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» InJapan, JASMA (Japan Airspace Safety Monitoring Agency)
IS conducting Aircraft Height Keeping Performance Monitoring
as an RMA.

» 3 HMU'’s (Height Monitoring Unit) are in operation.
- Setouchi (R~40NM), Niigata (R~30NM), Sendai (R~30NM)

» Each HMU measures aircraft geometric height with 5 ground

stations. (MLAT (Multi-Lateration) technique; as AGHME)

» On the other hand, ADS-B Height Monitoring System (AHMS)
uses GPS geometric height information contained in ADS-B

messages from aircraft.
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» ENRI is conducting research on AHMS performance inJapan.

» 3 ADS-B receiver stations are installed as an experimental system.
- Takamatsu (Setouchi), Chofu (Tokyo), lwanuma (Sendai)
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According to ICAO WG reports (RMACG, SASP), there are several error sources

for ASE calculation.

“Large-scale Study of the Use of Automatic Dependent Surveillance-Broadcast Data for Monitoring Aircraft
Altimetry System Error”, Separation and Airspace Safety Panel (SASP) Meeting Of The Working Group Of The
Whole (WG/WHL)/19-WP/16, Montreal, Canada, 23 May to 3 June, 2011.

(1) Incorrect Height Datum of GPS Height
HAE (Height Above Ellipsoid) or HAG (Height Above Geoid)
No information for discrimination is contained in ADS-B messages!

(2) Meteorological Data Error
Numerical data used to convert Barometric Altitude to Geometric
Height

(3) Quantization Error
Barometric Altitude and GPS Height in ADS-B messagesare
broadcast in 25 ft quantization
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Aircraft Track Plot
(for 1 day)

e AHMS (ADS-B)
o HMU (MLAT)




Mm P AT

Plot Uata Uontig
Select ADS-B G5V Type

® ADS-B Data GSV

ADS-B Data:

[ HMU Dats:

YR
N
e

E¥Work Dir¥Exec¥0 1ADS-B¥CSWOut Texec¥CSY

Date

AA Lat Lon

2016/10/01 0400:24 30 35975 ~ f ~
(O ADS-B Merge GSV  [E¥Work Dir¥Exec¥01ADS-B¥CSVOUtBaxec¥ AR OV = EFFFFFF . 300013 143807, 5075 IFFFFFF . 1 an.mt
201/10/01 vz U [ srins| azrsmug | [ ol rwosams -
HMU File Paths [E¥Work Dir¥Exec¥Data¥HMUGsv _‘ 2076710707 040628 | e 396893 1438929 S976]  oredare|  2216000) [ tensteal w02 ]
gl | sesoes|  wsssei 35075 sfodago]  2ezs700] |
AA FFFFFF v [FFeadfile FFFFFF [0 398953 1433846 35975) 3764449 2275700
Datetime: fraes = Emmaall | 898958 isaenes| 9o 4449 Ml 16 v
2016100104 | - 20161001 0§ e 3 = =
L 128 T
fat 2 = Lot 4 (] 29.000ft - 41,000ft Onily R rﬂm )
[ View Geoid[ft] 40,000 T T T T T T - . o
[ View GeometricAlt[ft]
- e | - c
L 2000
0000 ] 0 P TP, O
S O
- | LSS e e s | 12
Flight Level[ft] L
o . i 1 . . i 1
0400 04:15 0430 0445 0500 0515 0530 0545 3000
B T . 4 20164 104018 5
ar § 20 ®)]
H » —
| 2 1000 <
s 5:? o e
i © & A Y SO ® & e e e (n
Geoid[ft] - —
43
: rac ot = )
&
# ‘ i L i j i i g0
i L~ | 00 0415 0430 0445 0500 05:15 0530 0545 g >\
Date Time 20164108018 _J £ 1000
Bk ] O
s p——
4 & = 1 50 FOMPLES A A A R C
- - - .
£ | ® ASE1
3 ! )
o af ] g 6000
35 - & : 1 i~ | Emoo
52 i o 100 +  ASEShael
3 P g £ Skl hao! E
9150 ASEhag! £ 2000
33 - - 4 2 Sip&lnt hag! m
2r , S & A8 & o \‘.p \\e \'\P \,55 \@ SN D D eSO MGITEBN D B0 kBB (B Bala) :
5 ASE(HAE/HAG - - LL
o ..OJ ASEhae | - fitting =
H B| 12196009 -1191460 | R2[ 0526706 s A L A E_ ! o
L - 6000
P Y ik S . . ASEhae | - fittine gdm
128 120 130 131 1 B 12196007 -0.191460 | R2| 0041551 5
[ ] L 2000
3 j " A :
~— ) \ & N 4 LS T TR TR S SN

ASE Workshop 2017 @FAA Technical Center, Oct. 2017



r(__ | /\,.
_ minary Results = an airframe (1) ENRI
1;00]0[ . . . ‘H' % 'l-:.; T ::: ' ' _.:“: ' ; e %HMS>
: 1 g ey ';.-:':
JEe AP N S gase e
o ; _.' *  ASEhaei N ) <-|=-IMU>
-300ft - e e '

.. '@ TVE(HMU)

*
® .
1 | | 1 1 | | &

"'I 04:20 04:22 1]-'-12-'-1 04:26 04:28

T 34 0438 0438 0440 0442 04:44
Ime 20164108010

Geometric Height in
Meteorological Data@FLSGO

ASEc = 17 [ft]

33500 ft ﬁ@
s
/ 50
| 32850 g 5
w
s el
= 2G0T v
=\ 7/ ——/ "  Tasswo
| 22pd
a8 q
55555
t 2@5f

- 33650t —
]

<Btd. Dev. ASEc of AHMS issmaller
than that of HMU (MLAT)

«fRuantization Error is recognized

ASE Workshop 2017 @FAA Technical Center, Oct. 2017 7



Latitude [deg]

w W W
@

2

©o

] D ]

% 2

o > ] ]
& \Q \'\

L

Geoid Height §.

50 ft ———

~

(2]
(-]
T

©
o
T

w
o
T

w
©w

ADS-B data are obtained of

©
~N

w

§ 5 B §
! AT Q

A

33 b

this airframe flying in the

©w
(=]
T

o L
29 ="

range of 50 - 140 [ft] of
Geold height.

L

IR
128 129 130 131 132 133

1 1
134 135 136 137 138 139 140 141 142 143 144 145 146 147 148
Longitude [deg]

ASE Workshop 2017 @FAA Technical Center, Oct. 2017 8



PAT u

g
= ()] S e e T S e i R ol e T o' B
-50 ff#.-r'*":-‘*‘ " y ASE HAG
(LII'J) 100 - 7% f"’f::'—t—-"' : _HAE
K _-_ j‘-.EEEhau.1 - = - I ASE_
< gl st |/ mp
.| Linearregression : slope =-1.19 | |
,;3'-1':: ,b'-'..':u ;.,"'-7.':: %'-7.':: n:.;.,":" H.;.:"C.b HH'-T.':-: H,,.L'E.':u {.,_,"-7.':: Htp
Geoid Height

ASE value i1s assumed to be stable.

<BPS Height of this airframe is determined as HAG

ASE value of this airframe (averaged) = -10 ft.
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ENRI is developing AHMS Experimental System

<@ ADS-B receiver station are installed for research.

ltems undertaken

e Modification of ASE calculation
 Interpolation of Meteorological data
e Conversion from Geo-Potential height to Geometric height

 Statistical Analysis of ManyAircraft
 Sortation by Aircraft Group (e.g. B772, B744-5, A320, etc)

e Detection of Non-compliant Aircraft (ASE > 245 ft)
... considering the ASE distribution due to measurementerror
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