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ABSTRACT
A great variety o f different method and techniques are used for the processing of 

images that are got by photogrammetry survey. The methods o f the digital 
photogrammetry on the stage o f geometrical model constructing and analyzing results of 
measuring this model completely use the the apparatus o f  analytical photogrammetry. 
Thus the elaboration o f different mathematical models is o f great importance. The article 
presents the analysis o f the photogrammetry data and methods o f their adjustment. The 
authors formulate the generalized mathematical model that is universal concerning 
photogrammetry tasks. There is the theoretical solution for joint adjustment o f the 
measured quantities and their functions and control data given in the article. The authors 
supply with the examples o f partial cases that come from generalized model.

INTRODUCTION
The fundamental task o f the photogrammetry is to reconstruct the object and to 

define its metric parameter on the base o f their photoimages. This task is still very 
important. As it is known the methods o f the digital photogrammetry on the stage o f 
geometrical construction o f object model used completely the apparatus o f analytical 
photogrammetry. From this point o f view it is very important to elaborate mathematical 
models that were not enough investigated in the sphere o f  analytical photogrammetry.

The analysis o f photogrammetry data and methods o f adjustment permitted to 
make a scheme containing main characteristics o f measured quantities series, extra 
data and geometrical conditions that appear in different photogrammetry tasks (see Fig.l).

I. M ODELS O F PHOTO G RA M M ETRY  SURVEY AND M ETHODS FO R  TH EIR  
M ATHEM ATICAL PROCESSING

We are going to concentrate on some explanation o f this scheme, putting aside 
the classical points that do not need discussion.

1.1 Photogrammetry measuring suggests the direct measuring quantities on
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photos. Usually they are flat right-angled coordinate o f points. When the 
processing is earned on the results are usually adjusted according to the classical scheme 

lhe  sPace photogrammetry coordinates o f point o f model are considered to be 
fte  fac tio n s  o f  1.1-type quantities. I f  one includes them in the adjustment he should use 
we 1-known theorem [2.3] to get strong theoretical solution. The theorem [2 3] states

in troduce?  18 ^  ° f  F " тПС*І0Ш ° f  °0rrelated me™ g Y  * e  matrix is

directly.

( 1)
then the result gained will be identical with the adjustment o f values measured

d Y '

Z r  - codispersive matrix o f  measured values.

1.3 Bearing data include the following data classes: elements o f projection- 
elements o f geodetic orientation o f photography (linear and angular)- coordinates o f the 
control points; geodetic survey ( angles, directions, length o f lines, exceeding and so o ^  
size and forms o f objects and some others.

inf nH E!)Ch !УР1  ° f  data requires an e(luation t0 be put down. This equation later is 
introduced into the general system of equations when making adjustment

4.1-4.2 The notion o f the function o f losses as well as notion o f minimization o f

m .  For the linear model of

Р ( ^ Г  ■ (2)
e *  —  regressive remains, d - parameter o f  unsquareness ( - l < d < 0 ) .

If d -  -1  there is so called robust-method o f evaluation I f  d = 0 
square function o f losses that is classical method of least squares. ^  3

The use o f the notion o f the function o f losses provides with thp +
the series o f surveys with non-Gaussian division o f the Z r s  ”

5.1-5.2 The use o f the hypothesis about dependence (independence^ o f 
measuring equitation requires the awareness (or neglecting) o f c o d i ^ e  т а ї *  o f 
en-ors o f measuring. Thus introducing codispersive matrix £  mt0 matheiBatiJ
model.

The authors elaborated a great variety o f  mathematical models These 
“  “  W  To reconstruct the objects with precise ground

S - r  a Z : r ti° n  [5] WaS *  ,0 —  E jec ts  with
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1. Type of values 1.! Photogrammetrical
subjected to adjustment servey

1.2 Function of
Photogram metrical
survey
1.3 Control data

2. Errors data каїни re 2.1 Just occasional

2,2 Occasiohal and
systematical
2.3 No errors or they are
disdainfully small

U-

3.The possibility of 
including She systematic 
errors to adjustment

3 J  YES

3.2 NO’

H

4. Function of losses 4.1 Square
4.2 TJnsquare
4.3 Mixed

■U
5, Is tfee codispersive 
raatres known

5.1 YES

5.2 NO

6. The matrix weight of 
photogrammetry cs 
data known

6.1 YES

6.2 NO

u
7. The existance of 
ad d it ion a! geom etrtea!

7.1 YES

conditions 7.2 NO

PHOTOGRAM METRIC 
PROBLEMS
1. Partial callbratifig of the 

photographs

2. Complete calibrating
3. Self calibrating
4. Reverse photogrammetric 
intersection
5. Double photogrammetric

intersection
6. Direct repeated intersection

7. Relative orientation o f a couple of 
the photographs

8. Relative orientation o f three 
photographs

9. Phototriangulation as to the Join- 
method
10. Phototriangulation as to the 
met hod o f the model s
11. Formation of quasiphotograph 
! 2. Geodetic orientation of the 
route model

13. Geodetic orientation o f the model 
(the couple of photographs)

14 Research stereophotogram- 
metric'al devises

Pic. 1. The choice o f the model for mathematical processing photogrammetry survey
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2.GENERALIZED M ATHEM ATICAL M ODEL OF PHOTOGRAM M ETRY

SURVEY

In this article we are discussing the general problem o f joint adjustment o f the

measured quantity functions, control data and direct measuring in the following 
statement:

Let us admit that there are set the following data: n-dimensional vector Y of 

measured quantities, which are free from systematical errors; its codispersive matrix

У  ;

r - values o f functions are calculated.

T  = F ^ )  (3)

It is necessary to make the adjustment with respect to r-conditions.

Ф = Ф (Т ',ГЦ ') = 0 (4)

here T ' ,Y ' ,U '~  correspondingly means adjusted values of 

functions T '= T + A T ,  (5)

control data 7 '  = 7  + у  ^

additional unknown quantities

U' =U  + Д U

Besides , the measured quantities Y2 with the codispersive matrix are

connected by the equations o f corrections with the vectors Y ' ,U , , so that

s 2 = - B 2y  -  SA U  - W 2 (g-j

The codispersive matrix o f vector^ is known.

We consider the errors for 7, and Y2 to be divided according to the Gauss law, 

and for Y they differ a bit from the Gauss.

dimensional o f all the vectors are such that there is not the indetermination o f the 

linear equations system, that is The matrix possess the complete rang. Let us consider as 

well that the vectors 7  ,7  7  are correlated with one another.
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As far as

T '  = T  + A T  = F(Y, + s, = F(F,) + = T  + a e t, (9)
*7/,

АГ = as, (10)

When canying out the linearization (4) we get

—— AT + ~ 2 L y  + - — M J  + Ф ( Т \ Г и ' )  = 0, 
д Т  д ¥ '  d U

or

A A T  + Biy  + CAU + co[ =0. (11)

Substituting expression (10) instead AT  taking into account (8), we get the

initial system if equations

D e , + B, +C AU  + co, = 0
1 1 1 (12)

є2 + B2y  + SA U  + co2 = 0

where D - A a  (13)

Let us complete The adjustment for (12) with the condition o f the minimization of 

function o f losses , with

P (fi) = £\ ■> P (*2) = ̂ 2 \ p  { /  ) = \r \2+d > (14)

where d - parameter o f unsquareness.

Let us compose the function o f Lagrang, for conditional equations (12) where 

instead у '  ]Г г Г we introduce the sum marked with Gauss symbols:

4>,=
2+dp y 2+d 2+d 2~d 

= Рхїх РіГ 2 + - + A  » (15)

VP = £,IS '1 +£2r y'+4>r - 2 k p £ {+B,y+CAU+cox) - 2 k 2(D£x + B 2y + C A U  + co2). (16)

Thus we can get partial derivatives: 

d 'V
= - 2 є, -  2k.D = 0,

O S, 1
ДІ/ і
-  = -2 є ,  s ,:1 - 2 k ' =0  . 
де, 1 ^  2
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= - 2 k tC  -  2k2S = 0 (17)
d U

~  = (2 + d)B y  S=' + (2 + - 2 З Д  - 2£25 2 -  0,

| X  = (2 W )B y E=' +(2 + d)Sy^ - 2 k A  - 2k2B2 = •

where S r = [ r ,  A , - ^ 2A2- . . . - r , A s] ( lg )

I !d * Vі ЧИ) Л Q1Д = у I - I  or Д = 7 , ----- -—  * '
уй ^

When solving (17) concerning є' , є  , y , we get

ex = Z y D 'kv 

S2 ~ "Zyjt2’

r = ~  Z - ,* , * , + £ & * * > + * , ■  <20>

On the base o f (12) and (17) we get the system of the equations correlate 

(D 2 r £ ' + +CAU + a ,  +B,Sr =0,

2 1B J-UYB > M L ,  + )*a +CAIJ  + <?;2 4- = 0. (21)
2 + d  2 Y ^  2 + J '

The development completed by means o f consecutive exclusion o f unlaiown 

quantities leads to finding out the vector A U  and correlate

AU  = ~ ( C 'M „ - S 'R ^ R n ) ~ \ c 'M n - S 'R - 'R ,  3), (22)

k.~  r :-(r km ' + r .^ .  (23)

*, = - N n'N l2k2 -  N j C A U  -  (24)

Here are introduced the following symbols
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N u = D I,y .D' + - B , Z vB] , q = 2 + d Then

N n = N 'y = - B x Ц В ’,

V q  )  

fi),=(D} + Вг5 у , й)2 = й)2 + В2дг,

R l2= S - N 2]N~2C, r „ = oT2 - n 2]n - ^ ,

M n = N j N xJ l j R a - N > »

r ]2= - n 2]n ;;n ]2+n 22.

The codisprsive matrix o f adjusted vector AU  is equal to 

^ = ( С ¥ „ п У ' Л Д 2)

(25)

errors £\ a

. 1 At

3. 1 

measuring

(26)

Basing on the task described we can formulate new variants 

o f aerophototriangulation. For example when one part o f the net is constructed by the 

method o f models and another part is constructed by the method o f connections. Such 

interpretation makes it possible to fulfill in a new way the densibleness o f the net limited 

by the couple o f the photographs. Besides it is possible to construct models o f locality 

and relief.

3. PARTIAL PRO BLEM S AND M ODELS

Let us discuss some partial tasks that proceed from generalized model (12) and 

which are o f practical interest for photogrammetry.

1 .Measuring Y was not completed. It leads the general statement to the task o f 

joint adjustment o f measured quantities functions and the control data with the mixed 

division o f errors. Instead the system (12) we get

£)<?, + B y  + CAU  + <2), = 0, (27)

(^2 — B2 = S  = co2 ~ = oj.

4. 1

у  are squa

The i

5.

functions I 

system (12
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Then AU  = - i f  ' N ~ ' c y  C 'N - ] m s, (28)

2.The task is analogous to the previous but with the condition that for the 

errors e2 and у  the law o f the division is normal. Then d = 0 and

a u  = - ( c 'n J c )~]c ,n - ](d1,

(30)

(Q\ =

is expressed by the equation (29).

3. The initial equations are analogous to (12) buti?2 = 0 . It means that the 

measuring for the control data was not done ( f 2 =  0).

4. The task is analogous to the third, but the functions o f losses for є  , є 2 and 

у  are square. The solution will be as follows:

5. It is necessary to fulfill the joint adjustment o f the measured quantities 

functions under condition when the errors o f control data can be neglected. The initial 

system (12) Will be as follows:

DS\ +CAU + co] =0,

є2 + SA U  + a>2 =0.
(33)

AU  = (C 'N jC  +5 ''Е Уг15)~ ( C W - 'o , -S 4 .-Yl2a)2),
(з і )

AU = (C 'NU'C + S " Z ; [ S ) \C 'N - ]C 0 ,-S '^ \c o 2). (32)

The matrix is analogous to (29).
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US tS, = jft, = = 0 and

ДІ7 = (C W^'C + S 'E ^S )“‘(C W ,> , -  

Z ^ f C W r f C + S ^ s ) " 1.
(34)

Where N u = D X y D ' ' .

6. If  there is no measuring F2 in task five we shall have the adjustment o f toe 

measured quantities functions with the additional unknown quantities U [3].

Then

£•, = S  = o>2 = E}% = 0,

A U  = ~{C'(D'LYiD 'y 'C y \C ' ( D 2 ,YD fy ]ci)]), (35)

z &u= ( C ( D z Yp r ' c y ' .

CONCLUSIONS

The cases (1 - 6) described above do not restrict the list o f  the partial problems that 

can be gained by the change o f coefficients A, D, B2B], C , S , correlation

m a t r i x . and quantity d. It should be noticed that it is not difficult to get 

formulas when the functions of losses for the vectors and^2 are unsquare and are 

analogous to p{y)  from (14).

Thus the generalized task o f the joint adjustment o f the measured quantities, their 

functions and the control data covers the wide range o f photogrammetry tasks, including 

both classical solution and new adjusting tasks o f photogrammetry.
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ВИДІЛЕННЯ ОБ’ЄКТІВ З ЦИФРОВОЇ МОДЕЛІ РЕЛЬЄФУ З 

ВИКОРИСТАННЯМ ТЕОРІЇ РОЗПІЗНАВАННЯ ОБРАЗІВ 

P.M.Рудий

Івано-Франківський державний технічний університет нафти і газу

Використання штучного інтелекту чи теорії розпізнавання образів в 

фотограмметрії широко обговорюється на протязі останіх двох десятиріч, про що 

свідчить велика кількість доповідей, присвячеих даній проблемі, на ХП та ХПІ 

конгресах Міжнародного фотограмметричного товариства. Впровадження сучасних 

комп’ютерних технологій дозволяє розв’язати ряд задач по виділенню необхідних 

об’єктів з цифрової інформації, якою представлений рельєф поверні. В зв’язку з 

цим, на передостанньому конгресі Міжнародного фотограмметричного товариства 

в третій комісії створено робочу групу під назвою objekt reconstraction from digital 

imagery; image understanding, що може бути перекладено як виділення об’єктів з 

цифрового зображення; розпізнавання образів.


