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PrefaceTh is F M is a g u id e fo r m il i ta ry o ccu p at ion
a l sp e cial t y (M OS ) 82D (To po g rap h ic S u rve yo r). I
t

p ro vid e s te ch n iqu e s n o t fou n d in a n y com m e
rcial t e xt co n ce rn in g t h e p re cise d e te rm in a tio n o
f

p o s i t i o n , a z i m u t h , o r e l e v a t i o n o f a p
o i n t . A d d i t i o n a l l y , t h i s p u b l i c a t i o n d
e s c r i b e s a n d

sta nda rdizes procedures for performing recons, preparing sta
tion descriptions, and reporting an d

briefing of survey projects.

The ma teria l in t his ma nua l is a pplica ble, w ithout
modifica tion, to a ll geodetic survey projects in

all environments (prebattle, conventional war [nuclear and
nonnuclear], low intensity conflicts,

and postbattle). The contents comply with Army doctrine and
international precision surveying

practices. This manual does not provide previously published
surveying doctrine or theory and

m a y b e s u p p l e m e n t e d w i t h c om m e r c i a l l y
a v a i l a b l e t e x t s o r p r e v i o u s e d i t i o n s o f
t e c h n i c a l

l i te ratu re .

Appendix A conta ins m ensura l conversion char ts.

Th e p ro po n en t o f th is p u b licat ion is H Q, TRA D OC.
S e n d com m e n t s a n d r e co m m e n d a tio n s o n

D e p art m e n t o f th e A rm y (D A) F orm 2028 d ire ctly to
U n ite d S ta te s (US ) A rm y E n g in e er S ch oo l

(U SAES ), Att ention: ATSE -DOT-DD , Dir ectora te of Tra
ining, 320 En gineer Loop, Suit e 336, Fort

Leona rd Wood, Miss ouri 65473-8929.

Unless this publication states otherwise, masculine nouns and
pronouns do not refer exclusively

to men.
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Chapter 1

Missions, Operations, and Duties

S ur v e y o r s de te r m i ne ho r i z o ntal and v e r t i
cal di s tance s b e tw e e n o b j e cts ,m e a s u r e a n g l e
s b e t w e e n l i n e s , d e t e r m i n e t h e d i r e c t i o
n o f l i n e s , a n d

establish points of predetermined angula r a nd l inear
measurements. Afterc om p l et i n g f i el d m e a s u r e m e n t
s , s u r v e y o r s u s e t h e s e m e a s u r e m e n t s t
ocompute a f inal report that is used for positioning by f ield
arti l lery (FA),

ai r - de f e ns e ar t i l l e r y ( A D A ) , av i at i o n, i
nte l l i g e nce , co m m uni cat i o ns , o rc on s t r u c t i
on c o n t r o l p oi n t s . A p pe n d i x B s u m m a r i z e s
t h e s t a n d a r d s f o rcont rol surveys, Appendix C deta ils
the recommend ed procedures for basic

survey computations, and Appendix D includes a list of survey
forms.

SURVEY MISSIONS

1-1. Army topographic surveyors support multiple types of survey
missions.

These missions ca n be pea cetime or wa rt ime oriented.

SUPPORT DE PLOYABLE WEAPONS SYSTEMS

1-2. Arm y to p og ra p h ic su rve yors su p p ort F A a n d AD
A d e p loya b le we a p on s

syste m s b y a cqu irin g p osi t ion a n d a z im u th d a ta
as fol lows:

FA. F A i s a p r im a r y u s er of p r eci s e p os i t ion i
ng a n d or i en t a t i on

information in a wartime environment. Topographic-survey support
isp r o v i d ed t o t h e m u l t i p l e-l a u n c h r o c k et
-s y s t e m ( M L R S ) u n i t s , t h e

corpss general-support (GS) units, and other nondivisional
assets in

t h e c o r p s a r e a a c c o r d i n g t o F M 6 - 2 . F A r
e q u i r e s t h a t t o p o g r a p h i c

s u r v e y o r s p r o v i d e m o n u m e n t e d s u r v e y
c on t r o l p o i n t s (S C P s )

(h o r iz on t a l a n d v e r t i ca l ) a n d a z i m u t h a
l r e f er e n ce s f o r c on v e n t i on a l

a n d i n e r t i a l F A s u r v e y t e a m s . F A s om e t i
m e s r e q u i r e s t o p og r a p h i c

surveyors to a ugment F A survey sections.

ADA. ADA requires positioning and orientation information for
ADAs y s t e m s . A D A a n d F A h a v e a n a g r e e m e n t t
h a t F A s u r v e y o r s

(MOS 82C) will pr ovide direct ADA survey su pport .

SUPPORT THE NATIONAL IMAGERY AND MAPPING AGENCY

1-3. The Na tiona l Im a gery a nd Ma pping Agencys (NIMAs)
geodetic sur vey

d i v is i on m a i n t a i n s U S A r m y t o po gr a p h i c
s u r v e y or s a s p a r t of t h e i r s u r v e y

f o r c e s t r u c t u r e . Th e s e s u r v e y o r s a r e i
n v o l v e d a s t e a m l e a d e r s , a s t e a m

m e m b e r s , a n d i n t h e d a t a -r e d u c t i o n p r o
c e s s . I n a d d i t i o n , t h e s e A r m y

personnel are used in areas or situations where NIMA civilian
personnel are

n o t a u t h o r i z e d ( S a u d i A r a b i a , S o m a l i
a , a n d s o o n ) . N I M A h a s t h e

re sp o n sib i l i ty to p ro vid e e arth - o rie n tat io n d
ata fo r th e N avig atio n - S ate l l i te

Tim in g a n d Ra n g in g (N AV S TAR) G lob a l-P o sit io n
in g S y ste m (G P S ) . N I M A
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provides correlated World Geodetic System (WGS) 1984 (WGS-84)
airfield

s u r v ey s a n d g e og r a p h i ca l a n d a e r on a u t i
ca l d a t a b a s e i n for m a t i on t h a t a r e

needed to support t he avia tion approach requirements. NIMA
also determines

t r a n s f or m a t i on p a r a m e t e r s b et w e en g e od
e t ic s y s t e m s . I n m a n y a r e a s o f t h ew o r l d , t
h e t r a n s f o r m a t i o n p a r a m e t e r s a r e u n c e r
t a i n o r u n r e l i a b l e . D u r i n g

times of conflict, Army topographic surveyors may be required to
collect data

to e n ab le N I M A to b ett e r form u late th e se tra n
sform a tion p a ra m e ters.

SUPPORT THE US ARMY AERONAUTICAL SERVICE S AGENCY

1-4. The U S Army Aerona ut ical S ervices Agency (U SAASA)
requires periodic

a i r f i e l d a n d n a v i g a t i o n a l -a i d (N A VAI D
) s u r v e y s a n d a i r p o r t o b s t r u c t i on

ch ar ts (A OCs) accord in g to A rm y re g u la t io n (AR)
95-2. Th e se su r ve ys a re

e x t e n s i v e f i e l d -s u r v e y o p er a t i o n s t h
a t p r o v i d e a e r o n a u t i c a l a n d o t h e r

i n f o r m a t i o n t o s u p p or t a w i d e r a n g e o f N
a t i o n a l A i r s p a c e S y s t e m ( N AS )

activities. AOC surveys provide source information on

P os it ion . Azim ut h .

E lev a tion .

R un w a y s a n d s t opw a y s .

N AVAI D s.

Federal Aviat ion Regulat ion (FAR), Pa rt 77 (FAR-77) obstr
uctions.

Ai r cr a f t m ov em en t a n d a p r on a r e a s .

P r o m in en t a i r p or t b u il d in g s.

S e le ct e d r oa d s a n d ot h e r t r a v er s e w a y s
.

C u l t u ra l a n d n a t u r a l f ea t u r es of l a n d m a
r k v a l u e.

M iscella n e ou s an d spe cial re qu est i te m s.

1-5. The positioning a nd orienta tion informa tion for NAVAID s
is r equired t oc e r t i f y t h e a i r f i e l d i n s t r u m e
n t -l a n d i n g a p p r o a c h e s . A O C s u r v e y s a l s
o

e s t a b l i s h g e od e t i c co n t r o l i n t h e a i r p
or t v i ci n i t y , c o n s i s t i n g o f p er m a n e n t

su rvey m a rk s a ccu rat e ly con n e cte d to t h e N a tion
a l S p a tia l Re fere n ce S yst e m

(N S R S ). Th i s c on t r ol a n d t h e N S R S c o n n e ct
i o n e n s u r e a c cu r a t e r e l a t i v i t y

b e twe e n su rve ye d p oin ts o n t h e airp o rt a n d b e
tw e en t h e se po in ts a n d o th e r

surveyed points in the NAS, including the na vigat ion sa
tellites.

SUPPORT THE US AIR FORCE

1-6. The US Air Force (USAF) requires positioning and
orientation data for

th e in i t ial iz at io n o f I n e rt ial N avig atio n S yste
m s (I N S s) , I N S te st p e d e stals ,

NAVAIDs, and compass roses. The USAF relies on NIMA to satisfy
all of its

p o si t io n in g an d o rie n tat io n re qu ire m e n ts. A
rm y to p o g rap h ic su rve yo rs arec u r r en t l y a s s i g n
ed t o a s s i s t N I M A i n e s t a b l i s h in g s u r v e y c
on t r o l f or t h e

US A F .

SUPPORT THE US ARMY INTELL IGENCE AND SIGNAL EL EMENTS

1-7. The int elligence a nd s ignal elements require positioning
informa tion for

r e m o t e -o pe r a t e d v e h i cl e s , r e m ot e s e n s
i n g -a n d -i m a g i n g s y s t e m s , a n t e n n a

systems geolocation and direction, inertial navigation
initialization, situation

a wa reness, an d comba t identifica tion. This informat ion
includes t he follow ing:
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Accuracy. Th e a c cu r a c y r e q ui r em en t f or i n t el
li ge nce a n d s i gn a le le m e n t s i s s i m i l a r t o t h
e a c cu r a c y e x pr e s s ed b y F A a n d A D A. I n

m a n y c a s e s , i n t e l l i g e n c e a n d s i g n a l u
n i t s c a n u s e t h e S C P s

esta blished for FA a nd ADA. Frequency and timeliness. The
number of SCP s a nd t he timeliness

a re dependent on the bat tlefield an d the mission.

Distribution. Th is s ur v ey i nf or m a t i on i s d is t r ib
ut ed t o e a chintelligence and signal battalions operations
section, Operations and

Tr a i n i n g O f f i c e r ( U S A r m y ) ( S 3 ) . To p o g
r a p h i c s u r v e y o r s a r e

responsible for notifying the S3 of the various datums within
the area

of operation (AO). In addition, topographic surveyors provide
the S3

with th e n e ce ssary p aram e te rs an d in stru ctio n s o n
h o w to tran sfo rm

loca l coordina tes t o a pr edefined common gr id (for exam
ple, WG S 84).

SUPPORT J OINT-LE VEL MI SSIONS

1-8. D u r in g join t-le vel o pe ra tio n s, to p og ra p h ic
su rve yors m a y b e t a sk e d toperform a number of different
missions. Topographic surveyors are capable of

p r o vi d i n g s u p p or t t o a l l i ed n a t i o n s f o r
a n y o f t h e a f or e m e n t i o n e d d e fi n e d

a r e a s .

SUPPORT OTHER TOPOGRAPHIC MISSIONS

1-9. These oth er t opogra phic missions a re defined in AR
115-11, F M 5-105,

unit ta ble(s) of organ izat ion a nd equipment (TOE), and
directives from higher

headq ua rters (HQ). These missions

P ro vid e p recise posi t ion in g to sup po rt th e u p d atin
g of th e M OS 81T

(Terrain Analyst) database.

S u p por t con s t r u ct i on s u r ve yor s (w h e n p r oje
ct s r eq u i r e r e a l -w o r ld

coordinates). Esta b l ish an d e xte n d b asic con tro l for
field su rveys.

Al low s u r v ey d a t a a n d s t a t i on d es cr i pt i on c
a r d s t o b e for w a r d ed t o

N I M A , t h e o r g a n i z a t i o n s s u r v e y i n f o r
m a t i o n c en t e r (S I C ) , a n d

collocated t erra in-a na lyst tea ms (upon request).

SURVEY OPERATIONS

1 -1 0. Th e a c t u a l s h a p e of t h e s o l id m a s s o f
t h e e a r t h i s r e f e r r e d t o a s t h e

topography. A geoid is defined as the surface of the earths
gravity (attraction

and rotation), which on the average, coincides with the mean sea
level (MSL)

i n t h e o p e n u n d i s t u r b e d o ce a n . A s p h e r o
i d (a l s o c a l l e d a n e l l i p s oi d o f

revolution) a ppears a s a f igure tha t is f latt ened a t th e
poles and bulging a t th eequator. I t can be described using a
mathematical formula that approximately

d e f i n e s a p a r t o f t h e s u r f a c e of t h e g e oi
d . H o w e v e r , b e c a u s e o f t h e g r e a t

variations in topography, many different ellipsoids exist.
Because the earths

su rface is i rre g u la r a n d p ie ce s of m a th e m a tical
com p u ta tio n s ar e u n re l iab le ,

t h e t y p e of s u r v e y c on d u c t e d d e p e n d s o n
t h e p u r p o s e or l e v e l o f a c c u r a c y

required.
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SURVEY TYPES

1-11. In plan e surveys, a ll points a re referenced to a f la t
pla ne with curvat ure

w h ol l y o r m o s t l y i g n or e d . I n g e od e t i c s u
r v e y s , a l l e s t a b l is h e d p oi n t s a r e

re fere n ced t o th e cu rved su rfa ce of a sp h e roid a n d
, in a l l co m pu ta tio n s, th eeffect of curvature is
computed.

Plane Survey

1 -1 2. P l a n e s u r v e y s i g n o r e t h e a c t u a l s
h a p e o f t h e e a r t h a n d a p p l y t h e

principles of pla ne geometry a nd t rigonometry . These surveys
a re tr eat ed as if

t h e m e a s u r e m e n t s w e r e m a d e on a f l a t p l a
n e , w i t h a l l li n es b e in g s t r a i g h t .

When the survey area is less than 250 square kilometers and less
accuracy is

n e e d e d , c u r v a t u r e c a n b e i g n o r e d . M o s
t l o ca l i z e d c o n s t r u c t i o n p r o je c t s

(highway and railroad) and boundary projects use plane
surveys.

Geodetic Survey

1 -1 3. G e od e t i c s u r v e y s t a k e i n t o a c c ou n
t t h e s i z e a n d s h a p e of t h e e a r t h .

S i n c e t h e s t a t i o n s i n g e o d et i c s u r v e y s
a r e r o u t i n e l y s p a c e d o v er e x t e n d e d

d i s t a n c es , m o r e pr e c is e i n s t r u m e n t s a n
d t e ch n i q u e s a r e r e q u i r e d t h a n f o r

p la n e su rve ys. All ob se rvatio n s ar e m a d e o n th e a
ctu al cu rve d su rface of th e

earth and this curvature is corrected through computations.

SURVEY METHODS

Conventional Survey

1-14. Topographic surveyors us e theodolites, levels, a nd d
ista nce measur ing

e q u i p m en t (D M E ). Th e a u t o m a t e d i n t e g r a
t e d s u r v e y i n s t r u m e n t (AI S I )

provides topographic surveyors with the capability to extend
control through

th e u se of a to tal s t at ion .

GPS Survey

1-15. Th e N A VS T AR G P S is ca p a b le o f d e t e rm i n
in g a ccu r a te p o si t io n a l ,

v e l o c i t y , a n d t i m i n g i n f o r m a t i o n . Th e
G P S p r o v i d e s p o s i t i o n a l a n d

n a v i g a t i on a l d a t a t o c iv i li a n a n d m i l it
a r y c om m u n i t i es i n t h e f or m o f t w o

positional services. The Standard Positioning Service (SPS)
encompasses the

c iv i l i a n u s e r a n d t h e U S C o a s t G u a r d ( U S
C G ). Wh e n u s i n g a s i n g l e G P S

r e c ei v e r (a b s o l u t e p os i t i o n i n g ) , S P S u
s e r s a r e d e n i e d t h e h i g h -a c cu r a c y ,

i n s t a n t a n e o u s p o s i t i on i n g c a p a b i l it
y o f t h e G P S . Th e P r e c is e P o s i t i on i n g

S e rvice (P P S ) con sists o f m ili ta ry u se rs a n d a u
th o riz ed re p re sen ta t ive s. PP S

u se rs can o b tain h ig h - accu racy, in stan tan e o u s p o
si t io n in g i f th e re ce ive r is

capable of a ccepting th e necessa ry cryptologic var
iables.

1-16. Absolute a nd differentia l (relat ive) positioning
methods using t he G P S

provide a ccura te an d t imely positional da ta . The method of
choice depends on

t h e a c c u r a c y r e q u i r e d , t h e e q u i p m e n t
a v a i l a b l e , a n d t h e l o g i s t i c a l

r e q u i r e m e n t s . A t p r e s e n t , t h e P P S G P S
r e c e i v e r , w h i c h i s c a p a b l e o f

p erfo rm in g r e lat ive p osi t ion in g , is t h e G P S -su
rve y (G P S -S ) d i f fe re n tial G P S

(DGPS). The positioning methods are described as follows:
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Absolute positioning. Ab s ol ut e p os i t ion i n g u s es a s
in g le G P Sr e c e i v er a n d d o es n o t r e q u i r e k n o
w n s u r v e y c o n t r o l . Ab s o l u t e

p o sit io n s ca n p ro vid e in s ta n t a n e o u s (re a l-t
im e ) o r p o stp r o cesse d

p os i t i o n s . K n o w n s u r v e y c on t r o l i s u n r
e l i a b l e o r n o n e x i s t e n t i ni m m a t u r e t h e a
t e r s . Top og r a p h ic s u r v e y or s c a n e s t a b l i s
h S C P s b y

using a bsolute positioning.

Differential positioning. Differential positioning uses two or
moreGPS receivers. One GPS receiver (reference receiver) is
resident over a

k n o wn S C P . Th e re m a in in g re ceive rs (re m o te re
ceive rs) a re u se d t o

position points of interest. Differential positioning can be
performed in

re a l t im e o r th ro u g h p o stp rocessin g . I f re al-t
im e p o si t ion in g r e su lts

a r e r e q u ir e d , a c om m u n i ca t i on s l i n k t h a
t i s ca p a b l e of t r a n s m i t t i n g

digita l dat a must be esta blished a t the reference- a nd r
emote-receiver

l o ca t i o n s . Th i s m e t h o d s u p p o r t s d i s t a
n c e s u p t o 1 00 k i l o m e t e r s

b e twe e n th e re fe re n ce an d re m o te stat io n s. T h e
e n g in e e r b attal io n s

(t o p og r a p h i c) w i t h i n t h e A r m y h a v e P P S G
P S r e c ei v e r s t h a t a r e

cap ab le o f re al- t im e an d p o stp ro ce sse d d i f fe re
n tial p o si t io n in g an dprovide relat ive accuracy of a
pproximat ely 1 centimet er.

1-17. The accuracy of GPS-S is dependent on the users equipment
(precise

l i g h t w e i g h t G P S r e c e i v e r [ P L G R ] ) a n d
t h e s u r v e y i n g m e t h o d e m p l oy e d

(absolute r eal-time or differentia l). Topogra phic surveyors
ha ve sta nda rdized

P P S G P S r e c e i v e r s . T h e s e r e c e i v e r s h a
v e i m p r o v e d t h e e f f i c i e n c y a n d

productivity of topogra phic surveyors a nd h a ve provided the
D efense Ma pping

School (DMS) and the USAES a background on the training,
operational, and

r e s ea r c h a n d d e v e l op m en t r e q u i r e m en t s
t h a t a r e n e ce s s a r y t o s u c ce s s fu l ly

field the G P S. The new G P S-S provides adequa te a
bsolute-positioning results

a nd is designed t o provide protection in a jam ming/spoofing
envir onment . The

re qu irem e n t for a P P S G P S re ceiver th a t is cap ab le
of p erform in g D G P S w h e n

using the militarys authorized, encrypted pseudorandom noise
(PRN) code (Y-c o d e ) h a s b e e n m e t . Th i s r e c e i v e
r s a t i s f i e s t h e p o s i t i o n a l a c c u r a c y

requirements of the Army, t he Depa rt ment of D efense (DOD), a
nd joint -level

commands.

SURVEY CL ASSIFI CATIONS

1-18. Topographic surveyors are capable of conducting and
supporting a wide

var iety of surveys. Sur veys ar e classified as follows:

Ar t iller y .

B a s i c con t rol.

S a t ellit e.

C on st r u ct i on . Airf ie ld e n g in e erin g an d N AV AI
D .

H y d rog ra p hic.

F ield classi f ica t ion an d in spe ction .

L a nd.

I ner tia l.
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Artillery Surveys

1-19. Art i l lery su rve ys a re con d u cte d t o d e te rm in
e th e re lat ive p osi t io n s o f

w e a p on s s y s t e m s t o t a r g e t s . Th e s e s u r v
e y s d o n o t r e q u i r e t h e a c c u r a c y o f

g e od e t i c -s u r v e y i n g t e ch n i q u e s d e s p i t
e t h e r e l a t i v e l y l a r g e a r e a s a n d l o n gd
istan ce s. T h e re qu ire m e n ts, m e th o d s, an d te ch n
iqu e s u se d b y m il i tary F A

surveyors a re deta iled in FM 6-2 and C ha pter 11 of this ma
nua l. ADA wea pon

syste m s re qu ire a ccu ra cie s th a t a re o b tain a b le
on ly f ro m g e o d etic-su rve yin g

techniques.

Basic-Control Surveys

1-20. B a sic-con t ro l su rve y s p ro vid e h o riz o n ta l
a n d /o r ve rt ical p o si t io n s o f

p oi n t s . S u p p l em e n t a r y s u r v e y s m a y o r i
g in a t e f r o m a n d c a n b e a d j u s t e d t o

t h e s e s u r v e y s . Th e b a s i c -c on t r o l s u r v e
y o f t h e U S p r o v i d es g e og r a p h i c

p os i t i o n s a n d p l a n e c oor d i n a t e s o f t r i a
n g u l a t i on /t r a v e r s e s t a t i o n s a n d t h e

eleva tions or benchma rks (BMs). This informa tion is used as
the ba sis for t he

control of the US national topographic survey; the control of
many state, city,a n d p r i v a t e s u r v e y s ; a n d h y d r
o g r a p h i c s u r v e y s o f c o a s t a l w a t e r s . Th
e

techniques and methods used by military geodetic surveyors are
discussed in

t h i s m a n u a l .

Satelli te Surveys

1-21. Sa tellit e surveys deter mine high-a ccura cy, thr
ee-dimensiona l (3D) point

p osi t io n s fro m sig n a ls re ce ive d b y N A V S TAR G P
S s a te l l i te s . G P S - d erive d

p os i t i o n s m a y b e u s e d t o p r o v i d e p r i m a r
y r e f e r e n c e-c on t r o l m o n u m e n t

locatio n s fo r e n g in e e rin g a n d con str u ction p
rojects f ro m w h ich d e ta i led si te

p l a n s , t o p o g r a p h i c m a p p i n g , b o u n d a r
y d e m a r c a t i o n , a n d c o n s t r u c t i o n -

a lignment w ork may be performed using conventional-surveying
instrum ents

and techniques.

Construction Surveys

1 -2 2. C o n s t r u c t i on s u r v e y s p r o v id e d a t
a f or p l a n n i n g a n d c os t e s t i m a t i n g .

This da ta is essentia l to locat e or la y out engineering w
orks a nd is recorded on

engineer ma ps. P lan e surveys a re norma lly used for constr
uction projects. The

methods and techniques used by military construction surveyors
are detailed

in FM 5-233.

Airfield-Engineering and NAVAID Surveys

1-23. Airfield-engineering and NAVAID surveys are used to
determine any

combination of the following:

The locat ion of obsta cles wit hin 10 na utical miles of a n
airfield center.

Th e d im en sion s of ru n wa ys an d ta xiway s, th e h eig h
t of fl igh t to we rs,

a nd NAVAIDs .

Th e sa f e a p pr oa c h a n g le s t o r u n w a y s a n d t h
e m in i m um , s a f e g li de

angle.

Th e e le vation of th e bar om e te r on an airf ield .

The positions a nd azimuth s of points designa ted for INS
checkpoints.
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Basic Vertical-Control Networks

1 -3 0 . B a s i c v e r t i c a l -c o n t r o l n e t w o r k
s a r e e s t a b l i s h e d b y f i r s t -o r d e r

d i f f e r e n t i a l l e v e l i n g a l o n g l i n e s s p
a c e d f r o m 9 0 t o 1 60 k i l o m e t e r s a p a r t

t h r o u g h ou t t h e cou n t r y . P e r m a n e n t B M s
(P B M s ) a r e s pa c ed a t i n t e r v a l s ofabout 3
kilometers on these lines.

Supplementary Horizontal-Control Network

1-31. Supplementary horizontal-control networks are usually
established by

second-order survey techniques. These supplementary networks are
used to

fill in the a reas between the ba sic-contr ol lines. Ultima
tely, eith er a basic or a

s u p pl e m en t a r y n e t w o r k s t a t i o n w i l l b e
s pa c e d a t i n t e r v a l s o f a b o u t 6 t o 16

kilometers a cross a countr y.

Supplementary Vertical-Control Network

1- 32. S u p p le m e n tary ve rt ical- co n tro l n e two rk s
are e stab l ish e d b y se co n d -

order differential leveling. These lines are run within the
basic-control lines to

p ro vid e a p lan n e d co n tro l- l in e sp acin g at in te
rvals o f ab o u t 10 k i lo m e te rs.

PBMs are emplaced at intervals of about 2 kilometers apart on
these lines.

Auxiliary Horizontal-Control Networks

1 -3 3 . H o r i z o n t a l a u x i l i a r y - co n t r o l n
e t w o r k s a r e u s u a l l y e s t a b li s h e d b y

second- or third-order survey techniques. They provide localized
control to be

u s e d b y s u r v e y o r s f o r a r t i l le r y c o n t r o
l , c on s t r u c t i o n -e n g i n e er i n g s u r v e y s
,

ma pping projects, or other positioning requirement s. As more
sta tes a nd other

ag e n cies re qu ire g e od e tic accu ra cy for b o u n d ar y
a n d p ro p ert y su r ve ys, th e y

will use these netw orks.

Auxiliary Vertical-Control Networks

1 -3 4. Au x i l i a r y v e r t i c a l -c on t r o l n e t w o
r k s a r e e s t a b l i s h e d b y t h i r d -o r d e r

d if fere n tia l le velin g a n d a re u se d t o p rovid e
local iz ed ve rt ical co n tro l . Th e y

a re a lso used t o support a rtillery, const ruction, a nd
engineering projects.

SURVEY EQUIPMENT

Conventional Survey Equipment

1-35. To po g ra p h ic su rve yo rs h a ve th e od o lite s ,
le ve ls , a n d e lectro n ic D M E

(ED ME) w ithin their inventory. The AISI provides t opogra phic
surveyors wit h

the capability to extend control in a timelier and more
efficient manner. The

AI S I i s a t o t a l s t a t i o n t h a t c om b i n e s a n
g u l a r , d i s t a n c e , a n d v e r t i c a l

measur ements into a single electr onic instrument t ha t is
designed to digita lly

record and transfer data into a personal computer (PC).

NAVSTAR GPS

1-36. Th e N A VS T AR G P S is ca p a b le o f d e t e rm i n
in g a ccu r a te p o si t io n a l ,

v e l oc i t y , a n d t i m i n g i n f o r m a t i o n . Th e
P P S c on s i s t s o f m i l it a r y u s e r s a n d

a u t h o r i z e d r e p r e s e n t a t i v e s . A P P S u s
e r c a n o b t a i n h i g h - a c c u r a c y

insta nta neous positioning if the receiver is capa ble of a
ccepting the necessary
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As si st i n t h e e m pl a cem en t a n d r ecov er y of con t
r ol s t a t i on s a n d

prepa re sta tion description cards .

C om pu t e a b s t r a c t ed s u r vey da t a f or fi n a l t
a b ul a t i on .

MOS 82D20

1-40. Skill level 2 surveyors

Tr a n s por t , s e t u p, oper a t e , a n d m a i n t a i n e
q ui pm en t a c cor d in g t o

wr itten, ora l, or visual inst ructions from supervisors.

M a k e f ie ld ch eck s t o e n s ur e t h a t f ie ld m e a s
u r em e nt s m e et p r oje ct

specifica tions a nd classifica tions.

Pe rform ob servat ion s an d com p are , s ta n d ard iz e , an
d cal ib rat e su rvey

equipment.

I n p u t f ield -su rvey d ata in to CA D p rog ram s an d p
rocess CA D d at a in to

final products.

Tr a n s f er , pr oce ss , a n d a d j us t G P S d a t a b y
us in g su r v ey s of t w a r e a n dP C s .

Co m pu te an d ad ju st f irst-, secon d -, an d th ird -ord e
r h oriz on ta l- an d

vertical-control surveys.

P er for m pr elim in a ry a n d field com pu ta t ion s t o ver
ify field

o b se rvatio n s fo r co n tro l su rve ys an d co m p u te p
re l im in ary valu e s o f

horizonta l a nd vert ica l contr ol points.

C on v er t g r i d a n d g e od et i c coor d i na t e s a n d
t r a n s for m (i n t h e s a m e

system) coordinat es an d a zimuths from one zone to adjacent
zones.

Ope rate an d wri te prog ram s for pro gra m m a b le e le ctro
n ic calcu lato rs .

Oper a t e P C s .

D ire ct a n d con tro l p erson n e l wh e n actin g as a su
rve y-p arty ch ief .

MOS 82D30

1-41. Skill level 3 surveyors

S u p ervise an d d ire ct to pog rap h ic su rveys.

P repare project progress report s a nd conduct project
briefings.

Re com m e n d th e m eth o d of com p u tat ion an d ad ju stm
en t an d th e n ee d

for a d d it ion al d a ta .

E v a l u a t e a n d ver i fy r es u lt s of a l l com pu t a t
i on s .

D i rect t h e t r a n s por t a t i on , s et u p, op er a t i
on , a n d m a i n t en a n ce of

equipment a ccording t o writ ten, oral, or visual inst
ructions.

Pe rform a su rvey re con ( to in clu d e pictu re -p oin t se
lection ) an d m a in

an d se co n d ary su rve y- stat io n p lace m e n t an d e
valu ate f ie ld d ata an dthe results obtained.

P l a n a n d a n a l y ze t h e col le ct i on o f t r a v e r
se , t r ia n g u la t i on , l ev el in g ,

and satellite data and isolate computational or f ield
blunders.

S u p ervise CA D su rvey op erat ion s.

MOS 82D40

1-42. Skill level 4 surveyors
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P l a n a n d a pp r ov e t op og r a p h ic s u r ve ys .

S u p er v is e r e con s t u d ie s a n d r e con n oi t er s u
r vey s i t es t o d e t er m i n e

special requirements of obstacles encountered.

P lan an d a rra n g e log ist ical su pp ort for to pog rap h
ic-su rvey act ivit ie s . P l a n a n d or g a n i z e w o r k a c
t i vi t ie s.

Co ord in at e su rveyin g an d com p u tin g act ivi t ies
.

S u per v is e f iel d-s ur v ey a c t iv it i es i n s up por t
of t a s k a n d m is si on

requirements.

D e te rm in e com p osit ion a n d o pe ratio n al te ch n iqu
e s of to pog rap h ic-

survey parties.

P e r f or m q u a l i t y ch eck s on s u r ve y d a t a .

C o ll ect a v a i la b l e ch a r t s , m a p s, con t r ol l
is t s , a e r ia l p h ot og r a p h s , a n d

o t h er t o p og r a p h i c d a t a t h a t a r e n e ce s s a
r y t o m a i n t a i n a d e p l oy a b l e

d a t a b a s e .

D i ss em in a t e s ur v ey d a t a .

S e r v e a s t h e t e ch n ica l a u t h or i t y in a l l s u
r ve y m a t t e r s.

FIELDWORK

1-43. To po gra p h ic su rve yors p erfo rm m o st o f th e ir
o p era tio n al d u tie s a wa y

from the parent unit. Topographic surveying involves fieldwork
over a project

a r e a o r b a t t l e f i e l d . S u r v e y f i e l d w o r
k c o n s i s t s o f m a k i n g o b s e r v a t i o n s a n d

m e asu re m e n ts; re cord in g d a ta ; an d re tu rn in g t
h e d at a to a co m pu te r a n d /o r

d ra f tsm a n fo r com p u ta tio n , co m pilat io n , an d d
isse m in at ion . S u rve yors m u st

overcome ma ny fa ctors th a t combine to affect w orking
conditions. They mus t

be consta ntly a lert t o various factors such the
following:

Weather and terrain. Weather and terrain can adversely affect f
ield

surveys. The effectiveness of optical and electro-optical
instrumentscan b e se ve re ly r e d u ce d b y fo g , m ist , sm o
g , or g r o un d h az e . S wa m p s

a n d f l o o d p l a i n s u n d e r h i g h w a t e r c a n i
m p e d e l e v e l i n g o p e r a t i o n s .

S ig n a ls f ro m th e G P S co n ste l lat ion g e n e ra l ly
re qu ire a c le ar l in e of

s i g h t t o t h e s k y . U r b a n a n d f or e s t ed a r e
a s c a n m a s k o r d e f le ct t h e

d ire ct s ig n al th at is n e e d e d fo r accu rate m e asu
re m e n ts. G o o d re co n

an d p ro p e r p lan n in g can ale rt th e f ie ld p art ie s
o f th e b e st t im e s an d

methods to use.

Personnel. The rate of progress often varies in direct
proportion tothe tra ining a nd experience level of the a ssigned
personnel. The most

effective method of tra ining personnel is under conditions w
here th eir

actions have real consequence as opposed to mere practice.
On-the-job

training produces a measurable product but frequently results in
lostw ork due t o correcting m ista kes.

Equipment. Equipment reliability must be considered when
settingc om p l e t i o n d a t e s . M o d e r n , w e l l -m a i
n t a i n e d e q u i p m e n t c a n o f t e n

increa se the ra te of progress. Older equipment, if properly m
a inta ined

or ad justed, w ill yield a ccura te results. R epa iring or
repla cing broken

instruments or parts will sometimes slow down or stop a f ield
survey.

E q u i p m e n t m u s t b e c a l i b r a t e d a s p a r t o
f c o m b a t c h e c k s b e f o r e t h e

survey mission begins.
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Purpose. Th e p ur p os e a n d t h e t y p e o f s u r ve y w i
l l d e t er m i n e t h ea c c u r a c y r e q u i r e m e n t s .
C o n t r o l n e t w o r k s a r e e s t a b l i s h e d b y u s i
n g

high-a ccura cy G P S, tria ngulat ion, t ra verse, or leveling
procedures. At

t h e o t h e r e x t r e m e , c u t s a n d f i l l s f or a h
i g h w a y h a v e m u c h l ow e rsta n d a rd s. I n so m e su
rve ys, d ista n ces to in a cce ssib le po in ts m u st b e

d e t e r m in e d . H i g h -a c c u r a c y d i s t a n ce a n
d a n g l e m ea s u r e m e n t s a r e

re qu ire d so th at th e se valu e s, wh e n u se d in tr ig o
n o m e tric fo rm u las,

will y ield a ccepta ble results. This t ype of survey is
directly d ependent

on t h e c le a r n e s s o f t h e a t m o s p h er e . O b s
er v i n g m e a s u r e m en t s f or a

single position can be delayed for day s w hile wa iting on good
w eat her.

Accuracy. Accu racy re qu irem e n ts w il l d icta te t h e e
qu ipm e n t a n dtechniques selected. For insta nce, compar a
tively rough techniques can

b e u se d fo r e le vatio n s in si te su rve ys, b u t co n
tro l- n e two rk le ve lin g

requires much more precise and expensive equipment and
extensive,

time-consuming techniques.

Errors. Al l m e a s u r em en t s con t a i n s om e a m o u nt
of er r or . E r r or s

c l a s s i f i e d a s s y s t e m a t i c a n d a c c i d e n
t a l a r e t h e m o s t c o m m o nu n con tr o llab le e rro rs.
B e sid es e rro rs, m e a su re m e n ts a re su sce ptib le

t o m i s t a k e s o r b l u n d e r s t h a t a r i s e f r o
m m i s u n d e r s t a n d i n g t h e

problem, poor judgment, confusion, or carelessness. The overall
effect

o f m i s t a k e s a n d b l u n d e r s c a n b e g r e a t l
y r e d u c e d b y f o l l ow i n g a

p r e e s t a b l i s h e d s y s t e m a t i c p r o c e d u r
e . Th i s p r o c e d u r e w i l l b e

ad va n ta g eou s in a l l ph ase s o f a su rve y.

Progress rates. Ra tes of progress var y, depending on
experience andre p e ti t io n . A s sk il l a n d con fid e n ce
in cre a se , so d o e s sp e e d . P ro p e r

p r ep a r a t i o n a n d p l a n n i n g r e d u ce d u p l ic
a t i o n o f ef f or t a n d i n c r e a s e

efficiency.

Enemy. A hostile environment often forces a schedule a
djustment.

N i g h t w o r k r e q u i r e s g r e a t e r s p e e d , f e
w e r l i g h t s , a n d i n c r e a s e dsecurity . Adding
securit y forces increas es th e number of vehicles a nd

personnel, w hich in tu rn, r educes efficiency a nd r eta rds
even t he most

am bitious t ime schedule.

OBSERVATION OF DISTANCES AND DIRE CTI ONS

1-44. Topogra phic surv eyors observe dist a nces a nd/or
directions (a ngles) for

the following reasons:

To e st a b l is h G P S , t r i a n gu la t i on , a n d t r a
v er s e s t a t i on s f or b a s ic,

supplementary, and auxiliary control networks.

To e stab l ish g u n an d ta rg et p osi t ion s for art i l le
ry b att e rie s.

To e stab l ish h oriz on ta l con tro l to su pp ort P AD S
.

To esta b l ish p oin t a n d l in es o f refere n ce for lo cat
in g d eta i ls (su ch a s

b ou n d a r y l i n e s , r oa d s , b u i l d i n g s , f en c
es , r i v e r s , b r i d g e s , a n d o t h e r

existing feat ures).

To stak e ou t o r locate ro ad s, b uild in g s, lan d in g str
ips, p ip elin es, an d

other construction projects.

To es t a b l is h l in es p a r a l l el t o , or a t r i gh t
a n g le s t o, ot h e r l in es o r t o

d e te rm in e th e a re a o f tra cts o f la n d , m e asu r e
in acce ssible d istan ce s,

or extend st ra ight lines beyond obsta cles.
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To e stab l ish p ictu re p oin ts for d at a b ase s.

To d o a n y ot her w or k t ha t r eq uir es t h e u se of g
eom et r ic or

trigonometric principles.

OBSERVATION OF DI FFERE NCES IN E LE VATIONS

1-45. Topographic surveyors observe differences in elevation
(DEs) for thefollowing reasons:

To e st a b li s h B M s f or b a s i c, s u p pl em en t a r y
, or a u x i li a r y v er t i ca l -

contr ol n etw orks.

To determine DEs of terra in along a selected line for plotting
projects

a nd computing gra de lines.

To s t a ke ou t g ra d es , c ut s , a n d f ill s for ea r t h
mov in g a n d ot h er

const ruct ion project s.

F o r tr ig on om e tric e le va tion s of tr ia n g u lat ion
an d trave rse sta t ion s for

contr ol netw orks a nd m a pping projects.

To e stab l ish g u n an d ta rg e t posi t ion s for F A b at
te ries.

RECORDING OF FIELD NOTES

1-46. Topographic surveyors record field notes to provide a
permanent recordof t he fieldwork. These notes ma y t a ke any of
the follow ing format s:

Field-recording booklets.

S in g le-sh e et re cord in g form s.

D ig i tal d isk s or d evice s for au to m ate d d at a re cord
in g .

L a n d -s u rv ey p la n s .

P r oper t y pla n s .

Re cove ry a n d sta t ion d e scrip tion card s. C o nt r o l
di a g r a m s s h ow i n g t h e r el a t i v e loca t i on , m et
h od , a n d t y p e of

cont rol est a blished a nd/or r ecovered.

Even the best f ield survey is of little value if the field
notes are not completean d cle ar . T h e f ie ld n o te s are th e
o n ly re co rd s th at are le f t af te r th e su rve ypart y
leaves t he field site. Surveyors notes must conta in a complete
record ofal l m e asu re m e n ts o r o bse rvat ion s m ad e d u
rin g t h e su rve y. Wh e n n e cessar y,s k et c h es , d i a g r
a m s , a n d n a r r a t i on s h ou l d b e m a d e t o c la r i
f y n o t e s. Wr i t eovers, era sures, or use of correction ta pe
or f luid a re st rictly forbidden. Theseactio n s, wh e n p ro h
ib ite d b y th e u n it s su rve y stan d in g o p e ratin g p ro
ce d u re(SOP ), a re cause for punishment under t he U niform C
ode of Militar y J ustice.R e c o r d i n g e r r o r s a r e t o b
e l i n e d o u t a n d i n i t i a l e d b y t h e r e c o r d e r
a n d t h ecorrected reading entered on the recording form.

Quality

1-47. Good field notes share the following qualities:

Neatness. The lettering should conform to t he gothic style
portra yedin FM 5-553. All entries should be formatted according to
unit SOPs.

Legibility. O n ly on e i n t er p r et a t i on s h ou ld b e p
os s ib le . D e ci m a lpoints and commas must be clear and
distinct.


	
7/27/2019 FM 3-34-331 - Topo Surveying.pdf

22/354

FM 3-34.331

1-14 Missions, Operations, and Duties

Completeness. All entries should be complete, a nd a ll resolved
da tamust be finished according t o unit SOP s. All entries
must

s Be done on the correct forms and entirely in the field. Never
record

notes on scra p paper a nd t hen tr a nscribe them t o a f
ield-recordingf o r m . I f p e r f o r m i n g a n u n d e r g r o
u n d s u r v e y , u s e a c ov e r e dclipboard to protect the
notes.

s Accura tely describe th e field experience. Sketches, diagr a
ms, a ndnotes w ill reduce or elimina te q uestions.

Organization

1 -4 8. S u r v e y n o t e s a r e u s u a l l y k e p t i n a
f i e l d n o t e b o ok , o n i n d i v i d u a l

recording forms, or in an automated data collector. Loose-leaf
sheets should be

numbered serially to ensure that all sheets are kept and turned
in. Regardless

of t he forma t used, include

Th e instru ction s for th e re tu rn o f th e n ote s or casse
tte tap e s (sp ecify

a n y s p e c i a l - h a n d l i n g r e q u i r e m e n t s )
i n c a s e t h e y a r e l o s t . U s u a l l y ,they should be
return ed to the comma nder of the par ticular unit .

An index of the field notes and a cross-reference to additional
books or

binders.

A l ist o f pa rty p e rson n e l an d t h e ir d u tie s an d t
h e pro je ct s b eg in n in g

an d e n d in g d ate s.

A l ist o f in stru m e n ts u se d (in clu d e typ e s, se rial
n u m b e rs, cal ibra t ion

dates, constant values, and dates used).

A generalized sketch a nd description of the project.

Th e a ct u a l s u r v ey n ot e s on e a ch p a g e t h a t c
on t a i n d a t a . F i l l ou t t h e

heading a nd include the following informa tion:

s The sta tion na mes (include the esta blishing agency an d da
te).

s The survey da te.

s Th e n a m es a n d s ur v ey d ut i es of per s on n el (f or
ex a m pl e,

instrument operator or note keeper).

s The inst ruments used (include the seria l num bers).

s We ath e r d ata .

s The a ctual observed da ta (include a ll required
reductions).

s Pertinent notes, as required.

s The observers initia ls a t the bott om r ight corner of t he
recording

f o r m ( i n d i c a t i n g t h a t t h e o b s e r v e r h a
s c h e c k e d a l l e n t r i e s a n d

ensures that they are correct).

Format1 -4 9 . R e c o r d i n g o f f i e l d n o t e s t a k e
s t h r e e g e n e r a l f o r m s t a b u l a t i o n s ,

sketches, a nd descriptions.

Tabulations. N u m erical d at a is re cord e d in colu m n s fo
llowin g aprescribed forma t, depending on the type of operat ion,
t he instr ument

used, an d t he specifica tions for the t ype of survey.

Sketches. Sketches add much to the clarity of f ield notes and
shouldb e u se d l ib e ra l ly . Th e y m a y b e d ra w n t o sca
le (a s in p la n e -t a b le
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su rve ys), or t h e y can b e d ra wn to an ap p roxim ate
scale (a s in con tro l

c a r d s ) . I f n e e d e d , u s e a n e x a g g e r a t e d
s c a l e t o s h o w d e t a i l .

M e a s u r e m e n t s s h o u l d b e a d d e d d i r e c t l
y o n t h e s k e t c h o r k e y e d i n

s o m e w a y t o a v o id c on f u s i on . S k e t c h e s r e
q u i r e t h e s a m e q u a l i t y a sother field notes.

Descriptions. Ta b u l a t i on s w i t h or w i t h ou t s k et
c he s c a n a l s o b es u p p l e m e n t e d w i t h n a r r a t
i v e d e s c r i p t i o n s . Th e d e s c r i p t i o n m a
y

consist of a few words, or it may be very detailed. Survey notes
become

a part of historic records, so a brief description entered at
the time of

the survey may be important and helpful in the future.

1-50. Abbreviations and Symbols. S t a n d a r d a b b r ev i a
t i on s , s i gn s , a n ds y m b o ls s h o u l d b e u s e d i n
a l l s u r v e y n o t e s a n d m u s t b e c on s i s t e n t w
i t h

guidelines in such publications as AR 310-50 and FMs 21-31 and
101-5-1.

Spell out words if there is any doubt about the meaning or
interpretation of a

symbol or a bbrevia tion.

1-51. Corrections. F ie ld n o te s are co n sid e re d le g al
d o cu m e n ts an d can b eused in court proceedings. As such, no
era sures or w rite overs a re permitt ed.N o p o s i t i o n w i l
l b e v o i d e d o r r e j ec t e d i n t h e f i e l d , e x c e
pt i n t h e c a s e o fd istu rb in g th e in stru m e n t o r
targ e t o r o b se rvin g th e wro n g targ e t . I n e i th e
rcase, the position should be reobserved and the location of the
reobserved datas h o u l d b e n o t e d i n t h e r e m a r k s s
e c t i on . F o ll o w t h e s e r u l e s f o r m a k i n
gcorrections:

No erasures. All f ieldwork will be done in black or blue-black
ink( w i t h n o e r a s u r e s ) t h a t i s s u i t a b l e f o
r p h o t o c op y i n g . Th e o n l yexception is the field sheet
of a plane-table survey.

No write overs. F ie ld n o te s sh o w wh at h ap p e n e d in
th e f ie ld . I f an u m b e r is ch an g e d , m a k e a s in g
le slan te d l in e th ro u g h t h e in corre ctn u m b e r . Th e
i n d i v i d u a l m a k i n g t h e c or r e c t i on s i n s e r
t s t h e c o r r e ctnumber directly a bove or n ext to t he
corrected value, creat ing th e newentry and initialing the change.
A note will be entered in the remarkscolu m n sta t in g wh y th e
n u m b er w as ch an g ed .

OFFICE WORK

1-52. Surveying procedures also consist of converting the field
measurementsi n t o a m o r e u s a b l e f o r m . U s u a l l y ,
t h e c o n v e r s i o n s o r c o m p u t a t i o n s a r
erequired immediately to continue the fieldwork. At other times,
they must beh e ld u n t i l a se rie s of f ie ld m e a su re m e
n t s is com p le te d . Th is is cal le d o f ficework even though
some of the operations may be performed in the field duringlap se s
b e tw e en m e asu re m e n ts . S om e o f f ice wo rk re qu ire
s t h e u se o f sp ecia le qu ipm e n t (calcu lat ors , P Cs, or
d ra f t in g e qu ip m e n t) or e xte n sive re fe ren ces

a n d w o r k in g a r e a s . D u r i n g s u r v e y o p er a
t i o n s , m a n y f i el d m e a s u r e m e n t sr e q u i r e s
o m e f or m o f a r i t h m e t i c a l c o m pu t a t i o n . F o
r e x a m p l e , a d d i n g o rs u b t r a c t i n g D E s t o d
et e r m i n e t h e h e i g h t o f in s t r u m e n t (H I ) or e
l e v a t i o nduring leveling or checking angles to see that the
allowable error (AE) is notexceeded.

COMPUTING

1-53. Off ice com p u tin g con ve rts d ist a n ces, a n g les,
G P S m e asu re m e n ts, a n d

ro d re ad in g s in to a m o re u sab le fo rm o r ad ju sts a
p o si t io n o f so m e p o in t o r
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Elevation. Depending on the purpose, the elevations on some
levell in es a re com p u te d as th e m e asu r e m en ts ar e ta
k en . Wh e n th e l in e is

c los e d , t h e D E b e t w e e n t h e m e a s u r e d a n d
t h e k n ow n e l e va t i on i s

a djusted over a ll the st a tions in t he line. In higher-order
leveling, onlyth e D E s a re re cord e d d u rin g th e m e asu
rin g a n d a l l ad ju stin g is d on e

a t the completion of the line. The error is th en distribut ed
a mong the

various sections of the line.

ESTABLISHING RECORDS

1-55. Office computa tions reduce the field notes t o a ta bular
or gra phic form.

They become a perma nent r ecord a nd a re stored for furt her
use or subsequent

op er a t i o n s . M a n y s t a n d a r d i z ed f o r m s a r
e a v a i l a b l e a n d s h o u l d b e u se d . As

l on g a s t h e s h e e t s a r e c l ea r l y i d e n t i f i
e d a n d b ou n d a s a s e t , t h e y a r e

accepta ble. Normally, a ll f ield notes should be abst ra cted
and filed sepa ra tely.

Th e a b stra cts sh o u ld b e bo u n d alo n g wit h a l l co
m pu tin g fo rm s in to a s in g le

binder or folder a nd m a inta ined on file for further
reference. All pages should

h a v e t h e n a m e a n d d a t e of t h e p er s on p e r for
m i n g t h e w or k a n d a t l ea s t o n e

p er s o n w h o v e r i f ie d t h a t p a g e . D o n o t d i
s p os e o f or d e s t r o y a n y o f t h e s e

records.

CHECKING

1-56. Su rveying involves a series of checks. The field notes sh
ould be checked

by t he observer, t he recorder, a nd t he part y chief before
they a re tur ned in for

o ff ice w o rk . B e fo re com p u t in g , t h e a ssig n e d
p e rso n sh o u ld ch e ck th e n o te s

ag a in . M ost m a th e m a tical p ro blem s can b e solved b
y m o re th an on e m e th o d .

I n ch e ck in g a se t o f co m p u tatio n s, i t m ay b e d e
sirab le to u se a m e th o d th at

d i f f er s f r om t h e or i g i n a l c om p u t a t i o n m
e t h o d . A n i n v e r s e s ol u t i on m a y b e

u s e d , st a r t i n g w i t h t h e com p u t e d v a l u e s
a n d s o lv i n g f or t h e f ie ld d a t a or a

g rap h ic solu tion . E ach st e p th at can n o t b e ch ecke
d b y a n y o th e r m e an s m u stbe checked by a tota lly
independent recomputa tion by a nother individual. Any

errors or mistakes that are found must be resolved and rechecked
before the

computation is accepted.

SURVEY COMMUNICATION

1-57. S u r ve y-p art y m e m b e rs m a y f in d t h e m se
lves se p ara te d . Th e ab i l i ty t o

co m m u n ica te w ith e ach o th e r m a y m e an th e d i f
fe ren ce b etw e en su cce ssful ly

completing a section of work or not. Even at relatively short
distances (as in

si te su rve ys o r le ve lin g o p e ratio n s) , b ack g ro u
n d n o ise s can o b scu re d ire ct

voice conta ct. At longer dist a nces, such a s in ED M or
direction-meas urement

operations, effective direct voice contact is impossible.
Therefore, some other

type of communicat ion is required.

VOICE

1-58. On long lines, w here han d signa ls a re impossible, a ra
dio must be used.

Ea ch thea ter of opera tions or Army comma nd ha s published
communicat ions-

e l ec t r o n i c s o p er a t i o n i n s t r u c t i o n s (
C E O I ) t h a t u n i t s m u s t f o ll o w . O n l y

f r e q u e n c i es o b t a i n e d t h r o u g h t h e l o c a
l s i g n a l o f f i c er m a y b e u s e d . A l l

p e r s o n n e l m u s t b e f a m i l i a r w i t h t h e C E
O I a n d t h e u n i t s c o m m u n i c a t i o n s
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SOP before using a ra dio. All radio communicat ions must be
kept a s short a nd

secure as possible.

1 -5 9. O v e r s h o r t e r d i s t a n c e s , d u r i n g a
l l t y p e s of s i t e s u r v e y s , t h e A I S I

provides one-way voice communication. Two-way communication is
preferredfor short distances. Most units have some type of
hand-held radios, although

they a re not TOE equipment. These ra dios should be a ble to
communica te up

to 5 kilometers a nd should not be limited to line of sight
only. P orta bility, ea se

o f op e r a t i o n , a n d f r e q u e n c y p r o g r a m m a
b i l i t y s h o u l d b e co n s i d e r e d w h e n

p rocu rin g th is typ e o f com m u n icat ion e qu ip m e n t.
M il i ta ry h a n d -h e ld ra d ios

are readily available in most military communities.

1 -6 0. TO E c h a n g e s a r e r e p l a c i n g f r e q u e n
c y m o d u l a t e d (F M ) r a d i o s w i t h

S i n g l e -C h a n n e l G r o u n d -t o -Ai r R a d i o S y
s t e m s (S I N C G AR S s ). Th e n e ed t o

c om m u n i ca t e a c r os s l a r g e d i s t a n c es i s i
n cr e a s i n g i n f r e q u en c y . G P S -S s a r e

c o n d u c t e d a t d i s t a n c e s o f u p t o 2 5 k i l o
m e t e r s a n d d e p e n d u p o n

synchronization between receivers during data collection. Any
disruption from

a single station in a GPS network can result in a total loss of
effort.

DIGITAL

1- 61. T h e p rim ary fo cu s o f su rve y o p e ratio n s d u
rin g wart im e is to o p e rate

q u i c k l y o v e r l a r g e d i s t a n c e s . Th i s r e q
u i r e s t h e a b i l i t y t o t r a n s m i t d a t a

d ig ita l ly ove r th e b a tt lef ield . Th e typ e o f d at a
wil l b e larg e ly o r e n tire ly G P S

d a ta . I n o rd e r fo r a su rve y te a m t o pro vid e accu
rat e p osi t ion s w h e re n e ed e d

an d in a t im e ly m an n e r, th e y n e e d to o p e rate in
re al t im e with o u t h avin g to

process out the error code embedded in a GPS signal. The process
of real-time

GPS surveying begins with a base-station receiver that
broadcasts corrections

t o t h e s i g n a l s e m a n a t i n g f r om t h e G P S s a
t e l li t e s . Ar m y s u r v e y or s h a v e t h e

fol lowin g tw o m ean s of tra n sm itt in g th is d at a :

Radio modem. S u r vey or s h a v e a r a d io m od em t h a t i
s d es ig nedp rim ari ly fo r b ro ad castin g D G PS co rre ctio
n s o r raw G PS d ata f ro m a

s u r v e y b a s e s t a t i o n t o o n e or m o r e r ov i n
g r e c ei v er s f o r r e a l -t i m e

d i f f e r e n t i a l o r k i n e m a t i c ( R TK ) s u r v e
y i n g . Th e s e r a d i o m o d e m s

require line of sight between ea ch ra dio modem. They can be
set up in

a series of repeating stations that extend across the survey
area. This

system is effective only over a sma ll, local a rea.

SINGARS. Th e pr i ma r y s y st e m f or d a t a t r a n s m is
s ion ov er t h edistances required on the battlefield is SINCGARS.
GPS-S is designed

t o t r a n s m i t e n cr y p t e d G P S d a t a ov er S I N C
G A R S . An y u s e r t h a t c a n

receive the data will have a real-time correction to the
broadcast GPS

signal. This gives topographic surveyors the operational
capability to

p er f or m t h e m i s s io n u n d e r c ir c u m s t a n c es
w h e r e G P S s i g n a l s a r ed i t h e r e d o r s p o o f e
d o n t h e b a t t l e f i e l d . A G P S s i g n a l c a n b
e

retra nsmitt ed over a communica tion network to multiple users,
which

extends the range and capability of survey operations.

MISCELLANEOUS

1-62. Mirrors a nd lights can a lso be used for communica tion.
A signa l mirror

ca n u s e t h e s u n a s a l ig h t s ou r c e a n d i s a f a
i r l y a c cu r a t e s i g h t i n g d ev i ce .

M o r s e c o d e o r o t h e r p r e a r r a n g e d s i g n a
l s c a n b e u s e d t o e f f e c t i v e l y
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com m u n i ca t e d u r i n g t h e d a y . At n i g h t , t h
e s a m e s i g n a l s c a n b e u s e d w i t h a

light.
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Chapter 2

Project Planning

S ur v e y o per a t i o ns , w he the r unde r com b at condi t
i ons o r n o t , ar e l i ke a nyot h e r m i li t a r y o p er a
t i o n a n d m u s t b e ca r e fu l l y p la n n e d . E n t h u
s i a s m ,technical proficiency, and dedicat ion do not m a ke up
for poor pla nn ing. Allp la n s m u s t b e d y n a m i c in n a t
u r e a n d m u s t b e con s t a n t l y e v a l u a t e d a n du
p d a t e d . Th i s c h a p t e r a d d r e s s e s p r o j ec t p
l a n n i n g , p r i m a r i l y f r o m alogistics a nd a
dministra tive sta ndpoint. Most of the informa tion conta inedi n
t h i s c h a p t e r i s c on c er n e d w i t h p r e ba t t l e
op e r a t i on s . S o m e t e ch n i c a lp l a n n i n g w i l l
b e a d d r e s s e d , b u t o n l y a s i t i m p a c t s o n l o
g i s t i c s a n d

a dministra tive support. P roject planning ca n be divided into
t hree phases:e v a l u a t i o n a n d s c h e d u l i n g , i n f
o r m a t i o n -g a t h e r i n g t r i p s , a n d p r o je c
texecution.

2 -1 . E v a l u a t i o n a n d s c h e d u l i n g i n c l u d
e s t h e i n i t i a l p r o je c t e v a l u a t i o n
,determination of the project requirements, assessment of the units
ability toaccom p lish t h e p ro je ct , d e te rm in at ion o f a
p re lim in ary p lan a n d m ilesto n e s,and coordination of the
necessary administrative and logistical support. After

r e c e i pt o f a p r o je c t d i r e c t i v e , p r o je c t
p l a n n i n g b e g i n s . Th i s p r e l i m i n a r yplanning
involves eva luat ing the directive, assessing th e units
capability, a ndd e t e r m i n i n g a p r e l i m i n a r y s c h
e d u l e o f e v en t s . I t i s i m p o r t a n t t h a t a l
lestimates, including time and funds, be labeled as preliminary for
all reportso r b rie f in g s. M an y su rve y m issio n s are in
are as wh e re g o ve rn m e n t lo d g in ga n d m e a l s a r e u
n a v a i l a b l e o r i m pr a ct i c a b l e. Th e c u st o m e
r m u s t b e m a d eaw ar e of th e scop e an d p ace of su rve y
op erat ion s a n d w h a t t h e im pact m a y b eif operat ions a
re restr icted t o a set schedule. This must be done to provide
thec u st o m e r , s u p por t e d u n i t s , o r h i g h e r H Q
w i t h a n a c cu r a t e p i ct u r e o f t h eextent and cost of
a project.

PROJ ECT REQUIREMENTS

2-2. The first step in project planning involves evaluating the
requirementsas stated in the project directive. In many instances,
requests will come from

o f f i c e s o r u n i t s t h a t h a v e n o r e a l k n o w
l e d g e o f s u r v e y r e q u i r e m e n t s . T h e

support request must be carefully evaluated to ensure that what
the customer

h as o rd e re d is , in fact , wh at th e cu sto m e r n e e d
s. T h is e valu atio n is u su al ly

d o n e b y th e su rve y n o n co m m ission e d o f ficer in
ch ar g e (N COI C). G e n era l ly ,

th e p ro je ct d ire ctive can b e cla ssi f ie d in o n e of t
h e fo llo win g t h re e case s o f

requirement versus n eed:

Th e cu st om er h a s r e q ues t ed w or k t h a t i s m or e
a c cu r a t e t h a n i s

needed.

SECTION I - EVALUATION AND SCHEDULING
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2-2 Project Planning

Th e custo m er h as re qu este d wo rk th a t is less accu rat
e th a n is n e ed ed .

Th e custo m er h as re qu este d wo rk th a t m at ch e s th e
n e ed .

2-3. I n th e f irst case , th e cu sto m e r is ty p ica l ly n
o t su rve y-o rie n te d a n d o n ly

sees the orders and classes of accuracy as words and numbers on
a page. Thec u s t om e r d o es n o t u n d e r s t a n d t h e d
i f f er e n c es a n d t h e c os t i m p li c a t i o n s o f

e ach . G e n e ral ly , a te le ph o n ic exp la n a tio n o f
th e d i f fere n ces in t h e o rd e rs o f

a c cu r a c y w i l l r e s o l v e m o s t p ot e n t i a l c
o n f l i c t s . I n t h o s e c a s e s w h e r e t h e

c u s t om e r c a n n o t b e s w a y e d f r o m a n e r r o n
e ou s p e r c ep t i o n of t h e or d e r s o f

a c c u r a c y , a n e x p l a n a t i o n o f t h e c o s t d
i f f e r e n c e s w i l l g e n e r a l l y c h a n g e t h e

c us t o m er s m i n d . I f t h e c u s t om e r r e m a i n s
a d a m a n t a b o u t t h e r e q u e s t , s t a r t

planning t o accomplish the original request.

2-4. In the second ca se, the customer must be conta cted a nd t
he differences in

the orders of accuracy explained. Since funding costs usua lly
go up or down in

direct proport ion t o the order or cla ss of accuracy, it ma y
be difficult t o cha nge

th e cu stom e rs a t t i tu d e ab o u t t h e re qu e st . I f
th e cu stom e r can n o t b e swa ye d ,

start planning to accomplish the original request.

NOTE : Careful documentation of all contacts and conversations
with the customershould be kept, especially in the first two
instances. At some future date, the customermay realize that the
survey unit gave good advice and may wish to change the
initialrequest. If the recommendations for change are not
documented accurately, the unitmay be liable to correct a project
without additional funding.

2- 5. I n th e th ird case , p lan n in g can b e g in im m e d
iate ly. T h is is u su al ly th e

case w h e n d ea l in g w ith o th e r m ili ta ry u n its t h
at are ro u tin e surve y u sers.

UNIT CAPABILITIES

2-6. Assessing the unit s a bility t o conduct a ny t ype of
survey is perha ps one

o f th e m o st d i f f icu lt task s. F o rtu n ate ly, m an y
m e ch an ism s e xist to assist int h i s e v a l u a t i o n . Th
e s i n g l e b e s t i n d i ca t o r s a r e t h e c om m a n d e
r s a n d t h e

survey-section leaders personal fam iliarity wit h t he
soldiers. Since this is not

a l w a y s a c cu r a t e , a n u m b er o f s y s t e m s h a
v e b e en e s t a b l is h e d t o h e lp i n t h i s

evalua tion. Two of these systems a re a s follows:

Army Training and Evaluation Program (ARTE P). ARTEPsco n tain m
issio n train i
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