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 [Reconstruction of Airplane Altitude, Glideslope Deviation, and Localizer Deviation Parameters]

 

"' Q) 

~ 

-88.7 

-88.75 

g> -88.8 
-o 
Q) 
-o 
~ -88.85 ·a, 
c: 
.3 

-88.9 

-88.95 

40.75 

40.7 

"' Q) 

~ 40.65 
"' Q) 

...,_ 40.6 
Q) 
-o 
::> 
.t: 40.55 
.§ 

40.5 

40.45 

6000 

5000 

a; 4000 
Q) -.,; 

3000 -o 
::> 

~ 2000 

1000 

0 

--e-- Sandel (No AR~ude Data) 
0 ATC exelis 

~ 

' 
- oM 

- 1M 

"" '-. 

• 
. . . . . . . . . . . . . . . ................ , .. 

i i i i i i i i i i 

50 100 150 200 250 300 350 400 450 500 
Time, seconds 

~ 
~Sandel 

....... 0 ATC exelis 

~ - oM 

~ 
- 1M -

i i i i i i i i i i 

50 100 150 200 250 300 350 400 450 500 
Time, seconds 

! ! 

f- ············-~ 
--+-- Sandel (No AR~ude Data) 

0 ATC exelis 
. ~, : 

--• Calculated GIS Center 
f-

r-· 

r-· 

f-

- •-•- Calculated AltNA V2 
~~L 5~~~ , .................. . 
• p:to:otb::t:P.cm::ma:o::l:oa::OJ'"7f&, • 

..................................................................•..................•.. ~~;:········································· 

. . . . . . ~-. . . ............ : . ................ : . ................ : . ................. · .................. · .................. · .................. :· ................. : :-...- . ..... ..,._,;.:.~o;,,;.:.;,;,,;.:.;,;,,;.:.;,;,,;.:.,;,;,~ ;.;.,;.;,;.;. 

- - • Calculated ARGS1 
- •-•- Calculated AltNA V1 

50 100 150 200 250 300 350 400 450 500 
Time, seconds 

250r-----.------r------,------,!.------r!. ------r-----.------,!------?=====~==~ 
~Sandel 

0 ATC exelis s 2ooJ..---~e-~~~~ ...... lli1· ~-~~ ······· 
c: ·~~ . . 
::- 150 ~D.QQ.Oooo ·····; ................. · .................. · .................. · .................. : ................. : ................. : ......... _ 

(/)i ~ .............. , ................. , ..................... ~ ...... ~~o~ooi.~~o~n ~~-.r.~~~~~~~~~~~~~~~ o Qoodboo 
-o 100 .Ro, . · .................. : ................. : ................. : ......... _ 
c: 

~ 50 "'""" ' -

0 L ____ _L ____ ~ ______ L_ ____ _L ____ _i ______ L_ ____ ~ ____ _L ____ ~i~~~~~-: 

50 100 150 200 250 300 350 400 450 500 
Time, seconds 

::;: 
0 
0 

c: 
0 

:~ 
6; 

0 
Q) 
c. 
0 
-.; 
Q) 

:>! 
(!5 

::;: 
0 
0 

c: 
0 

:~ 
6; 

0 
:;; 

.!::! 
(;; 
u 
.3 

"' Q) 

~ 

"' Q) 
-o 
.,; 
-o 
::> 
.t: 
16 
-' 

BMI RWY 20 04-01-151og 1 
0.5~-----r!.------~!r------T!.-------r------,-------r-----~r------~!.-------r!.------,-----

-·-·-·-·i.lt.P~.~~- 1 -·-·-·-·l·-·-·-·- -·-·-·-·l·-·-·-·iT4~2~2~2~l~2~2~2~2:E~2~21-. .J._._·-·-·L. ·-·-· : : : : ~ .~J... : : L : : 
0 ~ := := := : =? : = := := := l= :=:~:~::r~:~:~:~ ~:~:~:~:::~:~:~, .. ~ "" :;,;;.;.: . . =• =? •=·=·=·= ~=·=·= 

: : •• •• • .I'!':· -~ , • • 
~Recorded GSDev_GS1 -·"*·-·-·-·-<-·-.... .-... -·-·-·- <-·-·-·-·•·-·-·-·-·:-1""-··~ , ~ •<>·-·-·-·-·=-·-·-· 
- RecordedGSDev_NAV1 • • .... ~·· • • • • q • • 
--Recorded GSDev _NAV2 _..,.,..• 

+ NTSBCalc • •• , i i i i i i i -O.si..!:;:;;:======;:;:;:;:;',._j __ _j __ _j __ _j __ _j __ __iL--_jLJL--__ i___ 

50 100 150 200 250 300 350 400 450 500 
Time, seconds 

0.5~-----,~.r.-.-----,!.-------,!.-------,-------,-------,-------,-------,!r------,!r-------r----

• • 

-0.5 

41.2 

41.1 

41 

40.9 

40.8 

40.7 

40.6 

40.5 

40.4 

•• •• 

---e-- Recorded Loc0ev1 

-- Recorded Loc0ev2 
+ NTSBCalc 

L.!:==~==~~--~i·---~iL--___ Li· ____ ~i· __ ~i----Li. ----~i· ___ _ji ___ 

50 100 150 200 250 300 350 400 450 500 

~Sandel 

o ATC exelis 

-88.9 -88.8 -88.7 -88.6 -88.5 -88.4 
Longitude, degrees 

"' Q) 

~ 

"' Q) 
-o 
.,; 
-o 
::> 
.t: 
16 
-' 

Time, seconds 

40.75 1 ------.,--------,--------;:======;-J 

40.65 

40.6 

40.55 

40.5 

-88.9 -88.85 
Longitude, degrees 

~Sandel 

o ATC exelis 

-88.8 -88.75 



A1.3

 [Reconstruction of Airplane Altitude, Detail View]

 

6000 

5800 

5600 

5400 

5200 

5000 

4800 

4600 

4400 

~Sandel (No Altitude Data) 
o ATC exelis 

- calculated G/S Center 
- - • Calculated AltGS1 

- •-•- Calculated AltNAV1 
- •-•- Calculated AliNA \12 

............. : .......................................... ~ ................................................................................... . 

............. : .......................................... ~ ................................................................................... . 

............. : .......................................... ~ ................................................................................... . 

4000 ................................................................ . 

0 

3800 ................................................................ . 

a; 3600 
~ 

~ 3400 
::> 

~ 3200 

3000 

2800 

2600 

2400 

2200 

2000 

1800 

1600 

1400 

1200 

1000 

800 

o : 

:o 
0 

0 

o : 
..................................... ·············p ..................................................... .. . ............ : .......................................... ~ ................................................................................... . 

0 
................................................... ····· 0 ............................................. .. . ............ : .......................................... ~ ................................................................................... . 

o : 
i:J 

................................................................. . Q .................................... . . ............ : .......................................... ~ ................................................................................... . 
0 

0 6 oodoooo: oooo : 
. o .o-cr ··>··· ·········································<·o ···········<···· .. 

q o : o o oP o 

"is . ........ .............. ............... .............. .............. .............. .............. .............. ............. · ............... · ............... · ............... · ............... · ............... · ............... · ............... · ............... · .............. ; ·············~· ''.:.:; ~ ............. , ............. , ............. , ............. , ............. , ............. , 

"-· ........................................................................................................................ · ............... · ............... · ............... · ............... · ............... · ............... · ............... · ............... · .............. ; ............. , ............. i ... ~~ ...... , ......... , .............. , .............. , .............. , .............. , .... _ 
~ "'-·~-,-·-~'_' __ ,;,_, __ ,..._;, __ ,_,~_,_ 

....................................•.............•.............•.............•.............•.............•............ ~ ............. ~ ............. ~ ............. ~ ............. ~ ............. ~ ............. ~ ............. ~ ............. ~ ............. ~ .............•.............•............. , ............. , ............. , ............. , ............. , ............. , 

20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 
Time. seconds 



A1.4

 [Reconstruction of Airplane Altitude, Glideslope Deviation, and Localizer Deviation Parameters]

 

"' Q) 

-87.5 

-87.55 

~ -87.6 
"' Q) 
-o 
.,; -87.65 
-o 
::> 

·g, -87.7 
.3 

-87.75 

"' Q) 

-87.8 

41.8 

41.75 

~ 
g> 41.7 
-o 
Q) 

-g 41.65 
.t: 

.§ 
41.6 

41.55 

6000 

5000 

a; 4000 
Q) -.,; 

3000 -o 
::> 

~ 2000 

1000 

0 

...,.. --. ,._ 
lL :;;- ""-

~ 

0 100 

/ 

~ 
i 
0 100 

rT> 

'" ' .,.., 

' .... 
~ 

200 300 
Time, seconds 

! ·-~ 

200 300 
Time, seconds 

' ~ "·~ 

0 100 200 

-

300 
Time, seconds 

--e-- Sandel (No AR~ude Data) 

0 ATC exelis 

i i 
400 500 600 

~Sandel 

0 ATC exelis 

400 500 600 

--+-- Sandel (No AR~ude Data) 

0 ATC exelis 

Calculated GIS Center 

- - • Calculated ARGS1 

- •-•- Calculated AltNA V1 

- •-•- Calculated AltNA V2 

400 500 600 

200r"'~:!~~~~ro:o:~:o~;;~::~--~::::I!,=------------,-------------,------------,-~::~:=,::~~ll 
~oo~ ~~;~~o~~ro.o~~~~~. ~Sandel 

0 ATC exelis 
00 oarP ; ' "o 
g 150 f- - ................. ~.~~~~~ ... --.. ~··············································· -·····'~~~~~""! 
~ . . . ·~ -g : : : : ' ':o. 
:!:_ 100 f-· .... : ............................. : ............................. : ............................. ; ............ ~,. '8!'1111!i"ia; ···i························· ··(·····························) -j 

i I I ~ 
e so f-· ····························- ···························'·····························'··························' "'························ ·:·····························:· _, 

(!) \ -'-

i i i i i \.lfllll'- --... ~· ........ ~ .... 
QL-~----------~-----------L-----------L----------~~~------~----~~--~ 

0 100 200 300 
Time, seconds 

400 500 600 

::;: 
0 
0 

c: 
0 

:~ 
6; 

0 
Q) 

"'-
0 
-.; 
Q) 

:>! 
(!5 

::;: 
0 
0 

c: 
0 

:~ 
6; 

0 
:;; 

.!::! 
(;; 
u 
.3 

"' Q) 

~ 

"' Q) 
-o 
.,; 
-o 
::> 
.t: 
16 
-' 

MOW RWY 31R 04-02-151og 4 
0.5~~----------r---------,---------~----------r---------,---------~~ 

- Recorded GSDev _NAV1 

~Recorded GSDev _NAV2 

9 NTSBCalc 

• 

+ 
-0.51..!:;:;;:=======---_j_ ____ j_ ____ j_ ____ i_ ___ _j_J 

0 100 200 300 
Time, seconds 

400 500 

----------~--------------~-------------+--------------~--------------~ -

600 

·-·-·-·-·- : BYJH~P!~:::::::::::::::::::::::::::::::::::::::::::~::::::::::::::: : - -·-·-·-·-···-

·-·-·~·-·-·-·-·-·-·~ -·-·-·-·-·-·· ·-
---e-- Recorded Loc0ev1 

-- Recorded Loc0ev2 
9 NTSBCalc -O.si..!:;:;;:=====;::;:r;! ____ _j_ ____ j_ ___ _j..j_ ___ _!i_ ___ _j_J 

42 

41.5 

41 

40.5 

0 100 

~Sandel 

o ATC exelis 

-88.8-88.6 -88.4 -88.2 -88 -87.8 -87.6 
Longitude, degrees 

"' Q) 

~ 

"' Q) 
-o 
.,; 
-o 
::> 
.t: 
16 
-' 

200 300 
Time, seconds 

400 500 600 

41.8 1 - -:;;:::---:----:--__,:--;:::====::;, 
~Sandel 

o ATC exelis 

41.75 

41.7 

41.65 

41.6 

41.55 L_ ____ __. ______ __._ ______ _._ ______ _L ______ _L ______ _. 

-87.75 -87.7 -87.65 
Longitude, degrees 

-87.6 -87.55 -87.5 



A1.5

 [Reconstruction of Airplane Altitude, Detail View]

 

5000 

4800 

4600 

4400 

4200 

4000 

3800 

3600 

3400 

3200 

3000 

~ 2800 
::> 

~ 
2600 

2400 

2200 

2000 

1800 

1600 

1400 

1200 

1000 

800 

600 

400 

: : oo 
·······························o ·· 

0 

:o 

0 

........................................ Q ... · ............ · ............................................. ; .. 

o : 
s • ~. . ........... ........... . 
:o 

. . . . . . . 
. . : ............ ; ........... ; .......... ; ........... : ............ : ............ : .. ·. "\: . 

0 

~ 
···················o ................ . 

0 

···································································o·· .,. 
0 : ~-

• 'l .. 
.. , .......... , .......... , .......... , .......... : ........... : ...... 0 ~·; .......... , .......... , ...... -.:"l .. 

........... : ............ : ............ :g 
0 . 

. . . . . . . Do • . . 
.. : ............ ; ........... ; ........... ; ............ : ............ : ............ : ............ !';b .. ti. ti. d 'Ci QO·O i 

. . :o 

··········-··········-············ ···································· Q ·· 

0 

.. : ............ ; ........... ; ........... ; ............ : ............ : ............ : ............ ; ........... ; ........... ; ........ Q.6·· 
Do 

. . , ..................... ' .......... ' .......... : ........... : ............ ~ ................................ ' 

~Sandel (No Altitude Data) 
o ATC exelis 

- calculated G/S Center 
- - • Calculated AltGS1 

- •-•- Calculated AltNAV1 
- •-•- Calculated AliNA V2 

. .......... , .......... , .......... , .......... , .......... : ........... : ............ ~ ..................... , .......... , .......... , .......... : ...................... : ............ ........... ; .......... , .......... , .. 

........... , .......... , .......... , .......... , .......... : ........... : ............ ~ ..................... , .......... , .......... , .......... : ...................... : ............ ........... ; .......... , .......... , .. 

.......... , .......... , .......... : ........... : ............ ~ ..................... , .......... , .......... , .......... : ...................... : ............ ........... ; .......... , .......... , .. 

..................................... ·······- ~r~o~ 

. 'i, QO 

.. , .......... , .......... , .......... , .......... : ........... : ............ ~ .......... , .......... , .......... , .......... : ........... : ............ ~ .......... , .. : ... CJ.o .............. · ............ · ............ ; ....................................................... · ....................... · ....................... ; ....................... . 

.. , .......... , .......... , .......... , .......... : ........... : ............ ~ .......... , .......... , .......... , .......... : ........... : ............ ~ .......... , .......... , .......... , .. .......... ' .......... ' .......... : ...................... : ....................... ; ..................... , .. 

' . ......... ~mi;: J:;' ;;;: : =-~ m : _.,. ..,. ..... 

..l .......... 1 .......... 1 .......... 1 .......... J .......... J ......... ..! .......... 1 .......... 1 .......... 1 .......... J .......... J ......... ..! .......... 1 .......... 1 .......... 1 ......... J. ......... ..! .......... 1 ......... J .......... I .......... 1 .......... J ......... ..! ......... J ......... ..! .......... 1 .......... 1 ......... J . 
-20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 3 0 340 360 380 400 420 440 460 480 500 520 540 560 5 0 6 0 

Time, seconds 



A1.6

 [Reconstruction of Airplane Altitude, Glideslope Deviation, and Localizer Deviation Parameters]

 

"' Q) 

~ 

-88.7 

-88.75 

g> -88.8 
-o 
Q) 
-o 
~ -88.85 ·a, 
c: 
.3 

-88.9 

-88.95 

40.8 

40.75 

"' 40.7 
Q) 
Q) 

a, 40.65 
Q) 

...,_ 40.6 
Q) 
-o 
.. ~ 40.55 
_§ 

40.5 

40.45 

-

50 100 

.... 
r··· 

i i 
50 100 

3500 ! 

150 200 250 
Time, seconds 

i i i 
150 200 250 

Time, seconds 

! 

---e-- Sandel (No AR~ude Data) 
0 ATC exelis 

- oM 

- ................. ·-; 

i 
300 350 400 450 

~Sandel 

0 ATC exelis 
- oM 

i i i i 
300 350 400 450 

! 
:oooo . 3000 r-· ............... , ........ mo0~ ·:···· ................ · ..................... , ···················· .................... · ..................... , ···················· ···················-; 

0 Cbo : 2500 f- .................................... : ...... oooom o·iJoEPooocn .................... : ................................................................................. -~ 
~ ; DOocn CODaJ : 
-. 2000 1-r--------'-----'-----, .............. : .................... '················ 0 9;Jm······ ····························· · ···················· .................. .; 
., --+--sandei(NoAR~udeData) : : 01Doo00~ : 

~ 1500 -·o-~:~~~:~~G/SCenter ...................................•...................•.................... : ..... oooC:O~ .................•................... .; 

1000 - - • Calculated ARGS1 ............. ~~ 

.............. · ..................... ; ................... ' .................... · ..................... ; ................... ' .................. ·-; 500 - •-•- Calculated AnNA V1 

- •-•- Calculated AnNA V2 

0~~~~~~~~~~----~----~----~----~----~----~ 
50 100 150 200 250 300 350 400 450 

Time, seconds 

200~----~--~~~,0~~~~~~~~~~----~!_------~--r=~====~ f- lU I 00 '- 0Q ...... Q QCio • 
~ 0 ~on.. IQ. ~Sandel 

OL---~----~----L---~----L----~----L---~---~ 
50 100 150 200 250 300 350 400 450 

Time, seconds 

::;: 
0 
0 

c: 
0 

:~ 
6; 

0 
Q) 
c. 
0 
-.; 
Q) 

:>! 
(!5 

::;: 
0 
0 

c: 
0 

:~ 
6; 

0 
:;; 

.!::! 
(;; 
u 
.3 

BMI RWY 29 04-03-151og 6 
0.5~-------T!,------~?r.r~, .• -.--------~-•• ~.-.-.---T!,--------~.---------T!,--------~--------~----------n 

: ........... ...: .... : 
. ..... : 

: .. 
f ly Down : : : : : •* :=:=:=:=:=::=:=i : -.-.-.-.-·:- -.-.-.-. 7.-.-.-.-. -~·-.-.-.-.- ·~-.-.-.-.-. ~·;;,,. -.-.-. ~·-.-.-.-. ~ ~-.-.-.-.-. 7.-..... -.-. ~ 
: : : : : ~ : I : : I : 

0 :::=:=:=:=::=:=:=:=:=:*:=:=:=:=:=::=:=:=:=:=::=:=:=:=:=:*:=: --~.; ::: :=:: :;.~ = := :=.::r '-·----~·-·: ·.-· 1:· ·-=-· .-=.· .-:;. 

. . . . .,.~~- . . ~- . 
: : : : ' : · .. ~· .: : 

~Recorded GSDev_GS1 -·-·-·-~·-·-·-·-·-·~-·-·-·-·-·~·-·-·-·-·J·-·-·-·-· .., ~ · = -· • :-, _ •• ·-·-·_j 
- Recorded GSDev _NAV1 . . . . - : . 

~Recorded GSDev _NAV2 

• NTSBCalc i i i i i -O.si..!:;:;;:===========--_j_ __ __iL_ __ _j_ ___ j_ __ _i_ ___ j__ __ _j.J 

50 100 150 200 250 300 350 400 450 
Time, seconds 

-- Recorded Loc0ev2 
• NTSBCalc -O.si..!:;:;;:=========;:;;;:;:l. ___ _j_ __ __iL_ __ _j_ ___ j_ __ _i_ ___ j__ __ _j.J 

50 100 150 200 250 300 350 400 450 
Time, seconds 

40.8 ~---,----,----:---;:::=======:;, 
~Sandel 

o ATC exelis 

42 ~Sandel 40.75 ..................... ' ..................... : ............................................. ~ .. 

o ATC exelis 

41.8 
40.7 

41.6 

"' 41.4 "' Q) 

40.65 
Q) 

~ 

"' ~41.2 
Q) 
-o 

~ 

"' Q) 
-o 
Q) 40.6 

.. ~ 41 
-o 
"' .t: 

_§ 

40.8 

40.6 

40.4 

40.2 L-~-~-~-~-~--'--' 
-88.8 -88.6 -88.4 -88.2 -88 -87.8 

Longitude, degrees 

_§ 
40.55 

40.45 : : ·' : ............................................ : ....................... : .......... 00"'······ 

-88.95 -88.9 -88.85 -88.8 -88.75 -88.7 
Longitude, degrees 



A1.7

 [Reconstruction of Airplane Altitude, Detail View]

 

BMI RWY 29 04-03-151og 6 
3400 

~Sandel (No Altitude Data) 
0 ATC exelis 

- calculated G/S Center 
3200 

0 - - • Calculated AltGS1 
c - •-•- Calculated AltNAV1 

0 
0 - •-•- Calculated AliNA \12 

3000 
0 

0 

0 

2800 
0 

0 

0 

2600 n 

0 0 

0 i:Jo 0 0 

2400 
0 0 

0 

DO 

0 

2200 
0 DO C 

0 
a; 0 
Q) -.,; 

2000 -o 
::> 

~ 
0 [I) 

0 IIIl 
DO 

1800 
0 i:J oo 0 0 

0 

0 0 

0 

~ s 

~ ~~ 
~'~~. 

' 

1600 

1400 

1200 

1000 

800 

600 
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 

Time. seconds 



A1.8

 [Reconstruction of Airplane Altitude, Glideslope Deviation, and Localizer Deviation Parameters]

 

-B6 

::l -B6.2 
~ 

"' Q) 
-o 
.,; -B6.4 
-o 
::> 
·5, 
c: 
.3 -B6.6 

"' Q) 

-B6.B 

40 

39.95 

! 

..,.,.,., 

100 200 300 

~ 

"' "' 

! 

400 

! 

500 
Time, seconds 

! 

! 

600 

~ ~ 

700 

--e-- Sandel (No AR~ude Data) 

0 ATC exelis 
- oM 

BOO 900 

~Sandel 

0 ATC exelis 
- oM 

~ 39.9 
"' Q) 

: 39.B5 

_,- ~ 
-o 
::> 

:!:::: 39.8 
.§ 

39.75 

39.7 
100 200 300 400 500 

Time, seconds 
600 

~ 
""-• -~ 

i -
700 BOO 900 

5000~-----r------r-----~-------r------,-------r-----~-------r------~----~ 

4000 ...... ·'"i" '"'"IW"Iiil IW•i !W u 1 """ "m"" jllm@tllmi!WI!hllliiii!W • "' ""mw!!llll""mm' iiwwuum"w"l!b 

a; 
~ 3000 t-r-··~···~··~···~··~··'-'.··~··~··~···~··~···~··~··'-"···~·~··~···""i································' .................. · ................... ; 
Q) 
-o 
::> 

~ 2000 

1000 

--+-- Sandel (No AR~ude Data) 

o ATC exelis 

Calculated GIS Center 

- - • Calculated ARGS1 

-·-·- Calculated AnNAV1 

........ : ................... ; ................. : ................... ; .................. , ................. , .. 

........ : ................... ; ................. : ................... ; .................. , ................. , .. 

- •-•- Calculated AnNA V2 

0~~~~~~~~~----~--~----~----~----~----~--~ 

250 

s 200 
c: 

-"' 
-o 
Q) 

:g_ 150 
(/) 

-o 
c: 
::> 

e 100 
(!) 

50 

100 200 

~' ~ 

100 200 

300 400 

~ 

300 400 

500 
Time, seconds 

~ 

500 
Time, seconds 

600 

600 

700 BOO 900 

~Sandel 

0 ATC exelis 

0 ""-. ~-
f 1 ' 
~ -# 

····-

" 700 BOO 900 

::;: 
0 
0 

c: 
0 

:~ 
6; 

0 
Q) 
c. 
0 
-.; 
Q) 

:>! 
(!5 

::;: 
0 
0 

c: 
0 

:~ 
6; 

0 
:;; 

.!::! 
(;; 
u 
.3 

- Recorded GSDev _NAV1 

~Recorded GSDev _NAV2 

• NTSBCalc 

IND RWY 23L 04-06-151og 8 

• 
\ 

-O.si..!:;:;;:======;:;:;:;:;',. _ _i_ __ _j ___ j__ __ j_ __ _i_ __ _j ___ ,i__...1lJ 

100 200 300 400 

-- Recorded Loc0ev2 
• NTSBCalc 

500 
Time, seconds 

600 700 BOO 900 

-O.si..!:;:;;:=====::r;:;! __ _i_ __ _j ___ j___.:._j_ __ _i_ __ _j ___ ,i_ _ _J 

100 

42 

41.5 

41 

200 300 

~Sandel 

o ATC exelis 

"' Q) 

~ 

"' Q) 
-o 

400 500 
Time, seconds 

600 700 BOO 900 

40.05 ,...---,-----,---:---:--';=:======;"1 
~Sandel 

o ATC exelis 

40 

39.95 

39.9 

~ 40 .,; 39.B5 
-o 
::> 
.t: 

::> 
.t: 

.§ 
39.5 

39 

3B.5 

3B 

-BB.5 -BB -B7.5 -B7 -B6.5 
Longitude, degrees 

.§ 
39.B 

39.75 

39.7 

-B6.5 -B6.4 -B6.3 
Longitude, degrees 

-B6.2 -B6.1 -B6 



A1.9

 [Reconstruction of Airplane Altitude, Detail View]

 

5600 

5400 

5200 

5000 

4800 

4600 

4400 

4200 

4000 

3800 

3600 

3400 a; 
~ 

~ 3200 
::> 

~ 3000 

2800 

2600 

2400 

2200 

2000 

1800 

1600 

1400 

1200 

............... , ...... , ...... , ...... , ...... , ...... , ...... , ...... , ...... , ...... , ...... : ....... : ....... : ........ ~ ...... , ...... , ...... , ...... , ...... , ...... , ...... , ...... , ...... : ....... : ....... : ........ ~ ...... , ...... , ...... , ....................................................... , .. 
~Sandel (No Altitude Data) 

o ATC exelis 
- calculated G/S Center 
- - • Calculated AltGS1 

- •-•- Calculated AltNAV1 
- •-•- Calculated AliNA \12 

............... , ...... , ...... , ...... , ...... , ...... , ...... , ...... , ...... , ...... , ...... : ....... : ....... : ........ ~ ...... , ...... , ...... , ...... , ...... , ...... , ...... , ...... , ...... : ....... : ....... : ........ ~ ...... , ...... , ...... , .. ............................................. ' ...... : ....... : ....... : ........ ~ ...... , ...... , ............... . 

0 

................ ....... ....... ....... ....... ....... ....... ....... ....... ....... ....... · ........ · ........ · ........ ; ............................................................... · ........ · ........ · ........ ; ........................... 0 .................... . ...... : ....... : ....... : ........ ~ ...... , ...... , ............... . 

0 
....... · ........ · ........ · ........ · ........ : ....... : ....... : ....... : ....... : ....... : ....... : ........ · ........ · ........ · ........ · ........ · ........ · ........ : ....... : ....... : ....... : ....... : ....... : ........ · ........ · ........ · ........ · ........ · ........ · ........ : ....... ....... : ....... : ....... : ....... : ........ . 

o · Q 

bo ............................... ................................... . ............. ···········10 ······ 

...... i .......•........•........•........ ! ....... ! ....... ! ....... ! ....... ! ....... ! ....... ! ....... i ...... i ...... i .......•........•........•........ ! ....... ! ....... ! ....... ! ....... ! ....... ! ....... i ...... i ...... i .......•........•........•........ ! .............. ! ...... r.0aj!+5l .~. ollll i:oo .. •· 

............... , ...... , ...... , ...... , ...... , ...... , ...... , ...... , ...... , ...... , ...... : ....... : ....... : ........ ~ ...... , ...... , ...... , ...... , ...... , ...... , ...... , ...... , ...... : ....... : ....... : ........ ~ ...... , ...... , ...... , ............. , ...... , ...... , ...... , ...... , ...... , ...... , .. 

............... , ...... , ...... , ...... , ...... , ...... , ...... , ...... , ...... , ...... , ...... : ....... : ....... : ........ ~ ...... , ...... , ...... , ...... , ...... , ...... , ...... , ...... , ...... : ....... : ....... : ........ ~ ...... , ...... , ...... , ............. , ...... , ...... , ...... , ...... , ...... , ...... , .. 

0 

0 : 

............... , ...... , ...... , ...... , ...... , ...... , ...... , ...... , ...... , ...... , ...... : ....... : ....... : ........ ~ ...... , ...... , ...... , ...... , ...... , ...... , ...... , ...... , ...... : ....... : ....... : ........ ~ ...... , ...... , ...... , ............. , ...... , ...... , ...... , ...... , ...... , ...... , ...... : ....... : ....... : ........ ~ 

20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 720 7 40 760 780 800 820 840 860 880 900 920 940 960 980 

Time. seconds 



A1.10

 [Reconstruction of Airplane Altitude, Glideslope Deviation, and Localizer Deviation Parameters]

 

-B8.2 

::l -B8.4 
~ 

"' Q) 
-o 
.,; -B8.6 
-o 
::> 
·5, 
c: 
.3 -BB.B 

-B9 

40.7 

"' 40.6 
Q) 

~ 

"' Q) 

...,_ 40 5 
Q) • 

-o 
::> 
.t: 
16 
-' 40.4 

40.3 

a; 
Q) - 3000 
.,; 
-o 
::> 

~ 2000 

1000 

0 

300 

250 
"' 0 
c: 

200 -"' 
-o 
Q) 

:g_ 150 
(/) 

-o 
c: 100 ::> e 

(!) 

50 

0 

--e-- Sandel (No AR~ude Data) 

~ 
0 ATC exelis 

~ t..... --· oM 
- 1M 

i i i i i i i i i i i 

200 300 400 500 600 700 BOO 900 1000 1100 1200 
Time, seconds 

~Sandel 

0 ATC exelis 

--· oM 
- 1M 

- .............. 

200 300 400 500 600 700 BOO 900 1000 1100 1200 
Time, seconds 

--+-- Sandel (No AR~ude Data) 

0 ATC exelis 

• CMI Radar 

- - • Estimated Altitude .............................. , .............. : ................ : ................ ~ .. 
Calculated GIS Center 

- - • Calculated ARGS1 .............................. , .............. : ................ : ................ ~ ............................................... , .. 
-·-·- Calculated AltNAV1 
- •-•- Calculated AnNA V2 

200 300 400 500 600 700 
Time, seconds 

BOO 900 1000 

.......... · ................ ; ............... , ............... , ··l ·· ....... , ............... · ................. · ................ ; ............... , .. 
................................ ·~\ ............... , 

\ 

·' " 

200 300 400 500 

I 1 I 

600 700 
Time, seconds 

BOO 900 1000 

1100 1200 

~Sandel 

o ATC exelis 

- - • CMI Radar 

1100 1200 

::;: 
0 
0 

c: 
0 

:~ 
6; 

0 
Q) 
c. 
0 
-.; 
Q) 

:>! 
(!5 

~Recorded GSDev _GS1 

- Recorded GSDev _NAV1 
~Recorded GSDev _NAV2 

• NTSBCalc 

BMI RWY 20 04-06-151og 0 

• 

-O.si..!:;:;;:======;:;:;:i. __ _j_ __ j_ __ j_ _ _j __ _i. __ _j_ __ j_ __ j__J 

::;: 
0 
0 

c 
0 

:~ 
> 
Q) 

0 
:;; 

.!::! 
(;; 
u 
0 
-' 

"' Q) 

0.5 

0 

-0.5 

42 

41.5 

41 

~ 40 5 "' . 
Q) 
-o 
Q) 

-g 40 
.t: 

.§ 
39.5 

39 

3B.5 

200 300 400 

---e-- Recorded Loc0ev1 

-- Recorded Loc0ev2 
• NTSBCalc 

200 300 400 

~Sandel 

o ATC exelis 

-BB.5 -BB -B7.5 -B7 -B6.5 
Longitude, degrees 

500 600 

500 600 

700 
Time, seconds 

700 
Time, seconds 

BOO 

• : 

BOO 

900 1000 

900 1000 

• • 

1100 1200 

1100 1200 

4o.6s 1--,---,----,----,--,-";=:===~ 
~Sandel 

o ATC exelis 

40.6 

40.55 

jtl~sAnt 
flwcAnt 

40.45 

40.4 .................................................................................... . 

40.35 .............. .i ............... j ............... i .............. .i ............... j ............... i .. 

-B8.95 -B8.9 -BB.B5 -BB.B -BB.75 -BB.7 -B8.65 -B8.6 
Longitude, degrees 



A1.11

 [Reconstruction of Airplane Altitude, Detail View]

 

4600 

4400 

4200 

4000 

3800 

3600 

3400 

3200 

3000 

a; 
~ 2800 
Q) 
-o 
"' ~ 2600 

2400 

2200 

2000 

1800 

1600 

1400 

1200 

1000 

800 

c:iJ 
:o 

0 
o: 
b 

....... . cocj' .............. ....... .............. ....... . ....... . ....... .............. ....... ..... ....... . ....... .............. ....... . ....... . ........ . 
·ocn · · rrn on, :_ o 0 ; ; ODD ; ;-o Oi:DOOOOCDOCDO OCD 0 -:o 

· oo ~ o : . . . . . . . 
0

, o . 
0 0 

0 H H 0 H H Qqfi tttictibiiittJcn I il ttilttittitti titlo H 0 H H H H H H 0 H H 0 H H 0 H H H 0 H DHcj H H oHO~ ttir H Cf;ttitipHti~ti~~ H H H H H 0 H H 0 H 

.............. : ....... : ....... : ........ : ....... : ....... : ........ : ....... : ....... : ....... : ....... : ....... : ....... : ....... : ........ : ....... : ....... : ..................... : ....... : ....... : ........ : ....... : ....... : ....... : ....... : .. 0 ··' 

o : 

q 

b 

........ "ti 

...... : .... o .: 

...... : ....... : ...... 0 

.......................... ·o: .............. . 
ob : .',.p :: 

: o c:tnocf:"' mcna:i 
: 0 : : : : 

oCDboooil ooob 
0 ..................... , .................... , .................... , ............ , ...... , ............. , .................... , ................................. , .................... , ............ , ...... , ............. , .................... , .................... , ............ ,··a-· 

o: 
..................... ' ......•.............•......•.............•......•..... ' ......•............. ' ......•.............•......•.......................... ' ......•.............•......•..... ' ......•............. ' ......•............. ' ......•.............•......•..... ' ..... <;> ·. 

:o 
..................... ' ......•....................•....................•..... ' .................... ' ......•....................•.......................... ' ......•....................•..... ' .................... ' ......•............. ' ......•....................•..... ' ......• "ti 

0 

B 
:o 

.............. : ....... : ....... : ........ : ....... : ....... : ........ : ....... : ....... : ....... : ....... : ....... : ....... : ....... : ........ : ....... : ....... : ..................... : ....... : ....... : ........ : ....... : ....... : ....... : ....... : ....... : ....... : ....... : ........ : ....... : ....... : ........ : ....... : ....... : ....... : ....... : ....... : ... o .. : 
o: 

~Sandel (No Altitude Data) 

o ATC exelis 

- calculated G/S Center 

- - • Calculated AltGS1 

· · · · · · · · · · · · ·· · - •-•- Calculated AltNAV1 

- •-•- Calculated AliNA \12 

0 

0 · · · · · · · · · · · · ·· · -
8
· · · ·h,_· · · · · · • · · -o-' · · · · · ,_. · ·o · · · · 

:0 :0 . :o 
' a , 

...... ···-~q; -···· 0 b 

o: 

0 . o · 
0 : 

140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 720 7 40 760 780 800 820 840 860 880 900 920 940 960 980 10001020 10401060 10801100 11201140 1160 

Time, seconds 




