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Computation and Drawing of Aircraft Noise Exposure
Forecast Contour with the Aid of Mini-Computer

By

Juichi Icarashi, Yasushi Isuit and Ichiro YAMabDA

Abstract: Noise exposure in the vicinity of airports is an important environmental
problem. This paper reports the computation of noise exposure forecast contours
with a mini-computer. In order to reduce the memory capacity required, several
simplifications for the input data such as the first order approximation of EPNL-
slant distance profile are considered. A modified computing procedure for concave
and convex parts of the contours is adopted. Some examples of the trade-off studies

for noise reduction executed with this system are also included in this paper.
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Table 1 Factors for computation of noise exposure forecast contours.

Absolute Noise Level - e
Noise Spectrum PNL (PNdB)
Maximum Tone — EPNL (EPNdB)
Noise Duration
Pure Tone Correction E—
Flight Profile
Aircraft Type
Trip Length (Thrust Level)

Operational Procedures
Time of Day
Number of Operations
Runways and Flight Paths Utilization

EPNL Corrections
Metheorological Conditions
Ground Effect
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Fig. 1 Generalized take-off profiles.
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Fig. 2 Example of EPNL-distance profile (4-engine
turbofan transport aircraft).

Table 2 i*{i&%ﬂ&ﬁl}b)‘dﬂj%ﬁ e T C,

—
ED X H 15 Take-off profile 2} 2 5 %
ERDLLEDT, £h5FaY— (ABC Flight Path
...... ) 1%, Fig. 1 @ X 51z Start of take- “
off roll 5 Bl XJ@“%%SP‘*X@%/%}JI Flight Path Projection

to the Ground
1

D5
ELTHZONA 7oL AT RAR 73 n
I B ARSI IR 78 < LA 3° @ Profile h=0B"; Slant Distance
THEND . ngﬁﬁcﬁégﬁggi:gicular Distance
315 @ Altitude profile % Hjt», -
BOENMLICE T A EPNL fi%’ﬁﬁiﬂlu

B B E TOIEICIE LTk X'o

s, TDO—W% Fig. 2 1CR9. (Flg. 2 Fig. 3 Comparison of perpendicular and
i3 4-engine turbofan type 1€ % 4 % & slant distance to flight path.

@) =@ EPNL-slant distance profile (ZiEMICIE, WIS 4% 7 k5 &4 B kED

WZBE o> Altitude profile ~ o Bl e (T BE 4 ”LD)®Hﬂ&bt%¢b“C“
H%, FEICER LTI Slant distance T OREEEEAFM L TV 5. COEETA Fig 3 (1
RKUTc., T8 bH, Fig. 3 ik T
h=0A*+AD* . tan® a (3)
H*=0A*+AD? « sim* « (4)
THLD, aBBINITHADT, tana=sma, hxH ELTEIODLTH 5,

This document is provided by JAXA.



1973 % 6 J]

3.2 aVHHEREOHA

EERE LN a Y RERD B HEREEY NEL S
NaH, f£E212, LkAAOHBREKRT- XY D,
FORTETORELVNVEREL, 2006, %5

MRBEEFTAZDTI=avyLa— 2 TOMRBEICIIEX
5. £ TlE FAA, SAE (Society of Automotive
Engineers) #2090 F[1][2] #&EARKicLCI=a v
Ea—AH&EDFEEEZ. TOFEE—FED A~
T7xaT7THY, FREREVASVIBEZIRICFELT
W HDTH3. BEEOHNNE Fig. 4 ([TRT.
EBOT a7 IV SICELTRI=aYEa—4
IR BMEEE NS HIKD S BIICS U T,
FA(L) HWEMED, 1BER Flight path Db 235
AITDNT, TRl T, Trade-off study
TS5 D

FHRAM) —2oD\EEK T >0 Flight path ® &
BESICONTEED Trade-off study %
T185H0D

Cbhidac &iclic., o, RBRET —2F 005
IRATTERTRELS I T L2 > 72, DUF, &AT
F—= R DO THPEMA 3.

EPNL-Slant Distance Profile

Fig. 2 OHn S bhir2 L H1ICT D Profile 13 1%t
KEBETEDLY EHAEMRIGEN O THIELM

LT

R S =

611

ECPNI. Contour Program

start

1

Input
basic Data for Aircraft
Noise Exposure
Flight Path Descriptors
Flight Path Utilization

Number of Operations
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Set
a new dummy Point
for Computation
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closed ?
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Sequence of computed
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Plot
its Contour Line

End

Fig. 4 Flow chart of computing
ECPNL contours.
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Fig. 5 Example of approximation of
EPNL-slant distance profile.
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Table 3 Approximated coefficients of EPNL-distance
profiles (Ist order approximation).

AIRLRAFT ’J YPF ! T/ A ‘ B

4-engine Turbo-jet Take olf ~22.7833 171. 2167
Landing ~26 05 169. 769
4-engine Turbo-fan Take-ofl —25 2667 177, 9005
Landing —28.6167 178. 5569
3-engine Turbo-fan Take-off —21.2167 161.913
Landing —29. 2333 171. 3501
4-engine Turbo-fan New Take-ofl —19.35 153.712
Generation Landing —25.1786 156. 9294
3-engine Turbo-fan New Take-off —21. 3687 159. 039
Generation Landing —29. 3852 167.787
2-engine Turbo-prop Take-off —18.7901 141. 459
Landing —22.7135 143. 379

EPNL A « logio h+B
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Fig. 6 Descriptive parameters of altitude profile.
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Flight Path Projection
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clockwise
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Fig. 7 Descriptive parameters of flight path.
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Fig. 8 Recursion for finding a contour point
by Newton method
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Contour Line

k—th dummy—=> .
Contour Line

Flight Path
Projection
to the Ground

Flight Path
Projection
to the Ground

Fig. 9 Procedure for finding a new Fig. 10 Concaves and convex
dummy point of next contour parts of contour.
point.
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Routine dealing with Concave

and Comvex Parts of Contours

i

Iaind
nearest [“light Path from the
computed Contour Points Cg .,
and Cy

and compute

Distances Dg.y, Dy from Those
Points to the Fhght Path

No

Yes

Procedure for Convex Part

Procedure for Concave Part

which closes on the
nearest [Flight Path

K+1—th (OR K- 2—th)

Compute
Cp at W=W-—-4/2

- -

Set
computing Parameters
for each Case

 ——

Point to be symmetric 4=4/2
Point of K—tk (or K—1 -
—th) One against the No
nearest Flight Path

X Compute

And then find

Coordinates of Intersecton
between the second-nearest
Flight Path and 1ts Perpendi-
cular l.ine from Cg iy

Ci-oby Tteration 1n the same
Side of the second nearest
Flight Path as Cx:g

Fig. 11

Flow chart of procedure to deal with convex

and concave parts of contours.

Contour Line

k—th dummy Point
~

Flight Path
Projection
to the Ground

Fig. 12 Procedure for convex part.

Second nearest Flight
Path Projection to the
Ground

\Fnrst nearest Flight
Path Projection to the
Ground

Fig. 13 Procedure for concave part.
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LECPNL=80
85

Flight Path
Projection
to the Ground

| L -Runway

Q1 2 3 4 50m

Fig. 14 Example of ECPNL contour

for a curved flight path (single
runway).

Path 4.
012 3 4 5<10°m

ECPNL=80

LECPNL=85

Fig. 15 Example of ECPNL contour for multiple runways
(2 runways and 5 flight paths).

Table 4 Operational procedures for the example in Fig. 14.

Flight Path Descriptors
(X1, Y1)=(0,0), (X2, Y2)=(0,4000), (R,8)=(2000,30°), (Xs, Ys)=(6000,8500)

Number of Operations \ Profile Take-off
\\ Landing
Type - C D E

DC-8 30 13 8 /
— =
B-727 3 | '

B-747 1 14 11 /
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Table 5 Operational procedures for the example in Fig. 15.

N ~ Flight Path Descriptors
| (X1, Y1) =(2000, 0), (Xe, Yo)=(— 5000 ,0), (R,0)=(6000,30%, (X, Ys)=(~— 11000, 2536)
| Profile | Take-ofl |
| - | Landing
| ! . ! | ! :

Path ! Number | Type ! ¢ i D E

1 of DC-8 | 30 , 13 | 8 20
Operations B_727 J‘ 3 ! - ! - -
— ! = =7
B-747 1 [ 14 11 10
Flight Path Descriptors
(X, Y1)=(2000, 0), (Xz, Yz)=(—5000, 0), (R, 6)=(—2000, —30°), (Xs, Ys)=(—9000, —2000)
. Profile Take-off |
\ : ' Landing
Path Number Type S C [ D E ‘ o
2 of . bcs w0 | 4 2
Operations P T | - ! -
| Bt21 R T el
! - — h ] v =
| B-747 - 5 | 4
o _,,‘ Flight Path Descriptors
(X1, Y1) =(~—2000,0), (X2, Y2)=(8000,0), R=0 -
J" ~ Profile i Take-off :
| j : : i Landing
Path Number Type Y C l D 1 E 4‘
\ ) e |
3 - i i o P
perations B ¢ " — '
Br2r | 3
B-747 1 T
‘/ // V
~ Flight Path Descriptors
(X, Y =(~1000, ——173?12w {Xa, Y2)=(5000, 8660), R=0
! \\\\ Pfoﬁle “ Take*Off
) ‘l ‘ Landing
Path Number Type - © b i E ‘
4 of DC-8 ///// P e 25
Operations - — " /
P Br2t |~ o 15
B-147 | T3
Flight Path Descr1ptors )
(X1, ¥1)=(1000, 1732), (X2, Y2)=(—5000, —8660), R=0
S FProfile Take-off i
! ; Landing
Path Number Type o c b ' E _
5 of DC-8 15 6 4 T
Operations B-797 15 - L R R
B-147 | 7 6 .
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Fig. 14~16 1z 2 v 258 O EHI% /KT . Table 4~6 2o dDEAD% Flight path @
EMTIETH 2. Fig 1416 BHR (1) 07u/ 5L CE-> TR L O Tl -7
Flight path ©EHEOEEKDH 5. Fig. 16 37K (II) icX%&0DT Trade-off study

CEA D A Xie Altitude profile (T dH 5.

x10°m
Z_
y ECPNL=80
Pathl. ——gg——————_Path2
10 S —107x10m
©) (D) _(E)
%10m
'ig 2 Landing(3®)
51
< T T T
25 5 7.5 X10°m

Distance from the Start of Take-off Roll or from
Runway End for Landing

Altitude Profiles

Fig. 16 Example of ECPNL contour for single runway and 2
flight paths (path 1-landing only, path 2-take-off only).

Table 6 Operational procedures for the example in Fig. 16
(base case of trade-off study for Fig. 18~21).

For Landing only (1500, 0)
;T\ \\\liroﬁle Landing
ype i
Path
Number DC-8 51
1 of
Operations B-727 3
B-747 26
For Take-off only from (—1000,0)
\ Proﬁle \ Take"oﬁ
) 1
Path Number Type \\ c D E
2 of DC-8 30 13 8
Operations B-727 3 ////,/ o —
B-747 1 14 11
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4. EPNL {EQ®IE & Trade-off Study

4.1 EPNL {EOBE-—th LEHIC L ZBELANIIORS LS8 8H0O2E

BT 3 Y 28T 2 IS 72 EPNL profile (3480085 1T I LT B2 15 0 73
V.

Mo L OB ST U TR AT Lo i d 2 & & 13 0){&*4203 AR ZE K0T S 2 Ul &
PEREMDHTH B3, BB T 1cd 3 & & 35SED S BHlbGE F T ek
T OHbIC JoTVEVAWiwai'ﬂﬂU] L@L&ci IR AT H 2
Ey BBV VT — M, REBEEE, SRHETH B &0 o 2 Bk ke -
THREEDFISD, TOREFEBIC DV TROELER SN TOABRETH 2. FAA, SAE /5
ETRAWILI S Flight path O EADOBZE ToOMg (Fig. 3 © OA) &2
(Fig. 3 & LAOB) /5 4 — 2 L UTIb LEEIC L 250720 EPNL A4t LTu 2
r21.

JRVED, R, R ARAIC K 5 TR L~V T 3 © LA ST B 733‘[6][7]
T ORI A B ZFFH O TR &/ Trade-off study L5 2 v & fEpk @ H i i & &
Mmem1®£w&bf%A? CERFE LML, UL, o RN E %%M

LAEBICOVTREET B0 E L, &A1, BXDROHHERS L~ v s
ﬁk%meiﬁm%ﬂﬁ%éb,it,%ﬁmm£®iiz§@cbt@~iﬁm7w<
IROE®SHZ. ZNOIIABD [525 X0 ] OREICEOBIEEHET 2 H &5 LI
WIE &8 Tt L 7s i o 700,

VL, W EEHPAREGO BRI O MO HE L COBOTE 2 TR
BRUILID o e DB S BT ZBR I NITEAT 20455 Tk 3.

4.2 Trade-off Study [2D(vT

B 2 Y 25D O — 2357 L ~NVAE T B 0O Trade-off Study THr. ch
3, h A,

b O B2 Thrust reduction %775 5
2 segment approach %1} 75 9
AT OMTHEEPET B
4% Tlight path OF|AEEZLZ 3
15 & D MLEE 2 58 YA B o CEHTT I

T Z o, WERE O bk D B LRWWE TN L (1) Noise Abatement Take-off

T (2) Basic Approach

2ELDT B ETHB 3], v | (3)2 Segment Approach (4)

! 'é’ (4) Steeper Gradient Approach (1)

Thrust reduction [ZEEOE A Iz v = (3)

v @ Thrust level 7V4<7L'C TPRD N — < @

VARWVETI S & D ERGE LNV

RS ETHb0T (b < 71)'\’ Fig. 17(1) Flight Path Projection to the Ground

7o - b I ' N Ll -

IR LICE DI BRI L3 2 DT D Fig. 17 Noise abatement approach and

TREE Vs Ly, wehicis z o departure altitude profiles.
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THHIIELTY 2 L fFnbigRiF 55w, Thrust reduction (TX % IR0z,

AT
=100« 25 10
AG.=100 (10)

AGe; ERDEL
W iR R
AT ; Thrust level DZEAL
THZ oL, 2O %E EPNL Biiffid & &1c Table 7 1[/R7 .

2 segment approach 13 Fig. 17(3) QLS KHAHEL L BICAT IR (2L AT 6)
THDE, ZOHLEAD ¥ OCIRICYHHEAZLOTHY, ACHRERR Fig. 17
(4) DESICATSE (Al 6) OFFHMT 2O THRICA BT &M T
CEMTE 3.

Fig. 18~21, Table 8 3 Fig. 16 1CR L7z BAZMAH & 5 Tradeoff study OHIT
H%. %7 Fig. 18 FHOREAFLCEZ L LA VERESBEPERNICHDTH
v, Fig. 19,20 3 Thrust reduction, 2 segment approach, ¢ 2 BEMEZ 5 L LD
JEBEE L NV B 0 2 & O T Flight path 1 (#BE) ©J7icid Thrust reduction &
WNEBLEDNTNS. 203 VENEL ETHOTEMS A>T E, CORTZE X
(R B7wIc, Fig 21 icg & Tahlk. Fig 22 =20 Flight path % & DHAIDL
THOBOD Flight path OFIFIRELEZ 5 &2 Y ZOBRME S ED 5 pEM~IHITH

Table 7 Example of thrust reduction and climb gradient reduction
for noise abatement departures.
Thrust Reductions at 6,400 m from Start of Roll

Aircraft Type | Alitude Profile | % Thrust | 4Gi(%) AEPN dB
B 56 6.23 6.5
C 64 5.48 2.5
4-engine Turbo-f
engine Turbo-fan D - 482 1
E 78 4.35 1
B 67 7.25 7.5
4-engine Turbo-fan C 71 6.18 4.5
New Generation D 74 5.15 3.5
E 76 4.45 3.5
B 77 10.0 4.5
3-engine Turbo-fan C 83 8.75 1.5
D 88 7.7 1
B 82 10.9 3.5
3-engine Turbo-fan C 85 9.25 2.5
New Generation D 90 8.0 1.
E 92 7.1 1
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622 o5t
X10°m
2,
1 <C =
Path l.' ‘ﬂ%—];u’NL—SO Path 2
10 -5 5 10 %10'm
(©) (L) (E)
<1)><102rn !
=2 Landing(3°)
I1
< T T T
2.5 5 7.5 X10°m

Distance from the Start of Take-off Roll or from
Runway End for Landing
Altitude Profiles
Fig. 18 Example of trade-off study with change of aircraft types for the
base case in Fig. 16 (using B-747, L-1011 for take-off and landing).

*10°m
24
*PNT =
| ECPNL=80 |
X10°m

Path 1. 8 > .
—10 =10
Jie)
Landing (6°—3°
(D) )

WE)

K10°m

DN

2.5 5
Distance from the Start of Take-off Roll or from

Runway End for Landing
Altitude Profiles
Fig. 19 Example of trade-off study with thrust reduction and noise abatement

approach (2 segment approach) for the base case in Fig. 16.

Altitude

75 *<10°m

X10°m
2_
Path 1. 1 - ECPNL=80 Path 2.
I
—10 —5\ — 5 10 %10°m
()
Landing(6°) 1(D)
x10°m AE)
g2
=1
< - ; -
2.5 5 7.5 %X10°m

Distance from the Start of Take-off Roll or from

Runway End for Landing
Altitude Profites

Fig. 20 Example of trade-off study with thrust reduction and noise abatement
approach (steeper gradient approach) for the base case in Fig. 16.
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%10’m

(2 21
1@ 14 ECPNL=80 @
Path 1. \LA\ Path 2.
X10°m

(1) Basic Approach(3°) (4)Basic Take- off
(2)2 Segment Approach (6°—3°) (5)Noise Abatement Take-off
(3) Steeper Gradient Approach (6°) (in F1g.19, F1g.20)

Fig. 21 Comparison of areas surrounded in equal noise
level contour lines in each noise abatement take-
off and landing procedure.

Path 1 /r’; Path 2
- BE e p———
s aa—
WECPNL=70 ]
N Path 3
Flight Schedule 1.
Path 1 7
: Path 2
B m—— ;
75 80—
WECPNL=70 .
Path 3.

Flight Schedule 2.

01 2 3 4 5xX10°m

Fig. 22 Example of trade-off study with change of flight
path utilization (for new Takamatsu airport)

Table 8 Operational procedures for trade-off study in Fig. 18.

For Landing only for (1500, 0)

. __ Profile | .
Path Namber  [Type e Landing
1 of B-747 34
Operations L-1011 i 46
For Take-off only from (—1000,0)
\\\\ Profile Take—off
Path Number L C D E
2 of Type ~d
Operations B-747 1 14 19
L-1011 33 13 /
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Table 9 Operational procedures for the example in Fig. 22
(trade-off study with schedule 1,2; take-off profile C)
' Fln ht Path Descr1ptors
(X, Y1) - (1500°0) (X2, Y2)= (= 10500,0), K -0
i 1\11Lr‘de T V}"L Profle Schedule 1 \Lhedu e Z
| » Take-off 9.93 9.93
Path I DC-10 o L“ ding — I _::’/;3:; T T
| Number L “inr i]é‘ e
of | ] Take-off 12. 908 12.908
OPERATIONS | B9 - e -
i Landmg
TakL off 11 916 11.916
VS B AR AR
andmg -
! [*hght Path Descrxptors
’ (X, Y, )'g - 1000. 0) (X3, Yu)=(10500,0), R=0
Axrbraft T ypc Profile Schedul bchedule 2
; Take off o o
Path | DC-10 —— 2l L e
Nembe | iy 0w em
2 of Take-off
B AT AN B-737 S o
OPERATIONS Landmg 5.308 12 908
| i Take—off
’ YS-11 g
1 Landmg 4.9 11.916
}‘ Flight Path Desurl)tors
(X, Y1) =1 —1000,0), (X Yo)~(4250,0). (R, 0)~ (“900 7. (N ¥ ) =(10500. ~6300)
| Awrcraft Type Pmﬁ[ Schedule bchcdulc 2
: ']ake off 1.484 | 1 484
Path f DC-10 ———— e f* S
a . ; .
| Number Do ]faAn,dmg __;584_6 e
3 : of i Take-off ! 1.93 : 1.93
. e | BeTaT o B
OPERATIONS |
“ i Landmg 76
‘ | Take-oll 1.782 1,782
YS-11 - - el
Landmg 7.016
%. Table 9 |22 » & & OWBUETIHA R L 7.
ids, oUW ot Trade-off study 2717705 & & icid, MEsdied LTEDMIE O Y70
HBIEN LI V2 TUHFE N B M DT Z LT 2 T L L2 0O THREIOS U T
LG o R N U A
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5. H & H =
B v 2 OPERRIC X A MIZCE SO FHlIC OO THRE Lic. 3.2 ek~ (1)
D775 03 135 kByte (1 Byte=8bits) FREORBEILHNIT Flight path 71>, Efikk
i 50 < SV OHBIOREETUN TS, X (1) @7 v/ 5 43 13kByte DFEEDS
HE 20 R E TIZ DT A AT Altitude profile THRIEA T TMHETX 3,
CCTRI=avea—4 TOSBAC-40 (;ifEAE 32kByte) &5 4 U2 XY 7oy
2 (WX535) ZHHOTUH LD THR (1), (1) 2887 3 0ESAHETH 5.
BADORE TR v AR ORI FOMI Uizv— 7% & DB A0 M8 Flight path 2 %
DEGOMMATE ., i, HEEREOEEIZEL TV, FHERHIZ 3. 28 D)
i (2) TEHEBTHREEKDZD, FX () TERES»H»5. 20500 bHAIELOD
HENAI 72 E R FZZ BLERH S,
197345 H 8 B EHHUED

Z2 £ X #
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