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X n 
v u n 

Kazunobu Koremura, Member 

Electronic Navigation Research Institute, Ministry of , Mitaka, 181 

SU11MARY 

In the diffraction region of a micro­
wave landing system (MLS) elevation 
ance. the field fluctuates due to 
such objects as and hence the 
measuring error increases. This paper de­
scribes to determine the effect 
of diffraction caused by the upper of 

The results show that the field 
diffraction characteristic 

can be calculated the 
as a knife It was found that 

the diffraction error cannot be when 
measuring an , since the scanning beam 
is in the vertical direction and flat 
in the horizontal direction. Hence, both 
the component proportional to the itude 
of the diffraction wave and that proportion-
al to the differentiation of its 
incident angle (slope diffraction component) 
increase. It was found also that the mea­
surement error characteristic around the 
shado~ calculated the 
uniform of diffraction 

account of the slope diffraction, 
the observational results. 

method can be ied to the 
strength and its 

the area is a fan having an azirnuth 
of 40°, a distance of 37 km {20 NM), 

and maximum of 6000 m. The azimuth-
antenna is placed at the end a 

run~ay, and the ant:enna 
is at the the runway, i.. e., 
the distance bet~een the two antennas is 

to the length of the 
run~ay. The reflection area and the dif-
fraction area on the locations of 

s at an airport. it is 
to avoid directions b•Jild-

ings from the for the azimuth 
, it is not possible to do so for 

the elevation the lat-
ter creates a error. 

Neither experimental results nor exper­
of diffraction character­

have been publ ish,ed. 
However, those for 
have been 

This paper describes the experiment for 
the diffraction characteristic of the MLS 
elevation guidance due to such as 
buildings, and presents their results and 
analysis. 

The cal results of 
errors agree ~ell with the experiment-

al results when the ion waves, 
Introductio:> addition to the direct waves and diffrac-

Microwave landing systems (MLS's) will 
be used for 1 at airports 
after the the cur-

used instrument 
(ILS's) [1). 

The basic angle 
MLS consists of azimuth 

system in an 
equipment 

If there 
an ten­

and a dif­
are created, since the 

and elevation 
is any object in front 
na of an MLS, a reflection 
fraction 
coverage of the MLS is ; for 

ion based 
are taken into account. 

2. of 
Measurement 

shows th1; measurel!!ent princi-
of an elevation in the MLS. The 

beam of a continuous wave is transmitted 
from a antenna set at the s:ide of 
a runway. The beam is wide and 

narrow as shown 
The beam scans , starting fr::>m the 

SS~8756-662I/89/0006··001SS7. 50/0 
; 1989 Scripta Technica, Inc. 





TO scan FRO scan 

EL antenna {Time 

(aJ Antenna beam scanni 

TO scan FRO scan 

t 

l 

(b) Beam scann the le 
measurement 

lse 

t 

(c) Envelope w orm 

Fis. l. MLS elevation 
technique. 

e measurement 

hig:hest anglE ( ) to the lowest angle 

) [TO direction}, then from the lowest 

angle t c the e [FRO direction) 
velocity, as sho\Vn 

). If an airplane is in an ele-
e , it ~ill receive 
s e at t i:me '; _ 

TO se 
respective-

corresponds to E:, as shown in 
When the interval between the 

two ses " is measured, ? is 

B=(T- + 

v 

(l) 

s the interval when the elevation 

e is 0", and Vis the scanning velocity 
the beam. 

Tc measure times ~r and T some 

methods are available [4]: for example, the 
dwe:l-gate method which mea!'ures the inter­
val between the centers of the two 
(center of each th greater than -3 

16 

Table 

Frequency of tnu:t~>'lll1ttel: 

of transmitter 

Horizontal coverage 

Vertical scanning range 

\.lidth of beam 

Scanning rate of beam 

of scanning beam 

Level of side lobe 

of 
of beam 

Format of transmission 

±40" 

0.9-
with 
l- 7. 

1 ,. " .. ) 
20"/ms 

0.1" 

less than ·-20 dB 

0.025" 

FAA Phase HI 

method which uses 
(two sets of the sum 

in a continuous 
section are made, then the signs of their 
differences are When these methods 
are used for time-interval measurements and 

conversions, the accuracy of the 
measurement is affected by waveform 

distortion and shifts due to the multipaths 
and diffractions. 

An accuracy of about 0.1" is 
measurements in the elevat::Lon 

system. The mul erro1· has 
the greatest effect on the measuring accur-
acy. for the of an measurement 
systerr., this error is estimated to 
be about 0 

Results 

.l apparatus 

el 
exper } . 
this equipment are 
al Standard, the horizontal coverage 
!40@, the vertical beam width is 1.5°, and 
the frequency of the transmi.tter is 5064 
MHz. 

This sys -.;as used fo:r both 
and f1 ight experiments. 2 shows the 
block of the tneasurement system for 
the expedment. The elevaticm anten-
na is used for the beam +54 
dBm) , and transmits the data 
sidelobe suppressing signaL The pos1o.on 
measuro"llent systetn consists of a cOYnbination 
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Ground test van 

Transmitter 

Position 
Attenuator 

MLS 
Receiver 

Data 
process 
system 

HJ?3820A 
Total station 

--------
l L __ 

10 dB 

----- ---- ---
Fig. 2. Block diagram of the measuring system for ground test. 

of a transit and a laser distance-meter. 
Tl>is is set at the height of the phase cen­
ter of the scanning antenna with the optical 
axis This system measures the dis­
tance bet1.1een the guidance antenna and the 
receiving antenna, and the elevation angle 
and This system also trans-
mits the measured information to the receiv-
ing side from which the measurement 
errors are derived. The accuracy of the 
measurements of the horizontal distance is 
~5 mm, that of the elevation 
!0.001°, and that of the 
!0.006°. 

is 

test vehicle !6] was 
at the receiving site. 

This vehicle can set the receiving antenna 
in ranging from 1.5 to 22 m 
reference to The receiving antenna 

a type. It of 5 dB, 
horizontal beaill1Nidth of , and vertical 

of 24°. The field and 
the scanning beam are obtained 

received this antenna and 
processed by the MLS receiver. The 
error is defined by the difference 
measured from an elevation 

An elevation 
ect (e .. , a 

based on data of 
the e cannot 

the shadow of an 

of a mast, since 
seen from the 

site. TI1e error of measurement of the 
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C:3,400 ft 
B:2, 700 ft 

A: 2, 400 ft 

elevation of the of a ma.st 
, and this is less than the 

error of system under test. 

The output from the MLS receiver 
representing the elevation a 
test was recorded by .a pen rec:order. 
To obtain the of th•e the 





;.., 
0 
;.., 
;.., 

0. 

Bear 

0"'/185m 

0.05"(0.9"-6") 

OJ 0 ,_,_ __ ,...,a"""--'D"""'~c-:1--"'1: -,F',r'-'---::-::N'"r-'1' 

-.2L---~---~----~---~--~--~ 
0 2 4 6 
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Fig. 4. Elevation error. 

signal from a VOR (VHF omnidirec-
tional radio and the distance 
from DME (distance measuring equipment) 
were recorded simul A 
method was used for 
the MLS receiver. 

processing on 

3.2 Method of experiment 

The experiment w•as carried out by using 
MLS elevation equipment on the 
apron of Sendai Airport. The central direc­
tion of the horizontal beam was set 

lel to the front walls of the 
as shown in • 3. The are situ­
ated at the left side of the guidance system 

distances from 70 to 260 m, and 
to -60e. The elevation 

of the roofs of the build-
to 

The measuring points on the site 
the front of the guidance 

and in the diffraction 
B (P2 and ; Pl is in a 

specular reflection area by build­
B. This is suitable for 

the inherent characteristics of the 
system, since almost no reflection and dif-
fraction due to the occur. 

To determine the diffraction character­
at a far distance, horizontal orbit 
s were carried out with a radius of 

km) and three different 

Tne front of the system 
is almost flat and covered by concrete, 

18 

Lear 
-28.l 0 /l86m 

---- calculated 
-- measu1red 

0.2 ms/div. 

Fig_ 6. Beam envelopes receiv<:d. 

except for some parts ich are covered by 

4. Results and Discllssion 

4 shows the 
at the apron (Pl) which is 
elevation system 

185 m). 

error measured 
.in front of the 

from it 

2o of the error between the elevation 
0,9° to 6" is 0.05". This value shows 

that the accuracy of the apparatus is ade­
quate, since this is less than half the 

ied value. 





Th~ ~levation 15 ~bout 1• and 
increases toward the front because the ~can-

of the beam is at o•. Renee, 
there is a cut on the time uis of the :re-

beam a severe dis-
tortion in the waveform. In this 
is not a since an elevation 
ance greater than 0.9• is used 
international 

The fluctuation of the field 
of the beam was small, i.e.,within 
!0.5 dB, and this was almost constant. 

As described 
error and 

are ade­
cause no reflection 

and diffraction. 

4.2. Diffraction-field 

5 shows an of the field-
at P2 (in a diffrac­

tion area); the solid line denotes measured 
values and the broken line the calculated 
values. 6 shows the beam 
waveforms with four elevation angles re­
ceived at P2. 

The results show a typical diffraction­
field characteristic, i.e.,the electrical 
field on a shadow (about 
4°) is lower than that at a high elevation 

by 6 dB; and with an elevation 
above the shadow , the waveforms are 

The calculated values (broken 
the 

with a 
the uniform 

fraction [7) (see 
lated values above 
measured values. 

dB agree with the 

ln general, it is known in the calcula­
the diffraction electric-field that 

dif-
waves waves) are 

taken into account around the unobstruc­
ted view-line {8, 9]. The field 
of the diffraction waves of the scan-

MLS has little 
power (field of 

beam since the 
lower than that of the diffraction wave 
about 18 dB to the calculation. 
The diffraction wave has a 
effect on the error around the shadow 

the 
spond 

, as described in the 

The numbers indicating the waveforms of 
shown in Fig. 6 corre-

to those in Fig. 5. Waveform (1) 
the elevation angle of 5.9° can be 
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Fig. 7. Diffraction error. 

considered as a direct wave; (2) i.s 
a combined wave of the direct and diffuc­
tion waves, above the shadow uv•~nc•~• 
0.4", thishasno 
ference from l); (3) and 
fraction waves alone, and their time inter-
va1s are not al their eleva-
tion are reduced. 

4. 3 Dif error 

7 and 8 sho'llr the 
in the diffraction area, the 
denote values, and 
lines denote calculated values 

diffrac:tion waves due to 
within 

shows the 
direct and diffraction Wl&ves alone .e., 

the diffraction wave). 

Let us consider the error characteris-
tic shown in . 7 and 8 divided into 
three above the shadow 
on the line, and below the line. 

(i) Region above shadow 
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Fig. 8. Diffraction error. 

7 

ln the region above the shadow boundary, 
the error fluctuates in both the positive 
and negative directions, and the fluctuation 
decreases when the elevation angle increases. 
ln this the result of the 
direct and diffraction waves is received. 

the elevation of the beam re-
ceived increases, the relative between 
the direct and diffraction waves rotates, 
and a distortion which 
occurs in the wave 
sured with 
of the 
shown in the 
error follows a 

error as 
. 7. The 

the dif­
fraction wave reduces with the increase of 

distance from the shadow (as 
a thin line in fig. 10), ~~ile the 

tude of the direct wave is almost con-
As described i.n the , the 

of causing the error is considered 
to same as that in the reflection 

wave [1 

The 
same order as that of 
path for the system 

. e., a 

o.os~; this is the 

to the calculation derived 
from a simulation {in which is re-
placed by a 

value does not 
a beamwidth of 

oyed for most elevation guidance equip­
ment. The calculation of the diffraction 
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Error 
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Error 
- 0 

Time 

TO FRO 

• 9. Occurrence of error on the 
shadow 

eva 

Fig. 10. Field 
diffraction dif-

error above shadow depends on 
the distances between the transmissj. 
tenna, knife and the receiving 
and the beamwidth. It was found th~1t the 
beamwidth affects the rate 
of the error (e.g.,the rate reduces to one-
hal "'hen the beamwidth is doubled) , the 
range of the oscillation increases. 

(ii) around shadow 

The error fluctuation ln an elevation 
around a shadow (above or 
about 0.5") is less than an 

inclination of -1. and this is about +0. " 
on the of the shadow The 
results of error calculated orithout 
the diffraction ·wave agree '~>'ell with 
the results observed, except for arcund the 





'/1( '/1( 0 

0 2 4 6 8 10 12 

Scann 

11. Beam of ordinary dif-
fraction wave at 4°. 

shadow boundary. These values differ sig-
around the shadow as 

shown by the dotted line in 

Let us examine the effect of the 
diffraction wave. 9 shows a model of 
the occurrence of error on the shadow bound-
arv into account the slope diffrac-
ti~n wave; the thin line is the diffraction 
wave, the bToken line, the diffraction 
wave, and thick line, the resultant wave. 
Two receiving pulses (the resultant 
distort toward the error as 
shown in the diffrac-
tion wave is 
the scanning point. 
error is not zero but a 

Let us ec."amine the char-
acteristics of the diffractton and slope 
diffraction around the shado~ using 
simulations. The 
ning antenna (beail.l~idth l. 

dB) was calculated, and 
of the diffraction 

of the scan-
' sidelobe level 
the field 

diffraction wave with the condi-
tions at F2 and the receiving elevation 

was also calculated using • (A4) 
in the 10 shows 

results with reference to the direct 
wave. The maximum value occurs at an eleva-
tion of 4° above the shadow 
and the slope diffraction wave is lower than 
the diffraction wave by about 18 dB. 

ll and 12 show the beam envel­
ones of the diffraction waves and 

r fraction wave with the foredescribed ele-
vation • The beam envelope of the 

diffraction wave which is derived from 
differentiation ~E(6)/a~8 wakes 
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-2 0 2 6 8 10 12 

Fig. 12. Slope beam envelope at: 4•. 

a bimodal a 
level, and 

since 
the beam is as 
the of the field 
These cause a distortion and error in 
the resultant wave of the diffraction wave 
and diffraction wave. 

The the diffraction 
wave on the error reduces when the 

elevation is from 
the shadow boundary either above or bdow 
it, since the decay of the diffrGction 
wave is greater than that of the diffract:i.on 
wave, as shown in • 10. 

This shows that the calculated r'esults 
agree well with the results 
even around the shadow , if the 

diffraction wave is taken into account 
• 7). 

(iii) Region below shadow 

Th.e error 
duction of the 

-1 as far as 
the measure is 

the field 
ope of the 
shadow 
of the 

of 
scanning beam received at th•e 

is constant information 
of the shadow inde-
the elevation of the 

antenna. The waveform of its envel­
ope is stable (3) and itl Fig. , while 
the changes (e.g.,as shown by the 
solid line in Fig. 5 for P2). 

In this region, therefore, the 
proportional to at. eleva-

This creates a false in 
an command indication to rec:uce its 
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Fig. l3. by 

; in the worst case, the same 
con~and indication continues even if the 

has reduced its height. 
The elevation error on the shadow boundary 
is about 0.1° in this case. 

0 

If the elevation of the top of a 
is within the beam scanning range, 

the error has the same around the ele-
vation e, even in the case of another 
building which has different elevation 

This is confirmed measurements of 
the diffraction errors due to other 

4.4 Result of fl 

Diffraction errors in a far 
obtained by using fl 
shows the results 

MLS 

when the 

(B: 
increased 

of -30 

this is 

entered the shadows 
the measured indicate 

of the top of the build-
• despite the fact that 
at almost constant 

occurred around the shado~ 
2700 ft:) • the 

0.1 o:r 0.2" in 
to -20". This 

of the 
is considered 

diffraction 
3400 ft) the 

The f experiments show almost the 
same results as those of the ground experi­
ments. 
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characteristics of diffraction of 

The :results sho~ the cha:racte:r.btics 
of the electric field 
ing errors. It ~as 
diffraction of the field 

has a 
can be modelled 

The of the error is :oscilla-
tory above the shado~ , the maximum 
error is 0.08", and this reduces ~hen the 
elevation increases. It is necessary 
to consider the slope diffraction wave in 
addition to the diffraction ~ave. 
A value of measured belo~ the shadow 

is than the real value, 
since the measured value is constant even if 
the receiving elevation angle changes. 

lt vas also found that the errors 
calculated by ~ell with 
the experimental 
method of calculation will be useful for 

the standard rules of setting the 
MLS and the MLS 
since the method can obtain the field 

such as 
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CALCULATION OF DIFFRACTION FIELD 

Let us calculate a diffraction field 
an long build (e.g., 

a , by replacing it with a knife-edge 
shape. Assuming a 
as shown in , Al, the electric field 

above the shadow 
I) and that below it (region II, or shadow 
region) are given, respec , as follows: 

(a) Region I 

_,.. (Al) 

(b) II 

Etr= --,.- (A2) 

where 

.:.q: electric field strength in 
I 

electric ield 
~ 

strength in 
II 

- cctric field strength direct 
vave 

;; electric field strength of dif-
wave 

- electric field strength of slope 
s 

diffraction vave 

simplicity, reflection waves from ground 
are ignored. 

i) Component of direct wave 

- j·k· (A3) 

where 

E(S); directivity of beam 
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Fig. Al. Diffraction geometry. 

k. 2o./A. (f. 

ii) Component of diffraction vave 

UTD diffraction function, 

and 

(A5) 

transformation function is given 

2·) 
(A6) 





Lh 

L=p'· + (A1} 

iii) Component of diffraction 

± 

(A8) 
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*******************MLS MATHEMATICAL HODEL INPUT DATA FILE*********************** 
SECTION 0 

" SCENARIO DATA 
RUN 10# :9999 
TITLE :SAMPLE INPUT FILE 
AIRPORT :lAX 
RUNWAY :24R 
lENGTH :8700. 
\.I lOTI! :150. 
AROH :50. 
MGPA :3.0 
UNITS :FEET (feet, meter) FOR ENTRIES IN FILE 

SECTION 1A 
= ANGLE TRANSMITTER DATA 
PHASE CENTER: X Y Z FREQ(mhz) LSL USL TYPE 

AZIMUTH : ·1000.0 0.0 
ElEVATION: 7900.0 ·400.0 

SECTION 10 

5.0 4992.291 ·60.0 60.0 AZBN 
13.0 4992.291 0.9 20.0 ElSN 

= OME/P TRANSMITTER DATA 
PHASE CENTER: X Y Z TYPE 

OME/P : -1000.0 0.0 5.0 

" OTHER OME DATA 
FREQ(mhz) SHAPE TRG F S\.1 AS TRS S!GM 
_,_ ........... _ ...... .,._.,._.,..,..,. ..... 

UPLINK : 983.4813 COS/P DAC B4P .5 .s .125 0.0 
DOYNUNK : 983.4813 COS/P DAC 84P .5 .5 • 125 0.0 

SECTION 2 
YES • DO ANY GROUND REFLECTION PROCESSING (CALL GREFC) 
YES · DO FUll lNTEGRATtOM fOR SPECULAR GROUND 
= DEFAULT DIELECTRIC CONSTANT AND ROUGHNESS HEIGHT 
DIELECTRIC CONSTANT : 1.2 0.0 
ROUGHNESS HEIGHT : 0.0 

* fOR MULTIPlE SCATTERING PATHS FROM AIRCRAFT AND BUILDINGS 

SECTION 3 

DIELECTRIC CONSTANT : 1.2 0.0 
ROUGHNESS HEIGHT : 0.0 

= SCATTERING fROM AIRCRAfT (MAXIMUM OF 10) 
YES • RUN AIRCRAFT SCATTERING 

## X·TAIL Y·TAll X·CKPT ALT AT GRCORR 

SECTION 

nn xxxxxxJot VV\IVV'I?VV xxxxxxxx VV>IVV'.tV'If aaaaaaaa 
Oi 5700.0 5900.0 0.0 
02 6700.0 -1150.0 6900.0 -1150.0 0.0 
03 8758.6 -1150.0 8900.0 ·1008.6 0.0 
04 8900.0 ·900.0 8900.0 -700.0 0.0 

4 
= SCATTERING fROM 8UllOlNGS (MAXIMUM OF 10) 
YES · RUN SCATTERING SUllO!NGS 

tt cccccccc 
, 0.0 
i 0.0 
1 0.0 

0.0 

RMI 

0.0 
0.0 

## X-LEFT Y·LEH X·l:Uii-:T KGi TLT GRCORR CMP 

M lOIXXliXlO( XXXXlii,JlXX ee~ hhhhh ttttt cccccccc 
01 3975.0 4400.0 o.o 100.0 0.0 0.0 METAL 
02 4550.0 ·2100.0 5080.0 -2100.0 o.o 100.0 o.o o.o ~TAL 
03 4800.0 ·3101:1.0 5200.0 ·3100.0 0.0 100.0 0.0 0.0 METAL 
04 6825.0 -1800.0 7125.0 -1800.0 0.0 50.0 0.0 0.0 MET.\l 
OS 7780.0 - '1800.0 8080.0 ·1800.0 0.0 50.0 0.0 0.0 METAL 
06 1125.0 ·1800.0 ns2.o ·1706.0 0.0 50.0 o.o 0.0 ~TAl 
07 8080.0 -1800.0 8209.0 -1706.0 0.0 so.o 0.0 0.0 METAL 

SECTION 5 
: SPECULAR SCATTERING fROM RECTANGUlAR GROUND SURFACES (MAX OF 1()) 

YES • RUN RECTANGUlAR GROUND (y~s,no) 
THIS DATA MAY BE SKIPPED 

## X-VAUJ Y-VAUI Z·VALU OCREAL DC I MAG ROUGHN SF 
..... .,.. ..... , ..... .................... , .. __ ... .,., ..,,._..,_.,.,.., ..... ~"" __ ........... 

nn x1xh:h:1 z1z1z1z1 rrrrrrrr j iii iii i rrrrrrrr is 
x2x2x2x2 z2z2z2z2 
x3x3x3x3 z3z3z3z3 

01 0.0 0.0 5.0 0.0 .006562 0 
0.0 75.0 0.0 
8700.0 75.0 0.0 

SECT ION 8 
= SHAOOY!NG BY AIRCRAFT 
YES - RUN SHAOOWIWG AIRCRAFT (yes,no) 





## X-VALU Y-VALU Z-VAUJ VEL ANG .. ,.,.._.,. __ ,.,,., ,._ .................. __ ................. 
nn sax1sax1 sa:z:1saz1 'IYVW aaaaa 

sax2sax2 saz2saz2 
01 4076.0 0.0 275.0 14.0 

2167.0 ·29.0 127.0 
SECTION 9 

= SHADOWING BY BUILDINGS 
YES • RUN SHADOWING BUILDINGS 

## X-LEFT Y·LEFT X·RGHT 

AT 

tt 

6 

HGT 

nn xxxxxxxx yyyyyyyy xxxxxxxx yyyyyyyy eeeee hhhhh 
01 250.0 750.0 -400.0 750.0 0.0 100.0 
02 1900.0 850.0 700.0 850.0 0.0 100.0 
03 3000.0 700.0 2300.0 700.0 0.0 100.0 

SECTION 10 
= SHADOWING BY RUNWAY HUMP 
YES · RUN SHADOWING HUMP 

X·FRONT Z·FRONT X-HUMP X-BACK Z-BACK 

xfxfxfxf zfzfzfzf xhxhxhxh zhzhzhzh xbxbxbxb zbzbzbzb 
3300.0 0.0 3800.0 5.0 4300.0 0.0 

SECTION 12 
= FUG!HPATH 
FAF 6.2 NAUTICAL MILES 
DATUM 7900.0 0.0 0.0 
TYPE SEGMENTED distance, orbit, radial, 

"' straight) 
219.56 
43.91 
0.20 

SUFFICIENT DATA IS AVAILABLE TO COMPUTE FLIGHTPATH 
* IF ENTER ANGLE, ELEVATION, STARTING and ENDING DISTANCE 
.. (m from dme/p) 

ANGlE: aaaaaaaa 
SIH ST: dddddddd 
EO l ST: dddddddd 
ELEV : eeeeeeee 

"' lf "orbit" ENTER RAIHUS Cm from dme/p) & ElE\IAHON 
RADIUS: rrrrrrrr 
ELEV : eeeeeeee 

" IF "measured" COORDINATES JI.NO TIME WILL !!E READ FROM UNIT 15 
* ~ITH DATA INCREMENT COMPUTED FROM INPUT 
" IF "::;:e,~mt•l!d" or "distance" ENTER SEGMENT tt,X, Y ,Z, VEUX:rrr AND 

xs YS zs VEL INC 

nn xxxxxxxx VV\IVV'V'VV znzzz:z:z vvvvww iii i l iii 
Oi 17700.0 500.0 219.56 43.91 
02 7700.0 0.0 0.0 0.0 0.0 

SECTION 13 
~ Fl!GHTPATH AND AIRPORT LAYOUT AXIS LlMITS 
FLlGHTPATH PLOTS: 

X/Y PlOT X/Z PlOT D/Z PlOT 

M!IUMUM X VAUJE 
UNITS PER HICil 
M!IHMUM Y VAlliE 
Ut.IHS PER INCH 

·3000.00 ft ·3000.00 ft 
3000.00 ft 3000.00 ft 

·3000.00 ft ·100.00 ft 
1000.00 ft 100.00 1t 

* AIRPORT LAYOUT PlOT: 

SECTION 14 

MltwUIUM X VALUE 
UN ITS PER INCH 
MINIMUM Y VALUE 
UiHTS PER INC:II 

XIV PLOT 

-2000.00 ft 
2000.00 ft 

-4000.00 ft 
1000.00 ft 

= ANGlE EQUIPMENT AXIS liMITS 
MULTIPATH DIAGNOSTIC PLOTS: 

·0.25 m 
0.25 m 

·100.00 ft 
100.00 ft 

MID SEP ANG SHADOWING 

MINIMUM X VALUE -0.50 nm ·0.50 nm 
UNITS PER INCH 0.25 nm 0.25 nru 
~~~!ML~ Y VAl~~ ·40.0 db ·40.0 deg 
UNITS PER INCH : 10.0 db 10.0 

w RECEIVER OUTPUT ERROR & FilTERED ERROR 

-0.50 m 
0.25 m 

·10.0 db 
2.0 db 





RAW PFE OUt 
,.,.. ............ -...... __ ....... .,.,....,_ ... 

-~- ............. _ 
MINIMUM X VALUE ·0.50 1'1111 ·0.50 1'1111 ·0.50 1'1111 
UN ITS PER l NCii 0.25 1'1111 0.25 1'1111 0.25 1'1111 
MINIMUM 'f VALUE -0.30 ·0.30 deg ·0.30 deg 
UNITS PER INCH 0.10 0. Hl deg 0.10 deg 

SECTION 15 

END DATA 

= DISTANCE MEASURING EQUIPMENT AXIS LIMITS 
* MULTIPATH DIAGNOSTIC PlOTS: 

MID TIM DELAY SHADOWING 

MlillMUM X VALUE ·0.50 nm -0.50 nm 
UNITS PER INCH 0.25 nm 0.25 nm 
MINIMUM 'f VALUE ·40.0 db 0.0 ns 
UNITS PER INCH : 10.0 db 500.0 ns 

* RECEIVER OUTPUT ERROR & fiLTERED ERROR PLOTS: 

MINIMUM X VALUE 
UIU TS PER INCH 
MINIMUM Y VALUE 
UNITS PER INCH 

RAW PFE 

·0.50 nm 
0.25 1'1111 

·90.0 ft 
30.0 ft 

·0.50 1'1111 
0.25 nm 

-90.0 ft 
30.0 ft 

·0.50 nm 
0.25 nm 

·10.0 db 
2.0 db 

-0.50 nm 
0.25 nm 

·90.0 ft 
30.0 ft 





N 





z 

y 

x on - 1--_,___ __ ___, 

ht r 

h t + h r 

RECTANGUlAR INTEGRATION 
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Table I. Constant 

Concrete CO NCR 10.0 -9.0 
Smooth Metal METAL 1.0 -l.OEa: 

GLASS 6.0 -0.042 
MARBL 8.7 -0.2 
ASPHA 2.6 -0.016 
PLAST 3.0 ·-0. 09 
BAKEL 4.5 -0.1 
FIBER 4 .. 4 ·-0 .13 

3.0 ·-0. 15 
FORM I 4 .. 0 -0.1 

2.5 -0.016 
20.0 -2.6 
2.4 -o 0027 

sture 20.0 -2.4 
2.27 -0.034 

CS20% 11.3 -2.8 
30.0 -0.06 

Grass DTWSG 3.0 -0.9 
Grass 6.0 -·1. 8 
Area CITY I 5.0 -0.02 

80.0 -0.18 
SEA 80.0 -54.0 
SNOW 1.2 -1.3 

Ice ICE 3.2 -0.0029 








