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1 Background

1.1 Purpose

This document lists different data and metadata, observations and
activities that were considered worth storing for possible future use,
given the noteworthy acquisition and processing costs. The
documented data are collected in projects by llkka Korpela. They
include

1 Sample plot data, from seedling stands to old growth fo-
rests, 1995-

Geometric reference data (GNSS, levelling), 2000-

Aerial images, 1946-

Airborne LiDAR, 2004-

Terrestrial photogrammetry, 2007-

Documentary photography, 2000-

= =4 —a —a _—a

1.2 Structure

The data are stored on a ‘\\Device\'.

1. \\DEVICE\HYDE_REF\ refers to hypertext-based (www)
documentation with sub-directories.

2. Data that consumes lots of storage is not archived here but in
other subdirectories of \\ DEVICE\.

The directory structure is referred to throughout this document.
1.3 About the data not stored here

What are not included here are activities by other research groups,
e.g. by LAl detectives’ group, and TLS activities by FGI etc. There
possible exists spaceborne optical imagery (VTT research) and SAR
(FMI), as well as airborne (even UAV) hyperspectral data
(UH/Geography, Aalto University). Small samples of weather data
are included here, to go with the remote sensing data acquisitions.
Otherwise, SMEAR databases and those by the FMI can be used.
Hyytiala forest station probably has records of other activities in
Hyytidla. And, of course, if an article mentions “Hyytiala”.

1.4 Some history and purpose for the experiment

The field activities began in 1995 with the establishment of
permanent forest plots and acquisition of aerial images. Plots are
characterized by accurate local and global positioning of trees that
are measured 1- 6 times by Dec 2024. Activities have been targeted
at establishing reference data for optical remote sensing. The
remote sensing data are either airborne or close-range. There are
many studies done based on the data.

Because most trees and other objects are positioned and identified
accurately, the plots are ‘permanent’ at the tree-level. Most of the
plots are ‘selected’, i.e. they have been subjectively delineated in
the field for a particular reason (experiment). For example, some
plots were selected because they represent a certain species
mixture, or the presence of an understory, or a specific canopy
structure.

The experiment focuses on a small area of about 700 ha, managed
by Metsahallitus, enclosing the SMEAR I station. Some of the
remote sensing data has coverage of Susiméki old growth and
Lakkasuo mire complex. There is reasonable variability in the forests,

however, and by no means, are the field plots highly representative
of Finnish forests.

15 Acknowledgements

The investments are mostly by personal grants, but also by different
consortia and by Hyytiéla research station. Field measurements have
involved some 50 (total of 900!) students each summer (2007-2024),
as well many research assistants 1995-. Particular help and/or
financial support by the listed people is acknowledged

Pentti Rasanen, Jouko Laasasenaho, @ UH:; field work 95-97

Timo Kuuluvainen; Simo Poso; @ UH; aerial imaging 97

Silja Pirttijarvi @ Hyytiala; support 95-

Antti Uotila, Juho Aalto @ Hyytial; resources for field work 1995-

Jaakko Uusitalo; RTK/GPS 2000

Timo Tokola @ UH/UEF; ADS40-campaign 2008; LiIDAR campaigns
2004-2007; Field campaigns 2003-04; 2009; Arranging different
types funding & consortia 2002-2007

Markus Holopainen, Pauline Stenberg @UH; Field campaigns as a
part of field courses 2007-2016
Arthur Rohrbach & Ron Roth @Leica geosystems; Aerial imaging

using ADS40 2008; LiDAR 2010.

Ulrich Beisl @ Leica; Aerial imaging 2008, Spectroscopy

Eija Honkavaara et al. @ FGI; Aerial imaging 2009, Radiometric
campaigns 2008, 2009, 2010

Juha Hyyppa @ FGI; LiDAR 2007, 2010, VRS-GNSS 2014

Pekka Savolainen @ Blom/Terractec;
LiDAR 2006, 2016. Aerial images 2006, 2007, GNSS data 2008

Jonne Davidsson et al. @ Finnmap; LiDAR 2007, 2010, 20114,
2011b, 2012, 2013, 2015; Aerial images 2010, 2012, 2013, 2015;

Maanmittauslaitos/ilmakuvatoimisto;
Aerial imaging 2004 and 2009; Old film scans, 2018, 2022
images.

Topografikunta, Scans of old aerial films

Geotrim; Network GPS/GNSS equipment 2005-2019

SMEAR Il Community; Weather & atmospheric data 1997-, LiDAR
2013 (Siikaneva & Hyytidla combined), LiDAR of 2018 and 2020

Metsahallitus; LIDAR 2004, 06, 07, 10. Field work 1996-97

Stora Enso; LiDAR 2006, Field work 2010.

UPM,; LiDAR 2006, 2007

UH/MMEKO/MMVAR; LIDAR 2006 (Lakkasuo), LIDAR and images of
2023.

Metla (Prof. Tomppo); LiDAR 2007

University of Joensuu/UEF (Prof. Maltamo, Jari Vauhkonen, Lauri
Korhonen); LIDAR 2007; Field work 2008, 2009, 2011.

Arbonaut; Academy of Finland co-operation 2006-2008

Metsateho; LiDAR 2006

Metsamannut; LiDAR 2007

Metsamiesten sdatio; aerial imaging 1997, 2002; field work 1996-
97; 2002; aerial image scans 1946-2000; Time-travelling in
Hyytidla 1946-2004 in 2006. Field campaign of 2013.

TEKES; Field activities 2006, 2010;

MATINE; Activities 2005-2006.

Academy of Finland; activities 2006-2008; 2011-2016; LiDAR 2012,
LiDAR 2013, LiDAR 2015, LiDAR 2016

Suomen Luonnonvarain Tutkimussaatio; activities 2008-2010, Field
work 2010

Helsingin yliopiston rahastot 2009-2011; LiDAR 2010, 2011a,
2011b, Field work 2009-2011

MMM yhteistutkimusvarat 2002-2003; Development of KUVAMITT


http://www.tracker-software.com/buy-now
http://www.tracker-software.com/buy-now

o =
Fig. 1. Summer of 2000. Jarno Kallonen and Jaakko Uusitalo carrying Fig. 4. Forestry student taking an azimuth observation to position a
out RTK GPS measurements on recently established ground control tree using spatial resection. 2008, MARV1 course.

points. These were marked with metal bolts.

o 2 :
Fig. 2. Nina Rautjarvi and Sini Kokkonen; field workers in 2002. Some
of the plots were already measured once and tree labels with a local

Fig. 5. Dr. Ulrich Beisl from Leica Geosystems in August 2008. The

) ) weather was not favorable for the ADS40 campaign. The sensor was
map of stems and values of the previous measurements are being

in Tallinn, and finally on August 23 it was flown to Hyytiala by Estonian
prepared.

land board.

Fig. 6. Mapping understory trees at cm-level accuracy in Lapinkangas,
July 2009. Pauliina Kulha and Aarne Hovi

Fig. 3. At the SAHATIE plot, August 2006. The VRS GPS antenna with

a 4-m pole is seen on the front. The VRS/Network GNSS has been
used since 2005 to position points in low vegetation at cm-accuracy.
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Data used in teaching

(to be completed)

UH courses in Forest Sciences — GIS/RS
ME-011B, ME-013C, ME-233, ME-234, FOR-254,
ME-232, FOR-25?

UEF Course in Remote sensing
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1.7 Featured

Talks

1. Fastand slow shutters, wide and narrow band-pass filters -
Investigating the species issue for over a decade, the optical
airborne way. HyperBio seminar, Oslo November 30, 2015.

2. Airborne optical remote sensing of the forests and mires of
Hyytidla 1997 - 2011. Finnish Geodetic Institute's Research
seminar, March 2011.

3. Laserkokeiluja Hyytialédn metsissa ja soilla 2004-2010.
Maanmittauslaitoksen laserkeilaus- ja korkeusmalliseminaari
2010. Oct 8, 2010.

4. Metsaalueen historian rekonstruointi ilmakuva-aikasarjoista.
Reconstructing silvicultural history using a time-series of
archived aerial photographs. Surveying expo
"Paikkatietomarkkinat". Helsinki, Sept 27, 2005.

Exposure in media

Teaching activities

1. MMVAR37 / ME-234 (2011, 2012-2020) Basic course in
programming

2. GIS201 GIS analysis and modeling, 2012

MARV104 forest inventory project 2012

4. MARV1 (FOR110b) Basic course in forest mensuration
1997-1999; 2007-2015, ME-013C 2016-2024

5. MARV4/FOR-254 Forest inventory project 2007, 2009, 2016,

2018, 2020, 2022, 2024

MINV12 PhD course in 3D remote sensing of forests, 2006

NOVA PhD-course in 3D remote sensing, Mekrijarvi 2009

LiDAR technology course for forest experts, Evo 2010

ME-233 Forest Inventory 2017, 19, 21, 23, 25

w
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Supporting other activities

1. Surface type classification of Siikaneva Eddy-Covariance site,
2014-2015 (Prof. Timo Vesala, UH)

2. LAl estimation for surroundings of lake Kuivajarvi (Dr. J.
Pumpanen UH)

3. Participating in the global LiDAR data activities at FLUXNET sites.
D. Baldocchi, M. Beland. Berkely. 2012.

4. SMEAR 2010 campaign; C. Nichol, U of Edinborough

5. Wood-procurement in peatland forests, Prof. Uusitalo METLA;
2011.

6. Hyytidla 100-yr anniversary. WWW-site “Time-traveling in
Hyytiéla 1946-2006"; 2010.

7. SMEAR Il intermediate fellings 2020, mapping of 40000 trees in
the surroundings

1. PERS 3/2011 front cover and three-page article by Dr. Ron Roth @ Leica Geosystems.

2. UHWebsite, Science News, April 2012

forestry, natural resources and land survey researchers. Participants
included the National Land Survey of Finland, Universities of Joensuu
and Helsinki, The Finnish Geodetic Institute, Norwegian University of
Life Sciences, and Metsiihallitus — the Finnish State Forest Enterprise.
The image covers a control forest. The data were acquired over a 16

Airborne lidar data collected over Hyytidld, Finland for a consortium of P E R S
v

km? area, with 130 existing forest plots and 20,000 reference trees,
and included an array of reflectivity calibration targets. Data will be
used to study single-tree and area-based forest inventory, radiometric
aspects, vegetation of seedling stands, enhanced classification with
waveforms, and improved forest DEM acquisition in leaf-on condi-
tions. The lidar data complete a time-series of acquisitions ( ‘04, "06,
"07, '08), which enables R&D in change detection methods as well as
Sensor comparisons.

Data were acquired in July 2010 from 1000-3000 m AGL using
a Leica ALS60, with simultaneous collection of discrete return.
intensity and waveform data at up to 5.5 points/m’. Image shows

discrete-return data in bare earth and tall vegetation classes, with close-up views of the vegetation point cloud
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1.8 Map of Hyytiala
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Fig. 7. Map showing the main area of interest with field activity near Hyytiél&, as well as the Lakkasuo and Susiméki areas
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2 Aerial photography (Photogrammetry)

Essentially, there are aerial (and terrestrial) images since 1946,
which are mostly oriented in a coordinate system that is "time-
invariant”. They are not re-sampled into orthoimages, but retained
'in the original form, at the time of exposure, on the focal
plane'.ADS40 line-sensor data from 2008 exist in both raw and
stereo-orientation.

2.1 Concepts and terminology

2.1.1  Frame sensor geometry

c, bw, e, bw-i

(X0.Y0,Z01) GPS+PC
. 40-100mis

0-53°

Fig. 8. Image capture with a film-based frame sensor. The image ray
extends from the object to a point in the focal plane. Camera moves
during exposure (shutter is released) but is motion compensated.
Filters attenuate UV-light. Cartesian coordinate systems: one for the
camera (xyz) and one for the object space (XYZ). All rays pass through
a projection center and the camera is rotated about it. In Hyytiala, the
solar elevation is 30-50°, and typical field-of-view of the cameras is
from +25 to +45 °. Film cameras produced square-shaped images,
while those of digital cameras are rectangular.

212  Kuvamitt

The image and LiDAR data documented here are as such
‘compatible’ with an in-house digital photogrammetric workstation
called KUVAMITT. It is written in Visual Basic 6 and C/C++, in the
win32-environment. \\Device \Kuvamitt\ directory has different
versions of KUVAMITT and related supporting software. ADEMO

with training data is given in (Appendix 4. LABS in photogrammetry
and LiDAR-based STRS with KUVAMITT).

2.1.3  Object coordinate system

A Cartesian XYZ system, meters, is required in photogrammetry (Fig.
8). This is the coordinate system for everything in the scene that is
viewed by the images. In Hyytiala this is approximated by the KKJ-
2/N60 map projection. It is considered a right-handed system; KKJ-
East = X, KKJ-North = Y, N60 = Z (exceptions exist). N60 values (Z) are
ortometric heights, values above the mean sea level, in the 1960
epoch. The global GPS coordinate system is based on an ellipsoid
(WGS84/ETRS89), and a geoid model tells the height difference
between the orthometric elevations and those from the ellipsoid.
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This difference is ~18.67 m with respect to the N60 system in
Hyytidla. The “new” N2005 heights are 0.32 m above N60.

LiDAR data were originally delivered in the UTM35 projection with
ellipsoidal heights but were always converted to KKJ-2/N60 that
forms a common basis for the remote sensing and reference data.
2.14  Cameracoordinate system —camera calibration and
lens errors

This is a Cartesian xyz system, metric, inside the camera according to
the perspective camera model. The origin is at projection center
‘inside the lens’ — an ideal point through which all image rays pass.
The planar focal plane (where the image forms) is at some distance z
=+ ¢ (positive or negative image), from this point, and the plane
normal intersects the projection center and forms the optical axis. ¢
is called the camera constant. The intersection of the optical axis on
the focal plane is called the principal point.

Image rays entering the aperture are mapped by optics to a point in
the focal plane. This mapping is a straight line from the object, via
the projection center, to a point in the focal plane. All points in the
focal place have camera coordinates (x, y, ), where c is constant,
and can be omitted leaving (x, y), in meters, in the focal plane.
Camera coordinates (0, 0) are (in an ideal camera, pin-hole camera)
for a point at the origin, which is in the middle of the focal plane, at
the principal point. All points in the object space that are aligned
with the optical axis map there. In real cameras, this point (o, Yo),
defines the best symmetry for the perspective mapping, is physically
at some location. This is defined in camera calibration along with the
camera constant ¢, [m]. These three parameters are the minimal set
of parameters that define the interior camera orientation.

Aerial (film) cameras are expensive instruments, and the lenses and
focal plane are built such that the collinearity of image rays and the
perspective mapping are reproduced in the images, down to an
accuracy of a few micrometers. Such cameras are called metric. All
aerial images in Hyytiala were collected using metric sensors.

If the lens or the focal plane is not perfect, the deviations from the
pinhole camera can be corrected for using equations that tell how
wrongly the pixels in an image are with respect to a perfect camera.
The deviations can be large in consumer-grade cameras, especially if
the FOV is large (Fig. 9), up to tens of pixels. Terrestrial photo-
grammetry images were collected using consumer-grade cameras.

Fig. 9. This image shows two superimposed images, the original one

with lens distortions and an image that was re-sampled to represent an
image in which the lens errors were removed, and the image follows
the perspective mapping as closely as possible.
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The correction equations are also called camera calibration models,
and they model radial and tangential distortions, skewness of the
focal plane etc. These parameters can be solved by using special
arrangements (Fig. 10).

Fig. 10. Camera calibration targets. These are viewed from many
directions with the camera that is calibrated, and a large bundle block
is formed (of image rays that meet at the color-coded points), up to 15-
20 rays per point from different directions, and the correction equations
are solved with non-linear regression. The equations can be used to
re-sample the image into a pinhole (undistorted) camera image, in
which the deviations are minimized.

Kuvamitt uses only lens-corrected images. The calibration equations
cannot be entered. Only focal length and position of the principal
point are allowed.

2.15 Raster image coordinate system

Aerial images and raster elevation models have a width (W) and
height (H), in pixels. Indexing starts from O and reaches to (W-1) or
(H-1). The pixel in the up-left corner is the origin if the coordinate
system is defined as left-handed, and the y-axis grows downwards.
In a right-handed definition, the origin is in the low-left corner pixel,
and the y-axis grows upwards. The coordinates system is
continuous, and the mid-point of a pixel has the coordinates #.5 and
#.5. Thus, the center of the pixel defining the origin has the column,
row coordinates (0.5, 0.5). So, if a DEM has the origin at X =
6860000.00 and Y = 350000.00, and a grid size of 3 m, then the
center of the pixel at the origin corresponds to (6860001.50,
350001.50).

KUVAMITT uses a right-handed system internally, and changes made
in direction of the y-axis are seen throughout the code (y’ =((height-

1) - y). The same definition applies to other raster data, i.e. elevation
models.

When an aerial image is scanned, each pixel in the digital image
represents a point (area) in the focal plane that ‘captured the image’
(Fig. 8). The principal point, the origin of the camera coordinate
system is at some (column, row) coordinate in the raster image. For
photogrammetry a conversion to the camera coordinates (x,y) is
needed. In Kuvamitt, and affine transformation is used for this task.

X'=ax+hy+c
y' =dx+ey+f

If (x,y) are raster images coordinates, in meters, then c and f define
the offset to the principal point, in column and row -values. If the
raster image is perfectrly aligned with the camera coordinates
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system, and pixels are of equal size in both directions, 1/a == 1/e ==
size of the pixel in meters; and b ==d ==0.

2.1.6 Exterior orientation - Frame sensors

Most aerial images are taken with a camera that follows the
perspective camera model and are defined a point called the
projection center. It is located at some (X0, YO, Z0) world position, in
the Cartesian object coordinate system (Fig. 8). The camera rotates
about this point in 3D. This rotation defines 9 directional cosines
between the axes of the two systems: camera and the object
coordinate system (xX, XY, xZ, yX, YY, YZ, zX, zY, zZ). These cosines
form an orthogonal 3x3 rotation matrix. The matrix is a function of
three rotations: omega, phi, and kappa. There are many ways of
arriving to the rotation matrix using different definitions for the
rotations. Only the matrix is unambiguous. Because it is orthogonal,
its inverse is simply the transposed matrix, and the direction of the
mapping (scene — camera, camera— scene) is changed that way.

The set of six parameters {X0, YO, Z0, omega, phi, and kappa} defines
the exterior orientation — where the projection center (camera) was
and how it was rotated about the projection center during exposure.

In Kuvamitt, the definition of the three rotations is such that the
orthogonal R-matrix is given by the following nine equations.

R(1, 1) = Cos(phi)*Cos(kappa)

R(1, 2) =-Cos(phi)*Sin(kappa)

R(1, 3) = Sin(phi)

R(2, 1) = Cos(omega)*Sin(kappa)+Sin(omega)*Sin(phi)*Cos(kappa)
R(2, 2) = Cos(omega)*Cos(kappa)-Sin(omega)*Sin(phi)*Sin(kappa)
R(2, 3) =-Sin(omega)*Cos(phi)

R(3, 1) = Sin(omega)*Sin(kappa)-Cos(omega)*Sin(phi)*Cos(kappa)
R(3, 2) = Sin(omega)*Cos(kappa)+Cos(omega)*Sin(phi)*Sin(kappa)
R(3, 3) = Cos(omega)*Cos(phi)

If (X,Y,Z) is the point in the scene that is mapped to an image point
in the focal plane (p_x, p_y), and the projection center is in point
(X0, YO, Z0), and c is the camera constant, the following subroutine
yields the image points coordinates in the camera coordinate
system:

Public Sub r_transform_3D(X, Y, Z, p_x, p_y, ¢, X0, YO, Z0)
Dim k As Double
If (c <> 0#) Then
k = (R(1,3)*(X-X0) + R(2,3)*(Y-Y0) + R(3,3)*(z-Z0))
Else
k=0#
End If
If (k <>0) Then
p_x=-c*(R(1,1) *(X-X0)+R(2,1)*(Y-Y0)+R(3,1)*(z-Z0)) / k
p_y =-c*(R(1,2) *(X-X0)+R(2,2)*(Y-Y0)+R(3,2)*(z-Z0)) / k
Else
pXx=py=0#
End If
End Sub

Then, if this point is denoted (X, Y), its camera coordinates in meters
are converted to an image position (column, row) using affine
transformation. Parameters of itarea_,b_,c_,d_,e_,andf_:
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Select Case direction

Case 0' From camera coordinates to image coordinates (pixels)
px=a_*X+b_*Y+c_
py=d_*X+e_*Y+f_

Case 1 'From image coordinates (pixels) to camera (m)
px=(-e*c_+e*X+f*_-Y*b)/(a_*e_-b *d)
py=-(a_*f_-a*Y-c*d_+X*d)/(a_*e_-b *d)

End Select

End Sub

The code above can be used to check if an XYZ point maps to a
particular image. The HDR-file of an image has the 10 and EO
orientation parameters. See (Appendix 1a — HDR-files, frame
sensor).

2.1.7 Pushbroom sensors

A line-sensor has a focal plane as in any camera, but the photon
detector is not a rectangular CCD array or a film frame. The image
capture is done using a single or several line-shaped image
detectors, such as 1xN pixel CCD row-detectors. Preferably, the lines
are aligned in the direction of the x-axis in the camera, if the y-axis
points to the direction of the flying. A sensor line in the middle of
the focal plane views the scene right below the vertically mounted
camera, to the left and right. A line at the back of the camera views
the scene in front of the plane (Fig. 11).

Fig. 11. A line sensor with 11 linear light sensing photodetectors on the

focal plane, viewing the forward, nadir and backward directions.

&l
Fig. 12. Epipolar line segments in two ADS40 line-sensor Level-0 images (raw) and in one Level-1 (stereo-oriiented) image. The roof corners and
chimneys were pointed in some fourth image, resulting in image rays (epipolar line segments) down towards to the scene. Segments of these lines
over a Z-range of + 5 m were drawn on the images. LO images show the camera movement and epipolar lines become curved, while L1 image is
projected to a plane and the epipolar line is nearly horizontal, enabling quick search along image rows and stereo viewing.

A pushbroom sensor has similar optics to a frame camera, but there
is no shutter, i.e. light is received on the focal plane through an
aperture continuously. Typically, a beam splitter is used to deflect
the different parts of the spectrum to the wanted detector lines (in
multi- or hyperspectral sensors).

The photodetecting elements are allowed to integrate the signal for
some milliseconds, and during this time the camera moves forward.
Thus, the squared-shaped pixels capture a square-shaped area only
if the ground speed and the integration time match.

The scene is flown over and as integration happens several hundred
times per second, the consecutive lines form an ‘image-mat’
consisting of thousands of lines. The camera is mounted on a
stabilizing platform, such that the movements of the aircraft do not
show in the image (Fig. 12).

The perspective mapping, or the pinhole-camera principle, holds in
push-broom (line) sensors as well. However, whereas in a frame sen-
sor, where ‘millions of image rays’ map to the focal plane during the
shutter release, when the camerais in a certain location and rotat-
ion, it is not possible to map an XYZ point to the push-broom image-
mat in the simple way as depicted in Section (Exterior orientation -
Frame sensors). A line sensors ‘takes exposures’ every few milli-
seconds and if the aircraft’s nose turns quickly, the same point on
the scene can map to several image lines, and some pixels may
integrate light from an extended pixel as the camera rotates with
the plane (the motion compensation is never perfect, Fig. 12).
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Because of the continuous collection of an image-mat, finding the
right pixel for an XYZ point in the scene calls for iteration, and is
computationally more expensive than the use of collinear equations
for frame images that consist of some tens of operations. The
iteration narrows down to the expected line and then finds the pixel
in that line or interpolates between neighboring pixels on
consecutive image lines.

The other direction is simpler. A pixel has certain camera coordi-
nates (x,y) and was integrated during some time point t. The
orientation information, set {X0, YO, Z0, omega, phi, and kappa} is
known for each time point, and the R-matrix is easily computed. The
ray can be cast from the pixel via the projection center at position
(X0, YO, Z0) to the direction defined by the three angles towards the
scene.

The experiment includes push-broom image data by ADS40 sensor.

2.1.8 Rawand projected images

An image was captured by the digital sensor array or film, which was
scanned into a raw digital image. In multi-head cameras (pan-
sharpening principle), the final image can consist of many sub-
images, that exist as such, or that have been ‘stitched together’.
This fusion may involve correction for lens errors.

In film images, lens (and digitizer) errors are remnant in the raw
images. In images taken with multi-head photogrammetric sensors,
the errors are removed in post-processing. In terrestrial images, the
lens errors remain but the correction functions are given to enable
the re-projection into distortion-free ‘metric’ images.

Projected images can be images normalized to form stereo pairs
(for stereo viewing), or orthoimages, or ADS40 line sensor images in
which the camera movement is removed, and image is re-projected
to some plane. Kuvamittt does not support extended camera
models. The projected versions can be produced from the raw
images using the lens error information, exterior and interior
orientation information and appropriate software.

Fig. 14. A raw image scanned from the 18x18 cm aerial film (1946);
north is ‘to the left’. An orthoimage patch of the Kallenautio kestikievari.
North is up, and each pixel corresponds to an XY location in a map
projection.
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Fig. 13. The perspective distortion of trees is always the same in an
image mat captured by a line. A linear sample in the polar coordinates
of the BRDF (depends on the flying direction and solar azimuth.) is
obtained.

Fig. 15. Stereo normalized pair from 1946. The corresponding targets
are on the same image lines (rows).

Fig. 16. Anaglyph stereo view. The left image and right image are
superimposed with some offset in the column direction, and different
colors are used for the left and right images (use red-blue glasses).
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2.19 Campaign and frame/image ids

An image belongs to a campaign. For example, code FM97251 refers
to the FM-Kartta company, year 1997 and their internal campaign
number 251 comprising one strip of nine overlapping photographs
on B&W film (Fig. 17). The exposures all have a unique code, nu-
meric. It is essential to know the sensor and date of photography to
have access to the right camera calibration certificate for in-
formation about focal length, position of the principal point, lens
errors, lens MTF, radiometric features in digital sensors etc.

Fig. 17. The nine frame images of FM97251 (1:10000, B&W film)
extend from Lapinkangas to Valkeajarvi

2.1.10 Solving the exterior orientation (EO) for frame
images

The exterior orientation (EO), i.e. parameter set {X0, Y0, Z0, omega,
phi, kappa} for each FRAME image has been established using
bundle block adjustment, or aerial triangulation (AT).

AT uses redundancy, which is provided by image overlaps. Same
scene points are seen in more than one image (Fig. 18). These are
‘tie points’. Their XYZ coordinates are typically unknown.

Just by using tie points, it is possible to establish a bundle block that
has the right relative geometry, but an arbitrary position (XYZ), scale
and attitude (3 rotations).

Most tie points that ‘tie together’ 2- M images. In addition, there
can be scene points for which X, Y and Z are observed (full control
points), X and Y (planimetric), or just Z (height) is known. Using these
observations, the bundle block is brought to the right position,
attitude and scale. Alternatively, or as a complement, the unknown
EO parameters per image {X0, YO, Z0, omega, phi, kappa}, can be
observed at some accuracy during the flight, by means of satellite
positioning and inertial navigation systems. When such observations
are available, AT is called GPS/IMU-assisted. Such systems have
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been on board since the early 2000s. The GNSS/IMU observations
are available for many campaigns since 2002.

Weighted non-linear regression is used to solve the large system of
linearized equations of AT. In it, weights are used to balance
between different a priori error estimates. For example, the
measurement accuracy of the control points may vary. It is possible
to impose further ‘observations’ to the regression. For example, if
three tie points (a, b, c) are known to be on a 3D line, or have the
same Z (lake shoreline), such simple observation equations can be
added to the system (Za — Zb = 0; Zb-Zc=0; Zc-Za=0).

K &,
(X0,Y0,20) .
2004

1973
}, 1962 1962, m

GCP 2004 / l

Tie point 1962

Tie point
1962,1973,2004

Fig. 18. Principle of multi-temporal aerial triangulation (AT) that
combines ground control points (GCP), direct sensor observations and
immobile points seen in multi-temporal images. The EO parameters
are solved using AT.

AT of vertical aerial images is highly automated, and manual AT
should be avoided, because it is a laborious task, but has been done
in many cases in Hyytiala as commercial software was lacking.

2111 KUVAMITT HDR files

Each aerial image comes with a header file, *. HDR (Appendix 1la—
HDR-files, frame sensor, Appendix 1b — HDR-files, line-sensor).

An HDR-file is ANSI-coded text, and shows the exterior and interior
orientation parameters, image size, color model, mm.

Potential future improvements to the HDR-files (additional
attributes, now lacking) include:

Date and time of photography

Camera model (string)

Free notes (string)

Coordinate system (string)

Camera calibration (lens errors) parameters and/or distortion
values, LUT-style

= =4 —a —a —a
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2.1.12 UTM-KKIJconversion, Geoid corrections

When activities in Hyytidla began, KKJ-2/N60 system was well alive,
and is therefore used still (2024).

Since about 2010, ETRS-TM35FIN coordinate system has been in use
in Finland. A cm-accurate local conversion between KKJ-2/N60 and
the UTM35 (x,y) / WGS84 ellipsoid heights (z) exists:

YKJ_Y = 1.000402868 * UTM_Y +
-0.000006294037 * UTM_X + 116.5155
YKJ_X = 0.000007547778794 * UTM_Y +
1.000404696 * UTM_X + 2999916.234
KKJ_x = -0.04613085453 * YKJ Y +
0.998685712 * YKJ X - 521029.6315
KKJ_y = 0.04614063371 * YKJ X +
0.9986922807 * YKJ Y - 148875.5398
N60 = WGS84 H - 18.67 // (Geoid FIN2000)

Here YKJ refers to the Gauss-Kruger projection along longitude 27
i.e. the KKJ-3 zone, while KKJ is KK2-2 zone (longitude 24).

18.67 mis the Geoid correction for N60 in Hyytidla. It is the
difference between WGS84 ellipsoidal heights and N60 orthometric
heights. N2000 orthometric heights - add 0.32 m to N60 elevations
in Hyytiala.

Note, a new height system is introduced in Finland. The geoid
models are kept-up-to date, and for example the model N2010
shows a different geoid correction to (mean sea level) because of
‘land upthrust’, some 4 mm/a.

See also EurefMuunnos.exe, and the FGI’s website site for
coordinate transformations.

N.B. It is not possible to redefine the exterior orientation of the
images without careful consideration of the different coordinate
systems. To convert the image EO to another system, it is advisable
to first find conjugate points (X,Y,Z) and their image positions (x,y)
on the images, then convert the XYZ to the new system XYZew, and
carry out bundle block adjustment in the new XYZ system. This has
been done in e.g. the 2020 RGB-imaging campaign.

There may be (advanced) ways of finding the 3D rotation + offset
(for the six EO parameters) for each image that considers the exact
rotations and offsets between the two XYZ systems in that very
point. E.g. the direction Z-axis of KKJ/N60 changes continuously in
space (the rotation between KKJ xyz and any other system). Such
conversions might be found in some sophisticated photogrammetric
systems.

2.2 Analogue film images 1946-2004

All large-scale images covering Hyytidla have been looked for from
the archives of the National Land Survey, Topografikunta and, Finn-
map/Blom Finland, and the photographs were digitized using high-
grade photogrammetric scanners at pixel sizes of 14, 15 and 21
micrometers, 8 bits per color per pixel. This work was mostly done in
2005- 2006. The formats were variants of TIFF, but the stored raw
images are in row order, [RGB] or grey-level, one byte per pixel
(unsigned 8-bit char), band-interleaved-by-pixel —type (BIP). The
HDR-files are needed to determine the W and H of the raw-images.

The camera calibration certificates were collected, and these include
information on the calibrated camera constant, location of the

20

fiducial marks in the camera coordinate system, position of the
principal point with respect to the fiducial marks, information on the
radial and tangential lens distortions etc., i.e. parameters for the
interior orientation.

Older film frames were 18 x 18 cm in size (1940s), later a 23x23-cm
size was used.

A fiducial mark transformation (affine) has been estimated for each

frame. It can be used to convert the column-row image observations
the metric x,y camera coordinates. See the HDR-files.

Xnew a b ¢
Ynew | = d e f

The old images were oriented using tie points (Fig. 18) and control
points (Fig. 19). See (Korpela, 2006) in Silva Fennica.

Xnew = @Xold+bYold +C
Ynew = dXold+€Yold +f

Xold
Yold
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Fig. 19. Control points (XYZ, Z) used in the triangulation of 1946- 2004
film images. Reliable EO information is available only for the area and
images enclosed by the CPs. CPs were stones and man-made
structures.
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2.3 Digital frame-camera images 2006-

Since 2006 most (frame-type) aerial imaging has been done with
multi-head digital sensors following the PAN-sharpening principle.

The term multi-head means that the device consists of multiple
cameras each of which has its own lens, shutter and focal plane (Fig.
21). The shutter releases may be timed to compensate for camera
forward movement during the few milliseconds of exposure.

PAN stands for panchromatic, i.e. wide spectral response in the
visible-near-infrared spectrum, ~B&W film. A high-resolution PAN
image is a mosaic of several sub-images that are captured by several
lenses. The mosaic is a perspective image, and in the mosaicking
(stitching) process, interpolation is done, thus the very original
image structure of the sub-images may not be entirely preserved.

Multispectral (MS) imaging is done with separate cameras for each
band. They typically have a different focal length, thus larger pixels
on the ground, but the field-of-view matches that of the mosaicked
PAN image. Filters are used to get a narrower spectral response at
blue, green, red, and near-infrared bands. These MS images have a
different resolution, lower compared to PAN. The ratio of the pixel
sizes is called the PAN-sharpening ratio.

The post processing software of the camera manufacturer is needed
to output the different image products, and they differ between
Sensors.

1 The very raw PAN sub-images are typically not available

1 The stitched PAN image with high resolution is available (PAN
level2 or PAN- Level3, and the 10 and EO can be defined for this
image. These images have PRNU-calibration.

T The raw MS images are available, but it may not be possible to
define the 10 and EO for these, to map XYZ scene points to a
R/G/B/N band pixel. Level2 RGBN images have EO and PRNU
calibration.

1 PAN-sharpened image (color or color-infrared) is available. The
method of PAN-sharpening s.b. known. In that process the MS
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information is used to ‘color’ the high-resolution PAN image and
this process affects the radiometry of the final product.

231 UltraCAM-series

UltraCAM series (D and Xp) of cameras were used in 2006, 2007
2010, and 2012. Later UltraCam models in 2015, 2018, 2020, 2022
and 2023. The camera captures images with 4 PAN + 4 multispectral
CCDs. These images have lens errors, and the PAN images have
overlap. The four PAN images are called L1 images and processed
into a single perspective PAN image with lens errors removed (the
PAN images are stitched). There are five L2 images: PAN, BLU, GRN,
RED, and NIR. PAN-sharpening is used to combine the grey-levels
and details of the high-resolution PAN-image with the multispectral
channels to produce Level-3 images that have as many pixels as the
PAN image has. The radiometry of these is highly changed and these
should be used for visualization only.

Fig. 21. Top: UltraCamX with four multispectral lenses and four PAN
lenses. Bottom: Z/I imaging DMC Il (Hyytiala 2009).

232 DMC

In 2009, a z/1 imaging DMC camera was used, which is also a multi-
head device (Fig. 21). See Section (2009 DMC morning/noon flights).
Like the UltraCam sensors, the user has access to post processed
‘virtual’ images. National land survey has since captured topographic
images with the same sensor. The DMC at NLS was abandoned in
2016?

233 Hasselblad

In 2011, 2013 and 2015 a Haselblad camera was operated in the
LiteMapper Waveform LIDAR sensor system that combines imaging
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and laser scanning. The RGB sensor is metric as the lens errors are in
the sub-pixel range (< 6 um).

234 Titan RGB camera

During the LiDAR of 2016 (Titan 3-band LiDAR), there was an RGB
sensor capturing images. The lens errors were not entirely removed
by the calibration.

2.35 Riegl 1550 RGB camera (2018, 2020,2023)

These LiDAR campaigns were done during the daytime and an RGB
sensor captured images during the acquisition. The resolution of the
sensor was the highest in the 2023 sensor system.

2.4  Additional data during campaigns

This section is incomplete (diary type). Since 2010 the vegetation is
mostly documented by field photography when a LiDAR or imaging
campaign took place.

* Sudenkyto road, i.e. ‘Sudenkyddn lenkki’ got a layer of crushed
stones in spring 2006 (LIDAR of 2006). This enabled its use for
radiometric calibration of LiDAR in 2006/07.

* Fields of Ala-Hyytiala had turnip mustard in 2007, oat in 2006
(LiDAR intensity calibration of 2007)

* Shape files of Lauri Korhonen (Canopy Cover, 2009)
hyde ccplots_shp.zip

* Removal of gravel from roofs of buildings A/B/C — autumn 2007.

* Weather data, in-situ reflectance measurements, reflectance tarps
BRDFs, camera calibration certificates etc. (to be completed)

* High-voltage power lines were dismantled in 2023

* Hyytidla buildings (dormitories) from 1977 were dismantled in
2024 and their bitumen roofs or linear structures no longer serve as
calibration taskets.
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2.5 The aerial image campaigns

Table 1. Characteristics of imaging campaigns.

Campaign

1946-S533
1946-S537
1946-S544
1962-62121C
1963-6306
1966-66163
1969-69113
1973-73166
1973-73204
1977-KT7736
1983-89193
1984-84128
1985-85151
1985-85230
1985-85231
1985-85232
1985-85233
1986-86100
1986-86286
1988-88086
1989-89204
1989-89254
1991-91142
1992-92064
1992-92199
1995-95267
1995-95268
1995-95269
1995-95270
1997-97248
1997-97249
1997-97250
1997-97251
1998-98110
1999-99108
1999-99264
2000-00106
2002-02204A
2002-02204B

Scale

1:20000
1:20000
1:20000
1:16000
1:60000
1:20000
1:13000
1:21600
1:21600
1:17500
1:12400
1:16000
1:15000
1:10000
1:10000
1:20000
1:30000
1:30000
1:30000
1:30000
1:30000
1:5000

1:30000
1:30000
1:5000

1:5000

1:20000
1:30000
1:50000
1:5000

1:16000
1:5000

1:10000
1:16000
1:16000
1:30000
1:16000
1:6000

1:6000

Color
model
BW
BW
BW
BW
BW
BW
BW
RGB
CIR
BW
BW
BW
CIR
CIR
BW-IR
CIR
CIR
CIR
CIR
CIR
CIR
CIR
CIR
CIR
CIR
CIR
CIR
CIR
CIR
CIR
CIR
BW
BW
BW
BW
CIR
BW
RGB
CIR

Pixel,
cm
30
30
30
24
90
30
19
32
32
25
19
24
21
14
14
28
42
42
42
42
42

42
42

28
42
70

22
8/10
21
24
24
42
24

9

9

Sensor

f=20 cm
f=20 cm
f=20 cm
f=15cm
f=15cm
f=15cm
f=15cm
f=15cm
f=15cm
f=15cm
f=15cm
f=21cm
f=15cm
f=15cm
f=15cm
f=15cm
f=15cm
f=15cm
f=15cm
f=15cm
f=15cm
f=15cm
f=15cm
f=15cm
f=15cm
f=15cm
f=15cm
f=15cm
f=15cm
f=15cm
f=15cm
f=15cm
f=15cm
f=21cm
f=21cm
f=15cm
f=15cm
f=15cm
f=15cm

SMEAR

PP RPRRPRPRPRPORPRRPRRPRLRRPOORRPRPRRPRPORRRPRLRRPORORRLRRORRRERLROR

Susi-
maki
0

OO O0ORFrRPROO0OO0OO0OORRRFRPPFPOOOFRPROOFRPFPPFPOPFPOOORFRPROORRFRPEFRERPEPEPPLOLPR

Lakka-
suo

[y

o O

Siika-

neva

= o

Speciality

includes series S550
Clouds
Overview of the whole Hyytidla area

Along road 66, for road construction

Along Vaarinmaja-road, for road construction

Research (Poso et al.)

Orientation in Siikaneva is uncertain, lack of GCPs
SMEAR obstructed by a cloud

SMEAR not in stereo

Joensuu-Helsinki commaloration, ministry of agr.for.

ilkka korpela's licentiate thesis photography

NLS-topographic
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Table 2. Continues

Campaign Scale Color Pixel,
model cm
2002-02205 1:12000 CIR 18
2002-02206 1:16000 CIR 22
2002-02207 1:30000 CIR 42
2004-04402 1:14000 CIR 21
2004-04403 1:8000 CIR 12
DIGITAL IMAGING starts from 2006 - no more film photography
2006-06205 5800 m  PAN-CIR 51
2006-06214 1000m  PAN, RGBN 8.5/27
2007-07015 2350 m  PAN, RGBN 20/64
2008-ADS40_1 1000 m PAN, RGBN 10
2008-ADS40_2 2000m  PAN, RGBN 20
2008-ADS40_3 3000m  PAN,RGBNx2 30
2008-ADS40_4 4000m  PAN,RGBNx2 40
2009-DMC-1101 2000m  PAN, RGBN 20/80
2009-DMC-1102 3000m  PAN, RGBN 30/120
2009-DMC-1103 4000m  PAN, RGBN 40/160
2009-DMC-1104 2000m  PAN, RGBN 20/80
2009-DMC-1105 3000m  PAN, RGBN 30/120
2009-DMC-1106 4000m  PAN, RGBN 40/160
2010-UCXp 2500 m PAN, RGBN 15/45
2011-Hasselblad 750 m RGB 12
2012-UCD 1500 m PAN, RGBN 13/42
2013-Hasselblad 750 m RGB 12
2015-UCXp 5000 m  RGBN 8bit 10
2015-Hasselblad 750 m RGB 12
2016-Titanf 1000m  RGB 10
2018-Riegl 1200m  RGB 10
2020-Rieg! 1200m  RGB 10
2020-UCam 3300m  PAN, RGBN 13/42
2022-NLS 7000 m  RGBN 8bit 40
2023-Rieg| 1200m  RGB 10
2023-UCam 3300m  PAN, RGBN 13/42

Sensor

f=15cm
f=15cm
f=15cm
f=21cm
f=21 cm

Ultracam-D
Ultracam-D
Ultracam-D
ADS40-SH52
ADS40-SH52
ADS40-SH52
ADS40-SH52

Z/1 imaging DMC |
Z/1 imaging DMC |
Z/1 imaging DMC |
Z/1 imaging DMC |
Z/1 imaging DMC |
Z/1 imaging DMC |
Ultracam-Xp
Hasselblad H4D-50
Ultracam-D
Hasselblad H4D-50
UltraCam SXp
Hasselblad H4D-50

CS10000 integrated

IXU-RS2001

IXU

Ultracam
UltraCAM Eagle

UltraCam

SMEAR

Sl
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Speciality

Only PAN-sharpened CIR (24 bit) images stored

L3 (PAN-CIR, 24 bit), L2 PAN (16 bit), L2 RGBN (64 bit)

L3 (PAN-CIR, 24 bit), L2 PAN (16 bit), L2 RGBN (64 bit)

LO raw, L1 ASR, ATM,

LO raw, L1 ASR, ATM, BRDF, FULL (corrections)

LO raw, L1 ASR, ATM, BRDF, FULL (corrections)

LO raw, L1 ASR, ATM, BRDF, FULL (corrections)

sun at 25 degrees; L3 32 bit RGBN-PAN, L2 16-bit PAN, L2 48 bit RGBN
sun at 25 degrees; L3 32 bit RGBN-PAN, L2 16-bit PAN, L2 48 bit RGBN
sun at 25 degrees; L3 32 bit RGBN-PAN, L2 16-bit PAN, L2 48 bit RGBN
sun at 45 degrees; L3 32 bit RGBN-PAN, L2 16-bit PAN, L2 48 bit RGBN
sun at 45 degrees; L3 32 bit RGBN-PAN, L2 16-bit PAN, L2 48 bit RGBN
sun at 45 degrees; L3 32 bit RGBN-PAN, L2 16-bit PAN, L2 48 bit RGBN
L3 (PAN-CIR, 24 bit), L2 PAN (16 bit), L2 RGBN (64 bit)

24-bit RGB; leaf-off November

L3 (PAN-CIR, 24 bit), L2 PAN (16 bit), L2 RGBN (64 bit)

24-bit RGB; Early summer, separate blocks in Siikaneva

By NLS, only 12 images were acquired in 2018 for FOR254

24-bit RGB; Late summer, overexposure.

24-bit RGB; June 14, manual relative orientation with iWitnessPro

24-bit RGB, automatic aerial triangulatoin.

24-bit RGB, repeats 2018-Riegl imaging, June 3

Vexcel ultracam, June 10, low solar elevation, LvL2 and LvI3

May 25, not yet full leaf condx, low solar elevation, only LvL3 RGBN
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251 1946 Black & White (BW) - old land use in Hyytiala

In 1946 the first cartographic images were acquired in the Hyytiala
area by Maanmittaushallitus. A horizontal camera was used
(developed by Nenonen), and the camera was mounted to a
Blenheim WWII bomber. The film is nitrate based in safety stock at
Topografikunta. The two horizon images are not always (see S537)
included in the scans. Images were oriented as a part of the

1946- 2004 block, see (Korpela, 2006).

Fig. 22. S537 photo 24 was taken at 11:55, July 13, 1946.The horizon
photos are shown.
$4728 is from Lyly and images were not oriented. The scans were

acquired by a mistake done at Topografikunta who did the scanning
in 2005.

5533
Due to wind, the coverage had suffered. Reaches from Korkeakoski

in the East, to Lakkasuo in South, Siikakanges in West and N end of
Kuivajarvi in the north.

Fig. 23. Campaign 533. N=21 images, 06.06.1946, 10:27-12:00, BW,
1:20000, f=20cm/18x18 cm film, 15 microns.

Files stored (126 Files, 5 Folders, 6 349 916 028 actual bytes)

1 Aerial_Images\533\Histogram
Number of pixels by grey level

T Aerial_Images\533\Info
Scanner parameters

T Aerial_Images\533\QuickView
Decimated JPGs

T Aerial_Images\533\HDR
Kuvamitt HDR files

T Aerial_Images\533\Images
Image files in TIFF and RAW format
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S537

Photography for the Map sheet north of Hyytidla: Siikakangas — Talo-
Makela (6860000 North). Horizon camera parts of film scanned.

Fig. 24. Campaign S537. N=14 images, 13.07.1946, 12:45-15:30, BW,
1:20000, f = 20 cm/18x18 cm film, 15 microns

Files stored (84 Files, 5 Folders, 4 341 415 980 actual bytes)
1 Aerial_Images\537\Histogram
Number of pixels by grey level
1 Aerial_Images\537\Info
Scanner parameters
T Aerial_Images\537\QuickView
Decimated JPGs
T Aerial_Images\533\HDR
Kuvamitt HDR files
1 Aerial_Images\533\Images
Image files in TIFF and RAW format

S544 & S550
Patch up campaigns. There were no GPS instruments those days to

control the imaging locations. S544 is south of Hyytidla: Lakkasuo-
Huikonkangas. S550 has Hyytidla in the middle.

Fig. 25. Campaign S544, N=6 images, 17.07.1946 08:?? BW, 1:20000,
f=20 cm/ 18 x 18 cm film, 15 um, Camera # 63462; A patch up?
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253 1963 BW - Overview of the surrounding area to
Hyytiala

High-altitude 1:60000 photographs covering a large area around
Hyytidla. Acquisition date unknown. Orientation accuracy is lower
far (> 5 km) away from Hyytiala, from where there were few or no
ground control points. 90-cm pixels (15 um).

Fig. 26. Campaign S550. N=11 images, 20.08.1946 08:05-08:40, BW,
1:20000, 20/18, 15 um, Camera Mh N3; f=20.5 cm; Super XX film, A
patch up.
Files stored (144 Files, 5 Folders, 3 383 043 366 actual bytes)
1 Aerial_Images\544_550\Histogram
Number of pixels by grey level
1 Aerial_Images\544_550\Info
Scanner parameters
T Aerial_Images\544_550\QuickView
Decimated JPGs
T Aerial_Images\544_550\HDR
Kuvamitt HDR files
1 Aerial_Images\544_550\Images
Image files and tiles in RAW format (see also the els file) Fig. 28. Campaign 6306, N=6 images, dd.mm. 1963, hh:mm, BW,
1:60000, 15 cm/23x23 cm, 15um.

252 1962 BW - SMEAR stand clear-cut and burned
Files stored (36 Files, 5 Folders, 2 936 259 750 actual bytes)

A small set of four scanned images that suffer from shadows cast by

clouds. From Siikakangas to Méakel&njarvi. Shows SMEAR stand right 1 Aerial_Images\6306\Histogram

after prescribed burning in 19611. Number of pixels by grey level

1 Aerial_Images\6306\Info
Scanner parameters

1 Aerial_Images\6306\QuickView
Decimated JPGs

1 Aerial_Images\6306\HDR
Kuvamitt HDR files

1 Aerial_Images\6306\Images
Image files in RAW and TIFF format

Fig. 27. campaign 62121C, N=4 images, 24.06.1962 09:23-09:26, BW,
1:16000, f=15/23x23 cm film, 15 um.

Files stored (8 Files, 2 Folders, (975 439 565 actual bytes)
1 Aerial_Images\62121\HDR

Kuvamitt HDR files
1 Aerial_Images\62121\Images

Image files in RAW format
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254 1966 BW - first forestry images Files stored (29 Files, 2 Folders, 2 188 313 202 actual bytes)
T Aerial_Images\69113\HDR

The first forestry campaign for Korkeakosken hoitoalue (forest Kuvamitt HDR files
district), head of which was the university’s forester, and the office T Aerial_Images\69113\Images
in Hyyti4l4, in the Tapiola building. Image files and tiles in RAW format (see the els file)

256 1973 Color and CIR - Topographic mapping

73166

From Lauttakangas in S, Korkeakoski in W, Talo-Mékel& in N to
Siikakangas in NW.

Fig. 29. Campaign 66163, N=15 images, 10.06.1966, 08:36-09:13,
BW, 1:20000, f=15/23x23 cm film, 15 um.

Files stored (31 Files, 2 Folders, 3 611 865 449 actual bytes)
T Aerial_Images\66163\HDR

Kuvamitt HDR files
1 Aerial_Images\66163\Images

Image files in RAW format

255 1969 BW - photography for construction of road 66

From Lapinkangas in SE to Siikakangas in NW. Ordered by Tie ja
vesihallitus (TVH).

Fig. 31. Campaign 73166. N=17 images, 20.05.1973, 11:55-13:10,
COL, 1:21600, f=15/23x23 cm, 15 um.

Files stored (35 Files, 2 Folders, 11 941 082 578 actual bytes)

1 Aerial_Images\73166\HDR
Kuvamitt HDR files

1 Aerial_Images\73166\Images
Image files in RAW format

Fig. 30. Campaign 69113, N=9 images, 09.05.1969, 12:40-13:04, BW,
1:13000, f=15/23x23 cm, 15 um.
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73204 257 1977 BW - Orienteering; '77 buildings

As 73166, but on CIR film. A bit of overexposure. KT7738 by Kunnallistekniikka company. Shows the Hyytiala with the
construction of many buildings in 1977.

Fig. 32. N=17, 20.05.1973 11:55-13:10 COL, 1:21600, 15/23, 15 um

Files stored (47 Files, 2 Folders, 10 936 281 636 actual bytes)

T Aerial_Images\73204\HDR
Kuvamitt HDR files
T Aerial_Images\73204\Images
Image files and tiles in RAW/TIFF format (see the els file)

Fig. 33. N=11, 21.05.1977 09:30-09:40 BW, 1:17500, 15/23, 14 um.

Files stored (34 Files, 2 Folders, 3 038 395 309 actual bytes)

1 Aerial_Images\7738\HDR  Kuvamitt HDR files
1 Aerial_Images\7738\Images RAW image files and TIFF tiles
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258 1983 BW -Vaarinmaja-road construction 259 1984 BW - Topographic mapping

83193 84128
Along the Vaarinmaja road from Lapinkangas to Toiviojarvi. Narrow-angle camera images in leaf-off conditions. KKJ map sheet
south of Hyytiala.

Fig. 35. Campaign 84128A, N=10 images, 13.05.1984, 09:55-11:36,
BW, 1:16000, f=21/23x23 cm, 15 um.

Files stored (20 Files, 2 Folders, 2 421 522 046 actual bytes)

1 Aerial_Images\84128\HDR Kuvamitt HDR files
1 Aerial_Images\84128\Images Image files and tiles in RAW
format (see the els file)

Fig. 34. Campaign 83193, N=11 images, 22.05.1983 10:56-11:04 BW,
1:12400, f= 15/23, 15 um.

Files stored (34 Files, 2 Folders, 2 636 982 657actual bytes)
T Aerial_Images\83193\HDR Kuvamitt HDR files

1 Aerial_Images\83193\Images Image files and tiles in RAW
format (see the els file)
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2.5.10 1985 CIR and BW-infrared for forestry/research 85230

Images taken by Finnmap company (A company following Single strip with 8 CIR images taken for research by Keskusmetsa-
Kunnallistekniikka, film archives possessed by FM-kartta, Blom lautakunta Tapio, Prof. Poso /UH, Metsahallitus. Large scale, 14 cm
Geomatics in 2013) pixels.

85151

CIR image triplet with Susiméki-Karhujarvi area in stereo.

Fig. 36. 85151; N=3, 26.06.1985, 12:05, CIR, 1:15000, 15/23, 14 um

Files stored (9 Files, 2 Folders, 2 485 925 184 actual bytes)

T Aerial_Images\85151\HDR
Kuvamitt HDR files

1 Aerial_Images\85151\Images
Image files and tiles in TIF format

Fig. 37. 85230, N=8, 12.07.1985, 12:50, CIR, 1:10000, 15/23, 14 um.
Files stored (24 Files, 2 Folders, 6 629 133 791 actual bytes)

T Aerial_Images\85231\HDR
Kuvamitt HDR files

1 Aerial_Images\85231\Images
Image files and tiles in TIF format
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