
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. 

E s t a b l i s h i n g  a  c o m m o n  g r i d  i s  a  c o m m a n d
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—

l 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. 

l 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 surprise is lost. 

l 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.

l 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. 

l A firing unit to carry a registration forward to a new
position. This is necessary when moving a battery
from one primary position to another and when
moving to an alternate 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 orienting 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 developed 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
s u r v e y  t h r o u g h o u t  t h e  c o m m a n d ’ s  a r e a  o f
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 completed.

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 is required. 

Regiment Survey Section 

The primary mission of regiment surveyors is 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—

l Normally 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. 

l Establishes permanent survey control markers when
necessary. 

l 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 all levels. Establishing an initial common
grid throughout the division area is of the utmost priority
for surveyors. See figure 1-1.

Initial control is the 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 is the 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.
See figure 1-2.
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This effort must continue throughout the operation
using the most accurate methods available.   Static
GPS methods are preferred as their accuracy allows
for establishing accurate calibration stations for
kinematic GPS networks at regiment and battalion
levels. These stations can also be used to position new
base stations and update PADS for forward movement
of the common network. 

When necessary, survey teams can employ PADS
and conventional assets in the recovery effort.
Control that existed in the areas formally held by
enemy forces should be included in the recovery
effort as the battle progresses. Data from captured
enemy trigonometry (trig) lists can be converted to
common control  for inclusion in the division

network. The recovery effort is coordinated by the
regiment  survey sect ion and wi l l  usual ly  be
conducted by available surveyors from all echelons.

Priorities of Survey 

Priorities of survey will be established in the operation
order. Normally, priorities will be focused at the
establishment of common survey within the position
areas of the artillery battalions. Second priority will
generally be focused at the target areas of the
battalions. In some cases, target acquisition assets not
attached to a battalion will receive the highest priority
for survey. Ultimately the priority is situation-
dependent and cannot be standardized.

Figure 1-1. Initial Control.

Figure 1-2. Recovery of Existing Control.
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Survey Information Center 

The SIC col lec t s ,  eva lua tes ,  main ta ins ,  and
disseminates survey information. It is the centralized
planning and coordination element for all survey
operations. It consists of the regiment survey officer,
the survey chief, and assigned personnel. Although the
SIC is not reflected in the table of organization (T/O),
its duties are important to establish and maintain the
common grid. The SIC is responsible for collecting the
most up-to-date information available from some of
the following agencies:

l National Imagery and Mapping Agency (NIMA). 

l National Oceanic and Atmospheric Administration
(NOAA). 

l National Ocean Survey (NOS). 

l National Geodetic Survey (NGS). 

l United States Geological Survey (USGS). 

l Bureau of Land Management (BLM). 

l U.S. Forestry Department. 

l U.S. Army Corps of Engineers (COE).

l Department of Transportation (DOT). 

l State Geodetic Survey. 

l Local: County/City surveyors. 

l Base/Post Public Works Department. 

l U.S. State Department/Embassies. 

l U.S. Naval Oceanographic Office. 

l U.S. Army Topographic/Survey Units. 

l U.S. Marine Corps Topographic Units.

l MAGTF operation and intelligence sections.

Collected information consists of more than just
survey data. It is important that the SIC maintains
information such as time zone charts, country
handbooks, training area information, and any other
information that may help accomplish the mission.
A limited number of mapping products should be
kept on hand for planning, briefing, and verifying
survey control.

Mapping, Charting, and Geodesy 
After Action Report

For SICs to  provide the most  current  survey
information data available, a mapping, charting and

geodesy after action report (MC&G AAR) should be
expeditiously submitted by returning deployed units.
The SIC uses this report to identify areas of operation
used by MAGTFs and to provide information about
the area of operation, map products required, and
availability of survey control. Figure 1-3 shows the
outline to generate a thorough MC&G AAR about the
area of operation.

Evaluation

The regiment’s survey section also evaluates surveys
conducted by lower echelon survey sections. All
computations and values recorded in the recorders
notebook (see chap. 6) are checked for proper
procedures, specifications, and techniques to complete
survey field work to the required accuracy.

Computations performed by computers are compared to
see that both sets of computations agree. Check to ensure
that the survey has been properly closed to within the
specified accuracy. If the surveyed data passes the
procedure check, computation check, and closure check,
data is plotted on the largest scale map available to check
the validity of the survey and the accuracy of the map. If
the map plots verify the recorder’s field notebook
description, the survey is accepted.

SIC personnel are equipped and trained to also make
the following checks and computations:

l Swinging and sliding operation to convert survey
data from one grid to another.

l Transformation of coordinates and grid azimuths
between universal transverse mercator (UTM)
zones.

l Conversion of geographic coordinates to grid
coordinates and grid coordinates to geographic
coordinates.

l Datum-to-datum transformation.

Maintenance 

The SIC must maintain the information it has collected
in a usable form. A survey information map with
overlays and a survey information f i le  al low
information to be used.
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l Unit
l Exercise/Operation Name
l Date of Operation
l Country
l Training Area
l Nearest City/Town
l Area of Operation Coverage

n By Geographic Coordinates
— Minimum Latitude
— Maximum Latitude
— Minimum Longitude
— Maximum Longitude

n By Military Grid Reference System
— NE Corner
— SE Corner
— SW Corner
— NW Corner

l Map Coverage
n Map Series
n Map Sheet Number(s)
n Ellipsoid on Map Product
n Datum on Map Product
n Grid on Map Product
n Grid Zone Used
n What Agency Produced the Map Product

l Grids to Firing Positions (six-place grid)
l Grids to Observation Posts (best available grid)
l Grids to Identify Impact Area or Safety Box
l Target Grids (six-place grid)
l Amphibious Landing Beach Grids (left and right limits or center and length)
l Route of March Used During the Operation (identify problems unique to artillery: bridge, culvert, tunnel fords, 

road restrictions or other problems)
l Restricted Areas
l Points of Contact for Range Information (include name, address, and telephone number)
l Points of Contact for Survey Information (include name, address, and telephone number)
l Trig List Information (if data was provided before deployment, list problems, lack of data, lost or destroyed control points, 

accessibility of control, any information on geodetic control)
l Survey Control Recovery/Survey Information (copies of recovery notes, new survey control point information, trig lists)
l Grid Convergence and/or Datum Transformation (if needed, what method was used?)
l General Comments (artillery-oriented or other)
l Point of Contact at Unit

Figure 1-3. MC&G AAR Outline.



1-6 ______________________________________________________________________________________________  MCWP 3-16.7

The map shows all survey control in the area of
operation. Map overlays show the locations of artillery
units, possible position areas, and other information
required by unit standard operating procedure (SOP).
Maps and overlays should also show—

l Survey control points.

l Completed surveys.

l Proposed surveys.

l The friendly situation and the enemy situation when
it might affect the planning or performance of
survey operations in the division area.

The information file should contain all information
available through all resources. A record is maintained
of field notes and computations on control points. 

The SIC must ensure that known control points are
entered into a computerized data base. All survey
control points (SCPs) in the division area of interest
and in the supported unit areas of influence should be
entered and updated. The SCP data base must be kept
current to decrease the possibility of duplicate surveys
and to rapidly exchange survey data automatically. 

The  survey informat ion  sheet  permi ts  quick
identification of SCP data. This form must contain the
following information:

l Control point name and number.

l Map sheet and series number.

l UTM grid and geographic coordinates.

l Elevation.

l UTM grid zone.

l Marking method.

l Accuracy of the data.

l Description.

l Sketch.

l Methods used in determining control.

l Verification information (unit, preparer, and date).

Dissemination 

Timely dissemination of survey information is just as
important as maintaining a complete and accurate
survey information file. Survey information is
disseminated by command and control systems, radio,

telephone, personal visits, and field liaison among
survey sections.

Survey data can be stored and rapidly transmitted by
using digital command and control systems. Unit SOP
will dictate the procedures to access, store, update and
disseminate survey information between echelons. A
digital net and a voice net may be allocated to the SIC.

S e c u r i t y  r e q u i r e m e n t s  o u t l i n e d  i n  t h e  u n i t
communications electronic operation instructions
(CEOI) must be observed. Radio or telephone
communication is the least desirable method of
disseminating survey information. Possible errors in
transmitting and problems in orally describing the
survey station sketches may occur.

This exchange of survey information works from
higher to lower echelons and vice versa. Often the
battalion surveyor has not only conducted surveys
requiring him to provide data to regiment levels, but
he has a fresh insight as to the happenings in the
ba t t l e space .  Th i s  i n fo rma t ion  mus t  a l so  be
disseminated to all concerned. Seemingly innocuous
information may have far reaching implications when
applied to a larger picture.

Battalion Survey Section 

The primary mission of battalion surveyors is to
provide a common grid over the artillery battalion’s
area of operations. This includes providing control to
all units, organic or attached to the battalion. The
battalion survey section may be tasked to provide
control to units requiring survey who are not attached
to the battalion but who are operating within the
battalion’s area. Due to their wide ranging and
independent operating nature, the battalion survey
sec t ion  a lso  ac ts  as  the  ar t i l le ry  ba t ta l ion’s
reconnaissance element. 

The battalion survey section will normally perform
fifth order surveys. When a battalion is operating
independently from the artillery regiment, as with a
Marine expeditionary brigade (MEB), they may be
required to establish some limited fourth order control.
Normally the battalion survey mission requires a more
timely response than is afforded with fourth order
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work. If a regiment’s survey section is included in a
follow-on force, all fourth order work performed by
the battalion must be provided to the regiment section
for inclusion in their network.

Areas of Concern 

The artillery battalion operational zone is divided into
three areas of concern: the position area, target area,
and connection area. This delineation is necessary to
plan survey operations and to aid in prioritizing
installations. See figure 1-4.

The position area is the rear most area of the artillery
battalion’s zone. Installations here are usually afforded
the highest priority. The position area includes the
artillery firing positions (alternate, supplementary, and
offset registration positions), declination stations, and
possible meteorological and radar sites. Other sites
may be included to complete the mission. 

The target area is the forward area of the artillery
battalion’s zone. Installations in this area are usually
prioritized behind position area installations. The
target area includes observation posts, targets, and
other target acquisition assets. 

The connection area is the portion of the artillery
battalion’s zone that lies between the position area and
the target area. It is called the connection area because
its main function is to connect the target and position
areas into a common network. Installations requiring
survey support that lie in this area are included in the
connection area surveys. These installations may
include radar and meteorological sites, electronic
warfare sites, mortar positions, and other sites to
complete the mission. 

The battalion survey section will not establish permanent
survey control unless it is essential to the mission. 

Categories of Starting Control 

A battalion survey section must begin survey
operations immediately. The availability of survey
control, which depends largely on the tactical
situation, terrain, and weather, may be scarce.
Although there are several ways of obtaining starting
control, the survey section uses the best available
control to begin a survey. Variations in starting control
can be grouped into four different categories:

l Known coordinates, elevation, and azimuth.
l Assumed coordinates and elevation, known azimuth.
l Known coordinates and elevation, assumed azimuth.
l Assumed coordinates, elevation, and azimuth. 

Known coordinates and elevation will be obtained
from higher echelon survey sections; i.e., SIC
normally from a trig list. When known coordinates and
elevations are unavailable, they must be assumed
through hasty survey methods.   Figure 1-4. Areas of Concern - Artillery Battalion.



1-8 ______________________________________________________________________________________________  MCWP 3-16.7

Known azimuths can be obtained from several
different sources. Normally, a known azimuth will be
computed from higher echelon coordinates or
published in a trig list. When celestial bodies are
visible, an azimuth from astronomic observation is
preferred. When known azimuths are unavailable, they
must be assumed through hasty survey methods. 

Marking and Witnessing Stations

This important procedure allows for ease of site
location and identification. Mark positions with a
wooden hub and tag. Stations will be witnessed by a
wooden stake and tagged. 

The OS of any position is marked and witnessed by a
stake painted yellow, and set in the ground at an angle
pointing towards the EOL. 

The EOL of any position is marked and witnessed by a
stake painted red, and set in the ground at an angle
pointing towards the OS. 

Information written on a tag is usually subject to SOP.
The position number is the only information that must
be l is ted on the tag.  Make sure that  valuable
information is not left on a tag that the enemy may use
if discovered; e.g., grid coordinates or unit name.

Dissemination of Survey Data 

Once required surveys are completed, the accumulated
data is provided to the battalion S-3 for dissemination
to firing units and fire support assets. Data is also
forwarded to the regiment SIC. A current list of
positions is generated, and on arrival at a position, this
list is referred to for the pertinent data. Position
number blocks may be assigned by SOP to the
battalion survey sections to alleviate confusion and
expedite dissemination of data.

Battery Survey Section

The primary mission of battery surveyors is to provide
survey control inside the battery position when higher
echelon survey is not already available or to carry
control from one battery position to another. This

second position could be used as an alternate/
supplemental position or for split battery operations.
Battery surveyors will only perform hasty surveys.
Higher echelon surveyors must upgrade these surveys
when mission requirements permit.

Collective Duties 

Assigning positions within the survey section should
be administrative. Versatility and adaptability are the
keys. All section members must be familiar with and
able to perform all current survey methods regardless
of their billet. Marines must understand the advantages
and disadvantages of all current survey methods.
Thorough knowledge, individual initiative, and a
belief that some form of survey is always possible
must be the tenets of a successful survey section. The
following duties pertain to regiment and battalion
survey sections collectively. 

Survey Officer

The survey officer fights the future battle, continually
planning for the next phase of an operation. He must
maintain situational awareness of the battle through
close liaison with the intelligence officer (S-2) and the
operations officer (S-3) and by coordinating the current
survey effort with the survey chief. Duties follow:

l Advise the commander of the capabilities and
limitations of the survey section. 

l Provide input to the commander on datum and
ellipsoid selection and options. 

l Recommend SOPs to the commander. 

l Coordinate, supervise, and inspect the training of
survey personnel; preventive maintenance program
for survey equipment; communications assets, and
vehicles; and SIC if authorized at his echelon.

l Formulate the survey plan after receiving orders
from the S-3.

l Issue survey orders and brief the survey chief and
team chiefs. 

l Conduct reconnaissance.
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l Coordinate survey operations with survey officers
of higher, lower, and adjacent commands.

l Advise and assist firing units and target acquisition
sections in training for and conduct of hasty survey
operations.     

Survey Chief 

The survey chief  f ights  the current  bat t le  by
implementing the survey officer’s plan. He acts as the
direct link between the survey officer and the teams in
the field. He keeps the survey officer apprised of the
current situation and handles any immediate problems.
Duties follow:

l Assist the survey officer. 
l Perform the duties of the survey officer in his

absence. 
l Train the survey section in the performance of

reconnaissance, communications, maintenance, and
survey operations. 

l Act as the section’s logistician. 
l Maintain liaison with the survey officer. 
l Perform other duties as directed.

Conventional Team (Party) Chief 

l Train his survey party. 
l Inform/brief his party on the survey plan.
l Execute his portion of the survey plan.
l Supervise and coordinate field operations of his

survey team. 
l Maintain liaison with the survey officer/chief.
l Supervise and inspect preventive maintenance of

section equipment, including vehicles, communications
equipment, weapons, and survey equipment. 

l Perform other duties as directed.

Survey Computer 

l Maintain the current forms for survey computations. 
l Perform independent computations during field

operations with the current survey computer
system.

l Maintain the section’s survey computer systems
including all accessories (printers, batteries, etc.). 

l Perform other duties as directed.

Instrument Operator 

l Perform preventive maintenance on the team’s
su rvey  ins t rumen t s  to  inc lude  ope ra to r ’ s
adjustments.

l Operate the instruments during field operations. 

l Read measured values to the recorder and verify the
recorded data when read back.

l Familiarize himself with the field work requirements
for all survey methods. 

l Perform other duties as directed.

Recorder/Computer 

l Perform the duties of the team chief in his absence. 

l Maintain the field recorder’s notebook for all
surveys performed by his team. 

l Neatly and legibly record measurements and survey
data in accordance with this text and local SOP. 

l Check and mean measurements determined by the
instrument operator.

l Provide required field data to the computers.
F a m i l i a r i z e  h i m s e l f  w i t h  t h e  f i e l d  w o r k
requirements for all survey methods. 

l Perform other duties as required.

PADS Operator (PADS Team Chief) 

l Execute his portion of the survey plan. 

l Maintain liaison with the survey officer/chief
during field operations. 

l Supervise and inspect preventive maintenance of
section equipment, to include vehicles, communications
equipment, weapons, and survey equipment. 

l Operate and maintains the PADS.

l Monitor the PADS control and display unit (CDU),
fault indicators, and status indicators during
operation.

l Set up and operate the T-2E theodolite during
autoreflection operations. 

l Brief the assistant PADS operator on the survey
mission and requirements. 

l Perform other duties as directed.   
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Assistant PADS Operator 

l Operate and maintain the PADS vehicle. 

l Install, operate, and maintain the communications
equipment. 

l Maneuver vehicle for autoreflection or plumb bob
positioning over an SCP or points to be established
under the direction of the PADS operator. 

l Record PADS data and maintain the field recorder’s
notebook.

l Set up range poles and establish survey stations as
directed by the PADS operator. 

l Perform the duties of the PADS operator in his
absence. 

l Perform other duties as directed. 

SECTION II. SURVEY ACCURACY LEVELS 
AND REQUIREMENTS 

Figure 1-5 shows survey accuracy levels as designated
by the NGS and the NIMA as well as the three
artillery levels.

Geodetic Control Surveys

Geodetic control surveys are high order surveys
established for the purposes of mapping, engineering,
and other projects requiring extreme accuracy.
Classifications and standards for this type of survey
are issued by the Federal Geodetic Control Sub-
Committee (FGCS).  FGCS classif icat ion and
specifications for relative GPS surveys are listed in
FGCS manual  Geometric  Geodet ic  Accuracy
Standards and Specifications for Using GPS Relative
Positioning Techniques. FGCS classification and
specifications for conventional surveys are listed in
FGCS manual Standards and Specifications for
Geodetic Control Networks. 

Artillery Survey

Relative Position Accuracy

A relative accuracy value (accuracy ratio {AR}) can
be determined to show the position accuracy for a
survey network. AR is the ratio between the position
error and the total length of a survey. It shows the
survey length necessary to allow for 1 meter of
position error in a given survey and is expressed as a
fraction with 1 as the numerator, and the survey length
producing that error as the denominator. Required
ARs for artillery surveys are fourth order (considered
accurate to 1-meter error for every 3,000 meters
surveyed [1/3,000]) and fifth order (considered
accurate to 1-meter error for every 1,000 meters
surveyed [1/1,000]). Hasty survey is considered
accurate to 1-meter error for every 500 meters
surveyed. 
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Category Order PPM AR

GPS:  Global-regional geodynamics; deformation 
measurements

AA 0.01 1:100,000,000

GPS:  NGRS, “primary” networks; regional-local geo-
dynamics; deformation measurement

A 0.1 1:10,000,000

GPS:  NGRS, “secondary” networks; connections to 
the “primary” network; local geodynamics; deforma-
tion measurements; high precision engineering 
surveys

B 1 1:1,000,000

GPS:  NGRS (terrestrial-based), dependant surveys 
to mapping, land information, property, and engi-
neering requirements

(C)
Class 1

Class 2-I
Class 2-II
Class 3

10
20
50

100

1:100,000
1:50,000
1:20,000
1:10,000

Conventional 1st 10 1:100,000

Conventional 2nd, Class I 20 1:50,000

Conventional 2nd, Class II 50 1:20,000

Conventional 3rd, Class I 100 1:10,000

Conventional 3rd, Class II 200 1:5,000

Conventional, Artillery 4th 333 1:3,000

Conventional, Artillery 5th 1,000 1:1,000

Conventional, Artillery HASTY 2,000 1:500

GPS accuracy standards represent at 95% confidence level.

1st, 2nd, and 3rd order conventional standards represent the ratio 1:A, when A (distance accuracy) equals the 
distance between survey points divided by the propagated standard deviation between points.

4th, 5th, and Hasty order conventional standards represent the ratio 1:A, when A (accuracy ratio) equals the total 
traverse length divided by the radial error of closure.

Figure 1-5. Distance Accuracy and Accuracy Ratio Standards.
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Probable Error Values 

For some systems or survey methods; e.g., the PADS
or GPS; probable error (PE) values describe the
accuracy. These values generally express absolute
accuracy. However, depending on the system and the
survey method, they can describe a relative accuracy.
These values may be given in terms of circular error
probable (CEP), PE or various standard deviation
values; e.g., 2 DRMS or 3 sigma. These values are
expressed in terms of a percentage of probability or
confidence that the position given is located within a
line, circle or sphere of a given size. 

PE is a value which is exceeded as often as it is not,
i.e., it has a 50% probability of occurrence. With
respect to fixation (position), the PE applies to both
East/West and North/South axes.

CEP is a radius of a circle, centered about the true
position such as that any measured or calculated
position has a 50% probability of lying within that
circle.

PE and CEP are derived from the positive standard
deviation of the measurement as (sigma σ):

PE = 0.6745.

CEP = 1.1774.

CEP = 1.7456 PE.

Relative Azimuth Accuracy (Fourth Order)

Fourth order astronomic azimuths are established by
astronomic observations, the PE of which does not exceed
0.060 mils. The considered accuracy is 0.150 mils. 

An azimuth of a line in a fourth order survey that, from
its point of origin at a fourth order astronomic azimuth
or higher order direction, has depreciated in accuracy by
a PE value of 0.030 mils per main scheme angle (using
a T-2E); or the azimuth of a line computed between two
fourth order or higher survey control points is
considered accurate to fourth order standards. The
computed azimuth is considered accurate to 0.300 mils. 

Relative Azimuth Accuracy (Fifth Order) 

Fifth order astronomic azimuths are established by
astronomic observations, the PE of which does not exceed
0.120 mils. The considered accuracy is 0.300 mils.

The azimuth of a line in a fifth order survey that, from
its point of origin at a fifth order astronomic azimuth
or higher order direction, has depreciated in accuracy
by a PE value of 0.030 mils per main scheme angle
(using a T-2E); or the azimuth of a line computed
between two fourth order or higher survey control
points is considered accurate to fifth order standards.
A f i f th  order  azimuth cannot  be obtained by
computations between a fifth order point and a point
of equal or higher order.

Required Survey Formats 

The format of the survey data provided depends on the
type of position being surveyed. 

An artillery firing position requires establishing an OS
and the EOL. The orienting line must be one of the
main scheme legs of the survey when conducting a
traverse. Both ends of the orienting line must be
occupied. The required survey data for an artillery
firing position is the operational datum and ellipsoid,
UTM easting and northing of the OS, elevation
(meters) of the OS, and the UTM grid azimuth (mils)
from the OS to the EOL. 

The survey requirement for the multiple launch rocket
system (MLRS) is the operational datum and ellipsoid,
UTM easting and northing of initialization and update
points, as well as the elevation (meters) of those points. 

An artillery radar position requires establishing an OS
and the EOL. The required survey data for an artillery
radar position is the operational datum and ellipsoid,
UTM easting and northing of the OS, elevation
(meters) of the OS, UTM grid azimuth (mils) from the
OS to the EOL, distance (meters) from OS to EOL,
and vertical angle (mils) from OS to EOL.

For radio directional finder (RDF) operations, a
meteorological measuring system (MMS) position
requires establishing an OS and the EOL. For Loran or



Marine Artillery Survey Operations ______________________________________________________________________  1-13

very low frequency (VLF)/Omega operations, only the
OS is required. The required survey data for an MMS
position is the operational datum and ellipsoid, latitude
and longitude (decimal degrees expressed to 0.01°) of the
OS, elevation (meters) of the OS, true azimuth in decimal
degrees expressed to 0.1° from the OS to the EOL. 

A remotely piloted vehicle/unmanned aerial vehicle
(RPV/UAV) position requires establishing a tracking
control unit (TCU) and a beacon. The required survey
data for an RPV/UAV position is the operational
datum and ellipsoid, UTM easting and northing of the
TCU, elevation (meters) of the TCU, and the UTM
grid azimuth (mils) from the TCU to the beacon. 

The requirement for a declination station is the
operational datum and ellipsoid, UTM easting and
northing (accurate for map spot) and a UTM grid
azimuth (expressed to 0.1 mils) to at least two azimuth
marks in different quadrants. The true azimuth in
decimal degrees expressed to 0.01° should be provided
for declination of the met theodolite. 

The requirement for an observation post is the
operational datum and ellipsoid, UTM easting and
northing, the elevation (meters), and a UTM grid
azimuth (mils) to an azimuth mark, preferably an
intervisible observation post (OP). 

The requirement for a registration point (RP) is the
operational datum and ellipsoid, UTM easting and
northing expressed to the nearest meter, elevation
expressed to the nearest meter, and the UTM grid
azimuth expressed to the nearest mil. The azimuth
should be from the OP designated as O1 for the target
survey. However, the tactical situation may deem it
necessary to perform the registration from an OP other
than O1. Ideally, the RP should fall within the 800
mil-fan of the registering battery’s azimuth of fire. 

The survey requirement for targets other than
registration points is the operational datum and
ellipsoid, UTM easting and northing expressed to 10
meters and elevation expressed to 10 meters.

SECTION III. CONVERTING
TO COMMON CONTROL

The highest echelon survey unit in the area establishes
the common grid. Missions of lower echelon units
require they initiate survey operations immediately
without waiting for control to be established by higher
echelon units. A firing battery must use hasty methods
to establish survey so that it can provide support
immediately. It cannot wait on control from the
battalion survey section. Battalion surveyors must
provide control to the firing batteries and target
acquisition assets assigned to that battalion. They
cannot wait on regiment surveyors to provide control.
Reg imen t  su rveyor s  mus t  e s t ab l i sh  con t ro l
immediately throughout the division area without
waiting for topographic surveyors or recovery of
existing control currently in enemy territory. These
initial surveys are not considered to be on a common
grid so conversion to a common grid will be required.

Comparisons: Why We Convert 

Conversion to common control is performed by
making a comparison between the higher and lower

echelon data and converting the lower echelon to the
higher echelon based on that comparison. Data is
converted to common control when higher and lower
echelon data differ by—

l 2 mils or more in azimuth.

l 10 meters or more in radial error.

l 2 meters or more in elevation. 

Azimuth 

When a comparison is made between the azimuths of a
line that is included in the higher and the lower
echelon network, the lower echelon network must be
converted to common control if the azimuths differ by
2 or more mils. For example, a firing battery uses the
hasty astro method and determines an azimuth from
the OS to the EOL of 2319.0 mils. The battalion real
time kinematic/on the fly (RTK/OTF) team arrives
and determines an azimuth of 2321.6 mils over the
same line. The difference between the higher and
lower data is 2.6 mils. The azimuth must be converted.
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Radial Error 

When a comparison is made between the coordinates
of a point that is included in the higher and lower
echelon networks, the lower echelon network must be
converted to common control when the radial error
(RE) between the stations is 10 meters or more. RE in
this case is not the RE computed for a traverse closure.
It is the straight-line distance between the higher and
lower echelon coordinates of the same station. 

Elevation 

When a comparison is made between the elevations of
a point that is included in the higher and lower echelon
networks, the lower echelon network must be
converted to common control when the difference
between the elevations is 2 meters or more. For
example, a firing battery uses hasty survey methods to
determine an OS elevation of 432 meters; the battalion
survey team uses RTK/OTF methods to determine an
OS elevation of 437.4 meters. The difference between
the two elevations is 5.4 meters. The lower echelon
data must be converted to common control.

Several methods of converting data to a common
network are available. The method used depends on
the type and amount of azimuth, coordinate, and/or
elevation error between the higher and lower echelon
data. The rest of this section discusses methods to
convert data. 

Swinging the Grid

Swinging the grid converts a lower echelon network to
the higher echelon network when the azimuth
difference is 2 mils or greater and the RE is less than
10 meters. This is usually necessary when an azimuth
is assumed in conventional survey methods. For
azimuth from PADS, differential GPS methods or by
astronomic methods, the azimuths between higher and
lower echelons will usually be within the 2-mil
specification. See figure 1-6.

Recomputing the Survey 

As long as a survey is maintained in the memory of a
survey computer program, the easiest way to convert a

Figure 1-6. Swinging the Grid.
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lower echelon network to the higher echelon grid is to
enter the higher echelon data in the survey computer
and recompute the survey.

Computing Individual Legs 

Sometimes it is not necessary to recompute the entire
traverse. For example, if a traverse has 20 legs and
only 4 of those legs are between critical stations, it
may be faster to compute individual legs. When
swinging the grid over individual legs, perform Steps
1 through 4.

Step 1. Determine the azimuth correction by subtracting
the lower echelon azimuth from the higher echelon
azimuth. For example, the azimuth assumed by a
battalion survey section is 4390 mils, the azimuth over
that leg as determined by the higher echelon section is
4387.217 mils. Determine the correction as—

Step 2. Compute the azimuth and distance between the
starting station and each critical station using the
coordinates determined in the lower echelon survey.

Step 3. Determine the adjusted azimuth to each critical
station by applying the azimuth correction determined
in Step 1 to each azimuth determined in Step 2. For
example, if the azimuth computed in Step 2 from the
starting station to the OS is 2745.354 mils, determine
the adjusted azimuth as—

Step 4. Using the adjusted azimuth from Step 3 and
the computed distance from Step 2, compute a dogleg
(offset) coordinate for each station. This step places
the critical station on common grid.

Determining the Common 
Azimuth of a Critical Line

Apply the azimuth correction from Step 1 to the
azimuth determined in the original computations. This
places the azimuth line on a common grid.   For

example, if the azimuth from the OS to the EOL in the
original computations was 1537.876 mils, determine
the adjusted (common) azimuth as—

Sliding the Grid

This method converts a lower echelon network to the
higher echelon network when the azimuth difference
is less than 2 mils, and the RE is 10 meters or greater.
This is usually necessary when a position is assumed.
Sliding the grid converts to common control with the
PADS and differential GPS operations. See figure 1-7
on page 1-16.

When using differential GPS survey methods, the
conversion to common control is performed in the
software. Conversion to common control is performed
by calibrating the kinematic network for RTK/OTF
operations.  Conversion to common control is
performed by changing the fixed position of the
assumed station in the TrimNet software for a static
GPS network.

For PADS operations, there is no way to convert
stored stations to common control internally to the
PADS. Converting individual stations is performed
as shown in Steps 1 and 2. 

Step 1. Determine the easting and northing correction
between the lower and higher echelon data by
subtracting the lower echelon easting and northing
from the higher echelon easting and northing. For
example, a battalion survey section updates its PADS
with a PLGR grid of E: 555267 N: 3835216. A
regiment survey team later provides common control
over that station using differential GPS methods and
determines a grid of E: 555278.32 N: 3835211.87.
Determine the correction as—

Higher 4387.217
Lower 4390.000
Correction −2.783 mils

Computed 2745.354
Correction −2.783
Adjusted Azimuth 2742.571 mils

Computed 1537.876
Correction −2.783
Common Adjusted Azimuth 1535.093 mils

Easting Northing
Higher 555278.32 3835211.87

− Lower 555267.00 3835216.00
Correction +11.32

meters
(+11.3 meters)

−4.13
meters

(−4.1 meters)
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Step 2. Apply the corrections determined in Step 1
to the easting and northing coordinates of each
critical station in the survey. For example, if the
coordinates for an OS as determined by the PADS
are E: 556782.9 N: 3836346.9, determine the
common grid coordinates as—

Swinging and Sliding the Grid

Swinging and sliding the grid converts a lower
echelon network to the higher echelon network when
the azimuth difference is 2 mils or greater and the RE
is 10 meters or greater. This is usually necessary when
position and azimuth is assumed in conventional
survey methods. If an azimuth is determined by the
PADS, differential GPS methods or astronomic
observations, the azimuths between higher and lower
echelons will usually be within the 2-mil specification.
See figure 1-8.

As long as a survey is maintained in the memory of a
survey computer program, the easiest way to convert a
lower echelon network to the higher echelon grid is to
enter the higher echelon data in the survey computer
and recompute the survey.

Swinging and sliding the grid are performed at the
same time. When swinging and sliding the grid over
individual legs, perform Steps 1 through 5.

Step 1. Determine the azimuth correction between the
higher and lower echelon networks. For example, the
azimuth assumed by a battalion survey section is 4390
mils, the azimuth over that leg as determined by the
higher echelon section is 4387.217 mils. Determine
the correction as— 

Step 2. Compute the azimuth and distance between the
starting station and each critical station using the
coordinates determined in the lower echelon survey.

Easting Northing
OS 56782.9 3836346.9
Correction +11.3 −4.1
Common OS 56794.2 3836342.8

Higher 4387.217
Lower −4390.000
Correction −2.783 mils

Figure 1-7. Sliding the Grid.
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Step 3. Determine the adjusted azimuth to each critical
station by applying the azimuth correction determined
in step 1 to each azimuth determined in Step 2. For
example, if the azimuth computed in Step 2 from the
starting station to the OS is 2745.354 mils, determine
the adjusted azimuth as—

Step 4. To place the critical station on common grid,
use the higher echelon coordinates, the adjusted
azimuth from Step 3, and the computed distance
from Step 2, compute a dogleg (offset) coordinate
for each station. 

Step 5. To determine the common azimuth of a critical
line; e.g. orienting line or target area base, apply the
azimuth correction from Step 1 to the azimuth
determined in the original computations. This places
the azimuth line on a common grid. For example, if

the azimuth from the OS to the EOL in the original
computations was 1537.876 mils, determine the
adjusted (common) azimuth as—

Leveling the Grid 

Leveling the grid converts a lower echelon network to
the higher echelon network when the elevation
difference is 2 meters or greater. This will usually
occur with a map spot and an absolute GPS elevation.
Leveling the grid is performed at the same time as the
other conversion to common methods. 

When conventional methods are used, it may be easier
to recompute the survey. 

Computed 2745.354
Correction −2.783
Adjusted Azimuth 2742.571 mils

Figure 1-8. Swinging and Sliding the Grid. 

Computed 1537.876
Correction −2.783
Common Azimuth 1535.093 mils
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When using differential GPS survey methods, the
conversion to common control is performed in the
software.   For RTK/OTF operations, conversion to
common control is performed by calibrating the
kinematic network   For a static GPS network,
conversion to common control is performed by
changing the fixed position of the assumed station in
the TrimNet software.

Leveling the grid by converting individual stations can
be performed as shown in Steps 1 through 3.

Step 1. When leveling or leveling and sliding the grid,
determine the elevation correction between the lower
and higher echelon data by subtracting the lower
echelon elevation from the higher echelon elevation.
For example, a battalion survey section updates its
PADS with a PLGR elevation of 356 meters. A
regiment survey team later provides common control
over that station using differential GPS methods and
determines an elevation of 352.8.

Step 2. Apply the corrections determined above to the
elevation of each critical station in the survey. For
example, if the elevation for an OS as determined by
PADS is 398.3, the common grid elevation is
determined as—

Step 3. When leveling the grid is performed with
swinging or swinging and sliding the grid, the higher
echelon elevation is used in place of the lower echelon
elevation in the computations of the doglegs to each
critical station. 

Higher 352.8
− Lower 356.0

Correction −3.2 mils

OS 398.3
Correction −3.2
Common OS 395.1 meters


