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A NOVEL FORMULA FOR VHF/UHF PROPAGATION LOSS.FOR LAND
MOBILE COMMUNICATION IN RURAL TERRAIN

The simplified analysis of ground-wave propagation /called "uni-
fied analysis"/ in the 2 - 200 MHz frequency band was outlined by Prof.
Wojnar and this author at the Third and Fourth Wrockaw Symposia. The
basic transmission loss /evaluated over the smooth, spherical earth
within the adequate distance range/ changes proportionally to the dis-
tance raised to the fourth power. Multiple experiments have shown that
this fourth-power-law is valid for frequencies up to approximately
500 + 1000 MHz. It is, however, necessary to introduce corrections
allowing for sphericity of earth and for dissipation due to terrain
irregularity. '

= .
1. X novel approach

Approximate methods published so far assessed the scattering due
to terrain morphology by introducing additional loss factors, propor-
tional to frequency-squared /i.e. Egli I1I, Saxton I2I and AFAM-subur-
ban models/. Besides, more complicated computer methods were submitted.
These methods /viz. CCIR A,B I4I and Durkin I5I methods/ account for
many various propagation parameters. The complexity of computer methods
restricts their use to precise engineering calculations.
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Rapid assessment of propagation loss /in a single radio link/
cannot be obtained this way. In order to approach a simple solution,
let us return to the formulas originating from the unified analysis
16,7,8I. Assume that the ground-wave propagation mode exists /in pure
form/ if IOI

2/3
hy,r € 0K /1/

where

ht,r - actual height of the transmitting/receiving antenna [m]

& - the wavelenzth [m]

The ground-wave path between antennas exhibits basic /median/

transmission loss I7I equal to /in practical units/:
“
L, = 120 + 40 log d - 20™%og h b, [aB] /2/

where

d - the distance between antennas [kﬁ]

h, , = Jhg st hg ,- the corrected elevation of the transmitting/
’ ’
receiving antenna'ﬁm]

and h_ - the apparent elevation of antennas [m]; see 16,8,101.

Morphology and the curvature of the earth are responsible the
additional transmission loss. If the frenuency is raised the effects
of irregularities in the terrain and the sphericity of earth are rela-
tively more and more pronounced. The basic transmission loss Lb should
then be supplemented by two correction factors ALe and ALp, so that
first order estimate of the total loss I. is riven by ‘

L= Iy +8L, +8L, /3/
where

.AIb/f,d/ - additional loss factor accounfing for the curvature

of the earth
ALp/f/ - additional loss factor accounting for terrain morpho-

logy
Specifically, two novel expressioas are here nroposed to evaluate the
correction factors:

AT, = 2,1-107-a72.£1/2  [a5] /4/
AL, = 10 log £ - 20 [aB] /5/
where d[km}, f[MHz] .

The range of validity for /%/ way be assessed as

dnin €€ gy = 453gy > [m] 16/
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where dmin is lower limit of the basic zone in ground-wave propagation,
see I101.

Expression /4/ is not restricted as far as the frequency range is
concerned. The analysis of experimental data permits us to contend that
essential increment of transmission loss /accounting for real morpholo-
gy of rural and suburban terrain/ above 100 MHz has been observed.
Practically, in land mobile radiocommunication for the majority of type
mobile~to-mobile and base-to-mobile radio links utilizing the frequen-
cies below 100 MHz and low antennas, the additional loss factor may be
omitted. In the range between 100 - 600 MHz it is necessary to use both
correction factors.

’ It was tacitly assumed that the difference between 10% and 90%
terrain contours over propagation paths does not exceed the value of
terrain irrecsularity Ah = 15m /tyﬁical rural or suburban area/.

2. Validzation of the novel method

The novel method of evaluating the additional transmission loss is
in Fig. 1 compared to the simple Ezli and Saxton methods therein, fol-
lowing values were substituted:
after Egli TiI

for £340 M3z AL, = 20 1og fpp,p- 32 )
for £ <40 MHz ALP =0

and after Saxton I2I
for £370 MHz AL = 20 log f[MHZ]'- 37 [a5]

for £<4<70 MHz AI_D 0
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Let us that with t¥is comparison the increase of transmission loss cau-

sed the curvature of earth is not taken into account in any of the me-

thods. A
Verification of the submitted method by experimental data and coﬁi

parison to the propagation curves of CCIR I8I is shown in Fig. 2,

It follows that the assessment of transmission loss by expression /3/

can-be regarded as satisfactory in technical sense.
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Fig.2. Median transmission loss evaluated by the novel
method as compared to experimental data.

The use of Egli or Saxton method for calculations results in "too pes-
simistic" estimates of transmission loss. This leads to overdimensio-
ning of the radiated power of transmitters, with increased pollution
of the EM environment as a result.

3. Conclusions

Novel formulas facilitate rapid calculations of the transmissiﬁn
loss in the ground-wave propagation /beyvond-horizon scattering disre-
garded/ over rural and suburban area. The formulas are valid in the
freauency range from ca 100 MHz to ca 600MHz /probably the upper 1i-
mit can be extended to ca 1000 MHz/ with average terrain irregulari-
ties. The presented verification of the submitted formulas shows that
the accuracy of the assessment /in the limited range of the frequency,
distance and antenna heights/ seems satisfactory for the engineering
mmactice,
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The novel approach is recommended for approximate calculations of
the median transmission loss in typical individual mobile radio links
so that more complicated and costly computer methods can be replaced
by simple calculator-assisted operations.
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Maneit 9. T'AMOKOBCKU
BapuaBCKaa TeXHUYECKas aKaZeMmus

BapuwaBa, [loasua

HOBAA DOPMYJA OUEHKN NOTEPH OHEPTUMM IPH PACTPOCTPAHEHWM PAXUOBOJH
HA TPACCE HASEMHOZ NOMBUXHOU PAZOCBASH B CEIBCKO:# MECTHOCTH.

a

OCHOBHHE MOTEpU BHEPI'UM Ha panuorpgace Nnpy PaCNpOCTPaHEHUM 3BJICK-
TPOMATHNUTHHX BOJH B zuanasone 2 - 200 MI'y o0o3HaueHH KPATKO mpeAacTa-
BIeHHM Ha TperbeM u UeTBepToM BpounaBCKOM CHMIO3MYME METOLOM YIPOWEH--
HOT'O aHanAu3a MPOMOPHMOHANBHO 33BUCAT OT YETBEPTO# CTEneHU MERAYyaHTEH-
HOTO paccTOosHMA (B OONMACTU PAAUOIOPU3OHTA HaZ c)epuyeckoil NoBEePXHO-
CTB 3eMau).

{aK M3BECTHO, 2TOT 34KOH UMEeT CUJIYy TaKXe B AuanasoHe 20 130
M, 40 HAZO BHECTH AOMNONHMUTENBHHE MONpaBKK¥ HA pPacCeuBaHue BOIH OT
HEPOBHO} MOBEPXHOCTYM a TaKXe HA YUET KPUBU3HH 3eMIHU. [IpennoreHHH]
METOZL ZeNaeT BO3MOXHOW GHCTpPYW OLEHKYy MeAMaHH NOTePh 3HEePI'uM HA pa-
ZMOTPACCe B CENbCKOW MECTHOCTM O HECKOJBKO WEepPOXOBATON NMOBEPXHOCTH
(npu DacnpoCTIaHEHWM PAZUOBONH B 006J&CTM PAZAUOT'OPU30HTA IANA AUANA:0-
Ha uacToT IJJ ¢+ 600 MTu).

3 AOKJNALe MJEACTABASHH TAKKE CPABHEHHUA MPEABNUACHHHX BEIUUMH ME-
IV2HH [OTeph 3HEePTUM HA pasHHX PaANOTPacCaX, MOJYUYEHHHX ITUM METOLOM
(a Takxe AJYTHMN, W3BECTHHMM [0 AUTEpATYPE METOXAMA), C MHOZECTBOM
SKCNEePUMEHTaNBHHX AAHHHX.

Puc.I. Pa3iuuHhe MeTOAH OUEHKM JOMOMHUTEHBHO{l MOTEepM SHEPTuyu Ha pa-
IMOTPAcCCe O HECKOABKO WLEJ0X0BaTOH MOBEPXHOCTH.
Puc.2. CpaBHOHUS OLGHKM BEIWUMHH MGAMAHH MOTEPh BiHEPruu C 3uchepu-

MEHTIJIDHLINY A3HHLIMI,.



