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Strip of models containing control points.
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Balplex projectors used to perform stereotriangulation.

Esfahan University - Surveying Engingering Department - Dr. Momeni - 2006

T S
P G555, iz slealiws
M
.
/
%
’
s
Ve —— N
S — e — — NS
Model]  ~— Model 2
Map ratile

Bringing successive models to common scale.

I o m a
Base-in Base-out Base-in
Universal lgalSiws
(o) ic) re)
!\_:/E v
16} (a) r)

Optical switch used for base-in base-out joining of models

|
R




bli dos plhe g 5l o Lalliws ) 5l Jols wib ( Bolai 9 Sl galas 55> Lo a®
b ) Jols laize b S bla gie) Olabuw Ko Ojle 4 cand Gulaie wl olacel jo 09290 J S
s il s oy 3llae a8

3930 sl & (Polynomials) slabes six Luly, (o3l 5l eoliiwl b aS ol T ailb (oK 5l Bon ol ploe
o8] ey il oy edie ) Jol> 28 bl gl 1) claiio mamar polie S bl g,

Gl cewlio dy0 b sldlos s 405 Jho Lxi] 1o g Aluce®

31 oyl A0S ol 4y (ST algh gy ulin 190 o) b sl B el il

(Slabor wizr ulpo eesd) S8 B (59, 00 oualine sllad 4 ould iy po labor iz cnl (5510 (V
laler wiz drlns o0 gl 5l oolitasl b (o, 5 28,8) blis dad laizeo peoomass (¥

Esfahan University - Surveying Engingering Department - Dr. Momeni - 2006

o sledae 4 Jow ol bl sl sz 50 oy (V=T

iyl Uas s g0
(MwbW.J@up)s‘_;)boabgglf6)d&c6u&>3¢&go6u&>uu®w |
Shelie glblbs ol (Random L Sl Solas =
550 Sl slallas Ll ojls cung dolee Sl 5 sl plate Wb (g9, p Sl sballs 30
adyls galainls
Wlll cnl g pe Jiie aily FTU jshaicen 5 pous 4y g0 5l g p9o & Jgl Joo 5l Gllae g il

:)'\ M)L.c
S, Az,Q,®, Xt, Y, 7t

b (635 w0 9o 9 Lgladl JULST o lodiwanw (sl () -l

Sigors] olall JUEs] Slatoes (sllas 2 Jlho
Db oo Sgen il sl L3, sases i gl il Ggeu ;] slas e Jgl Jow 4SSl 5,8 L




A4, A4,

Aal

AA. : AzimuthAbsolute error

Aa ;  Arzimuth Transfer error

................. \ Ly
b\ ] 44 X

n *
L 3 -

: P :

: 1 : :

] . .

Ll 0‘0.00.000400.0.00.0'00.0‘.0.0:

1 2 3 i

Esfahan University - Surveying Engingering Department - Dr. Momeni - 2006

AY, =b.Ad,

AY, =b.Ad, +b.Ad, \
[

AY, =b.Ad, +bAA, +bAA,

AYl.=b.ZAAk |:j:\'> — AAocaaATY

=AY, =b) > Ag,

sie o (K olaial ;9) (635 o y3ome (55, SISl =mmmmmmmmmmmmmmmeeoaas g
2970 (el Ay o




JS5l Je g8ly 4o a5 ol (Double Summation) ailS'ss gex &ygo a0 Y (55, » Dol JESH gl 56
(V-Yo Lidu 4 auS g9, 0900 oolazwl Lladl Jlas! Slasl sllas gl ol o0 4S5l ) sl &l g0

(Azimuth transfer error) Sges 51 JUinl Sslatamw las 109 31 gl oledl JUS! glas dpuad
510 90 &> 50 5l s Wb Job 0 AY slas s e Ldae jo Gllas Siges )l glas <:|

Lo o 3 5 (oS 2ty 45 phailas) 0l ol ledos B oy o] JUid] Seilactonnes sl 51 5 L]
20 (Gl iz wcu B L aS) S plp e b

AY, =0
AY =0
AY, =b.Aa

AY, =b.Aa+2b.Aa
AY, =b.Aa+2b.Aa+3b.Aa

X, =ib
) b.Aa Aa
AY, =bAa(1+2+3+...+(i—1)) AY; = = X7+ X
.2 _ 2
AY=bAa.(l ZJ AY, =by+b, X, +b,X;

Esfahan University - Surveying Engingering Department - Dr. Momeni - 2006

JUH glbas 4ndB (535 5o jomo (e sly 02 00ld S8 Az gl 050 |; Wb (655 50 jeme haid e (]
ol o ool s S j0 a8 ¢ aib e LS BB 55 D g whbido sl Lol

ZjYSX EYyE 63)).»«.»\*1).»Q@su}m)icwuﬁJL&u‘C;Ua}Ghudﬁﬁ&Lhua}}ubdsbui)‘
Qo |y bl gllae glas lade Wil oo X 4 Cannd 615 Fden el 1,501 & 90 4

L0 loteral Lilt
Effect of At -Fransfer errovs -

The olsgram Shows : -
G) half ses . tanster ermrs
abes pot aHect e Shp-axs

ﬁf;) A-Q@ = E.ﬂm‘_'

As d_Q@ /5 o.é/:‘i‘ff;da/ f?ﬂm
sinale Summabon of dw
ﬁ.ansfer cerrors

i A.Q.@ con be P&/ﬁre‘sevfaa’ ézd o [:m&ra/z-mcrfén
4'e A-Q@ = &)+ 2d2.x




¥ ax
o R (onis) . AS@
] 1 . X
= — - —— ]
s I 4 —
[ . : \
P I TR e =a.¢,+alx+c:,,,){"
i {.’l'sj
-, . N
= AS_@ = Q,+ 262X

Y ] ) Y
o . ) 3¥I‘5) '
.ﬁ__f.)__\‘" i . - A A @

I
1

bo+biX+boxt

= bf-!-ZIDaX

(=3
-
&
1

A e

ﬁz(lall’_‘;) = Co -!-C',\-,-sza'

Aepm = ¢, +2C2X

,A%x%%g_

Sl (635 0 y570 3,

gyl JlEl glas
Sl 635 0 y57e S5

&9y (0] Jeasl gl
Wb 55 0 s97me

A S (655 Frdo b Ll 3llae (glas
3l (555 o 5o ol

Esfahan University - Surveying Engingering Department - Dr. Momeni - 2006

Wb (635 w0 y9e 1z Liladl JUS! S oo (slas (o) 90—

R

A I..—

AY : AZ JAZ

u
YessEEEEEmEEEEERd

AYS :Y'M:Y'(ﬂ1+202.X) AZS :Z'&S:Z'(ﬂi +922.X)

—_— —>

AX  AX

AXg =Z-AD =Z (¢ +2¢,.X)




o8 Q Jsl glas ol -F

b e )'|
? )9

— K_H
AX = AX  +AX , +AX,

AY =AY, +AY, + AY,
AZ =AZy+AZ, +AZg

Y
AZY K" |
AQ N
AZn =Y -AQ=Y-(d, +2d,.X) AYn =-Z-AQ=-Z-(d; +2d,.X)

§ P45 398 o0 osnline 398 polai 5 L)
N

1

c Wb gm0 dlaiel y 4105 LS glallas
(0]

e *Scale transfer error (AS)

o *Azimuth transfer error (AA)

E_ sLongitudinal transfer error (A®)

—

D. b yg7e0 slatel 2 756 (g lalas
e Lateral tilt (attitude) transfer error (AQ)

(O]

£

=

@®©

o

[

(a)

o
£

—

(0]

©
£

o

c
Ll

o
=

> 10,5 plaie ) Ojge ]y e Ll lgS oo e
2 3 b

2 . e

1 [% [%
2
|2

o
=2

c
-]

c

®©
<
AL

17}
Ll

Fisr9me g 5 WS (o0 ol las (K Y.Z) lajyme don (55, (wlie qouidlogee 525 (g 5l 45 pshailen
D pdysed 8l Sl jome ol Jo &S Sl 90
YL, Jaa‘g) )‘ oolawl L> 9

AX =a,+a,X +a,X>-Y.AAd+ Z.AD

AY = b, +b, X +b,X>+Y.AS - Z.AQ

AZ =cy+c, X +c,X>+Y.AQ + Z.AS




Loslad s Sslotnw slas 56 Lalg, oS 5 (Y-F

olid dailgy cpl aisS s sbul 1) 45 Laly, ggemme j0 Wb X, Y, Z (g5, » bl o 50 5 ol olas
AL (X 4y cand) 9o a0 5l Jolas sl Uas

AX =a,+a, X +a,X* =Y (b, +2b,X )+ Z(c, +2¢c,X)
AY =b, +b, X +b,X*+Y(a, +2a,X)-2Z(d, +2d,X)
AZ =cy+c, X +c, X +Y(d, +2d,X )+ Z(a, +2a,X)

: (Z=constant) wil plave (il dbge ;o ey a5 > 0

AX =a,+a,X +a,X>-Y (b, +2b,X)
AY =b,+b, X +b,X>+Y(a, +2a,X)

Planimetry

{AZ=c0+c1X+c2X2+Y(d1+2d2X) Height

Esfahan University - Surveying Engingering Department - Dr. Momeni - 2006

Vermier s -l

5 s 3l ggdge (3,5 ool gl Lo b (nl ad pSam g allsl ook Sl b elel p B68 Ll
w.usu’.o 39° 05.»»‘54 o..\.x|5> Vermier SHeS |3Ls a as ‘) J.«ol} C.JL.: 9 LQ(@JS U"l L>r.u‘

(Model Deformation) Juae JS& s )50 O)le 4 el (g piir BB L) yao Jow JSis gllas -)
,la5 592

Ll Jao 3llas a5 glas 5l LG ool gouy dlin dadi jo Dlaise gl -Y

do oy oladl Jlil glas &8Lal 4 Jol Jow jo Glae gl b cnl ol Jow o o Lyslol ‘?J.'a.n sl =Y
Joe b5l g8 sledaa

Lsledl Jlazl Bl 5 Silasinew lalhs Cogo il JSas Jolie jo Sl 5 Solains slallas -
Aty

555 il Hemee slaital (6,56 Q Jlal glas aSJl> )0 el o

S5 Wl S i 45 s B LU XE, Y, Zt Jlesl glas -V

2,5 a@slal | LJos den




Lslod! JUs! Sl g S losimanw sl o jod j3b -0

39 el AilE g pex Do 4 Slatte (59, Loledl Jlal Uas 50wl ools (Las Y=Yl s j0 a5 jshilen
ygead 90 .ol 00l &SI MATLAB o alge i 5l oolawl b Blasl glallas (ol ailS g0 roz pogine 5l (Jlie Lxtl
Do |y gyt sl ol o Ol b aules o Lo oo co lis Gialejl )b 50 sl 1) pogde ol )

1000 . . : , 5000
800 . /
5000 F /]
2 i a=randn(100,1)*10;
s i 4000 - 1 b=aiy;
! for i=2:100
iy hii=sumiart ;-1
i / i ; and
/ | 3000 F 4
o . / e{1=hi1);
| far i=2:100
! " clijEsumib(l:i-1;
200k 4 2000 - __ ] end() {b(1:i-17)
s 1 | plot{1:100,a,'b",1:100,b,¥'1:100,c'9)
1000 / J
600 ' .
800t J 0
-1000 F . . . . 4
1 1 1 1
O 20 0 =] B0 100 <1000 e 7 = T

Esfahan University - Surveying Engingering Department - Dr. Momeni - 2006

rseis Sl glallas (gl aiy)ls 5929 w2 b lojed ingn wib LSi 50 Soletun 5 Sl slallas
Slpldoz w5l qos o Al 90 oz page 3l a4 STl L Joe jo cnl IS jly |15 sl glalon aiz
ool 3l aw o) Solesiusw gl 56 OO 99 A0 oS iSu g9 ;0) gl e oolazwl aw b g 90 4>,

(3305 bl sl
& ‘5141.0.7 ReES (_gLe‘_»L.oy «_JIHS(Y 9 (_g)'Lw soluw() ‘_g])._' ‘S»Le‘b).w JLQ-C«‘ Lww b 99 2:;-)& ‘_gl.eﬁ.lA.LQ.? ReEY Q,_{]
gl o 4855

Glae il Slxbaue JSG 5055 (Conformal condition) ¢og: JS& v byd Jlasl dobo s ol 51 (gleigas
I ) Ja.»‘s)

AX =a,+a,X —bY +a,(X>=Y?)=2b,XY
AY =b,+bX +a,Y +b,(X>=¥?)+2a,XY

I(ax) __a(ar)

Y X
RN Lo yailS” b
9(Ax) _a(ay) O Jo B bt
0X Y

A oSSy &l 4 ans ool g yien dslllas (ol




-—:'l'lll/ s ENL

—
—

{"I) nos . C.‘.oﬂiforma/ (H) ’ch{a‘rﬂ’a/ b

Esfahan University - Surveying Engingering Department - Dr. Momeni - 2006

ST lep gamidio o ballas S5 s (V-0

oolaiwl é)s.o Ja.g‘g) -

Uit e axsl asle) Koo Loy, 5l sl o oS oo ookl «Y-F» iz o ead )| dag, 5l Lyl o L
Cbls wilyr (6 paitte i Caamd () Cdlae (w11 «Y-F O

AX =a,+a, X +a,X>=Y(b, +2b,X )+ Z(c, +2¢c,X)

AY =b,+b X +b,X>+Y(a, +2a,X)-2(d, +2d,X)

AZ =cy+c, X +e,X*+Y(d, +2d,X)+ Z(a, +2a,X)

OY gbxo 9 Wlsalie -

ey Slaize a5 S by gl o) bl den gl g oad sbnl Jaws olfiws o awgy &b oS 5,8
ol 0350 5 2318 conds Bllae dz g8 Wil Slaise (W5l

LT (sl €atwgn w5l ol Slaser 51«8 blas s Slaibwy S o le Lo Sloalie®

A 599 OYolre colpo ji OV gpona®




J s bl ¢l cunbo Joxo -0

Q 55 52) ol Parabolic glaw dolee 5 ol o 1S Sl o 1y olas )| S (5l ool )50 Aolas
st ol JyuS Al gy Sl 4 alolee (ol )3 (G rd @) Jstme @ Jo sln (Sl G ol Jsb 5o
g oo Slgidn (KD 10 ool &l Djgo a4y blE pl & ie g Joe eale

AZ =cy+c, X +c, X +Y(d,+2d,X)

[/

P el Job o D@ 36 5 (Wl jeme p dges (o550 Sz 50 e card i) 136 S Gl oS 5 0
OWREIRER SN

Esfahan University - Surveying Engingering Department - Dr. Momeni - 2006

g o Slgiden (KD 0 0ad &l &g 4y (Dolis oy &}BSBJ"“’MJ“‘ i Sldane

AX =a,+a,X +a,X> =Y (b, +2b,X)
AY =b,+b, X +b, X +Y(a,+2a,X)

>
>
P>

P>
>
P>

P>
P
>

yloigo S8 (0] 2 0g0e 5 il oo gz ;0) 1) ail (oolod el dw (gl> @y alaii A L bl oS 5




b Olaizeo poows — &

Gy 1 s (] 50 398 O¥olae a5 siil Slatte s ;0 b (398 SYolee J> slp o5V Slasliv
S0 A g oyl o Jlasl bas i X jgome .l oamlive JolB (IS5 50 Slaidus gl Ol iloas
D9l g0 hy 2

Ngd Jadd s ! 4 b il 5l Jols 5 g 3l pel bl Olaie dan ) by

Ground Coordinate

Esfahan University - Surveying Engingering Department - Dr. Momeni - 2006

ot b Y sleo -

B9 oo ool 5 o yile Aolas (o)l elay | Ol sy Wb dbgore 3g) Wb (SSD s (gum Aw > sl

AX 1 x x2 0 - y =2xy 0 z 2xz 0O 0 |5
AY|=|0 y 299 1 x x* 00 0 -z -2xz b,
AZ 0 z 2x2 0 O 0 1 x x° y  2xy | ¢




E¥olee (3)05 el )| Sl wily Abgre g Bz Oypo 4 Wil olis,) 5 Slxbaae Syw > sy
és.u.)‘so oolaiwl ») ‘SMMJJLQ

dy
o
AX| 1 «x x2 0 -y -2xy|a;
AY—0y2xylx x? || by
b,
b, |

o

Cl

AZ=[1 x x% y ny] ¢,

C3

| €4 |

Esfahan University - Surveying Engingering Department - Dr. Momeni - 2006

Wl S gl SYPUT plep guosacdio piy 595l -

(og:555200) LenSe (59, 25 bl (505 eadle 5 (b g S5 blES Joxe (90,5 (oo =

Joe 5, (b ple 5 S5 5 (2)5) blis claise <313 5 ) @llae 4z gs 9 Jol Joo JoSC25 )

(bl ple 5 J55 5 (255) bl Slatsee il g 13 Joo 4 gy O)jp0 & dm oo JoSis Y

Logam aw o ol e b Jloyotils c aw b 90 4> )0) las mal glalozaiz g5 9 420 5L, ppeal -V
(o2 5l eli)l g Slodane

(Slaalie eans S00 S)lie a) S blis 55, (AXAY,AZ) wil (gllas Gl ¥

lpladbozaiz culpo i gl OYolas > -0

Jlael s Lplalazaiz 5l osliind b o] jé g o, bl 5 Sy o (AX,AY,AZ) laihs o dnlons -5
Slesal

Jlasl Jlae) 0l aslys ools prdgs dm Juad 3 (5 el S533 Sob o) Koo slawil sgzg Syge0
(Ssk JeSis sl oo el 5928 lanily

Oa

Photogrammetric block.

& Horizrontal field controf
OVertical field controf
olie points




sl S (ST S (V-5

[ Back line
fay f "]
Ya A
= { i il Ll < swl
[ I
Ye 1
I
@) @ O i Front @ & line : O ol
& Fixed horizontal control A\ Instrumentally O vertical
control I
r ral ]
i I
L Fronr
L iy
ax P—t 5%
F \: P

-7

[
i
{

P T———

B
hN

ol o i e (Gl
A8 oS E?‘)““'-""".f"}

az [

fd)
(a) Triangulated strip. (b) X-error curve. (c) Y-error curve. (d) Z-error curve,

Esfahan University - Surveying Engingering Department - Dr. Momeni - 2006

oy gy 4 elad ganadie (V-)

Wb ke 9 (I Llg; - Al
(PP) (hol akais 5 10 4 a5 (plaargly (omie (olos glagel (g 9) oS (uSe Sy j0 1ands
A (B3l 4 gl5 gl o (5 S0l

]
Lp "
‘ N
- L glis) 5 36 bl
Ly oy [J] . TS . .
//
o / | VN _."‘ f L |r
i \ l“\ / \\ \ |
!/ \ \ \‘ I
O\ / / \\, |
| \ i \ 4 |
Y /| |
|/ R . =" = o, ;J "\
1§ “LI R ';‘--._ %f/l/ \ ! N —\‘ HX_/-// "\. |
,9. < -.‘“-H___,_ ;.0. ’ B “Jz T - G ‘\:J 1
o L




