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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, stat ist 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 Ius ion 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 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 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 navigation guidance were recorded on a digital 
recorder at the Z-set position update rate (nominally, every 1.2 seconds). 
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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-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, 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 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. 
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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 (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. 
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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 
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TABLE 8. GPS NIKE APPROACH TRA(XED 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 

I " 
'2:FL IGI-I T 13F 3a6 - 8/ .:::::::. S f1TfLL ,TE3 NAV'GATIOtJ i/I.· "-'/ AIOfD IfI..TlTI./Dt: 

...... 
<.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,.;rL/fisr .7. ~()9.94­-4.2~ 0./7 

AJrJCrH /16,6 0.6-::' ,zrn8.7z. 
IJD -0.37 :?~I. ~iJ .6 0 

94/7.2­ 43.7 ,2 9. IJ 7.32".~ 
()":'-I­ 1~.24.-7,1;(/PA<:­ h-/ /o.S3 
:7 _ . 2 ;:.1 18. i­NoR71-1 J....- ? 

oi:) 2.682 /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,--- ­ -

; 9011'1.~/uP -4.2.7 6.rd.3 
Q/, :::>/tJ.~~- .?C·,/26.~.9.6 .?611­

£,q~7" Q.4.J.:? A-I -2.4/ 0.58 3..94­
,/,..?7H /6.2­ IS'. ~ il.!2.. It: 74 
liP 0.4/ .~£3 3.oA0.35 

f'2.Q 19./j 
_ CI1ST ____ .b_. 

/6.4­ .?6 /6.4 .717.1.. 
"'3-4­ /2.8 2.'14­7.28 0.07 

,-r-:r;t;NORTH 23. 'iI 0.% ~.7"-
-0.26uP /. :?.2. 

27 
I" I~.3:73 

22 J 73/? 9 J).fJ"'.9 27 
E;tiSr 

~J.,1l7f/ 

tiP 

I 
I 



TABLE 11. GPS NIKE APPROACH TRACKED POSITION ERRORS WITH Z-SET DATA LATENCY COMPENSATION, FLIGHT 14 
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TABLE 12. GPS NIKE APPROACH TRA<XED POSITION ERRORS WITH Z-SET DATA LATENCY COMPENSATION, FLIGHT IS 
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TABLE 13. GPS NAVIGATION ERROR STATISTICS WITHOUT Z-SET DATA LATENCY COMPENSATION. 
FLIGHT 5 (SHEET 1 OF 2) 
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TABLE 13. GPS NAVIGATION ERROR STATISTICS WITHOUT Z-SET DATA LATENCY COMPENSATION,  
FLIGHT 5 (SHEET 2 OF 2) 
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1=1./6 Hr bE2"7/-SI 

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

. ~._-~ _. __ .... - .. -~ -~- - ~-- -~ ----_..- ----- ­
1=LIG NT 6F.2.. 7/-ffl )-L S"7*LLIT~5 NA"J61t1/~~ WITt! ,:UU~ IIL7/71J/)~ 

~1.<:1 $/(f." ~ttOSIl ttDopPttl(~r~ ~, ""'''''1111 IIIEntl &1>01>SKI'I' 5.."'Jl43 ~o M rflE...,TS
rU 

~.~ 
'l;7I.(S ~ras CO(IF, eourIJ 11\ ttlMU' IiUVC 1Il~~itCI 

-,·u 11.17 '~ ... life,.,''/,7J..,. '.-19·7rSCT ~ .,.£4 -I)." 2.66-IJ.8FTl: 
7,7-;.1/;l.~2.7~eNCT 
I,Z2.618.1':2­J2­I4T~ ~.16 

.1,,2­ 312.4·9 .r.f:f 
",PPZ-IfCH  

oI(.-,j -Jl1  

&9,'1 71>6.& 2.3"21) NJ~ 

-.,a, 2.,Gs-'/.,~TSCT 
-0.1.1 2.1'1-1'.1 42.5FTE 

~.., Z,f9&oU'7'2.1-240'NCT 
#~.J -1'-'1'/ 2.2'-.6"4.1 9,·/1­Jl}Te. 

/3712-65"M~"',-J Io.{',j ".«f 25 31.•2.b N!C. 

TSCT IFTl!: 

NCT 
~ 

I9'r~ 

Z/) I'I~ 

T5CT 
Fr~ 

NCT 
AT~ 

2IJ NSE. 

T.j(.. T 

FTC. 
NCT 
ATt:.. 

UJ NSf:: 

TSC7 
FTlE. 
NCT 
I9TE: 

ZJ) NSE 

rSCr 
~TE: 

N~T 
nrE 

2./) fll.SE. 

19  



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

Iitlop SoDa? 5II"",US to HI tl\E.tJT-S 
IJ iliA;( flWJ If': AX 

. 

3 !. '16 6:69 J:tJ 99 

fJ/ I· 'II 5:95 7.6IJ 7ff6 

I 

&'3 2.// 7.9~ f.7'" ~76 

<..3 2.b?J 1f).2. ,11.6 2.74­

~z. 1.3/:" Il.2. 13.6 1/3 

0.3 • 10." 2../1, 
~j.9 _1.0 iJl3f 

ff.!>:·/ -fJ.29 Z·7 
It/o.1 j2. 

Jl.1 
I~~ -1.2~ 3.1 

/l. ..!' z.2;~· I..s-g ~:27 

11.6 i"4.2. ~.ol 2.6.3 
17./ 1f~.'1 2. 

196.7 "·Id "1-·:'7 
~ .st 16.3 16.9 -t>.I6 :?6/ 

16.~ ~f,6 - tJ.,3 2.179 

23.2 ~£4 /. 

~ 

79./ 158 
2,1,..9 J 2,+ -D.4. 2.Ji> 
/7 67 -3.:..7 ....'f,19 

2.9.7 Q2.$ /,9 

:::'34 
23~ 

1.6.1 
1.5:9 
30..: 

TSCT 
FTE: 

15.TABLE 

NCT 

IlTh 
2]) NU 

~--1-,SCT  
FTE  

NCT  
/tTe  

2/J N!C, 

I ~-5TSCT 
FTE: 

Ncr 
I9'r~ 

z () lllse. 

1 S~TSCT 
FT~ 

NCT 
ATE. 

2J) NSE. 

I 6-7T.3(. T 

FTE.. 
NCT 
AT£:. 

2i) /liSE: 

1-f!TSC7 I 
FTE. 
NCT 
tCiTE:. 
Z~ NoSE 

I g-IiSCT 
F-TE:  
Ne.r  
/1Tc  

2/) NSE. 

- 7.97 

-So 
S,,:.b 

-2.6.6 1 

l ~ 

1~. 

72,2 

7. ~ 

69.2. 
69,1. 

1/9 
IQ9 

/0 

72.6 
7j.~ 

26.2.. ;... ::.' - / 06 
23.3 26 -,".1.7 2. fJ~ 

ij.()7 1/.1 15:3 c·.,/ 2.76 

1'), ..5 .}! 'fIJ,£ 0·1 2,OZ 
-t():; / ':,,- .5';·1 ~, 56 ),93 Il/.J~ IS ~ 

/;/.L'l.~,!,'~ 

2.23 ¥ 
/'1 
.~f.4 

",,_1.3 (of '/.MJ 

.''1.2. l.J ,I ".:f') 3,(',£ 
(>.63 z.36 

1'1./ .?J:/ .. ,.,1..1 2.,13 
j·f ~rtJ. - (J.'I'I 3.37 

'ttJ.£" h.?, t .? 16.7 7I.!J"': I 

1?'1~K. AlNf"..:: 

.. 

,  
I  

!  
i  

I  

I  

i 
i  
,  
I 

"lb' 
i 

: 

I 

I 
(!~''! 

20  



---

3-1­~.3S ';1,/ 

3.7 It.2. 

2-3 '7.7 IS.!" 
&-.Si '6J­
~9f 17.6 

~ 
~ 

TABLE 15.  GPS NAVIGATION ERROR STATISTICS WITHOUT Z-SET DATA LATENCY COMPENSATION, 
FLIGHT 7 (SHEET 2 n~ 7) 
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TABLE 16.  GPS NAVIGATION ERROR STATISTICS 
FLIGHT 8 (SHEET 1 OF 2) 
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TABLE 16. GPS NAVIGATION ERROR 
FLIGHT 8 (SHEET 2 OF 

STATISTICS 
2) 

WITHOUT Z-SET DATA LATENCY COMPENSATION, 

------- -­ -- .. ­ .--- ­
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TABLE 17. GPS NAVIGATION ERROR STATISTICS WITHOUT Z-SET DATA LATENCY COMPENSATION 
FLIGHT 9 (SHEET 1 OF 2) , 
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TABLE 17. GPS NAVIGATION ERROR 

-

STATISTICS WITHOUT Z-SET DATA LATENCY COMPENSATION, 
FLIGHT 9 (SHEET 2 OF 2) 
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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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FLIGHT 10 (SHEET 2 OF 2)  
TABLE 18. GPS NAVIGATION ERROR STATISTICS WITHOUT Z-SET DATA LATENCY COMPENSATION, 
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TABLE 19. GPS NAVIGATION ERROR STATISTICS WITHOUT Z-SET DATA LATENCY COMPENSATION 
nmm11 • 
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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 DATA LATENCY COMPENSATION, 
FLIGHT 12 (SHEET 2 OF 2) 
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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 STATISTlCS WITHOUT Z-SET DATA LATI':NCY COMPENSA'I'1 ON,
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
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	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. 
	,6.... .: I~" 

	),,/5
	6,3 :'4.
	I ~ 
	?-:: ....:
	Y1
	.bo?
	/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 
	-~._-
	-

	.-.-
	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__

	-.. 

	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



	'It 
	'It 
	TABLE 8. 
	GPS NIKE APPROACH TRA(XED POSITION ERRORS WITH Z-SET DATA LATENCY COMPENSATION, FLIGHT 11 
	FL IGI-I T /I F".z 9£-~1 5 .q7'f'LlITE~ NA\/IGATIOtJ w/rl/oW IHOft) liI..TlTVDE: 
	1:. 

	..... 
	..... 
	_"T1 
	~ 
	....

	;;:E
	=<-
	g~:I: 
	0 ....-1 
	<O-~ 
	~==5
	ffi =~j" 
	=~ 
	....:;> 
	~~ 
	~U"'* 
	fl{',J 
	1(1Ia:
	I-fDO.,o 
	GDoP 
	S"""'S
	2.»-totENJ 3~CI'" 
	~~.U~ 
	itOI/TE WIl'fI'OlNl:; II'IUI" Ie' 2. D-Wf!.4N 1 Zd-rMJS '1-<.arl'l'lS 
	t!:tJU',
	P~lI T/~"'; 
	eo,''-
	I!. .eo 
	FJ!DIt'}-10 
	J'UT£P. /tIJE.T/igt:,N!4!!TeLS MI<7M<' M.e.r£/Zs N/.eu.es 
	It1~TGO 
	N7/A/ 1114'X
	MIN 
	""X 
	eASr 
	7-8 
	1-4.01 J.~
	4 
	-/04-
	J.2. 
	J.2. 
	I 

	NtlCTH 
	'O./~
	223 
	6./ 
	J.i1 
	I
	IJD 
	-~69 
	1.01
	4.~~ 
	In.b/ 
	107 ; 2. 9.2 
	1.2..7 1)4..~ 
	I£"~
	J .36.. 1-
	.H.9 Lo?7./
	.?84 
	35.2. 
	fJ.fl2
	-/_<f2.. 
	~7 
	2/'
	~-/ 
	I
	4
	&SST 
	i 
	-().24 
	17.24-
	'13. g ~~.~
	NoR.7Hi 
	~.~
	I.I~ 
	2.ZI
	-4/'/ 
	/2. 7 
	~~.4
	?7., 

	/.31 :';/7.9 
	, 

	4-~;J 
	/.0.. ~ 
	1/?.4 
	/09
	22..1..9 
	2~a 
	c'1s/ _ ...A.!oJ!711 ~__. _.. 
	I 
	uP 

	-
	I 
	!
	M~-r 
	,
	,
	I'MJ?if{ 
	I 
	lIP 
	i 
	:

	_.CI15 T .. ____ 
	i
	f--
	-'-
	I 
	NORTH  uP  
	! 
	f;l1sr 
	....Nt'/l7,1 liP 
	I 
	-

	TABLE 9. GPS NIKE APPROACH TRACKED POSITION ERRORS WITH Z-SET DATA LATENCY COMPENSATION, FLIGHT 12 
	TABLE 9. GPS NIKE APPROACH TRACKED POSITION ERRORS WITH Z-SET DATA LATENCY COMPENSATION, FLIGHT 12 
	FL lGI-I T a.,c'::'10-9; 4o.of" 5 RTE.'LLI TE": NA'I/ IGATIO,.} VIliTHOfr AIOfD 1ft.T1TVDe ZfJlISE , r..if-NJEHlI3.P-N1lllf1.!J)-Z.f~ H DO.p IG bDP J!~I'N 11(1Jt:T, 
	-/11 -S/:.'1 

	I fA"1'1Ji5 
	P<JjlTlotV
	~oV7E 
	""''''rot 
	11'1£11'" fa' 2.1>-~/II Zd.,..mt,S '1,zdy/>f1.S I e~l~f. 
	eDV ERRo.R 
	Irec-rl-~ M~7Ee.c;1 MeT.:~1 "'1..e7~~ IAA7fASI Me.r£Il.S N/L:.U,e.s M~7£.2$ I MIN.I A111X MINI /All • 
	• 
	~~H ~ H pfiIK~ I I.I ~f-------l~ 
	;...c:; I ..;:...;
	/?3 I 11. t 

	" 
	-

	£/1-';7" 13 I 6-/ I-s.j-y I 7.2~ I IIIIIIII 1-0.1 12.33  NoR.7H 'I l-t.7 1/5"./I III i II 1/.191/fo  
	".,-~ Z 1,-... -13.7 
	-

	_ NC',e7H 
	.91 UP -('/'3 '7.2-
	,..... 

	_..I_--t----/o,~~ 
	-[
	I 

	0.4612.'" 
	N 
	6..6-
	17.:"" i /~. 8 .2 2 I 6_:<.7 I 3 'X·-i /. 7'J 
	1.:>".::.1~3¥ I ,G': 6b  M5r 3 6-/ -17.6 g',63  
	~ .•;~I/. It;; 
	'J",,'7"J.! .s:::...: 9.67 
	I.OZ 13.J~ liP -67 /4. f 
	I-0. 2.7l.~. 04 /7. S i: .!.;:? I 4.~. 71 7tJ.':; ;;. '.--12.0..::1...,.0'11-1.0' k,u71 I 1/6.2-
	~ -'
	-I 

	/ .... 
	,-"; ~ ;-_P, ~ I. h
	-,..6_ .;, .'i,:.,
	_EJiSr '-+2.-t-"~--+
	-

	1I.~,.n-rIJ 
	"" .-. 
	~ 
	.,  UP II  
	/7 i?
	-·7':', 
	~(J •..3 
	II .17.3 :;?,£ ~":f; 1.~.~1?1//.7;·1J,;'-1 
	II .17.3 :;?,£ ~":f; 1.~.~1?1//.7;·1J,;'-1 
	;:;-: 


	/';,."" I'./n I: ;.. /1 I,. // 
	.,0 
	::.,71 
	.. 
	. 

	I' 
	I' 
	I I .. 


	. 
	'I 
	---U-------4----
	I ._ 
	I ._ 
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	..  
	TABLE 10. 
	GPS NIKE APPROACH TRACKED POSITION ERRORS WITH Z-SET DATA LATENCY COMPENSATION, FLIGHT 13 
	I" 
	'2:
	FL IGI-I T 13F 3a6 -8/ S f1TfLL ,TE3 NAV'GATIOtJ i/I.· "-'/ AIOfD IfI..TlTI./Dt: 
	.:::::::. 

	...... 
	<.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,
	.;r
	L/fisr 
	.7. ~()
	9.94-
	-4.2~ 
	0./7 
	AJrJCrH 
	/16,6 
	0.6-::' 
	,zrn
	8.7z. 
	IJD 
	-0.37 
	:?~
	I. 
	I. 
	~iJ 

	.6 0 
	94
	/7.2-
	43.7 
	,2 9. I
	J 7.3
	2".~ 
	()":'-I-
	1~.24.
	-7,1;(/
	PA<:-
	h-/ 
	/o.S
	3 
	:7_ . 
	2 ;:.1 
	18. 
	18. 
	i-

	NoR71-1 
	J....-? 
	oi:) 
	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·,/
	26.~
	.9.6 
	.?611-
	£,q~7" 
	Q.4.J
	Q.4.J

	.:? 
	A-I -2.4/ 
	0.58 
	0.58 

	3..94-
	,/,..?7H 
	/6.2-
	IS'. ~ 
	il.!2.. It: 74 
	liP 
	0.4/ 
	.~£3 
	3.oA
	0.35 
	0.35 

	f'2.Q 
	19./j _ CI1ST ____ .b_. 
	/6.4-
	.?6 
	/6.4 
	.717.1.. 
	"'3-4-
	/2.8 
	2.'14-
	7.28 
	7.28 

	0.07 
	0.07 

	r;t;
	,-r-:

	NORTH 
	23. 
	23. 
	'iI 

	0.% 
	~.7"
	-
	-0.26
	uP 
	/. :?.2. 27 
	I~
	I" 

	.3:73 
	22 J 
	73
	/? 9 
	J).fJ"'.9 
	27 
	E;tiSr 
	~J.,1l7f/ 
	tiP 
	I 
	I 

	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 
	FL lGI-I T Ii/oF 307-81 4-r 5 ATf'LlITE5 NAV'GATIOtJ VOII'!'ii AI D~D Ifl..T1TtJDE: 
	...... 
	~ 
	PO~ITlf'RVe.RRo 
	PO~ITlf'RVe.RRo 
	PO~ITlf'RVe.RRo 
	KoUTE 
	""l1fP"/~ Ftctr'J-10 
	'1£1f1l1 KlETEE'.< 
	. Ie' fII1 E.TEIl5 
	2.l>-wtMl'I IiIU!.TU!..5 
	Z-d-rtr1\!> AA.i.7'EIl"i,. 
	z DIISii.... 1.1 "'JSL L.ir~ oI',zdyfW15Nt"'r£~.s 
	3.J:1o.N/£/I/ I'rfif.U.£.5 
	.!P-,zMS /I1~TU!S 
	J.{ DO P MIN I1AX 
	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
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