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Section VII

VIl. Photogrammetric Surveys

A. General

Photogrammetry can be defined as the sciencemaking reliable measurements using
photographr digital photo imageryo locate features on or above the surface of the.e@hé

end result produces the coordinate (X, Y, and Z) position of a particular point, planimetric
feature, 0i3-D graphic repreentation of the terrain.

Photogrammetry has evolved intor@iable substitutionof ground surveyingactivities when
largeareamapping is necessaryt can relieve survegrews of the most tedious, time consuming
tasks required to produce topographigosiandDigital Terrain Models (DTMs) Ground survey
methods will always remain andispensableart ofPhotogrammetrgand are not replaceable by
the photogrammetric process.

WYDOTO6s Phot ogr mpitesoe dobtaips tedrain anplaminoetric datathen converts
it into useful information for various WYDOT programd hat information includes bus not
limited to orthorectified imagerytopographic mappingligital terrain models,-B point clouds
and various other mappimglated tasks used fengineering and design purposd$ie data may
be obtained through ground survey methdidsy terrestrial scanning methogd)otogrammetric
methods, oa combination of the thrde produce a complete and accunaperesentatiof the
topographyas it eists.

Increased information of existing terrain conditions allows desigtiersability to explore
alternative alignmentwithoutthe needo collect additional field informationSurveys collected
photogrammetricallyhave both advantages and disadvgesawhen compared with ground
surveys.

1. Photogrammetric Advantages

1 Aerial imageryprovides a permanent record of the conditions as they exstbe time
the photograph was taken.

1 The imagerycan be used to convey information to the general pulddal, state or
federal agencies, and other WYDOT programs.

1 Terrain data and mapping features can be extracted from stereo image models with little
effort and at a low cost.

1 Large area m@mpping and digital terrain modetan be accomplisheduicker and at a
lower cost when compared to ground survegthods.

1 Photogrammetry can be used in locations that are difficult or impossiblecéss from
the ground.

1 If information must be reurveyed or revaluated, it is not necessary to perfor
expensive field work. Themage stereo modatan be rdoaded andmeasurements
verified and/oradditionalinformation compiled in a timelgpnanner
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N

. Photogrammetric Disadvantages

1 Seasonaleather patterns that produce increased wind and cloud cover may hamper the
ability to perform he mission.

1 Solar conditions such as sun angles less B@nabove the horizon will cast long
shadows. Sun angles greater than 45° will produce sun spots on the image.

1 It may bedifficult or impossibleto collectmeasurements areas withdark shadows,
dense vegetatiosnow,water, oroverhanging features

B. Photography

1. General

This section discusses the equipment, materials, and methods used tothebtanagey
taken fromWY DOT 6 s P h ot argaftalimwitlealisorpyovide a summaryeview of

the software used immission planning flight management, and image post processing to
producehigh resolution panchromatic, color, and cah@arinfrared 12 bitimagery. The
imageryis used to create engineering grade mapping and terrain files for plamdrdgsign
activities.

2. Photograph Collection

a. Aircraft

The Departmeidt sircraft usedo flying aerial photo missions is a Cesdbaravan208

It has an approximate maximum flying altitude2;000ft. and amaxmum air speed of
175 knots @00 mph). The aircraft is based out of Cheyenne andmaintained by
WYDOTO6s Aer on a Dueitocttee w&ther ansl ground conditions required to
produce quality imagesNYDOT hasa pilot and digital mappingcamera operatoon
staff to allow for the flexibility necessary in scheduling phmigsions.

Image VII-1. WYDOT photographyplane (208 Cessna Caravan)
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The aircrafthas been structurally and electricattyodified to hostour DMC, digital
mapping camerawhich is mountedon andthrough the belly of the aircraft. An
electrically operated slidindoor has beeradded tahe exterior belly of the aircraftver
the camera holeThis door was adde protect the lenBom fly rock duringtakeoffand
landings.

A headsup display mounted to the instrument paradlows the pilot tonavigate over the
planned missiorand communicatewith the camera operat@s the mission ibeing
collected.

a B

Image VII-2. Sliding door forlens protectioi  Image VII-3. Headsup pilot display

b. Camera

In 2007, WYDOT purchased a ZeisBigital Mapping Camera system to replacer
existing film based system. The camera system is comprised of a DMC main camera
assembly, gyro stabilization mount, integrated computer system, and solid state disk
(SSD) for onboard data storage of images.

Image M1 -4. WYDOT DMC (Digital Mapping Came System)
Revised November, 2018 VII-5
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VII-6

The DMC also has an inertial measurement unit (IMU) to improve the onboard GPS
solution and strengthen the aerial triangulation results during the bridging process. The
Gyro stabilized mount removes the effects of vibration in the imagerygloaltection.

The gyro mount also compensates for roll, pitch, and yaw of the aircraft so the principle
and nadir points are relatively equal. An electronic forward motion compensator (FMC)
removes blurriness resulting from the forward motion of theradirat the time of the
exposure.

The DMC main camera has 8 individual cameras that are autonomous, 4 panchromatic
and 4 multispectral (red, green, blue, and near infrared). These cameras are able to
produce images in black and white, colored, or colaredr infrared with a 12 bit
resolution. Each image is approximately 272 megabits and the SSD can store roughly
1000 images.

The camera focal |l ength is 4.720 (120 mm
negative in film c@®bemmaxlp5.891Mmm).3A dcoringiple6 . 5
of the optics is that all light rays pass through the nodal point (center of the lens).
Therefore, the center of the lens is the reference point for measuring the distance above
ground. The basic geometric retatship shown in Figure WAl is that of similar

triangles.
Sensor Dimension
{ 3.63" x 6.53" (165.89 mm)

b
£ Camera Focal Length
4.72 in. (120 mm)

)
30

Nodal Point
(Center of Lens)

Optical
Axis

Figure VII -1. Theoretical camera exposure diagram.
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Table VIF1 shows the relationship between flying heights, ground coverage, and
resolution quality.

Ground Coverage
asate | ] P oo
(ft) (in/pixel) (ft) (ft)
Urban Projectgplains) 1250 1.50 960 1728
Urban Projectgmountainous terrain)| 1500 1.8 1152 2074
SulurbanProjects 1800 2.16 1382 2488
Rural Projects (plains) 2000 2.40 1536 2765
Rural Project§mountainous terrain) 2400 2.88 1843 3317
Systems 7075 849 5433 9779
High altitude city planning imagery 9500 1140 7205 13131

Table VII-1. Image ®verage.

c. Mission Planning

Once the project limits and the type of project, rural or urban, have been identified, the
appropriate flying height is determined to provide adequate photo coverage for mapping.
The flying height determines the flight line target spacing tptyesically laid out by the
survey crew. Table VII-2 shows flying heightflight line and wing point target spacing

and distances.

Centerine | APProxmate Wing
Project Type Flight Target mi[')slssitc?r? ?Iiegg\?ane
Height Spacing

o | o e
Urban Projects (plains) 1250 770 575 650
Urban Projects (mountainous terrair 1500 920 690 780
Sulurban Projects 1800 1100 825 935
Rural Projects (plains) 2000 1230 920 1045
Rural Projects (mountainous terrain| 2400 1474 1105 1250

Table VII-2. Targeting spacing.
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As the target locations are identified, geographic coordinates for each location are
recorded for use in the missiofapningsoftware Mission planning is conducted using

Z/1 Mission planning software.The mission example below shows some of the features
of the planning software.

< 1:\21 Flight Missions| Project s\ 007006 Horse Creek Bridge\0CO7086_HORSE_CR_BR_zim.
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Figure VIl -2. Z/I Mission planning software

The softwareoffers theability to import photo control onto a digital quadap of the
project location. Flightrun parameters such as terrain elevation, AG (above ground
flying height), exposure overlap, and flight line triggenit are then entered. The
proposed beginning and end of each flight lineideatified and accegd. The mission
flight line exposureand exposuréot prints now appear to show coverage. At this point
the flight lines and exposures can be edited if necessary.

When completgthe missionis exported ta Google Earth file for review to ensure the
project limits are covered. Missiaapf or .afloutput files are generated and thdawn
loaded ontdhe camera flight navigation System| Iflight.

d. Flight Conditions

Obtainingimageryfor mapping purposes dependsamultiple of factorsthat impact tke

quality of the image and thus the mapping compiled from it.os&liactorsinclude
weather ground, sun angle and equipment Fortunately, Wyominghas a long
photograpit s e a s on or i wi n d dowcompléte phigiop roigsibngnnai t y 0
successfuandtimely manner
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(1) Weather & Ground

Weatherand groundconditions in Wyoming arat timesdifficult to predictwhen
coordinating targeting and photo mission activities. Prolomgiediondelaysrequire
survey crews to revisit and refresh photontrol targes until the mission can be
completed Ideal conditionsncludeclear skies, no windasloft, and dry ground

Wind Conditions: Strong winds cause upper air turbulence that makes it difficult to
maintain good directioand a stable platform for photography

Cloud smoke orhazy conditions Heavy scattered cloud cover casts dark shadows
while greyovercast skies creapor lighting Both conditionsdegradehe imagery

and theability to collect engineering quality terrain dataow level cloud, smoke,

or hazeoccurringbelow the planned mission obstractlear view of the grounand
preventor severely degradmllection of data.

Ground conditions: Vegetation growth is a concern late spring through early fall.
The presece of snow, ice, orflooding due b spring runoff oexcessive soil moisture
will obstruct collect andnay produce sun hepotsfrom reflection.

(2) Seasons

For optimum sunlight conditions for engineeriogality p hot ogr aphy, t he
direction and angle above the horizon are criticdlhe optimum sun angldgor
mapping imageryis between30° and 45 above the horizan Angles above3(°
provide enough reflective light and minimize the effects of lsimadows Sun angles
below 45 eliminate shadows and hot spotgated by the aircraftDuring the winter
months, the sun is lower, so theceptable light angle is available only for a few
hours around middayDuring the smmermonths,there are a couple of hours in the
morning and afternoowhenf wi n doofwso p p oacduruThe nhidday suris
unacceptable due the presence ofun spots and aircraft shadowShese optimal
photography timesary throughout the year and can be foundable VII-3. Non
engineering qualitymagessuch as systems, reconnaissance, and snow studies can be
takenwith asun angle greater than“45

1 Early gring is the best time to take mappingages By then,winter snows have
hopefully melted and left matted down vegetati@rops and vegetation have not
begun to grow or are in the early stages of growthhis minimizes the
interference in obtaining reliable verticakasurements caused by standing weeds
or grasses.

1 In areas of deciduous trees, early spimdpestbefore leaves have budded .out
Late autumrcan be ideal as well after the leaves have fallen fhanrees

1 In areas of conifer (evergreen) forests and open pramagescan be taken
almost any time between spring snow nagltl autumn snowfall

1 As the name implies,new studyimageshave to be takemwhile there are
sufficient accumulations of swfall.

Revised November, 2018 VII-9
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30° - 45° Sun Angle Mission Windows

Month Day Mountain Daylight Savings Time Remarks
8 10:39 AM - 4:02 PM Range of dates for first day
Kt 14 10:22 AM - 4:15PM of Daylight Savings Time
15 10:21 AM - 1:00 AM  and 1:36PM - 4:17PM
31 9:46 AM - 11:30 AM  and 2:59PM -  4:43PM
April 15 9:18AM - 10:49 AM  and 3:31PM - ?:02 PM
30 8:56 AM - 10222 AM  and 3:52PM - 5:18PM
M 15 841 AM - 10:05AM  and 4:08PM - 5:32PM
- 31 832 AM - 9:55AM  and 421PM - 543PM
15 831 AM - 9:53 AM  and 428PM - 5:51PM
June 21 832 AM - 9:54 AM  and 4:30PM - 5:52PM Summer Solstice
30 834 AM - 9:57AM  and 431PM - 5:53PM
Tuly 15 8:;}2 AM - 10:05AM  and 427PM - ?:49 PM
2 31 8:54 AM - 10:18 AM  and 4:14PM - 5:38PM
R 15 9:0? AM - 10:34 AM  and 3:54PM - 5:2{ PM
> 31 9:25AM - 10:59 AM  and 321PM - 4:55PM
15 9:44 AM - 11:35AM  and 235PM -  4:19PM
September 27 10:03 AM - 3:58 PM
30 10:09 AM - 3:50 PM
15 10:42 AM - 3:09 PM
Oeber 31 1136 AM - 2:10 PM
R e 1 11:41 AM - 2:06 PM Range o;fdam fot la:t.day
6 12:11PM - 1:36 PM of Daylight Savings Time
Month Day Mountain Standard Time Remarks
1 10:41 AM - 1:06 PM Range of dates for first day
7 11:19 AM - 12:28 PM of Mtn Standard Time
November 8 11:31 AM - 12:16 PM Sun Angle concern
9 Sun Angle below 30° horizon at sample location
16 Sun angle unacceptable for mapping photography Entire state
15
December 21 Winter Solstice
31
Tiiin 24 Sun angle unacceptable fOf mapping photoga;)hy Entire state
- 31 Sun Angle below 30° horizon at sample location
1 12:07 PM - 12:40 PM Sun Angle concern
February 14 10:48 AM - 2:01 PM
28 10:01 AM - 2:44 PM
March 8 9:39 AM - 3:03 PM Range of dates for hst day
13 9:26 AM - 3:13 PM of Mtn Standard Time

Table VII-3. Aerial photographywindows of @portunity.

Time determinations obtained from www.susdesign.com/sunangle. These times are valid at latitude
43AN latitude and 108A W | eadhdipngitudinhedegrea east, sebfraetv at i o n
4 minutes from each end of the time interval. For each longitudinal degree west, add 4 minutes from

each end of the time interval.

e. Scale Calculation

The similar triangle relationship, as shown in Figuidé-1/ is the basis for calculations
involving scale, ground coverage, and flying heighhe relativescale ofthe imagecan
be calculated in different manners depending upon the requirem@imis following
equations can be used for scale calculation:

VII-10 Revised November, 2018
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Scale = D/d =H/f = (H6- h)/f

d = distance on photographifa
D = distance on ground (B)

f =focal length of camera lens

Ho6= flying height above mean sea level
H = flying height above average ground h =average ground elevation

Scale Calculation Example:

H =1800 ft. andf = 4.72 in.

1:1 ImageScale = H/f =1800 ft./4.72in. = 380 ft./in.

If the flight height is not known, look for objects that are identifiable on the grandd
on the photo Take a measurement between the objects on both and dhede
photograph measurement into the ground measurement to get the photo scale

Photo scale can also be expressed as a representative fraction. oA natim is without
units but can be expressed in any unit of measurenieme units are theame (i.e.a
ratio of 124000 or 124000 means 1 unit is the same24800units). Applying this toan
aerialimage 1 inch on the photo equa?g0000 (or 20009 on the ground Flying height
requirementgor thedesired mapping scales are located in Tabledy

Project Type HF!?ghr:t JUnEE
(ft) (10=9§ Ratio

Urban Projects (plains) 1250 265 1:3180
Urban Projects (mountainous terrain 1500 320 1:3840
Sulurban Projects 1800 380 1:4560
Rural Projects (plains) 2000 425 1:5100
Rural Project§mountainous terrain) | 2400 510 1:6120
Systems 7075 1500 1:18000
High altitude city planning imagery | 9500 2000 1:24000

Table VII-4. Aerial photographychart.

Revised November, 2018
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VII-12

f. Scale Variation
The hypothetical situation in Figure M1 will result in an imagethat has ainiform scale

However, there are four reasons why this situation, for pragiigploses, will not occur
in the real world Those situations affecting the scaletloé imageare shown in Figure
V11-3. Due to changem ground elevatiort, i | t e d

optical axi

curvature the stated scale of a giv@ageis an approximate, neaniform scale.

Equal
Instances

Equal
Distances

Scale variations
with ground
elevation

Scale variation
with flying
altitude

Unequal
[Mstances

1. The ground has relief (changes in elevation).

Unequal

3. From exposure to exposure, the aireraft
will vary in altitude (distance above ground)
and attitude (tip and tilt).

H1

IO W 5. |
Equal

Distances

Distances

]

2. The camera's optical axis will rarely
be perfectly vertical.

Equal
Distances

Scale variation
with tilted
optical axis

UncquaIX/

Distances

4, The curvature of the carth and atmospheric
refractions affect the image positions on the
photograph.
Equal
/ Distances

Scale variation
with carth
curvature

Exaggerated
curvature of

Unequal the earth

Distances

Figure VII -3

. Scale variations.
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g. True Scale

Since WYDOTOs RhSourvegsgSedcionniR&S)ruges an averggeund
elevation in the calculations for flying height, the true scale of a phatd cannot be
determined without making ground measurements between objectsréh@entifiable
on theimage The grounddistance and the distance on theagecan be usedni the
formula given on page W12 to calculate the truscale This true scale calculation is
semtaccurate only between the two pointsed The imagewill not have a uniform
scale until all the varteons havebeen removed.

h. Uniform Scale

Orthographic projection is the only process that will create a truly uniformly scaled
digital image These projections are commonly called offimtos and are thenly
products that can be classified (by definiti@s) a map They are createdy matching

each individual DTM ground shot with the image location the shot was collected from.
The final ortheimage has been rectified using thousands of ground shots per image
model. If a DTM does not exist, image rect#iion can be performed at a lesser quality
using photo control pointer a USGS Digital Elevation Model (DEM)This type of
rectification processan removehe major effects o$cale variations but cannot remove

all the effects.

i. Vertical Digital Photography

Verticaldigtd phot ography refers to the direction
in the direction of gravity This is the position of thecamerain which the imaged s
Principlepoint and Nadir point are treame duringhe exposure procesd he Principle

point is the point where thmerpendicular projection through the center of the
lensintersects the photo image centefhe Nadir point is the vertical projection from

the cameraenter through a point on the photo imageshown in Fige VII-4.

TRUE VERTICAL AERIAL IMAGE TILTED AERIAL IMAGE
(Principle Point & Nadir Point are the same) (Principle Point & Nadir Point are not the same)

Principle
Point \ / Isocenter
/ \ / Point AN
7 A Point

Principle
Point

(a) (b)
Figure VII -4. Image orientation
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Thetruly vertical situation occunsarely in the real world, as diagramed in Figuié-¥&,

but it better reflects theituation identified in Figure N-4b. Thisis why a point called

the Isocenter and Nadir point play an important role in Photogrammetry. The Isocenter
falls halfway between the Nadir and Principle point and is the location where all tilt
displacement on the image radiates from. The Nadir point is ttaida where all
elevationdisplacement radiates from.

. Overlapping Imagery

Aerial photographyakenfrom aboveis rarely a single shot event. Multiple photographs
taken along a flight path are generally taken to ensure complete photo coverage of an
area. To achieve this we must have overlap between photo images.overlapping of
photos end to end is termed end.lapn end lap of 30%will avoid potential missing

areas of coverage due to the effects of turbulerioeagery collected for use istereo
viewing anend lapof 60%is considered ideal

For block coverage an area at a specific photo scale, it is often necessarypartylel
strips of aerial photography The adjacent strips also overlap each otherhis
overlapping area is termed sithp and is generally specified at%Qo ensure good
coverage.

k. Acceptable Tolerances
The acceptable tolerance fattitude variation during image collectioris plus 36 or

minus 26 of the predeterminedltitude Thus, if the desired | t i t ude i s 200C(
ground AG), the acceptable ranger altitudeis betweer2 1 0 0 GandA & 6 AGO For

both wurban and rur al projects, the trigger
while the systems i magery thesplamd@ flighttpath 3 00 6 .

corridor the aircraft must maintaduring image collection process. If the aircraft strays
beyond that corridgrthe camera willdisengage fronimagecollection The incomplete
flight strip will need to be redone.

Image @d laptolerances throughoutfiight strip shall average not less than 57% or more
than 62% No individual end lapwithin a stripshall be less than 55% or greater than
68%. Sidelap may vary from 2@ to 40% unless otherwise specified.

In addition to satisfyig altitude end lap, and side lap requirements, other factors
contributing to the acceptance or rejection of photographganese correctiorgrab, tilt,
and imageguality. The craband tiltcan be somewhat compensated bygyre stabilized
cameramourt. For craband changes igourse correctionthe resultant errobetween
imagescannot exceed®3 The tilt within a single frame may neiceed 4, nor shall the
difference in tilt between two consecutive franeeseed 4. See Figure VH5. The
average tilt for alimagesof the same scale canmatceed 1 The combined effects of
aircraft course correction, crab, atiittmust not result in an apparent crab greater tlfan 5
on successivanages Apparent crab is defined as the angle betwbemtended flight
pathand the lindbetween adjaceminageprincipal poins within the same flight line
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Trigger
Limit

Tfiggcr
Limt

T Wind T Wind Aircraft Heading

Principal Point (Typ.)

Principal Point (Typ.) —\ - —I

Rngle PRI ented Flight Line

Intented Flight Line

Principle Point

Principle & Nadir Point
Nadir Point

Nadir Point

No Tilt X -Tilt Y - Tilt

Figure VII -5. Effects of wind and turbulence on aircraft during photo collection.

I. Image Post-Processing

The task ofprocessinghe 4 panchromatic and 4 multispectral raw images captured by

t he DMC6és 8 individual RostBRrecesairyg saftwa(Bpr f or me
The processconverts the8 individualimages into a standard centpdrspective image.

These images have to be processed to compenséte numerousradiometic factors.

Radiometric corrections a process oéssigning pixels aalue from 0 to 256 on the
monochromatic scale and up to 16,384 shades of.cdloe pixel resolution can either be

8 or 12bit, with 12bit being the highest quality imag&his will produce an image that

is distinguishable from different light intensitiesd allows the photogrammetristo

adjust the imageontrastto improve daa collection Generally, hundreds of images are
collectedduringeach photo missionTo i ncrease our | mage PpPr oc¢
distributive software allows PPS the abilityftmction onmultiple computers

Scale distortion isratherissue toaddress withaerial imagery as it increastge farther

we move away from the imageripciple point. To resolve this problemZ/ | 6 s
ImageStatiomAerial Triangulation(ISAT) softwarematcha multi-ray tie pointsbetween
adjacent imagesising a robust built-in bundle adjustmenthat remowes distortionsto
produce an imageith spatial intelligence.
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After all these steps, the end result igemreferencedcolored panchromatic sharpened
imagewith a size 0flL3,824 x 7,680 pixeJor a 106 megaixel image

m. Image Storage

In the pastP&S was required to store all aerilim photayraphyin a physical location
for future retrievaby the Department optheroutsideentities. Even though werenow

a fully digital shop we still muststore those imagess a recoraf historical value and
future retrieval However, they are not kept in a physical location, rather thast@med

on a dedicatedserver. All newly acquired DMC processed imagery amsdanned
historical aerial film photographwre placed onthat server. To manage this enormous
amount of data, WYDOThaspurchasea 36 TB(terra byte)Dell Power Vault Servefor
storage of alimagey.

C. Photographic Ground Control

1. General

To make precise and meaningful measurements from aerial photograjghsssential to
relate the photo images to the actual ground surfddes is achieved byhysically tying
horizontal and verticapositiors of variousphoto identifiablepoints or pre-flight targeting
placedwithin theproject photo limits.

| — Stereo Neat
Model

\— Flight Line

Targets

=

l‘ 55% - 65% >| N Wing Point

Overlap Required Target

Figure VII -6. Two photo stereo model.

Three photo control pointre required at the beginning and end of each planned flight strip.
The 1fight line target spacing ia factor of tlke flight altitudeto insure at leasbne photo
controltargetfalls within each digital image Wing pointsaretypically placedon either side

of the flight path, every other flight interval space, gireferreddistance o0f7/5% - 85% of

the targetinterval spacing Figure VII-7 is an example of the targegiayout for a typical
WYDOT project.
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Figure VII -7. Photo targeting and flight line diagram example.

With theadvancementsn GPS and digital cametachnologymission planning anth-flight
guidance software have greatly redudigght time, collection problemsand errorsdue to
misplacedtargeting. It has allowed the pilot the ability to concentrate on flying the aircraft
rather than searching for and staying on the correct flight. pFlight line and altitude,
image overlap, and collection locations are all predetermined in the office usikgs&ibn

or Lieca MissionPrglanning software.Z/l in-flight readsthe mission files to guide the pilot
over the project flight line The camera willautomatically cycleover each preset exposure
locationalong the flight path.Because of the onboard GPS and intepaaheralMU, each
image has spatial intelligenag the time of collection. When combined with the ground
control,a stronger bridging solutions achievediuring the auto triangulation process.

Images with spatial intelligengeducethe amount of targetequiredfor aerial triangulation
by tying each image togetherAerial triangulation (sometimes referred to as bridgirg)
similar in theory to the field survegrocess of triangulation It establishes a coordinate
relationship between th@ojectcontrol points and the supplemental bridging points.
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Photogrammetric Surveys

Because of the time and labor savingdl, photogrammetrically collectegrojects are
bridged Bridging also allows foa check of the field measurements and the elimination of
some field work in inhospitablareas €.g.adverse terrain andreas without permission to
survey.

For some project®nly requiring imagery for GIS purposas,is possible tonot have any
establishegbhoto controto create this productA set of GPS base statigncollecting a half
second intervalspositioned over known monumentswithin in the areaare more than
adeguate. The rectification process is then accomplished using UBEMG, and he GPS
solution created from then boardGPS/IMU and ground base station&/ith the limitations
of signal strength and terrain conditions, this progesks besbn projectsdcated in areas
with open terrain Theadvantage of this proceduseto eliminatehe manhours requiredor
targeting activities

2. Photo Control Points
Photo pick points can be used, but the potential for error increases. Confusion may occur on
which point for the field to tie or which point P&S should use. It is generally preferred to set
photo control targets for mapping projects prior to image collection. Photo pick points are
sometimes used if a target has been lost.

Photo mission targets are pdl with @8 0 pl asti ¢ or p aiarcdnteod

point( 10 hub

VII-18

ORlasti®df pamtad tdrget legs6 | n aré ptaoed to help locate
the control point on the imagery?YDOT now usestwo basic target configurations, ti2e
leggedfiphoto contrab targetand on occasion th8- e g gvgefprojéct contrab target See
Figures VI-8 andVI11-9, for target configuration.

a.2-l e ggphbtodontrold Target s
Photo control targetsdentify both flight line and wing pointtarget locations usefbr

aerial triangulation

6 ft.

Disks shall be
8" in diameter.

e

All legs shall be spaced
approximately 16 in.
from the center disk.

Figure VII -8. Photo control target.
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Section VII

They are tied vertically and horizontallyy conventional survey methods. As the project
photo mission is laid out, photo control targeting locations areifgiehto optimize the
image triangulation process for use in stereo compilation. ey be placeadn the
roadway surfacejght-of-way, median,or adjacentpermitted property When placed on

a roadway surfaceargetsmay be painted on the shoulder or in one lane of traffic to
reduce the amount of traffic control required during placement and control activities.
When painted on a roadway surfacis éicceptable to use only one targeting leg.

b. 3-1 e g g wyk/pribjectcontrolo Tar get s

On occasion it is useful to photdentify the locatias of project control monuments
They are generallgot used for stereo compilation.

Figure VII -9. Projectcontrol target
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