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ABSTRACT

Trigonometric levelling is one of the inost important techniques in
surveying works , however its results depends mainlv on the systematic
refraction error determunation In order to totally or partially eluninate the
nfluence of systematic refracuon error on observations , more attention
should be pard to the source of such error. Daily solar radiation is
considered the main source of the refraction error .

The mam objective of this paper is to demnonstrate the elimination of the
systematic refraetion effect on tnigonometric levelling by applving an
appropriate mathematical model based on the available data of solar
radiation. The results predicted by the new solution are presented and
analyzed .
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attempted to estimate the solar radiation theoretically using different
models. Sometimes, this theoretical estimation of hourly values of direct.
diffuse and total solar radiation data can be used when the measunng
equipment’s are not available .

In the last few vears , Modem Technology n electronics has been used
for the accurate measuring of the net and diffused soiar radiation . the
present paper deals only the measuring data of solar radiation .

3. Relation between atmospheric refraction effect on
trigonometric levelling and solar radiation .

To obtain the best possible refation between Refraction and solar
radiation several observations were carried out from sunrise to sunset
during 1993 and 1994 . The observations illustrate the refraction effect for
different atmospheric conditions , Also the solar radianon was recorded
parallei to the trigonometric levelling observations.

All observations were measured using EDM instrument DI 20 bult up
one second wild theodolite T2 . The height differences between the
instrwnent pomt and receiver points are obtained precisely by precise
leveiling . The wmeasuring refraetion error presents the difference between
trigonometric height and height differenee given by precise levelling

iy the next part , the four sets of mathematical models for calculation
the effect of atmospheric refraction are introduced .
{} Linear model . ( y= A~ BX ).
i) Loganthmic model{ y=A +Blogx ).
iil) Exponential model (v=AeB Xy,
v} Power function model ( y = A x By
where: y 1s the atm05|_))herie refraction effect in mm, x s the net solar
radiation in cal / cm < » A and B are unknown coefficients obtammed
experimentally [HEER, 1985 ],

A FORTRAN computer program was designed to performs all
computations of the field observations . It would be seen that measurements
during the day ume are divided into three parts from 6.0. 1o 1.0, from 12 -
150 and from 16.0 to the end of observations . Tables (1) and (2) present
the results of the four mathematical models using the field observations of
the wigonometric levelling and the net solar radiation.



Mansoura Eugineering Journal (MEJ), Yol 21, No. |, March 1996, (.3

1. Introduction

The svstematic atmosplerte refraction correction m Trigonometric
fevelling observations 1s a very demanding aspect 1f an accuracy
improvement and high precision are required . Tins accuracy can be enly
obtained | if refrachion error is studied and avoided strictly . The difficulties
in detcrmining this error by using the classical meteorological paraneters
led to search about an alternative method .

The recent developments in electronics have led to accurate measuring
of solar radiation for energy generation purposes . These devices are used
m large areas all over the world . one of those stations now 1s existing in
El-Mansoura university and data of solar radiation are available . Based on
the availlable data of solar radiation 1t is possible to swmdy the relation
between the solar radiation and atmospheric refraction effect on
trngonometric levelling .

The present study shows a very strong correlation between the solar
radiation and atmospheric refraction which effect on trigonometric levelling
This relation 1s studied and an appropriate mathematical modet is presented
Also the results of using predicted model are given and discussed

2. Solar radiation

The amount of solar radiation on the earth’s surface 1s attenuated by the
terrestrial atmosphere . On clear days, it ay reach the uround level after
having bheen deflected up to 15% of it's original value out side the
atmosphere | M. SAYEGH , 1983 | .The attenuation is caused by some
effects namely -

1- scattering by molecules much smaller than the wave length of radiation .
2 - scattering by aerosols (Dust , smoke | pollen | ete. ) of size comparable
to or larger than the wave length of radiation .

3 - scattering and absorption by cloud masses .

4 - selective absorption by gzases present inn the atmosphere and particularly
by Oy, 09 . HyO,CO7 .

In this way. the solar radiation reaching the earth consists of direct
and diffuse radiation = Owing to the importance of knowmg accurately the
solar radiation ou the earth’s swface and to the unreliabihty of available
equipment, to measure a solar radiatton several authors [STANTON,1975]
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Table ( 1 ) Summary of the four models solution (date: 1993).

Date Linear best it v=a+ bx Logarithmicy=a+blnx
Al ilay It part Ind 3rd part Allalay It part 2l part 3rd pan
f-10 [5-2AM 2600
8'3 L34+ The nET=-21.70x LRl ] 1.9l x S i Tlng LET. L LR i I £ e 2 ux £.23+1 Tns
9_3 1.36+2 TIx 345 LUlx 134w 15k LU R 3 96 LI My 256 - Ainy 4 Al ) Rl 3 B 0Siny
l 5-3 324040 LR N EA .Y J4t-u 1z Lo+ 41K i) 2 5lnx 4. ffrril T Inx J.5%0 1 Tnx 1. T2+ YNy
l 6_3 3 The Yy 1EAMINIY 437037 J ARG 2y 422400 42 bnx 3.23+10 {Ving 4070 3Inx h45+1 T2inx
Average 2RI MU 247+ H5x el 2 W03 s LY 4 33+ Y2 Inx L3R+ 3 Iy 4 f%+1 2dInx 3372+ § Jhlnx
?-6 AL BT R i L NTEFY 1.3l U6y 0. 26+2 LK 2 T3+ 1L.0Gng T+ iy 214+ Nilnx T 19 T
8'6 TNV EY 1HTHL T4 T 58-3 T5x 2.2M0N5x 25240 1 inx AN+ ATy J T a6dinx 1AMl [9inx
27_6 152+ 3% 3Y2-1.33x L1, B 0 12+] S4x 1 23+1 2¥Inx 4% -8 TRInx 3 16-4 19Inx 127+ dlna
14-7 LIS+AL 41 TTe T+ L1s 13 48+2. 26 211620k 21%.{.8%Inx 1. 78+ L.7Inx ETRNI T 1Y
l 5”7 nf7+1 17 13- fNy -2 TAx RS+ 19y 2012+ 38lnx L0 -0 Sllny L 45+2 Yinx L 72+4 4dInx
AVETAY AN M Iy AT B IH+1 4%y 2 ISk 2350 1dinx 25500 4inx ARSI SRlny
2-() 1, 7%+ 1.0y, 9= 1 56y 13815 L[ B RTLY 3050 T2lnx 26~ | W¥nx T L1107 My 42241 32ins
3_9 1 TiH 43y 1374 4x RIEATEE 3 Tirrax 213+ 0.0iny 2702 Mny 2 15+] 9¥SIny &5 &l Ing
4-10 1 1575 1.95940.7 s 2 0 ANy 1. 26t 0x 1A%+ Hlng 2 AMILA g 2 el filing 2 4bel Sl
AVEraY LES 11 2254 LHHy 243 1.22x 154+ | N1y RTINSt HLHN MBIy 223« 45Inx 3340 Thina
Date Exponential y = a % Power y = a xP
Allday LSt pari | 2ndpart | 3 cd-part All day 1 8t part 2 nal part 3 rd pari
8-3 | failed | 1.18eIX [ 399¢% | ‘fajled | failed | 2657 | e ] fajled
93 | failed | 3270 | 113" | fajled | failed [ 20 [ 4" | faled
15-3 | failed | 2987 [ 9w fileg [ faled | 4" | 35" | failed
16-3 | failed | 257" [ 3387 1 fajled failed 2 12 failed
averaee | fajled failed failed failed
76 | failed | "8 [ M [ piled | failed | e | sV | failed
86 | failed | 205 [ RSN paed | fajled | ™ | ™ fjled
27-6 | failed | 190%™ [ %] fajled | failed | 27 | aev™ | faled
14-7 | Failed .| 463725 [ o™ [ pailed | fajled | 5 | v | fajled
15-7 | failed | 218 [ 1| failed | failed | 10 | ™ | failed
weraze | failed failed failed failed
29 | failed | '™ [ | faled | failed | 227 | ws7 T failed
359 | failed | 2= [ om N failed | failed | rexT | o™ T failed
410 | failed | 3% [ 21 | fajled | failed | s ye 1 failed
werace | failed fatled failed failed
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Table ( 2 ) summary of the four models solution {date: [994),

Date | Linear best fit y=a+bx Logarithmicy=a+blinx
Alldlay st part | 2nd 3rd part Al day Ist pan Il parlT 3l pare W
611 10-2A M -0
11-2 pARL IS ] ZAT-LiNAY L5« 4]y I 16+4.8x 3 TH+1) dMing 40-00.4Hnx 373 0 Alnx 22008k
12-2 LA2+3 I5x PR ENTATE 161 A% 1 %2+ Minx S5+ dine 7 164021 2 3%+ ding
[:E A2+ 15y J+1L T RS BB S LR 2 12+0 36nx 07418 Ninx 24-1 lax 1 460 TSiny
7_3 TRTHE A 1 1+ x 42140 30y 4T+ TR 4.0 1+40 Bddny LINRECR 1 4.6+ 1. Alnx ERETS B {1
Lverage 3 36| Thy 2Tl L6x LTG0y 124377y T LEHUAS tny LT+ &y 14T+, AMinx T AT 1 d%ns
1 8'6 RALIR 3412y A3 12 LHN-3 Ny 464 A2Ing 2 14+ 3 4nx 19441 54Inx 404+ dny
7.7 100 36x [LEESTT FRIEENEN t 231 Ty Lk, Ly 2741k B LENHLNIAs | 3101+ Hns
8-7 TR 12X | X042 FEEREN 1.99-41 9 e A4Sy | WLAN-034nx 130+0.2TIm
3-8 332+ A8y 253 « 2H2x t3-27x 41 225 1 fed= LNy 3.13+1 Lin 3 14+ 1.0 Inx 244 TSInx
average 2 TIRT Y LEEES Ik X ATHHILATY . AR A7+ ATIny T.HI+13 36iny T02+i46Iny 2 Tai%Inx
u] -9 2 he 102 LA+ 41 343 Ix 0 41+3.6x 2.06-171¥91ns 3 Li~bAlng L6HD.62Ing 1 y2wis ddlnx
2-10 2823 2 230 hdix A2+ Ix TN 3 fl+1.4lnx 2 33080y k1) [ NTnx 2 | N+l King
3-10 L16+1043x ART+ Ldx TR Tx [T 44K T tnx 410, Ul 3 B0 Hdlns 193+ 33Ing
Average 2L S 1LFds 19X LIE2 3x 1 3-25c 3.2+ nx 21741 450nx 3 13+1k 540y L&T+10 22y
Date Exponential y = a ¢PX Power y = a x?

All day ist part | Zadpaer | 5 rdopart Al ula}—j | st parl 2 nd part 3 rd pant
112 failed 12 TN | g 759X fatled failed L PR failed
12:2 | failed | L0850 2o | piied | failed | oxe™ | 0 [ faled
7-3 | failed | 3345 T 0™ [ faiied | failed | s | a8 T | fajled
7-3 | failed | 486" 1337 gailed | failed | wox v R T failed
manse ) failed | failed failed faifed
| 18-6 | failed | 237 | S ] fajled | failed | o™ [ "7 filed

IN

7-7 | failed | 4367 | T ailed | failed [ T [ e[ faled

8-7 | failed | «w ™™ [ W7 | failed | fuled | w7 | o™ failed
3-8 | failed | 51e™Y o™ piled | faled | 2T | o™ 1 filed

weraze | friled failled failed fatled
(1-9 | failed | 2w 11905 | fajed | failed | e 2 | failed
2-10 | faled | 26 [ PN mited | failed | T | oy | fajled

3-10 | failed | 1o faled | failed | 2207 | failed
seraze | failed ] | failed | failed | failed
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Table ( 1 ) provides a summary of the four model solwions . From this
table , it ts clear that the logarithmic and !inear modeis may wive a reliable
solution  Where the most important 1s that the exponential and power
function are faled to give a reasonable solution . Moreover . the strong
correlaton between the net solar radiation and atmospheric refractuon effect
on trigonometric leveling observations are valid .

As shown from the table the rcsults obtained from the limear mathematical
model is considered quit bigger than that of the logarithmic form solution .
Based on the above results , in order to obtain the appropriate mathematical
sojutions for calculatung the refraction effects on tngonowmetnc tevelling by
using solar radiation data, the logarithmic mode! solution should be taken .
On the other hand , the expected mode] from the author s point of view | to
have the following logarithmic form as -

v=A+BLogx

Where A and B values are determined and illustrated mn the above
Figures (i-a) ,(1-b) ,{(2-a), (2-b) and table {3-a & b) present the samples
of measuring refraction and predicted refraction error by using logarithmic
model.

4. Conclusions

1t 15 clear that, loganthmic fonn provides better results than orher forins
This study show the atmospheric refraction correction on trigonometric
levellmg can be obtammed efficiently by using solar radiation. In order 10
obtain the practical form of such correction, it is necessary 10 investigate a
lot of trigonometnc levelling observations including additional information
about the net radiation.
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