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Objective: to provide evidence that Trimble local differential GPS
(LDGPS) can be used for Special CAT |' precision runway approaches.

Equipment: a Sikorsky S-76A helicopter equipped with Trimble TNL
3100 DZUS GPS avienics receiver & Ashtech LM-XII GPS geodetic
receiver; hase station eguippedwithy Trimble TNL-2800G GPSilanding
system & Ashitech LM=XIIPGPS geodeticweceliver.

Daiarcollectea inmleneal-time differentialfseluuen &simultanecus
AShtech raw datarat vaserstation and onkearaNer 73 -approaches: al
IHallfax Internationalf Aol in -eb/Marehr 1994,

Methed used to meet objectiviethe independent Ashtech solution IS
used as ‘ground truth” withiwhich we compared the Trimble LDGPS
solution.




Transport Canada Aviation/Cougar Helicopters Inc.
GPS Precision Approach Trials

Sikorsky S-76A helicopter equipped with Trimble TNL 3100 DZUS GPS avionics receiver
& Ashtech LM-XII GPS geodetic receiver



Airfield of Halifax International Airport




0 Step 1.: We used three different solutions to validate the Ashtech solution:
- C/A-code/carrier phase solution (PNAYV)
- Carrier-phase smoothed C/A-code solution (PNAY),
- Postprocessed differential smoothed C/A-code solution (PPDIEF))

Figure 1. Shows an example of the comparison between the three
selutions aleng,with the estimated position accuracy of
the Ashiechsolution:

Figure 2 Shoewsanexample of the comparison betWeenithe: three
selUienscomputed froam thelaw data witheutcyclerslip
editingl& checking for ‘datarguality:

Elgure S GIves anindication aboul: MEWIRGISY, the'splutien and
datar ane, and how good PNAVAAIAKS, the Selution|s.

0 Coenclusion.from step 1: Estimated position accuracy: frem Ashtech data Is
lower than expected. \Why? Because pseudorange ebservations are
biased by multipath; carrier-phase ambiguities are not resolved; and
observation periods are too short.




Figure 1

Estimated Latitude Differences Referencedto C/A-Code/Carrier Phase Solution
(005: 3-GPS24)
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Latitude differences
m)

Estimated Latitude Differences Referenced to C/A-Code/Carrier Phase Solution
(005:3-GPS24)
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Longitude
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Comparison of Three Different Solutions of Estimated Heights Differenced over Time
(005:3-GPS24)
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0 Step 2. - We used the Ashtech solution as a benchmark against the
Trimble DGPS solution.
- Software development that performs the analysis:
- Use aircraft velocity to interpolate aircraft
position between epochs,
- Use of geoidal model that accounts'for geoidal
undulatien,
- use aircraft velocities to compute Cliess-track: ertor:
anad vertical error.
FIguresidiés 55 Shew examples ofithe cempansonsihetWeen the iwe
SENSOIS.

0 Cenclusions from step’2.
- All 73 approaches were/@able to be processed.
- Trimble solutions show! distinct jumps bothiin cross-track
and vertical sense which could be due to:
- sudden change in the # of satellites tracked,
- delay Iin airborne receiver solution updates.




Runway Threshold Approacf10:1-GPS06

Comparison Between Ashtech and Trimble DGPS Solutions (010:1-GPS06)
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Runway Threshold Approacfi06:4-GPS15
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0 Step 3: - .) Analysis of the whole data set.

- We computed the means & standard deviations of
cross-track & vertical errors for all dataig. 6&7).

- 1) Setting up categories.to develop further statistics.

- \We also investigated several categories of, appreaches:
- 3 & 6/ degree,glidepath approaches;
- 200/ & 10049t"'decision height appreaches;
- missed approaches+(landing, left-right; Straight);
=50&.70 knot approaches.
SWWelloekediat the data beforer& aiter thendmbleraiiopime
receveriimmware modifications.
- We treatedd. all'the data collecte®; allldatarexcept 3
approeaches whichi needed to be eliminated due toe
bad guality of Ashtech “greund truth™ solution.

Figure 8. as an example shows cress-track error statistics for
3 & 6 degree glidepath approaches.

Figure 9: shows vertical error statistics for 3 & 6 degree
glidepath approaches.
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Mean of the Vertical Errors for All 73 Approaches

16

o 5 o © [y N o = © &) o = [y N © ) © S5 o 3
~ I o I NI I ] I (=] 9 o [ts) - [ts) N [ts) ™ [ts) < v
R L] I L] I o I Lt ! o o o = — o o o o < <
G A R OO U A A e
Mean of the vertical errors in metres
Standard Deviation of the Vertical Errors for All 73
Approaches

o = o < © © © I o o © © o < © o © > o g

(=] ) i [Ts) [ [Ts) o [t) < [Ts) [Ts] [T) o [t) ~ [ts) o] [T) o v

S S 4 4 o8 & 8 B & 8 8 v s 6 K N S B % g

Standard deviation of the vertical errors in metres

Figure 7




(GTHL) "ren
ase + |ues| xep

(GTHL)
E -ren as xen

(STHL)
..E> |ueawl| xe

(90HL) "ren
asz + |ues| xen

(90HL)
“Jen ds xXe|N

(90HL)
“Ien |uesw| xep

(ZHL) "ren

T T asz + luesi| xew

Modifications
(4 Approaches Eliminated)

(rgHL)

BT -ren as xen

(reHL)
[ ren |uesw| xep

(EEHL) "ren
ase + |ues| xepn

(e€HL)
“Jen ds xXe|N

Vertical Errors for 3&6 Degree Glidepath Approaches Prior to the Software

(eeHL)
“Ien |ueasw| xep

(@] Lo (=] Lo (@] [Te] (@] 0 o n o
o < < ™ ™ N N — —

SallsWl Ul suollelen wnwixew

@3 degree glidepatill 6 degree glidepath

Figure 8



Cross-track Errors for 3&6 Degree Glidepath Approaches Prior to Software

Modifications
(4 Approaches Eliminated)
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- _.) Investigating categories in 0.1 nm increments from the threshold:

- 3 & 6 degree glidepath approaches,
- 200 & 100 ft decision height approaches,
- 50&70 knot approaches.

Figure 10 example ohorizontalerrorbars for 3 degree glidepath
approeaches prior to firmware modifications.

Figure 11 example eiertical erer bars for 3 degree glidepath
appreaches pior to firmware,modifications.

Analysis otresults

- 1) Investigating allfdatarwitheut categozing|them

Mean of the cross-track errors 17 approachef23%) fall into the bin size ranging fro.0 to 0.5metres
42 approachegb8%) fall into the bin size ranging fror®.5 to 1.0metres
Standard deviation of the cross-track errors 22 approache&30%) fall into the bin size ranging frof.5 to 1.0metres
35 approache&48%) fall into the bin size ranging frof.5 to 1.5metres
Mean of the vertical errors 11 approache§l5%) fall into the bin size ranging froh.0 to 1.5metres
29 approache§t0%) fall into the bin size ranging frof.0 to 1.5metres
Standard deviation of the vertical errors 15 approache$21%) fall into the bin size ranging froh.0 to 1.5metres
35 approache&8%) fall into the bin size ranging frorh.0 to 2.5metres




Cross-track Errors (2 Sigma) for 3 Degree Glidepath Approaches
Prior to Receiver Software Maodifications (THOG6)
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Vertical Errors (2 sigma) for 3 Degree Glidepath Approaches Prior to
Receiver Software Modifications (THO6)
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- .) Investigating the categories and lookingnaiximum mean variation
maximum standard deviation variatiendmaximum |mean|+
2sigma variation(all data, all data minus 4 approaches).

Figure 12 shows the three statisticsluirizontalerrors for the four

thresholds, 6 categories, prior to andiafter the
firmware modifications.

Figure 13: shoews the three,statisticsvertical errorsforithe four

treshelds, 6 categories, prior to and afterthe
ecever firmware maodifieations.

=1 o)l Investigatinglthe categories in 0.1 nMACrEMENRts irem the threshold
(@ll data minus4 appreaches).

Eigure 14 shews thdiorzontalerrer statistics o) compare the

Individual categories; threshoelds, prier terand after
recelver firmware modification.

Figure 15 shows thevertical error statistics to compare the

Individual categories, thresholds, prior to and after
receiver firmware modification.




CROSS-TRACK ERRORS (ALL DATA USED) UNITS IN METRES [MIN,MAX]
Approaches prior to thereceiver software modifications

Thresholds/ TH33 TH24 THO6 TH15
Type of approach

Max mean|Max s.d. var. Max |[mean|Max mean|Max s.d. val. Max |[meah|Max mean|Max s.d. val. Max |meap|Max mean|Max s.d. va. Max |[meaf|

var. + 2s.d. var, var. + 2s.d. var, var. + 2s.d. var, var. + 2s.d. var)
3 deg glidepath [-0.32,3.65] [0.47,4.42] [1.26,12.4P] [-2.69,0.63] [0.53,15/08] [1.27,32.85] [-2.17,2.23] [0.62,10.34] [1.75/20.99] [0.6P,1.83] [.21[2.84,6.75]
6 deg glidepath [0.02,2.86] [0.97,3.33] [2.12,8.50] [0.86,2.49] [0.72,3.97] [1.7,1043]
DH 200 [-0.32,3.65] [0.47,4.42] [1.26,12.49] [-2.69,0.63] [0.53,15)08] [1.27,32.85] [-2.17,2.49] [0.62,10.34] [2.44]20.99] [0.6P,1.83] [1.21[2.@4,6.75]
DH 100 [1.32,2.86]| [1.9,3.33]| [5.46,8.5]
MISS.Ed approaCh: [-0.02,2.86] [1.67,3.34] [3.77,8.5 [0.37] [1.36] [3.09] [-1.20,1.62] [0.62,0.88] [2.44,3]88]
landing
MISS_Ed approaCh: [0.18,0.76]| [0.83,2.28] [2.42,5.31] [-0.35,-0.25] [1.6,5.3[] [3.45,1097] [-1.2] [1.41] [4.02]
left-right
MIS_SEd approaCh: [1.57,1.73]| [1.48,2.07] [4.69,5.71] [-0.03] [1.02] [2.07] [-2.17,2.49] [0.72,10[34] [1.7,20.99] [0.6P] [2.21] [5.44]
straight-180 deg
50 knots [-0.02,2.53] [0.83,3.33] [2.42,85 [-1.36,2.49] [0.72,3.95] [2.8,9.39]
60 knots [-2.17,-0.86] [0.8,0.88]| [2.46,3.1]
70 knots [1.32] [2.08] [5.48] [0.26,2.23] [1.64,10.34] [3.54,20.99]
80 knots [2.86] [2.51] [7.88] [-1.2] [0.62] [2.44]
90 knots [-0.88] [0.55] [1.98]
120 knots [1.73] [1.48] [4.69]
Approaches after thereceiver software modifications

Thresholds/ TH33 TH24 THO6 TH15
Type of approach

Max mean|Max s.d. var. Max |[mean|Max mean|Max s.d. val. Max |[meah|Max mean|Max s.d. val. Max |meap|Max mean|Max s.d. va. Max |[meaf|

var. + 2s.d. var, var. + 2s.d. var, var. + 2s.d. var, var. + 2s.d. var)

3 deg glidepath [0.15,1.9] | [0.66,2.42] [1.47,6.74] [0.151.32] [2.23,6.3] [4.61,13|92] [-0.39,1.62] [0.76,15.81] [3.07,85.61] [-0.08,2.91] [1.20,7.66]18[23
6 deg glidepath [-0.59,0.66] [0.58,0.86] [1.21,2.34] [-0.19,5.40] [0.80,5.95] [2.04,17.3]
DH 200 [-0.15,0.66] [0.66,0.86] [1.47,2.34] [0.19,54] [0.91,5.95] [2.95,17.3]
DH 100 [-0.59,1.9]| [0.58,2.42] [1.21,4.9] [-3.99,0.95] [0.76,15.81] [2.36,35/61]
M|s§ed approach: [-0.05,0.66] [0.58,0.86] [1.75,2.34] [0.19] [5.16] [10.51]  [-3.99,0.y8] [0.76,1581] [2.39,35.61]
landing
MISS_Ed approaCh: [0.40] [0.98] [2.36] [-0.19,-0.03] [1.29,2.05] [2.61,4.2p]
left-right
MIS_SEd approaCh: [-0.59,1.9]| [0.66,2.42] [1.91,4.9] [-0.15-0.03] [2.23,6.8] [4.61,13]92] [0.17,1)62] [0.8,1{78] [2.04,4.02]
straight&180 deg
50 knots [-0.15] [0.66] [1.47] [0.17,1.49] [0.8,2.32] [2.04,4.83]
60 knots [-0.59,-0.05] [0.58,0.80] [1.21,2.19] [0.77,0.78] [1.09,1.88] [2.95,4.64]
70 knots [0.06,1.09| [0.77,2.42] [3.44,49] [0.150.19] [2.23,5.16] [4.61,10,51] [0.07.5.4] [0.915.95] [2.95/17.3] [0.19,2.91] [1.2,7.56]18[2FL
80 knots [1.32] [6.3] [13.92] | [-3.99,0.75] [1.09,15.8]] [3.25,35.61]
90 knots [-1.55] [0.76] [3.07]
DH 50 [0.19,1.32]| [5.16,6.3]| [10.51,13.92] [(0.19,2.91] [1.29,7.56] [2.61,14.03]
DH 150 [1.49] [0.9] [3.29]
65 knots [0.66] [0.86] [2.38]

Figure 12 .Statistics for cross-track errors of all categories (all data used)



VERTICAL ERRORS (ALL DATA USED) UNITS IN METRES [MIN, MAX]

Approaches prior to thereceiver software modifications

Thresholds/ TH33 TH24 THOG6 TH15
Type of approach

Max mean|Max s.d. var. Max |[mean|Max mean|Max s.d. val. Max |[meah|Max mean|Max s.d. val. Max |meap|Max mean|Max s.d. va. Max |[meaf|

var. + 2s.d. var, var. + 2s.d. var, var. + 2s.d. var, var. + 2s.d. var)
3 deg glidepath [-6.64,2.87]] [1.02,18.8] [2.55,38.74] [-0.39,29.86] [1.11,106.67] [2.61,243.2] [-2.93,8.12] [0.83,18.09] [4.27|38.22] [0.98,2.82] .8@.T0|@38,8.48]
6 deg glidepath [-2.72,5.01] [1.56,13.84] [4.34,30.4] [0.56,7.78] [1.71,16/03] [4.12,39.79]
DH 200 [-6.64,2.87] [1.02,18.8] [2.55,38.74] [-0.94,29.86] [1.11,106.67] [2.61,243.2] [-2.93,7.73] [0.83,18.09] [4.27|38.22] [0.98,2.82] 83[2,7,/.38,8.48]
DH 100 [-2.72,5.01] [4.21,13.84] [8.6,30.4
MISS.Ed approaCh: [-2.72,5.01] [1.82,18.271] [4.93,37.90] [0.94] [6.48] [13.9] [0.56,2.61] [0.83,1{78] [4.12,4.27]
landing
MlSS.ed approaCh: [-6.64,-1.22] [1.31,8.88] [4.39,24.4] [1.14,3.2p] [1.59,3.23] [6.44,7/6] [1.05] [2.54] [6.13]
left-right
Mls§ed approach: [-4.34,0.18] [3.54.21]| [8.6,11.34]  [1.23] [1.31] [3.85]| [0.33,4.29] [2.06,18|09] [4.45,38.22]  [2.8P] [2.83] [8.48]
straight-180 deg
50 knots [-2.72,0.18] [1.38,18.27] [4.39,37.9P] [0.33,7.78] [1.78,16/03] [4.12,39.79]
60 knots [2.67,3.07]| [1.71,2.23] [6.49,7.13]
70 knots [0.87] [8.08] [17.03] [2.04,4.29] [3.43,18.0P] [9.98,38.22]
80 knots [5.01] [10.01] [25.03] [2.61] [0.83] [4.27]
90 knots [0.12] [1.43] [2.98]
120 knots [-4.34] [3.5] [11.34]
Approaches after thereceiver software modifications

Thresholds/ TH33 TH24 THOG6 TH15
Type of approach

Max mean|Max s.d. var. Max |[mean|Max mean|Max s.d. val. Max |[meah|Max mean|Max s.d. val. Max |meap|Max mean|Max s.d. va. Max |[meaf|

var. + 2s.d. var, var. + 2s.d. var, var. + 2s.d. var, var. + 2s.d. var)

3 deg glidepath [0.17,0.37]| [1.14,2.48] [2.555.33] [-0.24,1.43] [1.77,7.12] [4.76,864] [-4.56,3.83] [0.92,11.11] [2.72,6.78] [0.75,16.13] [1.1,2R@RJ75[37]
6 deg glidepath [1.44,1.9]| [1.16,2.1]| [3.07,5.64 [-2.03,2.79] [1.15,43|5] [3.48,89|79]
DH 200 [1.44,0.17] [1.452.1]| [3.07,4.37] [-4.56,2.75] [1.06,11.11] [2.46,2678]
DH 100 [-0.25,1.9]| [1.14,2.48] [2.55,5.33] [-1.91,3.83] [0.92,43|5] [2.72,8979]
MlSS.ed approaCh: [[1.44,1.9]| [1.16,2.1]| [4.22,5.64 [1.43] [7.12] [15.67] [-4.5,3.88] [0.92,43.5] [2.72,89.79]
landing
MISS.ed approach: [1.27] [2.09] [5.45] [0.29,0.75] [1.1,3.29] [2.95,6.8]]
left-right
MlS.Sed approaCh: [-0.25,0.27]| [1.14,2.48] [2.55,5.33] [-0.24,1.22] [1.77,4.p] [4.76,8.64] [-2.03,1.74] [1.38,6.61] [2.46,13.26]
straight&180 deg
50 knots [0.17] [1.45] [3.07] [[1.09,1.72] [1.153.8] [4.02,8.33]
60 knots [-0.25,1.9]| [1.16,1.41] [3.07,4.27] [-4.56,0.04] [6.61,11.111] [13.26,26.78]
70 knots [0.27,0.37]| [1.14,2.48] [2.55,5.33] [1.22,1.48] [1.77,7.12] [4.76,1567] [-2.03,2.79] [1.29,43.5] [4.49,89.79] [0.29,16.13] [1.1,29%RJ/5[27
80 knots [-0.24] [4.2] [8.64] [-0.34,3.83] [1.06,1.55] [2.46,6.98]
90 knots [0.88] [0.92] [2.72]
DH 50 [0.24,1.43] [4.2,7.12]| [8.64,15.67] [0.29,16.13] [1.1,29.62] [2.95,79.37]
DH 150 [-.72] [1.38] [3.48]
65 knots [-1.44] [2.1] [5.64]

Figure 13. Statistics for vertical errors of all categories (all data used)



CROSS-TRACK ERROR STATISTICS IN METRES

Approaches prior to the receiver software modifications

Figure 14. Statistics for cross-track errors of 6 categories using readings sampled at 0.1 NM increments

Thresholds/ TH33 TH24 THO6 TH15 All Thresholds
Type of
approach
() () -c B g () () -c B g () () -c B g () () -c B g () () -O B g
(o) Ml U)_O 7] a-)o o - CD_O 7] a-)o o CD_O 7] a-)o (@) M d CD_O 7] a-)o o - D’)_O (7)) EI_)O
SEEv o BE|E|EC o |BEfE|Ev o BB f|E0 o |BE|ER|§5 o | 2B
>E|>n| % | ES|>2E|2wn| % |Ea|>2E 2| X |ES|Z2E|Za| 3 Es| >E >~ ] Es
< < = z23|< < = 25| < < = (28 |< < = 25| < < = zZ g
3 deg glidepath 1.38 4.17 14.2p 10 -0.19 3.43 10,88 10 0.69 6.59 13.86 8 (054 |3.68 | 7.41 2 0.61 447 | 14.22
6 deg glidepath 2.06 3.38 15.6f 7 0.92 4.68 18|76 6 1.49 403 1B.76
DH 200 1.27) 4.25% 15.19 11 -0.14 3.60 12,30 9 0.62 6.29 12.86 15 |0.54 |3.68 | 7.41 2 0.57 4.45 | 15.19
DH 100 2.32 3.49 16.4p 6 2.32 3.49 16.4b
50 knots 1.45 2.66 15.87 B8 1.57 4.30 1876 4 151 3.48 1B.76
70 knots 1.80 1 1.89 5.38 18.07 3 1.84 5/38 18.07
Approaches after the receiver software modifications
Thresholds/ TH33 TH24 THO6 TH15 All Thresholds
Type of
approach
() () 'O B g () () 'O B 8 Q () _O B 2 () () _O B 2 () () -G ‘B 2
€5 €9 & 83§ |P5(€% & |2%|€5 |83 4|28 |95|82) & |28 g5 €9 & | 3%
o2 | oV Slc2|a? Sl o2 |g© S o2 g? el o2 o v o
>E|>n| % |EG|>2E|2n| 3 |Ea|>2E 2| X% |EG|>E|>a| ¥ |Ea| 2E SN % Es
< < = z25|< < = 23| < < = (zg|< < = 23| < < = zZ g
3 deg glidepath 0.38 2.50 15.20 B -145 6.86 24,50 3 0.66 4.00 11.08 6 :0.05 |1.81 | 6.26 .11 3.79 245 15
6 deg glidepath 0.14 1.76 5.35 B 0.65 2.04 357 11 0,40 1.90 5.3 14
DH 200 0.22 1.7 4.08 P 1.00 3.00 8.83 8 0(61 2.38 8.83 10
DH 100 0.22 2.34 14.23 4 0.17 245 335 8 0.20 240 14.23 1p
50 knots -0.37 1 0.52 21D 3.76 6 0.08 2.1( 3.76 7
70 knots 1.36 2.80 4.4y P 1.05 3.08 1034 6 -005 1.81 5.26 3 0.79 256 10.34

30
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VERTICAL ERROR STATISTICS IN METRES

Approaches prior to the receiver software modifications

Thresholds/ TH33 TH24 THO6 TH15 All Thresholds

Type of

approaCh [7a} [7a} [7a} [7a} [7a}
() () -c B g () () -c B g () () -O B g () () -O B g () (4] -O B g
D C [ o) B [%2] = Q D C [ o) I (2] = Q D C D = (2] = Q D C o) (2] = Q D C (o)) 7] = Q
SIS0~ |28 S8(S0| ~ |28/S8|C80 | ~ |88 (S5|E0| ~ |88/ S8 (S| ~ |28
>E|>a| % |Eg|2E|2n| ¥ |ES|ZE|> ] ES|>2E|>2n| % |E2| 2E | S« ] Es
< < = |28|< < = |28 |< < = |23 |< < = |28 < < = zZ g

3 deg glidepath] -0.65 13.58 74.16 10 1.11 5.4 27|68 10 3.08 1B.07 96.67 8 228 |3.91 |14.11 2 1.46 8.95 | 96.67

6 deg glidepath] 0.77] 12.73 66.50 7 2.87 1041 36|66 6 182 11.57 66.50

DH 200 -0.64 13.79 70.84 11 116 545 3)91 9 232 11.83 66.86 15 |2.28 |3.91 |14.11 2 1.28 8.75 | 70.84

DH 100 0.82 13.97 73.29 6 0.82] 13.97 73.29

50 knots -1.13] 8.23 87.2p B 040 4.02 16/72 4 -0.37 6.13 8f.22

70 knots 2.25 1 7.98 16.79 113.60 3 5012 16|79 113.60

Approaches after the receiver software modifications

Thresholds/ TH33 TH24 THO6 TH15 All Thresholds

Type of

anproach ) ) 0 1) 1)
() () -c B g () () -c B g () () -O B g () (4] -O B g () () -O B g
(o) Ml o n = Q (o) M D = n = Q (o) M D = n = Q (o) I D = 0 = Q (o) I D = n = Q
SE|E0 ) v B |§5|c |BE|EE|E0| o |BE|EE|E0 o |BE|TE S5 o |28
SE|(S~| % |EB|SE|Sa]| 3 ES|ZE| > o ES|SE|> X |Ea| 5 € > o o E s
< T =(2gT T =28 | = |28 [T = 2§ < < = |28

3deg glidepathi 0.39 3.32 15.91 B 0743 851 3337 3 -056 8.16 4D.62 6 |0.00 [2.36 |8.18 .14 5,59 49.62 15

6 deg glidepath| -0.67] 3.95 10.19 B 0.00 585 1727 11 -0.34 4900 17.27 14

DH 200 -0.66| 4.37 9.64 2 -0.86 9.83 4178 8 -0,76 7.10 41.78

DH 100 0.28 3.12 14.00 4 0.62 3.88 6.66 8 0.45 3.5( 14.00 12

50 knots 0.63 1 097 3.84 9.32 6 0.80 3.84 9.32 7

70 knots 0.2 1.8 5.56 2 -0.39 549 1299 6 00 2.36 8.18 3-0.06) 3.24 12.99 1]

Figure 15. Statistics for vertical errors of 6 categories using readings sampled at 0.1 NM increments
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0 Conclusions

- Four approaches eliminated (1 for lost VHF link, 3 for inadequate quality
Ashtech “ground truth” data).

-\Worse case scenario: In the cas: ai errors the
= 18.0 metres due to jumps in the Trimble poesitions. Fig.1%

- Worse case scenarno: In the casé o7 errors the
= 89,8 metres due te jumpsin the Trimble positiensy, EIg 13

2T hereisia mangimalimprovement in the Trimble positionsiaiter therecevgs
fimmvaresmoadifiicationsitook place (Fig 14462 15).

- Afthe case G (Fig 14):
-6 degree glidepathrapp: proved to have perormed better tiianttie sdea
- 200 ft'decision helght app. proved to have perfermed better than the 1ooEi
- 50 knet app. proved to have performed better than the 70 knot.

- In the case cf (Fig 15):
- comparing 3 and 6 degree app. Is inconclusive,
- 100 ft decision height app. proved to have performed better than the 10GoEi
- 50 knot app. proved to have performed better than the 70.




- The number of approachvary from category to category. Also, investigation,
C.) only takes sample every 0.1 nm so it does not contain all data pertaini
a particular approach. Therefore, jumps in positions provided by Trimble ajg
only reflected in investigation A.) and B.) not in C.).

- The accuracy requirements for CAT 1 precision
approaches are:
- In horizontalisense 17.0 myat 2 sigma level,
- In yertical sense 7.4 mrat 2:sigma level.

-"ihe LDGPS system provided this accuracys<feaporoaches!(@8%)iin
henizontalisense buifaned to fulfill the verticalF e gliie meRtsHioRs4
appreacie s (4v%:). \Why2.

—umps in Tmble selution,
- reguired vertical aceuracyiis inherently: higher;
than the horizontal.

0 Recommendations

- More accurate “ground truth” system IS required such as;by using
Ashtech Z-12s.

- More repeated approaches of the same kind and careful design of
approaches are needed.




