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1. Introduction and purpose ofthe research
Launching into orbit the new generation of commercial satellite

systems like IKoNos-2, ERos Al, spor 5, euickBird and orbview_3,
opened a new era into Earth observation from open space. The optic ...rro6
of these systems made it possible to combine ,r"ry t igt -resoluiion (vHR)
abilities with reduced revisit time. )n the ottrei traia, their navigation
systems, GPS, gyro platforms and star trackers provide for piecise
geometrical modelling of the image assessment system. This allows
extracting of geoproduct from raw data without using ground control points
(GCP). This is possible at limited precision of th-e 

"georectification. 
For

example, the precision of the Standard product without-GCp and 3D relief
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model for IKoNoS is 50 CE90 + 25 m RMS [7]. Table 1 contains the basic
parametors of the currently active commercial satellites with VHR. It can be
seen that the revisit time is between 1.5 and 5 days.
Now, the issue of the effectiveness and cost of the usage of aerial mapping
systems versus the effectiveness and cost of VHR satellite imagery is topical.
The price of any remotely sensed image depends on the product, resolution,
processing level, scale, urgency of task, and on whether the needed image is
available in the archive or has to be requested.
The aim of the present work is to make a comparative analysis between these
two approaches for mapping the Earth having in mind two parameters:
quality and cost. Two cases will be considered:

o Area that equals approximately to one satellite scene;
o Area that equals approximately to the territory of Bulgaria

2. Very High Resolution Satellite Imagery (VHRSI): products
and prices

The prices of the satellite imagery we are received from the price lists
of the distributor companies. As data for the analysis, we will use the prices
of vHRSI for the four of the five commercial satellites (orbview-3, of
ORBIMAGE does not offer price list up to now). The data is presented on
Table 2. The whole set of products offered by the companies is not presented
on the table. Only two products are shown - radiometrically corrected and
orthorectified. Table 3 presents the prices for one scene and the estimated
price for scenes covering the whole territory of Bulgaria (- lll,000 km1.
The "losses" from scenes recovering will be compensated by price discounts
for quantity. More information is available in the web sites [7, 8, 9, l0].
on Table 2 and Table 3, the type of the product is shown with its original
name from the price lists as follow:
For IKONOS [7]:
o Geo Ortho Kit -raw image that includes the camera geometry obtained at
the time of image collection;
o Precision - the most positionally-accurate product, provides the spatial
acc;'xacy necessary for most urban planning applications, as well as cadastral
and infrastructure mapping requirements (4.1 m cE90 +1.9 m RMSE, require
customer supplied GCPs and DEM);
o Precision Plus - the same as above (2.0 m cE90 + 0.9 m RMSE, require
customer supplied GCPs and DEM).
For EROS A1 [8]:
o Archive - product from archive
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o New - product with coordinates and time required by the client
For QuickBird [9]:
o Basic Imagery - same as with the product Geo ortho Kit of Space
Imaging;
o standard Imagery - radiometric, sensor and geometric correction, map
projection with accuracy 23 mCE90 +14 rRMSE;
o orthorectffied Imagery - same as above, but map projection accuracy is
I2.7 m CE90 +7.7 nRMSE, require customer suppliedGCps and DEM.
For SPOT-5 [10]:
o Level IA -radiometric correction only;
o , Level S - orthorectified, requires customer supplied GCps and DEM.

3. Aerial Imagery: products and prices
we review aerial imaging systems from the ffpe wild RCl0 and

Zaiss RMK-TOP. The finest spatial resolution of the processed negative film
is around 40 line pairs per mm (40 lplmm). At scale l:40,000, the finest
resolution of 1l pllmm on the film is equivalent to 1 m in terrain ground
resolution. with the newer types of aerial cameras, such as Leica RC30 and
Zaiss RMK-ToP, equipped with forward motion compensation (frnc) and
gyro-controlled mounts, and utilising fine-grained film emulsions, ih" imag"
resolution is 60 lplmm. At scalel:60,000, the finest resolution on the filmls
again equivalent to a ground resolution of 1 m. It is important to note that for
the newest commercial VHRSI the spatial resolution oi t- is equivalentto 2
m in terms of their actual ground resolution. In this context, the Kell factor
gives the relationship that I line pair (lp) is roughly equivalent to 2 pixels [5].The following intemational standard rates can be ,l."d to assess the cost of
the digital photogrammetric mapp ng l2l:o Aerial photography - 4,000 $ mobilization * l0 $ per image

o Scanning of photos - 15 $ per image
o Aerial triangulation- 25 $ per image
o Digital elevationmodel - 120$ perimage
o Digital orthophoto - 30 $ per image
o Mosaicking - 20 $ per image

The following strategy will be used for the price analysis (Figure 1),[11]:l) At scale 1:40,000, the standard aeial photos sized)3x23 cm cover an
area of 9.2x9.2 km and, at scale I : 60,000 - areaof I 3. gxl 3. g km.2) The photos are usually flown with overlap as follows:
o Longitudinal - 60%;
o Lateral-30%.
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3)

4)

5)
6)
7)

The neat area decreases by 72o/o, i.e.0.40x0.70 : 0.28. At scale 1:40,000,
the effective areais23.6992lcrr2 and.,at scale I:60,000 - 53.3232kn].
Longitude sampling:
ar,+oooo = 0.4 ,9.2 km = 3.68 trm

at6oooo=0.4.13.8 km = 5.52 Am

Latitude sampling, b :0.7 x 9.2 km :6.44km I 0.7 x 13.8 km:9.66lcn
br,orooo = 0'7' 9.2 km = 6.44 krn

4:60000 = 0.7 '13.8 km = 9.66 km

Aerial span length (for one fuel charging),L:2,000 km,
Turnover, R-50 lan [12].
For rough cost estimation of the area equalling approximately to one
satellite scene we will use the square:
AxB:llkmx11km
for IKONOS-2, EROS A1, QuickBird and
AxB:60krnx60km
for SPOT-5.
For the territory of Bulgaria we will approximate using the square:
A x B :430 km x 255 km.

8)

R
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Fig. 1 simplified model for fly all over the territory of Bulgaria - cost
assessment

9) The number of the photos inone-tracknl
nr=int{Ala}

10) The number of the tracks lt
N =int{B lb}

11) The number of the tracks for one take-off Nr:
\=int{Ll(A+ R)}

12) The number of the photos n:
n=nr.N

13) The number of the take-offs M:
M=NlNt

14) Expenses for mobilizations Co:

Co = M'4000$
15) Expenses for photo processing until photogrammetric processing c; -

they are determined by the total number of photos, the price of one-photo
and the price of scanning:
Ci = h'( Crror" + C""onningoy ptotos)

16) Finally we can write down for the expenses on airplane and photos gntil
photometric processing C"or:
Cro*= Co +C,
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l7) The value of airplane triangulation and the mosaicing:
C on = n'( Court tria.ngalation + Cdiguolorilrophoto + C*oror"kirg)

Note. int{...} - denotes rounding to the next integer number
The results from the analysis are presented on Table 4. We can note that:

o The price of aeial images depends mainly on the territory of the
analyzed area. The price for analysis organization and implementation for
areas between 100 and 500 km2 is times more than the one for areas over
3,000 kn2.

o The time and the expenses related to converting the photos into
digital type are also of importance. while for a territory of r2l lrrnrt2 their
number is around 6, for a territory of 3,600 km' it is 170 and for the territory
of the country - 4,800 photos.

o The time for choosing GCP, georectification and mosaicing of the
different photos should also be taken into consideration.

4. Compatible analysis and conclusions
Taking into consideration the results presented on Tables 2, 3, 4, we

shall make a compatible assessment between aerial images and VHRSI
aiming atlarge scale mapping. While compqnng costs, we shall use the price
of different analyzed areas that equal I km' .We shall compare digital raw
images (Table 5) and images Ihat are georeferenced with defined precision
(Table 6).
Conclusions relating to area-price factors :

o When the area that has to be photoed and analyzed equals one or
several satellite scenes, it is better in terms of price to use satellites.

. When the area that has to be photoed and analyzed is times more than
one or several satellite scenes, it is better in terms of price to use aeial
imagery. At the same time, it is necessary to take into account the deadlines
for fulfilling the task versus the volume of work into man months.

o The cost of the geoproduct from SPOT-5 satellite with pixel 2.5 m is
comparable to the one of aerial imagery even for areas over 50,000 km2;

o It is important to make very careful analysis of the necessary special
resolution of the imagery that will be used. Tables 6 and 7 show that a
change-over in special resolution from - (0.61- l) m to 1.8 mreduces the
cost price 4-5 times and from " (0.61-1) mto 2.5 m - 9-10 times;
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o The price of the product wilr increase 5-6 times to receive a
georeferenced product with precision compatible with the pixel of the raw
image. At the same time, it is necessary topresent to the client the cGp and
the 3D model of the relief.

Conclusions relating to time for execution factor:
o Thanks to the precise navigation systems, the new generation

satellites allow obtaining rectified-to-a-datum and map-projected product
rgady for integration in GIS. The accuracy is much less than the pixef si ze of
the scanning system, but for map scales like l:50,000 it is completely
satis$ring [8]. This product could be obtained within less than 4g hours.

o Apart from the panchromatic channel, the new generation satellites
have several multispectral channels with lower speciil resolution. Data
fusion techniques allow express change detection and estimation of the land
cover;

o To obtain the image throughout the territory of interest, aerialphotos
need in addition digital scanning, triangulatiott uttd mosaicing (overlapping -
longitudinal - 600A,laterul - 30%); in relation with this, G p.o."rring-of
large number of aerial photos requires greater operation time and human
resources.

Appendix
1. Satellites and Sensors resolution satellite

Satellite Company
Country

Launchine

Sensor Pixel size,
m

FOV
along/across
swatch, km

Hor6, KM
Revisit time,
davs

IKONOS-2
Space Imaging
EOSAT.USA
24.09.1999

Pan/MSI
(13816t34s4)
Pushbroom,ll bit
f:I0000mn

o.82Yl pan
3.2.14 sp +4sot+Aso

11
680

2.9 (lm)l
1.5 (1.5m)

EROSAI
ImageSat Internat.
N.V. Cyprus/Israel
05.12.2000

Pan
(7000)
Pushbroom

1.8 pan
+5oo/+5oo

13.5
480

3

QuickBird
Earth Watch
USA
18.10.2001

Pan/MSI
Q7000t6700)
Pushbroom.ll bit

0.61 pan
2.44 sp +3oo/+3oo

16.5
450

1-3.s

OrbView-3
ORBIMAGE
USA
26.06.2003

Pan/MSI
(8000/2000)
Pushbroom.

I pan
4sp +soo/+soo

8
470t3

sPoT-5
SPOTIMAGE
France
02.05-2002

HRVIR
(12000/6000)
Pushhrnnm-

2.5,5, 10,
20

+ztJ"l+27.
60-120

822
24 nadirl5

6s



Tadnuqa 2.Price list - IKONOS-2, EROS A1, QuickBird and SPOT,S,
at 20. Jan 2004, [8,9,10,1 1].
The prices are blned on an area of 1 km
Product,
USD.l/km"

IKONOS _ 2
1m

EROS A1
1.8 m

B&ty Ail B&W AA
Radiometric
correction

21.s0
Geo Ortho

Kir

24.7s
Geo

Ortho
Kit

s.00
Archive

8.25
New

N/A

Radiometric
correction &
Georectified

100
Precision

120
Precision

Plus

110
Precision

125
Precision

Plus

N/A N/A

Product,
USD.l/km,

SPOT-5
2.5 m

B&W AA B&W AA
Radiometri
c correction

22.s0
Basic

Imagery
23m CE90
+14 RMSE

30.00
Basic

Imagery
23m

CE9O
+14

RMSE

1.875
Level lA

2.15*2
Level lA

N/A

Radiometri
c correction
&
Georectifie
d

90
Ortho

Imagery
12.7m
CE9O

+7.7 RMSE

tt7
Ortho

Imagery
12.7m
CE9O
+7.7

RMSE

2.125
Level3
2.40*2

Level3

N/A

"t - The prices for SPOT - in USD (rate of exchange at20.0I.2004
EUROruSD - 1.2s)
*2 

- require additional satellite programming:3900$
B&I'l/- panchromatic
All -panchromatic + all multispectral
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Tahle 3. Approximate prices for vHRSr (0.61 -2.s m)rradiometrically
corrected, georectified.
The prices are based on the territory of Bulgaria

Based on anarca of
I I 1000 krn2

Based on anarea
of
I I 1000 krn2

6 750 Levet 1A
7 750Levet3

2 500 000 Srandard
Imagery

23m CE90
+I4 RMSE

208 000 r,evet
1A

240 000 r,evet
3

24 000 Srandard
Imagery

12.7mC890
+7.7 RMSE

32 000 Standard
lmagery

l2.7mCE90
+7.7 RMSE

9 990000 Standard
Imagery

12.7m CE90
+7.7 RMSE

t2 987000
Standard Imagery

12.7m CE90
+7.7 RMSE

236 000 r,evet
1A

266 000 r,evet
3
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Parameters

Photo 1:40 000
9.2kn x9.2klll.

1m

Photo l:60 000
13.8 km x 13.8 km

1m
t2l
km2

3600
km2

111 000
km2

tzl
km2

3600
km2

111 000
km2

Photos ner track. n, 3 t7 tt7 ) 1l 78
Number of the track. -ly' , l0 40 ) 7 27
The number of the tracks
for one takeoff. Nr

34 t9 4 34 19 4

Total number ofthe
photos. n

6 170 4680 4 77 2106

The number oftakeoff, M I I l0
Nrplane mobilization, C'
$

4000 4000 40 000 4000 4000 2E 000

Price of the photos , Cn $ r50 4250 117 000 100 t925 52 650
Raw data price
C,".: Cr + C".S

4150
34.2Dlkm2

82s0
2.30/km2

157 000
l-{Olkm2

4100
34-2Dtkm2

5925
1-55lkm2

80 6s0
0--7\lkm2

Processing
price, Cphoto ,
s

Triang *
Mosaic

4s0
3.70/km'?

720
5.60/km2

4250
l.20lkm2

20 400
5.70/km'?

35r 000
3.201km2
s62 000

5.10/km'?

300
2.50/km'?

480
4.00/km2

f,//5
1.60/km2

9240
2.60tkm2

1s8 000
1.40/km'?
2s2 000

2.30km2DEM

C [$1, +Triang +
Mosaic

c [$], +DEM

Cr [$/km'zl, Raw
Cr [$/km'zl, +Triang +

Mosaic
cr [$/km2], +DEM

- 4600
38.00/km2
- 5320

44.00/km'?

- 12 500
3,50/km2
-32 900
9.10/km2

- sro 000
4.60tkn2
-t 072 000
9.701km2

-4400
36.401km2

-4880
40.30/km'z

- 11 700
3,251km2

- 20 940
5,80/km2

zJooo
2.Lilkm2

492 000
A A\tkm2

34.30 2.30 1.40 33.90 1.65 0.70
38.00 3.50 s.60 36.40 3.25 2.20
44.00 9.10 9.70 40.30 5.80 4.45

Table 4. Rough estimation of an aerial photos price - GIS compatible
data.

Table 5. Comparison cost assessment between aerial photos and
VHRSI, raw digital data.
The prices are based on tested area of L2lknf ,3600 k-' , 111 000 km2
reduced to 1 km2.
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Aerial photo

Aerial photo

rKoNos - 2

EROS A.1 -
Archive/New

QuickBird

sPoT-s-
Archive/New

trpogyrr
9.2x9.2km

1:40 000
13.8 x 13.8 km

1:60 000
B&W

B&W

Ilurccen
1m

1m

1m

1.8 m

0.61 m

2.5 m

121 km
34.20

34.15

22.50

s.00 / 8.2s

22.00

1.90 / 8.70 +
2.10'1

3600 km
2.30

1.65

22.50

s.00 / 8.2s

22.00

1.90 / 1.10 +
2.20

111000
1.40

0.75

22.50

s.00 / 8.2s

22.00

r.90 t2.20

B&W

B&W



L

Table 6. comparison cost assessment between aerial photos and
VHRSI, rectification, mosaicing, DEM.
Prices are based on tested area of 121km2,3600 km2 , 111 000 km2 ,
reduced to 1 km2.

Aerial photo

Aerial photo

rKoNos-2
Precision
&Precision Plus

EROS A1

QuickBird
Standard Imagery

SPOT-S -Archive
Level 3
SPOT-S -New
Level 3

trpoglrfl

9.2x9,2km
1:40 000

13.8 x 13.8
km

1:60 000
B&W

B&W

B&W

B&W

B&W

Ifmce,n Toqnocr

1m lm

1m lm

1m 4.1 m
cE90
2.O rn
cE90

1.8 m N/A

0.61 m 23.0 m
cE90
12,7 m
cE90

2.5 rn 5m

2.5m 5m

3600 km' 111000
km2

3.s0 5.60

3.25 2.15

100.00 100.00
120.00 120.00

2.10 2,10

t.t0 +2.40 2.40

t2l

38.00

36.40

2.10

8.70 +
2.40-r

N/A N/A

22.50 22,50
90.00 90.00

100.00
120.00

N/A

22.50
90.00

'- The price increases as a result of saterlite programming - 3900$.
sum total normalizes to the area (l2l km2 - to a5o km2 - 1/g scene.
minimum required area)
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KAPTI,IPAHE HA 3EMIIATA IIOBbPXHOCT . AEPO.
AJT\ICATEJII4THI,II,I3OEPA}IGHI{fl CPABHI,ITEJIEH

AHAJII4S

Ceemnuu @omee, fiuuumup ilopdauoe, Xpucmo Jlyrcapcrcu

Perrcue

Erpszre [poMeHlI s sao6urarrrrlara H]r cpeAa u laaBrtursanero Ha HoBrrre
TexHoJroruu HaM.aJIu rBKJrrcrrr{TeJIHO BpeMeBr.rfl }IHTepBan 3a aKTyanv3l4)aHe
Ha cbrrlecrByBarrlrrre Kaprrt rouorpafrcxz, TeMarr,rqHt4 kr Apyrr,r.
ArryarusawrflTa Ha KaprHara un(fopruaqr{fi B MoMeHTa e eAr,rH or rJraBHzre
upo6nevn Ha naprorparfnrra B cBeroBeH naaula6 f1,2,3,4]. Oco6eno
aKTyaJreH B Ta3I{ Bpb3Ka craBa Bbrrpoca sa eQerrnnHoQTTa u ce6ecrofiHocrra
Ha lasrloJr3Bal*lre 3a rasrl IIeJr aepo- uluttu careJrr,rrHu uso6paxennr. I-lenara
Ha BctKo r,rso6paxenr.re Ha 3eMHara floBbpxrrocr, noJI] reHo rrpe3

AI,ICTaHIIT.TOHHH MeTOAZ, 3ABt4Ct4 OT CneKTpaJIHI{t Tr,IU Ha npo.qyKTa,
npocrpaHcrBeHara pa3AeJr[TeJrHa cnoco6Hocr, Hr,rBoro Ha o6pa6orra,
uaIqa6a, cpoKoBere 3a peruaBaue Ha saplar'ara vL Aalrla r{cKaHoro
uso6paxenr4e rrplrcbcrBa B apxvr;a lrJrlr rerrbpra rpx6ea Aa 6's4e floilyqeHo.
I-{e.nra Ha rrpeAcraBeHara pa6ora e

. Aa HarrpaBu cpaBHr,rTeneH aHaJru3 MexAy Te3r{ ABa [oAxoAa 3a
Kaprr,rpaHe Ha 3eMHara [oBbpxHocr, nseuafiKra npeA Br,rA .qBa napaMerbpa -
KaqecTBo t4IIeHa;

. Aa [peAJro)Kr,r rro,qxoA 3a us6op Ha r,rcToqnr,rKa Ha Kaprua
rnn$opuaqvrfl - aepo- I,IJIH careJruTno rnso6paxeHr,re - B 3aBlrcrrMocr or rt4rra
Ha pe[raBaHaTasa4aqa.

Pasrne4auu ca ABa clyqaJr: rrJrorq, cbrr3MeplrMa c rrJrorrlTa Ha e4laa
rrJrrr HflKoJrKo oaTeJII{THI{ CIIeHLI }I IIJIOIq, C5I{3MepIIMa C Tepr{TOpWflTA HA

Ernrapur.
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