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1.0 Introduction

The United States Army has recognized, especially as a result of tactical

communications experience in Vietnam, the need for a re-.dlstic model for

* wideband UHF radiowave propagation within different types of forest [I].

Although the early dielectric slab models [2,3,4] correctly explain the

up-over-and-down lateral waves propagating at the air-forest interface over

long VHF paths, they characterize the forest only in terms of an effective

* dielectric constant which is postulated rather than derived from the

biophysical characteristics of the vegetation. Further, the dielectric slab

models are not applicable at UHF and above where incoherent scatter dominates

and wideband signals suffer appreciable delay spread.

More recently, CyberCom, with the support of US Army CECOM and the co-

operation of SRI International, has undertaken the development of a realistic

stochastic propagation model for characterizing the wideband forest channel.

This program, both theoretical and experimental, addresses several

0 interrelated study areas: the biophysical characterization of the forest;

electromagnetic interaction of the propagating radiowave with' the scatterers

using theories of discrete multiple scattering and/or transport theory; and

communications channel characterization in terms of transmission loss and

delay-Doppler spread. The early CyberCom studies were restricted to

trunk-dominant coniferous forests [5,6,71; more recently, canopy-dominant

deciduous forests have been considered [8].

The acquisition of experimental data supporting the development of a

propagation model for canopy-dominant deciduous forests began in August, 198;

within an experimental red maple forest located near Coventry, Coý,necticut.

Anticipating that model development and validation might requize a detailed

biophysical description of the forest, this site was selected because it had

been the subject of a recent, detailed, quantitative, biophysical study

conducted by its owner anid mnanager, the University of Connecticut.

The experiments at Coventry were first conducted during the summer's end

of 1987 (24 August to 4 September), and then re PCat~ed Iin Novei-mbeLr after the

autumnal fall of the leaves in order to assess the- seasonal eflect of rhe

foliage. Although dat a from the firstý set of mlcas ureinle ots had hvee processed

and analyzed [9] , data from the second se t had n0ot . A seclet ted sob..ot

these data is anallyzed in this r-enort to assess the effects 4 t. i m'e rain,

and snow on de [av- sp read in caitopy - (toi 1nated deciduotus forests.
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2.0 Background

From the communications viewpoint, radiowave transmission through forests

may be modeled by a randomly time-variant linear channel whose input and

output signals are related by the integral transform [10]

y(t) - Jx(t-ý)g(t,ý)dC (2-1)

where x(t) is the transmitted (input) signal, y(t) is the received (output)0
signal, and g(t,ý) is the response of the cbannel at time t to a unit impvlse

applied at time t-ý. Thus, the stochastic behavior of the channel is

manifested through g(t,ý) in two dimensions via the propagation delay variable

Swhich characterizes the spatial configuration of the forest scatterers and

via the time variable t which characterizes their (possibly) time-variant

configuration, Since x(c) and y(t) are scalars, the vector coupling of the

forest-scattered electromagnetic fields to the transmitting and receiving

antennas is assumed to be implicitly embedded within g(t,•).

In order to characterize the stochastic behavior of the forest channel

completely, multi-dimensional probability density functions of g(t,E) are

required. However, because of multiple scattering within the fcrest, the

received signal may be considered to arise from the superposition of) a large

numbeir of independent contributionis having the same relative delay ,ý. As a

consequence of the central limit: theorem it may be concluded that y(t) is a

gaussian random process and, in view of Equation (2-1), so too is g(t,•). The

principal utility of this hypothcsis lies in the consequence that all orders

of the milti-dimensional probability density function describing g(t, ) can be

expressed in terms of the correlation funct Len

S1 2)g (t (2-2

i-f the channel trans fer func t on g ( t ') can be conssi tdered wide-sexise

stationary iii tLe t:ine variable t and tlhc scattered ! ignalIs core sporxdirnog to

di ffterex 1t del sys • uncorrelated, rhert tihe chiannel corre•at ionm f uo.ct ion

*_ s ixp.1 ifji es to

here C ( ) is tI, Dirac dulta Iunxctiox an1d Q(r, ) i t; fit? co .. Vd•%'a~ O ý![Cwt 1" iol

f) th1o~ s e t-1anIll I t IneC t~iat- olis ha;1 i I q 1 pr-; dýIa ., aI h1f1" i I ,,

U ( -,-+:l ). The fx[1u :t io Q(O •) Is txri, oei: v e ll .c .l.',, v , ;,,tt i, 1i x :ol

(t Iay ;; ... .a rI x



En the absence of relative forest inotion due to wind and,/or terminal

movement, the forest channel [and g(r.,ý) may be considered ti-me-invariant.

The ensemble-averagedI chaninel correlation function then sImplifies to

<gt=g(~) Q(.')6(&mq) (12-4)

whe re

is, the delay- spread function,

A physically appealing interpretation of the delay-spread functicln Canl be

derived by considering the recei',red power when, an unmodulated sinlusoid is

trarisritt-ed. In this case, the transmitted signal is

x(t) -exp~j27rf t) (2-6)
0

so thal-, according to Equation (2-11), the received signal is

Y(t) expij 27rf (t - )g(t.,)d (2-7)

and the received power is

r JJ 1x (j2o :. (- 1 2

* 1 1 2

fJ o xL j 27t Q

Si'icc. demiute.- the priopa gat-ion de lay, it, i's appa ye iit from Eq ual iol' i n 2

t~hat Q(Fý) dle,,sCri.bes thle, onm ii vr~gL (1 2 :t ri: ut i (ml of t 111. ill relfwuh 'lt

Poio ec iv d Wi~ln -lde a hre-at tl:. cc r ii, to tinft e ,u i

galn model devlopu d ti ll 1(.[rlaea 1/; Hit 
1 1u()r-,t ica i iiitVLir

(1! iof-sp ei ai II uolll uqcw lis, t limlk -d(hul 'l ea t I u Lost iS of tint 1( III

`expl

Jul V22 IJ' C1~r C C I - ~ II] I 1C I :



L. n

F-.

~C V
*0

uiH



signal is impulsive, i.e.

R (r) - <x(t)x(t-,r)> 6_ (T) (2-12)

Gross-correlation of the received signal with x(t-r) yields

<x(t-r)y(t)> - f <x(t-r)x(t-ý)>g(t,0)dý - f R (-gtd - g(t,-r) (2-13)

so that to the extent that R (T) is approximated by a Dirac delta function-,

the cross-correlated output g(t,r) approximates the iniput d e 1.ci -s 1 -ea d

function. The delay-spread function Q(-) is approximated by

This measured counterpart, distinguished here by the namne Power- Vn e -Vacii~rit

Impulse Response [PTVIR], is shown 'n Figure, 2- 2. Its 1:ag ge'd 'toe has tic

structure can be attributed t~o phase interference bietxeern fo:rEst-,seacttered

radiowaves having the same propagav ioni delay T anld 0o sugs Fottepw

P ( r) is aii exponent im]ly - (us t-ributed.( ranidom variabYe.

Fo r tine. - vari aniit e r ,o d ic ine d ýa t, iine, -ave ragin ci Fb-:1)e Iusr;e d o ! i~o o t b

success ive PTVIR ineasuremient~s for C0oiiipaIr 1son wit the1 Hie 11 t-lieoret i c_ý I

(11S(111) e-ý)erlg d collilt erpa*rt-s 110'Ie r ,0~ Oe icep, ; )L tom(1ý iIi

j 11dui ( k-aim1,py Il11(1 oil lit, f o ro s chailiiie I i s re it a I I y ! m ill mi U" i i'it

liiat t imIi0 Ia-,-Ia I Ii g p I y.; I i o role.t Ai~tliouigli th li TVI N inim 'lit st ill 1 I Ie s e t, (Iu

h-V c II-v -t it t i I Ig t ht, ecrtotiviiiice o f d i p' t IIb -I n i o (( 1eýu'.iiix t ii (.11 ' emA

pcI te -illiic 111(0 10 ltt pi01 t icuu;I1i1y se01151 v t V o t ( I itn ot til III V FIA 11 .' l t)

C(ItI i il . nlp 101ýo l h ,twI t Vi IUd c j I iN 1jhiI~ ('I) t .
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3.0 E~xp4eriment

3. 1. Forest Site Descrip~tioti

* The Coventry site, a flat floodplain with a. 30-year old stand of red

maple [Acer rubrum] writh occasional white pine [Pinus strobus] and trembling

aspen [Populus tremulo ides] at the edges, is part of the University of

Connecticut's forest resear-ch station. A photograph and. l , of the Coventrry

* :;ite can be found in Figures 3-1 and 3-2'. The measured pr-op~agation paths a~re

identified on the site pl.an.

A regular grid of 20 circular plots of 20-fcot radiuis was laid out with.

100-foot separations. 'Ehe. number of trees and t~heir (:uameters within each

0plot were recorded and used "o calculate the tree- t~u~nk n~um1ber density and(

mean tree-trunk diameter which were then used tc construct; the conuowr plots

shown in Figures 3-3 and 3-4 and the trunk-diameter histogram, of Figure 3-5.

The scem denIsity path profiles shown in Figure 3-6) we.re de-rived J."-om ti,(

tree-trunk number density contour plots. Using a platfo.ýi':m eievator pcovidicdt

by the University of Connecti~cut, the mean tree height. was estim-sAtrc:i to 'be 47

feet (14.3 mi) with no more thani about 5 percent of the trees excee-ing.7 61 feet

(18.6 m); the live canopy began at a mean height above ground,ý of abo)ut 35 feet

(10.7 in).

The deciduous canopy charact..,ristics, recently rv~asured 'by Professor

Da-vid Miller and his students [1-3,14,151 , are summarized in in FiP.ý,res '-7,

3-8 and 3-9 which show, respectively, leaf-.area- index (L.AI) and his: ograms of

le~if inclination angle and leaf azimuth angle. The leaf numrber den.ýicy P1 a nd

the fractional volumne occupied by the foliage f can be estirfat-d. fromi t~he
V

relaions

*LAI (3-1)

f Vi (3-2))

where LAI denotes the l eaf -area - index, A i s the avf-rage area pe r lea ,t: i s,

*the average leaf thickniess ,.and h is t~he canopy tb i rkless . Typ i all1y, to" rWe

maple, A is 25 cm 2and r. is 0 2 mmi. Thus, tor ,measured LAI ofi 4._5 ( refer c

Figure 3-/ ) and canopy thick.-ness3 of 3 () in (see ,bv the corsev iIeaif

Tlkm~be r dens ity is 5K") l eaves, per culh c mneter anid e leaf fi car t.i cnn volumnne i r

* K.0..) percent.

3 1



4

4

4

4

4

I

fi�irc� .�--I (>)\7c:�t: 1�\J � � u 4

I

I



Ns, p

too

•no

/ FORES Tl

ITI
0/1

swo T2
RT3

FIELD FOREST

socT(70 m TOWER

4 30 i2 o vrn T

= p3

BRUSH

FORE ST S

T TPRANSMI7,TER SITES
A' REFCEIVER SITES

* ~' i un3-2. Covontry Si te PIl an

3 3



-IW L

SCS CD CD CD CD

C C)

-- ~ +" CI • + ngL_

I-'. ' W" -. r

+

co -+ W, < ' "
I-lil

CC

I JO
<. + c/O

r I .-- r,9 "

rt1

-- ._K Y ' -

---

n

kCD
// "", co .... [- // /

/ "\. i I/
(•Th ...... .. . ............ . .... rI I ...... .. . . , ................ ..

00

Ut

ICD



AnL LflLf

7rn( Lfl

dO 0

x a)K

ILf

0 c

+ $-4I

r s--

K -1.
km W 't'

cii + 4 0

0 + + 1 -11 1

0

IfD 1;)

3-)j



Number of Trunks

-L
,- -5

H- N -_ ____ __ _____.

Sw

__ __J_ _ 30
a) C+

r•LA .- .,,. .... •
LO~

S_• I• _.

hI - .--- 44

(D.
J _ _ -S I

C'D 
-4-

ro :30

33(4 ,÷ 4:
w C

k-M (D'•

--L-

U)"-)7

CD3 U1 .. (A--CD 0
CD U) ~ --CD

l.O DJ J - .. .

CI C) 0 ti
T', T •(

CU *



~r-~T r ---- T--7-r---7 T-i--- T. - - TF - --- r----- r

SNC)

* I +4

Sr N* 41ý
w 4,

c~ Fl

- - -I - 4J

w w o w CD N A * 4 to C N t

0

>t1

4-2

Nj N H

41 1
* N

~ -~ 0

kvO

L u N 
o-'fhlI O

Q a. ~>1
I - [N 14

0 N~' -NCD

4''ma

3 k- sI ýl u JS )wZ



C
_]

L

M-.02C.

I 2k __

0 5 10 15 20 25 0

Distance from Forest Edge (m)

Figure 3-?7 Coventry Leaf Area Index

3 -8



Canopy
Height

Interval
0~ 0 - 5 Mu

c , & I6
.H + 1Q - ISMN

I 2 X Is- ac
0

S4 "

0

.-. 000 IQ.f -45.00 Ob00P 7 .00 *0.OQ

Leaf Inclination Angle (deg)

Fioure 3-8: Coventry Leaf Inclination Ancile Histoqram
-

0
0

- --



IICIGHY INTERVAL (M4)

10-25 .: .
16-20 .. . . . . . .

~ ~-9 '~'crt ry'iw~Ž~ J\211d~t~r~ It o' 1~~t~ . u



0

3.2 Channel Probe

The experimental radiowave propagation data were acquired using the US

Army's Wideband Propagation Measurement System (WPMS). The WPMS, designed and

* built for the US army by SRI International [16,171, was developed especially

for measuring ground-to-ground communication channel characteristics (trans-

mission loss and delay-Doppler spread) in the 200-2000 MHz band. This

computer-controlled, mobile, radio-channel probe uses a direct-sequence,

p pseudo- r-indomly modulated, wideband waveform and sliding correlator

architecture. Its capabilities are sumunarized in Table 3-1,

The essential elements of WPMS operation can be described with the aid of

the diagram shown in Figure 3-10. The transmitter sends out a repetitive

Spseudo-random waveform, Xyr(t), with a "chip" interval, 2Lt, and a code period,

T. The in-phase (I) and quadrature-phase (Q) components of the received

signal are then cross-correlated against a replica of the transmitted

pseudc-random waveform in each of four parallel sub-channels successively

0 offset from each other by one-quarter chip (to improve TVIR resolution). The

output of each correlator is integrated for T seconds and then sampled. The

receiver pseudo-random code generator is then delayed (slipped) one chip and

the integrate-and-sample operation repeated. The complete cycle is repeated N

Stimes, where N is the number of chips in the pseudo-random code pieriod. Thus,

each comp].ex receiver sub-channeL produces one output every T 4- ,t seconds.

To obtain a Yalid measurement of the entire delay-spread function, the channel

must. remain essentially time-invariant for N(T+At) seconds. The resulting

output: is stored and displayed as a time-varying impulse response (TVIR) of

Length N:t and resolution At:.

- or any giv en episode (a prescribed c onfig urat: ion of radio/antenna

*a p ramet:erfs), r)he TVIR is measured repeat oedly urcnt the data buffer overflows

i pp oximately 2 M!egabyjtes or ra'1., 'VIR dat.i ThFh stl data ,:, ten sitored in

:he b)in,;v d•ta BDAT) format of the HP-10iii cOnputo on a. t .rich wide,

I .ra,. nagnetic a0
p..2 LO. 1- Goct diamet L .t, rm e e: S ',:o Ie p,0,,)i 02sO~i t fle 00 V•. ti l •'r uituo 1: ::.howns T', 'i. In,,

,rchio-0 SRI. Ir"Lerootionial ýn MIernlo Pok Vii i . .

0 3- ,



Table 3-1: WPMS Capabilities

General

Carrier frequency range 200-2000 MH1
Delay-spread range 1-20 p-sec
Delay-spread resolution 1 nanosiz
Doppler-spread range 15-240 liz
Doppler-spread resolution 2 Hz (me.x)
TVIR amplitude resolution 0.1 dB
TVIR multipath amplitude resolution -20 dB
Measurable path loss 155 dB (max)

Antenna3

Omnidirectional Biconical
Directional Log-Periodic Dipole
Transmitter polarization V, H, RCP
Receiver polarization V, H, RCP, LCP
Azimuthal range 360 degrees
Height range 5-65 feet

Transmitters
Number 2
Frequency range

XMTR no. 1 200-1050 MHz
XMTR no. 2 700-2000 MHz

Power output 100 W (max)
Modulation Direct-Sequence BPSi

Continuous Wave (CW)
DS code length (chips) 255, 511, 1023 or 2047
DS zode race 50, 125 or 250 MHz
Bandwidth (null-to-null) 100, 250 or 500 MHz
Control Local or Remote (RCVR)

Rece ivers
Numbe r 2
Frequency range 200-2000 Mhz
Noise figure 9 dB
Demodulation Cohe rent

Direct- Sequence BPSK
Continuous Wave (CV)

DS code length (chips) 255, 511, 1023 or 2047
DS code rate 50, 125 or 250 >11kl
Banldwidth (0u0L - ,-, .t ) IC , ( K 0(1) MO)::

0 o tI r ol Loc c omptii o,
Input signal range - ) iB m
Instantaneous dynain ic r.;e 50 lB
AdC (cc.npu t r coi)t. olledi I O i ,

[ ! .'
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Z= Raw f Eorat

Word3

8192 8191 8182

8.92 8192 8192 8192 Records

Set 1: 1 q i Ti q 8
Channel. I Channel 2 Channel 3 Channel

Set 2: I X 7 q T T q q -

RCVR #1
I

Set 16:. j j q j ] q 8IJ _L___ 8

Set 1: 1 q8--@1

RCVR #2

IO

Set 16: [ q j7T F f__y7_¶_ 8

256

One Episode - 256 Records - 1 File - 32 Data Sets

F

Figure :3-li: WPMS Ra1w Dat~a ?f e. Format:
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3.3 Data Transfer

Unfortunately, the HP-1000 computer *s now obsolete and the computer

facilities available to CyberCom [IBM 370 and HP-9000] were unable to read the

* binary data tapes. Although a number-builder might have been construc•ned,

CybrCom elected to use an HP-1000 still available at CECOM in Fort Monmouth,

New Jersey to read the tapes and to translate the data into ASCII format for

compatibility with the IBM 370 [and most other computers] . Although the

SHP-l000 software used by SRI International for reading the binary tapes was

made available to Cytberom, these programs proved unwieldy to use and providec

superfluous data detail. A simpler program, developed by the National Bureau

of Standards and acquired from them, was used instead [see Appendix A].

Earlier, CyberCom had developed some of the software that would be used

for propagation data analysis. These programs, however, ran only under

HP-BASIC on CyberCom's HP-9816 computer. Unfortunately, this computer does

not interface with the nine-track tape drives required to read the HP-1000

ASCII data tapes. However these tape drives were available locally at the

George Wasiington University in Washington, D.C. where CyeberCom maintaiins a

computer account. It was decided then to transfer the ASCII data from tape to

disk using GWU's IBM 370 computer and then to download the files to CyberCom's

HP-9816 usi.ng telephone lines.

Using IBM's Job Control Language (JCL) the automated utility pregram

TRNSFR [see Appendix B] was developed for GWU's IBM 370 to read the HP-I000's

ASCII data tapes and re-write a reduced data set [16 PTVIRs from the first

sub-channel for each of two receivers] on disk according to the format shown
in Figure 3-12. The reduced data setg are then down-loaded to CyberCoi using

cur HP-9816 computer and HP-supp lied ASCII Terminal Emulator.

At CyberCom the down-loo,!ed ASCII data are temporarily stored on 3.5-inch

floppy disks. The limited capacity of these imedia k2%6 kilobytes) led

CyherCom to develop 'he softwý;,ce, utility BCKUP [see Appendix C] for re-sto:ing

the ASCI1 data on 150-foot, 1/4-inch wide, 16--track mavignetic tape, I? -881/40SC

data cartridges (16. 7 megabyces/cartridge)) fleade rs identifying Salient ex-

perimental pal;,<l.iters are preftixed to each fill, and S11u11u11ric-c d for ft (' OIll'eicl!t

access in a Measurement I'i le cat alo I. Ariother fp fl)gttim , KELVITN [ Imee Aopeir x

Do , was developed to iead tic- ASC11 data tcom the tIape ('.it rIiC e . e- format

it for co'nsistenlcy with ptre.ou: ly develo.ped an.aly.; sis tai twae and r.- ,ce

it in binary (BIDAT) foim o t . Tie temporar- 1BOA! f. I ,-s ai-e ased e C < .at

analysis because they have muICh i, tra nsfer cates than/ t.he ASCI . i I ot.

3 1 •)
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Taoe xxx File y

Recozd

Nurnb ar Co lumn

1 6 61 :62 117

0 "TxxxFyHDRA"

R 1 2 3 4 5 6 7 8 9 '0 i 12 13 14 15 lp

50 2
51 3

o TxxxFyAA "....TxxxFyBA"

L+48 L - code length

L+49 1
2

3
* "TxxxFyCA "TxxxFyDA"

2L+48 L - code length

ZL+4S

2L+88

Figure 3-12: GWJ Redue•d Ddt-a Set. FLle FoL'rmat

- 1 '



"The time to transfer the drta of a single episode from an archived file

(HP-1000 BDAT on 9-track tape) to a reduced data set (A.")C>iI data on 1/4,-i-nch

tape cartridge) is not negligible - approximately 75 minutes per episode. 40

n minutes are required by the HP-I000 t;:, convert the data from PDAT to ASCII, 5

minutes are required by the 1BMM-370 to read tihe ASCII data and re-write the

reduced data set on disk, 25 minutes are required to transfer the reduced data

set to C_-berCom, and 5 minutes are required to re-store the data on tape

-• cart:ridge.

3,4 Data Selection

A summary overview of zhe forest experiments can be found in SRI's Final

Report [9]. CyberComiý reviewed these data and selected a subset of ten (10)

computer tapes representiug i .nearly one-hundred experiments conducted over

different distances with itfferent frequencies, polarizations and antenna

heights.

S3.5 Data AralN'sis

The quantitative characterizat)•on of the measured PTVIR P(r k) is

comiplicated by the stochastic character of the multipath and by the

contaminating noise (both thermal and code) contribuced by the iradio

iequipment. The problem is illustrated in the profile of Figure 3-13: region

A is the noise-dominated "precursor" region attributable primarily to thermal

noise in the receiver front -end, and code noise due to imbalance- in the

correlators" region B is the multipath-dominated signal region where noise is

o negligible; and regi',on C ýs the noise-dominated "tail" region where the

multipath signal disaý )ears into the noise.

Because the received signal. power associated %ith any par t icular

muliipath delay is contribtuted by scatt:ering from a. Taroe nyiumber of t.rees,

P (r k ) is an oxpane ntial.- aist IOtted randomi vwtrit 1 (lhe received voltage

SthnT! being RaF]e itgic dst -ibuted) . Elctiuat ions in f( r ) .ar for wide- ;ens;e

siationary tiime-vsr, ant riedia be reducCd by proi ile ;zvel:agi,'; fcr th,.-

time-i'nvar!ant forest. ch':,.al inas red on a sir ale pat! , profil aveaging

o,: c. •s. on ,L C o sinooth the noi se. - domi tirlt ed regiols, A and C wh ict" are of, I ittie

i3 t I riLis iC i [It resL ,-Id d es n]O[ r i ce C.p Cfl'ePl Ii e V b tIk? IV( r .

A l t-i ko u,, g, h t1,i - (, J ; .-. ql•J c o l ý t c o l .P il,, . d) ,•i l

lIl I I v 1Y. S 6 Ci:4U tO he 1( e) j Ii, oa lt: '- e iI f c t, ho ''a 1 . t. m it .1 I

. t If f ' j (_I ['I t 11 1, V I- d, io , 1,II' , tIIkSV o I- Il [ i' I I ! ', rt 11

Y l t y tP-1 ., @,4 -f;u"i Tmi- . zuuytms n 1!w2 fl-a" .(i - 1 ; -I I s
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[12] but rather only to its width or "spread." Perhaps the most universally

accepted and tractable measure of delay spread is the radius-of gyration

(square-root of the second-central-moment) defined by

T - mm -mm / m (33-3)
rog 2 0 1 1 0

where the moments mk are defined by

Sm = f Q(ý)dý X P(r ) (3-4)

0 0
T K

r X r kQ(P)d( k (3-5)
0 0

* K

M f Q(ý)dý X Z k P~ (3-6)
o 0

with the integrals being used with continuous analytic expressions for the

delay-spread function Q(ý) and the summations with sampled-data representa-

tions for the PTVIR P(r k). The mean delay (center-of-gravity) of the PTVIR is

given by

Tavg m1/m 0  (3-7)

SThe "leading edge" of the PTVIR where the received power first becomes

distinguishable from the background noise of the receiver will be denoted by

IT Exc.e's delay, the difference between T and T is
mlit avg min

S= T T - (3-8)
exc aVg mmi

StSi. 1.1 another measure of delay spread and bet ter suite d to the •on -

symmetric delny-spread functions measured in forests is

* '1*e i• r a"

Conputer p rogram MELVVIN, deve loped t 4o I cIIl a t eit lhe Iiloileti It lIt s

li:t'ed in Appeudix H. The :1goritlm tiponl wlticit MEIiVIN i!; ia.;i rot ;; of'

two parts:

&!t,111estol(i Dete l I ltdat ion - - i) vidt tile illl•lsitrl d 1kTVIR ill'o

four equal -dutra(i. ot l in te 1 lv i I s ['o r t'itc1). o t Iit, fowur f

i11( ,tri& I s c1 I T c 11 1te t t ,i l' , t %e 1 pore( - 1 1;i ll , t lit if i I ti )
("Ollse(c"1t ive gnp e• Sehlct-l tli ]o()W(*;I' t ,.O ' },{ of('W '-

tlhe fou r aind sti t a t. iret0-l to Id I y. e ive t i lti ( 1 Bi
above ) t-h i s noise power ,t ox r i?

0 ,r



Delay 'Lpread Calculation:.- -Determine the peak signal
power of the measured PTVIR. Begin the calculation of

the mom.nts (nmk) when a PTVIR sample reaches one-quarter
of that peak for first time. When the PTVIR drops below
half threshold for the first time, begin calculation of
the 10-sample average power, but re-initializir.g the
calculation if the signal rises above twice threchold.
Continue calculating the moments until two successive

10-sample averages are less than half threshold.

The highly complex and stochastic character of the experimental PTVIRs

has led to several algorithms in the search for consistent measures of delay

spread. For example, Cox [18] also used the radius-of-gyration measure but

rejected all responses 30 dB or more below the peak. The SRI [9] delay-spread

measure is based on the timev interval between the first and last crossing of a

threshold four (4) times above the average.

The delay-spread calculations are summarized in Tables 3-3 (Vertical

Polarization) and 3-4 (Horizontal Polarization) and grouped according to

ante na height (trunk or canopy), season (summer or autumn), path length (927,

471, and 361 feet), and frequency (451, 751, 121 and 1751 MHz). Column

headings,abbreviated for compactness, are as follows:

Tp/Fi Tape and File Numbers (SRI Archive)

Date Date of data acquistion

Range Transmitter/Receiver Antenna Separation

Ht Transmitter/Receiver Antenna Height

Ant Transmitter/Receiver Antenna Type:
L = log-periodic
0 - Omni-directional
Upper case - vertical polarization
Lower case - horizontal poiarizat ion

Channel Noise Est[mated noise power floor of the PTVIR
Nmin, ',sig (relative to peak power) aniid it, ; tan-

dard deviation (relative :o noi,;e '1(oor)

Delay Spread DelaV Spread Moteit:; (E i•; )d.le Ave,,iage)

'F Excess IDely [Eq. (3-8)

T Radik'.j -o.-o(GV litioll [[:q.r ( 3-
r wit

T [3ý lIay Sp!-("I o d [E . (3E -
5p

0 Statid,i•d Deviatin of T
1i- prp

Epi,:;ode 1ave rae and stn tuidaled dtuviat tito .• alt ,a) ji o'd ne-\ ( / PTIe t"0-7:ken

frotil ;tlccen;Sive dati set; ( refel to 1. ,itre 7-12) a ,l neparared itn tilte bv LO..

3 2i)



Table 3-2: Delay-Spread Calculations (Vertical Polarization)

[Coventry, Connecticut - 1987]

Channel Noise Delay Spread
Tp/Fi Date Range Ht Ant Freq T T T aNrnin Nsig ext ro~s • p~r

(ft) (ft) (MHz) (dB) (dBT -- -. nano 3-con5s .-..

------------------------ --------- Trunks (Summer) ------------------------------

T225FI 09/01 927 12 LL 451 -27.2 0.3 240 256 496 14
"F2 .... .. .. 751 -17.6 0.0 240 184 424 62

"F3 it. . . 1251 -14.3 0.8 -

"F4 .. If 1751 -10.4 0.7 -

""F6 471 12 " 451 -35.3 -0.5 44 60 104 10
"F7 It it 751 -34.3 -0.6 40 44 84 2
"F8 i. . .t 1251 -36.6 -0.9 32 44 76 4

T247F1 09/03 20 1.751 -33.4 0.2 24 36 60 4

------------------------------ --- Canopy (Summer) -------------------------------

T226F1 09/01 927 38 LO 651 .37.0 -0.2 20 48 68 2
"F2 It. . . 751 -31.7 -0.3 24 60 84 6
"F3 If 1251 -33.3 0.0 16 44 60 9" F4 .. 1. 1751 -16.0 -0.4 40 4e 84 38

.---------------------------------- Canopy (Autumn) ----.---------------------------

T264F5 11./09 . . OL 451 -40.0 -0.3 20 65 85 4
T273FI 11/10 if LL 451 -34.7 -0.1 20 52 72 2

" F5 It . . 451 -36.2 -0.3 28 60 88 2
T285F4 11/11 .. .. .. 451 -36.6 -0.2 28 56 84 8

I t F8 .. 451 -35.9 0.6 28 60 88 5

T264F6 11/09 .. . OL 699 -39.6 -0.3 16 48 64 4
T273F2 11/10 1.) Il 699 -38.6 -0.2 20 56 /6 2

T28..F 11/11 1, 699 -39.2 -0 .2 36 72 108 12

T26 F7 11/09 0 1L 121)] 23. / -0. 1 '11 136 25.2 59,

T26 )F1 1/09 1.51 - 15.4 -0.4 /6 68 144 4)

T2106Fi 11/11. 361 LiL 1251 -34.6 -1.0 ) 84 140 6
' Q5 ...... t t 125 1 .•0 ¼. I) t 72, , l(f4 "4

"F t.2 /5:, 1.1<7 0.rl2 ,/'2 98• i /'O

2 1.



Table 3-3: Delay-Spread Calculations ýHorizontal Polarization)

[Coventry, Connecticut - 198?]

Channel Noise Delay Spread
Tp/Fi Date Range Ht Ant Freq T T T - r

(ft) (ft) (MHz) (dD) (d E .. nano-:5econ s ---

----------- - -------- I.---------..-- Trunks (Summer) ------------------------------

T225F5 09/01 927 12 11 451 -36,2 -0.2 16 28 44 6
"F6 it. 751 -31.3 -0,1 24 48 72 18
"F7  if. 1.251 -.16.6 0.4 40 48 88 37
"F3 it it 1751 - 9.4 0.5 - - -

T2,7F2 09/03 471 20 H 451 -34.3 -0.4 24 24 44 0
" F3 If .. of 751 -34.6 0.0 20 32 52 4
" F4 t IF 1251 -38.1 -0.7 16 32 48 3
" F5 .. 1751 -25.1 -0.5 28 44 72 7

------- ------------------- Canopy (Summer) --------------------------------

T226F5 09/01 927 38 " 451 -35.2 -0.4 20 40 60 7
" F6 .. 751 -34.3 0.0 4 24 28 10
" F7 .. 1251 -38.2 0.1 4 1.6 20 5
" F8 it it. It 1751 -23.8 -0.7 12 28 40 12

--------------------------------.Canopy (Autumn) .................................

?'264FI 11/09 " 42 U 451 -36.6 -0 2 16 24 40 0
T265F2 if 38 " 451 -35.8 -0.3 12 32 44 8
r27;F3 11/10 t . .. 451 -36.9 -0,5 16 36 52 3
T285F6 11/11 .. . . 451. .37.9 0.1 16 36 52 8

TZ64F2 11/091) 42 " 699 -1i],,9 0.1 8 28 36 13
T265F3 I! 36 699 -41.5 C.0 8 36 4L- 2
T273F4 11/10 .. 699 -38.8 0.4 12 28 40 10
T2f.5F7 i1 /11 .. .. . 699 -40.5 -0.6 8 28 36 9

T264F3 11/09 '.42 4 121- -40 .2 -0._1 28 36 8
T'65F4 8. 8 1251 -39. 3 0.3 12 4, 56 6
T_86F3 11/11 1251 38. / 1 1 16 4( 56

'264F4 11/09 ,42 1/51 -33. -0.) 8 20 28
"-265F5 ... 38 " 1751 -25.9 -0.2 12 32 4" 13

f V86 Fli 11/11. 1 1 171 • 32 0.3 0 4

3 2:.



4.0 Conclusions

Before attemptirg to draw any meaningful conclusions from the delay

spread calculations of Tables 3-2 and 3-3, it seems prudent to consider first

the qualit7 (or significance) of the data. Two measures of data quality are

provided in the Tables by: the estimated channel (background) noise power

(Nmin) and the standard deviation of the delay spread (a ) A cursory
mi spr

review of the Tables quickly reveals the strong corralation between these

i* twa calculated variables: the higher the channel noise, the larger the

standard deviation. It is also apparent that the le.ast reliable data are

associated with vzrtical pol.arizacioa, high ftequencies and long ranges, and

so correlate directly with g-oater transaission losses a'-d smaller received

* signals associfatedi with these propagation conditions

4.1 Trunk-Dominant Measurements

Tables 3-2 and 3-3 clearly reveal that foi: the truwnk-dominant propagation

- the delay spread is greacer for vertical polarization thati for horizontal

pol.arization, although the difference appears to decrease wich increasing

fre.quency. The frequency dependence of che del ay spread depends upon the

polaL ;,ation: decreasing with increasing frequency for vwertical polarization,

and incieasing ,iili increasing frerquercy for horizontal polarizatikon For

both vertical and horizontal polarization, the delay spread increases t•,i

increasir.g-, path length. This i s i l-so appc-,:ent from Figure 4-l1 whi.ch provides

a comparison with South Pe-ry data -ýcquired previously [8 'i.gure 4ý.,.45]. The

Sdifferences in delay spread (g'reatest between 400 and 151 MHz) can be

attrribbuted co the dc, ffer-eit hiophysl.cal parametcers charact oiiziii i g the sitoes

['337 sstens/acre at South Perry ver's'us 769 stems/acre at Covewtryý 9.4 inchies

average t re E.-tuink dimzict. or at South Perr-y ves• •n, 4.6 inches -At Coventr

'
1

(1h r f ,coal fi r.r s t aiki S cold oiCor,,E'lt S of th1e do Lav !;prot1d [T and I' 1 I
Y X I ýc

respectivw• Iy] re-vealed by Filg .res 4-.,) d /- i centims rho seas -k-x1anont ii

doe ,onde rce predict-ed -' theoc'< [Eqoat i-jl ()- 11)]

W 1 1. 0 o I, ' p 10 1" :tI i.: 0 • I I ltl il:, ' c (ýýid i .,. 't', 1 i '11I t .• 'i I I, i I , a t I I IC. ým f o o11 tXI p 1) o1 -I I t 1 t is T1 1 V I5 I t

I- e lil k c l l 1 ( il t I f pS I I t t Vtt, I !.

Oilil ' o I- lo iso t Ii ()I t,

t I LI)['\ (l ' L 01'C 1 11"C' Z I(l, Cý l knt y I' 5 t " .1 .1 o ~ lý I 0;ll" [ S 'ob
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Trunks Coventry (Summer, 1987)
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dependent on frequency, if at all. Distance dependence cannot be inferred

from the limited data of the Tables. Figure 4-4 clearly reveals the delay-

spread function to be non-exponential since the second-central-moment Tl is

several times larger than the first-moment Tc . Especially surnrising is tli.

observation that for canopy-dominant propagation, delay spread seems to be

greater in winter when the traes are bare (no foliage) than in suminer. Rain,

snow and sleet seem to have no effect on delay spread.

0

0

0

0

20

0
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ftn77
$MSEG 5
$FILES (1, 1)

program tp6(,95)
ema bufi bufq ,power

* integer trimlen
characi-er*1600 string
integer bl(8192),b2(8192)
integer bufi(8192),bufqi"d1192) ,bufd,sorti(511),sortq(511)
real power(511,16)
integer ihard(28)

*C EPISODE SECTION
C INDEX IS CHANNEL

I NTEGER* 2
-LGODE(2), CODE LENGTH 255,51.1,1023,2047-0),1,2,3
-LBAND(2), BAND WIDTH H,M,L,CW-O,1.2,3
-LCYCL(2), CYCLES/SAMPLE 1,2,4,8-0,1,2,3

* -IPA(2), POWER AMP ASSIGNMENTS

REAL*4
IFREQ(2) , RCVR FREQ MHz

- .JFREQ(2) TX FREQ MHz

INTEER*2INDEX-I. FOR RECEIVE.R, =2 FOR TRANSMITTER

-IATYP(2), ANTENNA CODE:l-OMNI 2-VERTTCAL
.3=HORIZONTAL 4=RH

C 5=-LH (.RCVR ONIY)
*IALOC(2) =1 ANTENNA ON MAST, =2 ON ROOF,

C, REL,- 3 ON TRIPOD

-ADIR(2), ANTENNA DIRECTION
AHGIT(2) ANTENNA HEIGHT

EQUIVALENCE(IHiARD(I) , LCODE)
EQUIVALENCE (IHARD( 3), LBAND)

0 ~EQUIVALE ICE(IHARD(5) ,IFREQ)
EQUIVALENý,CE(IRARD(9),IPA)
EQUI'1ALENCE(IHARD(iI) ,JFREQ.)
EQTIribLENCE(IHARD(l5) , IATYP)
FEQUIVTALENC-E(IRARD(17) ADIR)
EQUI'vALENCE(IHARD(21.),AHCT)

0 EQrJTVALENCE(IHARD(25) ,LCYCL)
iQU IVALENC',E i HAARD ( 2 7), ~A ,C)

C THE REMAINING 4 WORDS ARE S;'ARES
equivalence (string, b?)
equivalenice (IH1ARD,B2(71_69))

('711k igbuf(bi13192)

call chpar

READO(7i ostat- jos, eL-rr900 , 1-n~~)2)b

0 L:N (10 f, I'I'-' TV IR. DAT'

WýPITE(IO 10 "RECEIVEPR FREQl - 'F-, RECE1 VEP, MI??
&"TRANSMITTER FPEQi l F )T RANSI'417TER FREQ2 -" , I-?'/. )

A



& IFREQ(1),IFREQ(2),JFREQ(1),JFREQ(2)

WRITE(1O,'("RX ANTENNA HEIGHT-",F7.2," RX ANTENNA DIRECTION-",F7.2,
&/"TX ANTENNA HEIGHT-",F7.2," TX ANTENNA DIRECTION-",F7.2)')
& AHGT(1),ADIR(1),ADIR(2),AHGT(2)

IF (IHARD(l) eq. 0) Write(10,'("Code length - 255")')
IF (IHARD(l) .eq. 1) Write(LO,'("Code length - 511")')
IF (IHARD(l) .eq. 2) Write(lO,'("Code length - 1023")')
IF (IHARD(1) eq. 3) Write(1O,'("Code length = 2047")')

if (ihard(3) eq. 0) write(lO,'("Bandwidth = 250 MY)'z")
if (ihard(3) eq. 1) write(l0,'("Bandwidth = 125 MHz")')
if (ihard(3) eq. 2) write(lO,'("Bandwidth - 50 MHz")')
if (ihard(3) eq. 3) write(lO,'("Bandwidth = 0 MHz")')
DO III = ,2

if (iii .eq. 1) then
if (ihard(14+iii) eq. 1) then

write (]0,'("RX antenna type - Omni")')
else

if (ihard(14+iii) eq. 2) then
write (l0,'("RX antennatype - Vertical";)
else

if (ihard(14+iii) .eq. 3) then
write (10,'("RX antenna type - Horizontal")')
else

if (ihard(14+iii) eq. 4) then
write (10'("RX antenna type - R-C")')
else

if (ihard(14+iii) .eq. 5) then
write (l0,'("RX antenna type = LHC")')
end if

end if
end if

end if
end if

else
if (ihard(14+iii) eq. 1) then

write (i0,'("TX antenna type = Omni")')
else

if (ihard(14+iii) eq. 2) then
write (10,' ("TX antenna type - Vertical")')
else

if (ihard(14+iii) eq. 3) then
write (10,' ("TX antenna type - Horizontal")')
else

if (ihard(14+iii) eq. 4) then
write (10,' ("TX antenna Lype - PAC")')
end if

end if
end if

end if
END IF

END DO

DO ircvr 1 1,2 Do for both receivers

do iset- 1,16 1 each set has 8 sweeps that will be aver-aged

DO 10 J-l,4 J - channel. no,
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iff( j .eq. 1 ) then
READ(7.iostat-ios,err-900,end-950) (bufi(k),k-1,8192)
READ(7,iostat-ios,err-900,end-950) (bufq(k),k=-l,8192)

*iloc 6 *10 2 4

DO it =1,511

sorti(it) - bufi(it + iloc)
sortq(it) - bufq(it + iloc)

End do !end it
call shell sort(sorti,511)

* call shell-sort(sortq,511)
javi - sorti(256)
iavq - sortq(256)

c !end DO Bias determination

do m -1, 511

1 (lotbfim-ilc) fotiai)**.
2 ((float(bufq(m+ iloc))- float(iavq)))**2.O

if( x gt. 0.0 )then
power(m,iset) - l0.0*ALOG1O(x)

else
power(m,iset) --~99.

end if
end do !m

elsze
read(7) bufd
read(7) bufd

end if
10 cont-,inue

END DO iset do loop

* do 20 i-1,511.
20 ,rit-e~IO,'(iI,16f7,2)') i,(powerI~i,iset),iset.K-I,16)

END DC !ircvr do loop

ISTOP -LEINC'TH/8O

*DO PS -1.,SO
'writ~e( IC)' (,'18/)') striiigý (Is-l ,~ *80,-1 1>,80)

END DO
IF(IStOP*80 .LT. LENGTH) write(lO, (A80/1))

* close(IO)

,()() wr ice ( 1, ,Error or, read nIo. i4)' ) os

s to p
S) wrj-t&( 1, ('ECIF oi re-id' ) )



[This page intentionally left blank]

A - I



APPENDIX L:

*: IIPROGRAM TRNJSFR

•0



[This page intentionally left blank]



C2 3467

C
* PROGRAM TRNSFR
C THIS PROGRAM READS CECOM ASCII FILES FROM TAPE, PARTITIONS THEM,
C AND RE-WRITES THEM ON DISK
C

CHARAGTER.*i09 TXT
DIMENSION PWR(511,16)

* 5 FOFLMAT(109A.)

10 i'ORKAT(5X,16F7.2)
11 FORKAT(8F7.2)

C
DO 1.00 I-1 To 48

READ(l0,5) TXT
WRITE(6,5) TXT [Display Header on Screen]

100 WRITE(11,5) TXT
C

DO 300 J-1,511
300 READ(10,1O) (PWR(J,K), K-1,16)

DO 400 J-1,,ill
1400 WJRITE(12,11) (PWR(J,K), K-1i,8) [TVlRs 1-8, RCVR 1]

DO 401 J-1, 511
Z401 WRITE(14,11) (PtJR(J,Y), K-1,8) [TVIRs 1-8, RCVR 2]

C
STOP
END

TRNSFR EXEC *
DO I1 I TO 8

J 2*I1-1
* FILEDEF KEVINI TAPI. NL' J

'FILEDEF SEVINi DISK TEST FITLE B'
'MOVEFILE K1EVINI. SEVINI ' [Traxm ters file trom t:ipe tFo diýk

A:SCTOEB(; TEST FI LE B TFST11 EBC, B' ýConverts t 1 1e from ASC'kl to E 1.CD I C
f'ILEDEF 10 DISK TEST EBC ?,'
'FILEDEF 11 DISK' 'F' I!I 'iDR' 'DATA B ( LPFLCI. 109' [Fiil Ho1ea~1el
'* 'I FDFF 12 D ISK' 'F' [IlI 'A 'DATA 11' 1 TVIRS 1-8, P CVR 1
~;F!LD L:3 D)ISK' F' Ill I 'B''DATA B' ITVIRs 1,luR
'FI .EDEF 13 DI SK' 'F' jil 'C' 'DATrA B' ýPTVJIRs 1 -8, 12CViLB-
FILDF 1.- DI / )1SK' 'F' l I ' D' 'DATA B' IPTVIRs I)-L0, RCVR21

'FORTGO TRINSFR ' Lxct Forti-aii Progiram TPNSF Rý
'APE :L w* :N
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A.0 1BCKtJP - On Blu~e ? - 3/155/90
20
'30 OPTION BASE l
40 DIM Suf$(.3) fS]

* 0 DATA ~EP A C
60 REA[D Suf$(*)
70 FOR 1:=1 "1'O 4

SO FOR J=J TO 3
90 Sor$="F"'&VAL!ý lI)&Suf$(J)
.1 00 Srxr$-S'or$ [J , 10o]

*110 FDo~s$=llT226F"YVAL,$(I MOD 9))&Suf$ (J)
120 Des$=Des$[i,7'&"All
I~ PRINT Sor$, " " , Des$
140 COP\. Sor$&":tfP8290X,700,011 TO Des$&":CS80,705"1
15 30 NEXT' J
160 PRINT

*17 0 i'1}SXT I
180 --ND

03
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10 KELVIN - On Blue #?? - 3/7/90
20
30 This Program Reads an ITS ASCII Data vile From Disc, Rewrites It
40 as a STAT Package-Compatible BDAT Data File on disc, and produces
50 Summary Data Sheets. [Delay Spread is not calculated.]r, 0
70 OPTION BASE 2
80 REAL Sc(20)
90 DIM T$[80],Vn$(50) [i0j,Sn$(20) [10]
100 DIM A$(50)[74],B$(513)[74],Y(8,511),Tp$(6)[4],Rc$(4)[2]
110 DATA "T247","T226","T225","T273"-"T264","T285"

1 120 DATA "RI","R3","R2","R4"
130 READ Tp$(A),Rc$(*)
140 C=l
150 INPUT "ENTER the number of the file to be copied",C
160 Cc=C MOD 8
170 Tc=C DIV 8+1

* 180 PRINT CHR$(12)
190 PRINT
200 PRINT
210 MASS STORAGE IS ":HP82901,700,0"
220 ! Reading the Header
230 C$="F"&VAL$(C)&"HDRA_ "

* 240 ASSIGN @Inpath TO C$
250 ENTER @Inpath;A$(*)
260 GOSUB 610
270 ASSIGN @Inpath TO *
230 INPUT "Do you want to store this data on disc? [Yes=l No=0]",Yn
290 IF Yn=0 THEN 1410

-300 PRINT CHR$(12)
310
320 FOR L=I TO 4 STEP 2 Set STEP to 1 to get all 16 TVIRs
330 C$="F"&VAL$(C)&CHR$(64+L)&"A "

"340 C$=C$[1,10]
350 F$=Tp$(Tc)&"F"&VAL$(Cc)&Rc$(L)
360 DISP "Reading ASCII Data File "&C$
370 ASSIGN @Inpath TO C$
380 ENTER @Inpath;B$(*)
390 DISP "Processing ASCII Data from File "&C$
400 FOR J=3 TO 513
410 FOR K=1 TO Nv
420 Y(K J-2)=10.0' (VAL(B$(J)[7*K-4,7*K+2])/]0)
430 NEXT K
440 NEXT J
450 ASSIGN @Inpath TO *
460 Write First Record to Disc
470 DISP "Writing Header on Disc"
480 MASS STORAGE IS ":HP8290X,700,1"

S490 CREATE BDAT F$,INT((8*Nv*No)/1280)+3,1280
500 ASSIGN @Filel TO F$
510 OUTPUT @Filel;T$,No,aIv,Vn$(*),Ns,Sn$(*),Sc(*)
520 ! Write TVIRs (1-8) on Disc
530 DISP "Writing PTVIRs to Disc - "&F$
540 OUTPUT @Filel,2

* 550 OUTPUT @Filel;Y(*)
560 ASSIGN @Filel TO *
570 MASS STORAGE IS ":HP8290X,700,0"
580 DISP "

590 NEXT L
600 GOTO 1410

0D



610 Constructing the Header
6320 DATA "PTVIRI", "PTVIR2", "PTVIR3", "PTVIR4", "PTVIR5", "PTVIR6",
630 DATA "PTVIR7"',"IPrrVIR8Ie I?"g,"l?","l?"~,"l?II" I ?P

640 FOR 1t=1 TO 15
650 READ Vn$(I)
660 NEXT I
670 Vn$(12)=A$(3) £60,65]&" 87"1 Year must be changed manually
680 Vn$ (16) =VAL$ (L)
690 Vn$(17)=TRIM$(AS(47)fjPOS(A$(47),"Code length =")+14;5])
700 Vn$(18)=TRIM$(A$(48)LPOS(A$(48),"Bandwidth ="1+14;4])
710 Vn$(19)=TRIM$(A$(43)[POS(A$(43),"FREQI =")+7;7])
720 Vn$(20)=TRIM$(A$(50)[POS(A$(50),"TX antenna type =")±19;1])4

730 Vn$(21)=" 11
740 Vn$(22)=TRIM$(A$(46)EPOS(A$(46),"TX ANTENNA DIRECTION=vI)*21;7])
750 Vn$(23)=TRIM$(A$(46)rPOS(A$(46),"TX ANTENNA HEIGHT=")±18;7])
760 Vn$(24)=TRIM$(A$(49)[POS(A$(49),"RX antenna type ")1;]
770 Vn$(25)=" 1
780 Vn$(26)=TRIM$(A$(45) [POS(A$(45) ,"RX ANTENNA DIRECTION-"1>21;7])
790 Vn$(27)=TRIM$(A$(45) [POS(A$(45),"RX ANTENNA HEIGHT=")+lE;7])
300 Bw=VAL(Vn$(18))
310 Nv=8
820 No=VAL(Vn$(17))
830 Ns=0
340 Fl$=Tp$(Tc)&"F"&VAL$(Cc)6
850 T$="Tape&File: "&F1$&" Date: "&Vn$(12) &" Time: "&Vn$(13) &" Experiment.

860 DISP "
870 DIASS STORAGE IS ":HP8290X,700,0"1
880 Printo=0
890 PRINT TAB(31),"WPMS File Description"'
900 PRINT
910 PRINT TAB(7),T$
920 PRINT
930 PRINT
940 PRINT
950 PRINT TAB(10) ,"Charnnel: "&Vn$(16)
960 PRINT
970 PRINT TAB(10),"Code Length: "&Vn$(17)&" Chips"'
980 PRINT
990 PRINT TAB(10) ,"Bandwidth: "&Vn$(18)&" MHz''
1000 PRINT
1010 PRINT TAB(10),"Carrier Frequency: "&Vn$(19)&" MHz"'0
1020 PRINT
1030 PRINT TAB(7I0) ,"Transmitting Antenna:"'
1040 PRINT
1050 PRINT TAB(I.8) ,"Type: "&Vn$(20)
1060 PRINT TAB(18) ,"Location: "&Vn$(21)
1070 PRINT TAB(18) ,"Direction: "&Vn$(22)&" Degrees"'
1080 PRINT TAB(18),"Height: "&Vn$(23)&" ft''
1090 PRINT
1100 PRINT TAB(10),"Receiving Antenna:"
1110 PRINT
1120 PRINT TAB(18),"Type: "&Vn$(24)
11L3n PRINT TAB(I8),"Location: "&Vn$(25)
11L40 PRINT TAB(l8) , 'irection: "&Vri$(26) &" Degrees''
1150 PRINT TAB(18),"Height: "&VnS(27)&" ft''
1160 PRINT
1170 PRINT TAB(10),"Path Loss:"'
1180 PRINT
1190 PRINT TAB(18) "Derived from WRSL: "&Vn$(30)&" d~m"
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1200 PRINT TAB(18),'"Derived from PTVIR: "&Vn$(31)&" dBm"
1210 PRINT
1220 PRINT TAB(10) ,"Received Power:"
1230 PRINT
1240 PRINT TAB(18) ,"Wideband: "&Vn$(32)&" dBm"

* 1250 PRINT TAB(18),,"Narrowband: "&Vn$(33)&" dBm"
1260 PRINT TAB(18) ,'"PTVIR: "&Vn$(34)&" dBm"
1270 PRINT
1280 PRINT TAB(10),"Transmitted Power (EIRP): "&Vn$(35)&" dBm"
1290 PRINT
1300 IF (Printo=1) THEN GOTO Final

S1310 INPUT "Do You Want This Information on Hard Copy? [Yes=1 No=0]",Pyn
1320 IF (Pyn=0) THEN GOTO Final
1330 PRINTER IS 9
1340 PRINT CHR$(13)
1350 Printo=1
1360 GOTO 890

S1370 Final:IF (Printo=0) THEN GOTO 1400
1380 PRINT CHR$(12)
1390 PRINTER IS 1
1400 RETURN
1410 END

0D
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10 MELVIN on Blue #?? - 3/12/90
2 0
30 This Program Reads SRI BDAT Data Files front Disc, Calculates
40 the Delay Spreads (second central moments) using the Altman
50 Algorithm (CyberCom Technical Report CTR-17-01, Section 4.3.3),

S60 and produces Summary Data. Sheets (op. cit., Table 4-4).
70
80 OPTION BASE 1
90 INTEGER Pl,Pp(4),Dp,P,Q,Rf
100 REAL Sc(20)
110 DIM T$[80J,Vn$(50)[101,Sn$(20)[10],Nn(20),Titlel$[80],Title2$[80]

* 120 F$="T225F6R1"
130 ASSIGN @Path TO F$
140 ENTER @Path;T$,No,Nv,Vn$(*),Ns,Sn$(*)LSc(*)
150 Cf=I000/VAL(Vn$(lB)) I Sample interval in nanoseconds
160 Nc=C
170 1 Noise Window Definition

S180 DATA 12,40,5
190 READ Pl,Dp,Fac
200 !INPUT "Noise-Window Start and Width (in Samples)?",Pi,Dp
210 !INPUT "Threshold/Noise = ? [Default = 5]",Fac
220 Pp(l)=PI ! Location of first noise window
230 FOR J=2 TO 4

*240 Pp(J)=Pp(J-i)+INT(No/4) ! Location of subsequent noise windows
250 NEXT J
260
270 ENTER @Path,2
280 ALLOCATE Z(No)
290 ALLOCATE Pkl(Nv) ,Av4(Nv) ,Sig(Nv) ,Sprd(Nv)

* 300 PRINT TAB(11),"PTVIR Nmin Nsig Start Mean Sigma Spr',ad
if

310 FOR Typ=1 TO Nv I PTVIR loop
"320 Read PTWIRs from Disc
330 ENTEIR @Path;Z(*)
340 MAT SEARCH Z(*) ,LOC MAX;P k
3:50 Zpk=Z(Pk)'
360 Inc=INT((No+1)/8)
370 Rf=Pk-Pk MOD fnc+i-rnc
330 IF Rf=l THEN 440
390 ALLOCATE Zt(No) i Shiftts PTVIR
•00 MAT Zt Z
410 I.iAT Z(I.No-Rf+!)= Zti(Rf:No)
.420 MAT Z(No-Rft2:No)= Z' t(1:Rf-1)
430 DEALLOCATE Zt(*)
440 1 Finding rms noise within the windows
450 DATA 0,0,0,I,1,i0C000
460 RESTORE ,150
a70 READ So, SI, $2, P]-, Flaq, Nmin
430 FOR P'l TO No
490 IF Z (Pk) <Z (P) THEN Pk=P I Locates location atf PTVTI max.
500 17 Ftac=5 THEN 670
510 IF P<Pp(Flaq) THEN 670 Rejects non-window noi..-.; sampl.es
520 S0=SC+I-

s, - 14Z (F)
.. '. S 2+Z (p)*Z (P)

1.50 IF P>PT(Flaq)+Dp THEN
-" 5(50 N(F1ag) =INT (SIIS0)
570 Mm=SO*S2-SI*S...
580 .1- N (Fla) <Nm in THEN

9 0=Flag

L - -_ _ _-_ _ _ __



600 Nmin=N(Flag)
•10 Nsig=INT(SQR(Mm)/SO)
620 END IF
630 RESTORE 450 ! Re-initialize momerts
640 READ S0,S1,S2
650 Flag=Flag+l ! Identify next window
660 END IF
670 NEXT P
680 GOSUB 2030
690 GOTO 720
700 INPUT "Retain for Delay-Spread Calculation? [Yes=1 No=0]",Yn
'710 IF Yn=0 THEN 1330
72C Nc=Nc+1
730 ! Calculation of Delay Spread
740 RESTORE 450
750 READ SIS2,S3
76j PERETORE 450
770 READ Flg,Fig,Fcq
780 S4=0
790 Jj=l
800 P2=1
810 Ct=10
820 Th=Fac*Nmin
830 FOR li:,L TO 10
840 Nn(K) =0
850 NEXT I
8C0 FOR Q=1 TO No
370 P=Q
880 IF Fog=l ThEN 1.250
890 I' Flg=l THEN 960
900 IY Z(P)>Zpk/4 THEN . S arts Integration
910 Flg=l
920 Pký (Typ)-P
930 'LSE
940 GOTO 1260
950 END IF
960 IF Fig=1 THEN 990
970 IF Z(P)<.5*Th THEN
980 Fig=l
990 IF Z(P)>2*Th THEN
1000 Jj=1
1010 Fig=o
10,20 S11=0
1.030 P2=-.
1040 GOTO 1200
1050 END IF'
1060 P2=P2 +-
1070 SU=SU+Z(P)
1080 IF F2>Ct THEN
I ()9<', N ,r (J J) t = l/ C t

1100 IF Jj1! THEN 1160 %ND. THEN•11.10 IF Nn(]j)K.5*Th \ND Nnl Jj-- !) '•Th THEN

1120 PendcP
1. 1 3 0 Fog= 1
1140 GOTO 1240
1150 END IF

S16 oJ =j J j + I

¶ 1 0~[] a,1 P2O

1190 END IF
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2,200 END I]:
1210 S1=SI-t 7 (P)
1220 S2=S2+' (P) *Q
1230 S3=S3+Z(P)*Q*Q
1240 IF Z(P)<Fac*Th AND Fog=1 THEN 1260

@1250 S4=S4+Z(P)
*1.260 NEXT Q
1270 Avg (Typ) =S2/S1
1280 IF Pk<Mid THEN 1:300
1290 Avq(Typ)=Avg(Typ)+Mid
1300 Sig(Typ)=SQR(S3*Sl-S2*S2)/S1

@1310 Sprd(Typ)=INT(Avg(Typ)-Pkl(Typ)+Sig(Typ))
1320 PRINT USING Frmtl;Typ,Nmnin,Nsig,Pkl(Typ) ,Avg(Typ) ,Sig(Typ) ,Sprd(Typ)
1330 NEXT Typ ! Next PTVIR
1340 FrmitI:IMAGE 11X,DD,2(4X,DDDDD) ,4(5X,DDDD)
1350 Strt=SUM(Pkl)/Nc
1360 Dspr=SUM(Sprd)/Nc

O 1370 PRINT USING Frmt2;Strt,Dspr
1380 Frmt2:IMAGE 8X,"Averages",20X,DDDD,23X,DDDD
1390 WAIT 2.5
1.400
1410 ASSIGN @Path TO *

1420 DISP ""
* 1430 GRAPHICS OFF

1440 GOSUB 1540
1 4 50 INPUT "Do you ý4,nt a '>ard copy? [Yes=1 or No=0]11,Yn
1460 PRINT CHR$(12)
1470 GRAPHICS ON
1480 IF Yn=G THEN 2220
1490 PR.TNTEP, IS 9
1500 GOSUB 1540
j,510 PRINT CHR$(12)
1520 FRINTER IS 1
1.530 1O'j 2220
1543 Print File Description
]550 PRINT TAB(31,',"WPMS File Description"
1560 PRINNT
1570 PRINT TAB(10) ,Title2$
1580 PRINT
1590 PRINT TAB (1 0) , "Vhanne -: "& F$[8, 3
16C0 PRINT
1610 PR:I1" !AB( 2 "Codte Length: "&Vn$ (17) &" Chips"
1620 PRIN'"
10-0 PRINT '1 ) ,.'rjdwidtzh "&Vn$ (1•-) &' Mu"
1640 PRINT
1650 PRINT TAB(10) "Carrier Frequency: "&Vn$(1')&" IHV'"
1660 PRINT

- 1670 PRINT TAB (1 U) , "Tr.,-nsmitt. rng Antenna:"
1680 PR I N T
1690 PRINT '1.B (1B ), "Type: "&Vnc ( 20)
1700 P.RINT T, rAP 181 , LO•Lt i0T. "&Vn$(2)

1.710 ofRINT TAB 18) ,'DirectIor: "&Vn$(2") &' Degrees'
1"720 PRIINT TAAB 1,)3 , "Heiqht I'& K (23) &" 't.'"

1. 7 ) P ,INT",
.. 7N P' lAb .1:)) ' eruiv v 'v1  Ant,:nnt

1750 PRINT
1760 PRINT PAB 18 , 'T'pe "&Vn $ (11T2pe:
177 0 PRINT TAB (18) ,"LocAtio : "Di &VD$ 25)
1'780 PRINT "AB (18 , '3rect i.on: )&VnS( ?(, &" !qel :"
1.790 P R1.F IV T.B 18) ,"height: "&Vn (T27)&" tt."

El

-



1800 PRINT
1810 PRINT TAB(10),,"Path Loss:"
2.820 PRINT
1830 PRINT TAB(18),"Derived from :4RSL: "&Vn$(30)&" dBm"
1840 PRINT TAB(18),"Derived from PTVIP: "&Vn$(31)&" dBm"
1850 PRINT
1860 PRINT TAB(10),"Received Power:"
1870 PRINT
18E0 PRINT TAB(18) ,"Wideband: "&Vn$(32) &" dBin"
1890 PRINT TAB(18) ,"Narrowband: "&Vn$(33)&" dBm"
1900 PRINT TAJ(18) ,"PTVIR: "&Vn$(34) &" dBm"
'.910 PRINT
1920 PRINT TAB(10),"Transmitted Power (EIRP): "&Vn$(35) &" dBm"
1930 PRINT
1940 PRINT TAB(10) ,"Delay-Spread Calculations:"
1950 PRINT
1960 Cf=l
1970 !PRINT USINC- Frmt4;Avg*Cf,Dspr*Cf
1980 PRINT USING Frmt5;Strt;Cf,Dspr*Cf
- 990 FrmtA'iDIAGE 17X,"Delay: Average = ",4D," Std.Dev. = ",4D," ns"
2000 Frmt5:1MAGE 24X,"Minimum = ',40," Spread - ",4D," ns"
2010 PRINT
2020 RETURN
2030 Plotting of Delay Spread Function
2040 Frst=l
2050 Lst=No+1
2060 Titlel$=" " "Delay-Spread Function"
2070 Title2$=T$ [i POS (T$, "Date") 414]
2080 Crt-0
2090 CALL Plot_pnts(Z(*) ,Frst,Lst,Titlel$,Title2$,Cf,Crt)
2100 GOTO 2210
2110 !GRAPHICS OFF
2120 INPUT "Do you want to use the plotter? [Yes=!, No=0]",Ans
2130 IF Ans=0 THEN 2170
2140 Crt=1
2150 INPUT "When the plotter is ready pres!ý ENT2R",Ans
2160 GOTO 200
217C" !'INPUT "Do you want to plot a sub-set or quit? [SuL-set=l, Quit=0]",Ans
2180 !IF Ans=O THEN 1530
2190 !INPUT "Eý,ter the first and last poinits to be plotted,. ":Frst,Lst
2200 !GOTO 2930
2210 RETURN
2220 END.
2230
2240 SUB Plot prts(Lrray(*),First pntLast pnt,Yain title$,SRef title$, Samp int,
Crt,OPTIONAL 03)
2250
"2260 Array(*) CONTAINS T-is IFO[NTS TO BE PLOYTETE
2270

2280 DIM Dummy$[80]
2290 !DISP "GxAph Title: [80 Char Max, DEFAULT-"&Main title$&" ";

2 30 ! LINPUT Dununy$
23 10 !If' Dummi$<>""" THEN Main title$=Dummy$
2320 Labql :Answ.r$•- B:
23 30 !INPUT "Ba•7 (B) or Line (L) Gr(aph (0DEFAULT71B) " ,Answers

2 340 !IF A swer$<>"B" AND Answef$<>"L" THEN Labql
2 St1in=First _pnt2360 Si. -Last r.nt

2 3 0 F, , rP ni X -

ý370 r.5SP "PIaot samples between Smi, Smax D.FAULTS F First pnrID " "n;Lastt pnt
") ] ; . LEAR

E -6



2380 !INPUT SminSmax
2390 !IF Sinax<Smin THEN 3110
2400 !First pnt=Smin
241.0 !Last pnt=Smax
2420 GINIT

*2430 IF Crt THEN PLOTT'ER IS 703,"HPGL"
2440 GRAPHICS ON
2450 Xr=.7 ! Reduced from .8
2460 Yr=.5 ! Reduced trom .8
2470 Cr=Xr
2480 IF Xr>l THEN Cr=1

@2490 CSIZE 4*Cr,.6
2500 LORG 5
2510 LDIR 0
2520 PEN 1
2530 ON ERROR GOTO Skipl
2540 VIEWPORT 18*Xr+15,131*Xr+15,91*Yr+10,92*Yr+10! SET UP AXES
2550 WINDOW 0,8,0,1
2560 AXES 1,0,0,0
2570 VIEWPORT 18*Xr+15,131*Xr+15,25*Yr+10,26*Yr+lO
2580 WINDOW 0,8,1,0
2590 AXES 1,0,0,0
2600 VIEWPORT 16*Xr+1.5,17*Xr+15,27*Yri-lO ,9.-0*Y•+10

@0 2610 WINDOW 1,0,0,1
2620 AXES 0,.1,0,0
2630 VIEWPORT 132*Xr+15,133*Xr+15,27"'Yr+lO,90*Yr+10
2640 WINDOW 0,1,0,1
2650 AXES 0,.1,0,0
2660 VIEWPORT 4*Xr+15,15*•r+15,26*Y>t.10,91*Yr+10

* 2670 WINDOW 0,1,-.J2,1.02
2680 CLIP OFF
2690 FOR 1=1 TO 0 STEP -. 2
2700 MOVE .5,1
2710 LABEL USING Imagel;I
2720 Imagel:IMAGE MD.D
S2730 NEXT I

2740 VIEWPORT 18*Xr+15,13).*XrtP.5,92*Yr+10.97*Yr+10
2750 WINDOW 0,1,0,1
2760 MOVE 0,..5
2770 LORG 2
2780 LABEL Ref titlo$[i,191

* 2790 LORC 0
2800 MOVE 1,.5
2810 LABEL Ref title$[20,34]
2820 VIEWPORT O*Xri-15,4*Xr+15,26*Yr+10,91*Yr7+i0
2830 WINDOW 0,1,0,1
2840 CLIP OFF

S2850 LDIR PI/2
2860 MOVE .5,.5
2870 LORG 5
2880 LABEL "Normalized Power"
2890 LDIR 0
2900 VIEWPORT 18"Xr*15, 13111.0 . 2 r 0

* 2910 WINDOW 0,1 , 0, 1
2920 MOVE 0,.5
2930 LORG 2
2940 LABEL VAL$ (First pnt)
2950 MOVE 1., .
.1960 LOPG 8
29*70 LABEL VAL,$(Last r-nt)



2930 MOVE .5,.5
2990 LORG 5
3000 LAB3EL "Sample-'"
3010 Inage2: IMAGE DDDU!)
3020 LORG 2
30.30 VIEWPORT 18*Xri.2.5,131-.Xr+15j5,0*Yr+10O,16*Yr+10
3040 WINDOW 0,1,0,1
3050 MOVE 0,.5
3060 1Jnit*= 5'nsec15
3070 LABEL USING Imaqe4;Samp_-int,Uniit$
3080 Ixmage4:IMAGE 11 Sample Interval: t ',MD.3DE,lX,.k
:3090 Ymax=0 1DETERMINE Ymay
3100 PE~NUP
311C FOR I=First _pr~t TO Last__pnt-i
3120 IF ABS (Array(I) )>Ymax THEN Ymax=AES(Array(I))
3130 NEXT I
3140 VIEWFC)RT 18*xXr+15,131*Xr+15,14*Yr+10,20*Yr410
3150 WINDOW 0,1,0,1
3160 MOVE 0,ý5
32.70 LABEL USING Image3;Ymax
3180 Irnac~e3:IIMAGE "1 Maximum Power: ",MD.3DESZZ," (1)

3190 VIEWPORT 18*Xr+15,131*Xr+15,27*Yr+10,90*Yr-U0
3200 IF Ymax<>0 THEN WINDOW First prtt,Last~pt0Ya

3210 IF' Ymax=0 THEN WINDOW First_pnt,Last_.pnt,-1,1
3220 PLOT POINT3
3230 MOVE First_pnt,0
3240 DRAW Last_pnt-,0
3250 IF Answer$=1"B" THEN MOVE Smi~n,0
3260 IF Answer$="L",1 THEN MOVE Smin,Array(Srnin)
3270 FOR I=Smqin TO Smax-1
3280 IF An-swer$="1B" THEN
3290 MOVE 1,0
3300 IF AB'S (Array(I),/Ymax)<.01 THEN GOTO 3350
3310 DRAW I,Array(I)
3320 ELSE
3330 DRAW I,Array(I)
3340 END IF
3350 NEXT I
3360 IF Srnin-First prnt THEN 3400
3370 LTNE TYP~E 5,2
3381) MO2'E Smin, -Yiax
3390 DRAW Smin, +Yrnax
3400 IF Smax=Last. p~nt TiEN 3440
3410 LT.NF TYPE 5,2
3420 MOVE Smax,-Yxnax
3430 DRAW Sxr'ax, +Ymtx
3 4 0 LINE TY+ZE 1
3450 V1IEWPORT3*r1,4*r.f,0*r1:I*ri3
3460 WINDOW 0,1,0,1,
3470 OSIZE 5*(.r, .6
3A4 8 0 LORG 5
;,l4,,0 M( 'VE .5,.
3-500 LABEL ai ite
3 5 i0 k-LEN (TR LM$ (Mainr title$) ) /2
3,52 .0 MOVE 5' ( 6,,rQ* Cr)' (114,Kr) 4-X,1."

3 53 G !DRW 5 4- 6 * 5 * C (I , A* ~Xr) *' 0,
S5 4 0 skirKL:01FF ERROR
35-50 PENUIP

3560 :)EN 0
ON ERP0O2 G;ore :-uLterdj



0560 ,)I~=Yxax
3590 Subend;SUJ3END


