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ABSTRACT

The ITHACA project [nformation Technology for Humanitarian AssistanGmoperation and Actignhas the main
goal to carry on operational and research actsitiethe field of geomatics for analysis, evaluatand mitigation of
natural and manmade hazards. The project has @toged within an association founded by Politezmi Torino
and SiTl (stituto Superiore sui Sistemi Territoriali per whovaziong in cooperation with WFP World Food
Programmg, the largest UN operational Agency and some peiaad public organisms.

In this paper different initiatives devoted to #ly impact phase are described. Particular &tettas been paid to
description of the projects dealing with small sadematic map production, such as:

rapid mapping for flooded areas detection. An eXardpaling with a flood that affected the Mozamigidu the
February 2007 is showed. Radarsat SAR images attmb@ojected Landsat 7-ETM+ data are used for #abd
areas extraction and as reference map;

automatic production of snow cover vector dataiokthusing free-of-charge data (Terra-MODIS satetliata).
The proposed case study refers to the applicafitimecself developed procedure over the Himalayea.a

The project for the realization of a low cost UAMnmanned aerial vehiclg} later presented. “Pellicano” is a low-
cost UAV prototype equipped with a photogrammepréyload that allows rapid mapping production. Femtmore a
GPS/INS unit will enable an automated navigatiod ameal-time monitoring of the overloocked aréaain technical
features of the developed UAV and the on-board q@/lare described. Finally, first results of tdights, image
processing and further developments are presented.
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1. Introduction

In February 2006 the Politecnico di Torino and Widfbod Programme (WFP), the largest United Natapesrational
agency, signed a cooperation agreement, formatizedollowing October through an implementing cantrinherent
to the development of new technologies in suppbnatural catastrophe response.

In these last years international organizationsehasen characterized by a general change in ttigirda towards the
issue of emergency preparedness and response.aifit@tracted period of lack of openness to ther@dt, nowadays
UN organizations have been deeply changing, irséa@ch for new tools and opportunities.



As far as WFP is concerned, in light of its mandatel the continuous challengenstituted by the recurrence of
natural disasters and socio-politic crises, thenagehas identified emergency preparedness as tegtraarea for
growth. To this purpose WFP has invested resoumndscapacities and created offices and specificoetemces that
ensure the organization a leadership role in tlistos. In fact, in such an area WFP, through itsei@ncy
Preparedness and Response Branch (ODAP), has leag #ctive in looking for new technical and operal
partnerships with the leading sectors of technallgiesearch, the private sector and civil society.

On the other hand the role that the Politecnic@atino plays in the field of IT, targeted to pretiag and mitigating
the effect of catastrophic events, has allowed siat#ish useful synergies in proposing adequate sarstiainable
technical solutions to respond to the numerous gemgies that occur every year worldwide.

2. The project ITHACA

On the basis of the afore-said reasons, the Poittedi Torino, Si.T.l. kstituto Superiore sui Sistemi Territoriali per
I'lnnovaziong and WFP opted for the establishment of a certigpplied research and technological services suppl
that develops research, projects, programmes akguares for the various United Nations agenciasdte requested
to aid populations hit by natural or man-provokéghsters. The result has been the setting up oAOM (Information
Technology for Humanitarian Assistance, Cooperatiod Actior), a Centre of Excellence whose main objectives are

to develop local competence in a field that hambapidly growing, thus requiring more and morecsfe
technologies and know-how. The Politecnico di Torand Si.T.l. are asked to create study ambits and
research lines to be tested and evaluated initaatisns;

to create an Italian know-how able to impact orhiibe University technological area and the prisetor,
fostering the realization of partnerships betweesearchers and enterprises or other highly techialo
research centres;

to facilitate the internationalization process bé tUniversity pole by creating a bridge with inttional
organizations and using technologies and tools Idped at international level. ITHACA can become an
international springboard for the students opegatifthin its structure, as well as for the teachmasing to
relate themselves to other sector operators;

to help the growth of the UN emergency preparedmess response branch, by supporting the activities
connected to ITHACA, so that the instruments anthomologies implemented may be an integral pathef
modus operandi before and immediately after a hitarégan emergency.

2.1 Activities
ITHACA aims at developing five work ambits:

rapid impact natural disasters monitoring, analgsid prediction, with special attention to the Medanean
Basin and developing Countries;

the development and application of new technolggies

the formation of a team that provides the Unitedidve with rapid services;

an inter-exchange of researchers and personnekbettiie two proponent subjects;

the development of co-operations with other redeaentres and private subjects.

In parallel to the establishment of the Centre nfdllence, WFP will have to increase its inner céyan order to
interact profitably with ITHACA and to use the Ce¥is output within its own structure, and as iragency. This
enlarged competence is necessary to create a bbietyecen the Centre and the United Nations andefire, to
promote a correct use of the newly developed metlogits and tools.

3. Research and development activities

Prior to the formalization of the Centre’s legalsture, the DITAG Department of the Politecnicoldrino started to
sound out its capacities in achieving the aforesdiesd objectives by using the economic and persoresources
available through th@roject of Relevant Interest for the Nati®fRIN 2005 “Analysis, comparison and integration of
digital images acquired by aerial and satellitafptans”, co-financed by the MIURMinistry of Education, University
and Research

At the moment the main ITHACA ongoing projects freused on:

the implementation of new methodologies usefultfigr realization of small scale thematic maps, fumelatal

in the distribution of humanitarian aids;

the definition of a project inherent to the develmmt of radio-controlled aerial platforms (UAWnmanned
Aerial Vehiclg that, thanks to a number of onboard sensorscapture multispectral data with geometric high
resolution on the areas concerned.

3.1 Small scale cartography devoted to early impact activities
It is advisable to specify that in the followingaamwples special attention has been given to theigyri@quirements of
the stage under examination, and namely:



realization of thematic maps within 24 and 48 haimse the event occurs;

integration of data deriving from various sourcespcessable through simple and easily generalizable
techniques;

capability to propose techniques operating on &allscale, i.e. valid for each ambit of the Earthisface
(land and sea);

capability to supply efficient and effective protiiavith reference to their priority purpose: animzed
distribution of humanitarian aids.

3.1.1 Mapping of flood-affected areas

The first example shown refers to the early impsiage relative to a flood that hit Mozambique irbie@ry 2007.
More specifically, the floods started when unuseatly and heavy rains pounded southern Africa mudey and
February 2007. The National Institute for Disad#tanagement (INGC) declared a red alert on 4 Febriar the
Zambezi River basin. Other rivers in Northern Mob#gme were expected to flood in the following dalke roads to
Mutarara were cut off. The rains triggered flookattaffected nearly 170,000 people in Angola, Madagr, Malawi,
Mozambique, Zambia, and Zimbabwe (sourdeited Nations Office for the Coordination of Huritarian Affairs —
OCHA).

WEFP local offices asked for the assistance of tiamdh in Rome that demanded UNOSAT to facilitaiggering the
International Charter "Space and Major Disastensbugh the UN Office for Outer Space Affairs. Theqedure of
priority acquisition of optic and radar data and tesearch of suitable imagery in the archivesestaon 9 February. On
12 February the first images were captured, anceraadilable by the agency UNOSAT the following day.

ITHACA was asked to produce a small scale map atiig the flooded areas and the affected areaaqavbere the
effects of floods are perceived). The methodologgdufor the rapid generation of small scale magpaires not only
the data acquired after the event, but also a dabdse to be used both as comparison data, arefeaence data
(Figure 1).
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Figure 1 — Early Impact stage: rapid mapping work-flow

The data available for the Mozambique Flood, subéiy into the categories shown in Figure 1, artedisand
described in the following table:

Table 1 — Data available for the flood of August 2006 in Sudan

The theme object of the required map, i.e. flooshar was generated by processing radar supplied Idadletail the

Post-event data
Platform Date (D.M.Y) Geometric resolution (m)
Radarsat S4 12.02.2007 12.5
Radarsat 26.02.2007 25.0
Formosat 11.02.2006 2.0 (pan) — 8.0 (xs)
Formosat 15.02.2006 2.0 (pan) — 8.0 (xs)
Pre-event data
Platform Date (D.M.Y) Geometric resolution (m)
Radarsat S7 26.03.2006 12.5
Landsat 7 ETM+ 30.12.2000 30.0 - orthoprojection
Spot-5 XS 22.10.2006 20.0
GeoDataBase
Description Format Source
Map layers Level 0 | Vector US Imagery and Mapping Agency
Toponymy ASCII Geographic Names Database
Waterbodies Vector SWBD water
Global Population | Raster LandScan 2005




SAR images acquired by the Radarsat platform bedme after the event were used. Although both imagere

georeferenced through orientation and position aedata, a further geometric correction (simplifieg the flat

character of the surface considered, that makelewant, on the scale of the application examitieel phenomena of
layover and foreshortening) was done for post-ewvkth, using the Landsat 7/ETM+ orthoprojected ienag map
reference. Later on, through a simple polynomehsformation, an image-to-image georeferencingaaased out for

the SAR image preceding the flood with respech#&fbllowing one.

Then the areas presenting water were spotted o ipedges, exploiting their reflexive behaviour tods the

electromagnetic radiation emitted by the radar @eressimilable, roughly, to that of a specularfee. It turned out
that water can be easily identified (Figure 2) ngetharacterized by low radiometric values (Fige

a b c
Figure 2 — Post-event SAR image (a), extraction or water bodies(b), identification of flood-affected areas (c)

Therefore, by using change detection techniquesi#t possible to isolate only flooded areas, disistgng them from
waterbodies, as shown in the image of Figure 2e.theme generated, the pre-event and post-evenabiptages and
the worldwide cartographic database were integratéml a GIS environment in order to produce or upd#ood
monitoring maps (an example is reported in Figyre 3

Figure 3 — Mapping of flooded and affected areas in Mozambique (Muturara and Caia areas)
Produced by Ithaca in collaboration with WFP in 24 hours



High resolution optical imagery (Formosat) was uisedrder to analyse the flood-affected areas tiinquhoto-
interpretation, allowing the production of mediuange map scale products (Figure 4)

Figure 4 — Multitemporal analysis based on Formosat imagery (Muturara area)

3.1.2 Automatic production of snow cover vector dat a

The project is aimed at providing information orcessibility, in the context of the emergency reggooperations
undertaken by WFP. In the food supplying procesEPWften has to face troubles dealing with transpion and food

aid distribution; it is therefore necessary to knawnear real-time, the condition of the roadacks and trails that food
trucks should run through. Afterward, the detectidrunaccessible areas through appropriate mongagolays a key
role in a policy of prevention. Such informatiorosid be provided as regularly updated thematic maps

The proposed case study is referred to the autopedduction of snow cover vector data from satellinagery, in the

test area of Pakistan, Afghanistan and TajikisBarow mapping is required to verify accessibilitytiese zones which
already faced food aid transportation troublestdube presence of snow covers on the roads.

The desired features of the final snow cover produe:

output in vector format to allow a simple and efifee (distribution) transfer into the net;
completely automatic vector generation;

daily monitoring frequency;

a maximum time delay of 48 hours from the datentiag refers to;

worldwide coverage;

low geometric resolution (500 m) allowing a regibwiaw of the phenomenon;
presence of metadata providing data quality infdiona

The developed procedure starts from the row salkta obtained from the web; in particular, dgatquired from the
MODIS (Moderate Resolution Imaging SpectroradiometaEmsor were adopted. The MODIS mission, besidemf
the above-mentioned features, grants a whole wodderage providing images and derived products Hrat
completely free of charge.

Data used

A previous investigation on the contents of the RRBRMODIS Snow Cover products led to choose the MOOT
product (Figure 5). Such product, generated by NAB®DAPS -MODIS Data Processing Systgris the result of a
classification procedure of primary radiance/rafiece data (MOD02 MODIS Level 1B Calibrated, Geolocated
Radiancel During the process additional information dedifeom the products MODO3VODIS Terra Geolocation



Fields) and MOD35 KODIS Cloud Mask Produktvere used too. The MOD10_L2 data have a geometsiclution of
500 m and a worldwide coverage.

SNOW

LAND

CLOUD

OCEAN

INLAND WATER (FROZEN)
a) b) INLAND WATER

Figure 5 — Test area: MODO02 - MODIS Level 1B Calibrated, Geolocated Radiances (a), MOD10 - MODIS Snow Cover (b).

The MOD10_L2 Snow Cover product is distributed b3 to users with a low processing level and thhefore
being used, it requires a preventive correctiorthef distortion present within the images and dueh# system’s
peculiar scanning geometry.

The MOD 10_L2 product, which is in Swath formatpigly subjected to a first geometric correctionelev herefore,
the snow cover data are not georeferenced, butbdited with necessary geographic information. Heegraphic
coordinates (latitude and longitude, datum: WGS&43ome cells of snow cover coded images (everynSthat is
every 10 cells) are provided within the same fid@taining the primary data. Furthermore, in thetbveiata the effects
of panoramic distortion in the across-track anchgdtrack directions (in the last case, the distarteffect is called
bow-tie) are not corrected. These distortion effere due to the system’s peculiar scanning gegristriskbroom —
Figure 6). The MODIS swath is equal to 2330 km aaidevery

single sensor mirror rotation, an area of the lsmdace equal to 10

km (at nadir) in the along-track direction is acgdi At every scan

10 detectors (linear array) are used for 1 km ireagé for 500 m

images and 40 for 250 m images. The total scareaisgéqual to

110°.

In the whiskbroom scanning model the ground sargptiinthe cells

in the across-track direction is achieved by cartstemporal

increases. So, if the scan velocity is constaetgitound sampling is

achieved by constant angular increases (IFDstantaneous Field

of View). Therefore, during the scene acquisition, GS&¥o(und

Sample Distangevalues increase both along the scan line (acrc

track) and along-track, according to the scan anghe scan width

(swath width) value increases from 10 km at nawl2@ km for scan Figure 6 — Panoramic distortion effects in MODIS
angle equal to +#55° as to nadir, giving the oveplag of two  images (1 km)

adjacent scans (Figure 7). The geometric effecthid type of

scanning resulted in an evident image artefactlftweie effect).

Scan Angle

Figure 7 — The bow-tie effect

Geometric correction of MOD10_L2 product

In order to use the previously described MOD10_t@dpct for the snow cover automatic map producgiorposes, it
was hecessary to elaborate a specific routinedta geometric correction. This routine, developgthle authors in the
IDL (Interactive Data Languageis autonomous in the workflow and operates thhobdearest Neighbour resampling
techniques, that preserve the product encodedsialue

The developed geometric correction routine perfonmssteps:

1. the panoramic distortion correction;
2. the definition of a geographic reference system 888.



1. In order to correct the panoramic distortioreef$ that affect the images, it is necessary tmelef simplified model
of distortion, that relates the image-coordinatethe data before and after the correction. Thégassent of the data
values is performed through the use of a Neareigiitdeur resampling technique.

The adopted geometrical model, which operates tresformation between the distorted image coordirsystem
(IM,) and the corrected one (IMwith the simplified hypothesis of flat Earth,tie following:

(c, +05)xis,,

arctg H
= 1
K IFOV [1]
| = (l C + 05) >1’iSDu( = (l C + 05) Kisoul =
° K Doetg IFOV
2 [2]
(I, +05)xis,,

2JH? +(c. +05) xis2, #g g

out
Figure 8 — MODIS scan geometry. On the bottom, it is
possible to see the acquired ground area corresponding
to the swath width in the along-track direction (10 km)
where:
Co, lo: column and line of the Iyicell, from which the DN, Digital Number (Nearestiyhbour procedure), is extracted;
Ce, lc: column and line of the IMcell, which is compiled during the resampling step
H: platform’s height [m];
risout IM¢ geometric resolution [m], defined by the user.

The DNs which are assigned to JMells are extracted from Ijyladopting a Nearest Neighbour technique. Thg IM
cells are processed in blocks of consecutive l(egsial to 20 in this case), corresponding to thatlswidth in the
along-track direction. The cell coordinates (colsmimes) are referred to a suitable Cartesian system (c,l) defined
inside each block.

The IM, dimension is defined, in terms of total lines aotbmns number (CR.), as follows :

_ Hxg(C, XIFOV)

riS,,, 3]

C

c

L, = _L°

NS,
In order to georeference the data correctly iteésassary to recover the correspondence betwedMtleells and the
geographic coordinates (latitude and longitude)visled with the original data. This is achieved kpplging the

inverses of Egs. [1] and [2].

2. IM. images, which are the result of the previous step,georeferenced through the use of a Delauramgtrlation
model. The parameters of the model (piecewise) hvparforms the transformation between the tdordinate system
and the geographical one are estimated using asgroontrol points (GCP) the Wpoints whose latitude and
longitude coordinates are known.

Mo M- M. WGS84

Figure 9 — Geometric correction procedure



The developed geometric correction procedure (Ei@uwas finally positively validated through thengparison of the
georeferenced outputs and the ones obtained usenIRT Swath Tool, the NASA recommended tool for MO
swath products georeferencing.

Automatic procedure for snow cover extraction

After the definition of a suitable methodology fgeometric correction of the selected MODIS Snow €adata, a
more complex automatic procedure is elaboratedrowige a daily snow cover vector mapping serviceing this
service, WFP users can obtain desired snow cowtovdata via FTP in a short downtime (10’-30’)pdading on the
size of the area of interest. The proposed autenpaticedure provides the desired output data thrdahg following
operations (summarized in figure 10):

selection of the MOD10_L2 data according to the alag the area chosen by user;
geometric correction of these data using the preshodescribed procedure;

data mosaicking;

extraction of snow cover vector data (ESRI shapkgfil

generation of a metadata file.

Each of these operations is implemented by a spaaifitine written in IDL and assembled to the othim order to
create a unique and completely automatic workflow.

INPUT
. Rate i Input data check
- Area of interes -
l Sc?rcr)g]cfitéf Snow vector OUTPUT :
extraction Snow cover data in
Data selection ‘L_ i shapefileformat
Mosaicking T Metadata

|
MOD10_L2 /
DATA ARCHIVE

Figure 10: Steps of the developed procedure

In order to provide a complete and automated sentice local computer hosting the above describedeplure
continuously updates a local archive of the MOD1® product obtained via FTP from th&ational Snow and Ice Data
Center(NSIDC) and periodically checks for new snow covector data requests. The output snow cover velsta
are supplied with a metadata text file that cortdimo indices defining the final product reliahjlithe cloudiness
index (the percentage of the area of interest ¢dhahot be classified due to cloud cover) and theamailable_data
index (the percentage of the area of interest fickwno MODIS data are available).

By way of example, figure 11 shows the generatibthe produced map starting from the original pmyn&ODIS
data (MODO02 - MODIS Level 1B Calibrated, Geolocafadiances). The snow cover vector data extraciedbe
easily overlapped to the road grid in order to qanfthe accessibility analysis.

a) b) €)
Figure 11 — Use of the theme generated. a) original MODIS primary data (MODO02 — MODIS Level 1B Calibrated, Geolocated
Radiances); b)snow cover vector data; c) final product with superimposing of the road network.

3.2 First aid expeditions

Shouldn’t satellite images suitable for catastropgwent monitoring be immediately available, irusiissions are
foreseen for the acquisition of the data necessapjan emergency and relief food aid interventions

To this purpose the project ITHACA intends to deyea fleet of remote-controlled mini aircrafts (UA\Each UAV
must be easily transportable on normal aircraftb @sable on the field, autonomously, by a coupleparators. At the



moment it is equipped with digital sensors suitdbledigital photogrammetric shootings with satisfy geometric and
radiometric quality.

3.2.1 The UAV system “Pellicano”

The system “Pellicano” is based on a RARéihote Piloted Vehidldow-cost aircraft equipped with a GPS/INS unit
and digital sensors (both on the shelves). ThedditRellicano” is to perform photogrammetric surgeyn remote and
affected areas, where it is not possible to carry tcaditional photogrammetric flights. This acdqtii technique
allows to update existing maps and to produce ttiemaaps: 3D updating is made possible thanks eécstereoscopic
coverage of the area. The process could be corhpkatitomated using position and attitude informatwovided by
the GPS/INS unit. The opportunity of using a felWwesttypes of sensors (IR, radar), whose weightdimg:nsions are
sufficiently miniaturized to be compatible with tlebaracteristics of the above-mentioned aircrafi;urrently being
studied.

The aircraft

The aircraft is manufactured by a research groupghefdepartment of Aerospace Engineeri(gIASP) of the
Politecnico di Torino. For a long time Prof. F. @liatti and G. Guglieri, have been engaged in piagnand
implementing mini-UAV for reconnaissance and moriitg civil applications. Since 2004, three protaghave been
made: “MicroHawk 600”; “MH 1000"; “MH 2000” (with eference to their wingspan in millimetres). Oureation
turned to the bigger model, MH 2000, due to thelgey that the project ITHACA exigencies requiredabl,5-2 kg).
Hence, the commissioning for the realization ofphatotype ITHACA 01 (Figure 12).

Figure 12 — The UAV prototype ITHACA 01

The platform MH2000 is characterized by a converdicconfiguration: fixed wing, tailless integratadhg-fuselage,
tractor propeller driven, all-electric power. Threfd-wing configuration gives the aerial vehicldetter capability of
withstanding adverse whether conditions, such atsgand, besides, it allows larger payload caipi@lsiand a superior
flight performance. The main geometric dimensiomd peculiar features of the platform are synthebkingable 2

Table 2 — ITHACA 01 technical specifications

Specifications ITHACA 01
Wing span 2000 mm
Wing surface 2.1k
Length (fuselage) 1750 mm
Width (fuselage) 150 mm
Payload weight 6,7 kg/m
Weight (body) 10 kg
Max take-off weight 14 kg
Payload 2,5 kg (25%)
Lithium-ion batteries 1,0 kg (10%)
Motor 0,5 kg (5%)
Motor model Hacker C50-21 X
Output power 2 hp @ 6600 rpm
Propeller APC 16"x 8"
Min speed 8 m/s (29 km/h)
Max speed 20 m/s (72 km/h
Optimum range limits 25 Km
Optimum
- 1h
endurance limits




Navigation systems

The aircraft is equipped with the MP2028g autopihatt allows autonomous flights and provides a-tiea¢ attitude of
flight. The MP2028g is composed by an electroiicuit board and a ground control software (HORIZBNT he first
component has a dimension of 100x40x15%mith a weight of 28 g (Figure 13). It includes & unit and antenna,
three-axis gyroscope and accelerometer (IMU), indagirspeed probe, pressure altitude transducéi, Altrasonic
altitude sensor, and external servo board. Thesggqme, accelerometer, pressure altitude transdunckairspeed probe
provide feedback at 5Hz, GPS has 1 Hz update 2a4&Hz radio modem allows to transmit the fligtitatle to the
Ground Control Station (GCS). The software HORIZ®KFigure 14) provides flight path and current sensdues in
real-time. The operator can also insert a fliglanpjup to 1000 waypoints) on a preloaded map af@hdghem during
the flight. Besides the system can be connectel thi¢ payload cameras, so it is possible to sckeanlautomatic
shooting time. Therefore it is possible to carry automated photogrammetric flights at half of timum range
limits (within a range of about 25 km). The opevati of take-off and landing must be accomplishedualy due to
the insufficient GPS’s in-flight accuracy.

Figure 13 — The MP2028° autopilot Figure 14 — HORIZON™ interface

Sensors

The current configuration of the UAV allows to gaomboard digital photographic sensors. In detaih, digital on the
shelves cameras have been identified: RICOH GRt@ighd CANON EOS 5D.

The two cameras are mounted on a special contgioel; figure 15) on the belly of the fuselage. B¢ tmoment they
are not connected with the MP2028, therefore mvafshs are taken by an electronic switch that oarraulio-
controlled.

RICOCH GR is an interesting camera (Figure 16) withimage resolution of 8 Mpixel and a focal lengh.9 mm.
Its weight is only 200g (including battery and Sidd its dimensions (107 x 58 x 54 mm) allows to ntauin a “pod”
with the long side of the format orthogonal to fhiselage axis. Furthermore at a flying altitude2§f0 m and aircraft
speed of 15 m/s it can perform flight strips with fhm ground pixel size, a 257 m side coverage abhd 4hooting
interval with a 60% overlap along-track.

Figure 15 — View of the “Pod” Figure 16 — Views of the camera RICOH GR Digital

The CANON EOS 5D has better features than the RI@BHsuch as high image resolution of 12.8 Mpixel, densor
format (24 x36 mm) and an interchangeable lens.c@uming the last component, our attention has lteered to a
“Nikkor AF 24mm /2.8 D” wide angle lens. The fidystem (Figure 17) weight is 1020g and the siz@gger than the
RICOH’s. So it is mounted with the long side of fbemat parallel to the fuselage axis. At a flyialiitude of 200 m
the side coverage is then 200 m, while the shodtitegval is 8 s (speed 15 m/s - 60% overlap alwagk). Ground
pixel-size is 69 mm.

Figure 17 — Views of the camera CANON EOS 5D



In the following table their main features are dtidsad.
Table 3 — RICOH GR, CANON EOS 5D: technical specifications

Specifications RICOH GR CANON EOS 5D
Focal length 5.9 mm (28 mm in the format 24 mm
24 x 36) Interchangeable
Sensor type CCD CCD
Sensor size 118" 24 x 36 mm
(7.18 x 5.32 mm)
Max Image resolution 8 Mpixel 12.8 Mpixel
(3264 x 2448) (4368 x 2912)
Video resolution 320 x 240 pixel -
Optical zoom No No
Memory SDupto2 Gb CFupto4Gb
Battery Lithium-lon rechargeable Lithium-lon recheable
Aperture range F2.4/F11 F2.8 /F22 (Nikkor 24 mm)
Max shutter 1/2000 sec 1/8000 sec
Dimension 107 x 58x 54 mm 152 x 113 x 75 mm
Weight
(includinggbattery) 200g 10509

On the top of both the cameras’ displays a smdikw®icamera is mounted; it transmits the imagekaatound in real
time and records the shooting time (when the dysgéakens).

Test flights, image processing and further develogmh

Several test flights were performed in the Villagiegtest site (Turin - Italy). They allowed to evafe the capacities of
the UAV system and the geometric and radiometridopemance of the sensors. The Autopilot MP2028 wat
available yet, so flight tests were done by gromadhual radio control.

At a flying altitude of 150 m RICOH GR performsfnes with 56 mm ground pixel size, and 190 m swe@age. As
you can see in the figure 16, the frame shows tbjeith a high detail. This result is completelyegdate to the spatial
resolution required in emergency situations. Batrehare some problems too: a few pictures aredaumue to the
rolling effect of the UAV system; then it is diffit to know the cruising height and keep to thehHti plans.
Furthermore a few test flights were carried outheck the quality and the operation of the videmea mounted in
the pod and the video clip recording by RICOH GRtiBof them gave us a good performance.

Figure 18 — Frame taken with the RICOH camera (flying altitude: 150m — GSD 6 cm)

Three overlapping frames, taken at a flying aléuaf 150 m, were oriented using artificial grourshizol points

previously surveyed. The planimetric and heighusacies, estimated through the statistical anabyfsike residuals on
several check points, are lower than 15 cm. Thisevés by all means suitable for the map scale eéed first aid

expeditions.

In order to minimize or eliminate completely theedefor ground supports, the opportunity of perforgnidirect

photogrammetry has been currently analysed. Theipal aim of the project is indeed the automatiérihe whole

photogrammetric process, allowing the productionrtiicimages of the surveyed area in near real-time

A planned development of the UAV project is the liempentation of a semi-automatic procedure devotethé

extraction of building shapes and road networlkyveilhg the rapid mapping of the investigated area.
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