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INTRODUCTION 
Many problems in nature can 
be understood more readily 
using the computer. Determin- 
ing how RF travels in a 
waveguide corridor is one such 
problem. Anechoic materials 
and a reflective wall pattern are 
typically used to provide the 
required shielding effectiveness: 
but howY 

Many variables must be defined 
before the simulation can be- 
gin. The waveguide corridor 
dimensions, anechoic material 
characteristics, properties of 
plane wave propagation, and 
any physical space constraints 
should be known. Ideally, an 
artificial intelligence program 
could be created which would 
provide the perfect corridor for 
every installation. 

To that end, a BASIC program 
is provided which models plane 
wave reflection (Program starts 
on page 64). Although it ig- 
nores absorption, the program 
does provide a rough basis for 
comparison of alternative floor 
plans and wall structures. 
Hopefully, the program will 
provide a basis for the design of 
future waveguide corridors 
which are smaller, cheaper, and 
have a higher shielding effec- 
tiveness. 

THE PROGRAM 
What It Does. The program, 
which executes on IBM or IBM 
compatibles with GWBASIC, 
allows the user to input a scaled 
wall configuration for evalu- 
ation. Next, an input vector (or 
series of vectors) which simu- 
late the input RF are entered. 
One by one, the input vectors 

A;. %44~ifC prom~ 

are sent into the corridor until 
they are reflected out, or strike 
a pre-determined receive "wall. " 
The direction of-. the vectors 
which succeed in navigating 
through the corridor to the 
receive wall are displayed at the 
conclusion of the simulation. 
All wall, vector, and output files 
can be stored for future retrieval. 

What It Does Not Do. The pro- 
gram presently does not simu- 
late the effects of anechoic 
materials in the corridor. Fur- 
thermore, it assumes perfect 
reflections from the walls, which 
may not be accurate with thin 
wall shields. The actual shield- 
ing effectiveness is not pre- 
sented, since plane wave propa- 
gation is media dependent. The 
model further assumes that 
diffraction (the tendency of the 
plane wave "beam" to broaden) 
is insignificant, which is true 
only for far field conditions 
(transmit antenna at least 20 
wavelengths from corridor). 
Finally, simulation accuracy is 
limited to the experience of the 
designer, the number of simu- 
lations run, and the ability of 

the installer to follow detailed 
plans. 

What It Could Do. As is, the 
program is limited. However, it 
could easily be integrated into 
other programs to solve users' 
specific requirements. For 
example, the program could be 
modified to accommodate the 
addition of anechoic materials 
into the corridor. In addition, 
amplitude versus frequency/ 
beamwidth data could be de- 
rived hn the output data. Since 
the propagation characteristics 
of the beam are not defined, 
other plane wave phenomenon 
could also be modeled. Sound 
and light can be modeled this 
way, as long as they are present 
as plane waves, and the walls 
are reflective. In its compiled 
form, the program can be linked 
with other processing programs 
written in other languages. 

PROGRAM INSTRUCTIONS 
The prograin presented herein 
is called REFLECT. 10. In order 
to run the program, an IBM PC 
(or compatible), with 512k of 
memory, DOS 2. 0 or higher, 
GWBASIC, and a graphics 
compatible monitor are needed. 
Although an 8088 based ma- 
chine can run REFLECT. 10, 
286- or 386-based machines 
will perform the larger simula- 
tions much faster. 

Preparatiort. Power up your 
machine and load BASIC (your 
DOS or BASIC manuals can 
assist you in this). Place a 
blank, formatted disk in your 
"A" drive and you' re ready to 
run. Using the provided pro- 
gram listing, enter the program 
and save it under REFLECT. 10. 
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588 REM ss REFLECT. 18 S. Jewell/AMS Fairfax& VA 
518 RL'M ss This pt ogram !. akes input wall endpoints and input vector(s) 
528 REM sa and draws the vec!, ors' path across the screen. 
5&38 I{EM ss VERSION 1. 8 — QU!CKBASlC dimensioning, w/CGA/EGA/VGA display 
548 REM 
55&8 DIM WSX(188), WSY(189), WEX(188), WEY(188), WM(188), WB(188)' wall dat. a 
569 DIM RDIST(188), VX(188), VY{188), VM(1988), VB(1888) Distance and 
578 DIM VS(1888), VSY(1888)&VSX(1988) vector da!, a 
508 DIM VSX!(1889), VSY1(1899), VM!(1898), VB!(1988), VS!{1888)' vector data 
599 SCREEN 2:KEY OFF set screen mode 
688 Pl = 3. 14159:DISTANCF. =Q:NV=Q:MAXDISTANCE=188888! &initia)ize variables 
618 ROUNDERR=. 8884 &sssssss ROUNDOFF ERROR VARIABLE 
615& DELA = 3889 DELAY TIME VARIABLE (3888 FOR 0808 CPU) 
628 BLANKLINE¹=v 
638 BIGBLANK$ 

Alternatively, copies of the listed 
program can be obtained as de- 
scribed in the Tips on Use 
section given below. Now run 
the program by pressing the 
uF2u key. If problems occur, see 
the Tips on Use section or refer 
to your BASIC manual for de- 
bugging suggestions. Other- 
wise, you should see the main 
menu (Figure 1). Options are 
summarized below. 

648 
658 
669 
699 
798 
718 
728 
738 
749 
75&8 
768 
778 
1888 
1918 
1828 
1838 
1848 
1868 
1888 
1188 
1128 
1138 
1148 
1158 
1168 
1178 
1188 
1198 
1288 
1218 
1228 
1238 
1249 
1258 
1268 
1265 
1279 
1288 
1298 
1388 
1318 
1328 
1338 
1348 
2889 
2818 
2828 
28?. 2 
2925 
2827 
2820 
2838 
2848 
2859 
2968 
2878 
2808 
2898 
2189 
2119 
3889 
3818 
3828 
3838 
, ')848 
3858 
3868 
3888 
3898 
3188 
3119 
3138 
3135 
3148 
3158 
3152 
3155 

'starting x must be & ending x 
'draws the line just, input 

999999 is end o(' wall data indica!. ot 

Error' trap for no wall 
!'ile (includes delay) 

E 
FNMS 

1=1:MAXX=!898:MAXY=!888:PINTERSECT=999:DUM=Q 
WINDOW (8, 9) — {MAXX, MAXY) 
REM ss This area reserved for user defined variables 
PINTERSECT=999:DISTANCE = 9:CLS:LOCATE 1, 1:PRINTv REFLECT . 18v 
LOCATE 18, 10:PRINT "MAIN MENU" 
LOCATE 12, 15:PRINT "1. Create a wall file" 
LOCA'I'E 13, 15:PRINT "2. Retrieve a wall file" 
LOCATE 14, 15:PRINT "3. Run Simulation" 
LOCATE 15, 15:PRINT v4. Help Menu" 
LOCATE 16, 15:PRINT v5. Exit, " 
LOCATE 28, 15:INPUT "Enter Selec!. ion Number ==& ", NU 
ON NU GOTO 1888, 2888, 3988, 6888, 7888 

CLS:I=l:WR=Q ' ss WALL FILE CREATION SUBROUTINE 
FOR 'JJ=I TO 8 
LOCATE JJ, 1:PRINT BLANKLINES 
NEXT JJ 
LOCATE 1, 1:INPUT "Enter the s!;arting x coordinate ", WSX(I) 
LOCATE 2, 1:INPUT "Enter the s!. arting y coordinate ", WSY(I) 
LOCATE 3, 1:INPUT "Enter the ending x coordinat. e ", WEX(I) 
LOCATE 4, 1:INPUT "Enter the ending y coordinate ", WEY(I) 
IF WSX(I)&WEX(I) THEN 1158 
TEMP = WEX(I):WEX(I)=WSX(I):WSX(I)=TEMP 
TEMP = WEY(1):WEY(I)=WSY(I):WSY(I)=TEMP 
LINE (WSX(I), WSY(I)) — (WEX(I), WEY(I)) 
I=I+1 
LOCATE 5, 1:PRINT "Enter an 'R' if this is the" 
LOCATE 6, 1:INPUT "receive wall (return to continue& ", RS 
IF R$="R" OR R$="r" THEN 1218 
GOTO 1228 
WR=I-1 'Keeps track of which wall is the receive wall 
INPUT "Enter an 'X' to exit wall entry ", X$ 
IF XS="X" OR XS="x" THEN 1258 
GOTO 1818 
IMAX = 1-1:LOCATE 7, 1:PRINT "Enter Filename (8 digi!, s max. ) 
LOCATE 8, 1:INPUT "for s!. orage . . . ";FMIS 
IF LEN(FMIS)&8 THEN 1258 
OPEN "a:"+FM1$+". wal" FOR OUTPUT AS ¹1 STORES WALL FILE 
FOR EZ=1 TO IMAX 
WRITE ¹1, WSX(EZ), WSY(EZ), WEX(EZ), WEY(EZ) 
NEX'I' EZ 
WRITE ¹1, 999999!, 8&8&8 
WRITE ¹I, WIt 

CLOSE ¹1 
CO'I'O 6 9 8 
REM s"s"ss Retrievr' File Subroutine 
CLS:FILES "ats. wal" 
LOCATE 24, 18:INPUT "En!, er filename for retrieval . . . ", RFS 
IF RIGHTS{RF$, 4)e». wa)» OR RIGHTS(RF$, 4)=". WAL" THEN 2838 
LOCATE 24, 18:PRINT "Please add '. wal' extension to filename 
FOR CC=! TO DELA:NEXT CC 
GOTO 2828 
OPEN "a:v+RFS FOR INPUT AS ¹1 
FOR RT = 1 TO 1889 
INE'U'f ¹1& WSX(RT) WSY(RT)&WEX(RT)&WEY(RT) 
IF WSX(RT)=999999! THEN 2888 Detects end of receive file 
NEXT RT 
INPUT ¹1, WR Accepts receive wall value 
IMAX=RT-1 
CLOSE ¹1 
GOTO 699 
CLS:J=l 
II& IMAX&8 THEN 3948 
PRINT "Please crea!. e or re!, rieve file first. " 
FOR DRE =1 TO DELA:NEXT DRE&GOTO 698 
EOR QQ = 1 TO IMAX 
LINE (WSX(QQ)&WSY(QQ)) — (WEX(QQ), WEY(QQ)) ' Draws wall file 
NEXT QQ 
LOCATE 1&15:PRINT »sssss SIMULATION ROUTINE 
LOCATE 3, 5:TOTDIST=Q 
INPUT "Choose retrieved (R), or newly created (C) vector file . . ", M$ 
IF M$="c" OR MS="Cv THEN 3268 
IF MS=vrv OR MS="R" THEN 3148 
LOCATE 3, 62:PRINT " ";:GOTO 3898 
CLS'FILES '&a:S. vfv VECTOR FILE RETRIEVAL SUBROUTIN 
LOCATE 22, 18:INPUT "En!, er vector file name for retrieval . . ", V 
IF RIGHTS(VFNM$, 3)=". VF" OR RIGHTS(VFNM$, 3)=". vfv THEN 3168 
LOCATE ?2, 18tPRINT "Please add '. VF' ex!, ension to filename 

REFLECT . 10 MAIN MENU 

1. 
2. 
3. 
4. 
5. 

Create a Wall File 
Retrieve a Wall File 
Run Simulation 
Help Menu 
Exit 

Enter Selection Number= )iii 

PLGURE 1. Vhe mafn menu for the 
REFXECT. 10 prograr)L The user 
selects an option by enterfng the 
number corresponding to the desired 
actfon, and pressfng the "return" Icey. 

1. Create a Wall File. This se- 
lection is used to describe 
the reflective surface con- 
figuration. For waveguide 
corridors, it is used to de- 
scribe the shielded wall lo- 
cations. The walls are en- 
tered by successive prompts 
for the starting and ending 
x coordinate (horizontal), 
and the starting and ending 
y coordinate (vertical). The 
wall inputs are scaled so 
that the end points are from 
1 to 999, with the point 
999, 999 in the upper right- 
hand portion of the screen. 
The wall coniiguration is dis- 
played graphically as it is 
entered, and the user is 
prompted to provide the 
location of the receive wall. 
After the last wall is en- 
tered, an eight-digit Qle name 
must be provided to save 
the wall file. 

2. Retrieve a Wall File. When 
this option is chosen, all 
wall files which have been 
created and saved to the nAn 
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REFLI&XI'. I 0 Program. . . Continued 
3157 
3150 
3166 
3178 
3175 
3106 
3198 
3286 
3218 
3228 
3238 
3248 
3259 
326&8 
3278 
3208 
3298 
. '3396 
3318 
3328 
3339 
3349 
3358 
3366 
. '3378 
3308 
3398 
3489 
3416 
34?8 
343A 
3449 
3458 
3468 
3478 
3406 
3'1 96 
. '3588 
3619 
3628 
3639 
36135 
3648 
3658 
3666 
, !3679 
3608 
3698 
3788 
3716 
3728 
:3738 
3748 
3768 
3706 
:3798 
3098 
3018 
3028 
3039 
3049 
3056 
3066 
3078 
3008 
3968 
3928 
3938 
3948 
3959 
3 &) t) 9 
3979 
3908 
3&) )6 
4888 
4829 
4938 
4818 
4858 

4978 
4808 
4899 
4188 
4119 
&1 128 
4138 
4149 
4158 
4168 
4179 
4108 
4198 

FOR CC=1 TO DELA')NEXT CC 
GOTO 3158 
OPEN "a:"tVFNM$ FOR INPUT AS ¹I 
INPUT ¹I& TYPEVEC 
INPUT ¹I, VSXI&VSYI, SA, EA, NV, VMI(1), VBI(1), VSI(1), DUM, DUM, DUM 
IF TYPEVEC=A THEN 32?8 ' Typevec = 8 for single-vect. or files 
FOR EZ=2 TO NV: 
INPUT ¹I& VSX!&VSY!&SA&EA&NV&VM1(EZ) VB1(EZ)&VS1(EZ)&DUM&DUM&DUM 
NEXT EZ 
CLOSE ¹I 
FOR QQ = 1 TO IMAX 
LINE (WSX(QQ), WSY(QQ)) — (WEX(QQ), WEY(QQ)) ' Redraw wall file 
NEXT QQ:GOTO ;3618 
CLS:LOCATE 1, 15:PRINT "Vector Sweep File Creat. ion" 
LOCATE 3, 12:INPU1' "E»ter. the starting x coordinate ", VSXI 
LOCATE 4, 12:INPUT "Enter the start. ing y coordinate ", VSYI 
L&9CATF. 5, !2:INPUT "Ent, er t, he start, ing angle in degrees ", SA 
LOCATE 6, !2:INPUT "Ent. er the ct&ding angle in degrees ", EA 
Il" SA&EA I'HEN 3338 
TEMP = EA:EA=SA:SA=TFMP 'start ing angle must be & ending x 
IF SA:xEA THEN 3358 
NV=!:THETAINC=A:GOTO 3378 ' still needs vm/vb calculations 
LOCATE 15, 12:INPUT "Ent. er t, he number of vect. ors drawn ", NV 
THETAINC = (EA-SA)/(NV-I) 
FOR W=l TO NV Subrout. ine convert, s t, o slope delta format. 
ANGLE = SA + ((W-1)sTkIETAINC) 
IF ANGLE&(99) TIIEN 3416 
VMI(W)=TAN((ANCLEsPI)/108):VB1(W)=VSY! — VMI(W)&tVSXI:VSI(W)=t:GOTO 
VM)(W)=TAN((ANGLESPI)/108):VBI(W)cVSYI — VMI(W)SVSXI:VSI(W)cA 
NEXT W 

LOCATE 17, 15:PRINT "Ent, er Ftlename for 
I, OCATE 10, 15&:INPUT "st, orage (0 letters max. ) ";FM!$ 
OPEN "a:"tFM1$+". vf" FOR OU'fPUT AS ¹I:TYPEVEC=I 
WIIITE ¹I, TYPEVEC 
FOR EZ=! TO NV 

WRITE ¹!, VSXl, VSYl, SA, EA, NV, VM1(EZ), VBI(EZ), VS!(EZ), DUM, DUM, DUM 
NEXT EZ 
CLOSE ¹1 
BB=I:IF TYPEVEC=A THEN 3648 'BB counts t, he number 
FOR BB=I TO NV 

VSX(1)=VSXI:VSY(1)=VSY1:VM(l)=VM!(BB): 'Init. ializ 
VB(1)=VB1(BI3):VS(1)=VS!(BB):DCOUN'f=8:J=l 'for next. 
CLS:FOR QQ = I TO IMAX 
LINE (WSX(QQ), WSY(QQ)) — (WEX(QQ)&WEY(QQ)) 
NEXT QQ 

Begin single vector loop 
IF VM(J)&99999! THEN 3786 
VTHETA = PI/2+. 89681:' error t. rap for st. raight. up 
VTHETA = ATN(VM(J)):LOCATE 1, 1:IF VTHETA&&9 THEN 3728 
VTHETA =. 98891 'arbit, tatily assigned value for lines straight, right, 
IF VM(J)&8 THEN 3708 ' adjusts vtheta value depending on sense 
IF VS(J)=8 THEN 3768 
VTHETA = 2sPI- + VTHETA:GOTO 3089 
VTHETA = PI t VTHETA:GOTO', 3088 ]!' VS(J)=1 THEN 3068 
VTHETA = PI t VTHETA 
LOCATE 2, 1:I'RINT "vector 

¹ 
";BB;" of ";NV 

FOR A=1 TO IMAX 'converts all wa, lls t, o slope/delta forma 
IF WEX(A)&&WSX(A) THEN 3048 
WM(A)= 99999!:GOTO 3078 error t. rap for straight. up 
IF WEY(A)&&WSY(A) THEN 3068 
WM(A)=. 88881:GOTO 3078 error t, rap for sideways 
WM(n)= (WEY(A)-WSY(A))/(WEX(A)-WSX(A)) 
WB(A)= WSY(A) — WM(A)sWSX(A) 
NFXT A 

REM ssst It. ctatton loop fot. reflection path 
FOR Z=l TO IMAX 
IF VM(J);&WM(Z) THEN 395A 
WM(Z)=WM(Z)t. 8881 
VX(Z)=(WB(Z)-VB(. 1))/(VM(J)-WM(Z)) 
VY(Z)cVM(J)sVX(Z)tVB(J) 
NEXT Z 

VMAX=MAXX 'This sect. ion finds the closes 
ltDlST(BB)=8 'I&» tializes receive distance 
IF VS(J)=1 TklEN 4216 
f&OR Ql=l TO IMAX 
DIFc(VSX(J)t(MAXXsROUNDERR/188))-VX(QI) ' roundoff compensat. ion 
IF Ql=PINTERSECT THEN 4179 ' PINTERSECT is t. he previously int, erse 
IF DIF&=6 'fklEN 1179 wall. This keeps toundoff errors ft 
IF DIF&VMAX THEN 1179 ' causing I'alee reflections. 
IF Ql=PINTERSECT &THEN 4179 
IF (WSX(QI)-(MAXXsROUNDERR))&VX(QI) THEN 4178 'checks for st, art/end 
Il (WEX(QI)t(MAXXsROUNDERR))&VX(QI) THEN 4178 'on line (w/roundoff e 
IF WEY(Q!)&WSY(Q!) THEN 4148 
IF (WSY(QI)t(MAXYsROUNDERR))&VY(QI) THEN 4178 
IF (WEY(Q1) — (MAXYsROUNDERR))&VY(QI) THEN 4178 'hand 
GOTO 4168 
11 (WSY(Q!) — (MAXYsROUNDERR))&VY(QI) THEN 4178 'wey( 
IF (WEY(QI)t(MAXYsROUNDERR))&VY(QI) THEN 4178 
VMAX=DIF:INTERSECT=QI 'set, s new intersection point. 
NEXT Ql 
PINTERSECT=INTERSECT 'PINTERSECT is t. he previous intersecting wa 
IF VMAX=MAXX THEN 4428 

3428 

of vec tot s dor&e 

es loop variables 
input. vector 

/ 1 sf t. 

t, intersect. it&g line 
to 8 

ct, ed 
0 sl 

po )lit 
trot ) 

les wsy()&wey() and 

)&way() 

wall 

Continued on page 69 

disk will be displayed. Note 
that each of the wall files 
has the . wal file extension. 
You must enter this exten- 
sion to retrieve the file. This 
option is useful when you 
wish to display previously 
entered wall configurations 
on which to run the simula- 
tion. 

3. Run Simulation. This op- 
tion actually runs the vec- 
tor file sweep. The first 
display after this option is 
run is shown in Figure 2. 
The wall file retrieved is 
drawn on the display, and 
the user is prompted to re- 
trieve a vector file or create 
a vector file. 

If the create a vector file op- 
tion is selected, the user 
will be prompted to select 
the starting point for the 
vector file sweep. Next start- 
ing and ending angles are 

****** SlktULATION ROUTINE ****** 

Choose retrieved (R), or newly created 
(C) vector file 

FIGURE 2. The run simulation screen 
displags the selected wall configura- 
tion, then prompts the user for the 
vector file to be used. The example ffle 
shown is based on an actual 
waueguide corridor (see Reference 1). 
The example uector fde selected starts 
at the midpoint of the entrance to the 
corrfdor, and sweeps from an angle of 
25 to 155 fn100 discrete steps. The 
recefue wall for this corrfdor is the 
horizontal wall at the top of the 
disp fat f. 
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SHIEI. DED ' '" 

WA IfEG IIIDE 
AIII IIENTS 

selected. The angles are defined as: 0' 
(straight right), 90' (straight up), and the 
maximum, 180' (straight left). If the starting 
and ending angles are identical you' ll be 
prompted for the eight-digit file name. Oth- 
erwise the number of vectors needed to run 
the simulation (10-25 is good for beginners) 
must be provided. 

MORE EMI/RFI PROTECTION WITH MINIMUM 
RESISTANCE TO AIR FLOW. 

Lindgren's unique solder fusion assembly 
process assures absolute performance and 
reliability. 

Honeycomb construction provides attenuation 
of over 120 db (a reduction of 1, 000, 000 to 1) for 
frequencies up to 10 GHz. 
Several standard sizes, special, shapes and 
very large sizes are available in brass or steel. 
Call for more information today: 

708-307. 7200 
708-307-7571 FAX 

LIND GIAN  ENCIOSURES 
400 High Grove Blvd. 
Glendale Heights, IL 60139 

L&ndgren RF Enclosures, Inc, &966 

Circle Number 267 on Inquiry Card 

If the retrieve-a-vector-file option is selected, 
all vector files which have been created and 
saved to the A disk will be displayed. Note 
that each of the vector flies has the . vf file ex- 
tension. You must enter this extension to 
retrieve the file. This option is useful when 
you wish to retrieve a specific radiation pat- 
tern. 

Once the vector file is selected, the simula- 
tion begins to run. An example of the simu- 
lation display is shown in Figure 3. When a 
vector either hits the receive wall, or is re- 
flected out of the corridor, the program stops 
momentarily, then proceeds to the next vec- 
tor. The distance the vector traversed to that 
point is displayed. 

The simulation runs until all vectors have 
run through the corridor. At the conclusion 
of the run, you may review the summarized 
data, or return to the main menu. Ifyou elect 
to view the data (only the vectors which made 
it to the receive wall are listed), the option to 

i p'CGtS 

&litchi 

8» I i 8 '-818 

te iht Wi ut Ii geirStOC 
etehes 

ENDED HERE 
Vector 9 78 of 100 
Distance 1392. 532 

e e . r raote a 
Eee shied MAS 
m gnetiic re e I 

h ~ Ids &F shielded 
oe an pane s 
ec rely in lee 

curn e s. 
hard are. Rated: 
68- «6 d-, a netie 
fiel; 1» 0& EI, elec- 
i ic fields; 10&0& da, 
p a' wa e, ~el er 
wi't te a or 
tec ni "al data. 

e' se 81 
Churning, I c. 
869 shing ten St. 
Canten, IVIIA &20&21 

617) 828-3. 0&0& 

EINERSON 
8Cuwiwa, . 

a GRACE corn cony 

Circle Number 105 on Inquiry Card 

FIGURE 3. A ttlptcal vector as it proceeds from the input to 
the receive walL Vhe example vector shown (¹ 78) is the 
shortest path (of the 100 attemptedJ to the receive walL 
Flfgwe 4 demonstrates that this is the case. 
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save the data is provided 
(See Table I). Data files 
which are saved in this fash- 
ion have the . dat file exten- 
sion. 

4. Help Menu. Due to space 
constraints, the program 
provided does not provide a 
help menu. However, the 
space is provided for users 
to install their own help 
menu. Copies of the pro- 
gram are provided with a 
help menu in place. 

5. Exit. Exit returns you to 
BASIC. Alternatively, com- 
piled versions of the pro- 
gram will return you to DOS 
or the application program. 

Continued on page 78 

Receive Starting 
Location x ' y 

vector 
Arl g 1 e 

Distanc 
Trsvele 

14 537. 50 
14 537. 50 
14 537. 50 
14 537. 50 
14 537. 50 
14 537. 50 
14 537. 50 
14 537. 50 
14 537. 50 

100. 00 
100. 00 
100. 00 
100. 00 
100. DD 

100. 00 
100. 00 
100. 00 
100. 0D 

3 27. 63 
18 47. 32 
24 55. 20 
28 60. 45 
38 73. 59 
54 94. 60 
78 126. 11 
85 135. 30 
96 149. 75 

8031 
1530 
1674 
1581 
1433 
5593 
1393 
1599 
2233 

please hit "5" to save or return to 
proceed 

TABLE 1. Received Signal Output 
Sumn7arg. Vhfs table catalogs all 
vectors which succeeded in making it 
to the recefue waU (wall ¹ 14K Each 
point has the same starting point, and 
the shortest distance to the receive 
wall fs found to be uector ¹ 78, which 
traverses the corrfdor as shown fn 
Figure 3. ' Other vectors also have 
made their wag to the receiue wall, but 
vectors 3 and 54 will suer significant 
space loss on their w&uf& 

H(DW IT WORKS 
CENERAL 
Some programmers may wish 
to add functions to this pro- 
gram, or rearrange it to suit a 
specific need. Although the 
program is annotated, an over- 
view is presented here. Some 
key variables are also provided 
to assist the programmer in 
interpreting which parameters 
to change. For ease of interpre- 
tation, line numbers are pro- 
vided in parenthesis after their 
reference. 

REFLIXT. l 0 Program. . . Continued 

4268 
4219 
4228 
4238 
4249 
4259 
4268 
4278 
4208 
orre 
4298 
4389 
4318 
4326 
4338 
4348 
4356 
4368 
4378 
4308 
4398 
4488 
4418 
4426 
4139 
44:35 
4-1 &1 8 
4 158 
141 55 
4468 
4462 
&1-4 6:1 
'1 '1 (j. & 

4 4 fj 6 
1460 
4 179 
4406 
4:1 98 
458(i 
4 5& 1 h& 

45&'&8 

. I 538 
4 5& 4 8 
. 1 558 
1568 
45&78 
(1 508 
&1 596 
&J(199 
:1 6 1 8 
4628 
4G39 
4(149 
41G58 
4666 
1678 
4 t&08 
-1GDA 
4788 
4718 
47;38 
4748 
4758 
4766 
4776 
4798 
4098 
1028 
4038 
-1048 
40(JA 
4078 
4088 
4098 
4988 
4918 
4928 
4948 
195&8 
4. &78 
4!)08 
4998 
5888 
5826 
5 6. '1 C) 

5859 
GAGA 

5878 
5809 
58&) 9 
5196 
'ii 1 18 
5139 
5 1 &1 9 

'handles wsy()&wey() and 

'wev()&wsY() 

SECT) 
rmines what the next line is 

Convert. s int, ersected wall int. o 
angular data 

Case 2 

Case 7 or 0'& 

Case 7 

Contfnued on page 78 

GOTO 4398 
VMAX = MAXX 

FOR Ql=l TO IMAX 
DIP=(VX(QJ)t(MAXXsROUNDERJJ/JAA))-VSX(J) ' includes roundoff compensat, ion 
IF'QI=PINTEBSECT THEN 4366 
IF DIF&=8 THEN 4368 
IF DIF&VMAX THEN 4369 
IF (WSX(QJ)-(MAXXsROUNDERR))&VX(QI) THEN 4368&checks for st, art/end point. 
IF (WKX(QJ)t(MAXXSROUNDERR))&VX(QJ) THEN 4368'on line (w/roundoff error) 

&& 1 iol&) 
IF WEY(QJ)&WSY(QJ) THEN 4338 
IF (WSY(QJ)t(MAXYSROUNDERR))&VY(QJ) THEN 4368 
IF (WEY(QJ)-(MAXYsROUNDERR))&VY(QJ) THEN 4368 
GOTO 4359 
IF (WSY(QI) — (MAXYsROUNDERR))&VY(QJ) THEN 4368 
IF (WEY(QI)t(MAXYsROUNDERR))&VY(QJ) THEN 4369 
VMAX=DIFJIN'fERSECT=QI 
NEXT Ql 
PINTERSECT=INTERSECT 
IF VMAX=MAXX THEN 4448 
LINE (VSX(J), VSY(J)) - (VX(INTERSECT), VY(INTERSECT)) 
IF VX(INTERSECT)&6 OR VX(INTERSECT)&MAXX THEN 4459 
IF VY(INTERSECT)&8 OR VY(INTERSECT)&MAXY THEN 4458 
IF WR&&INTERSECT THEN 4448 
RI3IST(BB)-DISTANCEtSQR((VX(INTERSECT)-VSX(J))"2+(VY(INTERSECT)-VSY(J)) 2) 
LOCATE 3, J:PRINT "dist, ance = ";RDIST(B13) 
J. O(. 'ATF, 1, 1:PRINT "ENDED HERE":FOR DRE=J TO -DELA:NEXT DREJ'GOTO 5298 
IF WR=JNTEF(SECT THEN 44;38 
LASTDJST=SQR((VX(INTEJISECT)-VSX(J))-2t(VY(INTERSECT)-VSY(J)) 2) 
DJSTANCEsDJS'fANCF, ' tLASTDIST 
1 F LASTDIST. ' . 88 1 TJJEN 4479 
DCOUNT=DCOJJNTtl:IF DCOUNT&18 THEN 4478 'Protec. t, s against, roundoff 
IF DCOUNT&5 THEN 4, 178 'errors which slow run t. ime 
I QUATE 18, 15:PRINT"STUCK IN LOOP ERROR":FOR P=l TO DELA:NEXT P 
GOTO 5299 
LOCATE 3, 1:PRINT "dist, ance = ";DISTANCE 
JF DIS'I'ANCE &MAXDISTANCE THEN 1448 
VSX(Jtl)=VX(INTERSECT):VSY(Jtl)sVY(INTER 
RKM ass This port, ion of the program dete 
WTHETA = A'l, l(WM( INTERSECT)) 
IF WTJJETA&tl THEN 4548 
WTHET \ = Pl + WTktETA 

I I' VTIJETA!WTHE'I'A THEN 4508 
TtJLTA = VTJJETA — WTHETA:GOSUB 57, &9 

I'S I = TIJETA 
GO'fo:i 686 
TJJETA = WTHKTA-VTHETA:GOSUB 5, 58 
PSI=THKTA 
I lr VM (, I ) '. 8 THEN 4008 
ll& VS(J)=8 THEN 4748 ' 16 possible outcomes descriied in following eq. rs 
IF WM( INTL'1(SECT) (8 TklEN 4608 Case 1 

li" VM(J)&WM(INTERSECT) THEN 46GS 
THETA = WTHETA+PSI:GOSUB 5756 
GOTO 5&188 
TklETA = WTHETA-Psl:GOSUB 575&8 
GOTO 5186 
IF (WTHETA-VTHETA)&(PI/2) THEN 4718 
I'St = W'I'HllTA — VTHKTA:THFTA = WTHETA+PSI 
GOTO 5&188 
PSI = WTHKTA - VTHETA:THETA = WTHETA+PSI 
GOTO 5108 
IF WM( INTERSECT) &8 TklEN 4028 Case 3 
IF (VTHETA-WTHKTA)&PI THEN 4796 
PSI = ABS(WTHETA t Pl — VTHETA) 
THI'TA = WTHETA t PI t PSI:GOTO'5188 
PSI = VTHETA - PI -. WTHETA 
TJJKTA = WTHFTA + I'I - PSI:GOTO 5188 
IF (VTHETA-WTHETA)&(PI/2) THEN 4868 Case 4 

PSI = WTHETA t PI — VTHETA 
THETA = WTHETA t PI t PSI:GOTO 5108 
THETA = WTHETA — PSI:GOSUB 5756 
GOTO 510A 
IF VS(J)=9 THEN 5658 Case 5-6 or 7-87 vm(j)&8 
IF WM(INTERSECT)&8 THEN 4978 
IF (VTHETA — ((34PI)/2))&WTHETA THEN 4948 ' Case 5 
PSI = VTHETA — Pl — W'fHETA: 
THETA = WTHETA + PI — PSI:GOTO 5109 
I'S I = ( W'1'11FTA+ Js 1 ) 

— ( VTJJETA — P 1 ) 

TJJKTA = WTitKIA + PSi:COTO SiSS 
I lJKTA=V'1'JIKTA-WTJJETA:G&ASUB 5759 
1 I( ( VTJJL'TA — Pl ) & WTHETA THFN 5828 Case 6 

Ps I = WTHETA — (I'I + VTHETA) 
THJSTA = WTElETA t Pl t PS I:GOTO 5188 
1'S 1 = VTHETA — PI — WTJJETA' 
TJJETA = WTHETA t Pl — PSI:GOTO 5188 
Il( WM(INTERSECT)''8 THE&V 5118 
JJ' (V'I'lJKTA-(I'I/2)))WTHETA 'I'HEN 5188 
Psl = VTJJETA-WTHETA:THETA = WTHETA - PSI 
GOSU13 5758 
GO'ft& 5108 
I'S I = ( WTHETAt PI ) -'(THETA 
'J BETA = WTklETA + PI t PSI:GOSUB 5756 

'GOTO 5108 
IF WTHETA&VTHKTA TlJEN 5176 ' Case 8 
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5159 
5179 
5109 
511)9 
5299 
5219 
5229 
5239 
5249 
5?. 59 
5269 
5279 
5269 
5299 
5399 
53, 19 
5329 
5339 
5348 
5359 
5369 
5379 
5369 
5399 
5499 
5419 
5429 
5439 
5449 
5458 
5468 
5479 
54()9 
5498 
5588 
5518 
5528 
5538 
5548 
5558 
5568 
5578 
5588 
5598 
5688 
5618 
5628 
5638 
5648 
5645 
5658 

. 5668 
5678 
5688 
5698 
5788 
5718 
5728 
5738 
5748 
5758 
5768 
5778 
5768 
5798 
5688 
5618 
5628 
6888 
6818 
7888 

THETA = WTHETA t PSI:GOTO 5189 
Tk(ETA = WTHETA — PS I 
NVTHETA = THETA 
11 NV'I'k) ETA& I'I THEN 5 2 1 9 
THETA = THETA-Pl 
VM(Jtl)=TAN(Tk(ETA) 
VB(Jtk)=VSY(Jtl)-VM(, ktlisVSX(Jtk) 
VS(Jtl)=1 
IF NVTHETA;(1'1/2) THEN 5279 
IF NVTHETA&((3spi)/2) THEN 5279 
VS(J+1)=9 
J=Jtl 
GOTO 3679 
TOTDIST=TOTDIST+DISTANCE 
IF TYPEVEC=9 THEN 5339 
PINTERSECT=999:DUM=9:DISTANCL'=8 
NEXT BB 
LOCATE 1, 1:PRINT 
I. OCATE 1, 23:PRINT "Simulation ended with total distanc 
LOCATE 2, ?3:PRINT " please hit. Return to show received 
LOCATE 3, ?3:INPUT " 'C' to continue ", IMPUT¹ 
IF IMPUT¹="C" OR IMPUT¹="c" THEN 5619 
XR=1 ' xr is t. he received wall designat. or 
CLS:COUNTS=1:LOCATE 2, 29:PRINT "Received Signal Out. put 
LOCATE 3, 19:PRINT "Receive St, arting Vect 
LOCATE 4, 19:I'RINT "locat. ion x Y ¹ 

FOR 00=1 TO NV 
IF RDIST(00)=9 THEN 5589 
COUNTS=COUNTStl 
IF INT((COUNTSt5)/22)&&((COUNTSt5)/22) THEN 5598 
LOCATE 23, 18:INPUT "Please hit return to continue ", YT 
CLS:COUNTS=1 
LOCATE 3, 18:PRINT "Receive Start. ing 
LOCATE 4, 18:PRINT "location x 
LOCATE (COUNTS+5), 18 
IF NV&&1 THEN 5538 
ANGL=SAtGOTO 5548 
ANGL=(EA-SA)s(00-I)/(NV-1)tSA 
PRINT USING " ¹¹¹";WR; 
PRINT USING " ¹¹¹. ¹¹";VSX(1), VSY(1); 
PRINT USING " ¹¹¹¹"'00' 
PRINT USING " 

¹¹¹ ¹¹";ANGL;:PRINT USING " ¹¹¹¹¹" 
NEXT 00 
LOCATE 24118 
INPUT "please hit 'S' to save or return to proceed 
IF OOG¹e"Ss OR OOG¹ess" THEN 5638 
GOTO 698 
CLS:LOCATE 5, 15:PRINT "DATA SAVE ROUTINE" 
LOCATE 19, 18;INPUT "Enter the eight digit filename for 
IF LEN(GNAM¹)&6 THEN 5648 
OPEN "a:stGNAM¹t". data FOR OUTPUT AS ¹1 
FOR CO=I TO NV 
IF RDIST(CC)e8 THEN 5728 
IF NV&&1 THEN 5788 
ANGL=SA:GOTO 5718 
ANGL=(EA-SA)4(CC-I)/(NV-1)tSA 
WRITE ¹I, CC)VSXI, VSYliANGL, RDIST(CC) 
NEXT CC 
CLOSE ¹I 
GOTO 698 
REM Seas Subroutine for modulo calculation (unit circ 
REM seas Uses variable theta and returns theta 
INCOME=THETA 
IF THETA & 2aPI THEN 5688 
THETA = THETA-2sPI 
IF THETA & 9 THEN 5628 
THETA = THETA t 2sPI 
RETURN 

HELP MENU SUBROUTINE 
GOTO 698 
KEY ON:END 

Concludes 16 combos 
BEGIN STORAGE AND NEW VECTOR 

'set, s next vector variables 

'sets next vector sense 

increases t. ot. al distance 

e = ";TOTDIST 
dat, a, or" 

Summary" 
0 I' Distance" 

angle t. taveled" 

Vector Distance" 
angle traveled" 

;RDIST(00) 

OOG¹ 

save . . . ", GNAM¹ 

le) 
sass 

THE FLOWCHART 
As the flowchart (Figure 4) illus- 
trates, the program starts with 
an initialization section. Next, 
the PC screen is set for a 1000 x 
1000 graphics grid for plotting, 
and the main menu is displayed 
(700). The user selects an option 
(760), which must first define the 
wall file. 

The wall files are created and 
retrieved in lines 1000-1340 and 
2000-2110, respectively. The wall 
files are stored with the starting 
x less than the ending x for all 

walls, and WR (1210) stores which 
wall number is the receive wall. 
IMAX (1250) is the number of 
walls stored. 

After the wall file is provided, the 
vector file is defined. If a vector 
file is retrieved, the file format 
provides the slope, intercept point, 
and sense (1 for x increasing, 0 
for x decreasing), along with 3 
user defined dummy variables 
(dum, 3175). 

All intersections and reflections 
used in this program use the 

A BA81C PROCRhlhf TO SllIWLATE PIANE WAVE REFLECTION. . . Continued from page 69 
slope delta format (lines defined 
as y = mx+ b) to determine where 
lines intersect. Therefore, angu- 
lar data is converted to slope 
delta format prior to the process- 
ing of all data. Once the slope 
and delta are known, the equa- 
tions are solved for x, and the 
value of the y intercepts is deter- 
mined directly. 

Error traps must be provided for 
walls or vectors which are straight 
up/down or left/right, to elimi- 
nate slopes of zero or infinity. 
Furthermore, their intersections 
with other lines can cause round- 
off errors since the intercept with 
the y axis (b) may be quite large 
for lines straight up and down, 
for example. If round-off errors 
are repetitive, the vector file may 
become trapped in a tiny square 
caused by bad approximations. 
Lines 4040, 4240, and 4466 deal 
with this problem. 

Once the closest intersecting line 
is known, the reflection from that 
wall is determined. Eight pos- 
sible outcomes are possible with 
a known vector's sense/slope, and 
the wall's slope (4600-5160). With 
the reflection angle known, the 
next vector's parameters are 
described (5210-5260). 

The next lines handle the received 
signal output summary, and its 
associated storage (5330-5740). 
The modulo subroutine (5750- 
5820) limits the values that theta 
can take from 0' to 360' If the 
values are greater than 360' (2'pi 
radians), 360 (or an integral 
number of 360) are substracted 
from the angle value. Similarly, 
integral numbers of 360' can be 
added to input thetas with nega- 
tive angles to make them posi- 
tive. Lines from 6000 on can be 
used for a Help Menu, and line 
7000 ends the program. 

The following variables are help- 
ful in modifying the program for a 
specific user application. 

maxx and mazy 
These variables define the bounda- 
ries of the workspace. Their val- 
ues are defaulted to 1000, and 
any input units should be scaled 
to take maximum advantage of 
this space. 

munderr 
Denotes amount of round-off error 
which can be compensated. 
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START 

INITIALIZE COUNTERS 
DIMENSION VARIABLES, 

DEFINE DELAY+I, ROUNDERR, 
SET SCREEN FOR 1000 X 1000 

SCALING 

PRINT MAIN MENU 

PROVIDE LISTOUT OF HElP 
SUBROUTINE 

SELECT MAIN 
MENU OPTION WALL FILE CREATION SUBROUTINE 

END PROGRAM 

CREATE VECTOR FILE SUBROUTINE 

ENTER COORDINATES AND ANGULAR 
SWEEP DATA, NUMBER OF VECTORS 

TE ILE RETRIEVE OR 
CREATE VECTOR 

FILE I 

RETRIEVE FIL 

RETRIEVE VECTOR FILE 
SUBROUTINE 

ENTER WALLS AND RECEIVE WALL 

REARRANGE SO THAT STARTING X 
5 LESS THAN ENDING X 

STORE WALL FILE TO A DRIVE 

CONVERT TO SLOPFJDELTA FORMAT 

ENTER FILE NAME 

STORE VECTOR FILE ON A DRIVE 

DISPLAY VECTOR FILES 0 DRIVE 

ENTER VECTOR FILE 
FOR RETRIEVAL 

WALL FILE RETRIEVAL SUBROUTINE 

DSPLAY WALL FILES ON A DRIVE 

SET VECTOR ¹ COUNTER (BB) 
TO NUMBER OF VECTORS ENTER WALL FILE FOR RETRIEVAL 

INCREMENT VECTOR ¹ BEGIN SINGLE VECTOR LOOP 

ERROR TRAPPING 

DETERMINE INTERSECTION 
WITH EACH WALL 

FIND CLOSEST INTERSECTING 
WALL (USE ROUND-OFF) 

CLOSEST WALL 
INTERSECT OUT OF 

SPACE OR 
IVE WALL) 

PRINT 'ENDED HERE' 

NO 

DRAW LINE TO INTERSECTION 

DETERMINE DISTANCE 

CHECK FOR ROUND-OFF ERROR 

CONVERT SLOPE DELTA 
TO ANGULAR FORMAT 

DETERMINE DIRECTION OF NEXT 
VECTOR BASED ON THE ANGULAR 

VALUES OF THE VECTOR AND WALL 
(16 POSSIBLE OUTCOMES) 

SET SLOPEeELTA FOR NEXT LINE 

NO LAST VECTOR 
IN VECTOR 

SWEEP 1 

PRINT RECEIVED SIGNAL 
OUTPUT SUMMARY AND 

SIQRE (IF DESIRED) 

FIGURE 4. How Chart shows the general flow of the REPXZCT. 10 program Note that nearly' all of the code fs contafned fn the 
run sfmulatfon (¹3) portfon of the program 
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This variable limits the accuracy of measure- 
ment, but prevents routine calculation snags 
from stopping operation of the program. 

Maxdistance 
This variable limits the length of the simulation 
by ending the simulation whenever the distance 
of the path propagation exceeds this value. It is 
useful because it stops program execution if the 
input vector has no energy left. The default 
value is 100, 000 distance units, but laser and 
other coherent sources (in a reflective environ- 
ment) will require a much higher value. 

bb and j 
Counters for the vector ¹ and reflection ¹, re- 
spectively. 

dela 
Determines the delay associated with the speed 
of the computer. Default is 3000 (for an 8088 
machine). Longer delays may be needed for 
faster machines. 

TIPS ON USE 
This section offers suggestions to make using 
REFLECT. 10 easier. Some general precautions 
are suggested, followed by some advice for the 
novice. 

walls for a vector input, or the vector input for 
a specific wall interchangeably. 

~ Use a receive wall instead of a narrow point 
(to simulate a receive antenna size, for ex- 
ample). Remember that the RF leakage thmugh 
the corridor is what's being measured. 

~ Remember basic waveguide theory. Equa- 
tions are available which describe the at- 
tenuation (at lower frequencies) provided by 
the long, thin corridor. The smaller the di- 
mension of this corridor, the less low fre- 
quency shielding/absorption is required. . 

~ Use the control-break keys to stop program 
execution at any point. 
Ignore screen distortion. Although the moni- 
tor you have will provide an elongated (in 
width) version of your design, the math will 

provide the correct answers. 
~ Use multiple transmit antenna locations if 

your initial location is successful. No design 
is final until it shields emissions from every 
direction. 

~ Use graph paper to scale your wall pattern. 
Wall entry is difficult to perform without 
some reference with which to make measure- 
ments. Graph paper will allow you the flexi- 
bility to create your wall pattern and the 

Continued on page 333 

DO NOT 
~ Overlap wall lines. Overlapping causes the 

program to misinterpret which wall it is in- 
tersecting and can provide false results. If 
you make an entry error during the wall 
entry, finish the entry process, stop the pro- 
gram, enter a line editor program (EDLIN is 
provided with most DOS machines), and 
change the offending line. See your DOS 
manual for more information about EDLIN. 

~ Be disheartened if the program does not 
work when you first enter it. If you have dif- 
ficulty debugging BASIC programs, find a 
friend who can help, or learn how to debug . 

the program yourself. 

INCORPORATED 

DO 
~ Modify the input vector size for the system 

you' re using. Some newer systems avoid the 
64 kB constraints on the amount of memory 
BASIC data can use. The program provided 
shows all the dimensioned data for 1000 
possible input vectors (per vector file). If you 
have problems with an older machine or 
BASIC version, reduce the dimensioned vari- 
ables (DIM statements) down to 100 for all 
lines 560-580. 

~ Use the same starting point for all starting 
transmit vector inputs (500, 100 is recom- 
mended). This will allow you to change the 
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o No. Maintenance Welded Shield Enclosures 
~ Components 
~ Turn-Key Installations 

o Shielded Vans, Trailers, Equipment Racks and Filter Cabinets 

CONTACT: T. Ann Merewelher 
P. O. Box 8250 
Albuquerque, New Mexico 87198 
(505) 262. 2686 
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