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Abstract: This paper deals with the application of numerous statistical and mathematical techniques used during a morphometric 
study that was conducted at Nessah mountain pass. The study focuses on building a Terrain Model (TM) made of two parts: the Digital 
Terrain Model , which represents the earth digitally, the other being the Terrain Mathematical Model, this model represents the 
mathematical and statistical functions that correspond with the morphometric study requirements of the valley, and consequently 
interacts with the digital data via a computer modeling process. The research was enhanced, affected and enriched with results 
obtained from the application of the mathematical and statistical techniques, not only of its field measurements, but also in the 
analysis, The data was used to determine the various morphometric characteristics; (water, morphic topographical and river density) 
and to find out the correlation relationships between them that will establish the related planometric drawings. This has been achieved 
through the following research stages: 

*Enhancing the field work through the adjustment of Geodesic observation by the least squares. 

*Assigning correlation power between the meteorology and the morphometric characteristics. Determination of their function 
significance level via the application of Pearson's correlation equations, and the partial correlation application of the statistical 
test known as (t Test). 

*Detection of the most appropriate equations to represent the scope in the main valley and its feeders by the application of simple 
and compound regression equations (polynomial untill the 4" grade). 


*To assign the geodesic, cartisic and local coordinates mathematically, their interconversion within suphroad international basics, 

the basics of the complete cosines direction to the basic local geodesic reference. 


*To establish a morphometric base to extract the various morphometric characteristics (water, morphic, topographical , and river 
density characteristics). This was conducted by the application of solid, analytical geometry rules to find out the four basic 
components of such rules , these are: the distance, directions, areas and heights. 

*To find out the correlation links between relations of the dual and multi morphometric characterstics and nine other 
characteristics, after specifying which variants are fixed and which are secondary through the alteration between them through 
partial correlation. The best regression equation between the nine morphometric characteristics have been specified and the 
mathematics of the matrixes have been employed to determine the basics of the compound regression equations. To specify the 
equation error used to adjust the morphometric forms. The application of Azimuth rules in distance, directions, accumulative 
calculations and the specification of the various coordinates in the planometric drawings operations of the mountain pass borders 
and its main course and its feeders. 
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173 

http:L..;..JI
http:UlS.,.LW
http:JJ.......sI
http:u~Jl,,,,u~J)I.>.Lr
http:4.}I.,...,.sL
http:r-lIlli....JL


174 

'4-oS'J1 d..A~':I'1 ~j~ ~~I ~I....,. t"'J ' ~J .(j':l'~ ~~~I ~I Lr J>I>",:, ~Y~.lY'~1 ~l,;.J ~I~I ~ jA 

;;~~~J-:'o':!~.:uI~l4Jl~1 ...... 1.)..uJ~~Y~.lY'~1~0iJ~l,;.u....,YI~.)u.,l~~~~I~~~~I~ 

~ l..wl.) ~i 4~Ji ~IJ ~~L.:.Lr ~""":;.A! \.oj ~l...=..!,IJ ~l:!.;JI..,....JL..\1\ ~i ~\.!m:.w....J ' ~~~JJ..L.:.iJ~~L.:. 
~~':I'I~I~':I'\ ~\J..>.I.>-"J.....oj.:iJjj..Li~\ ~J4Jo~i 4JJ ' ~~~".I...:)\j..:iJ~4.,J~.»-A~I.!:.~\ 

~l:!.)~l:!..,Ji:..iJ~\~Lr;;~~I\.:u~\.o~J~lS.)0i ~-, . .!:.'y • .,..lIJ~L.. I .)..u\ ~~~.:ul (Hypothetic - deductive) 

.....9F.)\.o ~ J.!k:'J' ~.d",;4 (Multivariate analysis) ;;~......:...J\ d~1~J ' .J'i~':I'\J ~y\ .~)'\ ~ ~L->.G 

~~IJ ~l...=..!,I..,....JL..\1I.:u. ~ ..L!J ~\ ~1.;-4l1 ......~IJ, d~_~....JlJ ~~~I ~~l:!')J' ~Li:J1 ~IJ'~I~IJ 

: ~ , ~Y~..lJ-A~1 y~1 Lr ~~YY'~I ~L..I.)..u1 ~ 

(Horton, 1932) J (Gardiner, 1990) J (Hint, 1974) J (Ebisemiju.1987) J (Doomkamp & King, 1971) J (Chorly, 1957, 1977) 
. ~ lA~J (Strahlar, 1950, 1952, 1954,1956,1957,1958 & 1964)J(Schuman,1956)J (patton, 1985)J (Howard, 1977) 

~,~ 

~~ (I ~) (Terrain Modeling) ~.)\11 ~i.....iJ1 ~ ~l...=..!,IJ ~l:!.;JI..,....JL..\1I.........:.:.1 cliF ~ ~11:u. ~i~ 


J)\.> LrJ Mathematical Terrain Model (MTM) ~.)\11 ~l:!.;J\ ~~.,.....aJ structure y~\ ~I ~ ~L..iJ ~ I .~~ 

...,..,~I ~ ~\:;.LJI j~i ~~~ J~I ~ Digitial Terrain Model (DTM) ~.;J\ ~.)\11 ~~~I d~l.!:> ~~ 

~yl ~Y..,Jl \S~i ~i J., ( ~~I ~1..,....JL..\11 Lr~llA~ 0J~ ) ~~~I~~I A.~G ' ~~~.)~I ~~I 
. ~I~I~I.I?l~0P~L>-u-J-P"~0~01~LuJ..I~.lIJ 

~, ...,..t 
:4l:J1 ~L..\1\ .....91..I..A\11 ~ ...... I.)..u\ ~fo 

..... \.0 ~~\0l:!~~ ~~~.)~I J=k:"Jl ~l:!.;J1 ~.)\1\ ~~~\ .~ J>ljA ~y-l 

. ~\ ~.J.:.>~~I ~L..~\ ~J~...w~ ..... ~I ~l...=..)'\J ~l:!.;JI..,....JL..~1 j\~l-2 

. L~~~.;JI ~.)~I ~~~\~ ( ~l:!.;J\ ~~~\ d~.,s.... ) ~l...=..)'IJ ~l:!.;J\ ~~W\ ~-3 

~~10l:!~~ ~~~~I ~L ~.;J\ ~~~\ ~L4,. t'" J.o~ ~l:!.) ~~~.\..j.,J ~l...=..!'\J ~l:!.;J\ ..,....JL..~\ WL.... .~\ ~ :JJ~ 
. ..... \.0 

.~~y.....J 1 4.>~1 ~t.,. L~ ~ ~~~~.)~\ J=k:"Jl ~.;J\ ~~~\ ~L;l.!:> ~ ~l:!.;J\ ~~~\ ~ :r;W1 

http:l:!.;JI..,....JL
http:1..,....JL
http:l:!.;JI..,....JL


175 

~~.;..ll r~~1 .~ ~~)'IJ ~~.;..ll ~~L....JI .Lzjl -1 

~.J ' ~""""~JJ-4-l1 .....s~~1 J lH4JIJ t."..;:J1 ~l....A jJ-t'.J " 4.....IJ..u1 ~~1y:..,....,Jo ~~~J~) r~~ ~..u ~y wi ~ 
Jy. ~~jW r~ wi ~, LA~Ji ~""""~JJ-4-l1 J~ ~.;:.jlS' I~~ ! ;;~~I ~1.....sI..ai \..L,LA~'I tL..i ~,~~ ...,.;"Iy:.i ~ 

: ~~jWI •.:u. r~' o~1 w~~~1 ~~..1J-4:' ~ 4.....IJ..u1 • .:u..;:.jlS' wJ ' ;;~J.i;...;4l1 .....s1..a~1 ~ .....j)U1 ~4-~1 Ji ~~I 

r~~1 ~t.~ 4.Y' ( ~JL4JIJ' ~I ol~S,lIJ' ~IJ ' ~WI) : ~I ~';;"""'~JJ-4l1 ~b.......;.J1 ...,.,~I ~.....;.p -1-1 

~ ~~..uJI~.;..l1 

~ clI~ ~~ dJ)'..uI..sy....... L..J ~ ~ t i ~J':T"'JA ~ ~IJJS'J ~""""~JJ-4l1 ~b:.J1 tl..~i ~Jo~J~1 ;;"':;':T'" L.. -1-2 

, ~ .~IJJJ~.;..l1 ~~I~I )~I ~':T'" L..-1-3 

~ ~""""~JJ-4l1 ~~~I tly~1 ~~~.,;JI ..s?~1 ~l.a.>)'1 y.:JL..~1 ~ L.. -1-4 

4.Y' ( ~JL4JIJ ' ~.;+LII o~S.lIJ ,~IJ' ~WI ) : ~I ~""""~JJ-4-l1 ~b:.J1 ...,.,~I ~.....;.p :JJ~I JjWI ~ :1-1 

~ ~~..uJ1 ~.;..ll r~~1 ~t.~ 

, ~J ~~JlS' ~l;iIJ.>..~ ~~ ( ~~~~I ) ~I~I ~.;..ll r~~1 ..:.l:.~ ~l;iIJ.>..1 J>~-1 

. ~I ~""""~JJ-4-l1 ~b:.JI...,.,~1 ~ ..... ~I ~l:.~1 ;;..l.L~ ~1..l.L!·2 

(h) tw.) J' (A) ""';".r-JI Jo#J' (<p) J#I Jo# ~1~..:.l;iIJ.>..! 4J (Pixel) ~ JS wi ~,~~..uJ1 r~~I~! 4J I~! 

~~~~I ~~IJ.>..)'I ~ ~l..i~1 • .:u. W~J ' (1) JJ~ (UTM) Jol4....>U ~Wl tl.J.:..jJ1 y.....:>-J WGS 84 ~WI Ellipsoid..;~ 

~! ~ ~ ~4-J~~! 4L~ t~ 1.:I1! ~l.a.>)'IJ d..:-W>~.;..lI..:.~L....J1 ~ ~I.~ ~ J,.l....:;J1 ~~ ,(Geodetic coordinates) 

wi ~.j.U1 .J.d, "+.>L.-..JI ~..uI..:.lJL,..:;.e~J .~~.;..ll ~LAI...GLA....~I~:>L:;.,;JI (x, y, z) (Cartesian coordinates) ~~JlS..JI..:.~IJ.>..!,1 

~~ ! ..:.l;iIJ.>..!,1 .....y....-~ ..;.;:;... ;;~.....,... ~ ..l......i..c. t~ (E, n, h) (Local coordinates) ~~~JlS' ..:.l;iIJ.>..~ 4.lJ~ JS'J w~ 

(Ao-46°) J (<Po-24°) ..:.l;iIJ.>..~ ..:.I~J....,.....II ~ ~y ~I..l..~lI ~ ~~~I ~.r-JI ~ 

(~liJl J~~..ul J..:.4-J..ul,. ~~~~ Jol.;,j) ~.;..ll r~~I..:.l:.~4.Y' ~ ~Y- (1) JJ..ue. 

Point Latitude (North) Longtitude (East) Height (m) 

1 23° 54 ' 57.07 46° 12 ' 15.88 891.750 
2 23° 55' 48.91 46° 11 ' 22.06 858.238 
3 23° 56' 40.76 46° 11 ' 26.65 839.709 
4 23° 57' 35.87 46° 12' 7.06 825 .116 
5 23° 58' 24.13 46° 13 ' 58.06 810.010 
6 23° 58' 37.17 46° 14' 33.53 802.825 
7 23° 59' 21.20 46° 15 ' 0 .00 792.441 
8 23° 59' 40.92 46° 15' 21 .85 788.257 
9 24° 0' 0.00 46° 16' 8.06 786.615 
10 24° 0 ' 30.47 46° 16' 50.26 785.675 

...,.;,,~~ ~J' ~IJ~~)S..JlJ ' (~I~I ) ~~~~I ~l;iIJ.>..)'I •.:u.~J....yLJl ~~~L....... .l..4:.:.I~ tL..i l..L......i.:.i ~~ k

:(Bowering, 1978) ~~I ~ ~~JJ .,;JIJ u)l,yLJl .~ ~bJl ~~.;..ll r ~WI 
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x =(N + h ) Cos q> Cos A, (1) 

y =(N + h ) Cos q> Cos A, (2) 

Z=[(1-e2)N+h] Sinq> (3) 

. ~~.)ISJI w~I~'11 X,Y,Z :~ 

. ~I~I w~I~'11 <p,A.,Z 

. .".-JWI Ellipsoid ~L..,.l,. ~ .:..,.IY N,e 

A, =tan-I L (4) 
X 

(5) 

(6) 

(Cart Loc) ~I w~I~'11 '-""~ ~~.)lSw~I~~u--J..~I-~ 

e =L1(X-XO) +m 1(Y-Yo) + n1(Z-Zo) (7) 

n =L2(X-XO) +m2 (Y-Yo) + n2(Z-Zo) (8) 

h =L)(X-Xo) +m3 (Y-Yo) + niZ-Zo) (9) 

. ~I w~I~'11 ~')JG.....Direction cosines ~y 1"l4i '-:-'~ .:..,.IY (L1, L2 • L .& m 1, m 2, m 3, & n1, n2 , n )3 3 

. .:..,.IY Xo' Yo, Zo 

: ~tJl ~I~I u-- e, n, h ~I d.;i1~'1I')JL:......1J Direction cosines ~j'JII"l4i '-:-'~ ~J 

L1=X-Sin\ m 1 =Cos\ n1= 0 (10) 

L1=-Sinq>oCos\ m 1 = Cosq>o Cos\ n1= Cosq>o (11 ) 

L1= Cosq>oCos\ m l =Cosq>oSin\ n1=Sinq>o (12) 

X =X + L .e + m .n + n .h (13)o 1 I 1 

Y = Y. + L .e + m .n + n .h (14)o 2 2 2 

Z =Z + L .e + m .n + n .h (15)o 3 3 3 

, d~l.......J1 : LA.J-'">~ ~ wL4,. .~~ ~I~~ ~ ...ill~ w~ , ~;U~L..... 4J 4J~ '~........II ~.;;..~~I ~L..:..;.JI u-- ~\..;.. JS w~ 


~\..;..~ ~! ~.;;..~.)~I~L..:..;.JI wY~L..... ~~.;JI wI~yl~.J-'">L....JI.:u..w~ ...ill~J ' wl>.l.......JIJ' wLA4LiYI, wl.:.~.)YI 
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...Ld..:9U-- D1.rJ Du= (IL)JAu ";W\u">".,...J\~L....../u ~Ju">J>~JI+o~\JIy..it~~[JL>~.,~~\o~1 
~.J.;oLJ ~l:!.;J 1 r~y...Ll1 t ' ..GU...l,. ( "":'I.;JI "-:~., "-:\..J..; ) cfJ...u..I\ r~y...Ll\ ~~ L>-:! ~~I ~ 0-' ....:,1.;J1 \.:u. J>b ~ ,uL~\ 

~l:!.;Jl r~y...Ll1 tl..GU...l,. cfJ...u..I1 r~y...Ll\ 0-' 4......:,,1,:";, .1\ uL4:Jl • ..lL~ ~ ~L........JI ~ 0-' "":'I.;J\ I.:u. ~L...... 4i ~ ~ ,d~L........J1 

. ....:,1",lJ~~1 ~~I~~; ul..L......lJ 


uJJ"r~kill •.:u..,"-:!.;...~~\ ~~I -':!~~t~<?1 uL~I • ..lL~JI..lL>,a...j)U1 ~l:!.;J1 r~kill ~tL.i l.Ui ~~ L....., 


: '-T"'''C':''.>-''~ 


Distances: ul:5L........J1 ... , 


:Pi p, ~ L>-:! ~L........JI ... 


( 16) 

: ..bA:. •..lL L>-:! ~~\ ~L........Jl ... 


D=i'I-I..J (Xj+l - xy +(~+l- YY + (Zj+ l - zy (17) 
1=1 

. lA~i., 4-l.,i L>-:! ul:5L........Jl ~ 0i -':!,;. <?I J.,l4.LJI J..lL m 0i ~ 

. "-:'~I ~u\;i\..>.>! P; (X;,Y;, Z;) m -I~! 10-'J~~~~ i 

(Heights) : u~WJ'11"'"", 

D.h =h. - h: : . . cl_ 0'_ ; .., tWJ'11 ... 
I J I ~v-~ . 

: '4Jt.:...J1 .h.O..LJI 0-' m J..lL L>-:! tlh t wJ '11 J~ ... 

tl -.i.=m-I
h-'I(h;+l - h;)

i=l 

. lA~i., 4-l.,i L>-:! tWJ'11 J~~ 0i -,:!';'.;;.11 .h.O..LJI J..lL : m 

m-l~! 10-'J~~~~ : i 

P; aw.J.J ellipsoid ..s~~1 tWJ'11 :h; 

(Azimuth) ulA~'1I"'~ 

(18) 

P; ~Pj ~I.::...........~ AZ 

IJ 

P; Pj ~1~1 JL....!Jl L>-:! d..&>-~ I "-=-,ljJl cf'l 

i= m-l 

area = 'I (ej + l - e;)(n
J

nJ12+ 1 
.= 1 

~~ ;U'1.;J1 ..sy..... L.., 'i ~ t'l ~., ~ JA 'i "":'IJ ~ "-:';"'~JJ4l1 ~~I t 1y'1 L>-:! J.,~J'11 ;;~ L.:.;tJI J-,,~I ~ :1-2 

'i ..ill~ 

~)G.:....'1 L;,.L..~p'-i<?\ ~l:!.;J\ .,~\ ~~\""-:..>:!J~\ ~L..~\~.;J~., L~\.,~ ~~I •.:u.~!J.....jJ\ 0 ! 

'..lL L>-:! IAJ~h>~:;' ~ , .~ ..s~~\., 4...,.l:i L.A...>.>'I Cj~';"'~..<Y' ~l>.) L>-:! J.,~J'11 .~ J~h> '1-,'\ i.....,:., "-:';"'~J~\ ~~\ 

..,...,L...i ~ JJ., ~ , ~I ul~\ ~ ..s~~\ ~L.:.._~,J\., 4...,.~\ .~\ '-T'" •.1.....>\., ~l>. -Dw..a. 0fo ~ "-:';"'~JY ~~ 

.(Doomkamp and King, 1971) 
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~-">LJ (X) ~.~-S.,...>~IJ (y).....,.l:i ;;~ LoAI..1>! ~~I.> Lfol • JJI~ ~ ~~~~I ~b;.J1 rIJJ! ~ 0i ..M.! 

JJ..1> rJI.> o)L.J1 D.:u. ~~ jJ~ ~J 1j~ .Emprical method ~~I ~Fl,. ~~ LA JAJ J.".,..... jJ~~~ 4.jl:;..J1 -S.JJ> 

:Pearson rj~ ~ J..~J~I ;;~~ <L.~I ~~?l1 r~WI0-<J'..h4....:i l+>~~J~1 ~I~~I JtiAi ~~ 

I(x- y) -nx.y 
(19)r = ,ji=(;;:;I?~_=nx=::;;:2);:;;(l;:;:y:::;;=-n=y~-2) 

y,x :0i~ 

. .:..I~I D.:u. JI..l.C-i n 

Y J X u:.~ 0:-:!:'L.......J1 0lb....jWl X, Y 

. i~~I o)I..J.J (I-)J .I~ ~I o)I..J.J (1+) ~ r ~OI>UJ 

: 4l:i.J1 o~l0-< ..LlJjJ. t J..WI ..,..l...:.. J:!~ 0L ~..LlJj 0~· J..~J~I J..\...... (Significance) ~~J -s~~~J 

t = - I (n-2) r (20) 
-" (l-r) 

)~~I ~J\......~ ~~Io~1 J~l~. ~~~J-s~~~~~1 ~L;'.JI~o~I4.jt.... L;,J.l~ I~~ 

: ~~~J~~ c..,>lji a, by = a + bx :Simple regression ~I 

I(x- y) -nx.y 
a =y--bx-, b=---- (21 ) 

I(r) - n(y)2 

: ~~~JY ~~;;..l.C- ~ J..~J~I -2 
d~~ ~~J d...iL ~..LlJj 0~ ( &l:i ~ ) -sp.-i ~~~»" ~I.>~J ( ~I ) ~~~I ~b;.J1 0-< J..l.C-~o~1 J~?I 

y =a + b . XI + C . x2 + ..... + n . xn :Polynomial JJ..I.;o.)I.:..I~ 

U~I D.:u. J:!~ 0L r~ 0'1 ~~I ~b;.J1 ~~ ,jJ~1 ~ 0 i ~~~~J~J~o~1 D.:u. ~~J 

~l.!...>JI..,..y.....~IJ • -s~I..:.l.....!i>J1 J..~ ~ ~i ~ ,=,J~I ~I~~I JJ..I...> j>.IJ ~b;.J1 DJ..&.! ....... l4A.J1 ~I ~J ( c..,>1.,:-.J1 ~..M.! ) 

:JA..LlJ~~~I~1 

. JJ..I.;o.)I ;;~c..,>lyJ~1 :1-2 

. ~Ji ;;..1>IJ ~~~ lA.;! ~L<..JI J..~) ;;~..,..~ :2-2 

. ..:.I~I D.:u. ~ J..~J~I ;;~ 4.jt.... -S.J.A ~~..rUU 4-IJ) ~~~I ~b;.J1 ~ :3-2 

(Doomkamp & King, 1971) ..,..~i ~ JJJ LA ~ : JJ..I.;o.)I ;;~ c..,>IY J~! :1-2 

n Lxi Lx2 Lx3 Iy 
Lxly 

Lx2y 

Lxi LxIXI LxlX2 Lxlx3 

Lx2 LxlX2 LxzX2 LxzX3 

Lx3 LxlX3 LxzX3 Lx3X3 Lx3Y 

http:L;'.JI~o~I4.jt
http:r~WI0-<J'..h4
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:~LL:...iJ1 ~':iJL.....J1 ~ , t:'l:; ~ (Y) 

IY =na + I(x)b+ I(x2)c (22A) 

I(xtY) =I(xl)2n a+ I(x?)b + I(x1x,Jc (22B) 

I(xV') =I(x2)2n a+I(x1x2)b + I(x!)c (23C) 

: ~ L.S c..,>1~1 ~~~':iJL.....JI':U0A 

I(y) I(x) I(x2) (23A) 

I(x/) I(x?) I(x1x2) 

I(x!) I(x1x2) I(x!) 
a= 

D 

n I(y) I(x2) (23B) 


I(x l ) I(x?,) I(x1x2) 


b = I(x2) I(x/) I(x!) 

D 

c= 

n 

I(x l ) 

I(x2) 

I(x) I(y) 

I(xI 
2) I(x/) 

I(x1xJ I(x!) 
D 

(23C) 

.1.S..i:!J~IFI~~I~~..J.J-4lI~b:...JI~ : XI,X2'Y 
• .d.,;.-LL:...iJ1 ~':iJL.....J1 ~~~I~~I :Determinant D 

:~ 

I(x,) I(x,) 

I(x?) I(x,x,) (23D) 
I(x,x,) I(x,2) 

a, b, c: c..,>1~1 ..,..L-. J..A,> 

.~~.>"-'IJ.:.~~J~..i:!J~IFI0A~.,....,....JI X,X2· yc.:.\sI~~(y)..,..L-.~ ~ 

.J.:.y!.J1 ~~~..i:!J~1 FI 0A ~I c.:.\S I~! (Yb)""'L-.~..J ~ 

:~)WI 0A l# ~"""'~..J.J-4l1 j"""lLJJ J.:.~.J')'I J.ak"""""":'J 

(24) 

I~.~ ~§~ 0A l..>"'1y.JI ~~~FI ~ , ~>'~.~ d~ .J..91.J Ji ~JIJ jSJ ~"""'~.JJ411 ~b:...JI u'-i I~ 

~ J.:.~.J')'I .~ ~J ' ~~~..J.J-4l1 ~b:...J1 .J..>.l; ~ Partial correlation ';~I J.:.~.J')'I r-~ l.:u ! L."l:; I~ r-i ~ 

0->~It"~~.~y..·WI J.:.~.J')'II.S~d..J'i..l..:>(K~YWJ) t:'l:JI~IJ.:.~) .~~~-'+i .~ •..I.>~l..>"'Iy..b~jSJ 

: '?"" Doomkamp and King, 1971) ..,..~i~ J.JJ L.S d1.:u~~I4..,;i~!,1 ~)WIJ! i, j ~I 

r ij - (riK r jK) 

r iJ> K =--J(l-yliK)(l-yljK) 
(25) 



X2 ...,. Xl .bL.,u) .~~ rij : ~ 

y"",X l .bL.,u).~~rik 

y...,. X 2 .bL.,u) .j! ~ rjk 

~1~~I.bL.,uJ"'I.j!~JX2,Xl"'" Y .bL.,u).j!~rUk 

~WI .bL.,u) .j!~lS WS ~I J.,,-'.j-ll ~~ ..,.,~i ~~I .bL.,uJ..,1 J..~ ulS WSJ 

. ~i (~I) ~....,:-...~~I ~Wl,. ( 4...,>l:JI .~I ) ~.;;...~~I 

~dJ~~JJ~"'1 ~.:G.YUi ~~~L.,uI.!lW.U~' )~"'I 4.J.:~ t.,;.;...i ~ (w..,.t:JI J=...ll I~) ~I)~"'I~ LA 4J~ 

... 4...,> 1..rl1Ji d.:Jt:JI Ji d..:-it:JI ~J..>.JI u-- ufo .i! ~J...L:>Ll1 .~ u~ I~J' ~I 1-41 ~l:J uYlAS Polynomial ~J...L:>Ll1 .~ o)\.L ~ ui 

~Jy.....JI ~I~~ 4..41b.....JI 4....,;JI ~ dJ~J • t~J~ ~I 4....,;JI u-- (a) w..,.ljJl ..,.,) . .4; cs ...... ~~~~J~ ~ -Aj"J1 u~ : I~J 

: 4...,> 1..rl1~J..>.JI u-- ~J.J.:>..~ )G...:G.L dJ...L:>LlI.~ ~w..,.ljJl ~..,..,~ o~J';u",~ cS~ ~ (t) U"~ ;U~LWI Jl+'>IJ 

(26) 

. J..>~I ~~ t~J"'1 J:..4:i a w..,.t:JI 

. J=...l1J:..4:i b w..,. t:J1 J 

. ~I Jy. ~ J=...ll ~ J:..4:i C w..,.t:JI J 

. ~I»~~I J:..4:i d w..,.t:JI J 

.4..0\.z....1 ~~ J..w .~IFI ui ~ 4..o\.z......,1 ~J~ ~ J.J.: e w..,.t:JI J 

•..L!IJJJ~..rlI~~IYJ)~"'I~"'~L.....<..>"'~IJ..L!IJJ$:..l4k~)JI#..L..ou--..IS'b.JIJ~~IYJ~';;"'~~I~L.:u.JltlYi<..>"'~I-,-"-:, 

[\.:U:wl ~~ . lA~J SAS .SPSS : Ji. oJ~1 ~b:>.~1 I"j","..!lJ ~1.r.JI 1"1..G.:W.l,. .~..u:;.. ~b:>.~ d.i.-:-.,.b3 .I~~ ~.(,~ • 

d.:!.! . ....:. ~i ~ ~I..G.:W.'" ~.;;...~~I ~L.:u.JI u--~~ 0-:! .bL.,u) o~ [\.:U:wIJ ~b:>.~~)\.L 0-:! ~I )~"'I ~"'~L..... 

~ ~J jj..oj ~~ ~b:>.~1 d ..,",>~~I.:u. Ji. u~ J • ~~~»-"~~ .~ 0-:! )~~I ~"'~L..... ~i <..>"'~IJ ~b:>.~ ~ 

.~~I-,",I ~ ~-,",~~I ~ ~"'-,",....... I..b...:.\.,> ..r.--,",~»-,,~I ~I 


ui ~j<.lJ~~1 cSy. (l......i~~..rll ~J~I [~yWJI ~~b:>.~IJ~l:..rl1 [~WI~~~UI ~4-~1 ~~ui J.:..S 

~ 0-:! ~l:!..rll ~ ...... u-- ~~I ..,.,~I ~ (L.......i ~ t--"= . ~J~I [~yWJI ~J • ~I I:u. ~I~y-~..,.......k. .~I ~ 

~\..,.. • ...L!lLi <?ll ~..rll .I~ ~ ~).....';':JI <b.A)L. ~J • ..,w "24 '26 °23 '53 ~~ ~yl~J • l:!~ °47 '16: °46 '13 » 

~J ..L!IJJ~J 102lA~~~ l,.L....:.dJ~ ~~: ~....-:JI J..I~J...4!J' ~t:JIJd.-:-JJ~1 tJ~1 J...4! t....h.4i .i!)~"'1 ~.J.:~~)......s.:,1 

. (2) ~I • ~~LA ~~~ dJ.J.; 4..i§..o ~~ ..L!IJJ 4i lA..L!jj 

http:d.i.-:-.,.b3
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L,..j ~ ' .• _' .•1..::.11 ·Wl ....... ·· -""I ~.l ...bo ~
r ' . <->""..-~ r.r u--, ~ 

500,000:1 (.)"~ yty::.~ al...)L;.. ~ a...""'JA 
[~J-4ll1 ~ 4Jf '::'-'JJ ~1uJ1 [~J-4ll1 6-- .l.J..t.o.J1 ".lAo ~4J1 ~~I u~1 

E100000 

[L.....; ~ V">YOJ ~I';WI ,-,,:!~I 4 ~JJ.>. ~ :(2) JU 

~\.o..~.J.:!~.w.- 4~.ur-j.t....1 <$.J.:!~.w.-~u-o[L.....;~~4j~ ~ ~~.)';I (~yUJl'~~J.;S (1) ~.)JS..!.lI')l4.) I~!J 

, (~I."...JI ~~) GPS d)...!.[ r-\~l,> u~IJ.JJ <$~\yl ~~ .;;;l..i:<... ,;~....w~ly Jw.Q.).)l ~J)lhj>U ~~ J..\.4j ~J (wy 12) 

~';~yI4~ ~.J.:!~~I ~L.....)';I •.ac...~1 ~J' utLL.;:;.)~IJ.::.L..~~IJ.::.l:9~I.::.L..~ Total station u.,lS::;..J1 d.6....Il j~J 

~ u-01r- 10 ~ DTM ~)WI ~L.,.')U~.)';~ ~ ~IJ ~.,s:....J~~1 Spot ~~I~~~~)~ ~"""J ~l:9 ~L....) 

(~y.ill ut...~1 ';..IL~ ~ <$jJl DTM ~yl (~yUJl,> ~~ LoJ-AJ 4~..IL v">.)';1 j.oLS t'" j.ol..:J1 ~i dJ~ J' [L.....; ~~ v">.)';1 

~yl (~yUJl u-o uw 63 .)~I ~ ~J-.!I -,..y....'; ~YJ' ~I?Y)$:JIJ ~.;;...~~I.::.Lo~IJut~4,J1 (I~~ ';lw=.~\ ~4yl 

oLS ~~.J.O.lJ . I~J~I ~JJ.>. (""-"y uw 172J ~~)4J1J~.;;...~~1 ~~..,.,)l..;.:;....~ [L.....;~~yl-S~I.J..4. 

Mathematical Terrain Model ~l,uJ\~}11 (~~I.::.\.jfi..~~~.>:'J)G..u-o[L..;~~ 4J1~~~\J~L.,...;J\ (~ki.J1 
~ 

: (~W\4.:.u.~u.c-~~\ outputsd.~~lu-o ~~~v">~~"""J~?~I~ 

~ ~J . [L....> ~~yl -s~~ a 0 0';' .. uw 63 u-o .;.)t..;.... ~ ')J';I .;~\ J..l.4.Ll1 3 JJ..I.~,lIJ' 2 JJ~I FY- -1 

.)[ ~ ~~.)LS d.;;IJ.>.l.)[l&L~ ~ ~')l~ '::'~.)~ u-o <$~..uJ1 (~.,.......;.JI ~ J.....4.jJ1 4~ ~I~\ .::.l;;IJ.>.~1 J..~ JJ~I 

. Li,.L..l&:!J[.)L!....J1 (Geo Cart) J (Loc Cart) J..~I.::.~~I......A dJ~ ~ c...~\ ~J ~.::.l;;I~l 

u-o ~ .::.j,;..i .;JI ~I J..1.4.iJ1 L>H .::.L..~~IJ .::.l:9~1 d.:,~ 4 JJ~I FY- .::.L..~~IJ .::.l:9~1 .::.l,>L..o.J ~4Y\ (~WI~ -2 

~ .;;... ~ u-o J:!i ~ JJ~ ~Y:-J ~~ (~WI 4.a d ..,,~ u~ -SJ.A ~J -UJ I.:.u. , [L.....; ~~yl -s~\ J..\.4j 

.50.000 : 1 V"~ ~1~y.#1 -WI>'--ll ~ L...;-k~ Lo J ~4Y\ (~Wl,. d~~1 .::.l,>~ 

. ~ L.....;...........!J '1\ ._.11 . uw63' .; L:;.;.,..J\ 1.11 L!....J\ .·.I\J..l.4.Ll1 l·utLW)U 'L.,.I\ ~ •• :II , .. ,-, '~-3 
~ .. [ . .. ~J" -s~ ~ l>'" .) J ....... .) .r-' ...,.... .) ~ ..J" ( ::r-~ I"-' " 


~ J..l.4.Ll1 4~ ~ ~4:![ ~..ILL.. ~ (~IJ -WI>'--ll ) ~ d~~1 JJ~J .,....,iy\ -S~I ~ d ..LL.;:;.)~\ J~ ..,.,)l..;.:;....\ 

.5 JJ~\ 0:!~1 

~J -s.;>.i.)[ uw 0-" ~I )~)'I <$i ~ r-WI )~>U ~.,wl ~\ (""-".) ~ .:;.,.L...J\ JJ~\ 0-" x , Y~IJ.>.)'I.::.\.jl:,> ~~ J·4 

. ~Iyl ~.)..ul 0-" ~J..uJ1 .;.J-!.S 0-" yS.,..J1 )~\ 4J~L....')l d.:9..ill 4~ ~IJ~1 )~)'l,> .::.i..1.,> ~~ ut-:!l4L J)G.. 0-" dJ~ 

.(3 jS:..!J1) 
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Point Latitude (N) Longtitude (E) x (m) y (m) z (m) Height (m) 

1 
2 
3 
4 
5 

I 

6 
7 
8 
9 
10 

23.91585240 
23.93025214 
23.94465467 
23.95996465 
23.97336995 
23.97699218 
23.98922248 
23.99470025 
24.00000000 
24.00846389 

46.20441187 
46.18946213 
46.19073713 
46.20196187 
46.23279495 
46.24264748 
46.25000000 
46.25606944 
46.26890530 
46.28062752 

4038017.584 
4038647.321 
4038093.802 
4036783.287 
4034090.451 
4033248.880 
4032320.969 
4031701.502 
4030591.609 
4029465.349 

4211454.902 
4209912.274 
4209522.789 
4209807.230 
4211533.406 
4212104.540 
4212217.437 
4212463.560 
4213193.062 
4213741.324 

2570127.919 
2571572.391 
2573023.049 
2574566.997 
2575917.765 
2576281.468 
2577515.057 
2578067.715 
2578603.367 
2579459.462 

891.750 
858.238 
839.709 
825.116 
810.010 
802.825 
792.441 
788.257 
786.615 
786.615 

Point x (m) y (m) z (m) East (m) North (m) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

4038017.584 
4038647.321 
4038093.802 
4036783.287 
4034090.451 
4033248.880 
4032320.969 
4031701.502 
4030591.609 
4029465.349 

4211454.902 
4209912.274 
4209522.789 
4209807.230 
4211533.406 
4212104.540 
4212217.437 
4212463.560 
4213193.062 
4213741.324 

2570127.919 
2571572.391 
2573023.049 
2574566.997 
2575917.765 
2576281.468 
2577515.057 
2578067.715 
2578603.367 
2579459.462 

5973.060 
4456.030 
4591.018 
5739.086 
8882.049 
9886.036 

10638.159 
11257.515 
12565.316 
13760.572 

13769.078 
15369.124 
16964.175 
18656.531 
20132.079 
20530.479 
21883.187 
22488.282 
23071.841 
24006.301 

Point 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

From To 
1 2 
2 I 3 
3 i 4 
4 
5 
6 
7 
8 
9 

10 

5 
6 
7 
8 
9 

10 
11 

Slant distance 
2205.045 
1600.767 
2045.025 
3472.098 
1080.148 
1547.743 
865.877 

1432.098 
1517 .201 
2619.811 

Map distance 
2204.887 
1600.752 
2045.025 
3472.096 
1080.145 
1547.743 
865.876 

1432.091 
1517.186 
2619.811 

Azimuth 
316.52559618 

4.83736563 
34.15236937 
64.85103068 
68.35593359 
29.07463505 
45.66725386 
65.95290807 
51.98144728 
46.33292361 

Point From To Slant distance 
1 1 2 2205.045 
2 2 3 1600.767 
3 3 4 2045.025 
4 4 5 3472.098 
5 5 6 1080.148 
6 
7 

6 
7 

7 
8 

1547.743 
865.877 

8 8 9 1432.098 
9 9 10 1517.201 

10 10 11 2619.811 
11 11 12 1749.255 
12 12 13 3595.198 
13 13 14 3244.512 
14 14 15 , 2592.199 

Map distance 
2204.887 
1600.752 
2045.025 
3472.096 
1080.145 
1547.743 
865.876 

1432.091 
14804.421 
2619.811 
1749.255 
3595.193 
3244.511 
2592.193 

x y 
555.805 891.750 

2760.692 858.238 
4361.445 839.709 
6406.470 825.116 
9878.567 810.010 

10958.712 802.825 
12506.454 792.441 
13372.331 788.257 
14804.421 786.615 
16321.607 785.675 
18941.418 771.681 
20690.673 766.109 
24285.866 743.722 
27530.377 733.281 
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y = 872.411 - 0.0065758x + 7.94(10)"8 x2 - 6.8(10)-13 x3+ 2.01(10)-18 x' 

Jol...i.i..,.k. ~ ..u, .::.o6.L.....JI-, .::.olA~!,I-, dd.~.)!,I-, .::.o~L.....J4 4-..oWI rjL...iJl-, ~I...I.>!,I .::.o)l,yo.LU ~l:!.;J1 rjW1 ui ~I.)...ul ~-,-5 

~y-,. rL.....i ~~ ~.)I ~1-'.-Jl4:~~JJ-4-l1 ~~I 4L. ,-"o1:";, I <?JI .::.ow~1 J.d~ J-,I~ JI~! fi-' ~..;JI ~.)~1 rj~1 
.~1 ~I-,.-Jl ~.)I...AJI ~~I 9-' , 4..~1 o~1 ~I....o> 8 , ~WI ~~I 7 , ~I~~I ~i 6 : J-,I~1 

. 1~1.) 102 u.J~tl:'<?JI-,~1 ~1j.)Lr-~..)-,~1 

~1~~1:(6)~ 

Re .cJlb:....[ Rc oG.;\.4...[ AJJ. <Go-L.... Wu ~.>'" Pu ~ Lu ~.,Jo ~I.;JI 

0.672 0.310 0.6432 0.352 5.106 2.418 TOOl 

0.942 0.327 0.1221 0.501 2.167 0.732 Too2 

0.669 0.225 0.4582 0.242 5.061 2.409 Too3 

0.695 0.442 0.8216 0.446 4.831 2.212 TOO4 

0.675 0.353 1.0068 0.695 5.989 2.825 Too5 

0.737 0.265 0.9865 0.482 6.836 2.954 Too6 

0.666 0.305 1.1283 0.516 6.822 3.261 Too7 

0.690 0.274 1.0212 0.446 6.838 3.155 Too8 

0.660 0.283 0.4673 0.195 4.556 2.196 Too9 

0.705 0.161 0.9875 0.416 6.017 2.718 TOlO 

L =LIN JI.,Jo~I.h..":""u u u Lu JI.,Jo~1 t~ Nu ~1J..>l1~I..Y:.i u ~.;JI ~I.;JI 

2.418 
0.732 
2.409 
2.212 
2.825 
2.954 
3.261 
3.155 
2.196 
2.718 

2.418 
0.732 
2.409 
2.212 
2.825 
2.954 
3.261 
3.155 
2.196 
2.178 

1 
1 
1 
1 
1 
1 
1 
I 
I 
I 

1 
1 
1 
1 
1 
1 
1 
I 
1 
1 

TOOl 
Too2 
Too3 
Too4 
Too5 
Too6 
Too7 
Too8 
Too9 
TOIO 
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~~I olli:.)1 ~~: (8) J"..I.tt. 

~Ijjll JI.,Jai ~ ~IJ..u...o -
Tu= Nu / Pu 

0.196 
0.600 
0.198 
0.207 
0.167 
0.146 
0.147 
0.146 
0.219 
0.166 

Fu =Nu / Au 
1.555 
3.105 
2.182 
1.217 
0.993 
1.014 
0.886 
0.979 
2.140 
1.013 

D =(LL)u / Au 
3.759 
2.273 
5.258 
2.692 
2.833 
2.994 
2.890 
3.090 
4.699 
3.752 

CiN)u 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

(IN)u 
2.418 
0.732 
2.409 
2.212 
2.852 
2.954 
3.261 
3.155 
2.196 
2.718 

~I.,JI 

TOOl 
T002 
T003 
TOO4 
T005 
T006 
T007 
T008 
T009 
T010 

~Jw.:.J1 ~L..a;.J1 : (9) J"..I.tt. 

~...,.;:w..i ~';I~4-JI~1 ~1.,J1.s~~ 

R = DHl1000 Rh = HIL b H =Z-z Z z emax ec 
~I.,JI 

0.1132 0.0124 30.1 871.8 841.8 1.0335 0.7132 TOOl 
0.2608 0.0594 43.5 882.7 839.2 13.6157 3.4009 T002 

0.8154 0.0644 155.1 991.6 826.5 22.5498 3.6838 T003 
0.0159 0.0027 5.9 835.6 829.7 7.4429 0.1528 TOO4 
0.0969 0.0121 34.2 860.8 826.6 36.0872 0.6936 T005 
0.3809 0.0431 172.2 951.7 824.5 12.6480 2.4656 TOO6 
0.2930 0.0293 95.7 915.5 819.8 17.3064 1.6810 T007 
0.4437 0.0455 143.6 960.3 816.7 11.5501 2.6060 T008 
0.6062 0.0587 129.9 939.1 810.1 9.3148 3.3619 T009 
0.3231 0.0432 117.4 925 .7 808.3 28.0683 2.4733 TOW 

~~L...:... ~ ~l...1 ;;~~~ ~j I'"J ' .-L!IJ ~ ~~~II'" ~I ~~~~I ~L..a;.J11..H! Jo~J':i1 ;;~ 0-" ..ISt.J11'" -6 

~l> I..H! Jo~J!,l,. ~WI ~t....-!,I rj~"';"~ .~i '4ll ~i L. ~J .-L!IJ ~ ~~~~I ~L..a;.J1 0-" ~..I.A.III..H! Jo~J':i1 

~L..a;.JI.,.......;i . ~IJ~~';~I Jo~J?U ~L...:..:...!,I ~~~I WA..G.:....I W" , ~~~J"" ~L....:...;..;;~ I..H! Jo~J!,IJ ~~~~ 

~...,..~I J......!14,> ~J ~~J......!I o~~~j~..uJ ' L..,,\j I~~~I ~WIJ~.:;.,I~~~~~I 

, ~~I ~J..ul 0-" ~J~ .~~~I ~~J .-L!IJyl J# ~~I ~J..ul 0-" ~J~ .~~ &\j ~ J......!I O~J ' J......!I Jo......,.... ~~~ 
(~~ J......!I) JJe...lI J........,.... .:;.,l,.L...:... 0-" j.A!i ~I:JI ;UWI ~ J......!I wi ~ ":!J 

: 4tJI ~~I ~~~~I .:;.,~)WJ ~I )~':il ~':i~L..... :7-1 

~ a.-.;.,.,.. ;U~L........JI ':UJ (t) J~l,. ~~y.b .~ c.,>IY .:;.,Ij ~)~I ;U~L..... ~J (NJ lA~I~·IJ (u) .-L!IJyl""""":;J I..H! o)L.,J1 • 

.(u) ~J ~~Ij (N.) .-L!IJyl ~I~i .:;.,~Ij WS' ~i F-i ............... (4 ~I) 

;U~L.....JI ':UJ (t) J~l,. ~~y.b .~ c.,>IY.:;.,lj ~)~I ;U~L..... ~J (F.) ~J~I J~ .:;.,':iJ.A.AJ (D.) u...~1 o~ I..H! o~1 • 

(D.)~~I olli:.)1.:;.,~ I j ~J~I )~~':iJ.A.A.:;.,~lj WS' ~i F-i ............... (5 J$"..!.ll) ~~.,.. 
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1\ =-3.97071674 + 3.38172198u 

Au =-7.79614866 + 1.42147048Lu+ 2.32078741u 
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~~~I J~~'1 ~error equation .L.b.~I..:..~.)L.... -":!~JyS~I)~~I..:..~.)l...A.::..A~ .)l.::-:l~..:..l!~I..:..~l:!Jtl..G.:i....1 • 
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