-::Mine survey 3 fifth semester third year::-

Chapter 1:-

1.0 tacheometry:-
Tacheometry (or Tachemetry or Telemetry) is a branch of angular surveying in which

the horizontal and vertical distanceS, of points are obtained by optical means as
opposed

to the ordinary slower process of measurements by tape or chain. The method is very
rapid and convenient. Although the accuracy of Tacheometry in general compares
unfavourably with that of chaining, it is best adapted in obstacles such as sleep and
broken ground, deep ravines, stretches of water or swamp and so on, which make
chaining difficult or impossible. The accuracy attained is such that under. favourable
conditions the error will not exceed 111000 , and if the purpose of the survey does not
require greater accuracy, the method is unexcelled.

Instrument used in tacheometry surveying:-

ordinary transit theodolite fitted with a stadia diaphragm is generally used for
tacheometric survey. The stadia diaphragm essentially consists of one stadia hair above
and the other an equal distance below the horizontal crosshair, the stadia hairs being
mounted in the same ring and in the same vertical plane as the horizontal and vertical
cross-hairs. Fig. 22.1 shows the different forms of stadia diaphragm commonly used.
Definition of tacheometer:-

The first type is known as stadia theodolite,

while the second type is known as 'tacheometer'.

The 'tacheometer’ (as such) has the advantage

over the first and the third type due to the

fact that the additive constant of the instrument

is zero.

The telescope used in stadia surveying

are of three kinds :

(1) the simple external-focusing telescope.
(2) the external-focusing anallactic
telescope (Porro's telescope).

(3) the internal-focusing telescope.

The first type is known as stadia theodolite

1.1 define stadia and its principle:-
THE STADIA METHOD
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THE STADIA METHOD

234, PRINCIPLE OF STADIA METHOD

The stadia method is based on the principle that the ratio of the perpendicular to
the base is constant in_similar isosceles triangles.

InC‘F@./ﬂ_T(a), let two rays OA and OB be equally inclined to the central ray
0C. Let A4 By, 4B and 4B be the staff intercepts. Evidently,

0606, _0C

Asz A|B| AB

p

< ok oa B
= constant k—zcotz.

This constant k entirely de-
pends upon the magnitude of the
angle p. If p is made equal ©0 @)

34'22".64, the  constant
k=L ot 17 117,32 = 100. In this je<i—h¢ h jl

case, the distance between the staff
and the point O will be 100 times
the staff intercept. fn actual prac-
tice, observations may be made
with either horizontal line of sight
or with inclined line of sight. In
the latter case, the staff may be
kept either vertically o normal
to the line of sight. We shall first
derive the distance-elevation for-
mulae for the borizontal SIghts. FIG. 22.3. PRINCIPLE OF STADIA METHOD.
Horizontal Sight. Consider '
Fig. 223 (b) in which O is the optical centre of the objective of an external focusing
telesope.
Let A C and B=The poinis cut by the three lines of sight corresponding f0 the

three wires.

b canda=Top, axial and bottom bairs of the diaphragm.
2b=i=interval between the siadia hairs (stadia interval)

AB = s = staff intercept.

()
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414 . e SURVEYING

f=focal length of the objective
/i = Horizontal distance of the staff from the optical centre of the objective.
f> = Horizontal distance of the cross-wires from O.
d = Distance of the vertical axis of the instrument from O.
D = Horizontal distance of the staff from the vertical axis of the instrument.
M = Centre of the instrument, corresponding to the vertical axis.
Since the rays BOb and AOa pass through the optical centre, they are straight so
that As AOB and aOb are similar. Hence

)
= «ashl)
Again, since f; and f, are conmjugate focal distances, we have from lens formula,
| I T | :
L Tt ()
i i
Multiplying throughout by ffi , we get f =;.if+f_
2
Substituting the values of é:; in the above, we gef
hi= T‘ g o i )
The horizontal distance between the axis and the staff is
D=fi+d
or peLsrgra-k.s+c 22,1 @)

Equation 22.1 is known as the distance equation. In order to get the horizontal distance.
therefore, the staff intercept s is to be found by subtracting the staff .readings corresponding
to the top and bottom stadia hairs,

The constant k= f /i is known as the multiplying constant or stadia interval faaor
and the constant (f+d)=C is known as the additive constant of the instrument.

Alternative Method. Equation 22.1 can also be derived alternatively, with reference
to Fig. 22.4 in which the rays Bb’' and Aa’ passing through the exterior principal focus
F. become parallel to the optical axis. The rays Aa and Bb pass through O and remam
undeviated.

Since the stadia interval ab is
fixed in magnitude, the points
a'and b’ are fixed . Again, since F
is also fixed, being the exterior principal Y
focus of the objective, the angle AFB
is fixed in magnitude.

From similar triangles AFB and
a'Fb' we have

h——- '3 ‘r:}:- f‘

FIG. 22.4. PRINCIPLE OF STADIA METHOD.
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D'-_-FC+(f+d)=-{-s+(f+d)=ks+c (221

Note. Since poimt F is the vertex of the measuring triangle, it is also sometimes
called the anallactic point.

Elevation of the Staff Station. Since the line of sight is horizontal, the elevation
of the staff station can be found out exactly in the same manner as the levelling. Thus.

Elevation of staff station = Elevation of instrument axis — Central hair reading
Determination of constants k and C . )

The values of the multiplying constant k and the additive constant C can be computed
by the following methods :

st Method. In this method, the additive constant C =(f+ d) is measured from the
instrument while the multiplying constant k is computed from field observations :

1. Focus the inrument to a distant object and measure along the telescope the distance
berween the objective and cross-hairs.

1.1 1
;TRTE

Since f, is very large in this case, f is approximately equal to fa. i.e., equal
to the distance of the diaphragm from the objective.

2 The distance d between the instrument axis and the objective is variable in the
case of external focusing telescope, being greater for short sights and smaller for long
sights. It should, therefore be measured for average sight. Thus, the additive constant (f+d)
is known. .

3. To calculate the multiplying constant k. measure a known distance D, and take
the intercept s, on the staff kept at that point, the line of sight being horizontal. Using

D,-C
5

For average value, staff intercepts, s;.s; etc., can be measured corresponding to
distance D, , D, etc., and mean value can be calculated. .

Note. In the case of some external focusing instruments, the eye-piece-diaphragm unit
moves during focusing. For such instruments d is constant and does not vary while Sfocusing.

2nd Method. In this method, both the constants are determined by field observations
as under :

1. Measure a line, about 200 m long, on fairly level ground and drive pegs at
some interval, say 50 metres. ’

2. Keep the staff on the pegs and observe the corresponding staff intercepts with
horizontal sight. =

3. Knowing the values of D and s for different points, a number of simultaneous
equations can be formed by substituting the values of D and s in equation 22.1. The

equation 22.1, Di=ks, +C or k=
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simultaneous solution of successive pairs of equations will give the values of £ and C,
and the average of these can be found.

For example, if 5, is the staff intercept corresponding to distance D and corresponding
o D, we have

D=k +C ..() ani Dy=ks+C Wi
Subtacting () from (i), ve get k=%’% (22
=J

Substiruting the values of k in (), we get
C=D;-DZ—DI s|=D] =Dy si=Drsi+Dis
1= 5 =8
or C=Dl a-by w(22.3)
51=§ .

Thus. equations- 2.2 and 22.3 give the values of k and C.
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FIG 4.1 : Basic Principle of Stadia Tacheometry
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a steel tape from the instrument station A. let th
distance measured are D, and D S
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,_,rm. 5&25@3 is not up at A and with the line of
collimation horizontal the staff intercepts S, and S, on
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D= - S+(f+d)

—e |
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D, = 5 S, +(f+d) o

/’!

Scanned by CamScanner



T MINE SURVy
e

;.h;\\!\\.\!.\.\! C
D, = *. S, i:& 5
P ion (1) and (2)
py subtractind equa
[ 5, -5)
—Um \U_ = .__) Amm‘ !
{ D=
on M B mN !m_ *.
. { = inone of the ¢
Again substituting (his value 01 5 e 5:253
(1) or (2).
, DS |Dnmh
U2 A
Am * ﬁ: - mw - m_
m _ Um - @_
.. Multiplying constant, i 5,-S,
— é_mm lﬁmm_
And Additive constant, (f+d)= 5=,
45 THE STADIA METHOD OF TACHEOMETRIC
SURVEY -

Principle :
« The principle of tacheometric is the geometrical
theorem that n similar triangles homologous sides

are proportional,

* The common vertex of the triangles, in this case, is
not the center of the instrument, but a point in front
of the telescope, objective, at a distance equal tof,
the focal length of the objective.

— A T

‘Tachcometry ———
- '.v!.’

—q_._-_n_—u_& of Stadia Zm:_m:e_r,",, ....... xr-,.is,:\:.,..ti«...;u

Staff

. Or(d
anion Ax18 i % ;

3 N IIF‘_

Tru

FIG 4.2 :
Where the line of sight is horizontal and the staff i held

vertically

Lot f = Focal length of the object glass,
i = Distance between the upper and lower

stadia hairs.
S=85,- S, = Staff intercept.

D = Horizontal distance from the instrument
station to the staff station

K = Distance of trunion axis from the object

glass.
S, = Axial hair reading.

From similar triangles FAC and FA'C!,

FB _ AC
FB' A'C!
D-K-f S
or, = -
f i
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. And the constant .
A «ternal focusing telescope varies

the value of which fore

from 30 cm t0 60 cm

+ And for internal focusing type from 10 cm to 20 cm which

being small can be ignored.

However to make the additive constant equal to zerg
another convex lens called anallatic lens is fitted in the
telescope between the objective and eyepiece at fixed
distance from the objective glass.

S+(f+k)

Horizontal distance =

—] .

. = 100S+Additive constant.
ie elevation (R.L.) of the staff station

I — -

R S » !
o ————— !

1

%15 - fiyial hair

m_mcm:oa of the instrumenta

 of the instrument statj
- B S,. pration o Height of

=

n this method, the observation is made with .
help of a stadia diaphragm having stadia hairs M;
fixed distance apart. ,

. Whe

different rea
entre or collimation web will give the true

n th sight is taken to a distant staff, three
dings will be obtained. N

o The C
reading for level.

, The differnce of the readings on the shaft
no:‘mmvo:&:m to the top and bottom stadia hairs
known as staff intercept, will be directly proportional
{0 the distance of the shaft from the instrument

station (apart from the correction required in certain

cases)-

. [t should be noted that the subtense angle remains

constant.
4,6 DERIVATION OF FORMULA FOR HORIZONTAL
DISTANCE AND ELEVATION

a) With Horizontal sights In a tacheometer, with horizontal

sight and with staff vertical and perpendicular to
here d = horizontal distance
instrument.

line of
it, the horizontal distance w
from optical centre to the vertical axis of the

D= W S+(f+d)

i

i s
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The Tangential Method

The height and horizontal distance of a point relatiye o
the instrument may be found by observing shaft anq
uring the vertical angle as shown in the figure -

ier.

meas

« This method involves the reading of vertical angles
to two fixed targets upon a graduated staff.

+ A stadia diaphragm carrying only one horizontal
web (central hair) will be required.

. Mrm telescope is set level at T an and shaft read at
m.. .Em telescope is then tilted to read a definite
ision on the shaft and the angle ( ) noted.
* Let this interc
R 6ot p.ﬁcm S, then the horizontal distance
The elevation of  ;

as in ordinary _mé:m deduced from the reading B

ng.

. -

when the ground does not permit
eading of the staff, two vertica| ang|

4 Tacheometr

) rozwoam_
es are Hmm&.

FIG 4.3 : Tangential Method with Inclined Sights

The horizontal distance D is required.

. The vertical angle o and B are measured, the

reading B being the height of the instrument and
AB the staff intercept (S),

Zoim_uclmn>w

b =Dtan o and a = D tanf,
There fore (b-a) = S = D (tan o -tanp)

S

tana —tanf

D=

and

When « is an angle of elevation and B an angle of.

depression : D=

S

" tana —tanP

_wasl
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Stanf_ il
“a -~ tanp

and a= ptanf = tant

FIG 4.4 :

Staff held vertical
« In the following calculation it is assumed that the
multiplying factor is 100 and the additive constan;

(f+d) is C.

+ In figure, for an inclined sight to a vertical staff
reading AC must be first reduced to the equivalent
reading A,C, normal to the line of sight, i.e. at right
to FB,

* Now the angle CBC, is equal to the vertical angle
«, and the triangle CBC, may be considered right-
angled at C, with negligible error.

Therefore,

. >HO_ H>OnOmQH S cos q

./E’ —

i ————— o

.,

‘Tacheometry i
. " o P B e —— T ——n,
The distance FB = [(0g i
P | f 0S Cos ¢ and Tp .If.ri....ll_

glope distance = TR - 1005 e :.I_T,m

Horizontal distance = ) = 1y éo
o +Clcosu

= —=COS,sj i
m SQ.SIN 0+ (ft, i ¢

= 100 S cos? ®+C cos

Again, vertical height EB, from the axis of the instrument
1o the point cut by the middle stadia hair o, the staff

H = TBsin a = (100S cosa +C) sin ¢
= 100S cos a sin o +Csin ¢
It is also possible to deduce H from D from the relaton
H =D tan a
if no additive constant is involved.
Slope distance = 100S cosa
Horizontal distance = 100S COS?q
The height H is not the difference of the level

between the instrument station and the staff station,
this may be found as follows :

When the angle of elevation is positive, the

difference in level is given by

« h = H+ height of instrument axis-central stadia

reading.

« But when the line of sight is depressed below the
horizontal, the procedure (for calculating the
difference in level) is exactly the same 22 c&ﬂ“
except that the height H is prefixed with the nega

—_ _gyem———
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PROBLEM-1

(a) Findoul th
data:

(b) Alsofind the
were 1.20m and

of a tacheometer front the folj,, vin
8

¢ constants

distance when the reading of the stadiq haipg

3.70m.
-ontal in all cases

The line of Sight is hori
Horizontal Distanceé Stadia Readings
Lower Upper
200m 1.50m: 3.46m
400m 0.40m 4.33m
Solution :

(a) The horizontal distances
When the line of sight is horizontal.
In the first case, we have S = 3.446 - 1.50 = 1.96m

and H = 200 Iummimn&

in the second case, we have
§=4.33-0.40 = 3,93m and H = 400m

- f
:moouwi.omi?&UE

—IEAI— -

f
..400 = T x3.93 +(f + d) = (i)

mccm:mn::m the first from th, setomg
n " Sm
get

f
400 200 =(393-1.96)

moouwx&oq
or i
f 200
. S=——=10L
“17197 1.52
400

and (f+d) = 101 52,303 - -00ml:from i

b) The distance,
f

H= 7

S+ (f+d)

— 101.52 x (3.70-1.20)+1.00
_ 101.52 x 2.50 + 1.00

PROBLEM - 2

To determine the multiplying constants of a Tacheometer
the following observations were taken on the staff held
vertical at a distance measured from the instrument:

Observation H.Dist. V.Dist Staff Intercept
1 50m +3%48'  0.50m
2 100m +1°06' 1.00m
3 goom  +o86 5"
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1.2 EXPLAIN DIAPHRAGM, RETICULES, TACHEOMETRY INSTRUMENT CONSTANT:-
DIAPHRAGM:-

Diaphragm. Diaphragm is provided in front of the eye piece. It contains cross hairs made
of dark metal which are arranged in perfect perpendicular positions. These cross hairs
are used by the eye piece to bisect the objective through objective lens.

RETICULES:-

A reticle, or reticule (from Latin reticulum, meaning 'net'), also known as a graticule (from
Latin craticula, meaning 'gridiron’), is a pattern of fine lines or markings built into the
eyepiece of a sighting device, such as a telescopic sight in a telescope, a microscope, or
the screen of an oscilloscope, to provide measurement references during visual
examination. Today, engraved lines or embedded fibers may be replaced by a
computer-generated image superimposed on a screen or eyepiece. Both terms may be
used to describe any set of lines used for optical measurement, but in modern use reticle
is most commonly used for gunsights and such, while graticule is more widely used for
the oscilloscope display, microscope slides, and similar roles.

Tacheometer:-

A tacheometer which is essentially nothing more than a theodolite fitted with stasia our
hairs is generally used for metric surveying. The stadia diaphragm consist of one stadia
hair above And The other at equal distance below the horizontal cross hair. the stadia of
hairs are kept in the same vertical plane the horizontal and vertical cross hair.

Instrument constant:-

known as stadia interval factor, also instrument constant. It is denoted by K and thus. d =
Ks Equation (23.1) The horizontal distance (D) between the center of the
instrument and the. station point (Q) at which the staff is heldis d + f + c.
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he staff intercept is kept constant Where

tadia hairs 18 variable. Instruments ygeq as fh,

: i ..
distance b:t: th:odolite with a special type of diaphragm gpq 0 thi;

: a
: Jed with tWO targets at & known distance. Stafy
pro” Theodolite (F1g. 13.19]

20 30

gm, the central or
din the plane of the telescope.

<ial wire is fixe . f _
£';h stadia hairs are moved 10 vertl.cal plane Z
; hreaded micrometer

eans of two finely ¢ o either
ls)?:rr::?vs. The distance through which eithe! N

wire is moved from the fixed central wire, 1§ ( \
measured by the number of turns made by the -
micrometer SCTEW- The full turns are l'eaq on =
the graduated scale seen in the. field of view
and the fractional part of a turn1s read on the 5
graduated drum of the micrometer SCrew /
placed one above and one below the eye piece. !

The total distance through which stadia wires ~ -
move, is equal to the sum of the micrometer %

readings.

b

L

i T T TTTTTITY
It may be noted that graduations on thel os or 08 g

micrometer drums are in opposite directions. =

9 The staff targets. If the distance be- Fig. 13.19. A special type
tween the instrument station and staff posi- diaphragt?eoga ITOV'ng by
tionis within 200m, an ordinary levelling staff o
may be tised and a full metre reading used for the purpose of observing
a constant intercept. For distances exceeding 200 m, it becomes difficult

to read graduations. In such cases two vanes or targets fixed ata known

4_-‘-
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MGHE:; art on a e?,ta[’f, are Observe

y S‘Rnojnt of the two targets, A thipg targeg 691
. L 5 e i

n]ld p ETHOD OF OBSERVA‘“ONS 18 ﬁxed at th(}

ing observations v
:ﬁ}nthi Centraltiici)l];;g“:h a.the()d()lite fi
giap” are then turned o 1S first bisans. ‘“WlWithq _
o ometers Tioien Slnlultaneous‘l Ceted wigy, " PCCial typo
‘\hcefti cal plane: The readings ape ¢ - Noteg O ¢ the (;{;xll'al wire,
aV C ‘ LD e ( ia Wires

i ilen

) ic
i acheometric formyjy, fo

o fitted with a dia’phragm n Wr. Sub

' ‘Cng
1 et 4
theﬂdo{ as a subtense theodolite. The + ich stadig y; }“Godollte. A
Y or ’

for(f+d is equally applicable ¢, the moygp, zontal formuyla
3 able ’

. X b
lau e OI:J mghtlt}} aild Side are Constant Hrmethod. In thig
Hence, the multiplying cop . excent |
ce- . stant Pt i, the

dlst‘f‘is (f+d). If m is the tota] NUmbe ;so(;fzhand the adq stadia

| ;:i;ometer of pitch p, for a staff intercept then =‘3 revolutions of the

ubstit uting Fhe value of { in tacheometyie e

15

IE

_5
D=L+ (+a)
= é S+B
v m .(13.25)
However, if e is the index error eqn. (1325) reduces to
D= M- s +B. ...(13.25a)

. 2 Determination of tacheometric constants, The value of

- alditive constant B = (f + d) may be easily obtained by measuring dis-

tances along the telescope of the theodolite. Values of both the constants

ﬁe l'.;nd B may be calculated by making field observations as detailed
0w ; '

'Procedure. The following steps are followed.
1. Measure two distances D, and D on a fairly level ground, from
~ theinstrument station.
- 2. Hold the staff carrying two targets S metres apart at the end

- ofdistance D;. '

3. Bisect the central target and rotate both the micrometers
simultaneously to bisect upper and lower targets. Let the total
distance moved be my.

4. Now shift the staff to the end of distance De.
> Bisect the central target and rotate both
© Simultaneously to bisect upper and lower targ
15tance moved be m,

the micrometers
ets. Let the total
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> . Ans
16, Tlurns: An

i oD OF TACHEOMETRY

t 'MNGEN“'M ET\'. hm‘izontal and vertical distanceq

. 3
F Y r
13.12. ™ - ntial ’Ml‘-m'nw-t1,}\eitil)11- are Comqued from the ‘Jbgr.hmn
In 1angERT Sy ;mﬂtl fxed at a known distance § on ty,, "
™ - "

Ay ene
pstrumes wo 1a

‘ -
' e vert

Stafy
cal angles, three cases may arigq -

may be elevation angles.

rtical

verin apon th

ertical angles

angles may . le and
' . vation angle and t

gles may be an ele s e Other May

Li' k. [ 1 l \tq l) I SS n

3 Oneof thean oy
v " gion A :
be a depress

1. Distance and Elevation Formulae
Case L.

t two
Let A and B represenl
held vertical at D. (Fig. 13.20). 31

targets fixed S metres apart op , stag

Fig. 13.20. Both vertical angles are elevations.
Let O represent the trunnion axis of the theodolite

Let a; and o be the angles of elevation to the targets A and 3
respectively.

Horizontal distance formula :
From AACE, CE = AE cot a; 1330
From ABCE, CE = BE cot Ol 1384

Comparing Egs. (13.30) and (13.31), we get
AE cot o, = BE cot (v7)
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RIC SURVEYING

.AME
_, EOM o =
e AE cob 0= (AE + AB) ooy 695
AE cot oy = EA cot g+ g
(cob 1 7 cot 02) = § cot o " Whero Ap S
A /
of f EA = - S cot
cot ay - eot (1
A = S tan o,
tan oy —tan g (13.32)
H = AE cot q,
S
tan O — tan ) ~.(13.33)
H =8 cos a; cos oy coge (0l = o1y) (13.34)

I
0 2 (1 13.34) is a useful form of the Eqn (13.33) for logarithmetical

ulatl"ns

ol formula :
E|ev0“°" D =R.L. of trunning axis + EA - AD
; . S tan a;
_ RL.of trunning axis " tan o — tan oy
- height of lower tai'get above D ...(13.35)
Case 2 pistance and Elevation Frzz?n?ﬂ; (Flg 13.21)

al angles are depressions.

Fig. 13.21. Both vertic

el.
Use of the same notations as 1n cas

Horizontal dxstance formula:

From As ACE /and BCE, we get
H= - AE cot 02 — BE cot 01

CAB + BE) cot 02 = — BE cot 01
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. BE cot @
. 4 BE cot 02~ BE cot ¢ "
AR cot @2 AR cot 01 BE (cot o1 cot o1y "
COL VA
9 col 02 8 tan o
BE = ot oy - cot 0z tan oy '.ﬂ‘rl -
-1
H - BE cot o
Rut g
H= tan g — tan o »
R ER
- § cos 0y COS Oy COSEC (Cly — ¢ ) e
gy,
i
Elevaﬁonftormuld ‘p= R.L.of trunnion axis --EB--Bp)
RL Q
R.L trunning axis — _'Sj_é}n Uy
= R.L. tan oy ~ &l}rc’;
_height of the upper target above .
)

Case 3. Distance and Elevation Formulae (Fig. 13.29)

Fig. 13.22. One angle is elevation and other depression.
Use the same notations in case 1.
Horizontal distance formula :

From As ACE and BCE, we get
H =AE cot o, = BE cot 0g

AE cot oy = (S - AE) cot 0g

or
or AE cot o =S cot og — AE cot 0p
or AF (cot o + cot aig) =S cot 0
or _ S cot o
~ cot o + cot Qg
S tan oy

tan o + tan o
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. Iﬁ"‘n 0 44 :
— height of lower target - n g,
AGES OF THE TANC 15 4
| 05"0%!:{ ethod of TANGENTIAL M oAl
‘133" ﬁﬂgentl m 0 tachEﬂmet;-,- has *ETHOD
e - peed 5 Gazgd.
;"J'-f‘ﬁ? B]atkss )
i‘ jnvolves MOTe computations f,, reds
” clevations. Tcng distances .

. Two vertical angles are observed for o

g

i e The most common thod dopted.
~ Note. = me of tach v e .
| ﬂggmef?h@ using a staff held vertically. COMELry is 2 fgeg 1.
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TACHEOMETRIC SURVEYING

Tacheometry or tachemetry or telemetry is a branch of angular
surveying in which the horizontal and Vertical distances of points are
obtained by optical means as opposed to the ordinary slower process
of measurements by tape or chain.

» The method is very rapid and convenient.

It is best adapted in obstacles such as steep and broken ground,
deep revines, stretches of water or swamp and so on, which make
chaining difficult or impossible,

* The primary object of tacheometry is the preparation of contoured
maps or plans requiring both the horizontal as well as Vertical control.
Also, on surveys of higher accuracy, it provides a check on distances
measured with the tape.

Tacheometry (from Greek, quick measure), is a system of
rapid surveying, by which the positions, both horizontal
and vertical, of points on the earth surface relatively to
one another are determined without using a chain or tape
or a separate leveling instrument.
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Uses of Tacheometry

The tacheometric methods of surveying are used with
advantage over the direct methods of measurement of horizontal
distances and differences in elevations. Some of the uses are:

v’ Preparation of topographic maps which require both elevations and
horizontal distances.

v  Survey work in difficult terrain where direct methods are
inconvenient

v’ Detail filling

v" Reconnaissance surveys for highways, railways, etc.
v’ Checking of already measured distances

v" Hydrographic surveys and

v’ Establishing secondary control.

Scanned by CamScanner



INSTRUMENTS

-An ordinary transit theodolite fitted with a stadia diaphragm is generally used
for tacheometric survey.

- The stadia diaphragm essentially consists of one stadia hair above and the
other an equal distance below the horizontal cross-hair, the stadia hairs being
mounted in the ring and on the same vertical plane as the horizontal and
vertical cross-hairs.

Stadia is a tacheometric form of distance measurement that relies on fixed
angle intercept.

AT
&,
efefe

Different forms of stadia diaphragm commonly used

/--\
\'!-.-/

S

3
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The telescope used in stadia surveying are of three kinds:
(1) The simple external-focusing telescope
(2) the external-focusing anallactic telescope (Possor's telescope)

(3) the internal-focusing telescope.

A tacheometer must essentially incorporate the following features:

(i) The multiplying constant should have a nominal value of 100 and the error
contained in this value should not exceed 1 in 1000.

(ii) The axial horizontal line should be exactly midway between the other two
lines.

(iii) The telescope should be truly anallactic.

(iv) The telescope should be powerful having a magnification of 20 to 30
diameters.

 The aperture of the objective should be 35 to 45 mm in diameter to have a
sufficiently bright image.

 For small distances (say upto 100 meters), ordinary levelling staff may be
used. For greater distances a stadia rod may be used.

+ A stadia rod is usually of one piece, having 3 — 5 meters length.

+ A stadia rod graduated in 5 mm (i.e. 0.005 m) for smaller distances and while
for longer distances, the rod may be graduated in 1 cm (i.e. 0.01 m).
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Different systems of Tacheometric Measurement:

The various systems of tacheometric survey may be classified as
follows:

» The stadia System

(a) Fixed Hair method of Stadia method

(b) Movable hair method, or Subtense method
> The tangential system

> Measurements by means of special instruments

The principle common to all the systems is to calculate the horizontal

distance between two points A and B and their distances in elevation, by
observing

() The angle at the instrument at A subtended by a known short distance along
a staff kept at B, and

(if) the vertical angle to B from A.
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(a) Fixed hair method

» In this method, the angle at the instrument at A
subtended by a known short distance along a staff kept at
B is made with the help of a stadia diaphragm having
stadia wires at fixed or constant distance apart.

» The readings are on the staff corresponding to all the
three wires taken.

» The staff intercept, i.e., the difference of the readings
corresponding to top and bottom stadia wires will
therefore depend on the distance of the staff from the
instrument.

» When the staff intercept is more than the length of the
staff, only half intercept is read.

» For inclined sight, readings may be taken by keeping
the staff either vertical or normal to the line of sight.

» This is the most common method is tacheometry and
the same ‘stadia method’ generally bears reference to this
method.
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Subtense Method

++* This method is similar to the fixed hair method except that the stadia interval
is variable.

** Suitable arrangement is made to vary the distance between the stadia hair
as to set them against the two targets on the staff kept at the point under
observation.

“* Thus, in this case, the staff intercept, i.e., the distance between the two
targets is kept fixed while the stadia interval, i.e., the distance between the
stadia hair is variable.

¢ As in the case of fixed hair method, inclined sights may also be taken.

Tangential Method

" In this method, the stadia hairs are not used, the readings being taken
against the horizontal cross-hair.

" To measure the staff intercept, two pointings of the instruments are,
therefore, necessary.

" This necessitates measurement of vertical angles twice for one single
observation.
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PRINCIPLE OF STADIA METHOD

The stadia method is based on the principle that the ratio of the
perpendicular to the base is constant in similar isosceles triangles.

In figure, let two rays OA and OB be equally inclined to central ray OC.
Let A,B,, A;B, and AB be the staff intercepts. Evidently,

oC, _ OC, = oC
A,B, AB, AB

= constant k= 2 cot -g

This constant k entirely depends upon the magnitude of the angle B.
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v In actual practice, observations may be made with either horizontal line of

sight or with inclined line of sight.
v In the later case the staff may be kept either vertically or normal to the line

of sight.
v’ First the distance-elevation formulae for the horizontal sights should be

derived.
Horizontal Sights: |
) f fi g

________________________________________________ j
*“' D ‘&—
Consider the figure, in which O is the optical centre of the objective of an

external focusing telescope.
Let A, C, and B = the points cut by the three lines of sight corresponding to

three wires.
b, c, and a = top, axial and bottom hairs of the diaphragm.
ab =i = interval b/w the stadia hairs (stadia interval)

AB = s = staff intercept;
f = focal length of the objective
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f, = horizontal distance of the staff from the optical centre of the objective
f, = horizontal distance of the cross-wires from O.

d = distance of the vertical axis of the instrument from O.

D = horizontal distance of the staff from the vertical axis of the instruments.
M = centre of the instrument, corresponding to the vertical axis.

Since the rays BOb and AOa pass through the optical centre, they are straight so
that AOB and aOb are similar. Hence,

f __s_
f, i
Again, since f, and f, are conjugate focal distances, we have from lens formula,
1 1 1
— O — e —
f f, f,
f
Multiplying throughout by ff,, we get f, = ——f+f
2
e f _s .
Substituting the values of "y =~ =" in the above, we get
S
fi=—"f+f

I
Horizontal distance between the axis and the staffisD=f, + d

f
D=—s+(f+d)=k.s+C
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Above equation is known as the distance equation. In order to get the
horizontal distance, therefore, the staff intercept s is to be found by subtracting
the staff readings corresponding to the top and bottom stadia hairs.

The constant k = fl/i is known as the multiplying constant or stadia interval
factor and the constant (f + d) = C is known as the additive constant of the
instrument.

Determination of constant k and C

The values of the multiplying constant k and the additive constant C can be
computed by the following methods:

1st method:

In this method, the additive constant C = (f + d) is measured from the
instrument while the multiplying constant k is computed from field
observations:

1. Focus the instrument to a distant object and measure along the telescope
the distance between the objective and cross-hairs,

1 1 1

f f, f,

2. The distance d between the instrument axis and the objective is variable in
the case of external focusing telescope, being greater for short sights and
smaller for long sights. It should, therefore be measured for average sight.
Thus, the additive constant (f + d) is known.
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3. To calculate the multiplying constant k, measure a known distance D, and
take the intercept s, on the staff kept at that point, the line of sight being
horizontal. Using the equation,
D1 - C

S

D,=ks,+C or k=

For average value, staff intercepts, s,, s; etc., can be measured
corresponding to distance D,, D, etc., and mean value can be calculated.
Note: In case of some external focusing instruments, the eye-piece-diaphragm
unit moves during focusing. For such instruments d is constant and does not
vary while focusing.

2nd method:

In this method, both the constants are determined by field observations as
under:

1. Measure a line, about 200m long, on fairly level ground and drive pegs at
some interval, say 50 meters.

2. Keep the staff on the pegs and observe the corresponding staff intercepts
with horizontal sight.

3. Knowing the values of D and s for different points, a number of
simultaneous equations can be formed by substituting the values of D and s
in equation D = k.s + C. The simultaneous solution of successive pairs will
give the values of k and C, and the average of these can be found.
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For example, if s, is the staff intercept corresponding to distance D, and s,
corresponding to D, we have,

D,=ks,+C ..... (i) and D,=k.s,+C ..... (ii)
Subtracting (i) from (ii), we get
DZ . D1

k =ﬁ ......... (1)

Substituting the values of k in (i), we get

C=D1'—DZ_D1 S1

S; =S,
_Dis;=Dsy 2)
S, — S,

Thus equation (1) and (2) give the values of k and C.
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Distance and Elevation formulae for Staff Vertical : Inclined Sight

Let P = Instrument station; Q = Staff station

M = position of instruments axis; O = Optical centre of the objective
A, C, B = Points corresponding to the readings of the three hairs

s = AB = Staff intercept; | = Stadia interval

© = Inclination of the line of sight from the horizontal

L = Length MC measured along the line of sight

D = MQ’ = Horizontal distance between the instrument and the staff

V = Vertical intercept at Q, between the line of sight and the horizontal line

h = height of the instrument; r = central hair reading

B = angle between the two extreme rays corresponding to stadia hairs.
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- Draw a line A’CB’ normal to the line of sight OC.
* Angle AA'C = 90° + B/2, being the exterior angle of the ACOA".
- Similarly, from ACOB’, angle OB’C = angle BB"C = 90° - p/2.
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Since /2 is very small (its value being equal to 17’ 11” for k = 100), angle AA’C
and angle BB’C may be approximately taken equal to 90°.

L AA'C = L BB’C =90°
From AACA’,AAC=ACcos© or AB’=ABcos©=scos® ... (a)

Since the line A’'B’ is perpendicular to the line of sight OC, equation D = ks + C
is directly applicable. Hence, we have

MC=L=k.AB’+C=kscos®6+C = ....... (b)

The horizontal distance

D=L cos© = (ks cos© + C) cos©

D=kscos2©6+Ccos® = ...... (1)
Similarly, V=Lsin©=(kscosO +C)sin©=ks cosO.sin® +C sin®
o s (2)
V=ks % + C sin©

Thus equations (1) and (2) are the distance and elevation formulae for inclined line
of sight.
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(a) Elevation of the staff station for angle of elevation

If the line of sight has an angle of elevation ©, as shown in the figure, we
have

Elevation of staff station = Elevation of instrument station+ h +V —-r.

(b) Elevation of the staff station for the angle of depression:

Elevation of Q = Elevationof P+ h-V -r
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Distance and Elevation formulae for Staff Normal : Inclined Sight

Figure shows the case when the staff is held normal to the line of sight.
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Case (a): Line of Sight at an angle of elevation ©

Let AB = s = staff intercept;
CQ = r = axial hair reading

With the same notations as in the last case, we have
MC=L=Ks+C

The horizontal distance between P and Q is given by

D=MC' +C’'Q' =L cosO +r sin©
=(ks+C)cos® +rsin®@ - (3)

Similarly, V=Lsin©@=(ks+C)sin®@ ----- (4)
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Case (a): Line of Sight at an angle of depression ©

B L cos© \Q\rsine

Figure shows the line of sight depressed downwards,
MC=L=ks+C
D=MQ' =MC’' -QC’
=L cos© -rsin©
D=(ks+C)cos®-rsin®@ - (5)

V=Lsin®=(kks+C)sin@e 7

Elevation of Q = Elevation of P+ h-=V -r cos©
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act with it. I ader soper “JCCt Without actus ing in
Con?aiz:lmonly tg c?eir(;dqel Sense, the terni ggrxfoﬁgt;eﬂl{ngzr?; nuied
Jore , Ote ldentllﬁcation of earth features by detecting
P of electromagnetic radiations cither
face_ features. The advent of satel-

Remoi‘f -Zt’f?ézf‘lggtmeans seeing the earth’s surface by making use of
the properties of electromagnetic waues em tited, reflected or diffracted by
the sensed objects for the pur. pose of improving the natural resource
management, land use and prolection of the environment. |

The remote sensing techniques by aeroplanes and satellites in
combination with the ground surveys, has revolutionised topographical
surveys. The technique of remote sensing has made available to man
visible to nacked eye macroscopic, affording a comprehensive mental
synoptic visualized view for time, in several bands to clectromagnetic
spectruni. | |

Space instruments and remote sensing tools are used to look at the
carth with new eyes. Both the types of tools have helped the man to an -
extended vision of the carth’s surface. Remote sensing in simple lan-
guage means the sensation received from a distance, without any direct
contact. It is a technology for sampling the electromagnetic radiations"
toacquire and interpret geospatial data to extract and develop informa-
tion about features, objects and classes on the surface of the carth, and
oceans and also in atmosphere. Detection and measurement of
clectromagnetic energy emanating from distant objects made of various
materials to identify and categorize these objects by either class of type, , &F
s the prime job of the remote sensing. i
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242 FUNDAMENTAL PRINCIPLE OF REMOYE g

The fundamental —:,m:o.:.:c ofremote sonsinge)
the varying energy levels of a Z.:m_c entity,
electromagnetic energy Eocoi::.:; to the
The photon is the fundamental unit in ¢]ee
EM) force field.

The phenomenon of interference and polariz
tion to behave like a wave while for some inte
eleciric effect, the radiation behaves ke barticles, [, oth
be said that EM radiation has due] nature-waye an
particulate nature of the EM radiation is generally
of the Quantum Theory. According to this theory,
propagates in space as discrete packots or duantaof enepg,y, Propave:
with the same speed (e,) and dircction defined by the wave Pgaling
energy of the photons is related by their fre

D.;_a:u requ;
Action sy}

quencies je

iy

ey = hv

where#: is the Plank’s constant (6.63 x 1073 Ws?),

Hence, the radiometric quantities differ at different wave lengths

toenable to diagnose the material. Remote sensing of the earth’s surfaes
gy in the visible spectrum

G.p K10 0.7 y) and emitted energy in the thermal infrared energyin
_Infrared and microwaye regions together with radiation. Both the
. Teflected energy ang emitted energy can be analysed numerically and
suitably yseq to generate images, The gathering to a range of wav
lengths is termed as multispectrg; remote sensing. The images obtained
m.omn VArying intensity signals show variations in grey tones in black
Mw; M“%MMMMWM In colour images, they differ in terms of hue, satur:

24.3. BRIEF

_am;.:“ﬂoﬁozzoizmmzoqmmmzezo%e )
Prulamn hum 3 glorious tradition jn space science since Vedic ﬁ&@
Dering v, s mﬁ ah, is 4 treatise written by Vyasya in space § moon,
the planae - Lo 04, Indians made observations to the sun, Em_:_am, [
of plangtg mhw%c Wm;. The Vedie period calender predicted ﬂwwgcaa
ol India Wug T.smwaﬂﬂ Nﬂﬂaﬂ%ﬁm?. Brahamanda, the famous 2
. Raia Swa: Jais; ;
: Sin
“M_ MMGE. Delh, Emﬁm”_.w_ ;
from . o vations, 5 .
1o @ sma]
¢ m.,.m_..m of Ker,

~In 197 )
lite _:m_.wcn%. India demo

fel
. h as 8%
Dstrat, ications SUCH =\ op
Municage. %MM Televigign B ed the space applic Jite Te!

y

. e citi®s
86-1743) built observator ies 1n mn_.MEa-.
Ujjain and Varanasi for making wM in 1968
ﬂio.mﬂmmm Sounding rocket was launche uator®
ge .EE.S_um_ on the west coast close to the €d

r
help of the satellites belonging

orE SENSING SYSTEM 1075
pEM

g, Simultancously, the satellite Aryabhata Bhaskara,”APPLE
untrics: - Series were built and also experimental Satellite Launch
%c_::m_ﬁaru. ASLV) were developed. In 1983, INSAT was success-
les A_c ed. The birth of Indian Remote sensing took place in 1988,
fully ;m“mo_mg Launch Vehicle (PSLV) capable to Jaunch 1250 kg pay

__”_m__“__ma_g 820 km polar orbit, was also developed.

sven though, it has been an endevour for man tomap the noamwc._.m-
_.Lérm earth from tree tops, mountains and even from high rising
tion of the earth was viewed in totality only from satellites. Inthe last
batloon ades, space borne remote sensing capabilities have grown to
thrb %ng:.n that space-based observations have become the prime
mc“wnwﬂm information on earth’s resources and itg environment.
80

i i i i fthe -
mote sensing enables &B%Em gmm?ﬂtomﬁ of large areas o |
nmmnl.mnm on repetitive basis. With a very high speed the  satellite
nmoinmm a global coverage with the same sensor or a set of sensors. In
u__.mi of several beneficial applications, the Indian space efforts put
MEEQ»E» emphasis on realising an operational remote sensing

programme. :

In the area of remote sensing, India has zg.m largest number oﬂ
remote sensing satellites in operation. The chﬂ.gvonﬂmﬁ ones are :
IRS-IC and IRS-ID, the best civilian remote sensing satellites. IRS-P4
(OCEANSAT-1) launched in May 1999 is used to monitor ocean resour-
ces and for understanding the atmospheric conditions over the oceans.
Satellites for cartographic applications are also launched..

Cmmmomﬂwmmmno:mnnmmﬁm..H_rmmmﬂmovnmmbon».EB HmemS:zm
is used for the following purpose: :

1. To estimate the acreage and yield of important nwomm.

2. To survey the dense forest coverage.

3. To forecast the drought conditions.

4. To map the flood area and to demarcate flood-risk zone.

5.

To map the areas for land use and land cover for agro-climatic
planning.
To map the waste land and to classify them.
To develop irrigation command area.
8. To Survey the snow cover areas and the m=oﬁ-ﬂm= run-off
estimation of the Hinjalayan rivers. | .
the Uﬁm.m.o.: IRS is also cmmmﬁ_w.miuuow@n in other spheres including .
SUstainahle development at micro level.
“a. IMAGER|ES VERSUS AERIAL PHOTOGRAPHS

amera
8t - Acrig] Photographs. The photographs taken mnM”.M Wmmmnmzw
“tion O¢cupied by an aircraft in the air with axis of cam

i
A
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down, are'called aerial photographs. Aerial vroaow..murm are <m<_za

. chapter 22 vwogm_.masmz.n survey in the 8ﬁvcor. nmmnz

in cthap 4 ) beg
9. Sgtellite imageriés. The photographs of the earth ¢

.a_umom.. by satellite are called imageries. Becauge of akey, frop,

| i <m~..< .
heights of the sateliite imageries are on very smaj) mom_m.ﬂ_mw Oying
fe Ng.mm.s, the earth are not easily discerned. For reading . ivigy
%ﬁ satellite imageries, one has to study varioug

View:
types of tin,, . ing
sented by different features on the earth, LS repy.

Formation of satellite images. erm satellite imageg are
by the satellite sensors on board a satellite and the Same jg H.Mo:mnsn

earth as a series of electronic signals which on Processing by 5 nogwwwﬂas
produce an image of the earth’s surface. I,

24.5. SIGNATURES o

The technique of remote sensing is used to recognize an object ora
feature from its surrounding on the surface of the earth To achieve this
we should be familiar with the characteristics which distinguish them
from their surroundings. The characteristic features which, help t,
identify or recognise an object or a feature, is called signatyre. If an
object or a feature is identified through the difference in the reflec.

tance/emittance characteristics, with respect to wave length, then it i
called spectral signature.

Characteristics of ground features. There are many other char-
acteristics which are useful for identification of objects. The important
ones are mentioned below:

1. Differencesin Scattering cross section with respect to polarisa-
tion in the microwave region.

2. Measurement of the temperature using thermal IR region. The
thermal inertia provides signatures to identify certain objects,

~
3. Temporal variation like the growth profile difference of the
plants also g

agriculture remote sensing,

_ Parameters ,
minisitje, They
and-

f signatures are however not completely deter-

.7 are statistical in natyre. They have some mean value
Some dispersiop around.

and M— Monmm_”:bm 4 8ensor system, jts time and frequency of %mm_.:m.mn““,
signatures %ﬁéaﬁ It, one should understand the physieal vﬂwﬁnm
dargets. e shal] only dea] with the signatures of the earth &

24.6. CLASS)F) E
The aaswﬁou.o_" THE FEATURES ON THE EARTH SURFAC

D the
tegorieg:  C2Tth surface are broadly classified iP

L. Vegetatiop . :

Cts as signatures to differentiate the crops in

SYSTEM
ore SENSING . 1077
oM . goil, rock, minerals

3 Water bodies

4. Snow
Man-made features.

m%ﬁ g in view, the interaction mechanism in the various regions
mw romagnetic spectrum, the above five main featyreg of the earth
o elec are dealt in three broad regions::

m_:.?% Reflective optical infrared region (0.4 pm -3 um)

) Thermal infrared region (8.0 um - 14 1m)
(jii) Microwave region (1 cm - 30 cm)
1. Signatures in the Reflective O/R region. As the source of

in this region is the sun, we first discuss the physical processes
HM.M& rise to signatures for various features on the earth surface.

(i) Vegetation. Vegetations as wmmoc_ﬂE.& crops, or flora such as
forest cover, bushes, shrubs, etc., are of great importance for the exist-

ence of human and animal life. Vegetation also plays an important role. °

in regulating the carbondioxide (COy) n._.:.ﬂ‘.:mr the process of photosyn-
thesis and also in balancing solar radiation in the atmosphere. Solar
radiation adversely affects the weather and o<¢_..m:.n__8m$ of ?m._.mmﬂ:.
Keeping in view these important factors, monitoring c.m. <mmmw.m9w= as
become most important application of the remote sensing technology.

From the space, through the eye of a remote sensor, mmmmg_uwﬂ m-“
seen as the integrated effect of leaves, stems, E.mbzwnnm. oﬂawwm,_ o
and appendages of plants and trees along «.SE the E“n mmacw E.mm f
scattering and reflection due to <mmm3.ﬁ<m cover &M.ﬁm.a uma e e
direction and spectral composition of the incidentra ”Um”.m e
manner. The leaves of a vegetative canopy n.osndcﬁm nw the s MM b oy of
Wthe reflected energy as leaves of vegetation, cover
the tree or plant.

. i d surface
. Due to large range of variations in the urm%nw:wwuwm“ differen-
cluding internal characteristics of leaves, there

“8 in spectral characteristics of the plants.

. throughout the
Plants absorb very efficiently the required onmmmw the process of
WUtraygjes and visible regions of the muma_.dﬁn the near IR region
_Urogmwn%mﬂm. Plants have very little mcmoésaunémé_gm&m greater
o?wan_u.sa. .Hfmu.. absorb woom amount of energy wm  ation obtained is not
hen aboy 5 g # m. It may be noted that solar " However, radiation 0b-
2eh at gpecrym having longer amé_mnmzwm. ants as they are good
h—%&_ from the surroundings gets _.mnwnnmﬂ mﬁw M* help by radiation to
lg T them
sg_ﬁgﬁwum mbam_emouwoam.ﬂma:%m

SEvmuan.o.
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angggaoawsa.ua;amsa e
Wnﬂﬂﬂm&g_ leaf of a tree is briefly ammnnamnnn_uunmnsus

mec . “

ible spectral region (0.4 um - 0.7 Km), Ab, .

e T e,

ﬁmsrs - 0.7 pm) of the spectrum as explained undey . a..oa.s

blue (-0.45 ym) region and red (~0.67um) ;
uvon.m.nﬂﬂ_ absorb the incident wmmgmeﬁ._s corresponding t, m.mﬁw.w ia.za
bands of chlorophyll. Due to absorption by other Pigments (ot n“..go:
chlorophyll) in the reflectance spectra, a green leaf ghoyg 8 e thay
teristics peak at about 0.55 um. Leaves with low chlorophy); harg,.
have entirely different reflectance characteristicg. Conteny

(b) Near-infrared region (0.7 pm - 1.3
ture of various leaves show marked differences in the reflect
(0.7um - 1.3 u m) region. In this _.mmmm.n .m,co:n 10 to 504
takes place with less than 5% of the incident e
reflection/transmission in this region mainl
mesophyll structure of the leaf. The internal e of leaves of
different types of plants and trees differs cons

iderably. Accordingly,
their reflectances are also different in the near IR region than in vigible
region.

K m). The interng] 8trye.

ance ip th,
wm:oﬁmss
nergy absorption, The
y takes place jj y,
structur

3. Bhort wave infrared region (1.8 pm - 2.7 um), There are
three strong water absorption bands at (1.4, 1.9 and 2.7) pm in this
region. Water content of the leaf greatly influences the refectance and
transmission on characteristics of solar energy. Absorption of solar

energy is proportional to the equivalent water thickness which depends
on the moisture content of the leaf and its thickness. As the moisture
content of a leaf decreases, the

reflection activity increases in this region.
Reflectance from the

e Vegetative Cover. The reflectance chp
acteristics of a Jeaf Or a vegetation canopy as seen by a remote sensor 18
complex. Thig complexity is due to the interaction of solar radiation with
?m.m_.ouﬁ Parts of the plant, go] back ground and shadow. The vegetation
incident radiation duly affected by these variables of the tree Eu@ﬁ
Mroz _B.mmucs d by the sensor, is called a canopy reflectance. g.r.m mm_;
omu.n_m tiple leaves of 4 fanopy is maximum in the near-IR region, the
et is Ewn:am:u.\ negligible in the visible region and Vs ods

Ort Wave IR region It may be summarised that reflectance depé
Primarily op, the ?:oinm factors ;

gment
i) Interng of the leaf

(i) Equive, Btructure of leave cell

Effect ofy ntent of the leaf, octr®

In vegetatiy, n_w”wnhﬂnanun on Vegetative Reflectance P17 s
Jagy

0 the vegetation soil, underneath the Mwu%

“2€Ir 8hadgy e
" In low Vegetation cover, the background refl

¥

,%a._:%c

1079
ng the remote sensing tech-
tions, the underlying ground

nopy reflectance. While applyi
- aminate varioustype of vegeta
.%nﬁ n_mnﬂm taken into account especially in agricultyre In crops
s peed ws, the reflection of solar radiation s mainly due to the
ed i0 _.Mrm crop grows with time, it covers the bare s0;] and the net
1‘%_&_. E», the solar radiation is mainly from vegetative cover.
%%%: cerm relative contribution to the received radiation from
\ ' and plant shadows in the background are dependent on the
s soil mrm sunrays and also due to the view point of the sensor. The
p ionoft nt parameters to be considered for determining the reflec-
A meﬁmﬁo: canopy are as described below :
E_%:.V Transmittance of leaves.

(i) Characteristics of components of vegetative canopy.
:.“.: Number and arrangements of leaves.

(iv) Characteristics of the background.

(v) Solar zenith angle,

(i) Azimuth angle.

A.ﬁw ““WMMMM«Q»SS data of vegetation are related to the plant

parameters. To correlate with the plant variables, a normalised dif-
ference vegetation index is used.

IR -RED
IR + RED

where IR = reflectance in gmumm.nmmmon
RED = reflectance in red region

. n E
The value of NDVI may vary from - 1 to +1, depending upo
relative value of RED and IR reflectance.

247. ELECTROMAGNETIC RADIATION the motion of an electric

Electromagnetic waves are Eo&:nm\m dueto theory, we have to study
tharge. For understanding the electromagnetic tism _.H is a well known
the relationship between electricity and :._m.wm: _ ctrum) which exites
fact thag the light (the rays forming the visible m_.dm motion in vacuum.
the 8ensation of vision, consists of a transverse Hwnmme wave length and
The viglet rays of the spectrum possesses the s _oE. have have longest
bighos frequency whereas the rays of red colo

1y . ‘harged particles
sf.a_c:w_._.. and lowest frequency. Oscillation of the charg
el )

INitg gy,

NDVI =

a = apﬂumﬁwn m&%
thanging clectric fields which induce %mum—:ﬂ_m further set up

continues mu.m_-

tic fie
rrounding medium. The changing magne
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. tical instruments 1s over ang
Bm%mzam_ and op s ital i :

The cra of @_,:oa Wn& by an era having .&m._a& MSUUMENLS in g
that has been T€p . surveying instruments. Electropj,

spheres of life including 1 d by conventional theodoliteg

. d total stations are replace . .
%ﬂmﬁmwwm have dramatically enhanced work efficiency by reducing

operation the and eliminating observer fatigue when sighting the survey

signals or targets.

Z, -8060 Auto pointing total stations. While making observa-
tions with this total stations, roughly pointing at the prism is made apq
the measurement key is pressed. Looking through the telescope for
accurate sighting if the target is not required. Auto pointing function
works with a single APO1 prism from 2 m to 800 m with an accuracy of
2.5 mm upto 100 m. The handling of total stations is so easy that

ginner and an experienced surveyor are able to make measurements
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Fig. 23.5. The Kern DKM2A one second theodolite.

ypourtesy, Zeal International, 1, Netaji Subhash Marg, Dcryegan,
New Delhi-110002 (India)

For quick centering the total station over the ground station, a laser
summetis provided. Focus and laser plummet intensity can be adj usted
spr the requirements. The laser spot falling or: the ground surface is
dear enough to be seen under the sunlight. Separate provision to turn

', ofthe laser power is provided separately from the system power.

Totgl station observations are made in the same way as by other
maventional theodolite. In total stations observations computation of

dk:;“i:fme by the instrument itself. The net result is displaced on the
p
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VSR UL Blati o 4 1WA, I'ress the
keY ¥ Sation of obsarygtio, (Fig. 23.10)
7, -8061 Non-Prism o) Stationg,

:sm is provided. This totq) Station meq i :
0 tgl;‘u ¢ reflectors. This type of to tal stag Sures the distance with or
i

In thig type of total stations,

. ation or in hj gions,

ructufal measurements of blllldingg’ Surveyi igh traffic regio
St tance
Bets extend the

Ng management for strip
to 86 metres without a
Mmeasuring distance to

. ing, etc. It accurately measures (g
;}l‘;;ir‘ Reflection sheet tgqy

r; out 500 metres (Fig. 13.11),
a

Fig. 23.11. Z4 8061. Non prism total station.

By Courtsey Zeal International, 1, Netaji Subhash Marg, Daryaganj, -
New Delhi-110002 (India)- _ - t
T;' 'l t ent provides precise measurement even to objects tha
1s instrum

ar i tional
i i ighly practical and func
e ne of right. High S
so?tvavfnl'gg l;nea t;;)sr:) Elclr;}illill:le to enhance the survey work. Nickel-metal
r

i ided.
hydrige battery having a service of 5.5 hours is provi

.
n
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24 .26 GLOBAL POSITIONING SYSTEM (GPS)

The global positioning system (GPS) consists of a network of 24
satellites 1n roughly 12 hour-orbits, each carrying atomic clocks on
board The orbital radius of satellites is roughly twice the earth
diameter. The orbits are nearly circular, with eccentricity of lesg than
1% Orbital inclination its the earth’s equator is roughly 55 degrees. The
satellites have orbital speeds of about 3.9 km/s in a frame centereg on
the earth. Normally, satellites occupy one of six equally spaced orbita]
planes. Four satellites occupy each plane spread at roughly 90 degree
intervals around the earth in that plane. The precise orbital periods of

the satellites are close to 11 hours and 58 minutes so that ground tracks
of the satellites repeat day after day.

The satellite atomic clocks are correct to about 1 nano second (ns).
As the speed of light is about one foot (0.3048 m) per nano second, the
sysiem is capable of desired accuracy in locating any detail object on
carth. The satellite clocks are fully synchronized with the ground atomic

-
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elj . M the py
e s
ofthe axs 15 ca7led, the origin gy, 24.25) " The Point of g,

Y
p
]
1
!
ol  w——x
Y

Fig. 24.25, Cartesian coordinate system.

Consider a point P on the plane XY. The distance OM along the
»axi8 is called the abscissa and the distance MP measured parallel to
y-axis is called the ordinate of P. Both the abscissa and ordinate of the
point P are called its coordinates. |

Spherical Coordinate System. The location of a point on the
spherical surface of the earth is determined by using the spherical
®@ordinates, i.e., latitude and longitude.

(i) Latitude. The angular distance of the point north or.s:u'th ::ﬁlelg
*quator measured in degrees along the 1°ng‘t‘f,d:0°£g? ;ggﬂ anlfl South
thehtitude. The values of latitude vary frox-n y treated positive.

theequator, Latitude in the northern hemisphereare

i int east or west of the
. ) ar distance qf the po e RiELCe
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ot the longitude. The values of longitude vary frogy g, lm
g

of the Prime meridian. o
. Spherical coordinates are determined by making Beodet;
tlons to the Celestial bodies and are commonly used for tﬁa&;ﬁ}n&r"a
24.27 LOCATION OF A POINT BY GLOBAL POS!TIONING S “tion
Global Positioning System (GPS) is a satellite I]a"igatioysmﬂ
based on the principle of trilateration. The trilateration jg ame tn SYstern
to find the location of a point if its distances from at leagt thr Od“Bed
stations of known coordinates, are predetermined. =8 Othe,

Location of a point with the help of three stations, jn two q:
sional space, may be obtained as explained under : dlmen.

Let A, B and C be any three stations whose coordinates gy, preg
mined. Let the position of the station to be located be Marked 5 Peter-

The distance of stations A, B and C from point p be x,, N an‘d
respectively. Proceed as explained below stepwise x,

(@) Plot the location of the given points (stations) to g Suitab)
(&) Taking A as the centre and x; as radius, draw a circle,

(127) Taking B as the centre, and x; as radius draw another cjyg, o
intersect the first circle at two points say a and b.

(iv) Taking C as the centre and x; as radius, draw a circle which
passes through either a or 5.

The point through which three
circles pass, is the required posi- b
tion of the station P.

Satellite based navigation
method is an extension of this prin-
ciple of trilateration. (Fig. 24.26)

For locating the position of the
observear on the sphere, the fol- - \

lowing steps are involved :

(¥) Recognise the locations of
three satellites in the space form-
ing a well conditioned spherical
triangle.

€scalg,

. Fig. 24.26. Trilateration method
(i) Name them as S;, S, and S5, ° of interpolation.
(tii) Draw a sphere with S as centre and its distance from the
ground position P, as radius, Similarly, draw two spheres with S; and
S3 as centres and their respective distances from P as radii.
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1. Space. This segne 'R Byatam ””F,I:- rlm;]ﬂmﬂr’{ U;It c'nm
9 are described D€ agwW:

A ‘N nl' -
§ com I8t of the orbiting satellites

m he 01‘171'". and the 8pacin ‘ Posed of ¢
B ol the 24 natellites and the design

of ¥
syery User is Batelljto '
BNE able to Accery g | en orbital plane
Nen

in the space.
, Control. Thi
: his Segment congjy

where uscr oversees 8 of

SO '8 t o UL gron -

4 monitoring of the s he l)mld'“l-r. Ia Jm.l station of ohservation

an ystem, unching, orbital positioning
' 081 L1011

g. The User. (GPS re

- s which revol ceiver). Th

atellites W revolve about the € 8pace segme , )

km having 2 period of about 12t}1;; earth at an altitude f,f“f,’ﬁﬁ‘i“i{} fr f;
‘ u e ,) )

m
. q1X dif’ferential orbi urs with a 55 inclinat:
sl ital planes, having fodu358axtré;:ll‘|natlon and placed
ites in each plane.

n :
gvery satellite transmits two L band gj
1gnals (L, with 1575.42 MHz and

b ‘th; l:iizai.s(c)olc\liﬂ?l)a. These signals are dul d

ran Oh h eﬂl th S N)_- GPS receiver reads tho ulated by Pseudo
even thoug o e satell'ltes transmit in the e code of each satellite
help of PN code, it is possible to determine thestf!L me frequency with the
{0 reafzh the receiver. By knowing the accurate tii:rfl‘: ;catzn by the signal
the distance between the signal and receiver i aken by the signal,
jetermined accurately. in each case, can be

Bt wix
or maore satellites orbiting

94.28. ADVANTAGES OF GPS

The basic advantages of GPS are as explained under :

1. Identification of spherical coordinates. GPS heips to identify
or define geographical coordinates on the satellite image and also to
reduce distortions and positional accuracy of the images. BY identifying
three or four well defined points, the locations of the satellite image on

the ground can be obtained by the method of resection. The GPS
receivers collect accurate geographical coordinates of these locations.
ite image and on the

Theremaining images are located both on the satellite im

ground. The remaining image points are filled in between the locations
thod of air surveying to obtain

of the control points by normal me
real-world coordinates.
eona satellite image, there

A . » tei ,Incas
- 2. Truthing of satellite images In‘se 4 reflectivity of back scatter,

) : or unreco . .
ppears a region of unusual may be reloaded 10 2 GPS receiver-

the coordinates of such region

. oost effect]
3. Cost effective !;ool(.c GAII))S) ?yzt(:’g: e sers of GPS equipment -

or computer aided des18™

A
Scanned by CamScanner




