NEUPORT Ox l f f  

vo id  interrupt Handlcr(void); 
void Acquire Off(int); 
void Ac irezOn(int); 
unsigr$char Ca 1 c-DNR(unsigned char); 
void Start  PCAO; 
void Stop PCAt 1; 
void ToggTe PCA )(char); 
void PCApttTintYFhar) 
void Valid Read(int, [ong *); 
vo id  Ve t idS l r i t e t i n t ,  long *); 
void Va 1 icC 1 r( i n t  ) ; 

Page 1 o f  1 
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/* SCANCDDE-H Scancodes of keys returned by BIOS Keyboard Interrupt */ 
/* and prototype of function that reads the keyboard. */ 

char GetKey-If-Ready(); 

#define ESC 1 
#define ENTER 28 
#define KEY UP 72 
#define KEY-LEFT 75 
#define KEY-RIGHT 77 
#define KEYIDWN 80 
#define F 1  59 
#define F2 60 
#define F3 61 
#define F4 62 
#define FS 63 
#define F6 64 
#define F7 65 
#define F8 66 
#define F9 67 
#define FIO 68 
#define PGUP 73 
#define PGON 81 
#define HOME 71 
#define END 79 
#define PLUS 13 
#define MINUS 12 
#define PLUS KP 78 
#define HINU'S-KP 74 

/* Last Hodif led: 08/01/91 */ 
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/* SO1L.H General definit ions for s o i l  analysis program. */ 
/* Last Modified: 08/01/91 */ 
#define NUn INPUTS 3 
#define CHARS PER INWT 512 
#define BYTES~PER~INPUT 512 * 4 

#define ACP TIME 
#define ACP~TICKS 

#define MAX-ROI 

#define NOT COLLECTED 
#define COLrEClING 
#define COLLECTED 

#define ROI BEG 1 
#def ine ROI- END^ 
#define R O I - B E G ~  
W f  ine ROI- END-^ 
#define ROI- BEG^ 
#define ROI:END~ 

5.0 
5L * 60L * 100L 
3 

0 
1 
2 

273 
412 
226 
259 
426 
51 1 

Page 1 of 1 
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/* SOI1ASM.H Prototypes of assembl language functions. */ 

int Get P l o t  Y(int, int); 
void Reaa In$t(int, Long far *); 
void Writ; Input(int, long far *I; 
void C i r-Ifiput ( i nt ) ; 

/* Lest Modif i d :  08/01/87 */ 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * 

AFlALYtE .C * * Last Modif ied:  07/31/91 * * U r i t t e n  By: John E. Ui lson * * Compiler: Bortand C++ V2.0 * * Memory Model: Large * 
* This module contains Analyze0 which i s  the main menu f o r  analysis. From * * t h i s  menu O l d  RefO, !eu-RefO, and s W j e 0  m s  are cal led. This module: * contains Old K e f 0  which allows an e x i s t i n g  reference f i l e  t o  be loaded, 

and Senple()-dtich a j l ous  f o r  s * 
* are inc  uded here which are usd% Old Re fO and SenpteO. 

#include *stdio.h> 
#include <dos.h> 
#include math.h, 
#include <time.h> 
#include *string.h> 

#include *soil.h> 
#include <pca.h> 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* GLOBAL DATA REFERENCES * 
............................................................................... 

* 

* 

l e  anatysis. Several other functions 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* * 
* * 

extern long *counts; 
extern long t i m e r c w  INPUTS]; 
extern char acqui relNWlt INPUTS1 ; 
extern char invalidlNUn-INPUTS1~ 
extern double bkg[NUF( IIIPUTSI [MAX R O I I ;  
ex tern double cm[NW-INPUTS1 [MAX'-ROll [MAX R011; /* Concentretion Uatr ices */ 
extern double r e f  [NW~INPUTSl [MAX-Rol l  [MAX~ROI ] ;  /* Reference C o u n t  Mats */ 
extern char *spect fnemeINuW_1~PlJTSl; 
extern int insert;- 
extern char ref-nameC141; 

/* Buf fer  f o r  C o u n t  Data */ /* L i ve  Timers */ /* Acquire Status */ 
/* Data Al tered Status */ /* Background Matrices */ 

/* Spectra Nemes */ 
/* Insert/OverType Mode f o r  GetEStr */ 
/* Current Reference F i l e  Name */ 

............................................................................. 
* LOCAL DEFINlT lONS * 
............................................................................. 

* * 
* * 

#define ANMENU 4 

#define ANBOX U 25 
#define ANBOXIH 3 

#define ANCOL-COORD 29 

#define LRHENU 3 
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#define LRBOX U 20 
#define LRBOXIH 3 

#define LRCOL-COORD 31 

#define SMENU COL 3 
#define SMENUIRW 3 

#define SBOX W 15 
#define SBOXIH 3 

#define K 2.576 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * * 
LOCAL DATA DEFINIT IONS * 

* 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
i n t  samp~status~NUH~INPUTSI; /* Sample Data Status fo r  each input */ 
double semp[NUn-INWTSl [MAX-ROII; /* Ssmple C o u n t  Matrices */ 
double semp utrNIJt4 INPUTSI; /* Sample Weighfs */ 
i n t  sampd/[NUM'INPUTSl; /* Sample Days i n  Can */ 
i nt samp-br [NUn-i MPUTSJ ; /* Sanple Barrel NLrnber */ 
char *samf-no[NU~-INPUTSl = /* Sanpllle Yunbers */ 

C" 
I1  ' 

11 1 9 ;  

char *weight s t r  = I 1  . 
char *day s t F  = ( I -  

char *barrel-str Io; 

double ingrowth1191 = (1.00 0.79  0.83 0.89, 
0.89: 0.90: 0.92: 0.93, 
0.94, 0.95, 0.96, 0.97, 
0.98, 0.98, 0.98, 0.98, 
0.98, 0.98, 1.00); 

I 

............................................................................. 
Analyze( 1 

* * 
* * 
* Hain mew f o r  analysis. Cal ls  Old-Ref(), New-RefO, and Sample(). * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Analyze() 
c 

* 

int choice = 0; 

? 
c--r 
0 
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int row-crdCANHENU1 (6, 9, 12, 15); 
char *amnu-text  CANMENU] = C"Load Reference F i  leaa, 

V4ake New Referencena, 
"Analyze Sample1*, 
B'Pui t"); 

int i; 

while (choice I =  3 k& choice != -11 C 
c l r s c r 0 ;  

gotoXy(29,z ) ; 
puts(aaA N A L Y S I S M E M W); 

gotoxy(4O,24); 
printf ("Current reference f i l e :  Xs", ref-new); 

f o r  (f.0; i 4 N H E N U ;  i++) 
Draw_Menu_8ox(ANCOt-CCOORD, rou-crdti l, ANBOX-U, ANBOX-H, srmerm-text t i l  1; 

choice = Hmu(choice, ANHENU, 1, ANCOL-COORD, row-crdtO1, ANBOX-U, ANBOX-H, 0, 01; 
switch (chofce) C 

cese 0: 
O l d  Ref(); 
bregk; 

case 1: 
Mew Ref(); 
breTjk; 

SempleO; 
break; 

case 2: 

1 
) 
re tu rn  0; > 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* Load-Ref (1 * 
* Physical ly loads a reference f i l e  i n t o  matrices: REF, CON, 8 BKG. * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Load-Refcfname) 

char * f m ;  

C 
FILE *fh; 

* 
* * 

* 

/* Name o f  Reference F i l e  */ 

? 
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fnt i , j , k .  
i n t  errchfc; 

f h  fopen(fname,"rt"); 

i f  ( f h  == NULL) C 

Shou DskE rr  ( f name) ; 
retuFn 1; 

3 else C 

/* Couldn't open f i l e  */ 

f o r  (i=O; i c.NUn INPUTS; i++) 
f o r  (j=O. < MAX R O I -  j++) 

/* Load REF matrices */ 
f o r  ( k = d *  k < UAX k01; k++) C 

errchfc = f~canf ( fh , '~X l f \n '~ ,&re f  lil Cjl [kl); 
i f  (errchk != 1) C 

f c Lose( f h); 
Shou Ds kE r r ( f name) ; 
ref_iiam[01 = 0; 
re turn 1; > > 

for  (k=d. k < UAX ROI; k++) C 

for  ( i=O;  i < . N u n  INPUTS; i++) 
for  ( j = O .  < RAX R01; j++) 

/* Load CON matrices */ 

errchk = f s c e n ~ ~ f h , ~ ~ X l f ~ ~ , & c o n ~ i l  [ j l  Ikl); 
i f  (errchk != 1) C 

f c lose( f h ); 
Show-Ds kEr r ( f name); 
ref-name[OI = 0; 
re turn 1; 

3 
1 

f o r  ( i = O -  i c MUn INPUTS; i++) /* Load BKG matrices */ 
f o r  c j=o* j < vnx ROI; 

errchfc = fscani(fh, l '~; ' ) ,~bkg[i i  t j l ) ;  
i f  (errchk I=  1 )  C 

f close( f h  ); 
Shou DskErr(fname); 
r e f  i iame[Ol = 0; 
return 1; > > 

fclose( f h); 

strcpy(ref-name, &fname[61); 

re tu rn  0; 
3 

1 

/* Set neu ref-name */ 

? 
CL 
N 
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............................................................................. 
* OLd-RefO * 
* Menu f o r  loading i n  a reference f i l e  that  yes prev ious ly  saved. * 
............................................................................. 
Old-Ref ( )  
c 

* * 
* * 
* * 

FILE *fh; 

s t r u c t  date d; 

char fneme[801; 

int choice = 0; 
int errchk; 

int row-crd[LRM€NUI = C6, 9, 12); 

char *lrmenu-text [LRMERUI = CstUse Most Recent" 
"Type I n  Ref N a m e h ,  

i n t  i; 
"PU 1 t "1 ; 

ut r i l e  (choice != 2 && choice I =  -1) C 
c l r s c r t  ) ; 

gotoxyc23 2) * 
puts("L O ' A  b R E F E R E N C E M E N U"); 

got oxy( 40 , 24 1; 
pr intf ( V u r r e n t  reference f i l e :  xs", ref-name 1 ; 

f o r  ( i = O ;  i<LRMENU- i++) 

choice = Menu(choice, LRMENU, 1 , LRCOL-COORD, row-crd[Ol , LRBOX-W, LRBOX-H, 0, 0); 

switch (choice) C 

Draw_Mem?rBox(L&COL-CcooRo, row-crdti l , LRBOX-U, LRBOX-H, Lrmenu-text t i l  ); 

case 0: /* Load most current reference f i i e  */ 
f h = f open("RE FER\\LATESTtt , **rttq); 

i f  ( f h  == NULL) C 

Show-DskErr(I*REFER\\LATEST1*); 

1 e lse  C 
errchk = f~cenf(fh,~~%l8s~~,fname); 
f c(  ose( f h ); 

/* Get Latest Name */ 

? 
w w 
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i f  (errchk == EOF) C 

Show-DskErr(18REFER\\LATEST18); 

> else C 

1 > 
break; 

case 1: 

Load-Ref(fname); /* Load I t  */ 

/* Manually enter f i l e  name */ 
s t  rcpy( f name, lnREFER\\al); 
strcpy(Bfnamet61, r e f  name); /* A d d  current refereme nem */ 
f o r  (i.6; i < 17; i++T /* Pad wi th  Spaces */ 

/* Put REFER\ a t  beginning */ 

i f  (fnametil == I \ O ' )  

f n a y l l l  = I ; 
for (; i 17; i;+) 

fnameCl7l = \O ; /* E r d  o f  S t r i ng  Marker */ 

gotoxy(8 18)- 
puts("(The f i l e  w s t  be i n  s t i td i rectory  REFER)"); 
gotoxy(8,16); 
printf("1nput reference f i l e  name: l a ) ;  

GetEStr(BfnameI61, whereyo, wherex0, &insert,  1, 1); 

Load Ref(fname); 
breat; 

1 > 
return 0; 

1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * 
* 

* * 
* Get a sample ready t o  co l l ec t .  Also check fo r  con f l i c t s .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Setup-Samp(input) 

in t  input; 

* 
* * 

/* DMR Input: 0,l.Z */ 
c 

int i; 
int yn; 

? 
c 
P 

/***** See i f  t h i s  Input i s  Currently Col lect ing *****I 

i = input+l; /* lnplt # f o r  pr int int */ 
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i f  (swnp-statustinput3 == COLLECTING) C 
gotoxy(8 21); 
printf( l1fnput Xld i s  cu r ren t l y  co l lect ing.  Re-Start anyway? No Yes",i); 

yn = Menu(0 1, 2, 61, 21, 3, 1, 3, 0 ) ;  

1 else 7 
> 

I f  (yn == t i  c 
senp statust input1 t NOT-COLLECTED; 

return 1; /* Abort */ 
1 

/***** See if Sanple has already been co l lected f o r  t h i s  lnpxlt *****/ 
if (semp~statust input l  == COLLECTED) C 

gotoxy(8, 21 ); 
p r i n t f ( "0ve ru r i t e  the data in  Input Xld? No Yes",i); 

y" = M m ( 0  1, 2, 41, 21, 3, 1, 3, 0 ) ;  
l f  (yn I =  15 

re tu rn  1; /* Abort */ > 
I***** input the Sample weight, Days in can, and ID # *****I 
P O  ; 
uhi Le (yn == 0) C 

c l r s c r t  1; 
gotoxy(1, 8); 
printf(1'Input %Id s l e  weight: ",i)- 
GetEStr(weight s t r , y e r e y O ,  *erex(j, &insert,  0 ,  0); 
sanp-wt [ i npu t I-= a t  o f t  we i gh t-s t r > ; 
gotoxy(l I O ) ;  
printf(l9fnput Xld days i n  can: *I,i); 
GetEStr(day-str, whereyo, he rex ( ) ,  &insert,  0, 0); 
sanp-dy[inpltl = atoi(d8y-str); 

/* Get User Inputs */ 

gotoxy(1, 14); 
printf("1nput Xld bar re l  mmber: ",i)- 
GetEStr(barrel-str, h e r e y o ,  uherexcl, &insert,  0, 0); 
sanp_br[inputl = etoi(barret-str);  

c l r s c r 0 ;  /* Re-Print */ 
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gotoxy(1, 10); 
pr in t f ( I1 lwt  Xld days i n  can: &Ill, i, s q - d y t i n p u t l ) ;  

gotoxy(l, 12); 
printf("1nput Xld sanple mmber: 'XSII, i ,  samp-no[inputl); 

gotaxy(1, 1 4 ) ;  
printf("1nput .%Id bar re l  n u h e r :  %dl1, i, samp-br[inpltl); 

gotoxy(25, 21); /* C o n f i r m  */ 
puts( vhange Cance l e )  ; 
yn = nenu(1, 1, 21, 6, 1, 3, 0); 

1 

i f  (yn == 2 1 1  yn == -11 
re tu rn  1; /* Abort */ 

return 0; /* Okay */ 
1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Update-Sv( 1 * 

* I f  any inputs are f in ished c o l l e c t i n g  then get data and update the f lags. * 
............................................................................. 
Update-SampO 
C 

in t  i,j; 

* * 
* * 
* 

for ( 
i f  

=Os i < NUM INPUTS- i++) C 
(a tqu i re [ i~ -==  o id sanp_statust i~  == COLLECTING) c 
sarp-status t i l  = COLLECTED; /* Update Data Status */ 
Valid-Read(i, counts); 

swrp t i l  101 = 0.0; /* Sun R O I  1 */ 
f o r  (j=ROI BEG 1; j <= R O I  END-1; j++) 

samptil 111 = 0.0; /* Sun ROI 2 */ 
for ( j = R O I  BEG-2; j <= ROI-END-2; j++) 

samp[il I21 = 0.0; 
f o r  (j=ROI BEG-3; j <= R O I  END-3; j++) 

for (j=O; j . <  MAX ROI; j++) 
samptil t j l  - =  6 k g t i l  [JI; 

/* Get Counts fran PCA Card */ 

samptilT01 T= c o u n t s t j l ~  

samptilT11 += c w n t s t j ] ;  

/* Sun ROI 3 */ 
Samp[l]T2] += C O W l t S [ J ] j  

/* Minus Background */ 
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> 
) 
re tu rn  0; > 

............................................................................. 
* S i gni f ( ) * 

............................................................................. 
double Signif(n, sd) 

W l e  n; /* Nunber */ 
int sd; /* S ign i f i can t  D i g i t s  */ 
C 

* * 
* * 

* R d s  o f f  a nunber t o  the nearest s i g n i f i c a n t  d i g i t .  * 

double dv,ans,lg; 
long int rnd; 

/* Check f o r  E r ro rs  */ 
i f  (sd c 1 1 sd 9 1 1  n (= O . O t )  

/* Save of copy of log base 10 of  nunber */ 
l g  = loglO(n); 

re tu rn  0. b : 

/* F i n d  d i v i s o r  t h a t  w i l l  put s i g n i f i c a n t  dig.:s just l e f t  o f  decimal po in t  */ 
i f  ( l g  < 0.OL) C 

dv = poulO((int) lg - sd); 
> etse C 

dv = poulO(( in t ) lg  + 1 - sd); 
> 
/* Round o f f  t o  nearest s ign i f i can t  d i g i t  */ 
rnd = (Long int)(n / dv + 0.5000000001L); 

/* S h i f t  back t o  proper decimal alignment */ 
ens = (doub1e)rnd * dv + 0.0000000001L; 

re tu rn  ens; > 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* Shou-Err0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Show-Err(str) 

char *str;  

c 

* 
* 
* Displays 8 message s t r i n g  (usually an e r ro r )  and waits f o r  user response. * * 

/* Message s t r i n g  */ 

int x; 

x = 40 - ( s t r l encs t r )  / 21; 

pr ts(s t r ) ;  

puts ( "Okay11 ) ; 

Menu(0, I ,  1, 39, 22, 4, 1, 0, 0); 

re turn 0; 

gotoxy(x, 21); 

gotoxy(39, 22); 

1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* Ca 1 c-Conc( 1 
* * 
* * 
* Calculate the sample concentrations end save the resul ts .  * 
* * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ca 1 c-Conc( input 1 

in t  input; 

c 
/* DRR Input: 0,1,2 */ 

FILE *pm; 
FILE *dat; 
FILE *ext- 
FILE *erf: le; 

char spect extI41; 
char spect-next t41; 
char spectIname 1161 ; 

/* Pr in te r  Stream */ 
/* Data F i l e  Stream */ /* Latest Spectrun Extension */ /* F i l e  Containing E r ro r  Estimates */ 
/* Spectrun F i l e  Extension :/ 
/* Neu Spectrun F i l e  Extension */ 
/* Spectrun F i l e  Name */ 

char *dr ive = O8A:l8; 

double invIMAX R O I l  [MAX R011; 
double proinv[RAX-ROII [ ~ A X - R O I I ;  /* Inverse o f  p r o p o r t i o n a l i t y  constant */ 

/* Dr ive f o r  Spectrun F i l e  */ 
/* Inverse o f  matr ix  REF *! 
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double resul t [MAX R O I I  ; 
doubLe errest K M A X ~ R O l l  ; 

double lc[MAX R O I I ;  
doubl e l d  [MAX-ROI 1 ; 
double mla[MAx-ROIl; 

char flag[MAX-ROII; 

int days; 

int i; 
int errchk; 
int d f i l e ;  

int er ig,erconp,fowd; 
double er$o,erhi,erpct; 
char ertype; 

int sigdig; 

s t ruc t  dete d; 
t i m e  t t; 
char- *t imeptr= 
char t i m e s t r r h ;  

char *label I31 = C"Radirm'.l, 
"Potass 1 un" , 
V h o r  i unit); 

char message 1401 ; 

/* SeRlple concentrat ion */ 
/* Estimate of  Error in Concentration */ 
/* Decision L i m i t  */ /* Detection L i m i t  */ 
/* Rinimal Detectable A c t i v i t y  */ 
/* HDA Flags ( f o r  p r i n t i ng )  */ 
/* Temp days in  can */ 
/* Tenp Integer */ /* Er ror  Checking Temp */ /* Save Data t o  Which Data F i l e  */ 
/* Tenp Variables f o r  */ 
/* Finding Error Estimates */ 

/* S ign i f i can t  D i g i t s  f o r  Rounding */ 
/* Date Structure */ /* T i m e  Structure */ /* Full T i m e  S t r ing  from etim0 */ /* T i m e  S t r i ng  dd:dd:dd */ 

/* Spectrm N a m e  Ressage */ 

/***** Get the inverse of  matr ix REF *****/ 
errchk = Rstr ix-Inv(&ref linputl, inv, MAX-ROI); 
i f  (errchk) C 

Shou E r r  (iiMEMORY ERRORJi): 
retuFn 1; > 

/***** Get the inverse o f  proport 

errchk = Matrix-Mol(8continput3, 
i f  (errchk) C 

Shou-Err(VlEN0RY ERRORBi ); 
return 1; 

1 

o n e l i t y  constant matr ix (PROINV) ***** 
nv, proinv, MAX-ROI, RAX-ROI, MAX-ROI); 

/***** Get the sanple concentrations *****/ 
errchk Ratrix-Mul(proinv, &sarrpCinputl, resu l t ,  R A X R O I ,  1, RAX-ROI); 
i f  (errchk) C 

Shou-E r r ("MEMORY ERROR" ) ; 
return 1; 

? 
tj 
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1 

/***** Multiply by the sample weight and the sample time *****/ 
Matrix-Scal(result, result, MAX-ROI, 1, (1.0 / (samp-wttinputl * ACQ-TIME))); 

/***** Zero out negative concentrations *****/ 
f o r  (i=O; i < MAX ROI- i++) 

resultlil = 0.0; 
i f  r result!^^ 7 0.6) 

/***** Adjust for Radon ingrowth *****/ 
days = sanp_dytinputl; 
i f  (days 0) 

days = 0; 
/* Clip the Days */ 

if (days > 18) 
days = 18; 

Matrix-ScaL(result, result, MAX-ROI, 1, (1.0 / ingrowthtdaysl)); 

/***** Calculate the Decision Limit (lc) *****/ 
for ( i = O ;  i < MAX-ROI- i + + )  

lc[il = K (sqrt(bkgtinprt1 til  + sqrt(bkgtinput1 [il))); 

/***** Calculate the Detection Limit (Id) *****/ 
for ( i=O; i < MAX ROI; i++) 

ldlil = (K * fl + (Lctil 2.0); 

/***** Get the Minimal Detectable Activity *****/ 
errchk = Matrix-Mul(proinv, Ld, mda, MAX-Rot, 1, MAX-Rot); 
if (errchk) C 

1 

Show Err(tlMEMORY ERROR8t); 
retuFn 1; 

Matrix-Scal(mda, nda, MAX-ROI, 1, (1.0 / (samp-utliryxrtl * ACQ-TIME))); 
f o r  (i=O; i < MAX ROI; i++) 

if (resu!t[il 7 rndatil) 

else 
f Lag[il=t*l; 

flagKi]=' I;  
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/***** Celculate the Error Estimate *****/ 
e r f  i Le = fopen(t1ERFILE11,"rt18); 
i f  ( e r f i l e  == NULL) C 

Show Err(lbCANNOT WEN ERFILEII); 
re t&  1; 

3 else C 

f o r  ( i=O; f < MAX-ROI; i++) C 

errchk = fseek(erf i le,  OL, SEEK-SET); 

i f  (errchk) C 

/* Beginning of F i l e  */ 

Show Err(%EEK ERROR ON ERFILEII); 
fcloZe(erf i l e ) ;  
re tu rn  1; > 

u h i l e  [found == 0) C 
f* = 0; 

errchk = fscenf (e r f i le ,  l%c xd %d %If %l f  X1f1*, 
&ertype, Berpig, Bercarrp, Berlo, Berhi, aerpct); 

i f  (errchk == EOF) C 
Show-Err(I1ENTRY NOT FWND 1W ERFILEII); 
fc losecerf  1 le); 
return 1; > 

if (input == erpig 8& i == ercarp && r e s u l t t i 1  >= e r l o  && r e s u l t l i l  (= e rh i )  E 
i f  (ertype == I P I )  C 

> else < e r r e s t t i l  = r e s u l t t i 1  * erpct; /* Percentage */ 
~ e r r e s t t i ]  = erpct; /* Constant */ 
1 
found++; > > 

3 
3 

fclose(erf i Le): 

/***** Round O f f  t o  3 (or  fewer) s ign i f i can t  d i g i t s  *****/ 
fo r  ( i = O ;  i < MAX-ROI; f++) C 

sigdig = 3; 
i f  ( r e s u l t [ i l  < 0.1) 

sigdig = 2; 
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i f  ( r e s u l t l i l  < 0.01) 

i f  ( r e s u l t l i l  < 0.001) 

r e s u l t [ i ]  = S ign i f ( resu l t l i 1 ,  sigdig); 

s igd ig = 1; 

s igd ig = 0; 

s igd ig = 3; 

i f  ( e r r e s t t i l  < 0.1) 

i f  ( e r res t [ i ]  < 0.01) 

if ( e r r e s t [ i l  < 0.001) 

e r r e s t t i l  = S ign i f (e r res t t i 1 ,  sigdig); 

s igd ig = 2; 

s i gd ig  = 1; 

s igd ig = 0; 

1 

/***** Print Calculated Concentretions and MDA Flags t o  Screen *****/ 
c 1 r sc r  ( 1 ; 
for  ( i = O ;  i < MAX R O I -  i++) 

p r i n t f (~ l%-20s : -~gkc  +/- ~ g \ n ~ ~ ,  tabel t i l ,  r e s u l t  t i l ,  f t a g t i j ,  er rest  [ i ~  1; 

pr in t f ( " \n*  M i n i m  Detectable Activi ty\nn); 

/***** Confirm the Saving o f  the Data *****/ 
gotoxy(27,16); 

?%enu(O, 1, 2, 40, 16, 3, 1, 3, 0 ) ;  

i f  (i) /* E x i t  */ 

'Save Data? Yes Noa1) *  

re tu rn  1; 

/***** Choose Uhich Data F i l e  *****/ 
gotoxy( 27,la) : 
pu:s(Which Database? Good Junk"); 
d f i l e  = Henu(0, 1, 2, 45,  18, 4, 1, 3, 0); 

/***** Determine Name o f  Spect rm F i l e  *****/ 
ext = fopen(glLATEST1n,llrt+"); 

i f  (ext == NULL) C 

? 
N 
N 
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Shw Err(*TANMOT OPEN FILE: LATEST**); 
retuFn 1; 

3 else ( 

errchk = fscenfCext, n%3saa, Bspect-ext); 

i f  (errchk == EOF) C 
/* Get Latest Extension */ 

fclose(ext)* 
Show-Err(**RkAD. ERROR Ow FILE: LATESTII); 
re tu rn  1; > 

crrchk = fseek(ext, OL, SEEK-SET); 

i f  (errchk) C 
fc lose(ext )*  
Show Err(*ISkEK ERROR ON FILE: LATEST**); 
retuFn 1; > 

/* Move t o  Star t  o f  F i l e  */ 

I***** Increment Extension f o r  Next Time *****/ 
strcpy( spect-next , spect-cxt 1; 

spect next tZI++- 
if ( s p c t  next121 == ' z l + 1 )  c 

spect_%xtC21 = * A 1 ;  
spect-nextt11++. . 
i f  (s+ect_next~Ii == 'z*+I) c 

spect n e x t t i ]  = In*; 
spect-next to1 ++' 
i f  ( s k c t  n e x t t b ~  == *z*+I )  c 

spect -kxt ro i  = *A* ;  
3 

1 
3 

crrchk = fprintf(ext,**Msl*,spect-next); 

f c 1 ose[ ex t ) ; 

/* Write out New Extension */ 

i f  (errchk == EOF) C 
Shou Err(WR1TE ERROR ON FILE: LATEST"): 
retuFn 1; > 

I***** Build the Spectrun F i l e  Name *****/ 
s t rcpy( spec tpame, d r i ve )  ; 

s t r ce t  (spectpame, ref-name); /* Reference Uame */ 
spect_name[91 = (char)(input + *l*); /* Input Umber */ 
spectpameC103 = I .*; /* . ( f o r  extension) */ 

/* A: */ 

? 
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spect name1111 = 0; 
strca€(spect-nm, spct-ext);  /* Extension */ 

I***** Print Calcutated Concentrations and MDA Flags t o  P r in te r  *****/ 
prn = fopen(llPRN","ut'l); 

i f  (prn == NULL) C 

Shou Err(IlPR1NTER ERROR"); 
retuFn 1; 

1 else C 

f p r i n t f ( p r n  l *X- l ls  X12s X5 XZd X5gk +/- X5g %g%c +/- W g  B g k  +/- %g\n", 
sBmp n o C i 4 t 1 ,  ~spec t -nam[%~,  samp_ut[inprt~, semp_dy[input3, 
resuTt 101 , f Lag [Ol , er res t  101, 
r e s u l t [ l l ,  f l a g t l l ,  e r r e s t f l l ,  
r esu l t  [,?I , f LagI21, e r res t  123 ); 

f c lose( prn) ; 

1 
/***** Save the Spectrum F i l e  *****/ 
errchk = SpSave(spect-neme, input, counts); 
i f  (errchk) C 

1 

Shou Err(VANN0T URITE SPECTRUM FILE"); 
retuFn 1; 

/***** Print Calculated Concentrations end MDA Flags t o  Data F i l e  *****/ 
getdate(8d); /* Current Date */ 
t = time(NULk); 
t imeptr = ctime(8t); 
f o r  [ i = O ;  i . <  8; !++I 

time st^-181 = 0; 

/* Get Current T i m e  */ 
/* Convert t o  S t r i n g  */ 
/* S t r i p  out the T i m e  Part */ t imes t r t i ]  = t i m e p t r [ i + l l l ;  

i f  ( d f i l e )  C 
1 else C 

1 

i f  (det == NULL) c 
i f  ( d f i l e )  C 

> e lse C 

dat = fopen(llTEMPDB.BAD1l,"rt+ll); 

dat = fopen("TEMPDB.DAT","rt+"); 

/* open F i l e  i f  i t  Exis ts  */ 

dat = fopen("TEMPDB.BAO","ut"); /* open F i l e  i f  i t  Doesn't Ex is t  */ 
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dat = fopen( llTEHPDB.DAT1t,ttwtll); 
1 

1 

i f  (dat == NULL) C 

i f  ( d f i l e )  C 
> e lse 7 

Show E r r  (t*CANNOT OPEN TEMPDB. BAD4t) ; - ~... 
ShowIE r r(lWtNNOT OPEN TEHPDB . DATsg); 

1 
return 1; 

> else C 
errchk = fseekcdat, OL, SEEK-END); 

i f  terrchkf  C 
fclose(dat1. 
Show Err(&EK ERROR MI DATA FILEmt); 
r e t u h  1; > 

errchk = f r intf( rn 

re f  name, 
s a 6  noCinput1, 
BspeEt name (21 , 
saiq-ufcinputl, 
samp dVCinput1, 
resuTt 101, f lagt01, e r res t  to], 
r e s u l t t l l ,  f l agc l l ,  e r r e s t t l l ,  
resu l t  t21, f last21. er res t  t21, 

"\%\", \"!-S\", \9!g\", \'%d\", \"%&~\l~,\~%g\", \"%gXC\", \"?&\",\"%g?k\*, \"%g\", \I%\", \"%02d-%02d-XOZd\ll, \ "~ \ " \n l~ ,  

- .  
timestr, . 
d.da-mon, d.da day, (d.da-year X 1001, 
senp-br C 1 npctlT; 

fclose(dat ); 

i f  (errchk == EOF) C 

> 
Shou-Err("CANNOT URlTE TO DATA FILE"); 
return 1; 

1 

strcpy(spect fnameti t l , s c t  name); /* Save Spec t rum F i l e  Name */ 
s rintf(mess&p,BtSPE#UM t($ 1s: %sll,spectpamel; /* Print i t  out */ 
5fou-E r r ( ms sage ) ; 

return  0; 
1 

............................................................................. 
* Semple() * * * 



ANALY2E.C Page I 8  o f  21 
* 
* Main menu f o r  co l l ec t i ng  sample spectra and analyzing concentrations. * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sample0 
C 

i n t  choice = 0; 

i n t  co l  crd[SMEMU COLI = C 10, 33, 56); 
in t  rou~crdCSP!EtlU~ROVl = C 5, 8, 11); 

char *smenu-text fSHEMU-COLI [SMENU-ROW1 = CWiew I", 
"Star t  1" 
"Anatyze l o o ,  
W i e u  211, 
% t a r t  2" 
IIAnalyze jtl, 

int i,j,k; 
in t  yn; 
int q u i t = O ;  

F ILE  *prn; 
s t ruc t  date d; 

i f  

> 

( r e f  name[01 == 0) C 

puts(I8A reference f i l e  
yn = Henu(0, 1, 1, 65, 
re tu rn  0; 

gotoTiy< 13,211 ; 
/* Hake sure a reference f i l e  i s  in  m r y  */ 
must be loaded before analyzing. 
21, 4, 1, 0, 0); 

Okayu1); 

prn = fopen(llPRN1o,Bautno); 

i f  (prn != MULL) C 

getdate(W; 
fprintf(prn,~~\nSOIL GAMMA ANALYSIS %02d/%02d/X02d REFERENCE FILE: %12s\n\noo, 
d.da-mon, d.da-day, (d-da-year X 1001, refpame); 

f pr i ntf (prn,lo SPECTRUM SAMPLE 
f p r i n t f c p r n  SAMPLE I D  NAME WEIGHT DY 

fclose(prn); 

W i / g  
K-40 

\no'>; fpr i nt f( prn; 11- - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

1 

f o r  (i.0; i < M F  IMPUTS; i++) 
samp-status[i]-= MOT-COLLECTED; /* Default Data Status */ 
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while [quit == 0) C /* Loop until E x i t  i s  Confirmed */ 
while (choice I= -1) C 

/***** Check t o  make sure the c o l l e c t i n g  data i s  not a l te red  *****/ 
for-(i=O; i 5 Nl??_INPUTS; i++) 

i f  ( i n v a l i d t i ]  && sanp s t a t u s t i l  == COLLECTING) 
saq-status ~ i l  = NOT-COLLECTED; 

/***** Update the Data i f  any Inputs are Finished Col lect ing *****/ 
Update-Samp( 1; 
/***** Drw the Menu Screen *****/ 
c l r s c r 0 -  

puts("A N A I Y 2 E 
gotoxy(25,2 ) * 

S A H P L E H E N W ) ;  

f o r  (i=O; i < MENU ROW; i++) 
f o r  ( j = o *  j SHENU WL* i++) 

DraW-~enu_EOX(CO~-Cr ; f [J l ,  row-crdti l, SBOX-U, SBOX-H, smenu-text [jl t i l  ); 

gotoxy(ltO,24); 
printf(Whrrent reference f i l e :  %sa@, ref-name); 

gotoxy(69,16); 
p u t s w s c  t o  aui tq; 

/***** Draw the Deta Status Flags on the Henu Boxes *****/ 
for.(i=O; i < NM-INPUTS; i++) C 

i f  (sanp s t a t o s t i l  == COLLECTING) C 
gotox~(col -crd[ i l+ l ,  rou-crdt l I+ l  I; 
puts( ~ + ~ ~ ) *  
gotoxy( co(-crd t i 1 +SBOX-U- 2, row-crd I: 1 I +1) ; 
puts ( '(+@1) ; 

1 
i f  (samp-status[il == COLLECTED) C 

gotoxytcol c r d t i l + l .  rou crdl l l+l):  - -  plts(ii*ii) .- 
gotoxy( c o t - ~  rd I i 3 +SBOX-U- 2, row-crd t 11 +'I 1; 
puts ( "1' ) ; 

/***** Get the M e n u  Choice *****/ 
choice = Henu(choice, SHENU-ROW, SHEW-COL, cot-crdl01, row-crdt03, SBOX-U, SBOX-H, 8, 0); 

/***** Update the Data i f  any Inputs are Finished Col lect ing *****/ 
Update-SqO; 

/***** Carry out the Choice *****/ 
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suitch (choice) E 
case 0: 
case 1: 
case 2: 

Vieu Spectrwn(choice); 
breat; 

/* Go Uatch the Data Col lect ing */ 

case 3: 
case 4: 
case 5: 

i = choice - 3; 
i f  (Se tup  Samp(i) == 0) C /* Confirm, Ueight, Days */ 

samp s i a t u s [ i l  = COLLECTING; /* Flag f o r  Coltect ing */ 
Acquire O f f  ( I ); /* Turn o f f  the acquire */ 
Val id  CTr(i); /* Clear the count data */ 
timer'lil = QL;  /* Reset the acq timer */ 
Ref ROls(i); /* Set a l l  the ROIs */ 
Ac+ire-On(i 1; /* S t a r t  acquire */ 
strsef(spect fname[il,l I ) ;  /* Clear Spectrum N m  */ 
i n v a l i d t i 1  "-0; /* Data not a l te red  */ 

3 
break; 

case 6: 
case 7: 
case 8: 

i = choice - 6; 
i f  (semp_status[il == COLLECTED) C 

i f  (Calc C o n c ( i )  == 0)  /* Calc concentration */ 
semp-~tatusCi] = NOT-COLLECTED; /* Reset i f  Success */ 

1 else C 

gotoxy(13,21); 
puts("Data must be co l l ec ted  before analyzing. 
yn = Merm(0, 1, 1, 56, 21, 4, 1, 0, 0); 

Okayor); 

1 
break; 

? 

/***** Confirm the E x i t  *****/ 
gotoxy(8,21)- 
puts(I1You u i t l  lose co l l ec ted  data i f  you have not saved it.1*); 
gotoxy(44,22) ; 
puts(Wur't anyway? No Yes"); 

yn Menu(0, 1, 2, 59, 22, 3, 1, 3, 0); 
I f  0,i-l == 1) c 

quit = 1; 
1 else C 

choice = 0; 
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return 0; 
> 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * * * CALIB .C 
* Last M o d i f i e d :  07/31/91 * Writ ten By: * Compiler: Borland C++ V2.D : Memory Model: Large 

John E. U i lson 

: This module contains S v t h O  which averages the data i n  the c v t  bu f fe r  * 
* ca l i b ra t i ng  the energy peaks t o  the proper channel. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
#include <stdio.h> 

# i  nc Lude <sei 1. h> 
#include <pca.h> 

over 5 channels, a d  C a l i b r a t e 0  which i s  the menu used t o  a i d  i n  
* * 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* GLOBAL DATA REFERENCES * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
extern long f a r  *counts; /* Buf fer  f o r  Count Data */ 
extern long timerINUn INWTSI; 
extern in t  cursor [MUM-INPUTS] ; 
extern in t  r o i  beg[Nm INPUTSIIMAX R011; 
extern in t  roi-end[NUH-INWTSI [ M A X ~ R O l l ;  
extern char in~al id [N~- INPUTSl ;  
extern char *spect-fname[NUH-INPUTSl; 

* * 
* * 

/* L ive Timers ?/ 
/* Cursor Posit ions */ /* ROI S ta r t  Channels */ /* R01 E n d  Channels */ /* Data Al tered Status */ 
/* Spectra Names */ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
LOCAL D E F I N I T I O N S  * 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
#define CMENU COL 3 
#define CMENUZROU 5 

M e f i n e  CBOX U 13 
M e f i n e  C B O X ~ H  3 

M e f i n e  K PEAK 242 
#def i ne CS-P EAK 7 09 

* * 
* * 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* Smooth() * 
* This module smooths out the data i n  the count bu f fe r  over 5 channels. * * Each channel i s  assigned the average o f  t ha t  channel and the 2 channels * 

* * 
* * 
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* above and the 2 channets below. The f i r s t  two and l a s t  tuo channels * * *************a******************************************************-*****~ aren' t  assi ned neu values. 

vo id  Smooth0 
c 

int i,i; 
unsigned Long sun; 
unsigned Long tempt51; 

tempt l l  = countstO1; 
tempt21 = caunts t l l ;  

/* I n i t i a l i z e  1- Array */ 

f o r  (f.2; f CHAMS-PER-INPUT-2; i++) C 

tempt01 = temp[ll; 
temptll = tenpt21; 
tempt21 = cwntst1+01; 
tenpf31 = countsCf+ll; 
tenpt41 = countsti+21; 

sun = OL; 
f o r  ( j=O; j<5; j++) 

sun += tenIprj1; 

/* Hold counts in  t /* t o  keep them frm#ngeing */ /* w r i t t e n  over */ /* S h i f t  in  new data, s h i f t  out */ /* Old Data */ 

/* Sun the f i v e  values */ 

var iables */ 

c w t s C i 1  = sun / 5L; /* Put the  average back in  bu f fe r  */ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* C a l i b r a t e 0  * 

This module draws the menu screens for the c a l i b r a t i o n  accepts user's * 
* choice, and c a l l s  the proper functions. * i s  t o  make energy peaks appear on the  proper channels. . ........................................................................... 
Ca l i b ra te0  
c 

* * 
* * 

The purpose o# the ca l i b ra t i on  

in t  choice = 0; 
in t  input; 

in t  co l  crdCCMENU COLI = (11, 34,  5n; 
int row~crdCCHENU~ROUf = c 5, 8, 11, 14, 17); 
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in t  i, j; 

while (choice I =  -1 )  C: 
c l  rscr ( ); 

gotoxy(25,2); 
p r t s ( Y  A L I B R A T I 0 N M E N U"); 
gotoxy(69,25); 
puts(fTsc t o  Quitm1); 

for ( i = O -  i<CMENU RW; i++? 
fo r  ( ) = O .  j<CMENU COL; J*+) 

Drau_i(emr_Box('Eol~crd[jl, row-crd[il, CBOX-U, CBOX-H, cmenu-text [jl  t i l  1; 

choice = Menu(choice, CHENU-RW, CMENU-COL, col-crd[OI, row-crd[Ol, CBOX-U, CBOX-H, I O ,  0); 

switch (choice) C 
case 0: 
case 1: 
case 2: 

View Spectrun(choice); 
breaE; 

case 3: 
case 4: 
case 5: 

input = choice - 3; 

Acquire Off(input1; 
V a l i d  CTr(input); 
timerTinput1 = OL; /* Reset the acquire timer */ 
cursorCiflplt1 = K-PEAK; /* Put Cursor on Potassiun Peak */ 
CLr-ROI(jnput); 
r o i  begtinput] to3 = K PEAK - 24; 
roi-endl inputl  IO3 = K-PEAK + 24; 
s t r ~ e t ( s p e c t - f n a m e [ i ~ t l , l  I); 
Acquire-On( input); 
break; 

/* Turn o f f  the acquire */ /* Clear the input */ 

/* Reset all the ROIs */ /* Set an R01 around the Peak */ 
/* Clear the Spectrun Name */ /* S ta r t  acquire */ 

case 6: 
case 7: 
case 8: 

input = choice - 6; 

Acquire O f f ( i n p u t ) ;  
Va l id  CTr(input1; 
ttmer'linput] = OL; /* Reset the acquire timer */ 
cursor [input] = CS-PEAK; 

/* Turn o f f  the acquire */ /* CLear the input */ 
/* Put Cursor on Cesiun Peak */ 
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C l r  R O I ( i n p u t ) ;  

roi-endcinputl t01 = cs PEAK + 24; 
strSetfspect fnametinpiitf,' 1); 
Acquire OnCiiiput); 

roi-begCinputI to1 = CS-PEAK - 24; 

break; - 

case 9: 
case 10: 
case 11: 

input = choice - 9; 

Acquire O f f  (input); 
Va l i d  CTr(inputf. 
t imerTinput1 = Oi; 
cursor t input l  = 0; 
C t r  R O I C i n p u t ) ;  
strZet(spect fnametinput~, '  1 ) ;  
Acqui re-On( i-iit ); 
break; 

case 12: 
case 13: 
case 14: 

input = choice - 12; 

Va l i d  RZad(input, counts); /* 
Va l i d  Ur!te(input counts); /* 
str~et(spect~fnamelinput1,~ I);/* 
break; 

Acqui r e  O f f  (input); /* 
Smootfi( ) i  /* 
invalTd[inputl  = f ;  /* 

1 > 
return 0; 

3 

/* Reset a l l  the ROIs */ 
/* Set an R O I  around the Peak */ 
/* Clear the S p e c t r u n  Name */ /* S ta r t  acquire */ 

/* Turn o f f  the acquire */ 
/* Clear the input */ /* Reset the acquire t imer */ /* Put Cursor on Channel 0 */ 
/* Reset a l l  the ROls */ 
/* Clear the Spectrun Name */ /* S ta r t  acquire */ 

Turn o f f  the acquire */ 
Read C m t  Data From PCA Card */ 
S m t h  Out the Data i n  Buf fer  */ 
U r i t e  C w t  Data t o  PCA Card */ 
Data No Longer Va l i d  */ 
Clear the Spectrun Mame */ 

? w w 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * * GETSTR. C 

Last Modified: 07/31/91 
* * 

* U r i t t e n  By: Jim Davidson * * Ccmpiler: Borland C++ V2.0 * 
Memory Model: Large * 

* This module contains GetEStrO which i s  a modif ied version o f  C Gazette, * 
* Spring 1990, p .43  example by Andreu Binstock. Code uas re-formatted by ; * J.E.Wilson. 

* 

Some d i f i c a t i o n s  uere made by Uilson. * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
#include <stdio.h> 
# i  nc 1 ude <s t d t  i b. h> 
#include <dos.h> 
#include <conio.h> 
#include <ctype.h> 
#include <string.h> 

............................................................................. 
* LOCAL DEFINITIONS * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* * 
* * 

/* Key code de f i n i t i ons  belou as: 
Ox?? 00 

Scan code - - -  - - -  A S C I I  code 

Key nemes from CLIPPER 5.0 1NKEY.CH f i l e  */ 
#define K HWE 0x4700 /* Home */ 
#define K-CTRL HWE 0x4737 /* Ctrl-Home */ 
#define K-SHFT-HOME 0x7700 /* Shft-Hane */ 
Wdef i ne K-END - 
#define K-CTR 
#define K-SHF 
#define K-ESC 
#define K-ENT 
#define C L E F  

L END 
TIEND 

ER 
T 

Ox4FOO 
Ox4F31 
0x7500 
Ox01 18 
O X l C o D  

/* E n d  /* C t r l - E n d  /* Shft-End 
/* Esc /* Enter /* Lef tar rou 

*/ 
*/ */ 
*/ 
*/ */ 

#define C R T G H T  Ox4DOO I* Rightarrou * I  
M e f i n e  K BS OxOEO8 /* Backspace */ 
#def ine K-INS 0x5200 /* Ins */ 
#define K-DEL 0x5300 /* Del */ 
#define K-TAB OxOFW /* Tab */ 
#define KISH-TAB OxOFOO /* Shi f t -Tab */ 
#define K UP 0x4800 /* Uparrou */ 
#define K-DOWN 0x5000 /* Dnarrou */ 
#define KICTRL-U 0x1117 /* C t r l - U  */ #define K-PGDN 0x5100 /* PgDn */ 

? w 
P 

#define INSERT 1 /* Inser t  mode f l a g  */ 
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#define OVERWRITE 0 

#&fine ow 1 /* Cursor on/off */ 
#define OFF 0 

#define LINE 2 /* Cursor Ins shape */ 
#define BLOCK 3 /* Cursor Overwrite shape */ 
#define HBLDCKTOP 4 I* ewed 7/9/91 * I  /* Half block top cursor scan l i n e  */ 
#define TRUE 1 
#define FALSE 0 

#def inc Updatecursor() SetCursor(Pos, SRow, SCol) 
#define UpdateLtne() 
#define CotoRC(Row, Cot) gotoxy(Co1, Row) 

SetCursor(Pos, SRow, SCol); cprts((char *)(Buff+Pos)) 

. ............................................................................ 
* LOCAL DATA DEFIWITIONS * 
............................................................................. 
s t a t i c  in t  Shape; 

s t a t i c  void SetCursor(int, int, fnt);  
s t a t i c  vo id Cursor( jnt ); 
in t  GetVideoType(vo1d); 

* * 
* * 

............................................................................ 
* Get ES t r ( 1 * 
* This function gets an cd i t8b le  string. The current length o f  the de fau l t  E * s t r i n g  determines the f i e l d  width. * GetEStrO returns: * * K ESC on Esc e x i t  (Current S t r  not changed) * * K-ENTER on Enter Key e x i t  (Current S t r  changed) 
* rPGDM on PgDn Key e x i t  (Current S t r  changed) * * KCTRLU on Ctrl-U e x i t  (Current S t r  changed) * 
............................................................................. 
unsigned int GetEStr(Curr, SRou, SCol, Insertnode, Caps, AlphaNm) 

char *Curr; /* Default Strinf */ 
int SRw; /* S ta r t i ng  Row / 
int Scot; /* S ta r t i ng  Colum */ 
fnt *InsertMode; /* Pointer t o  Insert/Overtype Flag */ 
int Caps; /* Force Uppercase Flag */ 
in t  AlphaNun; /* AlphaNuneric I D i g i t s  only Flag */ 
C 

* * 
* 

* 

* * 

F i o n  REGS InRegs, OutRegs; 
int 1 j c, Done, Pos, SLen; 
char *buff; 
int blank-flag = 0; 
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SLen = strlen(Curr). 
Buff = (char *) cal\oc(SLen+l, 1); /* Al locate t e r p  bu f fe r  */ 
textcolor(8LACK); 
textbackground(L ICHTGRAY 1; 
SetCursor(0, --SRou, --SCol); 
f o r  ( i = l ;  i<=SLen; I + + )  /* TC i s  1,l based, so decrement */ 

!* Posi t ion cursor */ 
I f  (*Insertnode == OVERWRITE) 

Shape = BLOCK; 
e lse 

Shape = LINE; 

/* ASH Row,Cols are 0,O based, but */ 
putch(@ I); /* Srou, SCol */ 

!* C o p y  chars t o  screen */ 
i = i = D ;  
i f  ( Curr I= NULL) i 

f o r  (; ( j  < SLen) 88 (Currtil); i++, j++) C /* i / j  = char in/aut */ 
i f  (caps) 

~ u r r  t i ]  = toupper(Curr t i l  9; 

tch(Curr [ i l 9 ;  r ”  u f f t j ]  = Currlil; 
1 

1 

while ( j . <  SLeni ,. 

BufftSLenI = ‘\Di; 

BUff[J++l , 

Pos = 0; 
UpdateCursorO; 

Done = 0; 
while (IDone) C 

/* I n i t i a l i z e  b u f f e r  */ 

/* Pad bu f fe r  wi th  spaces */ 

/* Hove cursor t o  s t a r t  o f  s t r  */ 

/* Process keystrokes unti l  GoodBye */ 
!nRe s.h.ah = 0x0; 
intd(Ox16, &InRegs, BOutRegs); 

/* Get key */ 

i f  (blank f l ag )  

e lse 
blankfLag = 2; 

blank-flag = 1; 

/* 1st t i m e  through: set t o  1 */ 
/* A f te r  that: set t o  2 */ 

sui tch(0utRegs.x.ax) i /* Contains Scan + ASCI1 codes */ 
case K HOME: 

Pas-= 0; 
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UpdateCursor( 1; 
break; 

case K END: 
forr(Pos = S L e n - I ;  POS >= -1; Pos--) 

i f  ( 1 sgraph(Buf f [Posl 1) 
break; 

i f  (POS I- SLen-1) 
Pos += 1; 

Updatecursor( ); 
break; 

case K LEFT: 

Pos- - : i f  TPos > 0 )  < 
Updat &cursor< 1; 

1 
break; 

case K RIGHT: 
i f  TPos < SLen -1) 

UpdateCursor( 1; 
break; 

i f  TPos == 0) 
break; 

i f  (*InsertMode == OVERURITE) C 

Pos++; 

case K BS: 

Buff [ - -Posl  = ' '; 
Cursor(0FF); 
UpdateLineO; 
UpdateCursorO; 
Cursor(0N); 

3 else C 
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Cursor (OFF) ; 
for  (i= %en -1; i >= 0; i--) 

break; 
Pos--; 
strcpy((void *) (pff + POS), (vo id  *) (Buff + Pos + 1)); 
Euf f fSLm - 11 = ; 
UpdateLineO; 
UpdateCursor( ); 
Cursor(ON); 

/* F i n d  l a s t  non-spce */ 
if (i== 0 I I isgraph(Buff [ill) 

1 
break; 

case K DEL: 
CurSor(0FF); 
fo r  ( i =  SLen -1; i >= 0; i--) /* F i n d  l as t  non-space */ 

? 
Y 
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_ _  
strcpy((voih *) (!uff + Pos), (vo id  *) (Buff + Pos + 1)); 
Buff[SLen - 11 = ; 
UpdateLineO; 
UpdateCursorO; 
Cursor (ON ) ; 
break; 

case K INS: 
i f  T*InsertMde == O V E R M I T E )  C 

*InsertMode = INSERT; 
Shape = LINE; 

1 else C 

*InsertMode = OVERURITE; 
Shape = BLOCK; 

1 
Cursor(0N); 
break; 

case K-ESC: 
Done = 1; 
break; 

case K UP: 
case K-DOUN: 
case ICPGDN: 
case K-CTRL U: 
case CENTER: 

Donz = 1; 
s t r c  (Curr, Buff); 
b r e a c  

def eul t : 
i f  (isprint(c=OutRegs.h.al)) C 

i f  

i f  

i f  

1 
i f  

(blank f l a g  == 1) 
strsetTBuff,l I ) ;  

(Caps) 
c = toupper(c); 
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/* Display char i f  OK */ 

/* Blank s t r i n g  i f  not */ 
/* s t a r t i n g  n/ cursor move */ 

( !Alpbalm) C 
i f  ( ! i s d i g i t ( c )  && c != ' . I )  C 

putchar('\a'); 
break; 

1 

(*InsertMode == OVERURITE) C 

Buff[Posl = (char) c; 
Cursor( OFF 1; 
UpdateLineO; 

/* Mode i s  OverUrite */ 
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if (Pos < SLen-1) 
Pos++; 

UpdateCursor( ); 
Cursor( OU 1; 

1 e lse  C 

memnove((void *) (Buff + Pos + I), 
(vo id  *) (Buff + Pos), 
S L m  - Pos - 1); 

BuffCSLenl = ' \ O s -  
BufftPosl = (chars c; 
Cursor(0FF); 
Upda teL ine( ); 
i f  (Pos < SLen-1) 

POS++; 
Upda t eCursor ( ) ; 
Cursor(MJ1; 

/* Mode is Inser t  */ 

textcolor(L1GHTGRAY)- 
textbackground(BLACK!; 

Shape = LINE; 
Cursor(0N); 
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return( OutRegs.x.ex 1; /* Last scancode */ 
3 

............................................................................. 
* SetCursorO * * * 
* * 
* This function sets  the cursor p o s i t i o n  by way o f  INT 10H, Function 2 E 
............................................................................. 
s t a t i c  void SetCursor(Co1, TheRou, OffsetCol) 

int Cot; 
int TheRou; 
int Offsetcot; 

C 

* 

union REGS InRegs, OutRegs; 
s t a t i c  int Page = -1; 

i f  (Page == -1) C /* Since Page can not be -1, done only once */ 
InRe s.h.ah = OxF; 
intd(Ox10, &InRegs, &OutRegs); 

? w 

/* Just t o  be sure */ 
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Page = 0utRegs.h.M; > 
1nRegs.h.ah = 0x02; 
1nRegs.h.dh = (char) TheRou; 
1nRegs.h.dl = (char) Cot + OffsetCol; 
1nRegs.h.b = (char) Page; 
int86(0x10, BInRegs, BOutRegs); 

3 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* Cursor() * 

This function turns the cursor on or  o f f  by way of I N T  IOH,  Function 1 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
s t a t i c  vo id Cursor(Status) 

* 
* 

* 

i n t  Status; 

c 
/* ON [ OFF */ 

union REGS InRegs, OutRegs; 
s t a t i c  unsigned i n t  Top ,  Bottom; 

i f  ( (Top f Bottom) == 0) C 

sui tch( GetVideoType( ) )  < 
case 1: 
default:  

Top = 12; 
Bottom = 13; 
break; 

case 2: 
case 3: 

T o p  = 6; 
Eottun = 7; 
break; 

case 4: 
T o p  = 13; 
Bottom = 14; 
break; 

3 
1 

/* Cursor scan 

/* Only done Is 

/* MOA */ 

/* CCA */ /* €&A */ 

/* VCA */ 

ines */ 

time */ 

? 
P 
0 

InRegs.h.ah = 0x1; 
1riftegs.h.cl = (char) Bottom; 
1nRegs.h.ch = (char) (Shape == BLOCK ? HBLOCKTOP : Top); 
i f  (Status == OFF) 

I nRegs. h .ch 
int86(0x10, 81 ntkg::’&tRegs ); 

/* Set cursor s i t e  */ 

/* Turn b i t  4 on t o  hide cursor */ 
> 
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............................................................................. 
* GetVideoType() * * * 
* * 
* This function finds out the type of video harduare. * Returns: 1 = l lDA 

2 = CGA 
3 = EGA * 4 = VGAfnCGA * 

............................................................................. 

GetVideoType(void) 
C 

* * * * * 
* * 

union REGS InRegs, OutRegs; 

1nRegs.h.ah = OxlA; 
rnRe s.h.cl - 0x0; 
in tdfOxl0 ,  &InRegs, IloutRegs); 
i f  (OutRegs.h.al == O x l A )  

1nRegs.h.eh = 0x12; 

/* VGA/MCGA */ 
return 4; 

1nRe-s.h.bl = 0x10; 
i nt& 0x10, &I nRegs, BOut Regs1 ; 
i f  (OutRegs.h.bl != 0x10) /* EGA */ 

return 3; 

InRe s.h.eh = OxF; 
intd(Oxl0,  UnRegs, &OutRegs); 
if (OutRegs.h.al == 0x7) 

else 

/* nono */ 
return 1; 

return 2; /* CGA */ > 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * * MA1W.C 
* Last M o d i f i e d :  07/31/91 * Written By: 

Canpiler: Borland C++ V2.0 * Memory Model: Large 

John E. Ui lson 

* 
Thjs Module i s  the s ta r t . o f  fhe-soil rogram. Main a l locates memory, 
i n i t i a l i z e s  interrupts, i n i t i a l i z e s  t f e  PCA and DHR hardware, c a l l s  

* * 
* Main-Menu, then cleans q~ before e x i t i n g  t o  operating system. * 

* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
#include <stdio.h> 
#include <alloc.h> 
#include <dos.h> 

#include <soil.h> 
#include <pca.h> 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* GLOBAL DATA DEFINIT IOUS * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* * 
* * 

long *counts; 

long timer[NW-INPUTSI = COL, OL, OL); 

cher acquireCNUM INPUTS1 = CO, 0, 0); 
char invalidtNUMIINPUTS1 = CO, 0, 0); 

double bkg[NUM INPUTS1 [MAX R011; 
double con[NLJM-INPUTSJ [MAX-ROI] [MAX ROI I ;  
double r e f  [NUM~INPUTSI [MAXIROI I  [ U A X ~ R O I I ;  

/* Buf fer  f o r  PCA Chamel Cowrts */ 
/* L i v e  Acquire Timers */ 
/* l=Acquiring, O=Not */ /* I-Date Altered, O=Okay */ 
/* 3 Backgrowd Uatr ices */ /* 3 Concentration Matrices */ 
/* 3 Reference Count Matrices */ 

char r e f  name[l41; /* IMPORTANT: r e f  name should alwa s r e f l e c t  the current contents o f  
the-three matrices: gkg, con, and r e f  */ 

int vscalelNUn INPUTS1 = CO, 0, 03; /* Spectra Ver t i ca l  Scale */ 
int hscale[NUM~ZMPUTSl = CO, 0, 0); 

i n t  roi-begIWW-INPUTS1 [MAX-ROII = C-1,-1,-1, /* Spectra R01 Beginnings */ 

/* Current Reference F i l e  Name */ 

/* Spectra Horizontal Scale */ 

-1,-1,-1, - 1, - 1, -1); 

-1,-1,-1, 
-l,-l,-ll; 

i n t  roi-end[WUW-INPUTSl [MAX-Roll = C-l,-l,-l, /* Spectra R O I  Ends */ 

in t  i nse r t  = 0; /* Default t o  Overstr ike f o r  GetEStr */ 

? 
R 

char *spect-tname[NUn-INWTSI = /* Spectrun F i l e  Temporary Names */ 
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11 
n' 

c 1) 11 . 

c 
II 4. 

char *spect-fnametNW-INPUTSl = /* Spectrun F i l e  N e e  *) 
I1  
II 

n - 
"I; 

........................................................................... 
* LOCAL DATA DEFINITIQUS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* * 
* * 

v o i d  i n t c r r l l p t  (*OldHandler)(void); /* Saved I n t e r r r p t  F w t i o n  Pointer */ 

............................................................................. 
* ma in0  * 
............................................................................. 
ma in0  

* * 
* * 

c 
i n t  f; 

ref-nernet01 = 0; /* Blank Current Reference Name */ 
c m t s  = maLloc(sizeof(long)*CHANS_PER_INWl); /* Atlocate C a m t  Buf fer  */ 
i f  (counts == NULL) C 

3 

printft isNot Enough Free Memory\nIi); 
re turn 1; 

f o r  (i=0; i < Nun INPUTS; 

f o r  (i=O; i < NUH-lNWTS; 

Acqui re-Of f ( i )? 

Valid-Clr(i); 

i++) 

i++) 
/* Turn o f f  the DMR inputs */ 

/* Clear the PCA Card's C o u n t  Data */ 
OldHandter = getvect(PCA INT); 
setvec t (PCA-I NT , HandlerJ; 

Star t-PCA( ) ; 

PCA-Interrupt-On(); 

Main-Menu(); 

Stop-PCA( ); 

PCA-Interrupt-Off( >; 
setvect(PCA-INT, OLdHandler); 

/* Save the O l d  I n te r rup t  Handler */ /* Set the Neu In te r rup t  Handler */ 
/* Put PCA Card i n t o  Acquire */ 
/* S ta r t  the PCA interrupts */ 
/* Go Do the Main Menu */ 
/* lake  PCA Card out of Acquire */ 
/* S t o p  the PCA Inter rupts  */ 
/* Reset the Old In te r rup t  Handler */ 

? 
p. w 



A
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............................................................................. 
* MA1NMENU.C * 
* Last Modified: 07/31/91 * * U r i t t e n  By: * CunpiLer: Bortand C++ V2.0 * 
Memory Model :  Large * 

* Main M e r m O  draw the main menu screen, accepts the user's choice, and * 
* call; the proper fwt ion.  Upon choosing Quit o r  Escape i t  returns t o  * 
* main(). 
............................................................................. 
#include <stdio.h* 

* * 

John E. Uilson * 

* 

* 

............................................................................. 
* LOCAL DEFINITIONS * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M e f i n e  WENU 4 

M e f i n e  MBOX U 22 
#define MWKH 3 

Wef ine  MCOL-COORD 30 

* * 
* * 

............................................................................. 
* Ma i n-Menu( ) * 
............................................................................. 
Main-Menu0 
C 

* * 
* * 

int choice = 0; 

int 

char 

i nt 

row-crd[MMENU] = C11, 14, 17, 20); 

*mnenu-text lPmENUl = C1lCalibratctt, 
*@Ana 1 yze" , 
V i e w  Saved Spectra", 
llPu i t l9; 

# 

while (choice I -  3 && choice I =  -1) C 
c l r sc r (  1; 

puts(*Wak Ridge National Laboratory1I); 

puts( W a n d  Junction Officea8); 

gotoxy(27,I); 

gotoxy(3l ,a; 
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gotoxy(31 3); 
puts("Soi Analysis Program81 
go toxy(36,S 1 ; 
w t s ( W r i t t e n  BY"): 

~ -~ 
gotox ( 3 4 , 6 ) ;  
puts(Lohn E.  v i  [son##); 
go toxy(36,7) * 
puts( J m e  1991 1 ; 
gotoxy(32,b) ; 
puts(9! A I N M E N W); 

for (i=O; i4MENU; i++) 
Draw_Hem?_Box(MCOL-COORD, row-crd[il, HBOX-U, HBOX-H, m r m - t e x t [ i l ) ;  

choice = Herm(choice, HMENU, 1, MCOL-COORD, row-crd[OI, HBQX-U, HBOX-H, 0, 0); 

switch (choice) C 

Calibrate(); 
break; 

case 0: 

case 1: 
Anal r e o ;  
brear ; 

case 2: 
View SavedO; 
breaE; > > 

return; 
3 ? 

P 
o\ 
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............................................................................. * 

MTRIX. C * Last Modified: 07/31/91 
* * 

* Wri t ten By: John E. Uilson * * Conpiler: Borland C++ v2.0 * 
M m r y  Nodel: l e rge  * 
This module conteins several routines f o r  working on matrices. These * 
matrices are defined as arra * 

* the matrices are passed t o  tE routines. 
............................................................................. 
#include *stdio.h> 
#include <alloc.h> 

* 
o f  type double. Pointers  t o  and s i ze  of 

* 

............................................................................ * SLknatrix( > * 
* F i n c k  a Submetrix of  a Matrix missing a spec i f ied  rcw and c o l m .  * 
* Returns: 0 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SWatr ix(e,b,s i  L, rou,col) 

double *a; /* Square Matr ix of T y p e  Double */ 
*le *b; /* Square Matr ix of Type Double (one s i ze  smaller than Matrix A) */ 
int siz; /* S i re  of Matr ix A */ 
int r o w  /* The R o u  t o  be Deleted from Mat r ix  A */ 
int col: /* The Colunn t o  be deleted from Mat r ix  A */ 

* * 

* 

c 
int i,j,k,l; 

f o r  (i=k=O; i < s i t -1 ;  i++,k++) C 

i f  (k==rou) /* Skip t h i s  rou */ 
k++; 

fo r  (j=l=O; j < s i z - I ;  j++,l++) C 

i f  (1  == co l )  /* Skip t h i s  c o l m  */ 

b[( ! * ( s i t -  1 ))+(j ) I  = a t(k*si r ) + ( l ) I  ; 

l++; 

> 
1 
re tu rn  0; 

1 

............................................................................ * Matrix-DetO * * * 
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* Recursively f inds the determinant o f  a matrix. 
Returns: 1 i f  fai led, 0 i f  Okay 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mat r ix-Det(a, det , s i z )  

double *a; /* S are Array o f  T y p e  Double */ 
double 
in t  s i z ;  /* Size o f  Array A */ 

c 

*det; /* Agress  of Double that  W i l l  Contain the Determinant Upon E x i t  */ 

double dett; 
double ts; 
int 1 ;  

/* Temporary Variable */ 
/* Pointer t o  Tenporary Submetrix */ 

i f  ( s i 2  == 1) C 

*det=a[O]; /* If Size=l then Determinant i s  t ha t  Single Element */ 
re tu rn  0; 

1 else C 

/* Allocate Memory f o r  a Submatrix */ 
if ((s=(double *)melloc(sizeof(double) (s iz-1)  * (s iz-1) ) )  == NULL) 

re tu rn  1; 

*det=c. 0; 
f o r  ( i = O ;  i < siz; i++) C 

/* Get a Subnatrix wi th  the i t h  row and the 0 th  Co lum missing */ 

SLIWatrix(a,s,siz, i ,O); 

/* 
i f  

1 

/* 

Get Determinant of Submatrix */ 
(Matrix Det(s,&lett,siz-l) == 1) C 
f ree(s)’ 
re tu rn  !; /* I f  Fai led Return F a i l  */ 

Multiply Element i n  F i r s t  Colurn by the Deter. o f  submatrix */ 
d e t t  = a[(i*siz)+(O>I * dett; 

/* Accunulete Determinant */ 
*det += (( i a)? ( -det t ) : (det t ) ) ; 

1 
free(s)- 
re tu rn  6; > 

1 

? 
P 
00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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* Ma t r i x,T r e m (  ) 

* Transposes Matr ix  A t o  Matr ix  B. 
Returns: 1 i f  fa i led,  0 i f  Okay 

............................................................................ 
Matrix_Trans(a,b,row,col) 

double *a; /* Array of Type Double */ 
double *b; /* Array o f  f Double */ 
int 
int 

row; /* Nunber of E in  Matr ix  A (mmber o f  Colums in  Matr ix  B )  */ 
col; /* Nunber o f  Colurns in U a t r i x  A (nurber o f  Rous in  Matr ix  B) */ 

c 
double :t; 
int i , j ;  

/* Pointer t o  T#Aporary Matr ix  */ 

/* Al locate Memory f o r  Tenporary Matr ix  */ 
i f  ((t=(&uble *)malloc(siteof(darble) * (rou) (co l ) ) )  == NULL) 

/* Transpose Matrix A t o  Teaporary Matr ix  */ 
f o r  ( i = O -  i *.row; i++) 

re tu rn  1; 

f o r  c ~ = o ;  J < cot; j++) 
t [(j*row)+(i)] = a [ ( i *cot )+( j ) l ;  

/*  Transfer Tenporary Matr ix  t o  Matr ix  B */ 
f o r  (i.0; i < rw; i++) 

f o r  (150; j < col; j++) 
b[( i*col)+( j ) l  = t t( i*col)+( j ) l  ; 

free( t ); 

re tu rn  0;  
3 

............................................................................ * Ma tr ix-Scat ( ) * * * 
* Scales Matrix A t o  Matr ix  6. * 
* Returns: 0 * 
............................................................................ 
Mat r i x-Scat (a, b, row, c o l e  scat ) 

double *a; 
double *b; 
int rou; /* Nufrber of Rows */ 
int col.  /* N w b r  o f  Colums */ 
double scat; 

c 

* 

/* Array o f  Type Double */ 
/* Array o f  Type Double */ 

/* Scalar of Type Double */ 

P 
b 
u2 
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in t  i,j; 

for  ( i = O ;  i <.rou; i++) 
f o r  (j=O; i col; j++) 

b [ ( i * co t )+ ( j ) l  = a [ ( i * c o ~ ) + ( j ) ~  scal; 

re tu rn  0; 
1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Matrix-CofO * 

* Puts the Cofactor of Matr ix  A i n t o  Matr ix  8. 
Returns: 1 i f  fa i led,  0 i f  Okay 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Metr i x-Cof (a, b, s i  z )  
double *a; 
-le *b; 
i n t  

* 

* * 

/* Square Array of Type Double */ /* Square Array of Type Double */ 
siz ;  /* Size of Arrays */ 

C 
double *t; /: ;%ray Matr ix  */ 
double *s; 1 a t r i x  */ 
double et; /* Tenporery Determinant */ 
int i , ~ ;  

/* Allocate Memory for  Temporary Matr ix  */ 
if ((t=(double *)mlloc(sizeof(double) * ( s i z )  * ( s i r ) ) )  == HULL) 

re turn 1; 

/* Al locate Memory f o r  SLknatrix */ 
i f  ((s=(double *)mlloc(sizeof(double) * (s iz-1)  * (s iz-1) ) )  == NULL) C 

3 

f o r  ( i = O ;  i < siz; i++) C 

free( t ) - 
r e tu rn  i; 

for ( j=O; j < siz; j++) C 

/* Get the Subnetrix o f  A missing the i t h  R o w  and the j t h  Colum */ 
SuWatr i x( a,s, s i z, i , j ); 
/* F i r d  the Determinant o f  the Submatrix */ 
i f  (Matrix Det(s,&det,siz-l)==l) C 

f ree (s ) i  
free(t);  /* I f  Fai led Return F a i l  */ 
return 1 ;  > 
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/* Put the Cofactor i n t o  TeRparary Matr ix  */ 
t [ ( i * s i z ) + ( j ) l  = ((i+j)X2)7(-det):(det); > > 

/* Transfer the Temporary Matr ix  t o  Matr ix  E */ 
f o r  (i=O; i < siz; i++) 

f o r  (j=O;.j < sir; J++) 
b[( i * s i r )+ (  j ) l  = t t( i*sit)+(J)l; 

free(s); 
free( t - 
re tu rn  6; 

1 

.......................................................................... * Mat r i x-Ad j ( ) * * * 
* Puts the Classic Adjo in t  f o r  Matr ix  A i n t o  Matr ix  E. * 

Returns: 1 i f  fa i led,  0 i f  Okay 
............................................................................ 
Matrix-Adj(a,b,siz) 

double *a; /* Square Array of Type Double */ 
*le *b; /* Square Array of Type Double */ 
int 

c 
s i r ;  /* Size o f  Arrays */ 

double *t; /* Temporary Ra t r i x  */ 

/* Al locate Memory f o r  Temporary Matr ix  */ 
i f  ((t=(do&le *)malloc(sireof(double) * ( s i r )  * ( s i z ) ) )  == WtL) 

/* Put the Cofactor o f  Matr ix  A i n t o  Temporary Matr ix  */ 
re tu rn  1; 

i f  (Matrix Cof(a,t,siz) == 1) C 

3 

free( t )T 
re tu rn  7; /* I f  Fai led Return F a i l  */ 

/* Transpose Tenporary Matrix i n t o  Matr ix  B */ 
if (Matrix Trans(t,b,siz,siz) == 1) C 

1 

free( t 
re tu rn  !; /* I f  Fai led Return Fail */ 

f ree( t ) -  
re tu rn  6; 
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1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
i. Mat r i x-I nv( ) * * 
* Puts the Inverse o f  Matrix A i n t o  Matrix B. * * Returns: 1 i f  fai led, 0 i f  Okay * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Matr i x-Inv( a, b, s i  z )  
double *a; 
double *b; 
int 

c 

* * 

/* Square Array o f  Type Double */ 
/* Square Array of T y p e  Double */ 

siz; /* Size of Arrays */ 

double *t; /* Tenporary Matr ix  */ 
double det; /* Tenporary Determinant */ 

/* Allocate Memory f o r  Tenparary Matrix */ 
i f  ((t=(double *)malLoc(sizeof(double) * (s i z )  * ( s i z ) ) )  == NULL) 

/* Get the Determinant o f  Matr ix  A */ 
i f  (Matrix Det(a,&let,siz) == 1) C 

1 

/* Get Classic Adjoint o f  Matr ix  A i n t o  T q r a r y  Matr ix  */ 
i f  (Matrix Adj(a,t,siz) == 1)  C 

3 

i f  (det == 0.0 ) C 

1 

/* Scale Temporary Matr ix  by inverse o f  Determinant i n t o  Matr ix  B */ 
Mat r ix-Scal ( t  , b, s i z, s i  z, ( 'l.O/det ) 1; 

free( t 1- 
re turn b; 

re turn 1; 

free( t): 
return !; 

free( t)' 
re tu rn  4; 

/* Uatch for  d i v ide  by zero */ 
free( t )-  
re tu rn  1; 

> 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * Mat r ix-Mul( ) * * * 
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* Puts the Product of Matr ix  A and Matr ix  B i n t o  Matr ix  C. 

Returns: 1 i f  fa i led,  0 i f  Okay 
* * * ............................................................................ 

Mat r i x-Wl (a, b, c , r w a ,  co l  b, cola) 

double *a*  
double *bi 
double *c; 
int row; /* Rous in  Matr ix  A */ 
f n t  colb; /* Colums in Ue t r i x  B */ 
int 

c 

/* Array o f  Type Double */ 
/* Array of Type Double */ /* Array o f  Type Double */ 

/* C o l m s  in Matr ix  A (Rows i n  Matr ix  B) */ 

double *t; /* Tenporary Matr ix  */ 
fnt i , j ,k ;  

cola; 

/* Allocate M m r y  f o r  Terrporery Matr ix  */ 
if ((t=(double *)malloc(siteof(double) * (rowa) * (colb) l )  == MULL) 

re tu rn  I ;  

f o r  ( i t a ;  I < roue; C++) C 

f o r  ( j=O; j < colb; j++) C 
/* Accurulate Sun o f  R o d  * ColB */ 
t K i * c o t b ) + ( j ) I  = 0.0; 
f o r  (k.0; k < cola; k++) C 

1 
t t ( i * co lb )+ ( j ) l  += a l ( i *co la)+(k) l  * bt(k*colb)+(j) l ;  

? > 
/* Transfer Temporary Matr ix  t o  Matr ix  C */ 
f o r  ( i .0 ;  i <.roue; i++) 

f o r  ( j=O; < colb; j++) 
cf (  i *co lb)+( i  )I = t t ( i * co lb )+ t j  )I ; 

f r e (  t ) *  
r e tu rn  b; 

? 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
i * * * * * * 
* * 
* 

MENU. C 
Lest M o d i f i e d :  07/31/91 
U r i t t e n  By: John E. Wilson 
C a n p i  Ler: Borland C++ V2.0 
Memory Hodel: Large 

This module contain Menu0 which allows a user t o  pick an item from a 
that has been setup. * 
s e t t i n g  up e menu screen. ( )  which reads the * 
keyboard d i r e c t l y .  This module also contains sane smac"c support routines. * 

It elso contains Drew Menu Box() which- is  use f o r  
Also here i s  GetKey-IT-Rea 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

#include <stdio.h> 
#include <dos.h> 

#include <scamode.h> 

............................................................................. 
* LOCAL DEFIWITIONS * * * 
* * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

#define BOX TOP LEFT 201 /* Character Nunbers */ 
#define BOXITOPIRIGHT 187 
#define BOX BOT LEFT 200 
#defjne BOXIBOT-RIGHT 1sB 
#define BOX HORTZORTAL 205 
#define BOXIVERT 1 CAL 186 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * * 
* * * 
* Put a mew box on the screen. Position, Size, end Text ere Passed In. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dreu-Menu-Box(x, y, width, height, t ex t )  

in t  x; /* Colum e t  l e f t  edge of box */ 
int y-  /* R o w  a t  t o  e of  h x  */ 
in t  uidth; /* Width o f  L3, 
in t  height; /* Height o f  box *! 
cher *text; /* Text t o  put ins ide box */ 

* 

c 
int i,j; 

/* Draw T o p  Rou o f  Box */ 
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for (i = 0; i < (width-2); i++)  

put ch (BOX-T@-R I GHT ) ; 

f o r  ( j  = 1; j <- (height-2); j*+) C 

putch(B0X HORl ZONTAL ); 

/* Draw Middle Rows of Box */ 
gotoxy(x, vi,; 
putch(B0X VERT f CAL); 
for  (i = 0; i < (width-2); i++) 
putch(BOX-VERfICAL); 

putch(' I ) *  

1 

gotoxy(x, yhe igh t -1 ) ;  

prtch(B0X BOT LEFT); 
for (i = U; i-c (width-2); i++) 
putch( BOX-BOT-R 1 GHT 1; 

put&( BOX HOR I ZDWTAL ) ; 

/* Draw Bottom Rou o f  Box */ 

gofoxy(x+(width/2)- ( s t r l en (  t e x t  )/2), y+(height/2)); 
pr I nt f (l%st8, t e x t  1; 

/* Draw the Text */ 

re tu rn  0; > 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * * * * HighLightO * * 

Highl ights e menu box by drawing > beside box. 
. ............................................................................ 
void HighLightCx, y, width, height) 

int x; /* Cotum e t  l e f t  e of box */ 
/* Row a t  t 
/* Uidth of%$, 

int y* 
int d d t h ;  
int height; /* Height o f  box */ 

e 3  box */ 

C 
int i; 

f o r  (i=O; i<height; 
gotoxy( x-  1, y+ i ; 
putch( 1; 

1 

i++) C 

for ( i = O ;  i<height; i++) C 
gotoxy(x+width ,pi ) ; 
putch('<'); 

3 
1 

/* Highl ight  L e f t  Side of Box */ 

/* Highl ight  Right Side of  Box */ 

? 
VI 
VI 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * * * * * 
* * 

UnL i ght ( ) 

* Removes the Highl ight from a mew box. 
............................................................................. 
vo id UnLight(x, y, width, height) 

in t  x; 
in t  y; /* Rou a t  t *e o5! box */ 
int width; 
in t  height; 

* 

/* Colum a t  l e f t  ed e o f  box */ 
/* Width of%x */ /* Height o f  box */ 

C 
int i; 

fo r  (i=D; isheight; i++) C 

1 

f o r  ( i = O ;  isheight; i++) { /* Blank Highl ight  on Right Side o f  Box */ 

1 

/* Blank Highl ight  on L e f t  Side o f  Box */ 
gotoxy(x-l,y+l); 
putch(' I ) ;  

gotoxyJ x;wi d th , y+ i 1 ; 
putch( ); 

............................................................................. 
* GetKey-1 f-Ready() * 
* Return the keyboard scan nunber o f  any key pressed. Return 0 i f  RO key. * 
............................................................................. 
char GetKey-If-ReadyO 

c 

* * 
* 
* 

unsigned int t f  = 0; /* 80x86 zero f l a g  */ 
union REGS regs; /* reg is te r  union */ 

regs.h.ah = 0x01; /* select funct ion one */ 
int86(0~16,Sregs,Bregs); /* BIOS keyboard in t  */ 
rf = regs.x.flags; /* set f l ags  t o  z f  */ 
z f  = zf  & 0x40; /* get b i t  s i x  only */ 
i f  ( z f  I =  0)  { /* i f  no key ready */ 
1 else C /* get a keystroke from the BIOS bu f fe r  */ 

/* re tu rn  the keyboard scan code */ 

return(0); /* Return NULL */ 
regs.h.ah = 0x00; 
int86(0~16,&regs,&regs); /* do the BIOS keyboard i n te r rup t  */ 
returncregs. h.ah); 
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............................................................................. * * * * * * Menu( 1 
* Allows A r r o w  and Enter Ke s t o  Select an Option frm the Menu. Position, * Size, Nunber o f  Rows, N d e r  o f  C o l m s ,  end Current Selection are Passed * * In. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Menu(current, rows, cols, x, y, width, height, xb, yb) 

int current; 
in t  rous; 
in t  cols; 
in t  x; 
i n t  y -  
int dd th ;  
int height; 
int xb; 
int yb; /* Blank Spaces between Boxes V e r t i c a l l y  / 

C 

The New Selection Nunber i s  Returned ( -1 i f  ESC). * 

/* Current Choice Nunber */ 
/* N h r  o f  Rows in Menu */ 
/* N h r  o f  c o l m s  in  Menu */ 
/* X Coordinate of Upper L e f t  Box */ 
/* Y Coordinate of U r L e f t  Box */ /* Uidth o f  a M e n u  C%ce Box */ 
/* Height o f  a M e n u  Chofce Box */ /* Blank Spaces between Boxes Hor i zon ta l l y  */ 

int cur row; 
in t  cur-col; 
char key: 

cur rou = current / cols; 
cu r I co l  = current X cols; 

HighLight(x+cur-col*(width+xb), y+cur-rou*(height+yb), width, height); 

key = GetKey-I f-Ready( ); 

while-(key I= EWTER && key I =  ESC) C 

case KEY LEFT: 
i f  (ci ir  c o l  > 0 )  c 

switch (key) C 

UnL izh t (x+cur-co l*( width+xb) , y+cur-rou*( heigh t+yb) , u i d t h  , height ) ; 
cur co l - - .  
H i  g6L i gh t ix+cur-col*( width+xb) , y+cur-row*(heigh t+yb), uidth, height ); 

1 
break; 

case KEY RtGHT: 
if (cZr c o l  c (cols-1)) C 

UnL i zh  t (x+cur-col*( w i dt h+xb) , y+cur-rou*( he i  ght+yb), width , he i gh t ) ; 
cur cot++* 
H i  gfiL igh t ix+cur-col*(width+xb), y+cur-row*(hei gh t+W , width, height ); 

? 
Y 
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HighLight( x+cur-col*( width+xb), y+cur-row*( height+@), width, height ); 

HENU.C 

1 
break; 

if (cGr row < ( r o w - 1 ) )  C 
case KEY DOVN: 

UnLi~ht(x+cur_col*(width+xb), y+cur-rou*( height+@), width, height 1; 
cur row++- 
H i  gFL i gh t ix+cur-col*( width+xb), y+cur-row*( hei gh t+@), width, height ); 

> 
break; > 

key = GetKey-If-Readyo; 
1 

i f  (key == ESC) C 

1 else C 

1 

return( - 1); /* Indicate Abort */ 
return((cur-row cots) + cur-col); /* Return I f  of Highlighted Box */ 

1 
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............................................................................. * * * NEUREF.C 
* Last Modified: 07/31/91 

* * 
* Written By: John E. U i l son  * * Compiler: Borland E++ VZ.0 * 

Memory Model :  Large * 
* This modole contains Neu R e f 0  d i c h  i s  the main menu f o r  bu i l d ing  a neu * * Reference F i le .  * 
* matrices BKG, COW, and REF t o  a r e f e r e e  f i l e .  Also here a re  several * 
* small support modules. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
#include cstdio.h> 
#include <dos.h> 
#include cstring.h> 
#include <math.h> 

#include <soil.h* 
#include <pca.h> 

* 
I t  also-contains Save Ref() which phys i ca l l y  seves the 

............................................................................. 
* LOCAL DEFINITIWS 

............................................................................. 
#define NRHENU COL 3 
#define NRMENU~RW 6 

#define NRBOX W 16 
#define NRBOX~H 3 

#define RFTIHES 1OL 

* * 
* * 

/* H o u  many times t o  oversample reference materials */ 

............................................................................. 
* GLOBAL DATA REFERENCES * 
........................................................................... 

extern long *counts; /* Buf fer  f o r  C o u r t  Data */ 
extern Long t imr [Nlm lNPUTSl ; /* L ive  Timers */ 
extern int cursor [MUM-INWTSI * /* Cursor Posit ions */ 
extern in t  r o i  beg[Nm INWTSj [MAX R O I I ;  /* R O I  S t a r t  Chanmls */ 
extern i n t  roi-er!d[NUM-INPUTSI [MAXIROII ;  /* R O I  End  Channels */ 
extern char ec& i re INa  INPUTSI; /* Acquire Status */ 
extern char invalidlNlJH-INPUTSI- /* Data Al tered Status */ 
extern double bkgtNUM IRWTSl [MAX R O I I ;  /* Background Matrices */ 
extern double con[NUM~INWTSI tMAX~R011 CMAX-RO13; /* Concentration Matrices */ 
extern double r e f  [MUM INPUTS] [MAX-ROII [MAX-ROII; /* Reference C o w \ t  Mats */ 
extern char r e f  name[T41; /* Reference F i l e  H a m e  */ 
extern int inseFt; /* Inse r t  Mode f o r  GetEStr */ 

* * 
* * 
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extern char *spect-fnameINW-lNPUTSl; /* Spectra Names */ 
............................................................................. 
* LOCAL DATA DEFINIT IONS * 
............................................................................. 

* * 
* * 

in t  ref-status~MUM-IMWTSl CMX_ROI+1J; /* Status o f  Data f o r  Each Input */ 
char trf namet201; 
i nt refIsaved; 

/* Temporary Reference F i l e  Name */ 
/* Reference F i l e  Saved Flag */ 

char *rf w t  s t r  = II. 
char * r f ~ c o ~ - s t r ~ M A X - R O I I ~ M X _ R O l Y  = 

/* Defaul t  Reference Ueight */ /* Defaul t  Reference Concentrations */ 
ClB50.2 11, 
"0 I1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* Setup-Ref () * 
* Get a reference ready t o  co l l ec t .  Also check f o r  con f l i c t s .  * 
............................................................................. 
Setup-Ref (input, r f f )  

jnt input; 
in t  rff; /* Reference: O=Background, l=Radiun, 2=Potassiun, 3=Thoriun */ 
c 

* 
* * 
* * 

/* DHR I v t :  0,1,2 */ 

double weight; 
double tcon WAX-RBI1 ; 
int  i: 
int yh; 
char * re f  -1 abe I [MAX-ROI + 11 = Ca86ac kg roundo8, 

llRadiun*t, 
"Pot ass i un" , 
lVhoriun"); 

/***** Make Sure Background has been Collected F i r s t  *****/ 
i f  ( r f f  I =  0 88 re f -s te tus l inpr t l [O]  != COLLECTED) C 

gotoxy(8, 24); 
pts(1lBackground nwst be col lected f i r s t .  
Menu(0, 1, 1, 46, 24, 4, 1, 0, 0); 

Okay"); 
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re tu rn  1; /* Abort */ > 
/***** I f  Re-col lect ing Backgroclnd then Reset other References *****/ 
i f  (rff == 0 &i% ref-statustinplt lCO1 == COLLECTED) C 

wtoxy(8, 2 3 ) ;  
puts('Re-co1lecting background w i l l  reset a l l  
Ootoxy(44, 2 4 ) ;  
puts("Re-co1 Lect anyuay? No YestB); 
yn = NenuCO, 1, 2 ,  65, 24, 3 ,  1, 3, 0); 
i f  Cyn == I) C 

f o r  ( i=O;  i<MAX_ROI+l; i++) 

return-0; 

re tu rn  1; /* Abort */ 

r e f  statustinput1 t i 3  = NOT-COLLECTED; 

3 else C 

3 
1 

/***** See i f  th is Input i s  Current ly  Col lect ing Anything Else *****/ 
f o r  ( i=O;  i < NAX ROI+l; i++) 

i f  ( re f - s ta tus~ inpu t l  [il == COLLECTING) C 

gotoxy(8 2 4 ) ;  
printfcwis i s  cu r ren t l y  c o t t e c t i n g . ~ ~ , r e f _ ~ ~ l t i ~ ) ;  
g o t o x ~ ( 4 6 ,  2 4 ) ;  
puts( Re-star t  anyway? No Yes"); 

= flenu(0, 1, 2, 65, 24, 3 ,  1, 3, 0 ) ;  

re f  statusCinput1 [{I = NOT-COLLECTED; 

re tu rn  1; /* Abort */ 

!? (yn == 1) c 
> else-< 

1 
1 

/***** See i f  Reference has already been co l l ec ted  f o r  t h i s  Inprt *****/ 
i f  (ref-statustinput1 Crffl == COLLECTED) C 

gotoxy(6 241; 
printf(& has atready been collected.~~,ref~lebeltrff I ) ;  
gotoxy(44, 2 4 ) ;  
puts("Re-co1 l e c t  anyway? Mo Yes"); 

p = Henu(0 1, 2 ,  65, 24 ,  3, 1, 3 ,  0); 
I f  (yn I= 12 

return 1; /* Abort */ 
1 

!***** Input the Refereme Concentrat ions (Except f o r  Background) *****/ 
i f  (rff I =  0) C 
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yn=O; 
while (yn == 0) C 

c l r s c r (  1; 
gotoxy( 1, 8); 
printf("1nput XS reference weight: I l,ref Label t r f f l ) ;  
GetEStrcrf ut s t r ,  whereyo, wherexo, & inser t ,  0, 0); 
ueight = afofTrf-wt-str); 

gotoxy(l. 9 ) ;  

f o r  (f=D; i < MAX R O I .  i++) C 
p r i n t f ( l l \ n ~ n p ~  x-bs concentration: ",ref label  1i+11); 
GetESrr(rf-con s t r t r f f - 1 1  ti3 whereyo, f ierex0,  &insert,  0, 0); 
t c o n t i l  = a t o f ~ r f - c o n _ s t r t r f ~ - ~ ~  t i l ) ;  

continput] t i l  [ r f f - 1 1  = weight t c o n [ i l  * ACP-TIME; 
3 

/***** Reprint f o r  V e r i f i c a t i o n  *****/ 
c 1 rscr( ); 
gotoxy(1, 8); 
pr in t f (1~Input  XS reference w i g h t :  Xlg\n\n", ref- label t r f f l  , w i g h t ) ;  

f o r  (i=0; i < MAX ROI; i++) 
printf(1lInput X-9s concentration: Xlg\n", ref- label t i + l ] ,  t c o n l i l ) ;  

/***** Ver i f y  Input *****/ 
gotoxy(25, 2 4 ) ;  
puts(Vhan e Oka Cancelli). 
yn = ~enu(3, 1, 3, $5, 24, 6, 1,'3, 0); 

1 

i f  (yn == 2 1 1  yn == -1) 
re tu rn  1; /* Abort */ 

3 

ref-saved 0; 

re turn 0; /* Okay */ 
/* Reference F i l e  Not Saved */ 

1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* Shou-DskErrO * 
* Show the f i l e  name where disk er ro r  h e p e d .  Allows user confirmation. * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Show-DskE r r ( f name) 

* * 
* * 
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char *fname; /* F i l e  Nwne where d isk  e r ro r  occurred */ 
C 

gotoxy(2, 23); 
printf(IlD1SK ERROR, Fi le:  %sI1,fname); 

gotox (2, 24); 
puts(xOkayll); 

Henu(0, 1, 1, 2, 24, 4, 1, 0 ,  0); 
re tu rn  0; > 
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............................................................................. 
* Gct-RfNane() * * * 
* * 
* Gets the next reference name consist ing o f  the date and a unique l e t t e r .  * 
* Returns a pointer t o  the s t r i n g  (trf-name). * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
char *Cet-RfNemeO 

C 
s t ruc t  date d; 

F I L E  *fh; 

/* Get s stem date snd use i t  t o  make reference f i l e  name */ 
getc tate(h;  
spr i nt f ( t r f -fume, "RE FER\\%02d%02d%02dAI RE F" , (d. da-year X 1 00 ) , d. da-mon, d. de-day ) ; 

/* Create e uniquely named reference f i l e  */ 
f h  = fopen(trf name, I I P ) ;  

wh i le  ( f h  != NULL) c 
trf nanleCl21++; 
f c L&e( f h  ); 
fh  = fopenttrf-name, "P); /* Try new f i l e  */ 

/* See i f  f i l e  already e x i s p  */ 
/* I f  so cha e l e t t e r  i n  filename */ /* Close o ldn$ i le  */ 

> 
re tu rn  t r f - m ;  /* Return address of  f i l e  name */ > 

............................................................................. 
* Update-Data( ) * * * 
* * 
* f f  any inputs are f in ished co l l ec t i ng  then get date and update the flags. * Also save the spectrun out t o  disk. 
. ........................................................................... 
vo id  Updete-Data() 
C 

* * 
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char *fname; 
char spname I161 ; 
i n t  errchk; 
i n t  i,j,k; 

f o r  ( i = O -  i < NIJU INPUTS; i++) C 
f o r  (j=o; j < UAX ROI+I* j++) c 

i f  (acqu i re l i ~ -==  o h ref-status ti^ [ j l  == COLLECTING) c 
sprintf(spneme, 11A:81); 
fneme = Get RfNameO; 
strcat(spnGe, & f n ~ [ 6 1 ) ;  
spnameI91 = (char)(r + #la); 

Va 1 id-Read( i , counts); 

i f  ( j  == 0) C /* BACKGRWND */ 

/* S ta r t  o f  Spectrun F i l e  Neme */ 

SpnametlOI = 0; 
/* Get Cocrnts from PCA Card */ 

bka[ i l IOl  = 0.0; /* S u n  ROI 1 */ 
for  (k=ROI BEG-1; k <= ROI-END-?; k++) 

b k g t l l  101 += c m t s [ k l ;  

b k g t i l  [O] = /* Div ide */ 
f loor( (bkgt i1  KO4 / RFTIUES) + 0.5); 

bkgri1 [ll = 0.0- /* Sun  ROI 2 */ 
for (k=ROI BEG 5;  k <= ROI  END-2; k++) 

/* OverS-Te */ 

bkgril 171 +: cwnts[kI;- 

Mgti l  [ll = 
f loor((bkgl i3 t l l  / RFT IMES) + 0.5); 

bkg t i l  [21 = 0.0- /* Sun  R O I  3 */ 
fo r  (k=ROI BEG-3; k <= ROI-END-3; k++) 

bkg[ll tz1 += cw tsKk1 ;  

bkg t i l  E21 = 
f loor( (bkg[ i l  (21 / RFTIMES) + 0.5); 

s t rca t (sprame, r.BK"); /* Spectrun F i l e  Extension */ 
/* REFERENCES */ 
/* S u n  R01 1 */ 

> else C 

r e f  t i l  101 [ j -11 = 0.0; 
for  (k=ROI BEG 1; k <= ROI END 1; k++) 

r e f  t i ]  [Ul [ j 7 1  += countE[[klT 

r e f  [il 101 [j:11 = 
f i oo r ( ( re f  [ i l  to1 I j - 11  / RFTIMES) 

+ 0.5); /* /* 

re f  Iil 111 [j-13 = 0.0; 
f o r  (k=RO1 BEG 2; k <= R O I  END 2; k++) 

re f  t i ]  [TI C j = l l  += coun tZ Ik l i  

r e f  [il [11 [j:11 = 
f l oo r ( ( re f  t i 1  t13 t j -11 / R F l  'IMES) + 0.5); 

/* Sun ROI 2 */ 
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ref til  I21 rj-11 = 0.0; 
for (k=ROI BEG 3. k <= ROI END 3; 

ref t i l  CZ1 fjrlj += countSCkl5 

reftil t21 Cj:11 = 
floor((ref I11 t21 tj-11 / RFTIMES) 4 

for (k=O- k MX ROf .  k++) 

spneme[lr{char)[j + '01); 

ref ti; tkl tj-ll--= bkgtil Ikl; 

strcat(s Is. RFO! ) ; /* 
> 

/* S a  ROI 3 */ 
k++ 1 

* O S ) ;  

/* Minus Background */ 

spectrun File Extension */ 

crrchk = SpSave(splemc, i ,  counts); 
if (errchk) C 

/* Save the Spectrm Fite */ 
Show- DskErr [spname); 
retu7n; > 

strcpy(spect fynelil, splatne); /* 
ref-stetus[iTI~l = COLLECTED; /* > 

1 
3 > 

Set Spectrm Fi le  Neme */ 
Update Date Status */ 

............................................................................. 
* Ref -ROI s( ) 

* 
............................................................................ 

* 
* * 

Sets up the ROIs for a specified input. * 
Ref-ROIs(input) 

int input; /* DMR Input: 0,1,2 */ 

C l  r-ROI ( input); 

rof-kgtjnputl [Ol = ROI-BEG-?; 
rot-endtinput1 101 = ROI-END-1; 

/* Reset the ROIs */ 
/* Set Default ROIs */ 

roi begtinputIC11 ROI BEG 2; 
roiZendtinput1 t11 = ROILEND12; 
roi begtinputlt21 = ROI BEG 3; 
roi~endCinpltlt21 = ROIIEND2; 
return 0; > 
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* 

* * 
* Physical ly saves the contenFs o f  matrices: REF, CON, & BKG t o  d i sk  f i l e .  * 
* Returns 0 i f  successful, 1 i f  fa i l ed .  * * ............................................................................. 
Save-Ref ( ) 

c 

* Save-Ref ( )  * 

F ILE  *fh; 

char *fname; 

i n t  i , j ,k- 
int errchk; 

/* Name f o r  F i l e  Name */ 

/* Check t o  make sure tha t  a l l  data has been co l l ec ted  */ 
fo r  (i=O- i NUH INPUTS; i+f) 

i f  ( re f  s t a t u s I i l  tJ1  != COLLECTED) C 
gotoZy(8 2 4 ) ;  

W l I  date r u s t  be collected before saving. k%!O, 1, 1, 52, 24, 4, 1, 0, 0); 
re tu rn  1; 

f o r  (j.0; j < UAX ROI?~; J++) 

Okayig); 

1 

fname = Get-RfNeme(); /* Get next reference f i l e  name */ 
fh fopen(fneme,'iwt"); 

i f  ( f h  == NULL) C 

Shou DskErr(fname1; 
retuFn 1; 

) else < 

/* Cannot open f i l e  */ 

for ( i = O -  i OW INPUTS; i++) /* Save REF matrices */ 
for c ~ = o -  j < MX ROI; j++) 

for  (k=O- k < RAX ROI- k++) C 

(errchk == EOF) C 
errchk = fprinff(fh,i%f\nol,ref t i l  tjl Ckl); 

Show-DskErr ( f nimi); 
f c lose( f h ) ; 
re tu rn  1; 

fo r  (i=O; i <.MUM INPUTS; i++) 
f o r  ( j = O m  < MX R01- J++) 

/* Save COW matrices */ 
for (k=& k < WAX h01. k++) C 

errchk = fprinTf(fh,aaXf\ngi,contil [jl tk l ) ;  
i f  (errchk == EOF) C 

Shou DskErr(fname); 
f c 1 oZe( f h ) ; 
re tu rn  1; 

? 
8: 
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f o r  (i.0- i NUn INPUTS; j++) /* Save BKG rnetrices */ 
fo r  c;=o- j < MAX ROI- J++) c 

errchk = fprtn'ff(fh,llXf\nll,~glil tjl); 
i f  (errchk == EOF) C 

Show DskErr(fneme); 
f c 1 oZe( f h) ; 
re tu rn  1; 

1 
1 

fclosc(fh); 

strcpy(rcf-necne, PfnemeC61); 

f h  = fopen(llREFER\\LATEST1l,llwtl'); 

i f  ( fh  == NULL) C 

/* Copy f i l e  name t o  reference nen# */ 
/* Update Latest N e m  on Disk */ 

Show-DskErr(lsREFER\\LATEST1l); 
return 1; 

3 else C 
errchk = fprintf(fh,l%s*l,fname); 
fclose( f h ); 

i f  (errchk == EOF) C 
Show~DskErr(llREFER\\LATEST"); 

............................................................................. 
* New-Ref ( ) * 
* Rain menu f o r  building a neu reference f i l e .  * 
............................................................................. 
New-Ref ( ) c 

* * 
* 

* 

in t  choice = 0; 

in t  co l  crdtNRMENU COLI = C 9, 33, 5n; 
in t  row~crd[NRMENU~ROUl = C 5, 8 ,  11, 14, 17, 203; 
char *nrmenu-text [NRMENU-COLI INRMENU-ROW1 = CWiew 1" 

l%ac kgro;ndVg, 
l r R a d  i un" , 
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V h o r i m o ~ ,  
llSavetl, 

V i e w  2" 
i4Backgro;nd11, 
" R a d i  UT+;, 
18Potassiun9i, 
"Thori mal, 

i t 

V i e w  3ll 
Ylackgro;ndll, 
llRadiun", 
IIPotassi un", 

hor i un" , 
llResetll); 

i n t  i,j,k; 
in t  yn; 
i n t  input rff; 
in t  quit=6; 
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r e f  neme[OI = 0; 
refIsaved = 0; 

/* Reset Reference Name */ 
/* Reset F i l e  S a v 4  Flag */ 

f o r  ( i = O -  i < NUn INPUTS; i++) 
for  (150; j < MAX ROI+I; j++) 

ref-status[i ]  171 = NOT-COLLECTED; /* Default Data Status */ 
while (quit == 0) c /* Loop until E x i t  i s  C o n f i r m d  */ 

while (choice I =  16 && choice != - 1 )  <. 
/***** Check t o  make sure the co l l ec t i ng  data i s  not a l te red  *****/ 
for-(;=?; i $ N p  INPUTS; i++) 

f o r  (j.0; j < MAX ROl+l; j++) 
i f  ( i n v a l i d [ i l T  /* I f  data a l te red  */ 

if (ref-statusTi1 f j l  == COLLECTING) 
ref -s ta tus[ i ]  [ J ]  = NOT-COLLECTED; /* Then reset s ta tus */ 

/***** Update the Data if any Inputs are Finished Col lect ing *****/ 
Upda t e-Da t a( ) ; 

/***** Draw the Henu Screen *****/ 
c l r s c r t  ) -  

puts("N E U 
gotoxy(21.2); 

R E F E R E N C E H E N U"); 

/***** Draw the Data Status Flags on the Uenu Boxes *****/ 
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f o r  ( i=O.  i < MUM INPUTS; i++) 
for.(j=O; j < MX ROI~I; j++) c 

got oZy ( co 1 c r d  I 1 I + 1 
plJtS("+")'- 
gotoxy( coi-crd t i I +NRBOX-U- 2, rou-crd t j+ l1 +1 1; 
puts("+" ) ; 

i f  ( r e f  s ta tus ' t i l  t i l  == COLLECTING) C 
row-c rd t j + 1 1 + 1 ) ; 

3 
i f  ( r e f  s ta tus t i 1  til == COLLECTED) C 

gotoEy( t o  1-crd t 1 1 + 1 I row-crd t J + 1 I + I  ) ; 
nltfl~~*l*> - r---. 
gotoxy(ck(-crdli l  +NRBOX-U-2, row-crd I j+ll+l I; 
puts("*") ;  

3 
3 
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i f  ( r e f  saved) C 
gotoZy(co1 crd[Ol+l, row-crd[Sl+l); 

gotoxy(co[-crd tOI+NRBO)(-U-2, rou-crdC51+1); 
put s(Il*n ) -- 
puts("*n ) ; 

3 

/***** Get the Menu Choice *****/ 
choice = Menu(choice, NRMENU-ROU, NRHENU-COL, col-crd[Ol, row-crdt01, MRBOX-U, NRBOX-H, 8, 0 ) ;  

I***** Update the Data i f  any Inputs are Finished Col lect ing *****/ 
Update-Data(); 

/***** Carry out the Choice *****/ 
input = choice X 3; 
r f f  = 3; 

sui tch (choice) C 
case 0: 
case 1: 
case 2: 

Vieu Spectrun(inplt); 
b r e d ;  

/* Go Uatch the Data Col lect ing */ 

case 3: 
case 4: 
case 5: 

case 6: 
case 7: 
case 8:  

case 9: 
case 10: 
case 11: 

case 12: 

rff--; 

rff--; 

rff--; 
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case 13: 
case 14: 

i f  (Setup Ref(input r f f )  == 0) C /* C o n f i r m  Uei h t ,  Corn: */ 
ref-stZtus[it?pd I r f f l  = COLLECTING; /* F l a i  ColQecting */ 
Acqur r e  O f f (  input); 
Val id-CTr( input); 

t i m e r l i n p r t l  = /* l e t  timer count extra */ 
-(RFTIMES-lL) ACQ-TICKS; 

Ref ROIs(input); 
strzet(spect f n a n ~ ? l i n p r t I , ~  '1; /* Clear Spectrun Name */ 
Acquire On(i- t) /* S t a r t  acquire */ 
invai i~ i rpu?? '= h; 

/* Turn o f f  the acquire */ /* Clear the c o m t  data */ 

/* by s t a r t i n g  negative */ 
/* Set a l l  the ROIs */ 

/* Data not a l tered */ > 
break; 

case 15: /* Save the reference f i l e  */ 
i f  ( re f  saved) C 

got o%y( 8,24 1 ; 
rts(BnReference F i l e  Has A l re  been Saved. Okay"); 
enu(0, 1, 1,  48, 24, 4, 1, 0 5 , ;  > else C - _ - ~  

i f  ( iave R e f 0  == 0) 
ref-seved = 1; /* Set Flag */ > 

break; 

gotox (8,24)- 
puts(xYcu u i l l  lose the co l lected data. Reset anyway? No Yes"); 

yn = Menu(0, 1, 2, 59, 24. 3, 1, 3, 0); 

f o r  ( i = O ;  i < WUn INWTS; i++) C 
Acquire O f f (  i 17 
f o r  (j=U; J < MAX ROI+1;  j++) 

case 17: /* Reset the co l lected data */ 

I f  (yn == 1 )  C 

/* Turn o f f  Acquire */ 
ref -s ta tus[ i l  171 = NOT-COLLECTED;/* Default Status */ 

1 
1 
break; 

1 
1 

/***** C o n f i r m  the E x i t  *****/ 
i f  ( re f  saved == 0) C 

gotoSiy(8,23) - 
puts(BsYou u i l l  lose co l lected data.Ba); 

x 60 toxy(8,24) ; 
puts(1We You Sure Y o u  Uant To W i t ?  No Yes@#); 

yn = Menu(ref saved, 1, 2, 41, 24, 3, 1, 3, 0); 
I f  (yn == 1)  7 

quit = 1; 



A
-7 1

 

.. 0 11 



PCA . C Page 1 o f  12 
............................................................................. 
* * * * 
* 
* * * * 
* * 
* 

* 
PCA.C 

Last Modified: 07/31/91 * 
Wri t ten By: John E. Wilson * 
Cornpi ler :  Borland C++ V2.D 
Memory Hodel: Large * 
This module contains the routines needed f o r  c o n t r o l l i n g  the PCA and DMR * 
hardware. Also here i s  the handler f o r  the PCA Card's timer in ter rupt .  * 
This module contains the Routines which read and w r i t e  Nucleus-compatible * 
spectrun f i l e s .  Also here i s  the V a l i d  Read0 rou t i ne  which reads the * 
count data f o r m a  PCA i c p t  and r e - r e a 6  i t  i f  in ter ference from the * 
in te r rup t  acquire stop i s  suspected. * 

* 

* ............................................................................. 
#include <stdio.h> 
#include <dos.h> 
#include <time.h> 

#include <soil.h> 
#include <pca.h> 
#include <ctnr.h> 
#include <soilasm.h> 

............................................................................. * * * * 
* * GLOBAL DATA REFERENCES 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
extern long timertNUn INPUTSI; 
extern char ecqui re lNa INPUTSI; 
extern in t  r o i  begCNUFl TNPUTS] [MAX ROI] ;  
extern in t  roi~endtWM~INPUTS1 C M A X ~ R O I I ;  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
LOCAL DATA DEFINITIOUS * 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DMRHEADER head; 
in t  sound-cnt; 

* * 
* 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* Handler0 * 
* This i s  the handler f o r  the PCA Card in ter rupt .  The PCA Card t r i gge rs  * * t h i s  in ter rupt -one hundred timers per second (minus the time the card i s  * 
* busy uhen in  l i v e  t i m e  mode). * 

* * 
* * 
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* * ............................................................................. 
vo id  interrupt Hsndler(void) 
c 

disable( ); /* Turn O f f  In te r rup ts  */ 
i f  (acquire[Ol) C 

Acquire off(0); 
sound( 500 ) * 

i f  (++timerlOl == ACQ-TICKS) C 

/* Lou Tone */ 
sound-cnt=SO; /* 1/2 second */ 

i f  (acqu i rc l l ] )  C 
i f  (++ t imer l l l  == ACfJ-TICKS) C 

Acquire O f f  (1  1; 
SWnd(1WO). /* Mediwn Tone */ 
sound-cnt =S 6; > 

1 

i f  (acqu i re [ t l )  C 
i f  (++tilnerC21 == ACP-TICKS) C 

Acquire Off(2); 
S d ( 2 W O )  * 
sowul-cnt =5 6; /* High T o n e  */ 

> 
1 

i f  (sowd-cnt) C 

nosound( 1: 
i f  ((--sound cnt)  == 0 )  C 

> /* Turn Tone O f f  */ 
1 
i nportb( WEWORT) ; 
out 
enaKeo;  

/* send Acknowtedge t o  PCA Card */ 
/* Turn On In te r rup ts  */ 

rtb(ICC-COIITROL,ICC-ACKNOULEDGE); /* I C C  Acknowledge */ 

1 

............................................................................. 
* PCA-I n t e r  rupt_on( ) * 
* This rout ine sets up the PCA Card in te r rup t  end s t a r t s  i t  running. 
............................................................................. 
vo id  PCA-lnterrupt-On() 
C 

* * 
* * 
* * * 

unsigned char mask; 

disable(); 

mask = inportb( ICC-UASK); /* Set Mask t o  Allow PCA In te r r .  */ 

9 
4 w 
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mask = mask E PCA I N T  ON; 
ou tpor t b( 1 CC-MSK;mast) ; 

outportb(1CC-CONTROL,ICC-ACKNOULEDGE); 

inportb(NEVP0RT); 

enab 1 e( 1; 
/* Send Acknowledge t o  PCA Card */ 

1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* PCA-Interruptpff ( 1  

* This routine stops the PCA Card i n te r rup t  from running. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
vo id PCA-Interrupt-Of f () 
c 

unsigned char mask; 

* * 
* 
* * * 

disable( 1; 

mask = inportb(1CC MASK). 
mask = mask 1 PCA TNT OFF; 
cutportb( 1CC-MASK;ms~); 

enable(); 

/* Set Mask t o  Not Allow IR93 */ 

3 

............................................................................. * * * * Acqui re-Of f ( ) * 
* This rout ine stops the spec i f i ed  PCA input from co l l ec t i ng  any more count 
* data. 
. ............................................................................ 
vo id Acqui re-Of f ( input) 

in t  input; /* DMR Input: 0,1,2 */ 
c 

* 

unsigned char two = 0x00; /* f l a g  fo r  input bank tuo (i t s  5-8) */ 
Unsigned char b i  tsout; /* data byte t o  send t o  the D r c a r d  */ 

acquireCinput1 = 0; 

i f  (input > 6 )  

outportb(PCAPORT+l, OxCO 1; /* Select the DMR card */ 
wtportb(PCAPORT+Z, two 1; /* Select bank */ 

/* turn o f f  the acquire f l a g  f o r  input */ 

tu0 = 0x20; /* set bank two f l a g  i f  we are processing inputs 5-8 */ 

? 
4 
P 
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b i t s w t  = Celc MR(tuo); 
outportb(PCAPOR1, b i tsou t  ); /* out the b i t  pattern t o  the DMR card */ /* catc the appropriate b i t  pa t te rn  */ 

1 

............................................................................. * * * Acqui re-On( ) * 

........................................................................... 

* * 
* This rout ine s ta r t s  the spec i f ied  PCA inprt co l l ec t i ng  count data. * 

vo id  Acquire-CWinput) 

int fnput; /* WR Input: 0,1,2 */ 
C 

unsigned char two = 0x00; /* f l a g  f o r  input bank two t i  t s  5->8) */ 
unsigned char bi tsout;  */ /* data byte t o  send t o  the M y c a r d  

acqu i re [ inp l t l  = 1; /* turn on the acquire f l a g  f o r  input */ 
i f  (input *= 4) 

two = 0x20; /* set bank tuo f l ag  i f  ue are processing inputs 5 -* 8 */ 
outportb(PCAPoRT+1, OxCO ); /* Select the DRR card */ 
oytportb(PCAPORT+Z, two  ); /* Select bank */ 
b i t s w t  = Calc DHR(tuo); 
outportb(PCAPOKT, 

/* calc the appropriate b i t  pa t te rn  */ 
b i tsou t  1; /* out the b i t  pattern t o  the DRR card */ > 

............................................................................. 
* Cat c-DHR( ) * * * 
* 
* This rout ine calculates the b i t  pa t te rn  needed t o  turn a the inputs o f  * 

the D M  which should be colkect ing data according t o  the acquCrefl array. 
....................................................................... 

wrs i gned char Cat c-ORR(benkt yo) 

unsigned char banktwo; 

C 

/* Ox00 f o r  DMR Inputs 0-3,  0x20 f o r  Inputs 4-7 */ 

unsigned char low clmr b i t s t41  = C Oxef, Oxbf, Oxfe, Oxfb 3; 
unsigned cher higF-dmF-bi t s  [41 = C Oxlf, Oxbf, Oxdf, Oxef 3; 

unsigned char b i t s  = Oxff; 
register i n t  i; 

/* working b i t  pa t te rn  */ 

i f  (banktuo) C 
f o r - ( i  = 0; i < 4; it+) 

b i t s  &= high-ch~r-bi tst i l ;  

/* inputs 5,6,7 or 8 */ /* !oop through the . inp l ts  */ /* i f  the  input IS i n  acquire */ /* copy date from the b i t  tab le  */ i f  (acqu i re t i  + 41) 
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3 else C /* inputs 1,2,3 or 4 */ 
/* !oop through fhe.inputs */ /* r f  the input i s  i n  acquire */ 
/* copy data from the b i t  tab le  */ 

f o r - ( i  = O ; . i  x.4;  i++) 
i f  (acqui re[ i l )  

b i t s  &= lou-dmr-bits[il; 

1 
return(bi ts9; /* re tu rn  the b i t  pat tern */ 

1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * * * Start-PCAO * * z 

* This routine puts the PCA Card into acquire mode. * * .. ............................................................................. 
vo id Start-PCAO 
c 

char s t a r t  data[] = COx29, 0x06, Ox7f. Ox&, 0x00, OxcO); 
reg i s te r  iiit i; 

T ogg 1 e-PCA-3( s t a r  t-da t a  [31) ; 

f o r  ( i = O ;  iq6- i++) 
Pc~0ut(Ox8600+i, start-data [ i l l ;  

1 

............................................................................. 
* Stop-PCA( 1 

............................................................................. 

* 
* 

* This rout ine takes the PCA Card out o f  acquire mode. 

vo id  Stop-PCAO 
I. 

char stop data[] = COx29, 0x06, Ox7f, Oxea, 0x00, 0x40); 
reg is ter  int i; 

T ogg I e_PCAJ(s top-& t a  231 ; 
for (i=O; is6. i++) 

Pc~out(Ox8600+i, stop-datal i l  1; 
) 

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* Toggle-PCA-30 
* * 
* * 
* * * This rout ine turns b i t  1 of PCA Control Register 3 on and o f f .  * 
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............................................................................. 
vo id  Togg le-PCA-3 ( va L ue) 

char value; /* Value t o  put in  Control Register 3 */ 
c 

char f l i p  = value 1 0x02; 

value = value & Oxfd; 

PCAOut(Ox8003, f l ip); /* D i g i t  1 On */ 
PCAOut(Ox8003, value); /* D i g i t  1 O f f  */ 

1 

............................................................................... 
* PCKJut ( ) * 
* This r w t i n e  sends a by te  t o  the PCA Card. * 
***n*************************************************************************/ 
vo id  PCAOut(address, value) 

int d r e s s ;  
char value; 

* * 
* * 

* 

/* Dest inat ion address on the PCA card f o r  u r i t e  */ 
/* V a l w  t o  u r i t e  t o  tha t  d r e s s  */ 

c 
outportb(PCAPORT+Z, 
cutportb(PCAPORf+l 
outportb(PCAPORT+O: > 

(char)(addre%s & Oxff)); 
(char)((address >> 8 )  8 Oxff)); 
value); 

............................................................................. 
* ChArrD i f f ( ) * 
* See i f  the tu0 character arrays are d i f fe ren t .  * 
* Returns 1 i f  d i f f e ren t ,  0 i f  same. * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ChArrDiff(arr1, arr2, nun) 

char *a r r l ;  /* Pointer t o  character array 1 */ 
char *arr2; /* Pointer t o  Character array 2 */ 
int nun; /* Nunber o f  en t r ies  i n  the arrays */ 

* * 
* * 

* 
* 

c 
int i; 

f o r  ( i = O ;  i < nun; i++) 
i f  ( a r r l t i ]  != e r r 2 t i l )  
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re tu rn  1; 

re turn 0; 
1 
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............................................................................. * * * * * * 
Reads the count data from PCA Card, ReReeds i f  an input turned o f f .  * * ( I f  an input turns o f f  during read, a fa l se  count cen be expected) * 

............................................................................... 
vo id  Valid-Read(iyxrt, counts) 

in t  input; /* DMR Iriput: 0,1,2 */ 
long *counts; 

* * 

/* Pointer t o  array o f  long i n t s  where count data i s  kept */ 
C 

in t  i; 
char ecqINUM-INPUTS1 ; 

f o r  (i=O. i < N y - I N W T S ;  i++) 
acq [ i j  = a c q u i r e r i ~ ;  

Read-Input(input, counts); 

white (ChArrDiff(acq, acquire, NUN-INPUTS]) c /* Re-Read i f  any inputs */ /* Turned o f f  */ 
f o r  (i.0; i NUM INPUTS; i++) 

acq [ i l  = acquiFe[il; 

Read-l nplt ( input , counts); 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * * * Va 1 i d-Ur i t e( ) * * 
* Turns o f f  all inputs during the urit ing t o  the PCA Count data. * 

( I f  an inplt turns o f f  during write, corrupt data can appear on the Card) * * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
vo id  VaLid-Urite(inprt, counts) 

in t  input; /* DMR Input: 0,1,2 */ 
long *counts; /* Pointer t o  ar ray of long i n t s  where c m t  data i s  kept */ 
c 

in t  i; 
char ecq WM-1 NPUTSI ; 
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f o r  ( i=O;  i c NW INPUTS; i++) C 

> 
Urite-lnput( input, counts); 

f o r  (i.0; i - c  NW-INPUTS; i++) 

/* Save Ac /* Turn of?%: :&?;e*$/ 
scq[ j ]  = ecq iFe l i1 ;  
Acqui re-Of f ( i ); 

i f  ( a c q t i l )  /* Turn Acquire back on */ 
Acqu i  re_0n( i ); 

3 

Page 8 o f  12 

............................................................................ * * * * Va 1 i d,C 1 r( ) * * 
* Turns o f f  a l l  inputs &ring the c lear ing  o f  the PCA C o u n t  data. * 
* ( I f  an input turns o f f  during write, corr lrpt data can appear on the Card) 
............................................................................. 
void Va I i d-C 1 r ( input ) 

int input; /* DHR Input: 0,1,2 */ 
c 

int i; 
char acq [NW-I NPUTSI ; 

f o r  (i=O; i MUM INPUTS; i++) C 
acq[f] = a c F i F t i 1 ;  
Acquire-Off i) 

1 

C l r - l n p l t (  input); 

for.(i=O; i . <  MUM-INPUTS; {++I 
i f  (ecqCi1) 

/* Save Ac i r e  Status */ /* Turn o f y t h e  Acquire */ 

/* Turn Acquire back on */ 
Acquire-On( i); 

3 

............................................................................ 
* SpSave( ) * * * 
* * 
* Save the spectrun t o  a Nucleus competibte f i l e .  * * 

Returns 1 i f  error,  Returns 0 i f  Success. * * 
.............................................................................. 
SpSave(fneme. input, cdata) 

char * f m ;  
int inpot; /* DMR Input: 0,1,2 */ 
long *cdata; 

/* F i l e  name of spectrum */ 
/* Pointer t o  array o f  long i n t s  where count data i s  kept */ 
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c 
FILE *fh; 
s t ruc t  dfree free; 
s t ruc t  date d; 
long avail; 
int r , i ;  
char d r i ve -  
i n t  errch&; 
time t t; 
char- * t i mes t r ; 

char *month[121 = C1lJanll, 
llFebll, 
llHarll, 
l1Aprl1, 
llHayll, 

llJulll: 
llAugll, 
l l ~ t l l  

llDecllj; 

11 Jmll 

"Sep" , 
IlNgyll' 

/***** Read the C o u n t  Data *****/ 
Val id-Read( i nplt, cdata); 

/***** Put the ROls i n t o  C o u n t  Data *****/ 
f o r  (i=O; i < MAX-ROI; i++) C 

i f  (roi-beglinputl t i l  >= 0) C 

f o r  ( j  = roi-beg[ inprt l  t i l ;  j <= roi-endtinput1 t i l ;  j++) C 

1 
cdatafj] I= ((long)(i+l)) 24; 

1 
1 

/***** Enough Disk Space? *****/ 
i f  (fnametll == 1 : 1 )  C /* Get the Target Dr ive Nurrber */ 

d r i ve  = fnameI01 - # A 1 ;  
3 else C 

d r i ve  = (char)(getdi sk( ) ); /* O=A:, 1=B:, etc. */ 
1 
drive++; /* l=A:, 2=8:, etc. */ 
getdf ree(drive, &f re); 

i f  (free.df-sclus == O x f f f f )  /* Er ror  on Get Disk Free */ 

Page 9 o f  12 
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return 1; 

ava i l  = (1ong)free.df-avail * (1ong)free.df-bsec * (1onglfree.df-sclus; 

i f  (avai l  (sizeof(DMRHEADER) + BYTES-PER-IWUT)) /* Not Enough space */ 
return 1; 

/***** I n i t i a l i z e  the Header Structure *****/ 
head.ltimef10 = -1; 
head.convergsfn = 4; 
head.group = 8; 
head.phamodc = -1; 
head.nunchansp = CHANS-PER-INWT; 
head.majvers = 2. 
head.minvers = 16- 
hesd.endheader = 510; 

i f  (fnametll == I : # )  C 

3 else C 

3 

strcpy(Ehead. idcodestr, &fname121); 

strcpy(8head. idcodestr, f m ) ;  

/* L i ve  T i m e  FLag */ /* Conversion Gain Nunber */ 
/* Group Nunber */ /* P H I  Rode Flag */ /* Nunber o f  Channels */ /* DWR-I1 Major Version Nunber */ 
/* DMR-I1 M i n o r  Version Nunber */ 
/* Version lunber * 100 */ 

/* F i l e  Name */ 

getdate(&l); /* Date Saved */ 
sprintf(head.pca date,%% X52d %04dl1, 
monthtd.da-mon-IT, d.da-day, d.da-year); 

t = tim(NULL); 
t imestr = ct ime(lt1; 

sp r in t  f (head.pca-t i me, am" ; 
f o r  ( i=O; i <.a; j++) 

i = ( ( t i m e s t r t l l ]  - 108) * 10) + (timestrClZ1 - 10a); 
i f  (i == 0) C 

1 
i f  (i >= 12) C 

3 
i f  t i  > 12) C 

head.pca-timeli1 = t imestrCi+ l l l ;  

head.pca timeCOl = *la; 
head.pca~timeCl1 = *2#;  

head.pce-timeE91 = !pi; 

/***** open Spectrun F i  le *****/ 

/* Time Saved */ 
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re turn 1; 

/***** Write F i l e  Header *****/ 
errchk = furite(&head, sizeof(DHRHEADER), 1, fh); 
i f  (errchk != 1) C 

f c  lose( f h 1; 
re turn 1; > 

/***** Y r i t e  C o u n t  Data *****/ 
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errchk = fwrite(cdata 
i f  (errchk != CHANS-PER-INPUT) C 

s i z e o f ( l q ) ,  CHANS-PER-INPUT, fh); 

f close( f h): 
re tu rn  - 1  ; . 

3 

f c lose( f h ) ; 
re tu rn  0; 

3 

............................................................................. * * 
* 

* * 
* Load a s p e c t r a  from a N u c l e u s  compatible f i l e .  * 
* Returns 1 i f  error, Returns 0 i f  Success. * 
............................................................................. 
SpLoed(fneme, input, cdata) 

char *fname; /* F i l e  name o f  spectrun */ 
int input; /* DHR Inplt: 0,1,2 */ 
long *cdata; /* Pointer t o  array o f  long i n t s  h e r e  count date i s  kept */ 

* * 
* 

C 
FILE I f h ;  
in t  1 , ) ;  
int errchk: 

/***** Open the F i l e  *****/ 
f h  = fopen(fname, 41rb4g); 
i f  ( f h  == NULL) 

re turn 1; 
/***** Reed the Header St ructure *****/ 
errchk = fread(&head, sizeof(DHRHEADER1, 1, fh); 
i f  (errchk != 1 )  C 

f c lose( f h ); 
re turn 1; 

3 

? 
00 
N, 
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/***** Check f o r  V a l i d  F i l e  Type  *****/ 
i f  (head.nunchanspn I =  CHANS-PER-INPUT) C 

> 
f c l  ose( f h ) ; 
return 1; 

/***** Read C o u n t  Qata *****/ 
errchk = f red (cda ta  s i t e o f (  Long), CHANS-PER-INPUT, fh); 
i f  (errchk I =  CHAMS-bER-IMWT) C 

f close( fh): 
re turn 1; . 

3 

fclosc(fh1; 

/***** Set the ROIs *****/ 
C L r-ROI ( i npct 1 ; 

f o r  ( i=O;  i < CHANS-PER-INWT; i++)  C 

j = ( i n t ) ( c d a t a f i l  >> 24); 

i f  ( j  > 0 &8 j <= NAX-ROl) C 
j - - .  

I 

i f  ( r o i  b e g r i n p u t ~ t j ]  == - 3  1 1  i c roi-beg tin put^ t j l >  
roi-6egtinpctl  tjl = i; 

i f  (rei e n d [ i n p u t ] t ' ~  == -1 1 1  i > roi-endtinput] t j ~ )  
t o i - ~ n d ~ i n p r t l  rjf = i; 

3 
3 

/***** Write the Count Data t o  the PCA Card *-**/ 
Va 1 i d-Ur i t e( i nput , cda t a > ; 
re tu rn  0; > 

Page 12 of  12 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I* * 
!* SOILASU.ASU * :* Last Modified: 07/26/91 * 
;* Wr i t ten By: John E. Wilson * ;* A s s h l e r :  T u r b o  Assembler V2.5 * 
:* These are routines that  need t o  be executed qu ick l y  so they were w r i t t e n  ;* in  assenbly Language. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.* * 

.* 

ZONE H I  EW 42 
SPECIY E PU 8 

CHANS PER INPUT EQU 512 
BYTES-PERZINPUT E N  512 * 4 
PCAPOKT EW leOh 

.U00EL large 

.DATA 

EXTRN -vscaLe:word, -counts:duord, -1ogtable:uord 

.CODE 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I* Get-Plot-Y() * :* * :* Return the Y-Coordinete for  a Count given the scal ing factor. 

:* in t  Get-Plot-Y(int input, int channel) * 
............................................................................. 
- 'Get-Plot-Y proc f a r  

.* * 

.* * 

wsh  bp ;Linkage f o r  C++ 
b , S P  

mOV 

mOV 
shl 

bin-scale: 

mOV 
shl 
shL 

bx, Ibpc61 
bx 1 
cx:-vscaLe[bxl 

cx,o ;See i f  Scale i s  0 
short log-scale ;Yes - go do Log Scale 

;Get the inprt mrnber from stack 

;Get the Ver t i ca l  Scale N h r  

;** Binary Scale - S h i f t  Count Right zz 

;KnJex i n t o  Counts Array 

I . ** NuTlber o f  T i m e s  i n  Scale 
ax, rbpc8l 
ax, 1 
ax, 1 

1 es 

add bx, ax ;Add index t o  Pointer 

bx , -count s ;Get Pointer t o  Counts i n  Es:Bx 
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mOV 
mOV 

jcxz 

shr 
r c r  
loop 

jnp 

bin-loop: 

b i n-done : 

log-sca le: 

mDV 
sh l  
s h l  

1 es 

sdd 

mOV 
mOV 

t e s t  
j z  
mOV 

mOV 
shl  

add 

i t  
llloV 
and 
sh l  
and 
r o t  

or 
mOV 

mOV 

add 

mOV 
and 

dx,es:Cbx+ZI 
ax,es: [bxl 

bin-done 

dx.1 
ax, 1 
bin-loop 

;Get High Uord of C o u n t  
;Get Lou Uord o f  C o u n t  

;Skip S h i f t  i f  Scale i s  Zero 

get-y-done ;** Log Scale i s  Broken up i n t o  6 ** :** Z m s  o f  42 Pixels  Each ** 
ax, Cbp81 
ax, 1 
ax, 1 
bx ,,em t s 

bx , ax 

dx,es:Cbx+21 
ax,es: tbxl 

dx , O f  Oh 
NZone-5 

bx,dx 
bx, 1 
ax,-logteble[bxf ; LogTabletCmt >> 161 

ax,5 * ZOUE-HI ; + < 5 * Zone height ) 

short g e t - y - h  

Nfone-4 

ct .4+1 

;Index i n t o  Counts Array 

;Get Pointer t o  Counts in  Es:Bx 

;Add index t o  Pointer 

;Get High Word o f  C o u n t  
;Get Lou  Word o f  C m t  

;Zone 5: 1 Meg - 16 Regs 

dx,Ofh ; Z 0 m 4 :  64 K - 1 Ueg 

dx;Ofh 
dx,ct 
ax,Of000h 
ax.cl 

;Use Lower 4 B i t s  o f  Dx 

:and Upper 4 B i t s  o f  Ax . .  
bx ; dx 
bx , ax 

a~,- togtable lbx l  ; Lograbletcount >> 121 

ax,4 * ZONE-HI ; + ( 4 * Zone height > 
short get-y-done 

ax, Of00oh ;Zone3: 4 K - 64 K 
NZone-3 

;For an tndex i n t o  Loglable 

~ t ~ 8 - l  
ax,OffOOh 
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shr 
IIDV 

IIDV 

add 

jw 
NZone-3: 

t es t  
j z  

mOV 
and 
shr 
mOV 

mOV 

acid 

and 
sh l  
mOV 

mOV 

add 

jw 
NZone-1: 

fest  
Jz 
mOV 
and 
shl 
mOV 

mOV 

get-y-done: 
and 
neg 
add 

POP 
r e t  - Get-P 1 ot-Y endp 

ax,cl ;Use Upper 8 B i t s  o f  Ax 
bx , ax ;For an Index i n t o  LogTable 

ax,-logtable[bxl ; LogTabLelCount >> 81 

ax.3 * ZONE-HI 
short get-y-done 

ax, O f  OOh ;Zone 2: 256 - 4 K 
NZone-2 

c1 ,4 -1  
ax, O f  fOh 
ax,cl 
bx , ax 

ax,-logtable[bxl ; LogTabletCwnt >> 41 

ax,2 * ZONE-HI 

short get-y-done 

; + ( 3 * Zone height ) 

;Use Middle 8 B i t s  o f  Ax 
;For an Index i n t o  LogTable 

; + ( 2 * Zone height 1 

ax, O f  Oh ;Zone 1: 16 - 256 
IZm-1 

ax,Offh 
ax, 1 
bx,ax 

ax,-logtable[bxJ ; LogTablelCount3 

ax,1 * ZONE-HI 
short get-y-dow 

;Use Lower 8 B i t s  o f  Ax 
;For an Index i n t o  LogTable 

; + ( 1 * Zone height ) 

ax,Ofh ;ZOW 0: 1 - 16 
get-Y-- 
c1,4+1 
ax,Ofh 
ax,cl ; * 16 
bx,ax 

ax,-togtable[bx3 ; LogTableLCwnt *< 41 

;Use Lower 4 B i t s  o f  Ax 

;For an Index i n t o  LogTable 

ax,Offh 
ax 
ax,SPEC-Y + 255 

;Return Adjusted 7 Coordinate in  Ax 

bp 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * 
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* .* 

**  * 
.* * 
.* * 

I CLr-Iwt( 1 
I* Clear the PCA's Channel Count Data f o r  a spec i f ied  Input * 
I* void Clr-Input(int input) * 
............................................................................. - 'CL  r-lnplt proc 

push 
mOV 

mOV 
mOV 

RWV 

mOV 

rnUl 

c 1 r-i np-1 p: 

mOV 
out 
d e C  

RloV 
out 
dec 

xor 
out 

inc  
add 

loop 

POP 
r e t  - C l r - I n p u t  endp 

f a r  

bp 
b p * V  
ax, tW63 
CK~BYTES-PER-INWT 
cx 
bxlax 

dx,PCAPORT+2 

a l  lbl 
dxlel 
dx 

a1,bh 
dx,al 
dx 

al ,at  
dx,al 

bx 
dx,2 

c l  r-i np-lp 

bp 

;Linkage f o r  C++ 

;Get the  tnput Nunber 
;Mu l t ip ly  by # o f  Bytes per Iqwt 
; to Get 
;Address o f  f i r s t  Byte o f  Input Data 

;Load Dx wi th  Port  Nuher  

;Output Address Lou Byte 

;Output Address High Byte 

;Zero the Data Byte 

;Hove t o  Wext Data Byte 
;Restore Dx 

;Do All the Bytes f o r  t h i s  Input 

............................................................................. 
I* Read-lnput0 * !* * :* Read the PCA's Channel Count Data for  a Speci f ied Input * 
f *  vo id  Read-Sywt(int input, long f a r  *data) * 
............................................................................. 
- IRead-Input proc f a r  

.* * 

.* * 

push bp ;Linkage fo r  C++ 
mOV bp, SP 

;Save Important C++ Registers 
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read-lp: 

1 es 

mOV 
mOV 
W l  
shl  
sh l  
mOV 

mOV 

mOV 
out 
dec 

mOV 
out 
ckc 

in  

stosb 

inc 
edd 

mOV 
out 
dec 

out 
&C 

i n  

stosb 

inc 
add 

mbV 

mOY 
out 
dec 

mOV 
out 
dec 

i n  

stosb 

d i  , rbpc8l 

ax, [W61 
cx,CHANS-PER-INPUT 
cx 
ax, 1 
ax, 1 
bx, ax ;Address of F i r s t  Byte of  Input Data */ 
dx,PCAPORT+Z 

;Get Long Pointer i n t o  Es:Di 

;Get the Input Nunber 
;Mult iply by It of  Channels p r  Input */ 
;And Multiply By 4 t o  get 

;Load Dx u i t h  Port Nu&r 

a1,bl 
dx, a 1 
dx 

al,bh 
dx,at 
dx 

al,dx 

bx 
dx,2 

al,bl 
dx,al 
dx 

e l  ,bh 
dx,al 
dx 

al,dx 

bx 
dx,2 

a1,bl 
dx,al 
dx 

al,bh 
dx,al 
dx 

al,dx 

;Output Address L o u  Byte 

;Output Address High Byte 

;Read the PCA Date Byte 

;Put L o u  Byte i n t o  Data Array 

;Move t o  Next Data Byte 
;Restore Dx 

;Put Middle Byte i n t o  Data Array 

;Put High Byte into Data Array 



edd bx,t  
edd dx,2 

xor al,al 
stosb 

;Clear RO! Byte 

loop read-lp ;Do A l l  the Channels f o r  t h i s  Inprt 

pop d i  
pap es 

;Restore Inportent C++ Registers 

W b p  
r e t  - Reed-Input endp 

I* Wr i te-Input ( ) !* !* U r i t e  the Counts Buffer t o  the PCA Card f o r  a Specif ied Input * 

............................................................................. 

.* * i: vo id  Ur i t e - l np r t ( i n t  input, long f e r  *data) * * ............................................................................. 
- 'Urite-Input proc f a r  

;Linkage fo r  C++ 

;Save Important C++ Registers 

lds si,IbpC81 ;Get Long Pointer i n t o  Ds:Si 

m v  ax, tbpC61 :Get the Input Nunber 
m V  cx,CHAIIS-PER-INWT ;Multiply by # o f  Channcls per Input */ 
IlUl CY - 
sh L ax, 1 
sh 1 ax, 1 
m0V bx , ax 

;And M u l t i p l y  By 4 t o  set 

;Address of  F i r s t  Byte of  Input Data */ 
m0V 

w r i  te-lp: 
mOV 
out 
d e C  

mOV 
out 
dec 

lodsb 

out 

inc 

dx,PCAPORT*Z ;Load Ox with Port N h r  

at,bl 
dx,al 
dx 

el,bh 
dx,el 
dx 

;Output Address Lou Byte 

;Output Address High Byte 

;Get the LON Byte from Data Array 

dx,al 

bx 

;Urite the PCA Data Byte 

;Move t o  Next Data Byte 
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add 

mOV 
out 
deC 

mOV 
out 
dec 

lodsb 

out 

im 
add 

mOV 
W t  
deC 

mOV 
out 
deC 

Lodsb 

W t  

inc 
add 

mOV 
out 
dec 

mOV 
out 
dec 

kodsb 

out 

im 
add 

1 OOP 

POP 
POP 

POP 

dx.2 

a l ,b l  
dx,al 
dx 

a l , M  
dx,al 
dx 

dx,al 

bx 
dx,2 

al,bl 
dx,al 
dx 

a 1 . M  
dx,al 
dx 

dx,al 

bx 
dx,2 

a1,bl 
dx,al 
dx 

a1 ,bh 
dx,al 
dx 

dx,al 

bx 
dx,2 

w r i  te-lp 

s i  
ds 

bp 

;Restore Dx 

;Get Middle Byte from Data Array 

;Get High Byte from Data Array 

;Get R O I  Byte from Data Array 

;Do A l l  the Channels fo r  t h i s  Input 

;Restore Inportant C++ Registers 
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r e t  - kite-fnprt endp 

end 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* Lest Modified: 07/31/91 * 
* Written By: John E. Ui l son  * * Compiler: Bor\and C++ V2.0 * * Memory Model: Large * 
* This module contains View-Saved() which al lows saved spectra t o  be loaded * 
* and viewed o r  printed. * 

/ 

* 
V I  EWSAVD . C * 

* * 

* * 
***********++**t********n****t************************************************ 

#include <stdio.h> 
#include <string.h> 

#include <soil.h> 
#include <pca.h> 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
GLOBAL DATA REFERENCES * 

............................................................................. 

* * 

extern char invaLid[NU)II INPUTSI; 
extern Long fa r  fcowl ts j  
extern i n t  insert; 
extern char *spect tname[NUM INPUTSI; 
extern char *spect~fnemeCNUn~lMPUTS1; 

/* Data Altered Status */ /* Buffer f o r  C o u n t  Data */ 
/* Inser t  Mode f o r  GetEStr */ /* Temporary Spectre Names */ /* Spectra Names */ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* View-Saved0 * it 

* * 
* Allow saved spectra t o  be loaded i n  and viewed on the screen, or printed * 
* t o  a LaserJet or a TI-855 p r in te r .  * * 
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.............................................................................. 
V i  ew-Saved() 
c 

int choice = 0- 
int p r i n t e r  = b; 
in t  c01 crd[WENU COLI = (13, 36, 591; 
i n t  rouIcrd[WENUIROWI = C 5, 8, 11); 

char * m - t e x t  [WENU-COLI CWENU-ROW1 = P V i e u  1" 
"Load 111: 
"Print l", 

W i e u  2", 
"Load 2" 
"Pr in t  21, 
"View 3", 
"Load 3" 
"Pr in t  3 b ;  

int prou-crd[P(IENU-RWl (6, 9, 12); 
char *pnenu_text[PHENU-ROWI = C V I  - 855", 

88LeserJet81. 

int input; 
in t  i , j ;  
int errchk; 

u h i l e  (choice I =  -1 )  C 

c l  r s c r o ;  

gotoxyc 19,2);  
p u t s ( V 1  E U  S A V E D  S P E E T R A  M E N U " ) ;  
got oxy[ 69,25 ) ; 
puts(*IEsc t o  9ui til); 

f o r  ( i = O *  i<VMENU RW; i++) 
for (j.0- j.cVMENU COL; j++) 

Drau_~eno-Box(cot_crd[jl, rou-crdCil , VBOX-U, VsOX-H, m n u - t e x t  til t i l  ); 

choice = Menu(choice, WENU-ROW, WENU-COL, coL-crdtOl, rw-crdtOI, VeoX-U, VBOX-H, 12, 0); 

sui tch (choice) C 
case 0: 
case 1: 
case 2: 

Vieu spectrun(choice); 
breaf; 

case 3: 
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case 4 :  
case 5: 

i n p t  choice-3; /* Which Input */ 
Acquire-Off(input); 

gotoxy(1 18); /* Input File Nm */ 
printf(l4fnput the File Name: I t ) -  

Get ESt r (spec t-tnam [ i nprt 1 ,18,2i, &insert ,1,1) ; 

/* Load Spectrun */ 
errchk = SpLoad(spect-tname[inputl, input, counts); 

/* Turn off the acquire 

Page 3 o f  4 

*/ 

if (errchk) C /* Couldn't Load Spectrun */ 
gotoxy(1,20); 
printf(44Cannot Load Spect run  Fi le:  Xs",  spect-tname[inputJ); 
gotoxy(39,22); 
&ut s( 4nOkay4a ) ; 

strset(spect-fnametinprtl, 1; /* Clear Spectrun Name */ enu(0, 1, 1, 39, 22, 4, 1: !, 0); 
1 else C /* Did Load Spectrun */ 

strc (spect fnametinpltl, spect-tnametinputl); 
rnvafldIinpufi = 0; 

3 
heak; 

case 6: 
case 7: 
case a: 

in - t  = chojce-6; 
Vard-Read(inplt, counts); 

c 1 rscr( ); 

gotoxy(27,4); 
puts(1'C H 0 0 S E P R 1 N T E R"); 

for ( i = O .  i<WENU COL; i++) 

printer = Henu(0, PHENU-RW, 1, PCOL-COORD, prou-crd[OI, PBOX-U, PBOX-H, 0, 0); 

Draw-fienu-Box(PCOL-COORD, prou-crdtif , PBOX-U, PBOX-H, pnenu-text [ i l l ;  

gotoxy(26,18); 
puts("Printing, Please Stand By.. .'I); 

suitch ( rinter) C 

Prn Spec-TI(inpt1; 
brezk; 

case 8: 

case 1: 
Prn Spec-LJ(inprt); 
break; > 



A
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * * 

V1EWSPEC.C 
* Last Modified: 07/31/91 * Wri t ten By: * Compiler: Borland C++ V2.0 

John E. Wilson 

Memory Model: Large 

* This module contains the routines ne+.for.viewing and con t ro l l i ng  the 
* d isp lay o f  a spectrun. The main rout ine is View SpectrunO. Also here are * * Prn Spec LJO and Prn Spec T I ( )  which print a s b c t r w n  t o  the pr in ters .  * * N m - r o u s - s w r t  routTnes -keded f o r  display and setup are here also. * 
............................................................................. 
#include <stdio.h> 
#jnclude <gra 

ncluc+e <matR?Ks.h’ 

#include <soil.h> 
#include <scancode.h> 
#include <soilasm.h> 
#include <pca.h> 

* * 

............................................................................. 
* GLOBAL DATA REFERENCES * 
............................................................................. 
extern char acquiretNW INPUTS]; /* Acquire Status f o r  the Inputs */ 
extern char inva l  id[NW~INPUTSI; /* Data Al tered Status */ 
extern long *counts; /* Buf fer  f o r  Count Data */ 
extern long timer[NUM INPUTS]; /* L ive T i m e r  Counters */ 
extern in t  vscale[NW-INPUTS]; /* Spectra Ver t i ca l  Scale */ 
extern int hscale[NUM-INPUTSl: /* Spectra Horizontal Scale */ 
extern in t  r o i  beg[NUR INPUTS] [MAX R011; /* Spectra R O I  Beginnings */ 
extern in t  roi-end[NUM-INPUTSl [MAX-ROII; /* Spectra R O I  Ends */ 
extern char *s~c t - fnak INW- INPUT~ l ;  /* Spectra Names */ 

* 

............................................................................. 
* LOCAL DEFINIT IONS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
#define DOT 0 
#define F I L L  1 
#define SPEC X 116 
#define SPECIY 8 

* * 
* * 

............................................................................. 
* LOCAL DATA DEFINIT IONS * * * 
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* * ............................................................................ 
int logtebleC2561; /* For Log Scaling */ 
in t  plotlCHANS PER INPUTI; /* Buffer f o r  P i x e l  P lo ts  */ 
char roi-color [FHAN~-PER-INPUTI ; /* Colors f o r  the ROIs */ 
in t  plot-de[NW?_INPUfSl = CDOT, DOT, DOT); /* Spectrun Pkot Hodcs */ 
in t  sc r  beg[NUCI INPUTS1 = CO 0, 0); /* First  chew1  on Screen */ 
int scr~endINtJM~lNPUTS1 = C512, 512, 512); /* Last Channel +I on Screen */ 
int cursortNUn-INPUTS1 = CO, 0, 0);  /* Cursor Posi t ions */ 
int cur-roi[NUM-INWTSl = CO, 0, 0); /* Current R O I  */ 
int cursor x; 
int cursor-top; 
in t  cursor-at; 

/* T m p  Cursor Coordinates */ 

unsi ned long last-count; 
int f a s t  t ime- 
int Last-acquire; 
in t  1estIsun; 

char bu f fe r  t801; 

/* Tenp C h a m 1  C m t  */ /* T e n p  Timer C w n t  */ /* Temp Acquire Status */ /* T e t q ~  R O I  Sun Status */ 
/* Buf fer  f o r  Accunulating Str ings */ 

char 

char 

* label 

*vsc-label 

l*EsC: 'EXIT", 
WMNNEL:*l, 
TDUNTS : 
"LIVE TIRE:" 
WERT ICAL SCALE:" 
 HORIZONTAL SCALE: x ~ ~ ,  
V I L E  NAME:8i, 
"BEG END SUM#', 
laROI 1 : I t l  

@IROI 2: " 
itRO13:*i$; 

. t181 = 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* C l  r-ROI ( i nprt 1 * * * 
* * 
* This rout ine clears the regions o f  i n te res t  f o r  a par t i cu la r  input. * * * 
CL r-KO1 ( i nprt ) 

i n t  input; 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

/* DMR Input: 0,1,2 */ 
t 

int i; 

f o r  (i=O; i < MAX ROI; i++) C 
r o ~ - b e g t f n p u t l l ~ ]  = -1- 
roi_endtinput1[11 = -1; 

3 
re tu rn  0; > 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fil l-LogTableO * * * 

* This routine f i l l s  the log tab le  o f  y coordinates f o r  the log scale 
d isp lay t o  the screen and also t o  the T I  p r i n te r .  * * ............................................................................. 

void F i  11-LogTableO 
c 

* * 

int i; 
double tenp; 

f o r  (i=O. i 5 16; i++) 
t o g t a b ~ e t i l  = 0; 

f o r  (i=16; i < 256; i++) C 
temp = log(i /16.0)- 
twrp = tenp / Log(256 / 16.0); 
temp = teiip * 42.0; 

/* f i r s t  16 en t r i es  are 0 */ 

/* Log(1..16 t in  1/16 steps]) */ /* Range from 0 t o  1 */ 
/* Range from 0 to 42 */ 
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temp = f ioor(tenp + 0.5); /* Round up */ 
LogtableCi] = Iint)tenp; /* Put i t  i n t o  Table */ 

1 > 
............................................................................. * * 
* * * In i  t-Plot( 1 * 

This routine i n i t i a l i z e s  a l l  the var iab les needed f o r  the screen displsy. 
. ............................................................................ 
void In i t -P lot ( input )  

in t  input; /* DCIR Input: 0,1,2 */ 
c 

int x, ha l f ;  

if (plot-modefinput3 == DOT) C /* DOT MODE */ 
for (x.0; x < CHANS PER-INPUT; x++) /* Put a t  Top of Box */ 

p l o t t x l  = SPEC-VT 

3 else C /* F I L L  M D E  */ 
f o r  (x=o; x CHAMS PER INPUT; x++) /* Put a t  Bottom of  Box */ 

p l o t  [XI = SPEC-YTZSST > 
cursor x = SPEC X; 
cursor'top = SPEC r; 
c u r s o r 3 t  = SPECIY; 

last-count = Oxff000000; 

last-time = -1; 

/* Defaul t  Cursor Pos i t i on  */ 

/* Force Channel C o u n t  t o  Print */ 
/* Force Timer C o u n t  t o  P r i n t  */ 

last-acquire = -1; 

last-sun = -1; 

/****** Calculate n e w  Screen Beginning and Ending Channels ******/ 
h a l f  = 512 >> (hscale l input l  + 1); 

/***** Star t  a t  Nearest 1/2 Screen Chunk *****/ 
scr-beg t i npc t l  = cursor Kinput1 - ( cu rso r l i npu t l  X h a l f  ); 

/***** Set Last Channel *****/ 
scr-end[inputl = scr-begCinputl + (half * 2); 

/***** Clip a t  End o f  Spectrun *****/ 
while (scr-end[inputl > 512) < 

/* Force Acquire Status t o  Print */ 
/* Force R O I  Sun t o  Print */ 

/* Half of  Screen */ 
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scr  beg[inputI -= half ;  
scrIencJ[inputY -= half ;  

3 

/* Backup 1/2 Screen */ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* Ctear-Spec-Box() * 
* This rout ine clears the spectrwn box and calls Ini t-Plot().  * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
vo id C 1 ear-Spec-Box( i nplt 1 
int inprt; /* DMR Input: 0,1,2 */ 

* * 
* * 

* 

c 
i n t  spec-box[81 = (SPEC X-1 SPEC Y-1, 

SPEC-X+5! 2, SPECIY - 1 
SPECIX+512, SPEC Y+2!h 
SPEC-X-1, SPECY+2561; 

setcolor (UH I TE 1; 
s e t f i l l s t  le(SOL1D FILL, BLACK); 
f i  I l p ~ y ( X ,  spec -~x ) ;  

1 ni  t-P 1 a t  ( input ) ; /* I n i t i a l i z e  the P lo t  Array */ 
1 

............................................................................. * * 
B l a n k 0  * * 

* This rout ine blanks out a box on the screen (where t e x t  w i l l  be drawn). : 
............................................................................. 
vo id Blenk(box) 

in t  *box; 

c 
/* Pointer t o  array o f  box coordinates */ 

setcolor(BLUE); 
s e t f i l l s t  le(SOLlD-FILL, BLUE); 
f i  t lpoly(1, box); 

/* Drau a So l i d  B l u e  Rectangle */ 

1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* Drau-Acquire() * * * 
* * : Drau h a t  the F1 key w i l l  do t o  acquire (STOP o r  START). 

9 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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vo id  Drau-Acquire(input) 

int input; /* DHR Input: 0,1,2 */ 
c 

int boxt81 = C36,32, 76,32, 76,40, 36,401; 

char *str; 

if (last-ecquire != s c q u i r e l i n p r t l )  C 

8 lank(box) ; 
if (acquireCinplt1) C 

3 else E 
s t r  = IISTOP'; 

- s t r  
3 
setcolor(UHIfE)* 
cuttextxy(M, 32, str);  

t as t-acqui r e  = ecqui r e  t i npl t I ; 
1 

1 

/****c******************************************************~************~* * * * * Draw-P 1 ot-Hode( ) 

* Draw whet the FB key w i l l  do t o  draw mode (DOT or FILL). * 

* * * * ............................................................................. 
vo id  D r8w-P Lot-Mde( input ) 

int input; /* DHR Input: 0,1,2 */ 
c 

int box181 = <36,144, 68,144, 68,152, 36,1521; 

char *str; 

if (ptot modetinput1 f= DOT) C 
s t r  ='4VILL94; > e lse C 
s t r  = 44DOT9a; 

1 
setcot or (UH I TE) 
wttextxy(36, 114, str); > 

............................................................................. 
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* * 

* * 

* Draw-ChamL ( 1 * 
* Draw the channel nunber under the cursor. * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
vo id Draw-Charnel(input) 

i n t  input; /* DMR Input: 0,I.Z */ 

c 
int boxt81 = (76,272, 100,272, 100,280, 76.280); 

B 1 enk (box) ; 

setcolor(UH1TE)- 
s p r i n t f  (krf fe r  h3dtt,cursor [i nputl 1; 
outtextxy(76, 272, buffer); > 

............................................................................. * 
Drew-Counts() * * * 

* Draw the c a n t s  o f  the chamel urder the cursor. * ............................................................................. 
vo id Draw-Counts(input) 

i n t  input; /* DHR Input: 0,1,2 */ 
C 

unsigned long count- 
in t  box[8] = C68.288, 132,288, 132,296, 63,296); 

count = counts [cursor [ inp l t l l  8 O x f f f f f f ;  

i f  (count != last-count) C 

/* Get Counts fo r  

/* I f  i t  Changed, 

B 1 ank(box); 

setcolor(l4HITE); 

spr in t f  (buf f e r  W31d" count 1; 
out textxy(a,  288, buher) ;  

last-count = count; 
1 

1 

Channel */ 
Redraw */ 

? + 
0 
w 

............................................................................. 
Oraw-Cursor0 * * * 
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* * 
* Draw the cursor in  the spectrun box. 

void Draw-Cursor(input) 

int input; /* DMR Input: 0,1,2 */ 
C 

* * ............................................................................. 

i nt neu-x , new-bot , m-top; 

/*** Calc Coords of  Current Cursor ***/ 
"ew-x = SPEC-X + (cursort input1 - scr-begtinputl) * (1 << hscalet input l ) ;  

~w bot = Get-Plot Y( inp l t , cursorC input l~  - 1; 
i f  7new bot < SPECY) 

new-bt * SPEC-Y; 

r p  top = new-bot - 16; 
i f  Tnev top < SPEC Y )  

new-fop = SPEC-y; 

/*** If f t Moved then Redrsw It ***/ 
i f  ((new-x != cursor-x) 1 1  (new-bot != cursor-bot)) c 

setcolor(BLACK); 
1 ine(cursor-x, cursor-top, cursor-x, cursor-bot 1; 

setcolor(LlCHTGREEN1; 
line(new-x, new-top, new-x, new-bot); 

cursor x = n e w  x; 
cursorZbot = Gw-bot; 
cursor-top = new-top; 

1 
1 

............................................................................ 

* Draw-Time0 * 

............................................................................. 

void Drau-Time(inprt) 

int input; /* DMR I q t :  0,1,2 */ 

* * 
* * 

* Draws the nunber o f  seconds acquires so far.  * 

C 
i n t  time. 
int boxtbl = (92,312, 144,312, 144,320, 92,320); 

time = ( in t ) ( t imer t input ]  / 1001 ); /* 100 Ticks per Second */ 
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i f  ( t i m e  I =  last-time) c /* If i t  Changed, Redraw */ 
5 lank(box); 

setcolor(UH1TE); 

sp r in t f (bu f fe r  %5dll, t ime); 
outtextxy(92, 312, buffer);  

last-time = time; 
3 > 

............................................................................. * * 
* * Draw-VScale( ) * 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Draus the v e r t i c a l  scal ing factor. 

void Drau-VSca le( i nput ) 

in t  input; /* DMR Input: 0,1,2 */ 
c 

* * 

int boxt81 = <308,272, 340,272, 340,280, 308,280); 

setcolor(VH1TE). 
out textxy(308, in, vsc-label [vscale e i  n p r t I + l l ) ;  

1 

............................................................................. 
* Dreu-HScaleO * * 
* * 

Draus the horizontal sca l ing fector. * 
/ 

void Draw-HScale(input) 

i n t  input; 

c 

* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

/* DMR Input: 0,1,2 */ 

int box[83 = <564,272, 571,272, 571,280, 564,280); 

5 t ank( box ); 

setcolor(WH1TE); 
sp r in t f (bu f fe r ,Wdf *  (1 << hsca te [ i npu t l )~ ;  
outtextxy(564, ZR, buffer);  > 
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............................................................................. * * * * D rau-FName( > * * 
* Draws the f i Le name of the spectrum. * 
............................................................................. 
vo id Draw-FName( input) 

int input; /* D M  Input: 0,1,2 */ 
c 

* * 

int boxt81 = C100,332, 340,332, 340,340, 100,340>; 

B 1 ank(box ) ; 
setcolor(UH1TE). 
out textxyc 100 , 332 , spect-f name t i  nputl ) : 

3 

............................................................................. 
* Draw-Cur-ROI() * 
* Draws a > next t o  the R O I  t ha t  will  be af fected by the F3 and F4 keys. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
vo id Drew-Cur-ROl(fnput) 

int input; /* DWR Input: 0,1,2 */ 

* * 
* * 
* 

int box[8] = C348,308 , 355,308 , 355,340 , 348,3401; 

B I ank ( box ) ; 

............................................................................. 
* Draw-ROI-Beg0 
* * 
* * 
* Draws the f i r s t  channel nmber o f  the ROI .  * * ............................................................................. 
vo id Draw-ROI-Beg( input, r o i )  

* 

? 
K 

int input; 
int ro i ;  /* Region O f  Interest: 0,1,2 */ /* DRR Input: 0,1,2 */ 



V1EWSPEC.C Page 1 1  o f  31 

c 
i n t  box[81 = (412,O , 436,O , 436,O , 412,O); 

box [ l l  = boxt31 = ( r o i  * 12) + 308; /* Set Box Y Coordinates */ 

B lenk(box); 

i f  (roi-begtinput] [ r o i l  >= 0) C 

boX[51 = b o x t n  = bOxll1 + 8;  

spr in t  f (buf f e r  , Y43dt1, r o  i-beg I i nput 3 I r o  i I 1 ; 

setcolor(UH1TE)- 
outtextxy(412, boxt13, buffer);  

1 
3 

............................................................................. 
* Draw-ROI-End( ) * * * 
* 

Draws the Last channel nunber o f  the ROI. * 
/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

vo id  Draw-ROl-End(input, r o i l  

i n t  inprt; /* DMR Input: 0,1,2 */ 
in t  roi;  /* Region O f  In terest :  0,1,2 */ 
c 

in t  box[8] = C452,O , 476,O , 476,O , 452,O); 

b x [ l ]  = box[33 = ( r o i  12) + 308; /* Set Box Y Coordinates */ 
box[51 = boxC71 = b o x t f l  + 8; 

B 1 ank( box 1; 

if (roi_end[input3[roi l  >= 0 )  C 

spr i n t f (buf f e r  , ll%%!'l, r o  i-end t i npr t l  I r o i  1 ); 

setcoLor(UH I T E ) .  
outtextxy(452, box~11, buffer); 

3 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Draw-ROI-Sun() 

* * 
* * 
* Draw the sun of a i1  counts in  the ROI. * * 

? 
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****H**W******************************************************************/ 

vo id  Drau-ROI-Sun(input, r o i l  

f n t  input; /* DMR Input: 0,1,2 */ 
i n t  ro i ;  /* Region O f  In terest :  0,1,2 */ 
c 

long suI)?o; 
int i; 
int box181 = C492,O , 5R,O , 572,O , 492,O); 

box111 = box131 = t r o i  * 12) + 308; /* Set Box Y Coordinates */ 
box151 = boxlR = boxI13 + 8; 

i f  ( roi  beg f inp r t l t r o ! l  .= 0 +& 
ro i>g t input~  [ r o i l  <= ro i -end[ inp l t l  [ r o i l )  c 

for( i=roi-begt i t?pt~ [ r o i l ;  i <= roi-end[ inpl t l  [ r o i l ;  i++) 

spr in t  f (kuf f er  , %1 0 ld", sun) ; 

B 1 ank( box); 

sun += cwntsC11; 

.............................................................................. 
* Draw-MCA-Screen0 * * * 
* * 
* Puts up the i n i t i a l  d isp lay o f  the view spectrun screens. 
............................................................................. 
vo id Drau-UCA-Screen( input) 

i n t  input; 

* * 

/* DHR Input: 0,1,2 */ 
c 

int i; 
int screen-box181 = cO,O, 639,0, 639,349, 0,3491; 

setcolor(WH1TE); 
set f i l ls ty le(S0LID F I L L ,  BLUE); 
f i t  lpoty(4, screenIbox); 
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outtextx (4 8, label1Ol); /* INPUT # */ 
spr i nt f ( L f  jer l l X l d i i ,  input+l); 
outtextxy(60, b, buffer); 
for (i=l; i < 10; i++) 

outtextxy(4, (i*16)+16, Label t i l  ); 

outtextxy(4, 272,  label t 
outtextxy(4, 288, label [ 
outtextxy(4 312 Label [ 
outtextxy(lb0, tfi, labe 
outtextxy(420 272 Labe 
outtextxy(4, 332, [abet t 
outtextx (412, 296, Labe 
for (i=lY; i < 20; i++) 

outtextxy(356, (i-17) 

D l  ); 
11 ); 
21 ): 
[I31 ); 
1141 ); 
51 ); 

/* 
/* /* /* 
/* 
/* 

t163); 

* 12 + 308, Label[il); 

/* BEG END SUM */ 

Draw Acquire(input); 
DrawIP Lot-Hode( i nprt 1; 

Draw Channel(input); 
DrawICwnts(input); 

Draw-T ime( i nprt 1; 
Draw VScale(input); 
DraHIHSCaLe( input ); 

Draw-FName(input); 

D raw-Cur-ROI ( i nprt 1; 

for ( i = O -  i < MAX ROl;-i++) 
Drau-kOI-Beg(i-nprt, I 1; 

for ( i = O .  i < MAX-ROI;-i++) 
Draw-&OI-Erd(rnput,r 1; 

for ( i = O ;  i < MAX ROI; i++) 
D raw-ROI-Sun( iiipc t , i ; > 

.............................................................................. 
* Draw-Spec0 * 
* Drau the dots or l i n e s  representing the count data in the spectrun box. * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
void Draw-Spec( input) 

int input; 

c 

* * 
* * 

* 

/* DHR Input: 0,1,2 */ 

int hsc, dot; 
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int s ta r t ,  stop, i; 
int x, xstep, y; 

hsc 
dot  
s t a r t  
=top 

= hscelef inputl ;  
= ( p l o t  & [ i  == DOT); 
= sc r - sg  i npuTt3 
= scr-endtinprtl; 

f o r  ( i =s ta r t ;  i < stop; i++) C 

y Get-Ptot-Y(input, i); 

i f  ( y  f =  p l o t f i l )  C 

i f  (dot) c 
putpixel(x, p l o t  t i l  , BLACK); 

putpiKet(x, y, ro i -co lor t i l ) ;  
plot Cl I =y; 

1 else C 

se tco lo r ( ro i  c o l o r r i l ) ;  
Line(!, y, xS p l o t t i ] ) ;  
plotC1l=y; > 

1 
x += xstep; 

1 

/* Transfer Variables */ 
/* From Arrays t o  Tenps */ 
/* For Quick Access */ 

/* Beginning X Coord */ /* How Far t o  Next X */ 

/* Calc New Dot */ 
/* I f  Dot has Moved */ 

/* DOT MODE */ 
/* Erase Old Dot */ /* Save Men Dot */ 
/* P l o t  N e w  Dot */ 

/* F I L L  WOE */ 
/* Set Correct Color *I /* P lo t  New Line */ /* Save Neu Line */ 

/* Move X Coordinate */ 

............................................................................. * * * * Inf t-ROI () * * 
* Fills the rof-color ar ray with co lors  f o r  each channel t o  represent the * 
.............................................................................. 
vo id Init-ROI(inpct) 

in t  input; /* DHR Input: 0,1,2 */ 

ROIs. * 

C 
int i,j; 

f o r  ( j = O ;  j < CHAMS PER INPUT; j++) 
r o i - c o t o r ~ j ~  = YELL&; /* Default a l l  channels t o  yellou */ 

? 
Y 

f o r  ( i=O;  i < MAX-ROI; i++) C 
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i f  [roi-beg[inputl [il >= 0) C /* Channels i n  ROIs are red */ 
for ( i  = r o i  e g [ i n p u t I [ i l ;  j <= ro i -end [ inp r t l [ i l ;  j++) 

ro i -colorTj I  = LIGHTRED; > 
1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* View-Spectrun() 

* 
* * 

This i s  the mein rout ine f o r  viewing a spectrun. I t  allows f o r  changing * * the ve r t i ca l  o r  hor izontal  sca l i  * 
* changing from dot t o  f i l l  mode, %aring the accunulated counts, and * 

changing the regions of in te res t .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
V i  ew-Spect run( i nput 1 

in t  input; /* DRR Input: 0,1,2 */ 
C 

s t a r t i n g  and stopping the acquire, 

* * 

i n t  gdr iver = VGA; /* VGA Gra i c s  Card */ 
in t  m e  
in t  qerror; /* Graphics Error  Ind ica tor  */ 
in t  I ;  /* Tenp Integer */ 
char key; 

= VGAHED; /* 640 *.& Pixe l  n e  */ 

/* User C m n d  Keypress Code */ 

Fill-LogTabteO; 

Ini  t-ROI (input); 

initgraph(&gdriver, &gmode, lill); 

gerror = graphresult(); 

i f  (gerror !=  gr0k) C 

/* I n i t i a l i z e  the Log Table */ 
/* I n i t i a l i z e  the R O I  Colors */ 
/* I n i t i a l i z e  the Graphic Dr iver */ 

/* Abort f o r  Graphics Error */ 
p r i n t  f ("Graph i cs  E rrorti); 
while (GetKey-If-Ready0 == 0); 
return; > 

Va 1 id-Read( input , counts); 

Drau-HCA-Screen( i yxlt); 

key = GetKey-If-Ready(); 

whi le (key I=  ESC) C 

/* Read the C o u n t  data */ 
/* Draw the Screen */ 

/***** Get a V a l i d  Read o f  Count Data *****/ 
Velid-Read(input, counts); 

? 
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/***** Update the Display *****/ 
i (cursort input l  < scr begfinput1 /* I f  moved t o  next screen */ f l  cursor [ inpr t l  ?= s c ~  enti t input]) 

Clear-Spec-Box( tnput)i /* Then reset the screen */ 
Draw Acquire(inprt);  
Draw-Cursor( inprt); 
D raw-count s ( i npu t ) ; 
D rawrT i me( Input ) ; 
Draw-Spec( 1 nput 1; 

if (last-sun !=.( int)( t imec[ input]  / 100)) C /* Once Per Second */ 
last-sun = (int)(trmertinpitI / 100); 
i f  (Last-sun == ACQ-TICKS / 100) C 

> 
f o r  (i.0- i 8 UAX ROI; i++) /* Redraw a l l  ROI  SUMS */ 

/* Uake sure have la tes t  */ /* hen acquire is done. */ 
Valid-Read( input, counts); 

Draw-hOI-Sun( i-iit, i ); 
1 

/*a*** Carry out user cwmk?nds *****/ 
key = GetKey-I f-Ready( ); 

switch (key) C 

case F I :  /* Turn Acquire On / Off */ 
i f  (acquiretinput3 == 01 C 

Acqu i re-On( input 1 ; 
3 else C 

Acqu 1 re-Of f ( input 1 ; 
1 
J 
i nva l i d t i npu t ]  = 1: 
strset(spect f n s m e [ i n p ~ t ] , ~  I); /* Clear the spectrun Name */ 
Draw-FNeme( i-iit ); 
break; 

Va l id  C l r ( i n p u t ) ;  
Clear-Spec Box(inplt); 
i n v a l i d t i t $ u t l  = 1; 
strset(spect f na~ne t inpu t l ,~  '1; /* Clear the Spectrun Name */ 
Draw F N m (  i-nput ); 
breat; 

r o i  begtinput! [cur-roi [iwt!l = cursort input l ;  
DraE ROI  Beg( Input, cur-rot Clnputl ); 
Ini tIRoITi ryt); 
Clear Spec- ox(input); 
break: 

case F2: /* Clear Out the C o r n t  Data */ 

case F3: /* Set RO! beginning */ 
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case F4: /* Set Rot ending */ 
r o i  end[ inp l t ]  [cur r o i  [input]] = cursor[ inputl ;  
D r a - R O I  End( input; cur-roi t i npu t l  ); 
I n 1 t-RO 171 npu t ) i 
Clear Spec-Box(input1; 
break: 

cur r o i  [input]--- 
i f  ~cur- r? i ! inpul l  < O )  

Draw C i r - R O I ( i n p u t ) ;  
breaE; 

cur r o i  [input]++; 
i f  Tcur roiCinput1 >= MAX-ROI) 

Draw Cur-ROI(input); 
breaE; 

case F5: /* Previous ROI */ 

cur r o i t i n p l t l  = WAX-ROI-1; 

case F6: /* Next R01 */ 

cur-Foi [input] = 0; 

case F7: - _ _  - . . - 
C l r  R O I ( i n p u t ) ;  
for’(i=O: i < MAX ROI: i++> 

/* Clear the ROIs */ 

Draw ROI sunci-nput; i 1; 
In i  t-ROT( iTt ) i  
Clear-Spec- o x ( i w t ) ;  
break: - 

case Fa: /* Change the PLOT MXIE */ 
if ( lot-mode[inputl == DOT) C 

r o t  mode[inputl = FILL; 
1 efse T 
> 
Clear Spec Box(input1; 
Drau Plot -hde(  input 1; 
breall; 

if ( c i j r s o r ~ i n p u t l  > 0) C 

1 
Draw Channel(input); 
breat; 

i f  (cf irsor[ inpctj  < (CHANS-PER-INPUT-1)) < 
> 
Draw Channel ( input I; 
breat; 

plot-mode[inputl = DOT; 

case KEY LEFT: 

cursor [i nputl - - ; 

/* Move Cursor Right */ case KEY RIGHT: 

cursor[inputl++; 

/* Move Cursor Left */ 
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case PGDW: /* Wove Cursor L e f t  16 */ 

cursor t input l  -= 16; 
i f  (cursort input1 < 0) < 

cursor l inpu t l  = 0; > 
Draw Channel( input); 
breaF; 

cu rso r t i np r t l  += 16; 
i f  Ccursor~ fnput l  

case PGUP: /* Hove Cursor Right 16 */ 
CHAMS PER INPUT-1) C 

cursor t i n p l t l  = CHAMS-PER-TNWT-~; 
3 
Draw C h a m l ( i n p l t ) ;  
breali; 

cursor t inpr t )  = 0; 
Dreu Channel ( input ); 
brealF; 

case W E :  /* Move Cursor t o  Chenml 0 */ 

case END: 
cursor [input] = CHAMS-PER-INPUT-I; 
Draw Channel(input); 
breag; 

i f  (v;dcaleCinputl < 16) C 
vsca 1 et i ryt! ++; 
Draw VSca e(1nprt); 
CleaF-Spec-Box( input); 

/* Hove Cursor t o  C h m t  511 */ 

case KEY DOUN: /* Incrrese Ver t i ca l  Scale */ 

> 
break; 

case KEY UP: 
i f  (vEcale[irqmtI > -1) C 

vscale linpirt] --; 
Draw VSca le( 1 npu t I; 
Clea?-Spec-Box( input); 

3 
break; 

case PLUS: 
case PLUS-KP: 

i f  (hscaleCinput1 < 3) C 
hsca t e t iny  t l  ++; 
Draw HSca e(input); 
CleaF-Spcc-Box( input); 

? 
break; 

case MINUS: 
case MINUS KP: 

i f  (hsc6leCinputl > 0) C 
hscal e t i n  tl - - * 
Drau HSce!&i&t); 
CleaF-Spec-Box( input); 

/* Decrease Ver t i ca l  Scale */ 

/* Increase Horizontal  Scale */ 

/* Decrease Horizontal Scale */ 

? 
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> 
closegraph( ); 

return; > 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * * * * * 
* Converts the Long i n t  t o  a str ing.  Gives K or M ending i f  possible. * * ............................................................................. 
vo id Make-Pmn-Nun(str, mm) 

char *str; /* Str ing t o  ho ld  resu l t  */ 
long nun; /* N d x r  t o  convert */ 

C 
spr i nt f (s t r , V 4  ldo4, nun) ; 

i f  (- I =  OL &B nun X 1024L == OL) 
spr 1 n t f  ( s  t r,%3 ldK*l, (nun >> I O )  ); 

i f  (nun I =  01 BB nun X 1048576L == OL) 
spr i n t f  ( s  t r ,%3lcW, (nun >> 20) ); > 

............................................................................. * * 
* * Get-LJ-P Lot( 1 * * 
* Returns the Y Coordinate of  a channel count adjusted f o r  the LaserJet. * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
int Get-LJ-Plot(input, chan) 

i n t  chan; $ !,"tArNMber */ 

* 

i n t  input; t: 0,1,2 */ 

C 
i n t  v; 
int y; 
int I ;  
long I ;  

v = vscalel inputl ;  
1 = countstchanl; 
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i f  ( v  < 0) C /* LOG SCALE */ 
Po; 

i = (int)l; 

i f  

1 

i f  

1 

i f  

1 

i f  

) 

( i  & Oxf) C 
v = ( in t ) (L*4)  & Oxff. 
y = LwtableCvl + 0*346; 

( i  & OxfOl C 
v = ( in t ) l  8 Oxff; 
y = log tab le tv l  + 1*340; 

( i  8 Oxf00) C 
v = ( in t ) ( l>>4)  & Oxf f -  
y = togtsblefv l  + 2*34b; 

( i  & Oxf000L) C 
v = ( in t ) ( l>>8)  & Oxf f -  
y = logtable[v l  + 3*346; 

i = ( int)( l>>lb);  

i f  (i 8 Oxf) C 

3 

i f  (i & OxfO) C 

1 

v = ( i n t ) ( l >> lZ )  & Oxff; 
y = log tab le lv l  4 4*340; 

v = ( i n t ) ( l >> l6 )  & Oxff; 
y = togtableIv1 + 5*340; 

/** Log Scale i s  Broken up into 6 **/ /** Zones o f  341 P ixe ls  Each **/ 

/** zone 0: 

/** zone 1: 

/** zone 2: 

/** zone 3: 

/** Zone 4: 

/** zone 5: 

) else  C /* BINARY SCALE */ 
i f  ( v  P= 3) C eys; :int)((l 

y = ( int)(( l  
3 

1 
re tu rn  (2208-y); 

1 

>> (v-3)) & Ox7ffL); 

<e (3-v)) & Ox7ffL); 

1 - 16 **/ 

16 - 256 **/ 

256 - 4K **/ 

4K - 64K **/ ? 

6 4 K  - 1H **/ 

I H  - 164 **/ 

............................................................................. 
* L J-L i ne( ) * * * 
* * 
* Draw a ver t i ca t .1 ine  t o  the LaserJet p r i n te r .  * 
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* * ............................................................................. 
void L J-L i ne(prn, x, y, Len) 

FILE *prn; /* Pr in ter  Streem */ 
int x; /* X Coordinate f o r  S ta r t  o f  L ine */ 
in t  /* Y Coordinate f o r  S ta r t  o f  L ine */ 
in t  k n ;  /* Length o f  l ine */ 
c 

int  i- 
i n t  &tes; 
char lastbyte; 

char bytest81 = C 0, 128, 192, 224, 240, 248, 252, 254 1; 

nbytes = Len / 8; 
lastbyte = bytes[len - nbytes*81; 

fpr intf  (prn,%~*pXdX~~,27,x)- 
fpr i n t f ( p r n , ~ ~ k * p ~ l ~ ,  27,y)j 

f pr i n t f ( prn , llk* r 1 AI1, 27 1 ; 
f pr i nt f ( prn, I%c*b%chlll, 27, nbytes+l) ; /* S t a r t  Byte Transmi ss 1 on */ 
f o r  (i=O* i < tes. i++) 

fpr i n i f ( p r n x l l , i 5 5 )  - 
fprintf(prn,ll%cll, testbyti) ;  

fpr i  ntf (prn,%~*rB~~,27); 

/* Cursor X */ /* Cursor Y */ 
/* S t a r t  Gfx a t  Cursor 'I/ 

/* Transmit Bytes */ 

/* E n d  Graphics */ 
z 
............................................................................. * * * Prn-Spec-LJ * * 
* P r i n t s  the spectrun t o  the LaserJet p r i n te r .  
. ............................................................................ 
Prn-Spec-LJ( input ) 

in t  input; 

C 

* 
* * 

/* DMR Inprt: 0,1,2 */ 

F I L E  *prn; 
i n t  i-, j; 
i n t  x,y,h,xstep; 

9 
I 
L 
L 
o\ 

Long 1,m; 
long sun; 

double temp; 
char tempstr1121; 
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/*** I n i t i a l i z e  the R O I  P lo t  ar ray ***/ 
I ni t-ROI ( f nput ; 

/*** F i l l  in  the Laser-Jet log Table ***/ 
f o r  ( i = O *  i < 16; i++) 

t o g t a b t e c i ~  = 0; 
f o r  (i.16; i 256; i++) C 

temp = log(i  / 16.0); 
tenp = temp / 1 
t#np = temp * 3a.O; 
tenp = f loor( tenp + 0.5); 

logtablet i1  = (intltenp; /* Put i t  i n t o  fab le  */ 

/* Dfvide by 16 t o  S t e p  Slower */ 
/* Range from 0 t o  I */ 
/* Range from 0 t o  340 */ /* R w n d  Up */ 

(256 / 16.0); 

> 

/*** Open the Stream t o  P r i n t e r  ***/ 
prn = fopen(lWtN1l,llub"); 

i f  (prn == WULL) C 

re tu rn  1; 

> e lse C 

/*** put P r in te r  i n t o  Proper Node ***/ 
f pr j n t  f (prn, 9 k E 1 I  27) - 
fpr I n t f  (prn, "k*thRn'27); 
f p r i n t f (pm, "k&  L i o l l , ! ~ ;  /* Landscape / 
fpri nt f (prn, nk&k2S11 27); 
fpr i nt f ( pm, I t k * r B l l ,  17) ; 

/* Reset */ /* 75 dpi G r e p i c s  */ 
/* 16.66 P i t ch  */ /* End  Graphics */ 

/*** Le f t  L ine ***/ 
LJ-LirPe(prn, 100, 160, 515); 

/*** Right L ine ***/ 
LJ-Line(prn, 3178, 160, 515); 

/*** Top end Bottom Lines ***/ 
fo r  (x.102; x <= 3178; x+=4)  C 

fpr~ntf(prn,%c*pX&1,27 x); 
fpr i n t f ( p r n , ~ l ~ * p ~ ~ ~ l * ,  2 f ) ;  

/* Cursor X */ /* Cursor Y */ 
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f pr i n t  f (prn,l%c*rlA", 27) * 
f p r i n t f  (prn,%~*blUXc~~,2f, 128); 
f pr i n t f ( prn, %c* r BO', 27) ; 

f pr i nt f ( prn, %c*p%dX" 27 x ) ; 
f p r i n t f  (prn,l'Xc*p2216Gl1,~7); 
f pr i n t  f (prn, '%c*r 1 AIg 27) * 
f p r i n t f  (prn,%~*b1&~~,2f,128); 
f p r  i n t f  (prn,Vk*rB", 27); > 

/*** Dots ***/ 

/* S ta r t  Gfx a t  Cursor */ /* Byte Transmission */ 
/* E n d  Graphics */ 
/* Cursor X */ /* Cursor Y */ 
/* S ta r t  Gfx a t  Cursor */ /* Byte Transmission */ 
/* E n d  Graphics */ 

x = 106; 
xstep = (4 ** hscale[ inputI);  

f o r  (i=scr-beg[inputl; i scr-end[input]; i++) { 

/* Beginning X Coord */ /* Hou Far t o  Next X */ 

y = Get-LJ-Plot(input, i); 
i f  ( r o i  c o l o r t i ]  == YELLOW) { 

LJ-Line(prn, x, y, 1); 
1 else < 

LJ-Line(prn, x, y ,  (2216+3-y)/4); /* F i l l  i n  ROI */ 
1 

x += xstep; 

/* Dot */ 

1 

/*** Cursor ***/ 
x = 106 + (cursor[ inputl  - scr  beg[inputl) * (6 << hscale[ inp l t l ) ;  

Get-LJ-Plot(input, cursor [ input l )  - 64; 
15; 

i f  ( y  < 160) C 
h = ( y  - (160 - 60) + 3) / 4; 
y = 160; > 

/* Adjust Length */ 
/* C l i p  at  Top */ 

LJ-Line(prn, x, y, h); /* Draw Cursor L ine */ 

/*** Channel Markers ***/ 
i = scr beg[inputl; 
j = (32->> hscalet inputl);  

f o r  (x=106; x < 3178; x+=32*6) C 

LJ-Line(prn, x, 2220, 3); 

h = x - 27. 
i f  (i < 106) 

/* F i r s t  Channel N u r l # r  */ /* # Channels in  32 Steps */ 

/* Draw Tick Belou BOK */ 
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h D: x - 18; 

h S x - 9 .  
i f  (i < 10)  

fprintf(prn,h*pXdXaa,27 h); /* Cursor X */ 
fprintf(pm,W*p?260Y~*,~7); /* Cursor Y */ 
f pr i nt f (prn, 8%cP8, I ) ; /* P r i n t  Channel N u n k r  */ 
i += j; /* Next Channel Nunber */ 

3 

/*** Ver t i ca l  Markers ***/ 
i f  (vsca le t i np l t l  >= 0) C /* Binary scale Markers */ 

/* f i r s t  Ve r t i ca l  Nunber */ /* d Comts in  16 Steps  */ 1 = OL. 
m = ( I ~ L  vscatet inpr t l ) ;  

f o r  (y=2208; y 160; y-=16*8) C 

LJ Lfne(prn, 100-4, y, 1); /* Draw l i c k  Mark Left o f  Box */ 
LJzLine(prn, 100-8, Y, 1); 
Rake-Prn-Nun( tmpstr , 1 ); /* Make Ver t i ca l  Nunber */ 
fpr intf  (pm, H%c*pOXn, 27); /* Cursor X */ 
fprintf(prn,~%c*pXdY~*,27, 12); /* Cursor Y *! 
f p r i n t f ( p r n , H X 4 s t , t ~ t r ~  /* Print Ver t i ca l  N u b r  */ 
I += m; /* Next VertCcet Wumber */ 

/* Log Scale Markers */ 
/* F i r s t  Ve r t i ca l  N u n k r  */ 

1 

else C 
1 = 1L; 

f o r  ( ~ 2 2 0 8 ;  y > 168; y-2340) C 

Ma ke-Prn-Nun( t e n p  t r , 1 ) ; /* Make Ver t i ca l  N u n k r  */ 
f pr i nt f ( pm, %9pOX", 27) ; /* Cursor X */ 
fprintf(prn,")bc*p%dY",27,r+12); /* Cursor Y *! 
fpr in t f (pm,%s I ,  tempatr); /* P r i n t  V e r t l C d  Nuher  */ 
1 <<= 4; /* Next Ve r t i ca l  Nuher  */ 
f o r  ( i 4 6 ;  i 256; i+=16) C 

h = l o g t a b l e t i l *  
LJ-Line(prn, ?Ob-4, y-h, 1); 
LJ-Line(prn, 100-8, y-h, 1); 

/* Draw Tick Mark L e f t  o f  Box */ 
1 

1 
3 

/*** F i l e  N a m e  ***/ 
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f pr i n t f  (prn, %cBeOR", 27); 
f pr i n t f  (prn, 1%c&e5C", 27) ; 

/* Set Cursor */ 
/* P r i n t  Swc t run  F i l e  Mamg */ 

f pr i nt f (prn,"F i Le Name: %s8#, spect-f name.[ i nputJ ) ; 

/*** Channel and Counts ***/ 
fpr i n t f  (prn, 01%c&a2R1q, 27); 
fpr in t f  ( prn,9k&a5C*1,27); 
fprintf(prn,lThannel: %d C v t s :  Xtd", 
cursor[ inputl ,  coun ts [ cu rso r~ inpu t l l  & O x f f f f f f ) ;  

/*** ROIs ***/ 
f o r  (i=O; i<HAX-ROI; i++) C 

f pr in t f  (prn,'t%c&aXdR1o, 27, i 1; 
f pr i ntf (prn,~%&a60C", 27); 

/* Cursor Row */ 
/* Cursor C o l m  */ 

i f  ( r o i  begtinput] t i l  >= 0 88 
roirbegtinput] t i ]  <= roi-end[inputl t i l )  C 

sun = OL. 
for (  j=rof begi input l  t i l ;  j <= roi-enci[input~ t i l ;  j++) 

sun +=-counts[jl; 

fprintf(prn laROIXld: Md %3d X9ld" 
i + l ,  r o i - b e i ~ i n p u t l  t i l ,  ro i -endl inpr t f  t i l ,  sun); 

3 else C 

> fprintf(prn,ooROIXld:", i+l); 

> 
/*** Ver t ica l  Scale ***/ 
fpr i nt f (p1-n,~~%c&aOR",27) * 
fp r i  ntf ( prn, ~ lk&al loc l l ,2 f ) ;  
f p r  i nt f ( prn, "Vert i ca l Sca 1 e: %s" , vsc-1 abel [vsca 1 e t i  nputI+l I ) ; 

/*** Horizontal Scale ***/ 
fprintf  (prn, 1%c&a2R00,27) - 
f p r i n t f ( p r n , ~ l ~ & a l 1 0 ~ ~ ~  2 h ;  
f p r i n t f  (prn,lOHori zontat Scale: XldXl1, ( 1 << hscaie [input] 1); 

? 
w 
td 
0 

/*** Reset Pr in ter  ***/ 
f pr int f (prn, "XcEaq,27); 

fclose(prn); 
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return 0; 
1 

............................................................................... 
* Prn-Spec-T I ( ) * 
2 Prints the spectrun t o  the Texas lnstrunents M o d e l  855 p r in te r .  * 
............................................................................... 
Prn-Spec-Tl(input) 

Int input; /* DMR Input: 0,1,2 */ 
C 

* * 
* * 

* 

FILE *prn; 

int h, i , j,k; 
int y; 
int curbot, curtop; 

Long 1 ,w 
long sun; 

char tenpstr t121; 
char log-t ick 1321 ; 

/*** I n i t i a l i z e  the R O I  P l o t  ar ray ***/ 
I ni t-ROI ( i nput ); 

/*** Set Up f o r  Log Scale ***/ 
Fi 11-LogTableO; 

f o r  c i = O ;  i<32; i++) 
log-tick [ i l = O ;  

f o r  (i.0; i < 42*6; i+=42) C 

/* F i l l  i n  the L o g  Table */ 

/* Clear the L o g  Scale Ticks */ 

f o r  (j=16; j < 256; j+=16) C 

h = 255-( i+ logtable l j l ) ;  

Log-tick[(h>>3)] I =  (128 >> (h&7)); /* Set B i t s  for L o g  Ticks */ 
1 

1 

? 
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/*** Se t  up the Count P l o t  Data ***/ 
for  ( i = O -  i < CHANS PER INPUT; i++) 

plot[! ]  = Get-PLEt-YTinput, i) - SPEC-Y; 

/*** Cursor Coordinates ***/ 
curtop = p l o t I c u r s o r t ~ n p u t l 3  - 10; 
curbot = p l o t [ c u r s o r [ ~ n p t l l  - 2; 

/*** open the Stream t o  P r in te r  ***/ 
prn = fopen(ilPRNtl,lowbll); 

i f  (prn == NULL) C 

re turn 1; 

) else { 

/** Setup Pr in ter  nodes **/ 
f p r i n t f  (prn,%ca1I,27); 
fprintf(prn,11%cu11,27); 
f pr i n t f ( prn, llxCzll, 27) ; 
f pr i nt f (prn,ll%cO1l, 27); 

/* /* 
/* /* 

/* Get Dot Y-coordinate */ /* Remove Screen Ad jUStMT i t  */ 

Reser t o  DP Mode */ 
Unid i rect ional  P r i n t i n g  */ 
Set 12 CPI Print */ 
8 Cines / Inch */ 

/*** f i l e  Name ***/ 
fprintf(prn,I1Fi Le Name: %s\n\nll,spect-fname[inputl 1; 

/*** Channel and Counts ***/ 
f pr i ntf (prn, Yhannel : %d Counts: X1d\n\nl1 
cursor [input], countslcursor [input11 B OxfJ f f f f ) ;  

/*** ROIs ***/ 
f o r  ( i=O;  i<HAX-ROI; i++) < 

i f  ( r o i  begIinput1 t i l  *= 0 8& 
r o i I b e g [ i n p l t l  ~ i l  <= roi-end[inputl t i l )  C 

sun OL- 
f o r ( j = r o I - b e g ~ i ~ t l  t i l ;  j <= roi-end[inputl [ i ~ ;  j++) 

fprintf(prn,llROIXld: Md Md %91d\n11, 
i + l ,  roi-begl inputl  t i l ,  roi-endIinputl  t i l ,  sun); 

sun += countsCj1; 

3 else C 
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f pr i nt f ( prn, ISROl X1 d: \W, i + 1 1 ; 
3 

3 

/*** Ver t i ca l  Scale ***/ 
fprintf(prn,"\nVertical scale: XS 

/*** HorironteL Scale ***/ 
fprintf(prn,*SHorironta~ Scale: XldX\n\n",(l <* hscalet inpr t l ) ) ;  

It, vsc-label [ vsca le t i np r t l+ l l ) ;  

f pr int f ( prn, %cA%c*~ ,27,81; 

I*** T o p  Edge of Box ***/ 
fprintf(prn,Il %cN%cXC~~, 27,5,2) ; 
f o r  (i=O; i < 3; i++) 

fputc(0,prn). 
f o r  (i.0; 1 < 514; i++) 

fputc(1,prn); 

fputcc *\n6 ,prn); 

/*** Middle o f  Sox ***/ 
i f  (vscalc[ inpotl  >= 0 )  C 

1 else C 

1 

Y=o; 
for  (i.0; i * 32; i++) C 

1 = (256L e vscale[ inpr t l ) ;  
m = (16L .(* vscelet inpr t l ) ;  

1 = (1L << 24); 

/*** Ver t i ca l  Scale Markers ***/ 
if (vscaleCiywt1 >= 0) C 

i f  (i & 1)  C 

1 -= m; 
Hake-Prn-Nun(tempstr, 1); 
f pr i nt f ( prn, VSs *I, temps t r ; 

3 else C 

/* Set Ve r t i ca l  Spacing */ 

/* 6 Spaces, 517 Graphics */ 

? + 
td w 

/* BINARY SCALE */ /* F i r s t  Ve r t i ce l  Nunber */ /* # Counts in  16 S t e p s  */ 
/* LOG SCALE */ 

/* Y Coordinate */ 

/* BINARY SCALE MARKERS */ 

/* Next Ve r t i ca l  Nunber */ 
/* Hake Ver t i ca l  N h r  */ 
/* Print Ver t i ca l  Nunber */ 
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f pr i n t  f ( prn, II 11); 
1 

f pr i nt f (prn,ll%cN%c%cll, 27,5,2); 

i f  (i 8 1) C 

1 else C 

1 
1 else C 

f o r  ( j = O ;  j < 3; 
f putt( 1, prn); 

f o r  ( j=O;  j < 3; 
fputc(0,pm); 

if ( ( i<20  8% i x 5  == 

i++) 

j++) 

/* Tick Hark */ 

/* No Tick Hark */ 

Hake-Prn-Nun(tenpstr, I); /* Hake Ver t i ca l  Nunber */ 
fpr in t f (pm,%5s o, tcnpstr); /* Print Ver t i ca l  Nunber */ 
1 >>= I ;  /* Next Ve r t i ca l  Nunber */ 

1 else C 

1 

f pr in t f  (prn, % ~ N % c % c ~ ~ ,  27,5,2); 

f o r  ( j = O ;  j < 3; j++) 
f p u t c ( l o g ~ t i c k I i 1  ,prn); 

fprintf (prn,lI 11); /* No Ver t i ca l  Nunber */ 

/* Tick Harks */ 
1 

/*** L e f t  Edge o f  Box ***/ 
f putc(255, pm); 

/*** Dots, Lines, and Cursor ***/ 
fo r  (j=scr-beg[inprtl; j < scr-endtinputl; j++) C 

if (ro i -co lor I j1  == YELLWI C 

if (plot1.J >= y 88 p l o t I j l  < ( ~ + 8 ) )  C 

1 else C 

3 

1 else C 

h = (lis >* ( p l o t [ j l - y ) ) ;  

h = 0; 

/* Dot */ 
/* No Dot */ 

if ( p l o t l ' l  < y )  C 

1 else C 
h = 254; /* Full Line */ 
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i f  ( p l o t t ‘ l  >= y && p l o t t j l  < (y+8)) C 

> else C 
h = (245 >* ( p l o t t j l - y ) ) ;  

h = 0; 

/* P a r t i a l  Line */ 
/* No Line */ 

i f  ( c u r s o r t i y x r t l  == j )  C 
if (cu r t  

i f  (curbot >= y && cur 

/* A d d  in Cursor */ 
>= y && curtop < (y+8)) 

t < (y+8)) 
h I =  855 >> (curtogy)); 

h I =  (255 (y+7-curbot)); > 
fputc(h, prn); /* P r i n t  Character */ 

/*** Blanks betueen Channels f o r  Horizontal Scaling ***/ 
f o r  (k=O; k < ((l<~hscaletin(xitl)-l); k++) 

fputc(0,prn); > 
/*** Right Edge o f  Box ***/ 
f putc(255, prn) ; 

f p t c (  I \n , prn) ; 

y += 8;  
3 

/*** Bottom o f  Box ***/ 
fprintf (prn,“ %cN%c%cn,27, 5,2); 

f o r  (i.0; i 3; i++l 

fputc(128,prn) - 
f o r  ( i=O;  i < 16; i++) C 

f put c( 0, pm 1 ; 

fputc(240,prn)- 
for  (j=o; j < 51; j++) 

fputc( 128,prn); 
1 
f putc( 1 28, prn) ; 

fpr int f (pm,”\n *I ) ;  

/*** C h a m 1  Markers ***/ 
i = scr beg t inpu t l -  
j = (32->> hscalel:nputI); 

/* L ine Feed */ 
/* Move Y Coordinate Doun */ 

/* Bottom L e f t  Corner */ 
/* Tick Mark */ 
/* Bot tun Edge */ 
/* Bottom Right Corner */ 

/* F i r s t  Channel Nunber */ /* # Channels in  32 S teps  */ 
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for  (k=O; k < 16; k++) C 

fpr int f  (prn,1%cN%c11,27,2); 
f o r  (h=O; h < 3; h++) 

f puW 0, prn) ; 

/* Graphics Characters for  */ /* Extra Spacing */ 

f pr i n t f ( prn, I1Wd 

i += j; 
, i ) ; /* Print  Channel N-r */ 

/* Next Chamel Nunber */ 
3 

f pr i n t f  ( p r r ~ , ~ % c Z ~ ~  27); 
f pr i nt  f ( prn, ~ ~ x c ~ ~ ,  { 2 1; 
f close(prn); 

return 0; > 
3 

/* 6 Lines per Inch */ 
/* Form Feed */ 

? 
c 
N m 
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DERIVATION OF THE THREE-ROI h!RXHOP) FOR ESTIMATING 

CONCENTRATION OF =Ra 

First implemented by Doane and others of Oak Ridge National Laboratory 

(1984), the three-ROI method of estimating the concentration of =Ra in soil 

samples uses gamma spectra of "%, 226Ra, and 

ORNL later modified the software, creating a program called KRTCOM to run on 

an IBM@ personal computer. The following explanation is based on an 

unpublished paper documenting the three-ROI method (Rood 1986), and no 

credit is claimed €or the author of this memorandum. 

(KRT). Arthur S. Rood of 

The three-ROI method is based on the principle that a linear relationship 

exists between the amount of a radionuclide in a sample and the number of counts 

from the sample observed in a gamma detection system. Amount is here defined 

as the concentration of the radionuclide in the sample, expressed as units per 

weight, multiplied by the weight of the sample multiplied by the observed counting 

time. The relationship between the observed counts and the amount of the 

radionuclide can be expressed as: 

N=AC 

where 

N is the number of observed counts in a region of interest in the gamma 

spectrum, 

A is a proportionality constant (dictated by the relationship), and 

C is the amount of the radionuclide in the sample. 

For this relationship to hold true, the following assumptions about the sample 

detection system are necessary: 

1) All samples have the same geometry (size and shape), and 

2) AI1 samples are observed at the same distance from the detector. 
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Using the observed counts from a known amount of the radionuclide, the 

proportionality constant can be calculated: 

A =NC -' 
where 

N is the number of observed counts in a region of interest in the gamma 

spectrum, 

A is the proportionality constant, and 

C' is the inverse of the known amount of the radionuclide. 

Once the proportionality constant is known for a counting system, an 

unknown amount of the radionuclide can be calculated by: 

where 

C is the amount of the radionuclide in the sample, 

N is the number of observed counts in a region of interest in the gamma 

spectrum, and 

Am' is the inverse of the proportionality constant. 

The relationship holds true for a sample material that contains only one 

radionuclide. When a sample material contains several radionuclides, it is possible 

that each of the radionuclides will contribute counts to the region of interest. To 

account for several radionuclides, the relationship between observed counts and 

concentrations can be expressed as: 

N =A ,C, +A2C2 +A& + ... +A,C,, 

where 

N is the number of observed counts in a region of interest in the gamma 

spectrum, 

C, is the amount of the radionuclide present in the sample, and 

A, is the proportionality constant corresponding to the radionuclide. 
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For the KRT method, three different ROIs are observed. Each ROI is 

chosen to contain a characteristic peak in the gamma spectrum for one of the 

radionuclides. The gamma energy spectrum is divided into 512 channels 

(numbered 0 to Sl l ) ,  with each channel representing 6 KeV in the energy 

spectrum. The ROI chosen for =Ra (referred to as ROI,) is channels 273 
through 412 (1638 to 2472 KeV). The ROI for 'OK (referred to as ROI,) is 

channels 226 through 259 (1356 to 1554 Kev). The ROI for "a (referred to as 

ROI,) is channels 426 through 511 (2556 to 3066 KeV). 

For the KRT method, three different reference materials are used to establish 

the proportionality constants between the counts and the amounts of the 

radionuclide. Each of the three reference materials is composed mainly of one of 

the radionuclides used. Reference material one is composed mainly of radium, 

reference material two is composed mainly of potassium, and reference material 

three is composed mainly of thorium. (It should be noted that traces of the other 

two radionuclides are present in all three of the reference materials.) The 

concentrations of the three radionuclides in each of the three reference materials 

are known, as are the weights of the reference materials. 

Because counts from three radionuclides are observed in three regions of 

interest from three reference materials, the relationship between counts and 

amounts of the radionuclides can best be described in terms of matrices: 

ref =pro *con -' 
where 

and 

pro is a three by three matrix representing the proportionality constants, 

nfll = Counts in ROI, from reference 1 (radium), 

nfa = Counts in ROI, from reference 1 (radium), 
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~ f 3 1  = Counts in ROI, from reference 1 (radium), 

tefrt  = Counts in ROI, from reference 2 (potassium), 

refi = Counts in ROI, from reference 2 (potassium), 

ref;? = Counts in ROI, from reference 2 (potassium), 

nfI3 = Counts in ROI, from reference 3 (thorium), 

nfs = Counts in ROI, from reference 3 (thorium), 

nfB = Counts in ROI, from reference 3 (thorium), 

(Net counts, background removed) 

wnzz = Concentration of radium in reference 1 x weight of reference 

1 x time, 

conu = Concentration of potassium in reference 1 x weight of reference 

1 x time, 

conJl = Concentration of thorium in reference 1 x weight of reference 

1 x time, 

wnlz = Concentration of radium in reference 2 x weight of reference 

2 x time, 

wnz = Concentration of potassium in reference 2 x weight of reference 

2 x time, 

wna = Concentration of thorium in reference 2 x weight of reference 

2 x time, 

wn13 = Concentration of radium in reference 3 x weight of reference 

3 x time, 

conz = Concentration of potassium in reference 3 x weight of reference 

3 x time, 

conB = Concentration of thorium in reference 3 x weight of reference 

3 x time. 

The matrixpro can be determined by: 

pro =ref won -' 
where con-' is the inverse of matrix con. 

Now that the proportionality constant matrix has been determined, the 
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amounts of the radionuclides can be determined from counts in the ROIs of a 

gamma energy spectrum obtained from a sample using the formula: 

result=pro" *samp 

where 

and 

pm-' is the inverse of matrixpm, 

dl 

d2 

dIj 

mmpl 

mmp2 

mmp3 

= Concentration of radium in sample x weight of sample x time, 

= Concentration of potassium in sample x weight of sample x time, 

= Concentration of thorium in sample x weight of sample x time, 

= Counts in ROI, of sample, 

= Counts in ROI, of sample, and 

= Counts in ROI, of sample. 

To determine the concentrations of each of the radionuclides in the sample, 

each must be divided by sample weight and time. 
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ALGORITHMIC DEF?MTIONS OF MATRIX OPERATIONS 

The following are algorithmic definitions of matrix operations. These 

definitions are the basis for the computer algorithms used to manipulate matrices 

in the gamma analysis program. 

Matrix Addition: 

The sum of matrices (C=A+B) may be found by adding the individual 

elements of two matrices. In general: 

C,=A, + B, 

where A and B are matrices of identical size. 

Matrix Products: 

The product of two matrices (C=RB) may be found by summing the products 

of each element in the row of the first matrix and each element in the column of 

the second matrix. In general: 

where A is a matrix with R columns and B is a matrix with n rows. 

Scalar Multiples: 

A matrix may be scaled ( B = G ~ )  by multiplying each of its elements by a 

scalar. In general: 
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where 

A and B are matrices and c is a scalar. 

Matrix Transpose: 

The transpose of a matrix (B=AT) can be found by replacing the row entries 

of a matrix by its column entries. In general: 

BV =Ati 

where A is a matrix of size mn and B is a matrix of s k  n,m 

Inverse M a t r k  

The inverse of a matrix (B=A-') can be found by scaling the adjoint of the 

matrix with the reciprocal of the determinant of the matrix In general: 

where dattl is the determinant of matrixA and dj54 is the adjoint of matrix A. 

Adjoint of a Matrk 

The adjoint of a matrix ( B = d $ 4 )  can be found by replacing each element by 

its cofactor and then transposing the matrix (Boas 1983). In general: 

Bt.=cofAji 

where A is a square matrix and wflj is the cofactor of the element in the@ row 

and the ith column of matrixA (Shields 1981). The cofactor in general is: 

where S is the submatrix found by deleting the ith row and the@ column from 

matrixif (Boas 1983). 
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Determinate of a Matrix: 

The determinate of a matrix is a number, and can be found by the recursive 

definition: 

whereA is a square matrix of size n and S, is the submatrix found by deleting the 

ith row and the 1st column ofA (Shields 1981). The determinant of a matrix of 

size I is the element itself. 
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DEscRIpnONS OF FILES USED 

Spectrum File 

Each spectrum file contains the information for a single gamma energy 

spectrum. This information is stored in the format specified by Nucleus, Inc., 

manufacturer of the PCAW and DMRW hardware. The header file containing the 

C language description of a spectrum fde is DMR.H (Appendix A). A semantic 

description of a spectrum file is: 

File Header: 

Consists of 512 bytes of data describing various attributes of the spectrum. 

All these attributes are define in the structure called DMRHEADER. 

The program specifications of this function are in the source code file 

called PCAC (see Appendix A). The "SpSave" function sets all header 

variables to zero except for the following: 

ltimeflag 

convergain 

numchanspm 

majvers 

minvers 

endheader 

Live Time Flag is set to -1 to indicate that the spectrum 

was collected in live time mode. 

Conversion Gain is set to 4 to indicate a conversion gain 

of 512 channels. 

Croup Number is set to 8. 

PHA Mode Flag is set to -1 to indicate that the 

spectrum was collected in pulse height analysis mode. 

Number of Channels per Spectrum is set to 512. 

Major Version number is set to 2 to indicate spectrum is 

compatible with Dh4Rw software Version 2. 

Minor Version number is set to 10 to indicate spectrum 

is compatible with DMRW software Version 2.10. 

End Header is set to 210 to indicate spectrum is 

compatible with DMRW software Version 2-10. 
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idcodestr ID Code String is set to the spectrum file name 

(without the drive specification). 

PCAW Date is set to the date the spectrum file is saved. 

Format: MMM DD YYYY. 

PCAW Time is set to the time the spectrum file is saved. 

Format: HHiMMSSxm. 

pca-date 

pca-time 

Count Data: 

There are 512 channel counts, consisting of four bytes each (a long 

integer, in C terminology). The most significant byte of each channel 

count is used as a flag to indicate ROIs. The least three significant 

bytes of each channel count contains the count data: a number from 

0 to 16,777,215. The 4 bytes are arranged in the file as follows: 

Byte 0 

Byte 1: 

Byte 2: 

Byte 3: 

least significant byte of count data 

middle byte of count data 

most significant byte of count data 

ROI byte: (0 for no R01, 1 for ROI #1, etc.) 

File Footer: 

PCAT%mmpatible spectra files may contain footer data that describes 

start and stop dates for spectra files that contain multiple spectra. The 

spectra files that the SpSave function writes do not contain any footer 

data. 

The total length of the spectra files written by the SpSave function is 2560 

bytes. This consists of 512 bytes for the header, and 2048 bytes for the count (and 

ROI) data (512 x 4). 

Reference File 

The reference file contains the contents of 3 matrices used in the 

concentration estimation algorithm. The first matrix (called refin the program) 
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contains the net counts (background removed) in the ROIs from the reference 

standards. The second matrix (called con in the program) holds the known 

amounts of the reference radionuclides in the reference standards. The amount is 

the concentration of the radionuclide multiplied by the weight of the reference 

material multiplied by the observed counting time. The third matrix (called ZAg in 

the program) contains the background counts in each of the ROIs. These matrices 

con = 

= Counts in ROI, from reference 1 (radium), 

= Counts in RO12 from reference 1 (radium), 

= Counts in ROI, from reference 1 (radium), 

= Counts in ROI, from reference 2 (potassium), 

= Counts in ROI, from reference 2 (potassium), 

= Counts in ROI, from reference 2 (potassium), 

= Counts in ROI, from reference 3 (thorium), 

= Counts in ROI, from reference 3 (thorium), 

= Counts in ROI, from reference 3 (thorium). 

(net counts, background removed) 

conll conu conl3 

conpl conz conv 

congl conn c q 3  

where 

conll = Concentration of radium in reference 1 x weight of reference 

1 x time, 
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wna = Concentration of potassium in reference 1 x weight of reference 

1 x time, 

= Concentration of thorium in reference 1 x weight of reference 

1 x time, 

conlz = Concentration of radium in reference 2 x weight of reference 

2 x time, 

conp = Concentration of potassium in reEerenGe 2 x weight of reference 

2 x time, 

cotpju = Concentration of thorium in reference 2 x weight of reference 

2 x time, 

~ n 1 3  = Concentration of radium in reference 3 x weight of reference 

3 x time, 

wnu = Concentration of potassium in reference 3 x weight of reference 

3 x time, 

wnu = Concentration of thorium in reference 3 x weight of reference 

3 x time. 

where 

bkg = Background counts in ROI,, 

bkg2 = Background counts in ROI,, 

bkg, = Background counts in ROI,. 

Matrices ref, wn, and bkg are actually arrays of 3 matrices, one from each of 

the detector inputs. In total there are 63 numbers. The reference file is an ASCII 

text file that contains one number per line arranged in the following order: 

rehl (Input Number One) 

mhz 
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qfll (Input Nwnber Two) 

reflr (Input Number Three) 

wnll (Input Number One) 

-12 

-13 

-21 

wn22 

-23 

-31 

-32 

-33 

conll (Input Number Two) 

-33 
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conll (Input Number Three) 

wn33 

bkgl (Input Number One) 

bk2 

bk3 

bkg, (Input Number Two) 

bk* 

bkgl (Input Number Three) 

bk2 

4% 

This table stores data for the determination of the error of concentration 

estimates, based on empirically derived amounts of error. The information is 

stored in this table, rather than in the program itself, to facilitate easy modification 

when new error amounts are deemed necessary. 

Six columns of information are stored in this file: Type, Pig, Analyte, Low 

Concentration, High Concentration, and Error. The columns of inEormation are 

separated by spaces. The Type column contains a C or P: constant error or 

proportional error. The Pig column contains 0, 1, or 2, corresponding to the 

detector from which the spectra are collected. The Analyte column contains 0, 1, 

or 2, corresponding to the analyte compound: radium, potassium, thorium. The 

Low and High concentration columns contain numbers from 0 to 9e+9, corre- 

sponding to the inclusive range of concentrations to be used with this error 

amount. The Error column contains a number. If the Type column contains P, 
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this column entry will be treated as a fraction (0.050 will be +/- 5%). If the Type 
column contains C, this column entry will be treated as a constant number (0.050 

will be +/- .050 pCi/g). 

The following table is the way ERFILE is currently set up for our system, It 

produces a 7% error estimate for all analytes for all pigs. It sets a minimum e m r  

estimate of 0.3 pCi/g for radium and thorium and a minimum error estimate of 

0.5 pCi/g for potassium. The reason the crossover points of 4.29 and 7.14 were 

chosen is that they are the concentration levels where 7% produces the minimum 

error for those analytes. In other words, 7% of 4.29 is 0.3 and 7% of 7.14 is 0.5. 
We want to trap all concentrations below those levels and force them to the 

constant error estimation. 

c 0 0  

P 0 0  

c 0 1  

P 0 1  

c 0 2  

P 0 2  
c 1 0  
P 1 0  

c 1 1  
P 1 1  
c 1 2  
P 1 2  

c 2 0  
P 2 0  
c 2 1  

P 2 1  
c 2 2  
P 2 2  

0.0 4.29 0.300 

4.29 9e+9 0.070 
0.0 7.14 0.500 

7.14 9e+9 0.070 

0.0 4.29 0.300 

4.29 9e+9 0.070 

0.0 4.29 0.300 

4.29 9e+9 0.070 

0.0 7.14 0.500 

7.14 9e+9 0.070 

0.0 4.29 0.300 

4.29 9e+9 0.070 

0.0 4.29 0.300 
4.29 9e+9 0.070 

0.0 7.14 0.500 

7.14 9e+9 0.070 

0.0 4.29 0.300 

4.29 9e+9 0.070 
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LATEST 

Found in the program subdirectory, this fde contains the file extension for 

the next spectrum file that will be written. It is an ASCII text file and contains 

three upper case letters. The three letters must occur at the beginning of the file 

(no carriage returns, line feeds, embedded spaces, or any other extra characters). 

The three letters must occur consecutively: no spaces between them. Spaces, 

carriage returns, line feeds, or other characters after the three characters do not 

affect the operation of the program. 

This LATEST file is located in the reference Subdirectory and contains the 

full pathname from the program subdirectory to the latest reference file. The 

format is: REFEIIV(XXXXXXXXX where REFER\ is the reference subdirectory 

name and m X X X  is the name of the reference file. The format of the 

reference file name is described in Appendix E. 

TEMPDB-DAT and TEMPDB-BAD 

These files are BASIC-compatible ASCII text files located in the program 

subdirectory. The two files are identical in format. The program itself creates and 

fills these table with analysis results. Each sample analysis is placed on a single 

line of this file. The operator chooses which of these two files will receive the 

results of the analysis. There are 14 string type fields on each line of the file. 

Since this is a BASIC compatible file, each of the fields is enclosed in double 

quotes and separated by commas. The fourteen fields in order are: 

Reference Name: The name of the reference file used for the analysis. 

Sample Number: The sample number entered by the operator at the time 

the sample spectrum was collected. 
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Spectrum Name: The name of the spectrum file for this sample. 

Sample Weight: The sample weight entered by the operator at the time 

the sample spectrum was collected. 

Sample Days: The number of days the sample has been in the 

container. Entered by operator at the time the sample 

spectrum was collected. 

Radium Conc: The estimated concentration of =Ra in the sample 

(followed by an asterisk if the concentration is below 

the minimum detectable activity level). 

Radium Error: The estimated error of the concentration estimate of 

=Ra. 

Potassium Conc: The estimated concentration of 40K in the sample 

(followed by an asterisk if the concentration is below 

the minimum detectable activity level). 

Potassium Error: The estimated error of the concentration estimate of 

4oK 

Thorium Conc: The estimated concentration of ”% in the sample 

(followed by an asterisk if the concentration is below 

the minimum detectable activity level). 

Thorium Error: The estimated error of the concentration estimate of 

*%. 

Time: The time of day that the sample spectrum was analyzed. 
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Date: The date that the sample spectrum was analyzed. 

Barrel Number: The barrel number where the soil sample will be stored. 

This was entered by the operator when the sample 

spectrum was collected. 
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Reference file names: 

A reference file name has the following format: 

where 

YY are two digits representing the current year (92 for 1992). 

MM are two digits representing the current month (01 for January, 02 for 

February, etc.). 

DD are two digits representing the current day of the month (01 for the 

first day). 

is a letter (A....Z) that makes this reference fde name unique. If the 

first reference file of the day is named 920301kREF, the second 

reference file of the day would be named 920301B.REE 

X 

XI3 is a constant file extension for all reference files. 

Reference spectra file names;: 

A background spectrum file that was saved while making a reference file has the 

following format: 

RRRRRRRLBK 

where 

RRRRRRR are the first seven characters of the associated reference file 

name. 

is the input number from which this spectrum was collected. 

is a constant file extension for background spectra files 

collected for rererences. 

I 

.BK , 
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A spectrum file that was saved while making a reference file has the following 

format: 

RaRRRRRLRFx 

where 

RRRRRRR 

I 

.RF 

X 

are the first seven characters of the associated reference file 

name. 

is the input number from which this spectrum was collected. 

is a constant part of the file extension for spectra files 

collected for references. 

is a the reference material source (0 = radium, 1 = potassium, 

2 = thorium). 

Spectra file names: 

A spectrum file that was saved while analyzing a sample has the following format: 

RRRRRRRLXXX 

where 

RRRRRRR are the first seven characters of the associated reference file 

name. 

is the input number from which this spectrum was collected. 

is a set of three letters that uniquely identifies this spectrum. 

These three letters provide 17,576 unique combinations. Each 

new spectrum file steps through the sequence of letter 

combinations. The sequence is AAA, AAB, ... AAZ, ABA, 

ABB, ... ABZ, ... AZZ, BAA, BAB, ... ZZZ. When ZZZ is 

reached the sequence starts again at AAA, but since a new 

reference file should be in use by this time, the entire 

spectrum file name is still unique. 

I 

xxx 
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Fig .  F.2. Spectrum printed on Texas InstrumentsTM Model 855 printer. 



APPENDIX G 

SAMpL;E ANALYSIS, CAILIBRATION, AND 
QUALJTY CONTROL PROCEDURES 





G- 1 

G.l SAMPLE ANALYSIS PROCEDURE 

G.l.1 PURPOSE 

This procedure outlines the steps necessary for the system operator to 

analyze a soil sample (or multiple soil samples). The purpose of sample analysis is 

to determine the concentrations of =Ra '?IC, and 23% in a soil sample. 

The most important item is the sample itself. The sample must have been 

prepared to meet granularity and homogeneous specifications (which are outside 

the context of this memorandum). The sample must be in a container of the same 

shape and size as those used in the reference calibration. The weight of the 

sample must be known. For consistent results, all samples should be filled to the 

same level in the container. This is important because the number of radioactive 

counts recorded by the detector is in direct proportion to how close the radioactive 

source is to the detector. A sample container half-filled would have its material 

proportionally closer to the detector than a sample container completely filled. A 
half-filled container would have more counts in proportion to its weight and would, 

therefore, result in a higher radionuclide concentration estimation. 

A floppy disk for recording sample gamma spectra is needed in the A drive. 

Another formatted disk should be kept on hand so that, if the disk should become 

full during analysis, the new disk can be placed into the drive without exiting the 

analysis program to format another. , 

G.13 PROCEDURE DESCRIPTION 

1) Turn on the computer and printer. If using a Ti-855 printer, set it to 

print at 12 characters per inch; otherwise, printing of results will wrap 
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3) 

4) 

around to two lines instead of one. If the computer is using a shared 

printer on a local area network, make sure the computer is properly 

spooled to that printer. 

Make sure the amplifiers and DMRW unit are turned on and up to 

operating temperature. Changes in temperature affect the operation 

of the amplifiers, creating changes in energy calibration. 

Perform an energy calibration, described below, to ensure that gamma 

analysis system is acquiring gamma energies into the proper channels. 

Execute the program by changing to the program directory (e.g., 

C:\NSOIL) and typing SOIL <Enter>. 

At the Main Menu choose the "Analyze" option. 

From the Analysis Menu choose the "Load Reference" option. 

From the Load Reference Menu choose either the "Use Most Recent" 

or the "Type In Ref Name" option. Generally, the most recent 

reference is the one to use. If the most recent one is not used, a 

prompt is given to type in the name of reference file (file name only, 

not the full path name). This reference file must be located in the 

reference subdirectory. 

If found and properly loaded, the name of the reference is displayed at 

the bottom of the screen. Choose "Quit" from the Load Reference 

Menu to return to the Analysis Menu. 

Choose "Analyze Sample" from the Analysis Menu. 

At this point, column headings are output to printer. If the program 

appears to lock up, check the printer for power and that it is on-line 

and has paper. 

The Analyze Sample Menu has three columns of choices, one column 

for each input. The "View" option brings up the MCA screen for that 

input. The "Start" option triggers count collection for that input for a 

sample. The "Analyze" option determines the concentration of the 

radionuclides in a spectrum. 

Place the sample into one of the pigs. 
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13) 

14) 

Choose the "Start" option for the input corresponding to the sample. 

Input the following at the prompt: a) the weight of the sample, b) the 

number of days the sample has been in the container, c) the sample 

number (to uniquely identify each sample), and d) the barrel number 

(to identify the storage location of the sample once analysis in 

completed). The program then begins to acquire counts for the 

sample spectrum. A plus sign (+) appears in the menu on each side 

of the word "Start" to indicate that counts are being acquired for the 

input. When 300 live seconds have elapsed, counting stops for the 

input, and an asterisk (*) replaces the plus sign on the menu to 

indicate that the sample may now be analyzed. 

Choose the "Analyze" option. The concentration estimates for each of 

the three analytes (radium, potassium, and thorium) are displayed on 

the screen along with the error estimate and the minimum detectable 

activity flag for each. 

The operator next chooses whether or not to save the analysis results. 

If "Yes", the operator is asked which data base to use: 

TEMPDB.DAT for a "good" analysis or TEMPDB.BAD for an 

inadequate analysis. 

The results are then printed. 

The gamma spectrum is written to a spectrum file on the A: drive. If 

an error occurs, it is probably due to a full disk. When this happens, 

insert an empty formatted disk into the A drive and choose "Analyze" 

again. 

The analysis results are now written to the file chosen by the operator 

(TEMPDB.DAT or TEMPDB-BAD). These are holding files €or the 

results. The results will be uploaded from these files to a database, 

normally once per day. 

Finally, the name of the spectrum file is displayed on the screen until 

the operator presses the Enter key to return to the ANALYZE 

SAMPLE MENU. 
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21) Steps 12 through 20 are repeated for each additional sample. All 

three of the inputs may be used concurrently to analyze samples. 

G-2 CALIBRATIONPROCEDURES 

GZ1 QUARTERLYLINEARITYCHECK 

In an MCA system, there must exist a linear relationship between a pulse 

height (in volts) and the channel in which the pulse is stored. For example, if a 

pulse of 8 volts is stored, in channel 500 and a pulse of 4 volts is stored in 

channel 250, then a pulse of 0 volts would be stored at channel 0. Periodically 

(once every three months), the system is checked to make sure this relationship is 

linear. The process for setting the zero intercept (the channel for a pulse of 

0 volts) is different and is described in the hardware installation section above. 

G Z 1 2  Equipment Needed 

A pulser is attached to the input of the DMR-11" unit. 

G.213 Procedure Description 

Execute the soil program by changing to the program subdirectory (e.g., 

CANSOIL) and typing SOIL <Enter>. From the Main Menu of the program, 

choose the "Calibrate" option. 

The following procedure must be repeated for each DMRW input: 

1. Attach the pulser to the DMRW input. 
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2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Choose the View" option from the Calibration Menu for the 

corresponding input. This will bring up the MCA screen. 

Change the vertical scale to "Log Scale" by pressing the up arrow. 

Make sure the Screen is in FILL mode by pressing F8 until the DOT 

prompt appears. 

Begin acquiring counts by pressing F1 until the STOP prompt appears. 

Adjust the pulse output height on the pulser until the counts are 

accumulating near the top of the spectrum (channel 500+). 

Once the counts are accumulating near the top of the spectrum, clear 

the spectrum by pressing the F2 key. 

Begin stepping the pulse height down in equal steps, pausing at each 

step to allow a recognizable spike to appear on the MCA screen. 

Approximately ten steps should be adequate. 

Once the bottom of the spectrum has been reached, press the F1 key 

to stop acquiring counts. 

10. Put the cursor on each of the spikes in the spectrum and record the 

channel number at that point. 

11. Calculate the difference in channels between the spikes. This distance 

should be constant (within a channel) all the way up the spectrum. 

12. If the distance does not remain constant, Le., grows steadily closer or 

farther as it progresses up the spectrum, a problem exists somewhere 

in the MCA hardware. In this unlikely event, an electronic specialist 

should check out the system to determine the exact cause of the 

problem. 



G-6 

G2.2 QUARTERLY REFERENCE CALIBRATION 

GL2.1 Purpose 

The three-ROI sample analysis method (described in Appendix B) relies on 

a linear relationship between the number of counts in ROIs in a gamma energy 

spectrum and the amount of radionuclide(s) present in a sample. This linear 

relationship (sometimes referred to as the counting efficiency) must be quantified 

periodically by obtaining gamma spectra from known amounts of the radionuclides, 

summing the counts in the ROIs, and storing the results in a reference file. The 

process, also referred to in the context of this program as building a reference file, 

is conducted for all input since each input has a different counting efficiency. The 

process much be performed each time there is a hardware change to the system 

(any change other than a gain change on the amplifiers) or at least quarterly 

following the linearity check. 

G U  Materials needed 

An empty sample can (for background counts) and samples of 226Ra, 

'232Th are needed to perform this procedure. Referred to as reference standards, 

these samples contain known concentrations of each of the three radionuclides. 

The reference calibration procedure can be accelerated by using one container for 

each input so that spectra can be obtained for all inputs concurrently. 

and 

G.223 Procedure description 

1. Execute the soil program by changing to the program subdirectory and 

typing SOIL <Enter>. 

From the Main Menu choose the "Analyze" option. 

From the Analysis Menu choose the "Make New Reference" option. 

The New Reference Menu has three columns of options, one for each 

2. 

3. 



4. 
5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 
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input. The bottom row of choices, "Save", "Quit", and "Reset", refers 

to the whole reference file, 

Load a background container into each pig. 

Choose the "Background" option for each input. A plus sign (+) 
appears on the sides of the option on the menu to indicate that 

background spectra are being collected. The "View" options may be 

chosen at any time to see the background spectra. All reference 

spectra accumulate for 3000 seconds (50 minutes), ten times as long as 

for sample spectra. The timer counts from minus 2700 to 300 seconds. 

When the timer reaches 300 seconds, the spectrum has been collected, 

and asterisks (*) appear in place of the plus signs to indicate 

completion. 

Following acquisition of background spectra, remove the background 

containers from the pigs. Load the radium reference containers into 

the pigs, noting the weights of the reference materials. 

Choose the "Radium" option from the menu. 

Input the following at the prompt: a) the weight of the radium 

reference; b) the concentrations of each of the reference radionuclides 

in the radium reference (pressing Enter will input the default 

concentrations for our reference standards); and c) "Change", "Okay", 

or "Cancel". If something was entered wrong, choose "Change" to 

correct it. Choose "Cancel" to abort. If everything is correct, select 

"Okay", and the reference spectrum is collected. 

Repeat steps 6 through 8 for each input. 

When all spectra have been collected for the radium references, repeat 

the above steps for the potassium references and then for the thorium 

references. 

If at any point all spectra need to be reacquired, choose the "Reset" 

option from the New Reference Menu. 

After all spectra have been collected, choose the "Save" option from 

the New Reference Menu. The reference file is written to the 

reference subdirectory and the name of the reference file saved in the 
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REFERWTEST file. Choosing the "Use Most Recent" option Erom 

the Load Reference Menu loads this reference file. The name of the 

latest reference file is displayed at the bottom of the screen. 

Choose the "Quit" option to go back to the Analysis Menu 13. 

G-23 DAILY ENERGY CALIBRATION 

G B . 1  Purpose 

The gamma analysis program relies on the fact that the MCA correlates a 

specific gamma energy to a particular channel of count data. For example, gamma 

rays emitted by 137Cs have 661.64 KeV of energy; if the MCA is properly 

calibrated, at 6 KeV per channel, these gamma rays are counted in the 110th 

channel (numbered 109 on our system because the first channel is number 0). The 

purpose of the daily energy calibration is to ensure that the MCA is placing 

gamma ray counts in the proper channels. This is accomplished by using standard 

radionuclides that emit gamma rays of a known energy and adjusting the gain on 

the linear amplifiers until those gamma rays are being counted in the proper 

channels. This process should be performed at the start of each sample analysis 

session. It should also be performed when the operational check (described 

below) fails. 

G Z 2  Materials needed 

Samples of 137Cs and 40K are needed to perform this calibration. One 

sample per input, allowing simultaneous calibration, speeds up the process. 

G2.33 Procedure Description 

1. Execute the program by changing to the program subdirectory and 

typing SOIL <Enter>. 
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2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

From the Main Menu choose the "Calibrate" option. The Calibration 

Menu has three columns of options, one for each input. 

Place a 137Cs sample into each pig. 

Choose the "Cesium" option for each input, initiating count collection. 

This also sets an ROI for the cesium energy peak on the MCA Screen 

and places the cursor at channel 109, which should be the channel at 

the top of the cesium energy peak 

Choose the View" option to see the energy spectrum being collected. 

Because the cesium energy peak grows rapidly, it is easiest to view on 

the log vertical scale. 

If the top of the peak is below (to the left of) channel 109, the 

amplifier gain needs to be increased. If the top of the peak is above 

(to the right of) channel 109, the amplifier gain needs to be decreased. 

Adjust the fine gain setting on the corresponding TC-240 amplifier by 

turning the knob counterclockwise to decrease and clockwise to 

increase. Note that there is a locking mechanism that must be 

released before turning the fine gain knob. This should be relocked 

after making adjustments. 

Press the F2 key from the MCA screen to clear counts in the 

spectrum, and watch the energy peak being formed following amplifier 

gain adjustment. 

Repeat steps 6 through 9 until the top of the energy peak is at 

channel 109. If desired, change the horizontal scaling factor to stretch 

out the energy spectrum for viewing the top of the peak more clearly. 

Repeat steps 2 through 9 using the MK sample. Choose the 

"Potassium" option from the Calibration Menu to start the process. 

The top of the potassium peak should be at channel 242. 

Because the potassium energy peak is smaller (not so many counts 

accumulate), it is easier to view on the 256, 512, or 1K vertical scale. 

The fact that fewer counts are accumulated coupled with the scattering 

effect of the NaI(Tl) detectors causes the peak to be more poorly 
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defined than that of the cesium. Once a spectrum has finished 

accumulating, choose "Smooth" option from the Calibration Menu to 

minimize irregularities in the spectrum. The Smooth option removes the 

randomness from the spectrum by averaging adjacent channels. Each time 

the Smooth option is selected, the averaging process occurs again on the 

already smoothed spectrum. The Smooth option should be used a 

maximum of three times per spectrum to keep peaks from "creeping". 

G 3  QUALITY CONTROL PROCEDURES 

To ensure that the sample analysis system is operating properly (Le., 

providing reliable results for the samples), it is necessary to perform continuing 

operational checks and to cross-check our results with another laboratory. 

G3.1 OPERATIONAL CHECK 

G3.1.1 purpoSe 

The operational check is an ongoing process during the analysis session to 

see if a known concentration of =Ra results in the correct concentration 

estimation. The underlying e€fect of this process is to make sure that the energy 

calibration is still correct, that the gain of the linear amplifiers has not changed. 

G3.12 Materials Needed 

Samples of Z?6Ra in concentrations of 5 pCi/g and 15 pCi/g are needed for 

this procedure. Three samples of each help speed up the process by checking all 

inputs at the same time. 



G3.13 Procedure Description 

1. At the beginning of each analysis session, the three samples of 5 pCi/g 

=Ra are analyzed as samples (one in each input). If the 

concentration estimates from the analysis do not match the known 

concentration of the material, recheck the energy calibration. If the 

energy calibration is correct, the anomaly can be attributed to the 

random nature of the radioactive decay process. If the readings 

continue to be wrong and the energy calibration is correct, the 

problem lies with the counting hardware, with gamma radiation 

contamination from other sources, or with the sample standard itself. 

If the sample standard container is not completely filled, a higher 

concentration estimate may result. 

Repeat step 1 for the 15 pCi/g =Ra. 

After seven samples have been analyzed in each input during the 

analysis session, analyze the 15 pCi/g =Ra standard, and follow the 

procedure outlined in step 1. These quality control samples may be 

analyzed more or less frequently at the operator's discretion. 

2 

3. 

G3-2 CROSS CHECK WITH INDEPENDENT LABORATORY 

To further verify that analysis results are correct, samples are sent monthly 

to a another laboratory for analysis. Three samples are chosen from each analysis 

session, one for each of the three inputs. The results from the independent 

laboratory are compared to the results from our analysis. Statistical methods are 

used to evaluate the comparisons. 
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