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INTRODUCTION

PURPOSE .

The purpose of the test program was to collect operational performance data on a
low-cost Navigation Satellite Timing and Ranging Global Positioning System (NAVSTAR
GPS) receiver for evaluation of helicopter area navigation. This report includes,
in tabular form, statistical documentation of en route and nonprecision approach
operational performance data.

The results have been analyzed and summarized in the Federal Aviation Administra-
tion (FAA) Technical Center final report number FAA/CT-72/74, "Helicopter GPS
Navigation with the Magnavox Z-Set" (reference 1).

The test data demonstrate the perturbational effects of user-satellite geometry
and satellite constellation changes. The operational performance data were
analyzed in the final report with respect to criteria specified in FAA Advisory
Circular (AC) 90-45A and the Federal Radionavigation Plan (FRP).

BACKGROUND.

Detailed background information is included in the final report (reference 1). The
tabular data presented within this report were too detailed and voluminous for
inclusion in the final report. Flight test results with respect to AC 90-45A and
the FRP performance criteria were presented and summarized in the final report in
tables and histograms.

DISCUSSION

EQUIPMENT DESCRIPTION,

The Magnavox Z-set used in this test program is a prototype low—cost Phase 1,
coarse acquisition (C/A) code GPS receiver developed by the Department of Defense
(DOD). The receiver was delivered to the FAA by the DOD for independent test and
evaluation. The Z-set was provided with an optional Z-set interface module (ZIM)
to permit substitution of barometric altitude (aided altitude) for a satellite
range measurement when less than four satellites were available for the navigation
solution. User position data are computed by the Z-set in an earth-centered earth-

fixed (ECEF) coordinate system referenced to the DOD World Geodetic System 1972
(WGS-72) (reference 2).

DATA COLLECTION SYSTEM.

The airborne test vehicle was a Sikorsky twin-turbine CH-53 helicopter. Unique
hardware and software (described in reference 1, appendix A) were developed to
collect data from the Z-set and display crosstrack navigation guidance on a course
deviation 1indicator (CDI). A Norden PDP 11/34M minicomputer controlled data
collection and computed navigation guidance through software resident in memory.
ECEF user position and velocity, satellite position, satellite range and identi-
fication, time, and computed navigation guidance were recorded on a digital
recorder at the Z-set position update rate (nominally, every 1.2 seconds).



The flight tests were tracked by the Technical Center's dual Nike X-band radars.
The tracking data were time-tagged with range time every 0.1 second and recorded on
a digital recorder for post-flight processing.

DATA PROCESSING.

The tracked radar tapes were post-flight processed by the FAA Honeywell model 66/60
computer to generate a 9-track, 800 bits per inch (bpi) tape. The tracking data
were stored in X, Y, and Z coordinates, with respect to the Technical Center's
reference origin. The Honeywell tapes were reformatted to a Digital Equipment
Corporation (DEC) compatible format in the Helicopter Program computer laboratory.
The radar DEC compatible tapes were time merged with Z-set data to within 50
milliseconds., Z-set data and time of validity were read during the merge process.
The Z-set position estimates were updated to the tagged time code generator time

through addition of the velocity estimates scaled by the combined Z-set and
data collection computer latency time delays.

Radar data were translated to a WGS-72 ECEF reference system. Merged data files
were temporarily stored on disk packs for fast access by data analysis software.
Position errors were computed by differencing radar (ground truth) and Z-set ECEF
positions., Position errors compensated for Z-set data latency were translated to
east, north, and up (ENU) errors and were edited for wild points. Selected route
segments were statistically processed to determine their mean, standard deviation
(1 sigma), 2 sigma, two dimensional (2D) mean, two distance root mean squared

(drms), 3D mean and 3D two root mean squared (rms) error values. The data are
presented in tables 1 through 12. These parameters are described in reference 1,
appendix E.

Position errors uncompensated for Z-set data latency were computed for along-track
error (ATE), navigation crosstrack (NCT) error, total system crosstrack (TSCT)
error, and flight technical error (FTE). These statistically processed data are
presented in tables 13 through 23. Definitions of the data terminology used in the
tables are presented here to facilitate an understanding of the test results.

ATE: Defined as a fix error along the flight track resulting from the total error
contribution of the airborne and ground equipment only.

FTE: Defined as the indicated deviation perpendicular to the desired course in the

horizontal reference plane. Crosstrack error presented to the pilot on the CDI was
recorded and represents FTE.

GDOP: Geometric dilution of precision reflects the influence of satellite geometry
on the user's estimate of his position and his clock offset.

HDOP: Horizontal dilution of precision reflects the influence of satellite geometry
on the user's estimate of his position.

Kurtosis Coefficient (Kurt Coeff): Describes the peakedness of a statistical
distribution. If the Kurtosis coefficient is 3, the distribution 1is Gaussian
(mesokurtic); if the coefficient 1is less than 3, the distribution 1is flat or

platykurtic; if the coefficient is greater than 3, the distribution 1s peaked or
leptokurtic.



NCT Error: Defined as the distance between the true position (ground truth) and the
GPS estimated position measured perpendicular to the desired course in the hori-
zontal reference plane.

Skew Coefficient: Indicates the symmetry of a statistical distribution with respect
to a Standard Gaussian distribution. Zero skew indicates the distribution is
symmetrical, while positive or negative values indicate the distribution is skewed
right or left.

TSCT Error: Defined as the actual aircraft deviation perpendicular to the desired
course in the horizontal reference plane.

2 drms: The radius of a circle that contains at least 95 percent of the possible
fixes that can be obtained with a system at any one place.

2D Navigation System Errors (NSE): Defined as the linear sum of the mean and
2 sigma values of the root-sum-square (rss) combination of the horizontal error
statistics. The 2D NSE value, when compensated for Z-set data latency, is defined
as the linear sum of the 2D mean 2 drms values of the east and north errors. The
2D NSE values uncompensated for Z-set data latency were obtained from ATE and NCT
error statistics.

TEST RESULTS

The test results are presented in tables 1 through 23 for the four route structures
flown (described in reference 1). The flight test configuration matrix is reported
with respect to the four following classifications: familiarization and checkout
(flight 1); navigation with four plus (4+) satellites, which denotes five satel-
lites were available for the navigation solution (flights 9, 12, 14, and 15);
navigation with four satellites (flights 5, 6, 7, 8, and 11); and navigation with
three satellites (flights 10 and 13).

REFERENCES

1. Till, Robert D., Helicopter GPS Navigation with the Magnavox Z-Set, FAA
Technical Center, FAA-CT-82-74, March 1982.

2. World Geodetic System Committee, The Department of Defense World Geodetic
System 1972, Defense Mapping Agency, Washington, D.C., May 1974.




TABLE 1. GPS NIKE APPROACH TRACKED POSITION ERRORS WITH Z-SET DATA LATENCY COMPENSATION, FLIGHT 1
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TABLE 2. GPS NIKE APPROACH TRACKED POSITION ERRORS WITH Z-SET DATA LATENCY COMPENSATION, FLIGHT 5
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TABLE 3. GPS NIKE APPROACH TRACKED POSITION ERRORS WITH Z-SET DATA LATENCY COMPENSATION, FLIGHT 6
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TABLE 4. GPS NIKE APPROACH TRACKED POSITION ERRORS WITH Z-SET DATA LATENCY COMPENSATION, FLIGHT 7
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TABLE 5.

GPS NIKE APPROACH TRACKED POSITION ERRORS WITH Z-SET DATA LATENCY COMPENSATION,

FLIGHT 8
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TABLE 6. GPS NIKE APPROACH TRACKED POSITION ERRORS WITH Z-SET DATA LATENCY COMPENSATION, FLIGHT 9
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TABLE 7. GPS NIKE APPROACH TRACKED POSITION ERRORS WITH Z-SET DATA LATENCY COMPENSATION, FLIGHT 10

FLIGHT /oF 2258/ 3 SATELLITES NAVIGATION Wwrrdour  AIDED ALTITVOE
. ” % sDmened 3p- 2205 HOOP | GooP SKaN | vt | sompig
PEYEY [P ] miries wzldgregg ettt B TS | 120 | mrreps | mavses | mun | wax| min] mad €225
EAsr 3 | -6 /07 7.4 ‘ a./71453
NoLTH /6/ 27.4 0.0/ | /.23
(o 643 | 100 0.04 /.66
/93 649 | 2579167/ | 21{ 73
_EAST S |6 (174 | 23.2 F0./31 L./
NOETH . 26 /3.7 0.6412.%
up 698 | o4 0.051/. 82
177 (8%l 257,/ 7292 | 2158 g9
£45T 2 | 6=/ 702 | B4 e/l ). %/
- NegTH | _. 9.6 | /2.4 -0./8| .37
UP 273 /32 ' 245|176
70.9| 741282 | 758 /27
£8:T 2|34 | 2469 | 2446 L 0.44 /. %4
29, TH — /90 | 23, 0. 7% 340;
yP G52 | 558 | Zeqd | 45712697 907 |/ &0 42,34 1L 77 —
_EAST A2 |48 /o7 |F6.2 ~0/5 119y
NOETH - o L A 0531258
uP Lo | i L 0.06 }/,73
Zo4 76 2.8¢C | 540 | 245 148~
EAST
Lo RTH
yP




TABLE 8. GPS NIKE APPROACH TRACRKED POSITION ERRORS WITH Z-SET DATA LATENCY COMPENSATION, FLIGHT 11
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TABLE 9. GPS NIKE APPROACH TRACKED POSITION ERRORS WITH Z-SET DATA LATENCY COMPENSATION, FLIGHT 12
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TABLE 10. GPS NIKE APPROACH TRACKED POSITION ERRORS WITH Z-SET DATA LATENCY COMPENSATION, FLIGHT 13
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/7.2 268 | 437 /2.3 |29/ o d
EAST 3 161 |-758 /0.5 r0.5413.24
roRTH /8.4 11458 Ze 2,27
ype 2,9 | 46 -00/|2.68
209 379 | S77 |22/ | 22 /58
£A4ST 2 | $-6 |-2.48 | 928 0 12,67
N < A N 2.23 1 9.€4 gl 2l
uP ~4.2716.89 ‘ 0.3/12,%0
Db _126.% | 64| /0.5 ", 34
£AET 2 1 b=l 2.4 | 942 0.58 |3.94
r202TH 6.2 | 1453 4472 1674
uP 04/ | 5153 0.3513.08
: /6.4 | F6 1 £2.4| /64 /8
_EAST _ | 2Z 13-4 (/2.8 |7.28 _ 0.0712.94
WORTH L 239 | S99 0.35|2.73
uP -0.26 | 5772 e/312.32
27 /23 4ssel 27 |22,/ 72
ErHST
LORTH
VF
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TABLE 11. GPS NIKE APPROACH TRACKED POSITION ERRORS WITH Z-SET DATA LATENCY COMPENSATION, FLIGHT 14

FLIGHT /45 207-8/ <4+ SATELLITES NAVIGATION /sy AIDED ALTITUDE

—forsE Shav | wver,
Route | wavromd mean o 2 o-wteint | Zbrims z»;n;w BDmenrd 3p- 2205 HOoP G DoP cmr. SANLS

_ﬁ:??/l%oev Feon-To| mETEes| METERS| merees smaters | marers | Merees | merses | mm | max| min| ma €07 |50

EAsyr Z 154 | £.26 | /6 0,582 .4

_elTH /2.2 | 9225 10.0012.23

up -2.73 | 1922 - 0./ |/.-96
/3.3 | -9 8| #3-/1/36 (4% ¢ |24 292|456 458 /00

EAST 3 14~/ |-5.9714¢3 2 2|2 77

NOETH 44 /3.2 0,92 |, 25

Up —/0. & .7 D924 2
73 |34 | 413173 [222 |23 02|455146 ‘23

£45T 3 | L5 |-A52] 6.8 05275

_noeTH | ] 0.8 | 55 to4/\2 94

vP -4.Z | 257 03 |2./2
3.4 17246 | 2/ | 2./ | 26 (22)1223|44 |465 77

£45T 3 16~/ |-6.37\ 7.49 -0.29>.53

PI02TH 2.6 | % . ‘ 0.7 | .74

uP -/2.%| 92 672|254
6.7 (23./129.9| /4.4 |23.2 |2./7 |2 %655 |+ 75 762

_FasT __ 12 |24 |e.25|3.22 ’ 0.657137¢

NORTH _0.04 | .64 -0.3 | 2,45]

v 0.4 .53 0.5512.4/
S04 /48 1229461739 122.6 |/.%4/82|4.32¥32 97

EAST 2 |46 | £,58 13,64 2. 201 7.5!

MoRTH -2/ .59 -0, 2,87

yP -75 6.0/ _ 0.1212.08
27232 38 |23 | /¢ |17l |422142 152




TABLE 12. GPS NIKE APPROACH TRACKED POSITION ERRORS WITH Z-SET DATA LATENCY COMPENSATION, FLIGHT 15

FLIGHT /sF~32%-#/ 47 SATELLITE: NAVIGATION WiTH AIDED ALTITVDE
. % 3Dmear| 30~ 2805 HOOP G boF AN | woer. | sannies
PASITIoN |RKoute|wavroive] mean i 20-meaM) 20vems | 4.2dvms cosrr | coex
ERECR Feon-Tol mereps| METERS| merees pmurers | merers | METERS | Marses | MV | MAX| mIN| may :
£Aasr S |6 1272 | 5.4 0.66 | 2.59
Ao lTH -4 /5| 7.58 F0.56 1 2.41
Lo 2.6 | 2/ -0,97| 2,82
4.9 227 122,756 1477 ..o 223|145719.62 23
EAST 2l g~ |-Ay |78 . 40.26|12,4
NOZTH 277 | 8.97 0.54] 2.2
ub -£07 | 9.29 | l ) 25| S0/
’ .13 | 203 | 253 6.4 |27 | Ddo | 2345|498 24
£R/ST
- NOETH ..
UP
L4857
12927 H
P
_EAST i
NORTH
yp
EnS
MNoRTH
UP




TABLE 13. GPS NAVIGATION ERROR STATISTICS WITHOUT Z-SET DATA LATENCY COMPENSATION,
FLIGHT 5 (SHEET 1 OF 2)

FLIg HT £F 26%-%/ y—3— sareciires NavIGATION, WITH _ AIDED ALTITUDE

Pnzm':raﬂﬁ Sura | mean | 22 mé.r:ﬂmwf R Hbop 600P [smadcommeEnTS
-‘; o v | METERS Mg ress 1,;5,_‘0 COLFF | coLrr M x| g max .
a

TSET ! [2-2 |l0.1|342 0.37 {199

FTE 263|378 " lewa |1.98

NCT ~lo4 | 11 |2057)0.0f |2.14

ATE ) | ¢3.5]262 @08 |20 )78

2D N3E 649|349 | 388 209 12,07 |&£23 | 535|107
rseT ! | 3¢ |eo.57147 | 0.052.68

FTeE S4e3 | 160 003126/

NCT 482 | 203|251 00|24

ATE -7175| 309|/08.8| 3.17|17.5/ :

20 vE 78.0] 37 | 115 1.9 |2.03|5°4 | £53[379

FTe -3¢.4| 730 " o3|a.72 .

NCeT 9.9 | 20.9| 30.8|-0.72{ 5.7/ A

Are L c4.2| 46.7|1008] 3.7 |40./2

20 NSE g5 sl 106.Y 173\0.0¢ | 467] 5.1 | B3RS

rscer |1 |s¢g l7e2 |177 o._3z 200

FTE nwo 1177 0.37 2:.//

NCT | 0.2¢ | /34 14‘?—05/ 2./8

RTE &84 168 729|403 )127.2 |

2D NSE $58l 216] 77.2 2.08°| 345| 7.62| 9.57124
rseT |1 |67 |32 [24¢ R B
- F7£ 123 248 -0.39|2:64
NCT S.a851719.2 wjﬂ 0.2 3,38
ATE 0.1 | 204 | ¥e.8) 3.08 19.05] i o |
29 NSE co.8lze |88 a7z 304300 |08 ‘

e T ' . ‘ » i

rseT |1 | 7-8|s5+2T7| )08 -oged| 2.1 |
FTE 862t |108 -0.L1/.83 |
NCT |_s.45| 32.3|40.2|0- 23| 2. 96

ATE -v0.4 10,3 | 50611 |2.2¢

2D MNSE 40.6134.275:6 2.55Y2.77|11.98| r2:46 | 10 8

1871 PPf;’sz:l

7sc7 |1 ]| &/ }|ror|so 757242

F7& /09 157 18|49

NET 2085 | 37¢|329 -6.07| 2-4%

ATE —sp.s] 44| 648|456 (1697
24 NSE 50.8| 744| 754 278 |34 {1218 1300 157
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TABLE 13.  GPS NAVIGATION ERROR STATISTICS WITHOUT Z-SET DATA LATENCY COMPENSATION,
FLIGHT 5 (SHEET 2 OF 2)

FLIGHT 5 F 268-%/ )___‘f_;nrnuns WAVIGATION, WITH  RIDED ALTITUDE

PagamETH) R :::.:W e | 2 :g’ighmg Mbop | &DoP [masico MMENTS
z Fon - RS e TS ”’Ezﬁ +H, [CORFE | pay g WW MIN] MAK

rser |z|z-3 4 |/ 047 |71

FTE 5.2 |/% s |elg (207

NCT 0,951 107 11.65-0:8 | .54

ATE ) - g7 |35.4 (/41 |0.27 )85

2D NSE 797 | 370|457 $/57| 6.27|17%92| 2032 /99

" RLPRoAL #f

rser |2 |34 [p7E| 81 -03|1.3¢

FTE 23.7 |77 [-ou7)re

NET )3.% |28 |32 | 024|743

ATE L.47.5] 629|//0.9- 0.4 2.0 .

2) NE 494|677 2y 7.9 |2.9/ |234)239/| 32

v y PPLonmc s :

Tser |2 |4~ ‘e f 390 (e is]2:9/

FTE 2.28 [442| | 036|394

NeTr M3 |13.027.3(049]|5.63 )
Are 473 42 4(l02.7| .55 |S.09

20 NsE 65.8 104 3131 79| 9.07|123.8N 24.44)| 1 3¢
TSCT

FTE

wNeT

ATE

2D NSE

TSCT

F7&

NCeT

ATE

) N3E

TSC7T

FTE

NCT

ATE
2D NSE

7seT

F7&

NET

TE
29 NSE
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TABLE 14 . GPS NAVIGATION ERROR STATISTICS WITHOUT Z-SET DATA LATENCY COMPENSATION,
FLIGHT 6 (SHEET 1 OF 2)

FLIGHT &£27T71-8/ )_4 SATELLITES NAVIGATION, WiTH _ RIDED ALTITUDE

paraneret] } | vt meol |2 sz oW ms  Hbop | 6DOP [swssCoMIMENTS
g Fon-ra METES e recs il;.IE?zU COCFE | copFr M | ex | MmN max _
£
TSer 1 |3-¢ |F32.6 257 -0.2[[2.3%
FTE L-3.3|25¢ | - |-e/3|252
NCT 265|798 22.7|-003|2:73
ATE ) 13| 9.8 | B4 | 166 13.99
rser |1 |45 27 EAraL | nore worse
FTE L 15.8 |28, 0.9 |2.22
~veT g 28] 224|309 |0.10 | 340
ATE 32/ | 420 | 84.010.37| 2
2) NE 3g.0] s21| 90d 2,18 308 | /0021275 453
TSCT ! |56 |758.8] 84 ~0.4¢ ;Z}’
FTE 9.6 | 827 - [o#|”
MCT _’2‘/ ;"7“3',‘ 37.‘ 0173 209/
ﬂ'rg -40,? 1'1’:6 fJ.Z "0'47 2:“ :'
20 vse 4271298625 349 |44 |13.8 |/61 |278 ]
rser |1 |67 | 744|207 087259
FTE 662|213 0.6 (2,74
NCT lo.6 | 135 |24.1 |-022| 2.0
ARTE ~37.7 28116858107 | 523
2D NSE 39.21302 | 704 4.7 |56 (/62| /9 (/99
RPPLoACH
TSET |7 |7-2 |69 [9872] 0.65| 3.0 | |
FTE d4.6|/30 1481482 | :
NCT 2.2 622 70.4|-047|2.07 | |
ATE -24g]20.6 | 45,5047 |2 ; l |
20 NSE 26./170.3| 954 £5.97 | 6.65|19.6712/.23| 11/ |
LA PPg 6K ‘
rse7 |2 | &/ | 0.32) 27,7 /.93 ) 6.58
FTE 4,41 | 274 o0k |25
NCT _3.8 |22.3 |25.06[-023 (2. 48
ATE -30.4| 146 |45 |0:59]3.99
2> NsE 30.71 253 | 58.5 6.74 [12.47|21.4 | 324 |17
s¢c7 |2|2-3]/et | 197 TR0
)7=-7'& -3/.2| 208 0.262.12
NET gr.1|21.1] 682|037 |2.67
ATE 129 | 33.4|/624|-0272:39
20 NSE 1354 43.017% 132 189|357 | 6.8 |2/6
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TABLE 14.  GPS NAVIGATION ERROR STATISTICS WITHOUT Z-SET DATA LATENCY COMPENSATION,
FLIGHT 6 (SHEET 2 OF 2) o

FLIGHT _LF 271-8l )_4 SATELLITES mwsnmfv__fTL RIDED ALTITUDE

Krad menn | 200 | meond swew fomess Hbop 6009 |smasLaMMENTS
P g | VETES peres | 2268 [ COFE|Cokte | g1 MAK | AN BRAK :

meag

rser 34 /9.7 847 =0.%2(2:07 mnm
Fre J28|ess| - |-o4(2.66 |l
NCT L se |27 |F2¢ 2l | 7
ATE ) F"/é 32 352|231 ]6.2
2D NSE& b | 69.4| 76 232 |24.9 |54 |6%2| 39

S\ ~4l (547 WPZ.:cz;( 2.3

2. |4~ =0 .

;‘TZT ~l6l|42.5|  [Fod |24
NeT 248|424 |67-2|062 |2.49
ATE 54/ 96-4| 1508]-049| 2.2 _
2) NE 5V.81/053| 164 26 |31.4 |89 724(/37

nvzm&rﬂT

N ImNcese

TSCT
FT&
NeT
ARrE
20 VsE

TSCcT
Fre
NeT
ARTE
2D NSE

TSCT - ,
FTE X '
~NCeT
ATE
20 NSE

rsSeT
FTE
NCT
ATE
2D NS&E

7scT
F7&
NCT
RA7E
2D NSE
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TABLE 15. GP5 NAVIGATION ERROR STATISTICS WITHOUT Z-SET DATA LATENCY COMPENSATION,
FLIGHT 7 (SHEET 1 OF 2)

FrigHT_TE 2755/ ) 4 SATELLITES NAVIGATION, W 1THOUT ,q,pgp ,,,_-,-,TUDE__

Pﬂ?ﬂMéTb{W’S féfﬁ% meaN | 2o Msxzw kTS| Mdep 6D0P [k om MENTS
\g Fean -rg | VETERS MIETLES ,Y—;f;‘;c CLLHE | CokFE | pa iy nax | | max .
£ ;
Tser 1 {2-3 | 702|762 097793 |
FTe : 79/ /58 - [0.62] 2.0¢ |.
NCT -7.97| 24| 32.4(-0.242.24
ATE ) 5o | 17 |67 <3797
XD NSE& L8l 297] 923 1.93 | 1% | .69 (5783 | 99
rser |1 |34 28|19 OB
FTE .2 ¢ |1967 _mqafd?
NET 0.58| /63 16,9 |-0./6|Z.6/
ATE L oo.2| 76.9 ses| -0.3|2,79
20 mNE 722| 23.7| $5# 1.50\1.91 | 595 | 7.64 | 756
o |45 |27 8] 253 037 [202] RapAE Nerss
7;57?: z4.ej223 | 032(2.09 ‘
NeT o722 | 19851052 (377 » ;
Are 516 37.5] $9.3]0.07 | 3.05
.20 NSE $135149413] 92.9 5, 83|20 | 94| 974\ 4%
6 |729 | 234 0.39]|2.53
7::&7- s Jol |23 .4 |2.92
NCT 7.92] 26,1 23.9 -"”7 :’;‘
L 49.2| 29 [-ZW -0.2 .
Zgrfl.se :;f 3\23‘ j00:! 2,232,623 021776 (274
rseT |1 ]6-7|117 |12 TIZ[3.2
F7& l09 |12¥8 A-/,zf 3:‘/ .
NCT (0 |12 |z2.)/58 15,27 !
ATE | 2.6| 116|849.2[0-0/|2.63 |
20 M3E 7321070 |04 2920230122113 | 143
’ /1 Fre NSy ]
Fse7T |1 1|7-g|z26.2| -~ -208| 2,67 ;
FTe 233(2 -2 89 |
~NCT g.o7| 11 | 18307 |29 E
T 4075 .77|48.5 | 0F |2,02
22 AE/.Sé -"/'9; f:-' id»-f 3,88 | 392 |/A 18 0| 48 |
; ' HOEC A i
7se7 |1 |8+ | 2T [TEae ‘
F7E 2.23| 45~ L 0.3 2,34 |
NET 19 |17/ | 2t 23 ‘
ATE L «54] /. o044 3.37 7
20 NsE w23 |2e8| 678 2.4\ 4e |estt/677) 05 |
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TABLE 15.  GPS NAVIGATION ERROR STATISTICS WITHOUT Z-SET DATA LATENCY COMPENSATION,
FLIGHT 7 (SHEET 2 0O® 2)

_‘F?-IG A-;;YFZZF—S*/ ) 4 sarecLiTES Amwenr/ofv)mu@!i_ AIDED enm)ba

Pnzmzrbrl’ﬁ s’z‘s#M MEN | 2o r”gﬂsc% e Hbop 6DoP [SMELomMIMENTS
z Fen g | METES rzras VERGS o |CORFE| paing + MMT MIN| MAX
rser  p [2-3 [177|asE e /7
FTE g.5%|62 |  [0r2]/82
NCT &.9¢ |/ 76 [26:5129 273
ATE ' -G/ [2€ |9 |-ov5|R.07
20 NsE 514133 ligg 7.6 19.53|2228127.2 | 274
RPPROACH
rser  |2|3¢|é3sla | [479 |42
FTE 3.7 |/&2 1R 4.2
~NeT 24 [12.9|1681079 (4.2
ATE 726 64| 1038|079 | 4.2
20 NE 1251 66.6 104/ 1ha /14 (30822 4
s |5 99| 487 B 7:5’
?f; 2[% eaA s59 [0.24 »7/
NET —0‘“ /"? /64 0’49 2'44
Py /5.1 | 44| 622 -0.4212,67 -
20 NSE i 1) 422|¢353 /3 113 13/ 13461122
Tscr
FTe
~NeT
RTE
2D NSE |
|
TSCT ' |
F7& ‘,
" NCT |
ATE
20 NSE
rser
Fre
NCT
ARTE
2D NS&E
7se7T :
F7&
NCT
ATE
2) NSE |
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TABLE 16.  GPS NAVIGATION ERROR STATISTICS WITHOUT Z-SET DATA LATENCY COMPENSATION,
FLIGHT 8 (SHEET 1 OF 2)

FLIGHT _SE£279-% )J SATELLITES WAVIGATION, WITHOST AIDED ALTITUDE

mmmrafjf, &ivtn mend | 222 Mﬁﬂmw RS Mbop 6DOP MBS opmMENTS
g Fe 7| METERS PIETES ,t;mm COLRE [ ColFE [ )y 4y nex | i max _
£

TSer 1 |2=3 |$03 |3/ 33| 6.5

Fre s P23 |42 67

NCT L/ 7.9 | /2.6 364 -0} 7.9

ATE | 44| 296|732 |10 |6 |

2D NSE y171 249|826 ;7€) 0.8 | 69N %29 or | wen prror
7SCT 13-4 Lass|522 ] .64 /€9

FTE 292 | £2/ 0,65 |/ &9

~NET £ |87 |29 |058 |07

ATE g2 | 327 [0z |2 28 | 108 -

2) NE 695|367 s072 178 |20 | T |l | 727

TSCT ! |4-5|22.9| /8¢ o-of |44 2aaR NI
FTe G| /80 e [

NCeT -14.91¢7.9 | 328 | /8| 208 )

/97'& "39-0 5-.‘;. 9»r—8 0&37 \3_,/,‘., A

20 nse 417|552 9247 8 |qa Vo7 Lg2s

TscTr |1 |4 ]/ 23z 0. h&s

FTE 13/ |88 0.05| /1067

~NCeT L/2.2 |38l 47 7|-002| 408

2D N3E &G/\497)/09 1 lée |776 2007 ,‘,50!

TSeT |1 | 6-7|-47| 727 -0 ?-{

FTE & g [/32 = | e ] |

NCT gz |17 | ré (57 |

ATE g | 462l 60 F16 | F¥ o

2D NMSE /2.6|67|697) garleal- 1€ oq| e

/4 PP’.,"/.L e ‘

rsc7 |1 17-8 |11 |82 e | ,

FTE 1.3 725 00%| et %

NCT 0.4 13 At |0 13

ATE &0 | 05| 23|07 |34 |

2D NS& 0 |ras 16%4 o977 |7 |- i

; A PFEQACH.

7sc7 | )5 555 175 r gl iFA |

FTE 523|147 0.9 7o |

NCT 42 |[$49 502~ = ‘

RTE L3 27.3| 707|0 % | =/ B
2D NSE 4346| 613)1704.7 17 |2z (222|727 | /0
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TABLE 16.  GPS NAVIGATION ERROR STATISTICS WITHOUT Z-SET DATA LATENCY COMPENSATION,
[ FLIGHT 8 (SHEET 2 OF 2)

; LG HT_EELTEE 4 sareciizes NavisaTion BUTHET AIDED ALTITVDE
L PﬁfﬂMﬁ7bf'§ f’dﬁﬁ MEAN | 2o Mf"j SKEN Wﬂ&d Hbop &hopy [PMAS CoMIMENTS
i # Fepn | VETERS WE TS /1:"5’6;6 COLEF | CobEF Ml | maK | miN] BAX .
g N
rser |2 |23 287|447 os 117
FTE /120 |3éé led | Z
NCT /34 /45: 2F/ |-/ 32
3 ATE ‘ 230 |22 | 4558 |67 j
2D NSE 2.67.5| 2685 § 3% 32 |47 | 735 Jot |94
A PPEoacH :
. rser 2| 39 |-364]| 20/ =S
FT& 34 442 3¢ |88
~veT szl 207 |247.2|-2.7 |63
ATE g24 427 |$00.5| 23 |63
20 NE 9.7 | 4749 S6bb 65598, 4|141.5|1178 |79
hHPPECR CH
rSCT 2| 4290 | 327 0-67 | 2.1 7 S4TE.. TE
Fre 22 176 peedd| 2z NAVIGHT 0N
Ner 267 |l2es” 472 |12 3.2 ‘ ,
ARTE &6l | 950 |163/ [-0.2]| 36
20 NSE 648.2| 99/.91/639.8 G5 \12 2076 (254 |¢2
TSCcT
FTE
~NeT
ATE
2D NSE
TSCT
FTE
NCT
ATE
. 20 MSE
TscT
, FTE
NCT
ATE
2D MSE
7se7T
FT&E
NET
ArE
Z) NSE
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TABLE 17. GPS NAVIGATION ERROR STATISTICS WITHOUT Z-SET DATA LATENCY COMPENSATION,
FLIGHT 9 (SHEET 1 OF 2)

. FLIGHriFZS'?‘S'/ 47" S‘FTELL/TL.S NﬁV/667/oA/ W/’HC’Jf ﬂ'DED 9‘-7ITUDE

parAmeTer) S |iLivka e | 222 WW”NMG&U Hoop | 6&DoP [#s|CoMMENTS
U || #7085 765 (23 [ COFE|CORFT | paya | ing | seun] mak -
&
rser 3|34 16/ |238 [EIEX
FTE 6.2 |233| - |04/ |33
NeT 0.9 134/ (22 |0#s| 3/
ATE ) L7gg | 762 | 914 |0-24|2:7
2D NSE 174«? 35110 17 178 | 45144 |34/
rser |3 |95 (227|324 |42 |28 faoe i A osss
FTE 24T {334 12 |38
~NeET /0.9120 309 |-046 |3
' o
ATE -s9 2404 | 932|209 |72
2D NE 70,2 35,5 0e19 1. 88) 191 | 45543 (199
APPLoNCH
TSCT B |4 |/22]|%22 o) [2.2
FTe 171|668 " 0.c7|Z
NeT L0 |29.0|832]|02 |8 )
RrE 357|722 |42.9|6.2 |2.€
20 NsE 36 129.9 |57 195 [2.9% |44 | 462] 79
’ A PPRoq ¢+
rscr B |6/ [47]|274 0% |<b
FTE 7.9 274 0.085 (14
NCT L1107 |13.2 |24 |~/ |%¢
RTE 423|204 |62.2 =022,/
2D NSE 3.9 12451684 1.99 |2.06 |49 | 423 | 158
TSCT |3 |2-3 |49/ §0.2 0.0& /“’f
FTE L37 70/ o,l’ /'é.
NCT /2011371282108 |19
ARTE -4 |204 | 744 0,3‘ 2 )
20 NSE & 73| 24.2 518 Lz.zl 206 478142 |$7
TseT |3 |34 |-44)|/63 /132
FTE -18.4{ 173 1113
NCT -/, 68 2/@2 22 «oj ,;.z
ATE 763 /o4 857 | o X.i '
2> MSE (-153 22.7| 9¢.2. 22 |23slase|e2 |35/
7sc7 |3 45|27 |34 ol 177
F7TE |98 |33 ol |7
NET g9 |37 | 4 [0z (22
RTE 6051365 G7#|6-4 |44
2D NSE 6174514 U3l 2.38 |2.47 |4.94| 4,99 | 2/ 8
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TABLE 17.  GPS NAVIGATION ERROR STATISTICS WITHOUT Z-SET DATA LATENCY COMPENSATION,
FLIGHT 9 (SH.EET 2 OF 2)

|

anweraf;‘, Sila e | 20 | meol sew \omrs]  Hpop | 6 DoP pewnsCo mMENTS
Y [ron-1 7S [1cres (27, f CORE | CokeE | mun | e | s Ak |
£

Tser (3|64 |42 |loo o4 2.3 PPPROACH
FTE vog| 967 ~ [e28|27 : \'sarELLITE
NCT 351852 GA3 144 |4 { CONSTELLAT el CHAMGE
ATE ‘ 72J/2:. 194 |12 |37 ‘ ,

22 Ns& 1358|443 2 308 | Sl |537 rer
‘ RPPgoqCH
rser 2 6-1 |721 (443|  [-e97]|2.7

FTE 22,! 29.9 0,7 |2%

NeT Lo |27.1 | 36.6 -0.2 .Lé’

ATE 394 235 611 |03 |24 b

2) NE Bs*? 38,8 |74,5 3.06 3.2 |5375% |2

rsS¢r |2 |23 b |y 03 [ /7 3 SarmsiLitE
FTe L/og 4 - re.2 |19 AAVIG R TION
NeTr L2527 | 317 |57 |o |24 .

RTE L53.9 |25:4 |793 |03 (3.7

20 Vs& 597 | 403 | /oo 323|323/ | 447 &.57| 3/

A PPRoACK | .

TSCT |2 |34 704|492 -2 j 68 ‘3 $ATLL e
Fra 22.21374 -ay| 2.2 ' AAVIGA T ron]
~eT yo2 2728 |2 23 |88 |

AR7E -§7 |$0.3)/1323)2.2 |g8 ) 4 |

2D NSE 994 L5274 | 1548 -

TSET |2 |4-5[72.9(348 06 [2.5] 3 sereiliE
FTe 3.6 |38.3 06 |32 AIAVIEA TION
NCT $V4|226 | 62 |02 |27

ATE 258l 44./| 21 9.9|-0./ | 246

2D NSE 943|496 | /459 . /68

rseT i

FTe
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TABLE 18.  GPS NAVIGATION ERROR STATISTICS WITHOUT Z-SET DATA LATENCY COMPENSATION,
FLIGHT 10 (SHEET 1 OF 2)
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TABLE 18. GPS NAVIGATION ERROR STATISTICS WITHOUT Z-SET DATA LATENCY COMPENSATION,
FLIGHT 10 (SHEET 2 OF 2)
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TABLE 19. GPS NAVIGATION ERROR STATISTICS WITHOUT Z-SET DATA LATENCY COMPENSATION,
FLIGHT 11
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TABLE 20.  GPS NAVIGATION ERROR STATISTICS WITHOUT Z-SET DATA LATENCY COMPENSATION,
FLIGHT 12 (SHEET 1 OF 2)
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TABLE 20. GPS NAVIGATION ERROR STATISTICS WITHOUT Z-SET DAT

A LATENCY COMPENSATION,
FLIGHT 12 (SHEET 2 OF 2)

" FL/G'Hr_Lai.Q.fzé_:&L)_‘z‘Iseruums /vnws/mo/t/)ﬂ/ﬂ:&:zf_ RIDED ALTITUDE

paramerer A Lt mean | 200 | mean| siew MRS Hbop 6poP [ eommenTs
Y |renr METERS iz et 'r"éiﬁ COTFE [COEFF |\ 1y mex | | max »
3
ser 3 S |5F0|/9¢ o | 14  RPPLOACKH
FTE 85 (/46 | (27 12.4
NCT -/?.6 LI‘Z— ¢0|8 07 .,?o .’{
ATE : L o5l 04 | 6300 = |28
2D NsE s7 1235 0.6 L9217/ | 4B 76
Py RN e, |
2 lg-/ |52 65y P
TSCT 22.2 Ny ' I P
:-/ZET s, )| 268|400 |=0% | 2
ATE pip| 417|370 | 00 |G
-n gl wg e 000 Taon Lok IS T 269
ZD ~£ s eal 4T -~ - J
rsS¢r 2|~z 86-6/ 750/ 2.9 (2.4
e ea |86l | -6t |38
MCT- —25_\j /6-4 4/:7 '007 3:2 )
RrE 528|730 | 85901 |2
20 NSE sl 2l |795 z.zolz.22 |4.8¢ |86 |42
rscr k|23 228|347 -0.92.8
Fre 2 36 | 348 -07)2.
NeT Lo7ql|7o frwv L-o./ | 4./
ATE 267 07| iF8 | <4 |78 L S O IV I
ZD ”\SE 77.} :9‘ /07 __“_4,1. . "/ -_J»/1 ra | ~ b4
TseT |2 |3-4|-374]257 “he |25 ,
FTE 521228 ~e/ |07
NCT R o /Q,,’L _:9 il 274 2.4
Y T o
ATE ool [ | £ d) 00| 2 o
20 NS |64 el 2,43 | 248 (498500 | 7
rse7 |e | 48| 7|8 07|28 $rTecrvE
FTE -34.8|. 70 ~C.~ (2.9 CONSTL ho v a) & b5,
NeT 44| 27 || S
= ‘2 %
ﬁTE '\5‘6!‘}‘ 63'3 "2‘#'? /'v' 30, - )
2D MSE 72 L 1akl| /6 2.48|3.04 |50/ 1537 /=¥
7seT i
F7&
NCT
ATE

2) NSE

30



TABLE 21.  GPS NAVIGATION ERROR STATISTICS WITHOUT Z-SET DATA LATENCY COMPENSATION,
FLIGHT 13 (SHEET 1 OF 2)
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TABLE 21. GPS NAVIGATION ERROR STATISTICS WITHOUT Z-SET DATA LATENCY COMPENSATION,
FLIGHT 13 (SHEET 2 OF 2)
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TABLE 22. GPS NAVIGATION ERROR STATISTICS WITHOUT Z-SET DATA LATENCY COMPENSATION,
FLIGHT 14 (SHEET 1 OF 2)
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TABLE 22. GPS NAVIGATION ERROR STATISTICS WITHOUT Z-SET DATA LATENCY COMPENSATION,
FLIGHT 14 (SHEET 2 OF 2)
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TABLE 23. GPS NAVIGATION ERROR STATISTICS WITHOUT Z-SET DATA LATENCY COMPENSATLION,
FLIGHT 15
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	INTRODUCTION 
	INTRODUCTION 
	PURPOSE. 
	The purpose of the test program was to collect operational performance data on a low-cost Navigation Satellite Timing and Ranging Global Positioning System (NAVSTAR GPS) receiver for evaluation of helicopter area navigation. This report includes, in tabular form, statist ical documentat ion of en route and nonprecis ion approach operational performance data. 
	The results have been analyzed and summarized in the Federal Aviation Administra-tion (FAA) Technical Center final report number FAA/CT-72/74, "Helicopter GPS Navigation with the Magnavox Z-Set" (reference 1). 
	The test data demonstrate the perturbational effects of user-satellite geometry and satellite constellation changes. The operational performance data were analyzed in the final report with respect to criteria specified in FAA Advisory Circular (AC) 90-45A and the Federal Radionavigation Plan (FRP). 
	BACKGROUND. 
	Detailed background information is included in the final report (reference 1). The tabular data presented within this report were too detailed and voluminous for inc Iusion in the final report. Fl igh t test resul ts with respect to AC 90-45A and the FRP performance criteria were presented and summarized in the final report in tables and histograms. 
	DISCUSSION 
	EQUIPMENT DESCRIPTION. 
	The Magnavox Z-set used in th is tes t program 1S a prototype low-cos t Phase 1, coarse acquisition (C/A) code GPS receiver developed by the Department of Defense (DOD) . The receiver was del ivered to the FAA by the DOD for independent test and evaluat ion. The Z-set was provided with an optional Z-set interface module (ZIM) to permit substitution of barometric altitude (aided altitude) for a satellite range measurement when less than four satellites were available for the navigation solution. User positio
	DATA COLLECTION SYSTEM. 
	The airborne tes t vehicle was a Sikorsky twin-turbine CH-53 helicopter. Unique hardware and software (described in reference 1, appendix A) were developed to collect data from the Z-set and display crosstrack navigation guidance on a course deviation indicator (CDI). A Norden PDP II/34M minicomputer controlled data collection and computed navigation guidance through software resident in memory. ECEF user pos it ion and ve locity, satellite posit ion, satellite range and ident i-fication, time, and computed
	1 

	The flight tests were tracked by the Technical Center's dual Nike X-band radars. The tracking data were time-tagged with range time every 0.1 second and recorded on a digital recorder for post-flight processing. 
	The flight tests were tracked by the Technical Center's dual Nike X-band radars. The tracking data were time-tagged with range time every 0.1 second and recorded on a digital recorder for post-flight processing. 
	DATA PROCESSING. 
	The tracked radar tapes were post-flight processed by the FAA Honeywell model 66/60 computer to generate a 9-track, 800 bits per inch (bpi) tape. The tracking data were stored in X, Y, and Z coordinates, with respect to the Technical Center's reference origin. The Honeywell tapes were reformatted to a Digital Equipment Corporation (DEC) compatible format in the Helicopter Program computer laboratory. The radar DEC compatible tapes were time merged with Z-set data to within 50 milliseconds. Z-set data and ti
	Radar data were translated to a WGS-n ECEF reference system. Merged data files were temporari ly stored on disk packs for fast access by data analys is software. position errors were computed by differencing radar (ground truth) and Z-set ECEF pos itions. Pos it ion errors compensated for Z-set data latency were translated to east, north, and up (ENU) errors and were edited for wild points. Selected route segments were statistically processed to determine their mean, standard deviation (l sigma), 2 sigma, t
	position errors uncompensated for Z-set data latency were computed for along-track error (ATE), navigation crosstrack (NCT) error, total system crosstrack (TSCT) error, and flight technical error (FTE). These statistically processed data are presented in tables 13 through 23. Definitions of the data terminology used in the tables are presented here to facilitate an understanding of the test results. 
	ATE: Defined as a fix error along the flight track resulting from the total error contribution of the airborne and ground equipment only. 
	FTE: Defined as the indicated deviation perpendicular to the desired course in the horizontal reference plane. Crosstrack error presented to the pilot on the CDI was recorded and represents FTE. 
	GDOP: Geometric dilution of precision reflects the influence of satellite geometry on the user's estimate of his position and his clock offset. 
	HDOP: Horizontal dilution of precision reflects the influence of satellite geometry on the user's estimate of his position. 
	Kurtosis Coefficient (Kurt Coeff): Describes the peakedness of a statistical distribution. If the Kurtosis coefficient is 3, the distribution is Gaussian (mesokurtic) j if the coefficient is less than 3, the distribution is flat or platykurticj if the coefficient is greater than 3, the distribution is peaked or leptokurtic. 
	2 

	NCT Error: Defined as the distance between the true position (ground truth) and the GPS estimated position measured perpendicular to the desired course in the hori-
	NCT Error: Defined as the distance between the true position (ground truth) and the GPS estimated position measured perpendicular to the desired course in the hori-
	zontal reference plane. 
	Skew Coefficient: Indicates the symmetry of a statistical distribution with respect to a Standard Gaussian distribution. Zero skew indicates the distribution is symmetrical, while positive or negative values indicate the distribution is skewed right or left. 
	TSCT Error: Defined as the actual aircraft deviation perpendicular to the desired course in the horizontal reference plane. 
	2 drms: The radius of a circle that contains at least 95 percent of the possible fixes that can be obtained with a system at anyone place. 
	2D Navigation System Errors (NSE): Defined as the linear sum of the mean and 2 sigma values of the root-sum-square (rss) combination of the horizontal error statistics. The 2D NSE value, when compensated for Z-set data latency, is defined as the linear sum of the 2D mean 2 drms values of the east and north errors. The 2D NSE values uncompensated for Z-set data latency were obtained from ATE and NCT error statistics. 
	TEST RESULTS 
	The test results are presented in tables 1 through 23 for the four route structures flown (described in reference 1). The flight test configuration matrix is reported wi th respect to the four fo llowing class ifications: fami liarization and checkout (flight 1); navigation with four plus (4+) satellites, which denotes five satel-lites were available for the navigation solution (flights 9, 12, 14, and 15); navigation with four satellites (flights 5, 6, 7,8, and 11); and navigation with three satellites (fli
	REFERENCES 
	1. 
	1. 
	Till, Robert D., Helicopter GPS Navigation with the Magnavox Z-Set, FAA Technical Center"FAA-CT-82-74 , March 1982. 

	2. 
	2. 
	World Geodetic System Committee, The Department of Defense World Geodetic System 1972, Defense Mapping Agency, Washington, D.C., May 1974. 

	3  

	TABLE 1. GPS NIKE APPROACH TRACKED POSITION ERRORS WITH Z-SET DATA LATENCY COMPENSATION. FLIGHT 1 
	TABLE 1. GPS NIKE APPROACH TRACKED POSITION ERRORS WITH Z-SET DATA LATENCY COMPENSATION. FLIGHT 1 
	FL lGI-I T ,.:= 2. 0 /-~/ 5 ~TE.'LLlTE.3 NAV IGATtON wlni _ Ii: QED ~l.. T/TVDt: 
	4

	ZDNJE: oN 
	. 2.~"'.£N/13.P-H;!II/i 3>-ZP1S[ J.i DO.p I G DoP J!1(4 !KUt::T·ls"..,;.:oj
	PO.5/ TloA/
	R'oVTE IWA'frr" 
	,117£/1111 I c:I 2. D-f/e"iH 1 Zd"Ym;S +;<.dr~ , cc "'" <:DCP 
	E.R20P 
	""Eucsl ME,..€~l~.!"~_~t:.61 M~r.!~s~tr:~?~?< M§£.l'$ IMIN.J kfliXI MiNI l l
	~ 

	IrZcl¥l-7t) 
	AlIff 'I' 
	7-S 
	Figure

	.J. r, '1 
	2.1..:-
	-O··I;,.~ I 
	Figure

	41 
	"
	....

	"~ 
	o~
	,?".8 
	o 
	i
	~ 
	-0. Ii 2d..L-.93 
	1~.7
	I 3.2.0 
	£I;!,; 
	II ! 
	1'/1,".711 
	-",P I' --t I I :-t t-I H-+-+--+-++--1 
	~£"'1ST 
	----+--.:--Lj--, i j t·: !=t=r=n=t=t=-)  
	N,~r:T;i c.4sr .~./'K·T""I lJf . I

	I 
	I
	I 
	I
	I 
	I

	I 
	I 
	II 
	II 

	PO~/TloA/ i?oVTE 
	PO~/TloA/ i?oVTE 
	Vo.Iltrmt 
	j;/£IIN lei 2.l>-flllMN Zd,..mtS .,..<.cfYfJIIS 
	e.RRoR 
	I L&'lD-t7-~ "".ETEe.~1 M':TEIZSI M~7):J NlA"en." IMe."£~S INfI!.Ul:5 M~Ts.es MIN'I
	II1IN.1 Nf19X J114 
	7-g 
	-1.£
	E/1sr 
	/0.4 
	-LJICCTH 
	1.0 
	.:L.Q 
	o
	IJ.[) 
	30..z. 
	'1.7 
	25.0 
	25.0 
	I .2.9.7 I ~. 7 

	6 S:~ IL6 IZ.~ 1//.5 11.2.3 
	..£cl 9'.:; 
	TABLE 2. GPS NIKE APPROACH TRACKED POSITION ERRORS WITH Z-SET DATA LATENCY COMPENSATION, FLIGHT 5 
	FL IGH T ,61== 2.68-8/ _ .....f_ S~Tf)LlITE.S NAV'GATIOW WITH AIOfO IfL.TlTI/Dt: 
	2.ir1llJEN/ 3.J>.4V1LII .!P-Z.P. 1-1 DO.p G DoP f 
	t<UD: I S"~1'I$
	Figure

	2D I§F ~~ IJr~ 'f'J I
	t:tJ,''-
	Co_ 
	• 
	• 
	0.3 
	0.3 
	1.2..6 

	~ ~ 
	f6 
	---'-''--'''-'''~-'-------+-_t--_--+ ...........,,_-+-_6._6_+-..l...I !-__~~_---I-__~_~_--+-_~_---t--:-=..Lt-==-i__1 iI oS.6 3S,7; : j I 6.0 I 23.P. I 25.8 I 8.:':" 75".3 i Z.S I4. I 11.2.21/302. 
	/~5 
	E~Sr ~ 3-4--6.7 1 16." I o..~ 2.~f-. NO/?74._ .. _. ._~.9.2 r I. -0•.5" 2.2. vi' I i-7. ~-1:9. II --r-0 __ ~~ _ \Jl 
	-
	I. 
	1
	26

	TI T: ~f:Ll ..37,~ i 72.7 ! 58.9 //6.2. .L.Z..6.....J7•.9 ?3Z .l3.i i L/I~r TZl 4--5 I g..tJ-I /I.r : I II iII 1-/.4 4-.9 I 1.1."!I/"7f! I I 1-38.+15./! I I I I IIII 1-/.71<1.' uP II 1-16.81 Zg.4 I I L_I .L-I ~ ~uJM 
	!I c 
	3.3,3 L.5.a I t.s'l f4Z:7~2.51 7.919:""ol2:Ul26.41 I /1/8 _£.tiS T-'-'-l--~ II ~ !! I I II1-II II I 
	NoRTH  uP  
	en~,r 
	II1nR7f1  IJP  

	TABLE 3. GPS NIKE APPROACH TRACKED POSITION ERRORS WITH Z-SET DATA LATENCY COMPENSATION, FLIGHT 6 
	TABLE 3. GPS NIKE APPROACH TRACKED POSITION ERRORS WITH Z-SET DATA LATENCY COMPENSATION, FLIGHT 6 
	FL IGI-I T G~ 27/-si S,qTf.)LLlTE~ NA\IIGATIOtJ wtrd 
	1:. 
	IH DE. D Ifl.T/TVDt: 

	0' 
	PO.51 rI~"';eRRo 
	PO.51 rI~"';eRRo 
	PO.51 rI~"';eRRo 
	i'oVTE 
	ONIlIfP"'N"l: F"CDh'I-70 
	_ ""OM/ Ml.e7,I<P< 
	Ier' ftIIJ<TEP<. 
	2.D-"I!IW NlI!!£.7~£.j 
	Zd-.-mt,SJA4'1~'1" 
	2.DNSIELU ....,,)IC' 2.irNIENI +,zdr-sN1~r£~s 
	.1Jr Zp~r3~EIIII Nf~7~;;S M~TU!$ 
	/-(DO .p MIN ftl/A~ 
	" boP N1'~ IAlJlI 
	r-t''f'J t:D~F" 
	Klier: eovr. 
	S""'IS 

	J£l1sr AlDCTH 1Jl) ~A~'r NoR7ui IlD £45/ _ jl./o,e-rll __._ UP &A~~ 1/"'-',rH liP _ E.11's T. ___ NORTH UP 
	J£l1sr AlDCTH 1Jl) ~A~'r NoR7ui IlD £45/ _ jl./o,e-rll __._ UP &A~~ 1/"'-',rH liP _ E.11's T. ___ NORTH UP 
	I 7-~ I P1-/ Z .?-4 . --_.-2. 4-,6 --~-~ 
	2.0 -B.. / 0.2--1...4--2.2. -/4·,0 -.12,0 -If'. ~ -/Jf3,Z -60. g--fl, 7 -24/J.~ 
	;3./ 7.7 82.4 h ..;~ ~ .~ 23 g 2fl. C) /.~R 9'3. t. l.3,i, I.J:: 7 76.8 
	i'.3 'fl. 1 l 3.l ~ I. I 35:7 1..4,2 --'--60. ~ .t;"L. P, 
	If 9.4-7d. :f '1 tf.q //7./" 
	8.~ 169 A t--f--' /4.4 .5"2.0 Iq, 7.1, 19~ 2...5'2..2-/6~.' 
	-07 3-4 0 :J..O -O.A 7..7 S. '1 ':".7 / ~., Ln ~ 75' -0./ 1/'£ 1.0 ;:UJ.------, I -0.3 2.9 p..7 I.l.,~ Zl3 73.~ lif3 -/.4 ll----/,3 ?,B -/,5 3.5 2.3.2 1.,14.9 IJ:~'4. S9.Z 1'9 O.g 3,~ 1-/,2-14,3 ~·9 3.3 zS ~/.4-16"7.4 I72.b .90 "-

	E;IlSr AI,., D71' IlP 
	E;IlSr AI,., D71' IlP 
	TD
	TD
	TD
	TD
	TD
	TD
	TD
	I 

	TR
	TD
	TD
	TD
	TD
	TD
	I 

	TR
	TD
	-
	TD
	TD
	TD
	I 



	~ 
	~ 
	TABLE 4. GPS NIKE APPROACH TRACKED POSITION ERRORS WITH Z-SET DATA LATENCY COMPENSATION, FLIGHT 7 
	FL IGI-I T 7c 2. 75-81 SflTf)LlITES NA"IGATIOtJ Wln·IOUr /HOE.D Ifl.TlTlJDe 
	± 

	2/) liSE 
	. ',,"'--t-t.'N l(IeT 
	, 2,....NI£N/ 3.1U'11L/ItI 3P-Z.P#/5 W/)0 .p IiDDP II . $"'*111.13 PO~/TIO~ KOl/7E INA'(I'O'~ ""'£11'" 11:1' 2-D-WIMN zd""mtS 'f-ZdyfJIIS e~'~1; ~ou. e.RRoA· It''"eD''1-1o JIIlEUP..< lt1~rcJZ< N1~ii!£.. "".lJ.T~'i. Mi!!.r£~s Nf£U,e.s M~T~ M/N ",..X MIA! #14)1 
	£~s,-/ 7-8 4.2. 12,9 -/·8 7./ A/DeTH ·1. / ~ Ji -0.9 3.3 IJD 6.2.or.q,,,? -2.2 7.:7 4-.4-2.1/.~5'1.2 7",.... ~4.~ ~.6 13.9 14.71/.5:/ 35 
	EA::'T / ~-/ I z.'7 £:3 -0. ~ 2./ NoR'7H' 3 1? 8.2. l.1 3.7 uP 4b.1. 2/.6 -0.9 3.0 
	/3.2. /9.4 ~ 2.h 411..b /.f7,3:; q 4.7 1./:1 /6.f1 /7/ £/151 ,2... 4~'" 2s'/, ·"'10.0 (J.y. 2.7 
	_NoR:r;.; .__ ~. . -29,7 6.:' I --1----'-. . ,~2.2
	-

	-.. uP i -/~{) ~ ro.:;' I 0.4 2..7._ 
	-----t--+-----.r-----.-.-I----l. :?Q2'?O.l'. h9.B /~--:9 /,~1.:..·.1 ':';;:' -;;/;-':';'6 loJ ~~r II 
	t/,,/~'Tj.f 
	I 
	uP 

	_£~5T ... 
	00_' 
	_

	NOI<J"r/ 
	I/D 
	I 
	E:1i~r 
	Nn1?7}/ 
	tJP 
	I 
	I 

	TABLE 5. GPS NIKE APPROACH TRACKED POSITION ERRORS WITH Z-SET DATA LATENCY COMPENSATION, FLIGHT 8 FL /GH T 8F279 -81 SRTf,;LLlTE.S NAV'GATIOtJ VVl7Hoifl AIOfD IfLTlTVDe 
	TABLE 5. GPS NIKE APPROACH TRACKED POSITION ERRORS WITH Z-SET DATA LATENCY COMPENSATION, FLIGHT 8 FL /GH T 8F279 -81 SRTf,;LLlTE.S NAV'GATIOtJ VVl7Hoifl AIOfD IfLTlTVDe 
	1::. 

	:c 
	Z())/%
	L 
	L.' 1¥J:e" 
	tJ(~y.J 
	I(UeT.
	J.{[)Op 
	ftfllJ'.:6
	2.v-~ 3.I>--N/(llf 3J>-ZP#1S 
	G r>"P 
	KOV7E WII'rrr>,'-h. 1"/£/111 lei 2..D-~1'I Zd.....-.S oI,zdy/WLS 
	<:DU,
	PeJ,{JtlfRtV 
	C~,~~
	e: 
	e: 
	£0 

	IFZD-t'I-70 lIIl-cr.cp<:: II'JE.T/i1lC. iV1~7~·C-! ~S.7,."", It'?~.r~~s N/L!.7E.1?S 
	M~TG.£S" 
	AlliN 1t114--
	MIN Nt" X 
	/ ;;
	o. 
	o. 
	:.

	E/1sr" 
	7-PJ 
	-3.8 
	~2.B
	1 
	9, ,., 
	1-1 
	()
	NCCTH 
	-/.3.2-
	/',3
	"
	..

	-4~.()
	1J.f) 
	/(J?l' 
	n. 
	n. 
	I 

	,-
	-" 

	9
	..:rb; .~J 
	.'._-:'. F.~ 
	~ n.7
	:f. ::.
	~7 
	r1. 

	:: ~•..+ 
	27
	.'2 
	b';; 

	• 
	• 
	·0 

	.~' ;.~ 
	2,7,
	I. 
	I. 
	(; 

	··0./
	/ 
	/.5:0
	><'-1
	EAST 
	() 
	I 

	I, )J,
	No.('7U 
	-4. .9 
	/k~ 
	-----j
	i
	~ 
	3,/, 

	-c:. L.
	0 
	I 
	;~. /
	up 
	.-
	~~ 
	' 9,7
	1:10
	1:10

	..j-:2-Lf4.7 
	I 

	i 
	£19.3 
	27.6 
	27.6 

	;01
	~~ 
	73J
	S:2. 
	S:2. 

	7 
	-0.'6
	-320.>1 
	g/,. R
	'?-4
	.E 451 
	.;...Q.. 
	f-

	-";
	.... 

	-0.9
	2// 
	I 
	~ 
	.
	t.h9
	_ ,IIJ o.e'1"4 .._ .. 
	---->---'---
	i
	(Jp 
	-,",n
	I-lo.:r8.3 
	-tJ.8
	2 &6./ 
	I 
	I 
	178
	142 
	H
	(:,13 
	<22.5
	<22.5

	~-94.:' 
	Ji-bg
	384 121.9.'7 
	11:6:5' 
	-..5:,;.... -;
	4·-.~~' 
	-o,Lj 
	£f;~-r 
	/,6
	.>':,0
	2... 
	3",) .. 
	-(J,3
	'/t'.''TH 
	/,6
	'34,6 
	i 
	-12 .£'~:~ ,,~.:.;. )
	liP 
	/.'/
	-0.3 
	.~ s,,": ,v';;v..
	/03 _ eJiS r _____ . -Ii 
	-~ 

	~"3B 
	~;:,.5' /2.2
	i L,7r: 
	6'19 

	176
	IIICI 
	/4/6 
	2.56 
	2.56 

	_._--~ 
	NORTH  uP  
	\
	cnsr 
	~.Jr;f(7H 
	I1P 
	_J__.. 

	..  
	..  
	TABLE 6. GPS NIKE APPROACH TRACKED POSITION ERRORS WITH Z-SET DATA LATENCY COMPENSATION, FLIGHT 9 
	FL IG 1-1 T :9~ 2. 89·8/ ~ SATf,'LLlTES NA'I/'GATIOW WI/Hour A/O!D Ift.TlTtlDE: 
	\Cl 
	2bllSE
	-u~ 
	~uer.
	HDOP GDDP I~I'N 
	SI/"I"1i5
	. z....NI#NI 3.P-N/£II" 
	3P-Z2#/5
	KOU7E \NllrpOIN'( 
	e0oU',
	""£'11'1 Ic:r' 2..D-"t!'09"'1 U"r'"lS .,.<.dyMS
	p~1;TI fJ<1I!
	I! £0 
	II1IN "",.X MIN MI/JI t:~~~"
	,t:"tDIfl-7o JI/IET.E.I'.~ ~.E.TE£5 N/.E.T~J!$ A1147M"i. Nle.r£"l.5 I/If~U£S 
	M~TUS 
	i 
	:< •..;. 
	11)•..;.,
	.3-{:,
	i!Asr 
	'() •.B
	.3 
	i~
	..... 
	-

	Nf7t:TH • 
	'). -..("'; 
	7.?R
	6.4-
	~-:2. 
	1..56-
	lJoD 
	-0.':' 
	n.J4
	.~ 9.';' 
	.-
	.:;.. ' . oj. 'J?
	30. 
	30. 
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	?-:: ....:
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	/1'-1 
	-o./S 3.14-
	.3. 'B,j'"
	1,-/ 
	-t...5.?
	.3
	~ST 
	0,1, 
	~.57
	/ 2.; 
	7.79'
	NO£7~ 
	'/';j 
	-.:.!. 

	! 
	0.14-
	/.84-
	uP 
	7·3'7 
	• 
	• 
	.;.., "'I,)

	1/7.4-
	l'i'f 
	.~.~
	6," 
	4J.73 
	18'/'
	2.~.o 
	.:. i.-I-
	'.~ ,I 
	0.2-
	J'-6 
	-/0. ? 
	/I, ()
	~
	E~S/ 
	Z~~ 
	-
	':!~.c 
	/.7/ 14-.79
	_. /\/0£07# ___ 
	4[4 
	I 
	-~._-
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	.-.-
	I 
	,

	.:, ~I
	-o.U
	vI' 
	-~<;. 7 
	4-3.3 
	to
	A.~ .;
	93.4 
	fJ7
	/.2.9.0 
	127 
	.2..S1 
	':J.tJ!J 
	S.01
	S.01

	3-'.6 
	-0.2
	£A~r 
	~-/ 
	/, ./
	-4. J
	3 
	.t.JJ6 
	:
	t/I'l,';-H 
	12.2.
	12.2.

	3.7 
	3.7 

	0•.5 
	2.l~ 
	I 
	-/7.4
	uP 
	/5.0 
	-OS' 
	.l.t;fI.
	I 
	.-,.,. 
	.5:37
	/y.2
	..!~ • ~ 
	2. 
	2. 
	06 

	=3z
	'27.3 
	32.&' 
	l5.'%
	4tJ.o 
	~ 
	_.2..._ 
	1-0.04 .2.6/
	_ cl1ST . __ 
	3-4 
	5".5 
	79 
	NORTH 
	-so.4 
	0 
	is:

	I 
	OZR 2::..:J.
	-
	Ijp 
	I 
	-(}.3
	.,<.3 
	2. 
	2. 
	'it!

	~7·4 
	,~(J.7 : 3# 
	~.3'f
	/0/ 
	35.6 
	35.6 

	3.~1!J" 
	S:.Q 
	-+7
	14.7 
	14.7 

	£S7 
	t'),/.3 
	1.A7
	4--~ 
	0.4-
	ctf5r 
	L 
	/:-/ 
	I 
	()..?/
	1-4~o
	M/'I1?7H 
	~-~
	/4. ~ 
	.2..1.15
	0.21
	0.21

	VP 
	/0.7
	'iv.~ 
	/ t')'f,6 
	/410
	~3,7
	Sf~ 
	3~. / 
	86./ 
	3.35 
	3.35 
	f3..3Y 1.6-f"Z 15;53 

	I 
	~ ______.._ 
	____L__
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	TABLE 7. GPS NIKE APPROACH TRACKED POSITION ERRORS WITH Z-SET DATA LATENCY COMPENSATION, FLIGHT 10 FL IG ~ T /oF 2.. 9.!1": 8/ SflTf.ILlITES NAV'G,ATIOtJ WI7Hour AIOE.D IfL.TlTtJDe:
	TABLE 7. GPS NIKE APPROACH TRACKED POSITION ERRORS WITH Z-SET DATA LATENCY COMPENSATION, FLIGHT 10 FL IG ~ T /oF 2.. 9.!1": 8/ SflTf.ILlITES NAV'G,ATIOtJ WI7Hour AIOE.D IfL.TlTtJDe:
	~ 
	..... 
	~ 
	P(J.5IT/~N e.RRo 
	P(J.5IT/~N e.RRo 
	P(J.5IT/~N e.RRo 
	KOV7E 
	IAIII'fPOIN7: FeDtrl-7o 
	1"1£I1N AIlL;TEr:.t:. 
	. let' I>1E.TIiIZ5 
	2./)-~N KU!.7~.c.s 
	2,d"TI'I?\S AA/i.1M.. 
	ZDIlSE""" U"mlS" 2,6-N/£#I '1,zdyt»\SNll!!.r£~.s 
	3~{1I" .!JrU'!5 II1I:.U£.5. M~7Uf 
	/-{DOP MIN Jt1~X 
	SUNG DcP MIA! AlII/X t:~'F~ 
	I(ua: eo&. 
	$""1'$ 

	£~s,
	£~s,
	-

	.3 
	§-6 
	/07 
	17.4 
	TD
	TD
	TD
	TD
	TD
	1J./7 
	1.5.3 
	TD

	NOeTH 
	NOeTH 
	TD
	TD
	/6/ 
	27_4 
	TD
	TD
	TD
	TD
	TD
	~.ol 
	J.9:7. 
	TD

	UJ) 
	UJ) 
	TD
	TD
	b~3 
	101"1 
	TD
	TD
	TD
	TD
	TD
	TD
	0.04-
	/.6£ 
	TD

	TR
	TH
	TD
	TD
	TD
	TD
	/93 
	64.-9 
	-:0.57.9 
	67/ 
	'1/1 
	TD
	TD
	TD
	73 

	F-A<:.-r 
	F-A<:.-r 
	.~ 
	.('-6 
	/74' 
	.2.3. Z. 
	TD
	TD
	TD
	TD
	TD
	TD
	~.I3 
	1.7J 
	TD

	NoR.7H. 
	NoR.7H. 
	TD
	TD
	~6 
	1-1.9 
	TD
	TD
	TD
	TD
	TD
	TD
	0.64 
	2.,jo 
	TD

	IlP 
	IlP 
	TD
	TD
	{'9? 
	/04 
	TD
	I 
	TD
	TD
	TD
	TD
	TD
	o.~ 
	I. ~2. 
	TD

	TR
	TH
	TD
	TD
	TD
	TD
	/77 
	TD
	_I,-~.I 
	VI,/ 
	7~=lJ 
	2.J5 
	TD
	TD
	TD
	89 

	E"?SI 
	E"?SI 
	.7? 
	;:;-1 
	70..2 
	~4. 
	TD
	TD
	TD
	TD
	TD
	TD
	TD
	tJ.lg 
	lJ:/. -
	TD

	_ 
	_ 
	./\/o,e7f./ __ 
	----_ .. 
	9.6 
	IZ,4 
	TD
	TD
	TD
	&,/f 
	.1.2;7 

	u? 
	u? 
	TD
	TD
	273 
	;:p 
	TD
	TD
	TD
	TD
	TD
	TD
	~.I.r11.76 
	TD

	TR
	TH
	TD
	TD
	TD
	TD
	'-"0.9 
	,/.:..4-
	2. 82-
	7..':; 
	TD
	TD
	TD
	1:'7 

	M~"" ,./~/"rH 
	M~"" ,./~/"rH 
	"7 
	3-4-
	2.h9 -14-0 
	24.6 I~' J, ... 
	TD
	TD
	TD
	TD
	TD
	TD
	f),~ /.94-'0,79 3.02-
	TD

	tiP 
	tiP 
	TD
	TD
	~~~4 
	~~~ i? 
	-=?r4-
	._~ ~';7 
	?Srt.7 
	?r-7 
	. frO 
	TD
	-" ~d 1.71 
	TD

	TR
	TH
	TD
	TD
	TD
	TD
	, .."..., 

	TR
	TH
	TD
	TD
	TD
	TD
	TD
	TD
	TD
	TD
	TD
	(~ 
	/ 

	_cr-JST 
	_cr-JST 
	, __ .~
	-

	.q.-.5' 
	',b'l 
	::6t/ 
	TD
	TD
	TD
	-O.!b 
	I. fll 
	TD
	TD

	NORTH 
	NORTH 
	. i 
	i 
	? 
	J' ¥I • 
	TD
	TD
	TD
	0.53 
	3.58 

	uP 
	uP 
	I-'f)~ 
	i 
	'/ 
	TD
	TD
	TD
	TD
	TD
	TD
	0.06 
	/,73 
	TD
	i 

	TR
	TH
	TD
	TD
	TD
	2.01-
	76 
	2.pe 
	~'I-O 
	.z~..... 
	TD
	TD
	TD
	J~
	-

	, 

	cli~r 
	cli~r 
	TD
	TD
	TD
	TD
	TD
	TD

	,..JnRiH 
	,..JnRiH 
	TD
	TD
	TD
	TD
	TD
	TD

	liP 
	liP 
	TD
	TD
	TD
	TD
	TD
	TD
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	GPS NIKE APPROACH TRACKED POSITION ERRORS WITH Z-SET DATA LATENCY COMPENSATION, FLIGHT 13 
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	.:::::::. 

	...... 
	<.oJ 
	. "'u"'~ ~ 1/f.,; I(Ue:r. 
	$IIAlJllJi5 
	, 1!.irNl£N'l 3.l>-N1£II/'. 3p-z,p-" H DO.p G ""P 
	pO~/r/~A/ 
	i'oVTE """I(F"'~ IJ'I£,tl/'J lei z.D-~1'I ZdYmtS +"Zciy-S t:~,~F. C0U'.
	eR£.:J 
	IFeDtr'I-1o NlJ:7J<1'<: ~E.TE£5 1Vl1!E.7~R...5 AA47b?<' Mlt.r£~s N/I:.u.es M~7S£S MIN NfIlK MIA! ;1111/)1 • 
	.1,-: I,
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	0.6-::' 
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	IJD 
	-0.37 
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	I. 
	I. 
	~iJ 

	.6 0 
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	43.7 
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	J 7.3
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	h-/ 
	/o.S
	3 
	:7_ . 
	2 ;:.1 
	18. 
	18. 
	i-

	NoR71-1 
	J....-? 
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	2.68
	2 /4-
	1'.6 
	-0.,,/ 
	,j-7 ? 
	3.c,
	20 
	.n./{ 
	/c-sn
	:'0. J 
	0.'"_
	E 1;5/ 13 
	.3. ? p.
	.5"-6 
	-~.6~ 
	Z~61f-
	Ir. .'/ 
	.? .11
	_/'0/0£711 __ 
	.9.2.3 
	.9.6b
	,----
	-
	; 90
	11'1.~/
	uP 
	-4.2.7 
	6.rd.3 
	Q/
	, :::>
	/tJ.~~
	-

	.?C·,/
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	.9.6 
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	Q.4.J
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	3..94-
	,/,..?7H 
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	NORTH 
	23. 
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	-
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	uP 
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	tiP 
	I 
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	TABLE 11. GPS NIKE APPROACH TRACKED POSITION ERRORS WITH Z-SET DATA LATENCY COMPENSATION, FLIGHT 14 
	TABLE 11. GPS NIKE APPROACH TRACKED POSITION ERRORS WITH Z-SET DATA LATENCY COMPENSATION, FLIGHT 14 
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	PO~ITlf'RVe.RRo 
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	t~.NG DoP NlIAI 1i14X t:QI.~" 
	I(IICT. t:"u. 
	flf"1'/S 
	TH

	£l1sr 
	£l1sr 
	3 
	..r"6 
	~::'6 
	II. h 
	TD
	TD
	TD
	TD
	TD
	TD
	0,58 
	2.4 
	TD
	TD

	"'DeTH 
	"'DeTH 
	TD
	TD
	-12, , 
	9,:J...1f 
	TD
	TD
	TD
	TD
	TD
	TD
	O.f':k;, 
	;;23 
	TD
	TD

	flD 
	flD 
	TD
	-:? 7~ 
	19.2 
	TD
	TD
	TD
	TD
	TD
	TD
	TD
	TD
	0./9 
	;.96 
	TD
	TD

	TR
	TH
	TD
	TD
	TD
	13,; 
	1.-9.9-
	f Y·I 
	) 3.b 
	Lf'?6 
	2.4-
	2.12 1456 
	4,5'8 
	TD
	TD
	It)O 
	TD

	EJ/5.T NOR'7H' IJU £/151 
	EJ/5.T NOR'7H' IJU £/151 
	3 .3 
	b-I S-~ 
	-£97 ~.ItJ -/0,'1 -;.-~ ~ 
	tj ~3 /.:J g X'..7 6 g 
	7,1 
	3~ 
	L//~ 
	/3 
	:z~.., :;"'-
	-. .'1.,-,/ 
	''','1-2 
	4".'" '3 
	-J.6 
	:; .j-.! -) 'f'l 0..92 -Pt ".~.::. 4; _. /z q 052-2.S.--
	TD

	_ ,#0,<:.711 •__' 
	_ ,#0,<:.711 •__' 
	_._._--
	TD
	-O,r:' 
	!>-~ 
	TD
	TD
	TD
	TD
	TD
	TD
	TD
	TD
	TD
	0.41 !2g4 
	TD

	uP 
	uP 
	TD
	-i :. 
	/;:;-:7 
	TD
	TD
	TD
	TD
	TD
	TD
	TD
	TD
	10,03 
	2. •/,;. 
	TD
	TD

	TR
	TH
	TD
	TD
	TD
	.':J. If 
	/76 
	2. J 
	7. 1 
	.16 
	2.2} 2.23 
	46 
	1.65 
	TD
	TD
	r7 
	TD

	Ms7"' 
	Ms7"' 
	3 
	6-1 
	-6.37 
	/.49 
	TD
	~o.2.9 -:•.5'"3 
	TD

	/'/""?iH 
	/'/""?iH 
	TD
	2. /i;, 
	~. 
	~ 
	TD
	tJ.7 
	:? -....-" 
	TD

	uP 
	uP 
	TD
	-12,'if 
	9.32-
	TD
	TD
	TD
	TD
	TD
	TD
	TD
	(j.7? 
	?,j!, 
	TD
	TD

	TR
	TH
	TD
	TD
	TD
	6.7 
	1~3./ 
	2.3,9 
	14Jf 
	2._Cf.2 
	2,/7 
	2·~6 /f.6:5 1476 
	TD
	TD
	/ '3 
	TD

	..-LiJs'" 
	..-LiJs'" 
	__ ... 
	2-
	3-4-
	~,25 
	3.22 
	; 
	I"/,bb' 3."'~ 
	TD

	NORTH 
	NORTH 
	TD
	-q o.f.. 
	/,.hh 
	i 
	-0.3 
	2.4.5 
	TD

	uP 
	uP 
	TD
	/0 4-
	~.5~ 
	TD
	0.55 2.91 
	TD

	ci1S1" 
	ci1S1" 
	2-
	4-6 
	£,£.9 
	.1.64-
	.9.o/, 
	Iii. 8' 
	LJ.<i'!:J 
	/ 3, ~ 
	. 22.6 
	/.fJ4 
	J. ~9 14.... ., W33.~""
	-

	'7,:r, 
	2.Y! 
	.:-£L 
	TD

	Al"1l7H 
	Al"1l7H 
	TD
	-21 
	£:'59 
	TD
	r-~'J L'if9 
	TD

	vP 
	vP 
	TD
	-7.S' 
	6,0/ 
	,;. I, 7 
	/.. ~.. E· 
	3.!J 
	::..3 
	/? 
	/.76 
	1/, :'of I~-~; 
	Lf.~'l:. 
	0./2 
	2,M! 
	/,5(J 
	TD

	TR
	TH
	TD
	TD
	TD
	TD
	-_. 
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