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Traversing

¢ Pre-Computation
-- Definition of azimuth
: horizontal angle between a line and arbitrary reference line
: true north — astronomic azimuth
: magnetic north — magnetic azimuth
: grid north — coordinate azimuth

-- Calculate azimuth of the lines
: Traversing by interior angles or angles to the right

: Traversing by deflection angles

-- Check the angle misclosurg
: For a closed polygon — Z:Bi —(n=2)x180
1

(Dare, GGE2012 Lecture Note)
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Traversing

¢ Computation Procedures

-- Adjust angles
: angle conditions, e.g., Z B =(n-2)x180

-- Calculate azimuth
-- Calculate and adjust latitudes and departures

: latitude conditions, e.g., Z AX, z D, xcosa; =0

: departure conditions, e.g., o n
’ ’ ZAYi:ZDixsinai:O
1 1

-- Determine coordinates

¢ Errors

-- Permissible misclosure for angles: A =K x+/n (Dare, GGE2012 Lecture Note)
-- Traverse precision: (linear misclosure / traverse perimeter)
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EX TraverS]_ng Calculatlon unimelb.edu.au

Thig is an erample traverse from |

AtoBCD and back to closeon A A 1

s *c bearing of one of the lines must |
be known to calculate coordinates |

of the other stations. This can be :

done by astronomical |

observations or by finding station |

coordinates by a larger control !

survey.  In this example we will 1

* assume we know the coordinates I‘
A of points A and B 1
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4D
Station A
B.S.: Station D F.S.: Station B
H.circle  |Distance |H.circle  |Distance
FL.
FR. |
Check |
i
I
Set up the instrument on the first 1 Take a face [eft backsight reading)
paint - point & | B 1o station D.
" 1 _+_C
Setup the targets on the foresight :
and backsight stations - points B 1
andD. |
1
0" 00° 00" Take a face left foresight reading | 2707 26'41
to station B, ;
i
A A
D ! D
Station A |
B.S.: Station D F.5.: Station B 1 B
H.circle  |Distance |H.circle  |Distance | Distance
EL. 0° 00’ 00", 1
ER. : R
Check 1 [Check | | |
|
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Ex. Traversing Calculation

Turn the instrument to face right
and take another backsight
+C reading.

00° 26" 43"

Co a check on the readings. Face|
left and face right should he 180
apart. In this case the readings|

+C

are guite good, being only 2"
different,

Move the instrument to the second
station - point B and the targets to

i

A
D
Station A
B.S.: Station D F. Station B
H.circle |Distance |[H.circle |Distance
FL. 270° 2R 41" 0° 00" 00 L.
FR. 90° 26 47 | FR. ey | |
Check | Check o 00 0 | |
b o
Take a face right reading to the :
foresight 1 Do a check on the foresight
c \ Bi readings.
I c
i *
I
i
179" 59 567 i
i
i K
A i
1 D
D ! D
Station A |
D i
Distance I
FL 271 6 41" i
FR. 90° 26 43" i e o
T . |FR. | 907 26" 43" | TR |
Check 000 o2 : Check | T | 5 00 02"
|
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Ex. T raversing Calculation
Measure the distance to the | Measure the distance to the
hacksight 1 foresight.
Bi c ' Bi +°
+ '
|
I
' 479.898
|
i
i
735.703 !
A A i
|
D 1 D
Station A | [Station &
BS.: Saton D T.5.: Guation & ! ﬁ's'.’ El“a“””n':.’ - E E:‘a“” g
H.ciicle _[Distance_[H.circle | Distance i WA
T SN | [FE 270726 41°| 735703 | cronomg| 4
A Feoarag] o | [FR. 90° 26'43"| 76 50'58
FR. 90° 26" 43 79°59' 58 !
Check 0007 0" 0007 1 [Check o0z | 00002
i
i
.

Reset the instrument to zero and
take a face left reading to the

BWC

i
I
|
i
|
the new backsight - paint & and foresight,
foresight - point C |
|
Make a new tahle in the booking :
sheetfor the new station 1
i
|
]
A ' A
I
i 4D
|
Station B 1 [StationB
B.S.: Stafio [ | B.S.: StalionA X
H. circle Distance 1 rcle Distance |H. istance
FL. N
FR. | [ [ |
Check | | [Check |
|
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Ex. Traversing Calculation

Turn the instrument to face right

backsight.
5 EC
97" 11" 19"
A
Station B
B A
H. Distance istance
FL a7 111
FR. |
Check |
5 EC
A
4+ D
Station B
B.S.: Station A F.8.: Station C
H.circle  |Distance |H.circle |Distance
FL. are11'18" 0% 00 00"
27741 15"
0° 00 04"

Take a face left reading to the

Check the backsight readings.

and take a backsight reading

7 i
20711157
A

Station B

B.S.: Stalion A F.S.:

H.circle |Distance Distance
FL. area1g 0° 00 00"
FR. 277 11'15"]
Check |

Take a face right reading to the

B 360° 50" 56 c foresight.
Ai
4D
Station B
Station A F.8.: Statio

H.circle [Distance |H.circle |Distance

97°11'19" 200t 0o
-R. | R 3597 59 56"
Check | _0°00' 04"
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Ex. Traversing Calculation

the

Do a check on the foresight i Measure the distance to
readings | B, hacksight
c '
I
I
'
! 479.898
I
'
]
1 |
'
A . A
I
+ D | 4D
| [Gtaion B
F.S.: Station C | B. Station A Station C
Distance | H. circle cle__|Distance
! 97°11'1 00
|zzre 11157 i [ER. |z77> 1115 359° 56'56"|
[ onoe] 0" 00 04 ! [Check | rropos” o= o0 og]
i
]
L d
i
Measure the distance to the : Move the instrument to the station
595.019 foresight. ! B C and the targets to the new
c | C backsight and foresight
s
i
I
'
'
'
'
i :
]
A bt
4D 1
Station B | [Stion©
F.S.: Statio | B.S. : Station B
stance | cle |Distance Distance
FL ar1119'| 479.898 | P00 0| 595018 1 [EL
FR. 277°11°15" 359° 59 56" 1 [FR.
Check 0°00° 04" 0° 00 04 | [Check
! =
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Ex. Traversing Calculation

Set up the instrument on the final
i point - station D, and move the
c

Take all the readings as before.
B
targets appropriately.

g in Ai

Station C Station D

B.S. : Station B F.S.: Station D B.S.: Station C F

H.circle |Distance Distance H.circle | Distance
FL. CIAEEN] £95.019 GB7.853 FL.
FR. PR FR. |
Check 0°00' 04" Check |

Take all the readings as before The direction measurements must
B B+ ¢ be reduced to intemal angles
. +

Calculate the internal angle from
the face left readings.

3

0% 00O - 270° 26 41% = - 270° 28 41"
" = ey
K D 4D
Station D

B.S.: Station C E.S.: Station A F.S.: Station B Angle ]
H.circle[Distance _[H. circle | Distance H.circle | Distance 1
FI 75°3R 37| GR7E53 | 0CO0 0T 735703 270026 41| r35.709 | teooar| avases | [FL CEREEREH

FR. 75536 20 60700 0" FR. [ s 26ar 7o 597 56" FR.
Checlk R | (T Check | o0y 00 Rverage ]
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Ex. T raversing Calculation
Calculate the internal angle from 1 Average the face lefi and face right
the face right readings. | B angles to come up with a final
+C | + +C answeer farthe internal angle atA.
|
i
i
|
i
i
i
\ ' 80° 33 17"
i
A+ 179° 59 58" - 90° 26 43" = 89° 33 15" oA (89°35' 19" + 89°33'15") = 8973317
| 2
40D 1 4D
Station & | [Station &
B.S.: Station D F.S.: Station B ! B F Station B Angle
H. circle Distance | ance |H. circle ance
FL. 0000 | 479.898 ! FL.
FR. 76" 53' 58" | | | | FR. E
Check 0° 0002 | 0° 0002 | ! | Average (06" 3317
]
i
g g gy g g g g gy g g gy g g g (g g g g g g g g g g g gy gy gy g gy g gy g gy
i
I )
Other angles are calculated similarly. ! Other angles are calculated similarly.
B ' B
[ [
97 11" 15" H 97" 11" 15" 97 30" 00"
i
i
i
|
89733 17" ' 89° 33 17"
A : A
I
+ D ' + D
Station B | [StationC
B.5.: Station A F.8.: Station C Angle H B.S.: Slalion B F.S.: Station D |Angle
H.circle |Distance |H.circle |Distance ! H.circle _{Distance | | Distance | I
L 97°11'19"| 470898 00 o] 595016 FL R G118 585,018 [ e o000r| Barsss | [FL AT 35 071
R ST ITE SET BT EG R cran 2771115 175" 50'58 FR. EREEE
Check 0° 00 04" 07 007 04 Average (917 16 | Leheck RGINITHIE] 0°00'02 [Average 107”30 00
|
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Other angles are calculated similarly.

Ex. Traversing Calculation

The distance measuraments are

alzo averaged.

Since the coordinates of & and B are known, only those of C and D hawe to he calculated.
Coordinates are calculated as follows,

¥ (next station = x (previous station) + distance * sin (bearing)
y (next station = y (previous station) + distance * cos (bearing)

HC=XB+ 595019 % gin (100° 28'11%)
10427.786 + 595,109 % gin (100° 28'11%)
XC=110102.899

YC="B+ 595018 *cos (100°28'11")

WC= 15786436 + 595108 * cos (100°28'11")
¥C =15678.312
Station ES. Angle Distance | Bearin X Y
A B 89° 33 17| 479.808 17°30° 26"] 10282223 ] 15328.147
B c 97°11'15") 585.019 [100*28'11"| 10427 786 | 157RA 436 )
C D 97°30'00"| 567.553 [182°49'11"[11012.8094 05678.3129
1] A 7o°36' 2| 735703 1287°12'43"

Coordinates are calculated as fllows:

¥ (next statio

iprevious station) + distance * sin (hearing)

v (next station = y (previous station) + distance * cos (hearing)

RD=XC+ 5679527 5in (182748 11")
H
XD =10984.979

YD =YC + 567 552 % cos (1827 49'11%)
Ay 5678.312 + 467 552 * cos (1827 4
YD = 15111447

1012.899 + 467 552 " 5in (1827 49'11")

a1

'
'
B I B
c 595.019
#* + i * Pl tis aeie e entered o a
97" 11" 15" 97" 39° 00 : 97 11 15" 97°39' 00" hooking sheet.
| 479.898
! 567.553
89°33" 17" 1 89° 33" 17"
+ 75° 36" 28" I‘ 75" 36" 28"
A /‘ .A 735.703
4D | +0
Station D |
— o -
'
FL. EL. TE3E 3T B c g97*11'14" | 585.019
F.R. 255° 36 | 180°00° 04" ER. 75° 3R 24" : [ ] 97°39'00"| 567.553
Check 000 04" 0°00° 04" Average |r5° 38 287 1 D A r5°36'28"] 735.703
—d
'
i
L
i
From the data below the : — The nex bearing is calculated by,
B coordinates of the stations can he : B 108 2811 c
+ 595.019 G computed  Recall that the L 595.019 +
coordinates of stations & and B : P U
97" 11" 15" 977 39" 00" are known, from which a hearing AT S 97° 39° 00
170,808 can be computed by | 479808
17° 39 267 567.557  bearing AB = atan ( EE=HA ) R 567.553
YE- YA
80" 33 177 i 8033 17" )
750 36 28" S atan¢ 10427 78R -10282.223 y 1 75° 36" 28" preanuslhe?rlmg-JED :mtlernﬂa\ angle
A 735.703 15706.438 - 15329.147 . A 735.703 =177 39° 26" + 180°- 87 11"15
B +D 1 +D:1DD“28"‘H”
=17°39' 26" :
'
Station F.5. Angle Distance ' Station FS. Angle Distance Bearil
] 8973317 4ro848 : 3] 89°33'17"] 479898 172
B 3 971115 | 595010 | E [ 97511 15" | 585019 100° 28 117
[+ D a7°39'00" | 567.553 : 4 [5] 97°39'00"| SA7 553
D A 78°36' 28" 735703 ! D A 75°36'28"] 735703 |
1
|
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Ex. Trav ersing Calculation
The next bearing is calculated by H The nest bearing is calculated by
B 100° 28* 11" ' B 100° 28" 11"
I
+ 595.019 P ' + 595.019 +°
97 11" 15" 97" 39' 00" : 97 11" 15" a7° 39' 00"
479.898 E 479.898
17° 39° 26" 567,553 | 177 39° 26 567.953
o400 1% ] o 4g 1
80°33' 17" 1827 49" 11 > ) . ' 800 33 17" 182° 49" 11
75°36° 28" previous bearing - 180° + internal angle I‘ 75° 36' 28" previous bearing - 180° + internal angle
A =100 328 11" + 180°- 97°38'00" A =182°49'11" + 180°- 75° 36" 28"
735.703 735.703
=182°49' 11" ! = 287012 43"
+0 ! 287" 12' 43" + 0D
'
Station F.S. Angle Distance | Bearing | Station ES. Angle Distance | Bearing
A B 89°33'17"| 479.898 1739 26" 1 B 89°33' 17| 479.898 17°39' 26"
B [§ g7°11' 146" | 585019 [100228' 11" : B [ 97°11°15"| 585.019 [100°28'11"
c 8] 97°39'00"| 567.553 3182°49°11" 1 [+ 5] a7°30'00"| 567.553 |1aed0iiq”
D A 75 36'28"] 735703 | D A Tooze2g| 735703 1287012430
'
i
i

Station F.S. Angle Distance | Bearing X Y
A B 89°33'17"| 479.898 177 39" 26" 10282223 | 15328.147
B [ 972 11°15" | 585.019 |100°28'11"| 10427 786 | 15786.436
[ D 97°38'00°| 567.553 |182°49'11") 11013.809 | 15672317 |
D A Fae 36 28| F35.703 |287° 12 43110984 9715111 447
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Traversing
4 Angular Misclosure - First checkup
-- Angular closure : B —(n—2)x180
2

-- B is the internal angle, and have to eliminated the closure, e.g. by
repetition etc.

¢ Linear Misclosure - Second checkup
-- Checking the linear distance component of the closed traverse :

AEasting = D-sina, ANorthing =D -cosa,

-- Check the linear misclosure. If it’s acceptable, this can be adjusted
out of network. If it’s too large, the fieldwork must be repeated
(unless you can isolate the problem)
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Traversing

¢ Ex. Misclosure
B jp73zan

141% 2710
7845

aratan

-- Angular misclosure is 539 59’ 10, Ideally it must be 540 deg.
Therefore, miscolusre is 50” for whole, or 10” per angle.

-- Distribute those angle evenly throughout the traverse. After this,
bearing must be calculated.

14/00 © Yong-Won Ahn © Department of Geodesy and Geomatics Engineering ® University of New Brunswick,




Traversing

Line Bearing Distance D Easting D Morthing Easting Morthing

AB 0=00o0” 127.54 0.000 127.540 | 2000000 | 5000.000
BC 72727207 86.32 82305 26.021 | 2000000 | 5127.540
cD 111°00°00" 78.45 73.239 -28.114 | 2082305 | 5153.561
DE 203744107 14968 -60.250 -137.018 | 2155544 | 5125447
EA 276°54°207 96.02 -95.323 11545 | 2095294 | 4088429

1999.971 4999974

-0.029 -0.026 -0.029 -0.026

-- ZAE =-0.029, and AN = -0.026.

-- Closure Errors =,s2 +s2, (ZAE)’ +(ZAN) =0.039

-- Converted in a vector, expressing the misclosure in terms of a
bearing and distance.

-- Distance = 538.01 metres

-- Conventional way: express the ratio of the total perimeter of

the traverse. This case is 1:13,795 (min: 1/5000~1,/7500)
(0.039/538.01=1/(538.01*1000/39) =1/13,795)
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Adjustment of Traversing

-- Only valid if the traverse closes within the acceptable tolerance.

¢ Bowditch Method

-- assumes that the misclosure of a traverse is proportional to the
total length of the perimeter.

Length Side

Corr. to AE (or AN) = Misclosure of AE (or AN) x 2
Perimeter

-- The corrections are then subtracted from the original AE to
compute the adjusted AE
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Adjustment of Traversing

Line | AEasting A Morthing Corrto AE Corrto AN Ad] AE Adj AN
AB 0.000 127.540 -0.007 -0.006 0.007 127.546

BC 82.305 26.021 -0.004 | -82310 26.025

ch 73.239 -28.114 -0.004 73.243 -28.110

DE -60.250 -137.0 | -0.007 | -60242| -137.011

EA -95323 -0.005 -0.005 -85318 115580
-0.028 -0.029 -0.026 0.000 0.000
Corr. to AE = (-0.029) x% =-0.007
538.010
12754
Corr. to AN = (-0.026) x—212% _ 0,006
538.010

-- Then, adjust the new coordinates based on the adjusted AE or
AN to get the final coordinate.
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Intersection

-- Conventional method of angular measurement and computation
-- Minimum requirement: two known points. Other redundant
points whose coordinate are already known can be used as a
check on gross error.

¢ Solution of Triangle oS If‘j’\
¢ Bearing Method ‘ 1, 8
4 Angles Method N

--Known: «a, S, LA, /B
-- Unknown: G == -———:rs——+—|—:asnngs
-- Known Points: E, F i

Figure 6.8
[Allan et al. (1968) “Practical field surveying and computation”]
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Intersection
4 Angles Method

Northings
-- This method involves the 4 :F‘\l\
coordination of G using the
observed angle ¢ and £, and the
coordinates of E and F.

E; —Eg =ES=RStan g
Eg-Er =FQ=QRtana

N —Ng =QS=QR+RS
=(Eg-Ep)cota + (Eg-Eg )cotf

Figure 6.8

_ Egcotf+Egcota— Ng + Ng

E - ~———rs——-'-Easiings

_ Ngcotp+ Ngcota—Eg —Eg

EG s NG
coto -+ cotf3 coto. + cotf
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Resection

-- Conventional method of angular measurement and computation

-- Minimum requirement: three known points. Other redundant
points whose coordinate are already known can be used as a
check. There are three common methods.

¢ Tienstra (or Barycentric) method
& Pothonot-Snellius 2
¢ Collin’s point, or Bessel’s

--Known: a, B,y, LA, £B, ZC
-- Unknown: P
-- Known points: A,B,C

Figure 6.9
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Resection
4 Tienstra (or Barycentric) method

. _ K{Ea +KyEp +K3Eg
P K, + K, +K; ’

N _ K{Na+K;Ng +K3Ne
P K, +K, + K,

1/K; =cot A—cota
1/K, =cotB—cot S
1/K; =cotC —coty Figure 6.9

-~ Check: (Ep —E, )K, +(Ep —Eg ) K, +(Ep —E¢ )K; =0
(Np =N, )K; +(Np —Ng ) K, +(Np =N )K; =0
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