GPS Positioning Procedures

HARN

PACS Ties

CORS

—>» 2, >4hr Sessions PACS - CORS
— 1, >4hr Session PACS - HARN
— 1, >4hr Session PACS - BM#1
— 1, >4hr Session PACS - BM#2

CORS < 300km PACS

—

HARN > 50km CORS
HARN < 100km PACS

—» Bench Marks-
BM’s > 1km Apart
BM#1 BM’s < 50km PACS

Co-observe BM’ s if < 20km Apart

WPACS

/‘AirpOrt
A

NOTE: Fina processed sessions must consist of at
least 4 hours of continuous, simultaneous observations

between points. g jified Schematic, See detailed requirementsin the
Supplemental Instructions for Airport ANA Surveys
http://www.ngs.noaa.gov/AERO/aero.html



GPS Positioning Procedures

SACSTies
—» 2 >1.5 hr Sessions SACS - PACS

— Separate Sessions by 2.5 Hours

PACS

SACS#1

SACS#2

Simplified Schematic, See detailed requirementsin the
Supplemental Instructions for Airport ANA Surveys
http://www.ngs.noaa.gov/AERO/aero.html



=) GPS Survey equipment requires a 15 degree
minimally obstructed view of the horizon
to collect signals from GPS satellites.

Protect the Airspace of ANA Geodetic Control Stations!

Supplemental Instructions for Airport ANA Surveys

) W http://www.ngs.noaa.gov/AERO/aero.html
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=) Potential sources of electrical interference

=) Keep the area surrounding the survey mark such as radio repeaters and high voltage
free of large reflective items such as chain-link power lines should not be placed near the
fences, structures, and buildings. survey marks.

GPS Equipment set up
over
Survey Mark

Atmospheric
i Administration
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:' '-é Qceanic and



At t achment

ATTACHMENT 11

SAMPLE NGS DATASHEET DESCRI PTI ON FOR A PACS

khkhkkhkhkhhhhhhkhhhhhhhhhhhhhhdhhhdhhhdhdhdhdhdhdhhdhhhdhhhdhhhdhhhdhhhddhddhddhdddrxdx*x

CBN - This is a Cooperative Base Network Control Station
PACS - This is a Primary Airport Control Station

DESI GNATION - TW A

PI D - AC5225

STATE/ COUNTY- | D) TWN FALLS

USGS QUAD - HUB BUTTE (1980)

* CURRENT SURVEY CONTRCL

* NAD 83(1992)- 42 28 48.51628(N) 114 28 33. 16436(W ADJUSTED
* NAVD 88 - 1265.45 (neters) 4151.7  (feet) GPS OBS
X -~ -1,952, 257. 649 (neters) covP
Y - -4,288,622.063 (neters) COVP
z - 4,285,932.614 (neters) COVP
LAPLACE CORR- 2.53 (seconds) DEFLEC96
ELLI P HEl GHT- 1250.30 (neters) GPS OBS
GEQ D HEl GHT- -15.01 (meters) GEO D96
HORZ ORDER - B
ELLP ORDER - FOURTH  CLASS |

This mark is at Twin Falls-Sun Valley Reg Joslin Fld Airport (TW)
The horizontal coordi nates were established by GPS observations
and adj usted by the National Ceodetic Survey in January 1997.

The orthonetric height was determ ned by GPS observati ons.

GPS derived orthonetric heights for airport stations designated as
PACS or SACS are published to 2 decimal places. This nmaintains
centimeter relative accuracy between the PACS and SACS. It does

not indicate centineter accuracy relative to other marks which are

part of the NAVD 88 network.

The X, Y, and Z were conputed fromthe position and the ellipsoidal ht.
The Lapl ace correction was conputed from DEFLEC96 derived defl ections.

The el li psoi dal height was determ ned by GPS observations
and is referenced to NAD 83.

The geoi d hei ght was determ ned by GEQ D96.

Nort h East Units Scal e Conver g.
SPC ID C - 90, 461. 674 460, 872. 862 MI 0.99996620 -0 19 17.0
UM 11 - 4,706,175.525 707, 468. 881 MI 1.00012961 +1 42 18.8

SUPERSEDED SURVEY CONTROL
No superseded survey control is available for this station

11



Attachment 11

_MARKER: | = TAL ROD

_SETTING 49 = STAI NLESS STEEL ROD | N SLEEVE

_STAMPI NG TWF A 1996

_PRQJECTI ON:  FLUSH

_STABILITY: B = PROBABLY HCOLD PCOSI TI ON ELEVATI ON VELL
_SATELLITE: THE SI TE LOCATI ON WAS REPORTED AS SU TABLE FOR
+SATELLI TE: SATELLI TE OBSERVATI ONS - 1996

_ROD/ PI PE- DEPTH. 4.8 neters

_SLEEVE-DEPTH : 0.9 neters

H STORY - Date Condi tion Recov. By
H STORY - 1996 MONUVENTED NGS

STATI ON DESCRI PTI ON
DESCRI BED BY NATI ONAL CGEODETI C SURVEY 1996 (CSM
THE STATION IS 5 M (8.0 KM SOUTHWEST OF TWN FALLS AT THE TWN
FALLS- MAG C VALLEY REG ONAL Al RPORT/ JOSLI N FI ELD, ON THE SOUTHEAST END
OF RUNWAY 7-25. OMERSH P--CITY OF TWN FALLS--P. O BOX 1907, TWN
FALLS, | DAHO 83303. PO NT OF CONTACT AT THE TI ME OF ESTABLI SHVENT WAS
THE Al RPORT MANAGER-- MR RON MADSEN, PHONE 208-733-5215.
NOTE- - PERM SSI ON MUST BE OBTAI NED BEFORE ENTERI NG Al RPORT.

TO REACH THE STATI ON FROM THE JUNCTI ON OF | NTERSTATE H GAHWAY 84 AND STATE
H GHWAY 93 IN TWN FALLS, GO SCQUTH ON STATE H GHWAY 93 FOR 5.65 M (9.09 KM
TO THE JUNCTI ON OF STATE HI GHWAY 74 ( SHOSHONE STREET). TURN RI GHAT ON STATE
H GHWAY 74 AND GO SOUTHWESTERLY FOR 3.3 M (5.3 KM TO WHERE STATE H GHWAY
74 TURNS SOUTH.  CONTI NUE STRAI GHT AHEAD ON WASHI NGTON STREET SCUTH

(2900 E) FOR 2.55 M (4.10 KM TO A FORK I N THE ROAD. BEAR LEFT AT

THE FORK AND GO SOUTHEAST FOR 0.05 M (0.08 KM TO THE FI RE

STATI ON MAI NTENANCE BUI LDI NG ON THE LEFT. TURN LEFT AND GO EAST FOR

0.05 M (0.08 KM TO AN ELECTRONI C GATE. PASS THROUGH THE GATE, TURN

Rl GHT AND PROCEED SOUTH FOR 0.1 M (0.2 KM ACRCSS APRON TO TAXI VAY A

TURN LEFT ON TAXI WAY A AND PROCEED EAST FOR 0.35 M (0.56 KM TO
TAXIVAY B ON THE RIGHT. TURN RI GHT AND GO SOUTHEAST FOR 0.05 M (0. 08

KM TO RUNVAY 7-25. BEAR RI GHT CROSSI NG THE RUNWAY TO THE STATI ON

AHEAD.

THE STATION IS, 73.6 M (241.5 FT) WEST- SQUTHWEST OF AN ACCESS ROAD, 72.8

M (238.8 FT) SOUTH SOQUTHEAST OF THE CENTERLI NE OF THE RUNWAY, 40.6 M

(133.2 FT) SQUTHEAST OF THE 1000/ 7000 FOOT RUNWAY DI STANCE | NDI CATCR

SIGN, AND 1.1 M (3.6 FT) NORTH NORTHWEST OF A FI BERGLASS W TNESS POST. THE
STATION IS A PUNCH HOLE I N THE TOP OF A 9/16 | NCH STAI NLESS STEEL ROD DRI VEN
TO THE REFUSAL DEPTH OF 14 METERS. THE RCD | S RECESSED 5 CM BELOW THE SURFACE
OF THE GROUND IN A 1 METER GREASE FI LLED SLEEVE, AND ENCASED IN A 5-1NCH PVC
PI PE WTH LOGO CAP. NOTE--ACCESS TO DATUM PO NT I'S THRU A 5-1 NCH NGS LOGO
CAP. THI S IS THE PRI MARY Al RPORT CONTROL STATION. DESCRI BED BY J. E. DUNFORD
M.



Station Recovery Data Tables
Maine ANA Survey, 1998

(LEW) Auburn-Lewiston Municipal Airport; Lewiston, ME

Station Name PID Estab. Order Stability | Recovery Comments
Agency Condition
LEW A n‘a Proposed PACS, SS rod mark
ARP 1964 PFO086 | CGS H4S V1 C Goad SACSH2
LEW APSTA B PFO085 | CGS H2,V1 C Goad SACSHL
A 196 PFO720 | CGS BA, 1 B Goad HARN Tie
E171 PFO723 | NOS Vi B Goad BM Tie
G171 PFO724 | NOS Vi A Goad BM Tie
M 164 PF0O080 | NOS V1 B Not Found Searched 20 min, 2 people
ARPRM1 PF1079 | CGS H 26 C Goad Not suitable for GPS Obs
ARP RESET PF1080 | CGS H24,V 3 C Goad Too close to Rwy
LEW APSTA C PFO083 | CGS H24,V 3 C Goad Intervisibility problemw/ SAC and PAC
TARMAC PFO087 | MEDOT H2,V3 C Goad Could be destroyed in planned future construction

Airport is uncontrolled with restricted access (gate with lock) and no escort required. Radio communications is through VHF
UNICOM 122.8. Contact the airport manager, Joe Manager (207) 287-1234 prior to entry. Intervisibility between the PACS and
SACSisgood. Construction of a new hangar is planned by the SE side of the main tarmac.

Attachment 12, Part 1



ANA Multi-Airport GPS Observation Scheme

Maine ANA Survey, 1998

AIRPORT(s)-Auburn-Lewiston Municipal Airport (LEW)
and Augusta State Airport (AFN)

Observation Day- Day 1, (045)
#ReceiversUsed- 9

CORSTie BRU1
A Order Tie- n‘a
Observers- Contractor, Inc. (6); Subcontractor, Inc. (3)
(LEW) (AEN)

PACS- LEW A PACS AUGAPSTAC

Session 1- 8:00-13:00 (5hr) Session 1- 8:00-13:00 (5hr)

Session 2- 14:00-19:00 (5hr) Session 2- 14:00-19:00 (5hr)
SACSH1- LEW APSTA B SACSH1I- AUGAPSTA B

Session 1- 8:00-10:30 (2.5hr) Session 1- 8:00-10:30 (2.5hr)

Session 2- 14:00 -16:30 (2.5hr) Session 2- 14:00-16:30 (2.5hr)
SACSH2- ARP 1964 SACSH#2- AUG A

Session 1- 8:00-10:30 (2.5hr) Session 1- 8:00-10:30 (2.5hr)

Session 2- 14:00 -16:30 (2.5hr) Session 2- 14:00-16:30 (2.5hr)
BM#1- E 171 BM#1- G 31

14:00-19:00 (5hr) 14:00-19:00 (5hr)

BM#2- G171
8:00-13:00 (5hr)
HARN- A 196
14:00-19:00 (5hr)

Remarks:

Session duration is fixed, start and end times are approximate depending on travel times, date of
survey, satellite status, weather conditions, airport logistics etc. Stations used for multiple
airports are listed on the center of the page.

Detailed station information is listed in the Station Table.
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ATTACHVENT 13
GPS ANTENNA HEI GHAT MEASURI NG | NSTRUCTI ONS

MVEMORANDUM FOR DI STRI BUTI ON

FROM Tomés Sol er
Chi ef, G obal Positioning System Branch
Spati al Reference System Division

SUBJECT: GPS Antenna Hei ght Measuring Instructions

One of the nost inportant operations perfornmed in the field
during GPS surveys relates to determ ning the exact relationship
bet ween the antenna phase center and ground reference nark.

Proper tinme and concentration should be devoted to achieve this
task. The situation is even nore serious when crustal notions are
i nvestigated and unknown systematic errors, introduced by

carel ess setting of the antenna (centering and hei ght neasurenent
errors) could be incorrectly interpreted as possible

di spl acenents caused by nonexi stent geophysi cal phenonena.

It is inperative that all antenna hei ght nmeasurenents made in

the field be properly described in the station |og sheet.

"Ant enna height," as used inside GPS software, is usually defined
as the vertical distance between the assuned reference ground
mar k of the station and the L1 phase center of the antenna
collecting GPS data at a certain epoch.

Whenever recording the antenna characteristics in the field | ogs,
the antenna type, part nunber (P/N), and serial nunber (S/'N)
shoul d be clearly stated. These nunbers should be explicitly
recorded in the log sheet. Station |logs wthout this information
woul d be considered inconplete and will be returned to the
observers for appropriate corrections.

Nati onal Geodetic Survey
Dedi cat ed People + New Technol ogy = Excell ence
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Schemati ¢ di agram of GPS ant ennas

To properly characterize the najor reference conponents of all
GPS antennas, the nost inportant basic definitions generically
applying to various GPS antennas are schematically described in
the sketch that foll ows:

+ L1PC
+ L2PC
F<o - RTSH---------- R + TGP
o m o m e e e e e e e e e e e e e e e e e e e e e e e e am + BGP
I I
| ARP |
L X-mmmmmmm - + BPA
|
|
|
|
|
|
X
MON
wher e:
MON = Reference Gound Mark of the station (e.g., nonunent).
ARP = Antenna Reference Point (can be anywhere on the
ant enna dependi ng on manufacturer).
BPA = Bottom of PreAnplifier (usually: ARP=BPA).
BGP = Bottom of Ground Pl ane.
TGP = Top of Ground Pl ane.

TGP - BG = Ground Pl ane Thi ckness.

RTSH = Radius of TGP to slant height reference notch.
L1PC = L1 Phase Center.
L2PC = L2 Phase Center.

Not e:

Al'l NGS CORS (Continuously Operating Reference Stations) use L1PC
as the station reference mark. Most IGS (International GPS
Service for Geodynam cs) fiducial stations use the ARP as the
station reference ground mark (individual station |ogs should be
consulted for details).
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The L1PC is not always above the L2PC (e.g., Dorne Margolin

antennas). Sonetimes L1IPC T L2PC (e.g., Ashtech CGeodetic L1/L2 L
ant ennas) .

Recordi ng antenna heights in the field

First of all, a distinction nmust be nmade on the net hodol ogy
enpl oyed to neasure antenna heights. There are three
possibilities:

a) Direct vertical height nmeasurenent.
b) Sl ant hei ght neasurenent.
c) Special cases such as Leica/ WId SR-299

a) This procedure is | ess accurate and should be restricted to
fixed poles. Nevertheless, in such cases, a clear reference
should be made in the log stating "fromwhere" and "to where" the
vertical height was calibrated and/or neasured. Cenerally, this
information cones fromcalibrations previously perforned at the

| aboratory before the antenna is used in the field. It is
inmportant to specify if the known calibrated values refer to the
TGP, BGP, or L1PC

When using a fixed pole, make sure the bubble is | evel ed and
shaded fromthe direct rays of the sun when plunbing is
perfornmed. Plunbi ng bubbl es nust be shaded for at |east 2 m nutes
bef ore checking and/or re-plunbing. The perpendicularity of the
pol es nmust be checked at the beginning of the project and any

ot her tinme when suspicion of a problem arises.

b) When sl ant heights are nmeasured, it is critical to record if
the readings made with the "neasurenent height stick" refer to
the TGP or to the BGP. This information should al ways be
explicitly witten in the station | ogs. Because they are easier
to read, it is recommended that, whenever possible, neasurenents
to the TGP be made. This assunption will be used for the
remai ni ng di scussion. Amninumof 1 mllinmeter reading precision
is expected for each slant hei ght reading.

Every individual slant neasurenent (a mninmumof three) and the
"mean sl ant height" should be clearly shown in the | ogs.
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Once the nean slant height (MSH) with respect to the TGP is
known, the follow ng equation should be used to determ ne the
hei ght of L1PC with respect to the MON

Hei ght of L1PC above mark = SQRT(MSH - RTSH) + (TGP to L1PC)

The final antenna height determined in the field is the distance
between the station reference point (generally the MON) and the
L1IPC. This final value and all internediate steps used to conpute
it should be clearly stated in the log sheet. This inplies that
constants such as "TGP to L1PC' used in the conputations should
be explicitly given, indicating the reference source.

c) The Leica/ Wld SR-299 antenna has a special nount design
deserving some comment. In the tripod set-up option, the vertica
hei ght is neasured fromthe bottom of the "hook" (e.g., ARP).
Fromthat point to the top of the GRT44 carrier, a constant of
0.350 mshould be added. Finally, the distance fromthis point to
the currently calibrated NGS L1IPC is 0.116 m Consequently, the
total vertical height fromthe assuned ARP to the L1PC is

0.4660 m (which is the nunber to be used in PAGE4).

Ant enna specifications in NGS GPS software

Several values related to the station antenna hei ght appear as
input on different files required by NGS GPS software. Depending
on the type of software used, the follow ng possibilities arise.
Besi des preci se height information, consideration of

ant enna/ el evati on- dependence phase corrections is a nust when
different antenna types are conbi ned. The antenna phase center
corrections are dependent on the elevation of the incom ng
signal. The two GPS reduction prograns currently used at NGS

OWNI and PAGE4, apply these corrections when using m xed

ant ennas.
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TGO NGS Field Parties

FROM Stephen Hilla
Systens Devel opnent Divi sion

SUBJECT: New ver si ons of MERSET and MERGE
(MERSET. | AF and ANT_I NFO. 001)

DATE: 29 Cct ober 1997

The MERSET and MERGE prograns have been updated to add a new
antenna: the Ashtech Choke R ng antenna (with radone), Part No.
700936C. They have al so been nodified to run now using input
files that list different types of antenna information. |In the
future, when new antennas are added, only these antenna files
wi Il change and not the MERSET and MERGE prograns thensel ves.

The MERSET 4. 00 program now reads a file called MERSET. AlF. This
file lists the different antennas and their TGP->phase center

of fsets. MERSET now creates a nmerge.inp file that shows antenna
"nanmes" for each station rather than integer antenna codes. The
new MERGE programw || use these antenna "nanmes" to apply the
correct antenna phase pattern. The MERGE 4.00 program reads
MERSET. AlF and also a file called ANT_INFO 001. The latter file
contains the antenna phase patterns. Both antenna files should
be stored with the *.exe files in the OMNI directory.

There are now six antennas (out of 12) listed in MERGE that do
not have a groundplane. For the Dorne-Margolin T antenna, the

di stance fromthe bottomof the preanp to the top of the circular
pl ate (beneath the choke rings), is 0.0382 neters. For MERGE, we
will consider this circular plate to be the groundplane. This
sane neasurenent (0.0382) is also used for the Trinble Choke Ring
Ant enna. The offset (0.0379) is used for the Ashtech Choke Ring.

The Lei ca SR299 and SR399 recei vers have antennas that are built-
in. They use the sane antenna pattern exactly (i.e., if you

have Lei ca SR399 data, you can use the SR299 antenna in the MERGE
menu). For these two receivers, the antenna height to be entered

into MERCE is the vertical height fromthe nonunent to the

manuf acturer's L1 phase center.

Leica al so has two receivers naned the SR299E and SR399E. The
"E" stands for EXTERNAL antenna. The antenna used with the
SR299E has the lettering AT202 on the outside. The antenna used
with the SR399E has the lettering AT302 on the outside. These
two antennas are identical -- use the SR299E antenna in the MERGE
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menu. The antenna height is fromthe nonunent to the

manuf acturer's L1 phase center. The antenna height for the
Topcon Turbo-SIl antenna is handl ed the same as the Leicas -- the
antenna height entered into MERGE is the height fromthe nonunent
to the manufacturer's L1 phase center.

The followng is a list of the offsets used in the MERSET/ MERGE
prograns. These offsets in MERSET/ MERGE match the | atest val ues
derived by Gerry Mader. If you have any questions you can call ne
at (301)713-3202, Ext. 162 or e-mail nme at steveh@gs. noaa. gov .

ANTENNA CONSTANTS FOR MERGE VERSI ON 4. 00
(all dinensions are in neters)

Ant enna TGP TGP BPA

Manuf act ur er to to to Thi ckness of
and Part Nunber L1PC L2PC TGP G ound Pl ane
Trinmble P/ N: 14532-00 0. 0151 0. 0115 0. 0629 0. 0032
Trinble P/ N:22020-00 0. 0160 0. 0101 0. 0591 0. 0035
Ashtech L1-L2 (Z-12) 0. 0272 -. 0047 0. 0648 0. 0032

P/ N: 700829, U.S.C. G

Asht ech P/ N: 700228D 0.0173 0.0143 0. 0635 0. 0035
Trinmble P/ N 23903-00 0. 0199 0. 0133 0. 0631 0. 0035

Asht ech P/ N: 700718 0. 0225 -.0014 0. 0648 0. 0032
Dorne-Margolin T 0.0718 0. 0898 0. 0382 0. 0034
Trinmble P/ N 29659-00 0.0713 0. 0895 0. 0382 0. 0034

Asht ech P/ N: 700936C 0. 0701 0. 0903 0. 0379 0. 0031

Ant enna MANL 1 MANL 1 ARP

Manuf act ur er to to to

and Part Nunber L1PC L2PC MANL 1

Lei ca SR299/ SR399 0. 0221 0. 0262 0. 0910

Lei ca SR299E/ SR399E 0. 0295 0.0131 0. 0390

Topcon P/ N: 72110 0. 0524 0. 0331 0. 0947
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(L1PC = the NGS L1 Phase Center, L2PC = the NGS L2 Phase Center,

TGP = Top of G ound Plane, BPA = Bottom of PreAnplifier,
P/N = Part Nunmber, MANL1 = Manufacturer's L1 Phase Center,
ARP = Antenna Reference Point (top of bayonet for the Leicas,

BPA for the Topcon antenna) )
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Attachment 14
Where to Find NGS Orbits

NOAA post-fit ("precise") GPS orbit data, computed by the National Geodetic Survey, are
available on the WWW at:  http://www.navcen.uscg.mil/gps/precise/default.htm

To access from the NGS Home Page at  http://www.ngs.noaa.gov/ Click on“PRODUCTS
SERVICES’, “ GPS Orbital Data’, “ USCG NAVCEN”, then select “(NGS) Precise Ephemeris
Data’ from the drop down menu.

This page gives access to the ephemeris files in various formats and provides utility programs that
can be used to decimate and concatenate the files to cover a desired time range.

n USCE Mavigation Cenber GPS PAGE - Macrasoft Infemet Explones

|_ Fle Edt wiew Go Fawoiler - Help -
il

v QO BEIY HBST

||| BT tvin menv nirecem wacg kO Dreckeidaraul Him

ffu! HOME 5YSTEMS FOLICY MARITIME SEARCH CONTALCT fusc:.' MAVIGATION CENTER

LATEST GPS PRECISE EPHEMERIS DATA & INFORMATION

Precise Ephemarts (orbit) Annemncemant Juby 26, 1998

USER INPLT
INTERRUPTIONE
GEMERAL INFO

Frecise ephameris (o) Anmedmcemant danch 18, 1998
5P3 amid EF1E Annoumoement Jume 3%, 1994
Ladwst GPS Precise Ephemaris Ochital Swmmesry Files
GFS MGMT LM&LMLEMHEILM_IHLMH_MHJ
L | adeest PS5 Prn ime Ephamaris in 593 BTN Farmat
NGS DATA
S - Precise Epbemers ULility Programs - Descriothen (1K)
ARC < WHility exe (140K) See Utilily Programs above for Description

POLICY HOTES Amneuncemaet: fdded Clock Yelues £ Mew Ephomaris Lttty Frogram (3]
F.A.0. Procise Ephanars Dot Sets Changrs Starting with GPS Weels 677 (2K

LI
YEAR ZK

i sl of Chanpe in Relerance Frame Ellecife 001701795 [1.6K)
Al ncement of Change in Reference Frame Ellective OO0 [1.6K)
Hew Precese Ephemeris Refersnce Frame Effective 12001093 (ZK)

HGS Orbital Dota Formats - & Brief description {B06)
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