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Before Getting Started

Thisbooklet introduces you to the Automatic Resampling processin TNTmips®.
This process uses georeference control point information to perform simpl e recti-
fication of distorted images, and to transform a raster image into a desired
geographic coordinate system. The exercises cover the various options for con-
trolling the size, extents, and orientation of therectified image, aswell asdifferent
resampling methods and geometric transformation models. Warping of distorted
vector or CAD objectsisalso briefly introduced.

Prerequisite Skills Thisbooklet assumesthat you have completed the exercises
in Getting Started: Displaying Geospatial Data and Getting Sarted: Navigating.
Those exercisesintroduce essential skills and basic techniques that are not cov-
ered again here. You will also find the concepts introduced in Getting Started:
Georeferencing and I ntroduction to Map Projectionsto be hel pful in understand-
ing imagerectfication. Please consult those bookletsand the TNTmipsreference
manual for any review you need.

Sample Data The exercises presented in this booklet use sample data that is
distributed withthe TNT products. If you do not have accessto aTNT products
CD, you can download the datafrom Microlmages web site. In particular, this
booklet uses samplefilesin the recTiry and cB_paTA data collections.

More Documentation Thisbookletisintended only asan introduction to rectify-
ing and resampling raster images. Consult the TNTmipsreference manual, which
contains more than 14 pages on the Automatic Resampling process, for more
information.

TNTmips and TNTIite® TNTmipscomesin two versions:. the professional ver-
sion and the free TNTIite version. This booklet refers to both versions as
“TNTmips.” If you did not purchase the professional version (which requiresa
hardware key), TNTmips operatesin TNTIlite mode, which limits object sizeand
does not allow export.

The Automatic Resampling process is not available in TNTview or TNTatlas.
All the exercises can be completed in TNTIite using the sample geodata provided.

Randall B. Smith, Ph.D., 27 August 2001

It may be difficult to identify the important points in some illustrations without a
color copy of this booklet. You can print or read this booklet in color from
Microlmages’ web site. The web site is also your source for the newest Getting
Started booklets on other topics. You can download an installation guide, sample
data, and the latest version of TNTIlite.

http://www.microimages.com
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Welcome to Rectifying Images

In most geographic data setsit isuseful to integrate
planimetric map data with aerial or satellite imag-
ery. A correctly processed digital map is free of
significant geometric distortion and conformsto the
projection and coordinate system of the original map.
Raw digital images, on the other hand, arenot aligned
with any conventional geographic coordinate sys-
tem, and they commonly contain internal geometric
distortions that result from the image acquisition
process. Thesedistortions can arisefrom tilt of the
sensor plane, variationsin sensor atitude, Earth cur-
vature, lensdistortion, and terrain relief, among other
causes. As aresult the raw images do not have a
simple “map-like” geometry, and accurate map re-
lationships cannot be derived from them.

The Automatic Resampling process (sometimes
called warping or “rubber sheeting”) changesor rec-
tifies the geometry of a raster image using the
locations of ground control points that provide
georeference control for theimage. Depending on
the geometric transformation model you select, the
processcan remove or reduceinterna geometric dis-
tortionsin the image and reorient and differentially
rescale it so that thelinesand columnsin the output
raster are parallel to the axes of aspecific geographic
coordinate system. Each input raster is processed
separately and each must be georeferenced. Con-
trol points must be accurately located, sufficient in
number for the transformation model selected, and
distributed uniformly across the image.

Image rectification is not required in al instances.
Satelliteimagery of low-relief areas may have mini-
mal internal distortions. The Spatial Data Display
processin TNTmipscan overlay georeferenced lay-
ers with different map projections and coordinate
systems with reasonable registration. However, if
these raster layers will be used together routinely,
resampling to a common map projection can sig-
nificantly speed up display times.

STEPS

M start TNTmips

M select Process / Raster /
Resample / Automatic
from the main menu

For the sake of brevity, and
because multiple input
rasters are processed
separately, discussions of
the resampling process in
the remainder of this booklet
refer to “the input raster”
and “the output raster”,
regardless of the number of
rasters being used.

The exercises on pages 4-9
introduce the Automatic
Resampling process, and
demonstrate various options
for determining the cell size,
orientation, and extents of
the output raster. Pages 10-
11 discuss the three options
for interpolating the cell
values in the output raster.
Geometric transformation
models are discussed on
pages 12-17. Vector
warping is covered on page
18, and a review and
references are found on
page 19.

To simply rescale, rotate, or
flip a raster image without
reference to geographic
coordinates, use the Raster
Extract process (Process /
Raster / Extract), which
allows these operations via
the controls on the Zoom /
Orient tabbed panel.
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Rectifying Images

Automatic Raster Resampling Window

STEPS

M click [Rasters...] on the

Raster Resampling

window

use the standard File /

Object Selection window

to select objects ™7,

™4, and ™2 from the

SANBRUNO Project File in

the rRecTIFY data

collection

select From

Georeference from the

Model menu

select Nearest Neighbor

from the Resample

menu

M select By Cell Size from
the Scale menu

M select To Projection from
the Orient menu

M select Entire Input from

]

The Raster Resampling window provides the con-
trols necessary for the Automatic Resampling
process. Most resampling options are set using the
menus at the top of the window. Choices on these
menus set the methodsfor determining the scale, ori-
entation, and geographic extents of the output raster,
as well as the geometric transformation model and
the method for interpol ating output cell values. You
may havefound that the choices specified in the step
list on this page were already selected; these are the
initial default selections for each menu. However,
if you make a different choice from a menu, that
choice is saved as the default selection for the next
session. Always check each of the parameter menus
to confirmthat your desired menu choiceis selected.

the Extents menu

Use the standard display
process (Display / Spatial
Data) to view the input and
output objects for these
exercises.

The Model menu provides a
choice of different geometric
transformation models.

Use the Resample menu to /

choose one of three methods
for interpolating cell values for
the output raster.

The Orient menu offers
options for orienting the
output raster relative to the
output projection.

Keep the current settings and
continue to the next page.

Choices on the Scale
menu determine the
method used to scale

The Extents menu provides
several methods for setting
the geographic extents of

the output raster.

the output raster.

= Raster Resanpling {(Auvonatic via Georeference} MWE
Fil}/ Hodel Reganple Scale l]r;ient Extentz Help
Rasters...l / /
sanbruno /" TH? A
sanbr /£ TH4
sanbruno / TH2
J ]
Dutput Cell Sze {meters) Output Raster Size
Line: lm Linest l—
Colunn: 28,5275 adunsnl I
,ﬁ;put Extents
Frodsebiss,, . | Latitude / Longitude
fabibude I ?,(;I
fonuinader | X |
Show EHtBI‘ItS...I nibel sobeors =
Foleronne Havter...
Output Projection...ISane as input...
Mull Value: # Default + User-Defineds| 6,060
I” Create Pyranid Tiers _| Reverse Polynonial Marping
Conpression: Hone — Iééim.i.i ?,{a‘;l—
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Rectifying Images

Rectifying to the Input Map Projection

You will probably use the Automatic Resampling
process most often to transform ageoreferenced ras-
ter into the coordinate system and map projection
specified in its georeference subobject. To do so,
use the default choice on the Orient menu (To Pro-
jection), and the default Output Projection option
(Same asinput...). Horizontal lines of cellsin the
output raster are then parallel to the x axis of the
input geographic coordinate system, and vertical col-

Output Cell Size {neters)

Line:l 28,5000
Colunn:l 28,5000

STEPS
M in the Output Cell Size

text fields, enter 28.5 for
both the Line: and
Column: settings

M choose Run from the

File menu

M use the standard File /
Object selection
procedures to name a
new Project File and the
output raster objects

umnsare parallel tothey coordinate axis. Theinput
rastersused inthisexercise are extracts of aL andsat
Thematic Mapper scene georeferenced to the Uni-
versal Transverse Mercator coordinate system, so
the output raster set isaligned to the — —

UTM System. Output Projection. .. [Sane as input...

Whm you ChOOSG By Cdl sze %the Hull Yalue: ©* Default .- ser--l]afined:l g G
S:ale Opt'on, you mua enter “ne and I Create Pyranid Tiers Reverse Polynonial Harping
column cell size values (in meters). The cell size,
geographic extents, and output projection then de-
terminethe number of linesand columnsin the output
raster. Inthisexercise, we preserve the 28.5-meter
spatial resolution of the original imagery in the
resampled output set.

»

/
Use the default Output
Projection option to warp the
input raster into the
projection specified in its
georeference subobject.

RGB display of input raster set with
R =7, G = ™4, and B = Tm2.

Output raster set (warped and reoriented
to the UTM coordinate system), displayed
with UTM grid tick marks along the border
for emphasis.
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Rectifying Images

Warping to a New Map Projection

Clicking the Output
Projection button opens the
Coordinate System /
Projection Parameters
window, which allows you to
choose a different output
projection. /

You can aso warp the input raster to a coordinate
system and map projection other than the one in
whichitisgeoreferenced. Usethe Coordinate Sys-
tem /Projection Parameters window to choose from
among several predefined coordinate systems, or use
the User Defined coordinate system

Boference Hgbter ...

Dutput Projection... ISane as input...
Hull Value: “* Default - User-Defined: {3,004

7 Create Pyranid Tiers _I! Reverse Polynomial Harping

option, which allowsyou to select a

specific map projection and projec-
tion parameters. Inthisexercisethe

STEPS

)

click [Output
Projection...]

input raster set is reoriented to the
State Plane 1927 coordinate system.

Warping araster to amap projection commonly re-

M in the Coordinate sultsin asignificant rotation of theimage, aswell as
System / Projection other internal changesin its geometry. If you warp
Parameters window, P - . . :
click [System.. ] theentireimage (as |_nth|sexerC| ), thglmageedg&e

M choose United States are not parallel to lines and columns in the output
State Plane 1927 from raster. The warped and rotated image is embedded
the Coordinate System | i 3 raster that is somewhat larger than the original,
window, then click [OK] ithtri lar “blank” . ath

@ click [Zone.. ] withtriangular “blan (nonlmgge) areas at the cor-

M choose California Il in ners. (The blank areas are assigned the null value

the Zone Selection

so they can be rendered transparent when the raster

window, then click [OK]

M click [OK] in the
Coordinate System /
Projection Parameters
window

M choose Run from the
File menu, and name
the output raster objects

isdisplayed.)

=Coordinate Systen/Projection Paraneters, ., MmE
System... IUnited States State Plane 1927
Zone., .. IDalifur‘nia III

Lanbert Conformal Conic

Projeorion...

fatis. .. Horth Anerican 1927

Eiiiponid... |Clarke 1866 {North Anerica}

- Projection Paranmeters

ok | / Cancel | ove... | notp |
/

Use of the Coordinate System / Projection
Parameters window and the associated
concepts are introduced in the
Introduction to Map Projections booklet.

Output raster set in the State Plane 1927
coordinate system.
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Rectifying Images

Warping to a Reference Raster

STEPS

A raster that is already aligned to a geographic co-
ordinate system can be selected as a Reference
Raster to control the cell size, orientation, and/or
extents of the output raster created by theresampling
process. Scaleand orientation arelinked in thisin-
stance; choosing Match Reference from the Scale
menu automatically selects To Reference on the
Orient menu (and vice versa). With these options
selected, the output raster assumesthe cell sizeand
orientation of the reference raster.

You can usethe Match Reference op-
tion on the Extents menu to trim the

)

]

]

choose Match
Reference from the
Scale menu

choose Match
Reference from the
Extents menu

click the Reference
Raster button and select
the mapP object from the
SANBRUNO Project File

Reference Raster,.. lar‘t/RectifginngﬂNBRlJNl].ru[: / HAP

Dutput Prnjel:l‘.inn...lllnited States State Plane 1927
Hull Yalue: “* Default -, User-Defined: &, BGG

I” Create Pyranid Tiers _| Reverse Polynonial Harping

output image to the exact extents of
thereferenceraster. Thisisan appropriate choiceif
the reference raster is wholly contained within the
area of the input raster image (as in this exercise).
If thereference and input rastersonly partially over-
lap, you may want to select the Overlap Reference
option to output only the area common to both.

Reference raster mapr, aligned to the
UTM coordinate system, with a cell

Raster set resampled using the reference raster
to specify scale, orientation, and output extents.

M run the resampling

process

Output Cell Size {(meters)
Lines I 19,9663
€I<z.§<smz‘;/| 19,9613

b

The output cell size is set automatically
when you use a reference raster to control
the scale and orientation of the output. The
reference projection overrides any
previously selected output projection.
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Rectifying Images

Setting Output Extents and Raster Size

STEPS

)

)

]

choose To Projection
from the Orient menu
choose By Raster Size
from the Scale menu
enter 600 in the Line
field and 409 in the
Column field in the
Output Raster Size
panel

M choose User Defined

from the Extents menu

M click [Projection...] on

the Output Extents panel

M use the Coordinate

System / Projection
Parameters window to
select United States
State Plane 1927 as the
System and California Ill
as the Zone

in the Output Extents
panel, select Feet from
the Units option button
enter the following
extents ranges:
Northing: 398,700 to
442,400; Easting:
1,425,825 to 1,455,515
run the resampling

process

We have covered several optionsfor specifying the
extents of the output raster, including Entire Input,
Match Reference, and Overlap Reference. The fi-
nal option is User Defined. When you select this
option from the Extents menu, the Output Extents
panel becomes active. The text fields in this panel
allow you to enter exact geographic extents for the
output raster, using any available coordinate system.
Latitude/ Longitudeisthe default system. Click the
Projection button on the Output Extents panel to open
the Coordinate System / Projection Parameterswin-
dow to select an alternate system.

In someinstancesyou may want the output raster to
have a specific sizein lines and columns. The By
Raster Size option on the Scale menu provides this
capability. Theline and column cell sizes are then
determined by the raster size and output extents.

Click [Show Extents...] to open a window showing the
geographic extents of the input raster.

Dutput Cell Size (meters}

Lineg I—
r_________

Lanlumng

Dutput Raster Size
Lines: 600
Colunns: 409

Dutput Extents

Prujectiun...lUnited States State Plane 1927

Nurthing:l 398700,00 tul 442400, 00
Easting:l 1425825, 00 tDI 1455515, 00
Show Eﬂtents...l Units: feet
Ealerance Hasier,,, [art/Rectifying/SANBRUND.rvc 7 HAP

Projection,. . |United States State Plane 1927

HulY Value: “* Default - L r-I]El'inEd:I [EREE

Create Pyranid Tiers Reverse Polynonial Harping

/
The reference raster us/ed in the last exercise is
still selected and available for use. However, the
Reference Raster button is dimmed, showing that
the raster is not in use with the current settings.
The previously-selected State Plane output
projection is once again active.

Output rasters in State Plane 1927 coordinate
system, with extents specified in the Output
Extents panel. Compare with image on page 6.

Choose File / Exit when finished with this exercise.
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Rectifying Images

Orienting to a Direction

STEPS

Thevertical axisof aninput raster’smap coordinate
system (such as State Plane or UTM) may not be
parale to the local direction of true north. The
Orient menu allows you to use the georeference in-
formation to align the output raster with any of the
four cardinal compass directions at the top. These
options are most useful when the input raster isal-
ready aligned with amap coordinate system, and you
want to reorient it with north at the top.

In this example, the edges of the input raster set co-
incide with lines of equal latitude (horizontal) and
longitude (vertical), so it is already oriented with
north at top. Reorienting it to the State Plane pro-
jection would cause a clockwise rotation of afew

- degrees. Reorient-
m ing it with South at

File Hodel Resanple Scale DOrient | Extents Help

+ To Projection
+ Horth at Top
“ South at Top

Rasters...
cb_tn / PHOTO_IR

cbh_tn / RED
ch_tn / GREEN

+ East at Top

/llest at Top
+ To Reference

it
Dutput Cell Size (meters)} l]llput Raster Size
Line: 28,5000 iinanil
Colunn: 28.5000 CQiUNM$:I

You can orient the output raster with any of the
four cardinal directions at the top.

Outp

]

)

restart the Automatic
Resampling process
click [Rasters...] and
select objects pHOTO_IR,
ReD, and GreeN from the
ce_tm Project File in the
cB_DATA data collection

M select By Cell Size from

the Scale menu

M in the Output Cell Size

text fields, enter 28.5 for
both the Line and
Column settings

M choose Entire Input from

the Extents menu

M select South at Top from

the Orient menu

M run the resampling

ut raster set reoriented with
south at top.

process

RGB display of input raster set (R = pHoTO_IR, G =
RED, and B = Green) with a 10,000 foot State Plane
Coordinate map grid in yellow.
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Rectifying Images

Cell Value Interpolation in Resampling

STEPS

M click [Rasters...] and
select object pan from
the sanBruNo Project File

M in the Output Cell Size
panel, enter 2.00 in both
Line and column text
fields

M select To Projection from
the Orient menu
make sure that Nearest
Neighbor is still selected
in the Resample menu

M run the resampling
process

Resanple I Scale Orient

+ Hearest Heighbor

+ Bilinear Interpolation

# Cubic Convolution

M select Bilinear
Interpolation from the
Resample menu and run
the process again

M repeat with Cubic
Convolution as the
resampling method

The Automatic Resampling process uses severa
steps to create the transformed output raster. First,
the geometric transformation procedure (described
subsequently) createsa*“blank” rectified raster with
the proper extents and scale (cell size). Then acell
valueisdetermined for each cell intherectified ras-
ter. To do so, the geometric transformation is
reversed for each output cell in order to determine
its position in terms of the original raster line and
column coordinates. The target output cell may be
larger or smaller than aninput cell, and it may over-
lap several input cells. The output cell value must
therefore be calculated (interpolated) from some
combination of the surrounding input cells.

The Resample menu offers three options for inter-
polating output cell values: Nearest Neighbor,
Bilinear Interpolation, and Cubic Convolution.
These methods are illustrated in the diagram bel ow
and are discussed on the next page.

Portion of original, distorted
raster image.

Superimposed portion of rectified
output raster. Bold outline indicates

is being interpolated.

current target cell for which a value \ /L

Input Cells Used by Each
Resampling Method for
the Current Target Cell

Nearest
Neighbor

N

Bilinear
Interpolation

[

B

Rl

Cubic
Convolution

m-N-
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Rectifying Images

Resampling Methods

Nearest Neighbor Each output cell value in the
nearest neighbor method is the unmodified value
from the closest input cell. Lesscomputationisin-
volved than in the other methods, leading to a speed
advantage for large input rasters. Preservation of
the original cell values can also be an advantage if
the resampled raster will be used in later quantita-
tive analysis, such as automatic classification.
However, nearest neighbor resampling can causefea-
ture edgesto be offset by distances up to half of the
input cell size. If theraster isresampled to adiffer-
ent cell size, a blocky appearance can result from
the duplication (smaller output cell size) or drop-
ping (larger cell size) of input cell values.

Bilinear Interpolation An output cell valueinthe
bilinear interpolation method is the weighted aver-
age of the four closest input cell values, with
weighting factors determined by thelinear distance
between output and input cells. This method pro-
duces a smoother appearance than the nearest
neighbor approach, but it can diminish the contrast
and sharpness of feature edges. It works best when
you are resampling to asmaller output cell size

Cubic Convolution The cubic convolution method
calculates an output cell value from a4 x 4 block of
surrounding input cells. The output valueisadis-
tance-weighted average, but the weight valuesvary
as a nonlinear function of distance. This method
produces sharper, less blurry images than bilinear
interpolation, but it isthe most computationally in-
tensive resampling method. It is the preferred
method when resampling to alarger output cell size.

Nearest neighbor resampling is the only method that is
appropriate for categorical rasters, such as class rasters
produced by the Automatic Classification process. Cell
values in these rasters are merely arbitrary labels without
numerical significance, so mathematical combinations of
adjacent cell values have no meaning.

Raster pan resampled from a
cell size of 10 meters to 2
meters using three
resampling methods.

A‘:

Nearest Neighbor

Cubic Convolution
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Rectifying Images

Rectifying a Color Infrared Airslide

STEPS:

Use the Display process to

examine the following:

M RGB display of objects
NIR, RED, and GREeN from
the sect32 Project File in
the recTIFy data
collection

M single-raster display of
object sectmar in the
secT32 Project File

Color infrared photo of Section 32
with locations of ground control
points used for georeferencing.
The image was georeferenced to
the UTM coordinate system using
a UGSG Digital Orthophoto Quad
image with 1-meter cell size.

The northern and southern section
lines are not parallel in the photo,
and appear to converge toward the
west (compare with the map
below). This indicates that the
camera was not pointed straight
down, but was tilted slightly toward
the west when the photo was
taken.

[téjffd ’h’/’ \\\_ %:’3\"“
\ ."|

Theremaining exercisesuseacolor-infrared airdide
of amile-square section of agricultural and residen-
tial land in eastern Nebraska. The airdide exhibits
severa types of distortion, and the exercises exam-
inethe effects of different geometric transformation
modelsin attempting to rectify thisimage.

Several of the section lines also
are curved outward slightly.

Some of the areas of curvature
coincide with topographic ridges,
suggesting that this is an effect of
relief displacement. Some of the
outward curvature may also be a
radial distortion resulting from
imperfections in the camera lens.

Topographic map (object secTmAP)
covering Section 32, resampled
to conform to the UTM coordinate
system. Note the nearly square
shape defined by the roads
bounding the section. The
residential development in the
southeastern quarter of the
section was not present when
this map was compiled.




Rectifying Images

Geometric Transformation Models

To alter the geometry of the input raster, the Auto-
matic Resampling process analyzesthelocations of
the ground control points that were assigned in the
georeference process. Theseare pointsin theimage
with known coordinates in a standard geographic
reference system. The process compares the geo-
graphic coordinates of the control points to the
locations predicted by the geometric transformation
model you have selected. The results are used to
determine numerical coefficients for coordinate
transformation equations that convert the original
distorted image to the desired geographic coordi-
nate system.

The Automatic Resampling processincorporatesall
of the geometric transformation models that are
available in the Georeference process for assessing
the quality of control point locations. Each trans-
formation model requires a minimum number of
control points for solution. The minimum number
of control points providesasingle, unique solution,
but any errors in control point locations directly
impact the transformation. If additional control
points are available, the process computes a best-fit
transformation using least squares adjustment. This
procedure chooses the set of coefficients for which
the sum of the squared residual errors (deviations
between predicted and actual locationsin the final
coordinate system) isaminimum.

The quality of the rectification result depends on
the number, accuracy, and distribution of the con-
trol points and the choice of transformation model.
Careinthe georeference processisthe best guaran-
tee of successinrectification. Position control points
so that they cover most of theimage. Adjust control
point positions to minimize the residual values (er-
ror estimates resulting from the least squares
adjustment) for each control point. Appropriate uses
for each transformation model are discussed on the
following pages.

STEPS

M click [Rasters...] and
select objects NIR, RED,
and Green from the
sect32 Project File

M choose Cubic
Convolution from the
Resample menu

M select Match Reference
from the Scale menu

M click [Reference
Raster...] and select
object sectmap from the
sect32 Project File

The From Georeference
option selects the
transformation model that
was saved with the control
point locations in each
object’s georeference
subobject. This choice
potentially allows different
transformation models to be
applied to different raster
objects in the input list.

Hodel Resanple/ﬁca

“ Fron Georeference
~ Affine

+ Plane Projective

+ Bilinear

~ Drder 2 Polynonial
+ Order 3 Polynonial
+ Order 4 Polynonial

~ Piecewise Affine

Each of the other model
choices is applied globally to
all input raster objects,
regardless of the model
used in the georeference
process.

Keep the current settings
and proceed to the next
page.
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Rectifying Images

Affine Model

STEPS

M choose Affine from the
Model menu

M run the resampling
process

In this and the following
exercises we process the
entire input image, but use
the secTtmap raster to control
the cell size and orientation
of the output image. The
image is resampled from a
cell size of about 3.37 m to
an output cell size of 4.0 m.

Affine Transformations

»>[]

Translate

N

Rescale

&

Rotate

Skew

Theaffinetransformation model projectscoordinates
from one plane (defined by the original coordinate
system) to another parallel plane (defined by the
output coordinate system). An affinemodel canin-
corporateany or al of thetransformationsillustrated:
translation, rescaling, rotation, and skew (or shear)
of theimage. Rescaling can accomodate a separate
scale factor for each of the two coordinate axis di-
rections. Any set of paralld linesinthe sourceimage
remain parallel inthe output image. Theaffinemodel
requires a minimum of three control points that do
not fall on asingle straight line.

The affine model is appropriate when you need to
convert aplanimetric map raster (or an already-rec-
tifiedimage) fromitsoriginal coordinate system and
map projection to a new planar coordinate system
(for example, UTM to State Plane coordinates). It
may also give satisfactory resultsif you are rectify-
ing avertical aerial or satelliteimage of asmall area
with little topographic relief (so that the surface ap-
proximates a plane, and there is little or no tilt
displacement or relief displacement).

The affine transformation rotated and rescaled the CIR
image, but did not correct the curvature and
convergence of the section lines (the effects of more
complex tilt distortion and relief displacement).
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Rectifying Images

Plane Projective Model

The plane projective model transforms coordinates
between any pair of source and target planes, in-
cluding nonparallel planes. It employsaperspective
projection: projection lines linking input and out-
put coordinate locations emanate from a single
central view point, analogousto thereal location of
acameraor other sensor. For thisreason, the plane
projective model is commonly used to rectify
nonvertical aerial images of relatively flat terrain.

The plane projective model incorporates al of the
transformations found in the affine model. How-
ever, the only linesthat remain parallel in both the
distorted and rectified images are those that are par-
alel to the line of intersection between the two
planes. The plane projective model requiresamini-
mum of four noncolinear control points.

The plane projective transformation corrected the tilt
distortion found in the original image. The north and
south section lines are now nearly parallel. However, the
subtle curvature of these lines shows that some distortion
arising from relief displacement and/or lens effects still
remains. Distortion due to relief displacement is relatively
minor for this image because vertical relief is small (about
110 feet) compared to the image’s horizontal dimensions.

STEPS

M choose Plane Projective
from the Model menu

M run the resampling
process

The plane projective model
transforms coordinates in
one plane to another
nonparallel plane using a
perspective projection.

Oblique perspective view of
a square results in a
trapezoidal shape. The
plane projective model can
rectify this simple tilt
distortion.

f
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Rectifying Images

Polynomial Models

STEPS

M choose Order 3
Polynomial from the
Model menu

M run the resampling
process

The minimum number of
required control points
increases with the
polynomial order:

Order 2: 6 control points
Order 3: 10 control points
Order 4: 15 control points

Hypothetical plot of input
versus output control point
position in one direction,
illustrating fit with
polynomials of different

order.

iC)

5]

£

S| orders

8 | Polynomial

<

2

<

&

5 Order 2
] Polynomial
O]

Input X coordinate

Polynomial transformations of the

test image produce very similar

results for all three orders, probably
because of the small image area,

dense network of control points,

small amount of terrain distortion.
The Order 3 polynomial appears to

produce the best result (shown

here), comparable to the result from
the plane projective transformation.
Several of the section lines are still

bowed outward, an indication of
uncorrected terrain distortion.

The Polynomial transformations can correct nonlin-
ear distortionsin araster image, aswell asthelinear
distortions handled by the models discussed previ-
ously. Polynomial equations are used to relate
control point positions in the distorted image coor-
dinates to corresponding positions in the output
geographic coordinate system. The control point
information is used to calculate a best-fit set of co-
efficients for the terms in the equations. The order
of the polynomial model isthe highest exponent used
inthe equations, and specifiesthe allowed complex-
ity of the fit, as shown for one direction in the
illustration below | eft.

An Order 2 polynomial describesafit with one sense
of curvature (concave or convex) in any direction.
This model can correct for radial lens distortion, or
distortion arising from curvature of the Earthin high-
altitude or satellite scenes of large areas. An Order
3 polynomial allows one change in sense of curva-
ture in any direction, and an Order 4 polynomial
allowsfor an even more complex fit. Thesemodels
can correct more complex image distortions, but may
introduce distortion in areas between control points,
especially around the edges of the image.

and




Rectifying Images

Piecewise Affine Model

Thetransformation modelsdiscussed previously all
compute aglobal best-fit solution for the entireim-
age. They arebest tailored to remove smoothly vary-
ing distortions. Distortionsthat change significantly
over small areas are not corrected. In fact, alocal
distortion that affects the positions of one or two
control pointswill influence the overall fit asmuch
as other correctly modeled points. Asaresult, the
local distortion introduces a smaller component of
distortion throughout the entire rectified image.

The Piecewise Affine model offers an aternative
approach. Each control point is assumed to be in
the correct position, and the points are used to seg-
ment theimageinto anetwork of triangles. Anaffine
transformation isthen computed separately for each
triangle. A single distorted control point location
only affectstheimmediately surrounding triangles.
At least six control points are required, but larger
numbers produce better results.

STEPS

M choose Piecewise Affine
from the Model menu

M run the resampling
process

Example image partitions
using the control points for
the test image.

The Delauney triangulation procedure
is used to compute the optimum
triangular network, with some
extrapolated boundary points added
for completeness.

The Piecewise Affine transformation
of the test image produces a slight
improvement over all of the previous
methods. Because of the large
number of control points and the
gentle relief, the method is able to
correct some of the terrain distortions,
producing straighter section
boundaries. This method is also
useful for rectifying scanned map
mosaics that were assembled from
pieces with various sources and
scales (such as some property
maps).

The highly localized and variable relief displacement distortion found in aerial
images of high-relief areas cannot be corrected using the Automatic Resampling
process. Rectification of these images to a map geometry (orthorectification)
requires the use of stereo images or an accurate digital elevation model (DEM).
See Getting Started: Making DEMs and Orthophotos for more information.
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Rectifying Images

Warping Vector or CAD Objects

STEPS

M select Process / Vector /
Warp from the TNTmips
main menu

M in the Vector / CAD
Warping window, click
[Input Objects...]

M select vector object
rRoADs from the sect32
Project File

M choose Plane Projective
from the Model option
button

M click [Run] and name the
output object

The Vector Warping process
provides the same
transformation models that
are available in the
Automatic Resampling

If avector (or CAD) object is created from a dis-
torted, nongeoreferenced raster image, theresulting
object incorporatesthe spatial distortionsof the par-
ent object. These distortions remain even after
georeference control pointsare assigned to the vec-
tor object. The Spatial Data Display process in
TNTmips can rectify a vector object with control-
point georeferencing on the fly (using the Warp to
Model option on the Vector Object Display Con-
trolswindow), but redisplay timesmay belongfor a
large vector object.

The Vector / CAD Warping process permanently rec-
tifies a distorted vector or CAD object, producing
an output object aligned to the selected projection,
with element locations specified in the correspond-
ing geographic coordinate system. Theinput object
must have discrete georeference control points,

process for rasters. Fron Georeference I’a’[hel‘ than Imp|led georeferenci ng. A” Of

Affine

=¥eciior /7 CAD Harping via e
Bilinear

Input|\0b jects...
SECT32 7 Roads

Piecewise

Plane Projective

Order 2 Polynonial
Order 3 Polynonial

drder 4 Polynonial

the geometric transformation models dis-
cussed previously are also available for
rectifying vector and CAD objects.

Affine

A}
Hodel: Plane Projective —

I” Create "inplied" georeference

Output Projection...|Sane as input...

Run... | Euit | T

The roaps object was created in the
Object Editor by tracing the roads and
fence lines from an ungeoreferenced
version of the raw sect32 image. It
was then georeferenced to UTM using
a USGS Digital Orthophoto Quad

image.

Vector object roaps after
warping to UTM using the
Plane Projective model,

displayed with green line color

over the sect32 map object.

A better strategy is to georeference and rectify
source imagery before creating a vector overlay.
The vector object is then automatically
georeferenced and aligned to the desired
coordinate system and projection.
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Rectifying Images

Review and References

There are several common situations in which you should use the Automatic
Resampling process:

@ toremove or reduce certain types of simple geometric distortionsfrom agerial
or satellite imagery, producing a more map-like image geometry.

® toreproject a set of georeferenced raster images to a common map projec-
tion, coordinate system, and cell size to facilitate spatial analysis,
classification, change detection in multidateimagery, or other scene-to-scene
comparisons of individual cell values. Thisincludes scanned topographic
and planimetric maps which have been georeferenced, but are not yet aligned
to the desired coordinate system.

You do not need to resample component images before making a mosaic unless
different images exhibit different types of distortion. The Mosaic process ap-
pliesasingle selected geometric transformation model to rectify all georeferenced
images to a common output projection and coordinate system.

Successful rectification begins with careful georeferencing of theimages. You
need to determine the types of distortion present in the image and choose the
appropriate geometric transformation model. Usethismodel in the georeference
process to evaluate residual errors in control point locations, and again in the
Automatic Resampling process for the actual rectification.
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Advanced Software for Geospatial Analysis

Microlmages, Inc. publishes a complete line of professional software for advanced geospéatial

datavisualization, analysis, and publishing. Contact us or visit our web sitefor detailed prod-
uct information.

TNTmips TNTmipsisaprofessional system for fully integrated GIS, image analysis, CAD,
TIN, desktop cartography, and geospatial database management.

TNTedit = TNTedit provides interactive tools to create, georeference, and edit vector,

image, CAD, TIN, and relational database project materialsin awide variety of formats. ™

TNTview TNTview hasthe same powerful display features as TNTmips and is perfect for
those who do not need the technical processing and preparation features of TNTmips.

TNTatlas TNTatlaslets you publish and distribute your spatial project materials on CD-
ROM at low cost. TNTatlas CDs can be used on any popular computing platform.

TNTserver TNTserver lets you publish TNTatlases on the Internet or on your intranet.
Navigate through geodata atlases with your web browser and the TNTclient Java applet.

TNTlite  TNTIiteisafree version of TNTmips for students and professionals with small
projects. You can download TNTlite from Microlmages' web site, or you can order
TNTlite on CD-ROM.
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