MCWP 3-16.7

Marine Artillery
Survey Operations

U.S. Marine Corps

PCN 143 000087 00



To Our Readers

Changes. Readers of this publication are encouraged to submit suggestions and changes that
will improve it. Recommendations may be sent directly to Commanding General, Marine
Corps Combat Development Command, Doctrine Division (C 42), 3300 Russell Road, Suite
318A, Quantico, VA 22134-5021 or by fax to 703-784-2917 (DSN 278-2917) or by E-mail to
mor gann@mccdc.usmc.mil. Recommendations should include the following information:

e Location of change

Publication number and title

Current page number

Paragraph number (if applicable)

Line number

Figure or table number (if applicable)
e Nature of change

Add, delete

Proposed new text, preferably double-spaced and typewritten
e Justification and/or source of change

Additional copies. A printed copy of this publication may be obtained from Marine Corps
Logistics Base, Albany, GA 31704-5001, by following the instructions in MCBul 5600, Ma-
rine Corps Doctrinal Publications Status. An electronic copy may be obtained from the Doc-
trine Division, MCCDC, world wide web home page which isfound at the following universal
reference locator: http://www.doctrine.usmc.mil.

Unless otherwise stated, whenever the masculine gender is used, both
men and women areincluded.




DEPARTMENT OF THE NAVY
Headquarters United States Marine Corps
Washington, D.C. 20380-1775

28 Jaunary 2002
FOREWORD

Marine Corps Warfighting Publication (MCWP) 3-16.7, Marine Artillery
Survey Operations, sets forth the doctrinal foundation and technical information
that Marines need to provide accurate and timely survey support. It covers a
broad spectrum of issues from general knowledge to Marine-specific equipment.

As one of the five requirements for accurate predicted fire, survey is critical to
the success of artillery (and ultimately maneuver) on the modern battlefield.
Marine artillery surveyors support firing units and target acquisition assets,
enabling indirect fires to mass effectively and deliver surprise observed fires
and effective unobserved fires.

This publication applies to Marine air-ground task force (MAGTF) artillery
commanders, their staffs, and personnel in the 0844/48 military occupational
specialty (fire direction controlman), and field artillery operations chief billets,
from battery through regiment, including infantry mortarmen.

Reviewed and approved this date.

BY DIRECTION OF THE COMMANDANT OF THE MARINE CORPS

EDWARD HANLON, JR.
Lieutenant General, U.S. Marine Corps
Commanding General
Marine Corps Combat Development Command

DISTRIBUTION: 143 000087 00



MARINE ARTILLERY SURVEY OPERATIONS

Chapter 1. Fundamentals

TABLE OF CONTENTS

Section I. Mission and Duties

Survey Operation Steps . .
Planning .......
Coordination. . . .
FieldWork ... ..
Computations . . .

EChelons Of SUIVEY . . . ..o e

Regiment Survey Section.

Establishing Initial Control. . ... ... e
Recovering EXisting Control .. ....... ... e
Priorties Of SUIVEY . . ... e
Survey INformation Canter . ... .. i
Mapping, Charting, and Geodesy After ActionReport . .......... ... . oo,

Evauation. .....
Maintenance . . ..
Dissemination. . .
Battalion Survey Section .
Areas of Concern

Categoriesof Starting Control . ... i e e e
Marking and Witnessing Stations. . .. ...ttt e e e
Dissemination of SUrVEY Data . ... ...t e

Battery Survey Section . .
Collective Duties. . ... ..
Survey Officer. . .
Survey Chief . . ..

Conventional Team (Party) Chief. ... ... ... e e

Survey Computer

INSIUMIENE O AL Or . . . .t ottt e e e e e e
RECOrder/COmMPULES . . . . o ettt e e e e e
PADS Operator (PADS Team Chief) . . .. ... e
ASSIStant PADS OpEIator . . . . oo oottt e e e

Section II. Survey Accuracy Levels and Requirements

Geodetic Control Surveys
Artillery Survey .. ......

Relative POSItION ACCUIACY . . . .ottt e e e et et e e
Probable Error ValUES. . . .. ..ot e
Relative Azimuth Accuracy (Fourth Order) . . ... .o e
Relative Azimuth Accuracy (FifthOrder) ... . e

Required Survey Formats

1-1
1-1
1-2
1-2
1-2
1-2

1-2
1-2

1-4
1-4

1-4
1-6
1-6
1-7
1-7
1-8
1-8
1-8

1-8
1-9
1-9
1-9
1-9
1-9
1-9
1-10

1-10
1-10
1-10
1-12
1-12
1-12
1-12



iv MCWP 3-16.7

Section IIl. Converting to Common Control

Comparisons: Why We Convert . . ... .. o e e e e e e 1-13
AZIMULN .« 1-13
Radial Brror . ... 1-14
B eValioN . . 1-14
SWINGING the Grid . . ... e e 1-14
Recomputing the SUIVEY . . ... .. o 1-14
Computing Individual LEgS . . . . ..ot e 1-15
Determining the Common Azimuth of aCritical Line ............... ... .. o .. 1-15
SHdiNg the Grid. . ... e e 1-15
Swingingand Slidingthe Grid . ... i e 1-16
Levelingthe Grid .. ... e e 1-17
Chapter 2. Planning
The Artillery Fire Plan . ... o 2-1
The SUNVEY Plan . ... e e 2-2
SIUBL ON . . o 2-2
Y5 o o 2-2
EXECULION . . . . 2-2
Administration and LOgIStiCS. . . ..ottt 2-2
Command and SigNal . . .. ...t 2-2
Mission, Enemy, Terrain and Weather, Troops and Support Available-Time Available. .. ........... 2-2
Y5 o o 2-2
ENEmMY .o e e e 2-2
Terrainand Weather. . .. ... .. 2-3
Troopsand Support Available. . ... ... 2-3
TimeAvailable. . . ... 2-3
Space and LOgIStiCS. . .. oot e 2-3
Position and Azimuth Determining System. .. ...t e 2-4
L= VL= £ = 2-4
1= 5o [ o 2-4
AStronomic ODSEIVatioNS. . . ... .. o 2-4
RTK/OTF GPS SUINVEY ..\ttt e e e e e e e e e et 2-4
Static/Rapid Static GPS SUIVEY . . ..o 2-5
THE ENVIFONMENT. . . . . oo et e e e e e 2-5
Arctic Areas and Cold Weather Conditions. . ...t 2-5
DSt AT, . . . ot 2-6
JUNGIE ATEBS. . .ttt e e 2-6
UrDan ArEaS . . . o 2-6
Mapping, Charting, and GEOUESY . . . . ...t i it e e 2-7
BAM IS . . e e 2-7
Begin Planning. . .. ... 2-7
Arrange for RECONNAISSANCE . .. ..ottt 2-7
MaKe RECONMNAISSANCE . . . .« vttt ettt e e e e e e et e e 2-7
Completethe Plan . ... ... e 2-7
ISSUEthe Order . . . .. 2-8
SUPEIV S8 .« ottt e e 2-8

SUNVEY SKEICN . . .o e e 2-8



Marine Artillery Survey Operations %

Chapter 3. Basic Geodesy

Section |. The Geodetic System

The GEOIG. . . .. 31
Ellipsoid Defining Parameters. . ... oot e 31
Reference Ellipsoid . . ... ..o 33
GEOId SEPAratiON . . . . oo e 33
EHpSoid Height . . ..o e 34
DU . . . o 34

Vertical DatUmS . . ..ot e 34

Horizontal Datums (Geodetic Datums) .. ... ot i it e et 35
Multiple Datum Problems . . ... .. e 35
Seven Parameter MOGE! . . . .. ..o 3-6
Five Parameter MOl . . ... oo e 3-6
WGS 7210 WGBS Ba. . . oottt e 3-6
NAD B3 TO WGBS Ba. . . oottt e e e e e e 3-6
Multiple Regression EQUELIONS . . . . ... oottt e e e e e e 37
Lateral Shift MethOd . . .. ... e 3-7

Section Il. Coordinate Systems

Three-Dimensional PoSitioNing . .. .. ... i e e e 37
Cartesian Coordinates Sy St amM . . ... ..ottt 37
GeographiC COoOrdINGLES. . . . . . . oottt et ettt e e e e e 3-8
LT o o (ol @0 To o ] 7= (= 3-10
AStronomiC COOTAINGLES . . . ..ottt e e e e e e e et e 3-10
The Prime Meridian. ... ..o e 311
ANGUIAr MBaSUNEMENES . . .ottt e e e 311
Deflection of the Vertical. .. ... ... e e e e e e 312

Chapter 4. Map Projections and Grid Systems

Section |. Map Projections

Prescribed ProjeCtionS . . . ...t e e 4-1
Sl FatOr . . oottt e 4-2
M SCaAlE. . . ot e e 4-2
MeErCator PrOjECtiON . . . oo e 4-3
Transverse Mercator ProjeCtiON. . .. ..ot i et e e e 4-4
GaUSS-KIUGEr PrOjECtION . . ..ot e 4-6
Polar Stereographic Projection . ... ... e 4-6
Lambert Conformal Conic Projection . . ... . i e e e e 4-6
Obligue Mercator Projection . . . ... .. ot e 4-7
New Zealand Map Grid Projection . .. ... ... e e e 4-8

CasSiNi PrOjECtION . ..ottt e 4-8



Vi MCWP 3-16.7

Section II. Grid Systems

Universal Transverse Mercator Grid System .. ... ..ot e e et e 4-12
Military Grid REference Sy stem . . . .. ..t e e 4-16

100,000-Meter Square Identifier .. ... 4-18

MGRS Grid Coordinates . . . . . ..ot e e 4-18
NONStANAArd GridS. . . . ..ottt e e e e 4-19
World Geodetic REfEreNCe Sy Stem . . .. ..ot e 4-19
User-Defined Grid Sy stems . .. ..o e e e e e e 4-19

Chapter 5. Conventional Equipment

Section I. T-2E Theodolite

oM PN S, . . ot ittt et 5-1
L= 15 o o L= 5-2
o000 === 53
Setting Up the Tripod GST-20 . . . ..ottt e e e e et 5-3
Mountingthe T-2E onthe Tripod. . .. ... ..ot e e e e e e e 5-3
Plumb and Level the T-2E .. ... . e e e 5-3
Eliminating Parallax and AdjUSEING FOCUS . . . ... ..ottt e e e e e 54
PO NI NG S . . oot e e e 55
Reading the SCales . .. .. o e 5-6
UpPEr WiNAOW . . ..o e 5-6
Central WindoW . . . . ..o 5-6
BOttoOM WINQOW . . . . .. e 5-7
COINCIENCE . . . ottt e e e e e e e e 5-7
Circle REadINGS . . . oo 5-7
Settingthe Horizontal Circle. . ... e e e e e 57
Initial Circle Satting. . .. ..o e 58
Orientingthe Scale. . .. ... 5-8
Horizontal ANGIES. .. .o e e e e e e 58
POSIION ANGIE . .o e e e e 58
MUIPIE ANGIES . . .o e e 5-9
(O o = @1 o= P 5-9
TWO-POSItiON ANQIE. . ..o e 59
VeartiCal ANGIES . . ot e e e 59
Vertical INAEX. . .. oo 5-9
Determining Vertical Readings . . . .. ..ot e 5-10
Reciprocal Vertical ANgIeS. . . ... 5-10
March Ordering. . . ..o e e e 5-10
Testsand AdIUSIMENES . .. ..ot e e 5-11
Plate Vel . . 5-11
Circular Bubble . . ... o 511
Optical PlUMD. . . ... 511
Horizontal Collimation. . . .. ...t 5-12
Vertical Collimation (INdeX Error). . .. ... e e 5-12
Artificial [HTumination . . . ... ... e 5-13

MaAINEENANCE . . . ottt e e e e e e e e e 5-14



Marine Artillery Survey Operations vii

Section II. DI 3000 Distomat

RaNQE AN ACCUIACY . . ot ettt ettt e et e et e et e e e e 5-14
POWEr SOUICES . . . o .ot e e e e e e e e 5-15
Mountingthe DI 3000 t0 aT-2E . . . ...ttt ettt e e e 5-15
CoNtrol Panel . . ... 5-16
(@] 07 = 11 oo 1 5-17
QYN SEttiNGS . . . ot it i e e 5-17
Prism Constant (Millimeters) .. ...t e e 5-17
UNitS . o e e e e e 5-17
DECIMA FiX. . ottt et e 5-17
Scale Correction (PartsPer Million) . ... ... i e e e e e e 5-18
Temperature and BarometriC Pressure . .. ... .ot e e 5-18
ReEaiVE HUMITY . ... e e e 5-18
DistanCe MEBSUIEMENT. . . . . oottt e et e e e e e e e 5-18
Parallelism: DI 3000 t0 TElESCOPE. . - . . o vttt ettt et et e 5-19
Checking Parallelism ... ... o 5-19
Adjusting Parallelism . . ... ..o e e 5-20

Section lIl. Target Set

L0010/ 0 0 7= 015 5-20
Tribrach (GDF22) . . ..o e 5-20
Target Carrier (GZR2) ... ..o e e 5-20
Target Plate (GZTL) . . . oo e e e e e e e e e e 5-21
HUMINGLioN Kit. . ..o e e e 5-21
M OUNE NG .« oot ettt e e 5-21
Plumb and Level .. ... 5-21
Mountingthe Target Plate . . ... ..o e e e e e e e e e e 5-22
Testsand AdIUSIMENES. . . ..ot e 5-22
Plate LavE .. e e e 5-23
Circular Bubble. . .. ... 5-23
Optical PIUMD . .. .o 5-23
M ENANCE. . . . ottt ettt e 5-23

Chapter 6. Traverse

Section |. Fundamentals

(@07 T I = V7= £ 6-1
(101 S o B I = /< £ 6-1
DIreCtioNal TraVErSE. . . oottt e e e e e 6-2
Sources Of Control Data. . .. ... oot 6-2
FEld WWOTK . .o e e 6-3

A 0N . . ottt ittt e e e e e e 6-3

MEBSUNEMENES. . . ..ot e e 6-3
DS aNCES .« . . ittt e 6-4

TrAVEISE L0, . . ottt e e e e e e 6-5



Viii MCWP 3-16.7

Section II. Field Notes

SUNVEY RECOIEr DULIES . . ..ottt e e e e e e e e 6-5
GEneral RUIES . . o 6-6
Recording aOne-Position ANgle. . . ... o e e e e 6-8
Headingand Column TitleS. . .. ... o e e e e e e e 6-8
STA @Nd T COlUMNS. . . .o e e e e e e e e e e e 6-8
Recording Field Data. . .. ..o e e e e e 6-9
Recording a TWo-PoSition ANgle . . ... o e e e e e e e e 6-10
Headingand Column Titles. . ... ... i e e e e 6-10
STA @Nd T COlUMNS. . . .o e e e e e e e e e 6-10
Recording Fleld Data. . .. ..o i s e 6-10
Closingan Angle onthe HOMzoNn . . ... ... i e e e e e 6-11
Headingand Column Titles. . ... ... i e e et e e 6-11
STA aNd T COlUMNS. . . ..ot e e e e e e e 6-11
Recording Field Data. . . . ... e e e 6-11
Recording Reciprocal Vertical ANgIES . .. ..ot e 6-12
Recording Anglesfroman M2A2 Aiming Circle. . ... .. o i i e 6-13
Headingand Column Titles. . .. ... i e e e e e e e e 6-13
STAANA R COlUMNS . . . oottt e e e e e e e e e e e 6-14
Recording Fleld Data. . .. ..o e e 6-14
Recording Intersection Method. . .. ... . i e e e e e e e e 6-14
Correcting Errors and Voiding . .. .....oo it e 6-16
S CUNIEY . o vttt e e e e 6-16
Storing the RECOTAEr’ S BOOK . . . ..ottt e e e ettt e e e 6-17

Section lI. Trigonometry

EXtending AzimUtN . . ... e e 6-18
Azimuth-Angle Relationship . .. ... ..o 6-18
AzZimUthtothe Rear . . .. ..o 6-18

Solutions of Right TriangleS. . ... oot et e et e e e e e 6-18
Formingthe Coordinate Triangle. . ... ...t e e e 6-18
Formingthe Elevation Triangle. . ... ... oo e 6-20
Trigonometric Functions To Compute a TravVerSe. . . .. oottt e e e e e 6-20
Determining Coordinate and Elevation Differences .. .......... .. ... i, 6-20

Determining the Coordinates and Elevation of the Forward Station . ............................ 6-21

CoMPULING the TraVErSe . . . oottt e e e e e e e e 6-22

Section V. Closure

Radial BITOr. . ..o e e 6-22
Computing Radial Error. . ... ... 6-23
Allowable Radial Error .. ... e 6-24
Excessive Radial EITOr. . . ..o ottt et e e 6-24

Blevation EITOr . . ..ot e e 6-24

AZIMUEN BIrOr . .o 6-25
FOUrth Order. . . oo e e e e e e 6-25
Fifth Order . ..o e e 6-25

ACCUrACY RatiO . ..o e 6-26

ECI T ICAIONS . . . . ettt e e e 6-26
Sp



Marine Artillery Survey Operations iX

Section V. Adjustment

AZIMUEN . L 6-27
Determining AZimuth Correction. .. ... ...t e e e e e e e 6-27
Applying Azimuth COrrection .. ... ... i e e 6-27
Recomputing with Adjusted Angle. . ... ... 6-27

COOrdINGLE . . . oottt et e e 6-28
Determining Total Coordinate CorreCtions ...ttt e e e e 6-28
Determining Station CorreCtions . .. ... oottt e et e 6-28
Determining Adjusted CorreCtions. . . ...ttt e e e e e 6-28
O S LS .« ot ottt it e 6-28

B OValiON . .o 6-28
Determining Elevation Correction .. ...... ittt e e e e e e e 6-28
Determining Adjusted Elevation .. ........... i 6-29

DisCretion AdjUSIMENt . . . ... o e e e 6-29

Section VI. Locating Traverse Errors

SOUICES Of BT Or . . ot e e e e e e e e e e e 6-29
(@0 0] {01 o= (S 6-29
BleVation. . ..o 6-29
AZIMUIN . e e 6-30
Fleld WOrK ..o 6-30

LoCating A TraVerSE ErTOr . . ottt e e e 6-31

Traverse Brror INAiCaIOrS. . . ..ottt e e e 6-31
Azimuth Good, Coordinates GOOd . . . . . ..t i e e e 6-31
Azimuth Good, CoordinateS BUSE. . .. ... oot e e 6-31
Azimuth Bust, Coordinates Good. . . . ... oot i e 6-31
Azimuth Bust, CoordinateS BUSE . . . . ...ttt e e e e e e e 6-31
Blevation BUSES. . .. .o e 6-31

[S0lation Of DiStaNCE BITOrS. . . .ottt e e e e et e e e e e e 6-31

Isolation Of ANGIE EITOrS . . ..o 6-32
Perpendicular Bisector Method ... ... ... 6-33
Mil Relation Formula(WeRM RUI€) . . ... ... e 6-33
ANalYZING ErTOrS. . . oo e 6-34

Isolation of MU PIE ErTOrS . . . ..ot e e e e et et e e e 6-34

[solation Of Blevation Brrors . .. ..ot e e e e 6-34

Chapter 7. Astronomy

Section |. Basic Astronomy

TheTilted Polar Axisand Movement of theEarth . .. ........ ... ... ... ... . . .. 7-1
Celestial Sphere. . ... o 7-1
Celestial CoordiNates. . .. ..ot e 7-2
Astronomic Triangle (PZS Triangle) . . .. ..ot e e e e e e 7-3
POlar DistanCe. . . ..ottt 7-4
CoaltitUdE . . . oo e e e 7-4
Colatitude . . . .o e e 7-5
ANGIES. o e 7-6
The Relationship between Solar Timeand Sidereal Time. . ........... ... .. 7-7
Apparent Solar TImMe. . . ..o e 7-8

MeEaN SOlar TIME . . oo e e 7-8



Equation of Time. .....
Solar Year............

Conceptsof Sidereal TimMe. ... ..ot e e e

TimeZones.................
Daylight Saving Time.........

Converting Local Mean Timeto GreenwichMean Time. . .......... i
Converting Greenwich Apparent Timeto GreenwichMeanTime. ........... .. ... iiiann..
Determining the Local Hour Angleand Anglet. . ... i e e

Appendices.................

Section II. Artillery Astro Method

Arty Astro Method (Sun) .. .. ..
Position of theSun. . . ..

Solving the PZS Triangle

Computations. . .......
Arty Astro Method (Star) .. .. ..

Solving the PZS Triangle

Azimuth Specifications. . ... ...

Selecting Methods of Observation . ... .. ... i e e
Observation and Tracking Procedures for Sun and Stars (Arty AStro). . . ... .o oo i i i s

Stars ...
TheSun .............

Directand Reverse Readings. . . ... ..ot e e e e e

Section Ill. Star Selection—Polaris

Orbitof Polaris . .............
Identifying Polaris............

Section IV. Recording Astronomic

Observations

Arty Astro Method Field Notes (Fifth Order). . ... o e
Headingand Column Titles. . ... ... i e e et e

Recording Field Data. . .

Arty Astro Method Field Notes (Fourth Order) . ... e
Headingand Column Titles. . ... ... i e e et e

Recording Field Data. . .

Chapter 8. Position and Azimuth Determining System Operations

Capabilities and Limitations.. . . .
Vehicles. . ..................

Accuracy: Zero-VeloCity CormeCtioNS. . . ..ottt ittt e et e e

Primary and Secondary Pallets . .

Inertial Measurement UNit. . .. ..ottt e e e e e

Computer . ...........
Control and Display Unit
Power Supply . ........

MCWP 3-16.7

7-13
7-13
7-14
7-14
7-15
7-15
7-15
7-15
7-15
7-15
7-15
7-15
7-16
7-16
7-16

7-16
7-17

7-18
7-18
7-19
7-20
7-20
7-21

81
81
81
82
82
8-3
8-3
8-3



Marine Artillery Survey Operations

Xi

Control and Display Unit Operator Controls. . . ...t e e e

Status Ind

0= (0] =P

Operator COMMEANAS. . . . ..ottt et e e e e e et e

DS Alerts

Power Supply Operator CoNntrolS. . . ... .ot e
Computer Operator CONtrolS . . . .. .ot e e e
IMU Operator COoNtrOlS . . . ...ttt e e e e e e e e e e e
Recording PADS Fald NOtES . .. ..ot e e e e e e e e
PADS MiSSION PrOoCEAUNES. . . . . oottt et ettt e e e e e e e e e e e et

30-Day AZimuth GYroBias . .. ...t e e e e e e e

Initializati
Updating
Mark ...
PAE Codes. . ...

0

Chapter 9. Global Positioning System

Section |. Configuration, Signals, and Code

Satellite Signals .

Carrier FrEQUENCIES. . . .ottt et e e e e e
Dala SEOUENCES. . . . ottt et
Ephemerisand AlmanaC Data . . . .. ... oottt

Section II. System

Selective Availabi
Methods
Accuracy

Antispoofing . ..

Cryptovariables .

Safeguards, Error Sources, and Survivability

2

LOVBIS . oottt

Operational Key Material . . ... ...
Maintenance Key Material . ........ ..ot i e e

Simulator
User Equi

Key Material . ... e
PNt SECUNITY . .ottt e e e e e

GPS EITOr SOUICES. . . o ot ettt e e e e e
Ephemeris Errors and Orbit Perturbations . .. ........ ... i
ClOCK EITOr . v vt e e e e e e e e e e e

|onospher

C DB AYS. . o

TropoSPhEriC DElAYS. . . o .ot

Multipath

RECAIVEN NOISE . . .ot e e e e
User Equivalent Range Error. . . ... oot e e e
ADSOIULE GPS ACCUIaCY . v ot it ittt i et et et et et et e e
Root-Mean-Square Error MEasUresS . . .. ..ot i e e et e
Probable Error MEasUres . .. .... .o e e e e
Dilution Of PreCiSioN. . ...t e e e

Space Segment . .
Control Segment

User Segment. . .

Cryptographic Key SeCUNtY . . . ..ot e e

Spoofing

8-4
8-4
8-5

8-6
8-6
8-6
8-6
8-8
8-8
8-8
89
89
89

9-2
9-2
9-4

9-4
9-5
9-5
9-5
9-5
9-5
9-6
9-6
9-6
9-6
9-6
9-6
9-7
9-7
9-7
9-7
9-8
9-8
9-9
9-9
9-10
9-10
9-11
9-11
9-11
9-11



Xii MCWP 3-16.7

ContiNUOUS Wave JamMIMiNg . . . ..o ottt ettt e e e e e e e 9-12
WideBand Jamming .. .....c. it e e e e 9-12
Pulse and Amplitude Modulated Jamming . . ........ ...t 9-12
Jamming Effectson Code ACqUISItioN. . .. .. ... e 9-12
Antijam Capabilitiesof GPS .. ... ... e 9-13

Section Ill. GPS Measurements

GRS RE B ENCE Sy M . . .ottt e e e 9-13
Code Phase MEaSUrEMENtS . . .. ..ottt i et ettt e e e e 9-13
Pseudo-random NOISE COUE. . . . ..ottt e 9-14
TIME DE @Y. . .o 9-14
Satellite RaNGING . .. ..o e 9-15
Carrier Phase MEasUremENtS. . . ..ottt et ettt e 9-15
Integer AmMDIgUItY .. ... 9-16
Carrier (Beat) Phase. . ... ..o 9-16
CoNtiNUOUS Carmier PRase. . . ..ottt e e e e e 9-16
CYC e SlIPS . . o 9-16
DI O ENCING . .o o e e 9-16
SINglE DIffErENCES . . ..o e 9-16
Double Differences between Satellitesand Receivers. . .. ... oo i i 9-17
Triple Differences between Satellites, Receivers,and Time. . ..., 9-17
Baseline SOlULIONS (VECIOrS) . . . ..ottt e 9-18
Float SOIULION. . . ... e e 9-18
FiXed SOlULION . .. e 9-18

Section IV. GPS Survey Methods and Techniques

ADSOIULE POSItIONING . . ..o e e 9-19
Differential (Relative) POSItIONING . ... ..ot e et et e 9-19
Code Phase Differential PoSItioning ...ttt i e e et 9-19
Carrier Phase Differential Positioning. .. ... i e e 9-20
Staticand Kinematic TEChNIQUES . . .. ..o oo e e e e e 9-20
Chapter 10. Hasty Survey
Hasty Position Determination Method . .. ... ... . i e 10-1
MSGR 4000 (AN/PSN-13) ADSOIULE. . . . . v ottt e e e e e 10-1
PLGR (AN/PSN-11) .ottt e e e e e e e e e e 10-1
M A SOt . .. e e 10-1
Hasty Azimuth Determination Method. . . ... ... . e e e e 10-1
Hasty Elevation Determination Method . . ....... ... . i i e 10-2
The M2A2 AIMINg CirCle. . ... o e e e e 10-2
M2A 2 BOY . . o vttt ettt e e e e 10-3
Telescope AsSemblY. . ..o 10-3
Body ASSEMbY . . ..o 10-3
WOrM HOUSING. . . oo e e e 10-4
Base Plate ASSembly . ... o e e e 10-4
Associated EQUIPMENT. . . .. .o e 10-4
Setting Up the Tripod . . . ..o o e e 10-5
Attach the Aiming Circletothe Tripod . .. ... i e 10-5
Plumband Level the Aiming Circle. . ... ... i e e e 10-5

Taking Down (March Ordering) . . ... .o vt e e e e e e 10-6



Marine Artillery Survey Operations xiii

Measuring Horizontal and Vertical ANgIES. . ... .o 10-6
Determining Vertical Angle Correction. . .. ...t e et 10-6
Comparison Method . . .. ... e 10-6
Alternate Setup Method. . ... ... 10-7
UTM Grid Declination Constant . . . ... ...ttt et e 10-7
When to Declinate an Aiming Circle (Required) . ....... ... e 10-8
DeClination StatioNS. . . .. ..o 10-8
Declinating the M2A2 Aiming Circleat aDeclination Station. . .. .. ...... ... .. 10-9
Converting a Grid Magnetic AngletoaDeclinationConstant .. ..., 10-9
Hasty DeClination. . . .. ... e e e 10-10
Determininga Grid Azimuth . . . ... ... 10-10
Orienting the M2A2 Aiming CircleonaKnown Azimuth. .......... ... ... ... ... ... ........ 10-10
Care of the Aiming Circleand its Associated Equipment. . ...t 10-10
Maintenance Checks and AdjUuStMENtS . ... .. .. i e 10-11
Level Vial ChecK . ... o e 10-11
Titled Reticle CheCK . . . . ... 10-11
Azimuth and Elevation Micrometer Knob Adjustment . ............ ... ... . ... 10-11
Level Line CheCK . . ..o e 10-11
Magnetic Needle ChecK ... ... i e e e e e e e e 10-11
Appendices
A A CardS . . . oo A-1
B World Time Zone OffSelS. . . .. oot e e B-1
C Radio Transmitting Stations For Time Signals. . .. ... i e C-1
D CONVEISIONS. . . ottt et e e e e e e e e e e e e e D-1
E GlOSSaY . it e E-1
F References and Related PUbliCations . ... ... .ot F-1
Figures
1-1 0 Initial Control . ..o 1-3
1-2  Recovery of EXisting Control . . ...t e e 1-3
1-3  MC&G AAR OULING . . . e e e e 1-5
1-4  Areasof Concern- Artillery Battalion . . ... . i e 1-7
1-5 Distance Accuracy and Accuracy Ratio Standards. . . ... i 1-11
1-6  SWINgINgthe Grid. . ... e 1-14
1-7  Slidingthe Grid. . . ... e e 1-16
1-8 Swingingand Slidingthe Grid . ... ... . i e 1-17
31 UNAUIAION. . . . 31
32 EleVation. . ... 31
33 EHPS0Id . .o 32
34 DEfiNING ParamEterS . . . oo 32
35 Loca Reference Ellipsoid. . .. ... oo e 33
36 ECEFEIIPSOIA . . ..ottt e e e e e e e e 3-3
37 GEOIA SEPAraliON. . .\ ottt e 33
3-8  EHpsoid Height . ... 34
39 Reationshipbetween h, H, and N. .. ... ... e 34
3-10 Surface-FiXed Datum . . ...t e e e e 35

3-11 GEOCENIIIC DalUM . . o ottt e e e e e e e e e e e e e 35



Xiv

Figures (Continued)

3-12
3-13
3-14
3-15
3-16
3-17
3-18
3-19
3-20
321
3-22

41
4-2
4-3
4-4
4-5
4-6
4-7
4-8
4-9
4-10
4-11
4-12
4-13
4-14
4-15
4-16
4-17
4-18

4-19
4-20

5-1
5-2
5-3
54
5-5
5-6
5-7
5-8
59
5-10
5-11
5-12
5-13
5-14

Origin Shift Parameters .
Coordinate Planes. . . . ..
Cartesian Coordinates. . .
Geographic Coordinates.
Parallels of Latitude. . ..
Meridians of Longitude .
Graticule. . ...........
Geodetic Coordinates. . .
Astronomic Coordinates.

Astronomic Longitudesof PrimeMeridians ... ......... . i i

Deflection of the Vertical

Projection Types: Tangent and Secant. . . . .. ... oottt e e

Mercator Projection . . . .

Mercator Projection Flattened ontoaPlane. .. ... ... i

TM Projection. . .......

Distortion withinthe TM Projection . ... ... e e e ettt

Secancy ina6° Zone . ..
Line Distortion and Scale
GK Projection. ........
Line Distortion and Scale

Factorinthe TM Projection. . .......... ... . i,

FactorintheGK Projection. .......... ... . i,

Secant Condition of Lambert Conformal Conic Projection. ............. ... ... ...
ConeFlattened onto aPlane. . . .. ..ot
Oklahoma Lambert Projection; Northand SouthZones . ............. oo i,
UTM/UPS Grid Zones and Grid Zone Designators. . . .. ..o vttt e e
UTM Easting and NOMthing . ... ..ot i e e e ettt ettt ee

UTM Grid Convergence.

Sign Of Grid CoNVEIgENCE . . ..ottt e e e
Nonstandard UTM Grid ZONES. . . . ..ot ittt e et et e et
MGRS: 100,000-Meter Square Identification Lettering Convention for the UTM Grid,

WGS 84/GRS 80 EIlIPSOidS. . . . oottt e e e
Specifications for Secondary GridsListedinDMA TM 8358.1......... .. ...,
Specifications for Secondary Gridsnot ListedinDMA TM 8358.1............. ... .. ........

T-2E Components. . . . ..

T-2E Components (ContinUEed) . . ...... ottt e e e e

GDF22 Tribrach.......

T-2E Focusing Sleeve and EYEPIece . . . . .. oottt

T-2E Reticle Pattern. . . .

Firstand Third Leveling Position. . . ... ... i e et
Second and Fourth Leveling PoSition ....... ... . i e e e
PointingsonaRange POl . . ... . i e e

Pointings on a Target Plat

(74 1) PR

Pointingson aTarget Reflector (GRZ3) . ...t e e
Pointingson an Eleven-Prism Holder (GPHL1). .. ... ... i e

View of the T-2E Scales.
Sample Circle Reading. .
Vertical Readings/Angles

MCWP 3-16.7

37
3-8

39
39
39
3-10
311
311
3-12

41
4-3

4-4
4-4
4-5
4-5

4-6
4-7

4-8
4-13
4-14
4-15
4-15
4-16

4-17
4-20
4-21

5-1
5-1
51
52

5-4
54
55
55
5-5
5-6
5-6
5-7
59



Marine Artillery Survey Operations XV

Figures (Continued)

5-15
5-16
5-17
5-18
5-19
5-20
5-21
5-22
5-23
5-24
5-25
5-26
5-27

6-1

6-2

6-3

6-4

6-5

6-6

6-7

6-8

6-9

6-10
6-11
6-12
6-13
6-14
6-15
6-16
6-17
6-18
6-19
6-20
6-21
6-22
6-23
6-24
6-25
6-26
6-27
6-28
6-29
6-30
6-31
6-32
6-33
6-34

Optical Plumb AdjUSIMENt SCraWS. . ..ottt ettt 5-12
Computing the Corrected Reading . . . . . .. ..ot it 5-13
GEB-B3 With ACCESSOMES. . . . ot ittt ettt e e e e e e e 5-13
GEB-7ONICad Ballery . . . .ottt et et e e e e e e e e e 5-15
GEB-70 DisCharge Rale . . ... oo e 5-15
DI 3000 BOWOM VIBW. . . ..ot e e e e e e e e e 5-15
T-2E Modification for DI 3000. . . ... ...t e e 5-16
DI 3000 Mounted 0N T-2E . . . .o\ttt et e et e e e e 5-16
DI 3000 Control Panel . . ... ... 5-16
Prism-Target DistanCe. . . .. ..ot e 5-19
Adjusting Parallelism . ... ..o e 5-20
Target Setwith Target Plate . . . ... e e e e e e e e e e 5-21
Target Set with GRZ3 and GPH3Z. . . .. ..o 5-21
L= VL= £ = 6-1
L@ o1 o I I8 = (V7= £ = P 6-1
Closed TraverseonaSecond KNOWN POINE . .. ..ot e i 6-2
Closed Traverseonthe Starting Point. . . .. ... oot e e e e 6-2
Starting and Closing CONtrol. . . . ... .t e e 6-2
Rear, Occupied, and Forward Stationsand Horizontal Angles . ........ ... ... ... i, 6-3
VertiCal ANGIES. ..o e e 6-3
Reciprocal Vertical ANgIES. . ...t 6-3
Slope and Horizontal DistanCesS . . .. ..o ittt e e 6-4
Reductionto Sea L evel . .. ... o 6-5
TrAVEI S L BgS . . . oottt e e e e 6-5
Standard Symbolsfor ReCOrding . .. ...t e 6-7
INOEX Page. . . .o 6-7
Heading and Column Titles (One-Position ANgle). . .. ..ot e 6-8
STA ANd T COlUMNS . . . . .ottt e e e e e e e e e e e e et et e 6-8
Standard Order for Recording aOne-Position Angle. . ... i i e e 6-9
Example of aCompleted One-Position ANgle . ... ... e 6-9
Example of aCompleted Two-Position Angle. . ... i e 6-10
Angle Closed ONthe HOMZON . . . ... . o e e e e e e e e e e 6-11
Exampleof an Angle Closed onthe Horizon . .. ... .. .. e 6-11
Example of Recording with Reciprocal Vertical Angles. ............ ... 6-12
Heading and Column Titles(M2A2 ANGIES) . .. .ottt e e e e 6-13
Example of Recorded Datafor aHasty Traverse. . ...t 6-14
Heading and Column Titles (INtersection) . ... ..ottt e et et e 6-15
Example of Completed Intersection Method (M2A2) .. ... . i e 6-15
Exampleof aPartial VOid. . ... . 6-16
Exampleof aFull-Page Void . ... ... e 6-17
AZIMULN. L e e 6-18
Azimuth-Angle RElationship . ... ..o e 6-19
Coordinate TraNgle . .. oot e 6-19
Elevation Triangle. . . ..o e e 6-20
Value of Trigonometric FUNCtions of ANgIES. .. ... . i e e e e e e e 6-20
RIght Triangle. . ..o e e e e 6-21
DeterminingtheSignof dEand dN . ... . .. i e e 6-21



XVi

Figures (Continued)

6-35
6-36
6-37
6-38
6-39
6-40
6-41
6-42
6-43
6-44
6-45
6-46
6-47
6-48

7-1
7-2

7-3

7-4

7-5

7-6

7-7

7-8

7-9

7-10
7-11
7-12
7-13
7-14
7-15
7-16
7-17
7-18
7-19
7-20
7-21
7-22
7-23
7-24
7-25
7-26
7-27

7-28
7-29

Traverse Closing Data CompariSon . . . .. oottt e e e e e

Radial Error of Closure
Pythagorean Theorem. .
Elevation Error. .. .. ..
Azimuth Error........
Azimuth Adjustment . .
Error Indicators. . . .. ..
Plotting the Traverse ..

Determining the Error Leg-Parallel LineMethod . ......... ... .. ... ... . ..

Plotting the Traverse ..

Determining the Error Station .. ... . o e e

Mil Relation Formula. .

Earth’s Rotational Axis
Celestial Sphere ... ...
Zenith Position .. ... ...

Eclipticand Vernal EQUINOX . ... ..ottt e e
Right Ascension and Declination. . . ... ... i i e e et
Verticesof the PZS Triangle . ... ..o e e e e e

Polar Distance. . . .. ...
Codltitude. ..........

Parallactic Angle .. ...

Hour Angle (Time Angleor ANglet) . . ...t e e e e ettt

Azimuth Angle.......
PZS Triangle.........

Relationship between Solar Timeand Sidereal Time .......... ... it

Concepts of Solar Time

Conceptsof Sidereal TimMe. . .. ..ot e e e
Timeand Apparent Motionof theSun. . . ... ...

Time Zone Boundaries.

Political Time Zonesinthe U.S. .. .. ... e
Time Zone Letter Designations and Corrections. Local to GreenwichMean Time . .............
Solvingthe Arty Astro Method . .. ... ..o

Orbit of Polaris. .. . ...
Identifying Polaris . . ..

Relationship between the Observer’s Latitude and the Vertical Angle
tothe Celestial North Pole. . . ... . e
Heading and Column Titles (Fifth Order Arty AStro) ... ...t e

Remarks for Arty Astro

MCWP 3-16.7

6-22
6-22
6-23
6-23
6-23
6-24
6-25
6-27
6-31
6-32
6-32
6-33
6-33
6-33

7-10
7-10
7-11
7-12
7-13
7-17
7-17

7-18
7-18
7-19



Marine Artillery Survey Operations

Figures (Continued)

7-30 Field Data (Fifth Order Arty AStIO) . ..o i it e e e e e e e
7-31 Heading and Column Titles (Fourth Order Arty AStro) . .. ..o e
7-32 Field Data (Fourth Order Arty AStTOFIrst Set). ... oo oo e e
7-33 Field Data (Fourth Order Aty AStrO). . ..ottt e et e et e et et et e ae

8-1 Inertial Measurement UNit ... ... .. e
82 oM PULE . . . e e
8-3 Control and Display Unit . . ... ...
84  POWEr SUPPIY . oot
8-5 Secondary Pallet (Battery BOX). . . ..ottt
8-6  SHAUSINGICAIONS . . . . oottt e
8-7  POrro Prism COmMPONENS . . . ..ottt ettt e e e e e e
8-8 ThePADSRecording Procedures. . .. ...t e e e
89 PADSRecording Proceduresfor Optical AzimuthMethod. . .............. ... ... .. .........
8-10 PAE COUES . . . oottt
8-11 Exampleof PAEREAINGS . . . . .. oot

9-1 NAVSTAR System Configuration: Space, Control, and User Segments. .. ....................
0-2  LL1CAmier FIEQUENCY . . . oottt ettt et e e e e e e e e e e e e
O-3  L2Carrier FIEQUENCY . . . oottt et e et et e e e et e e e e e e e
9-4 PCodeand C/A CodeDataSeqUENCE . . ...ttt ettt e
O-5 GPSSignal DataF ow . ... e
9-6 User Equivalent Range Error . ... oo e e
9-7 ErrorEllipseat 2-S RM S .. ..
-8  PSBUAO-TANGE. . . .ttt
9-9 CarrierModulated by PRN . .. ... o e
9-10 TimeDelay of aGPS Signal. . .. ..ot e
9-11 Ranging One Satellite. . ... ..o e
9-12 Ranging TWo Satellites. . .. .. oo e
9-13 Ranging Three Satallites. . . .. ..o e e e e e e e
9-14 Single Differencesbetween ReCaIVEIS . . . ... . i e e e
9-15 Single Differencesbetween Satellites. . ... ... i i i
9-16 Double DIfferenCing . . .. ..o e
9-17 Triple DIfferenCing . . ..ot

10-1 AIMING CIrCle M 2A 2 . o e e e
10-2 M2A2 ACCESSONY Kit .ot e e e e e
10-3 Angular Value Representing UTM Grid Declination. .......... ... i
10-4 Relationship between a GM Angle and aDeclination Constant. .. ............. ... ...,

Tables

4-1 TM Projection ScaleFactorby UTM Easting ...t
4-2  ProjeCtiON FEatUNES . . . .ottt e
51 TYpical RaANQGES . . oottt

XVii

7-19
7-20
7-21
7-21

82
8-3
8-3
8-3
8-4
8-4
8-6

8-8
89
8-10

9-1
9-2
9-2
9-3
9-3
9-8
9-9
9-14
9-14
9-14
9-15
9-15
9-15
9-17
9-17
9-17
9-17

10-2
10-4
10-8
10-9

4-5
4-9
5-14



CHAPTER 1. FUNDAMENTALS

SECTION |I. MISSION AND DUTIES

The mission of the Marine artillery surveyor is to
provide a common grid. This means that all fire
support and targeting assets are oriented the same with
respect to azimuth, position, and elevation to a
prescribed accuracy. A common grid is based on the
sum of the components of relative survey (the geodetic
system, the coordinate system, and the map projection/
grid system) of the operational area. See chapters 3
and 4 for detailed descriptions of these components.

Establishing a common grid is a command
responsibility. A common grid does not apply to
artillery only. It must be established throughout the
battlespace and constantly maintained for use by all
fire support assets. To provide a common grid is to
provide data to the required accuracy that permits—

e Massing of fires; i.e., bringing more than one firing
unit to bear against a common target at the same
time without prior adjustment or registration of
separate artillery units.

e Delivery of surprised observed fires; i.e., accurate
and timely fires against enemy positions with no
adjustment. If fires must be adjusted, the element
of surpriseislost.

e Delivery of effective unobserved fires; i.e,
effective and timely fires against enemy positions
that are not observed (group and series targets or
prep fires). Without survey, unobserved fires can
only be effective if the target had been previously
fired on.

e Transmission of target data from one unit to
another; i.e., the ability of one firing unit to provide
locations of adjusted targets to another firing unit
for subsequent engagement by that unit or for
massing fires.

e A firing unit to carry aregistration forward to a new
position. This is necessary when moving a battery
from one primary position to another and when
moving to an aternate or supplementary position. A
common grid is also required between a firing
position and an offset registration point.

All stations surveyed in the same network are relative
to specific points regardless of the survey methods
used (those points being the known control used to fix
and adjust those networks). Stations surveyed from
other points that have already been listed as common
are relative to those stations within that unit’s
specified level of accuracy. For example, if a battalion
survey section establishes a battery position (orienting
station [OS] and end of arienting line [EOL]) from
fourth order or higher common control, the battery
position is common to the higher order control but at a
fifth order accuracy.

All stations surveyed from a point whose location was
obtained by hasty methods (map spot or hasty
resection) or from absolute methods (military survey
grade receiver [MSGR] 4000, precision, lightweight,
GPS, receiver [PLGR]) are common to that point.
However, they are not common to any local control.
Stations not already common to another network can
be made common by adjustment or by conversion to
common control calculations.

For two stations to be considered common, they must
meet the requirements of the previous paragraphs.
They must be referenced to the same datum/ellipsoid
and devel oped from the same map projection. The grid
system or the coordinate system must be the same
between the points. They must be from the same
network or have been adjusted or converted to the
same network.

Survey Operation Steps

Planning

Survey planning begins with understanding the
maneuver commander’s intent and receiving the fire
support coordinator’s guidance. During planning, full
consideration is given to the commander’s concept of
operations, priorities, the tactical situation, etc.
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Aggressive survey planning that answers the questions
who, what, where, when, why, and how is essential to
mission success. See chapter 2.

Coordination

Coordination is conducted at or through the combat
operations center (COC). The survey information
center (SIC) is the liaison with the topographic
surveyors and non-artillery units requiring survey
control. The coordination and planning effort at the
COC is conducted by the highest echelon artillery
survey officer in the area of operations. The survey
plan is further coordinated with the next lower echelon
survey officer and any survey officers with higher or
adjacent commands as needed.

Field Work

Survey field work is performed by the survey section
using the methods and equipment to extend common
survey throughout the command’s area of
responsibility as directed by the survey plan. Field
work must be started immediately upon receipt of the
survey order and be continuously and aggressively
pursued until the survey plan is compl eted.

Computations

Survey computations and field work are performed
simultaneously. Computations are the use and
calculations of all data needed to convert the field
work to usable azimuths, positions, and elevations.
This includes computations of conventional surveys,
updating and adjusting position and azimuth data,
calibrating kinematic global positioning systems
(GPS) data, and adjusting static GPS data.

Echelons of Survey

Three echelons of artillery survey exist: regiment,
battalion, and battery as well as three accuracy
levels: fourth, fifth, and hasty. The survey section’s
mission at each echelon determines what level of
accuracy isrequired.

Regiment Survey Section

The primary mission of regiment surveyorsis to
provide a common grid over the division area. This
includes establishing initial control, recovery of
existing control, and conversion to common control
over stations not in the division network. The artillery
regiment’s survey section is the division’s survey
asset. The regiment survey section—

e Normaly performs fourth order surveys. In some
cases, they will be required to establish fifth order
survey control for units not already covered by a
battalion survey section or for units attached to the
regiment.

o Establishes permanent survey control markers when
necessary.

e Establishes and maintains an SIC to provide

required data to lower echelon survey sections to
conduct their survey missions.

Establishing Initial Control

Usually, the tactical situation on initial entry of forces
into an area will make the recovery of existing control
impossible. However, survey operations must begin
immediately at al levels. Establishing an initial common
grid throughout the division areaiis of the utmost priority
for surveyors. Seefigure 1-1.

Initial control isthe first station or network of stations
established in theater. Establishing initial control can
be done by hasty means such as absolute GPS survey
or by map spot. Initial control can also be established
as a network by static GPS methods, kinematic GPS
methods or position and azimuth determining system
(PADS). In each case, a single absolute or map spot
station isthe controlling grid and usually only includes
the battalion’s position areas.

Recovering Existing Control

The initial control will suffice to start an operation.
But continuing that operation will require recovering
existing control into the target and connection areas of
the battalions and conversion of recovered control to
the common grid throughout the entire division area.
Seefigure 1-2.
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