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AERI AL PHOTOGRAPHY
SUPPLEMENTAL | NSTRUCTI ONS
FOR THE
NATI ONAL GEODETI C SURVEY
AERONAUTI CAL SURVEY PROGRAM

1. GENERAL

These Suppl enental Instructions (SUPPINST) specify requirenents

for aerial photography needed to support the Aeronautical Survey
Program (ASP). The ASP is adm nistered by the National GCeodetic
Survey (NGS), National Ccean Service (NOS) in accordance with a

Federal Aviation Adm nistration (FAA)/ National Ocean Service

| nt er agency Agreenent.

The foll owm ng conventions have been adopted for this docunent.
The term “shoul d” inplies that conpliance is not required, but is
strongly recommended. The term“shall” and “wll” nmean that
conpliance is required. Al times will be recorded in
Coor di nated Uni versal Tinme (UTC).

2. DELI VERABLES

CONTRACTOR:
a. LABOR, EQUI PMENT AND SUPPLIES - The Contractor w |l provide
all labor, equipnent (including aircraft and netric canera),

supplies and material (including filn) to produce and deliver
exposed filmand rel ated products as required under this
SUPPI NST.

b. FILM- The Contractor will deliver both an Exposure Test and
Regul ar Production (see Section 3). For both cases, the
Contractor wll deliver the original, exposed, near-vertical,
metric quality, undevel oped aerial photography over airports.

For the Exposure Test the Contractor will determne a flight |ine
approxi mately over the center of a convenient airport. For
Regul ar Production, the Contractor will fly pre-determ ned flight
I ines supplied by the Governnent (see list of airports with
separate Project Instructions). For further filmrequirenents,
see Sections 3, 4.2 and 12.

c. FLIGHT REPORTS - Submit the original Photographic Flight
Reports (NOAA Form 76-15) marked “ORIA@ NAL” in blue ink, with the
film and a copy directly to NGS. For sanples see Attachnents 1
& 2, and for delivery instructions see Section 14.



d. ELECTRONI C EXPOSURE DATA (EED) FILES - Send an EED file for

each roll of film Submt the original, raw EED data files with
the filmand the final EED files with the Final Report. Explain
all changes to the raw data files in the Final Report. See EED
format in Attachnment 3, and delivery instructions in Section 14.

e. TRANSM TTAL LETTERS - Send filmtransmttal letters with each
filmshipment (see sanple in Attachnment 6), and a transmttal
letter with the Final Report.

f. CAMERA CALI BRATION - Supply the USGS Canera calibration
certificate for each canera planned for use, directly to NGS

g. CAMERA MAI NTENANCE - Provide a preventive mai nt enance
certification for each canera to be used to acquire aeri al
phot ography directly to NGS (see Section 4.1).

h. CAMERA W NDOW - Report the physical characteristics of any
canmera W ndow used to NGS (see Section 4. 3).

i. FILM SH PMENT - See Sections 3 and 12 for instructions.

] . FILM SH PMENT REPORTI NG - The Contractor will notify NGS of
each filmshipnent’s contents and date of shipnment by trans-
mtting to NGS a paper or digital copy of the Photographic Flight
Report (marked “copy” at the top) and a copy of the film
transmttal letter via email or facsimle. This wll be done the
sanme day the filmis shipped to the film processing contractor.
See Section 12.

k. UNUSUAL ClI RCUMSTANCES - The Contractor will also notify NGS
of any unusual circunstances that occur during the performance of
this SUPPI NST which m ght affect the deliverables or their
gquality and especially of any deviation fromthis SUPPINST. This
may be included in the weekly email required bel ow, unless

ur gent.

| .  STATUS REPORTS - The Contractor will submt project status
reports via email to the contacts in Section 16 every week, until
the work is conplete. These reports will include a list of air-
ports where photography is conpleted, with dates conpleted; film
shi pped, and dates; and any unusual circunstances, deviations
fromthis SUPPI NST, equipnment mal functions, and/or any

di sturbance of the camera.

m  FINAL REPORT - The Contractor will supply to NGS a Final

Report including, at |east, these sections:
1. Work perfornmed under this SUPPI NST, discuss each
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deliverabl e including: the maxi mumrange fromthe base
station, the nmean overlap, the nmean tilt, the nmean crab, and
an expl anati on of the photograph |abeling;

2. Equi pment used to performthis work, including hardware
nodel s and serial nunbers, and software names and versi ons;
3. Discussion of exposure settings used, filters used, etc;
4. Discussion of the Contractor’s Quality Control Plan.

5.  Any unusual circunstances or problens, including

equi pnent mal functions, (including those already reported);
6. Any deviations fromthis SUPPINST (including those

al ready reported); and

7. Any recomrendations for changes in the SUPPI NST for
future work.

Requests to exceed or deviate fromthese SUPPI NST or the Project
Instructions will be considered if witten justification is
provided to NGS in advance.

Thi s SUPPI NST does not require ground-survey field work,
cartographic data conpil ation, aero-triangul ation, or
est abl i shi ng/ phot o-identifying ground control.

Al'l original aerial negatives, fromthe instant of exposure, and
ot her deliverables required through this SUPPI NST, are and shal
remain the property of the United States Governnent. These itens
i nclude the Contractor-furnished filmcontainers, film spools,
and 3.5 inch floppy disks. However, filmis the responsibility
of the contractor until it is delivered to the NOAA film
processi ng contractor.

GOVERNMENT:
The governnent will provide to the Contractor:

a. Project Instructions (a separate docunent) providing specific
project information, containing any uni que project requirenents
and the foll ow ng attachnents:
i. alisting of airports to be photographed.
ii. flight maps, showing the |abeled flight |ines
iii. digital way-point files, indicating the two end-points
of the required flight lines for each airport (see
Attachnment 4 for the way-point file format).
iv. Blank filmprocessing instruction |abels, “Do Not
Expose To” | abels, and address | abels, see Section 12 and
At tachment 5.

b. Supplenmental Instructions (this docunent)

c. The governnent will assign uni que canera designators (see
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Section 4.1).

3. DELI VERY SCHEDULE

EXPOSURE TEST - An exposed filmsanple is required prior to

begi nning the project. After test flight(s) over the approxi mate
center of a convenient airport, the Contractor will cut the filns
and ship the exposed sections with their correspondi ng origi nal
Phot ogr aphi ¢ Flight Report, original raw EED file, and
transmttal letter directly to the NOAA fil m processing
Contractor. This data will be processed by the NOAA film
processi ng Contractor and then forwarded to NGS for review. NGS

will reviewthis data as soon as possible and notify the
Contractor of the results of the processing and the review. The
Contractor will not proceed with production until they have

recei ved approval from NGS.

REGULAR PRODUCTI ON - Exposed film wth its correspondi ng,
ori gi nal Photographic Flight Report, original raw EED file, and
transmttal letter will be shipped directly to the NOAA film
processing Contractor within 20 days of exposure. |If necessary
to meet this tinme constraint, the Contractor may cut the film and
ship the exposed section. Normally FULL exposed rolls should be
shi pped to the processing Contractor. However, rolls
approximately 2/3 full will be acceptable, if necessary, to allow
for faster turn-around for review. The 3.5 inch floppy disk
containing the original raw EED file shall be taped to the
outside of the filmcanister Iid for shipnment. See Section 12,

FI LM SH PMENT AND PROCESSI NG  for shipping address and

addi tional requirenents.

Al'l deliverables will be received by the film processing
Contractor and/or NGS, as specified, no later than the date in
the Project Instructions .

4. EQUI PMENT AND NMATERI AL

4.1 CAVERA

The aerial canmera used for this SUPPINST will neet the follow ng
speci fications:

- Single lens netric canera with quality equivalent to or
better than a Wld RC 20/ 30 or Zeiss RWK-A 15/23, with
Forward Motion Conpensati on.

- 9inch x 9 inch fornmat



- Between-the-lens, variable speed shutter

- Six inch (153 £+3 mm focal length | ens having a usable
angular field not | ess than 90 degrees.

- Mnimumresolution of 15 lines/mMmw th an Area Wi ghted
Aver age Resolution (AWAR) not | ess than 55 lines/mm

- Decentering (fornmerly called tangential) distortion wll
not exceed 0.008 mm and radial distortion will not exceed
0.010 mMm

- Mbdel Fl atness; total difference, +/- 0.019mMm

- The indicated principal points - fiducial centers - shal
fall within a 0.030nm radius circle around the principal
poi nt of autocollinmation.

- The calibrated principal point - point of symmetry - shal
fall within a 0.015nm radius circle around the principal
poi nt of autocollimtion for 153mm focal |ength | enses and
0.030 for all others.

- Equi pped with a vacuum or pressure device for holding film
flat against a platen at the instant of exposure. Platen
departure froma true plane will not exceed +/- 0.0005 in.
(0.013 mm when the caneral/ nagazi ne vacuumis appli ed.

- Record on each exposure at |east 8 fiducial nmarks.
Marks will be located in each corner of the format and at
the center of each side. The fiducial marks shall be
clearly visible and sharp on every negati ve.

- TIMES AND DATES - Record on each exposure a cl ock

di spl ayi ng correct Coordinated Universal Tine (UTC), and the
correct date, if data recording is available. Note, the
time is also recorded in the EED file and on the

Phot ographi ¢ Flight Report. ALL THREE REQUI RE UTC TI ME
(SAVE AS GMIN), ACCURATE WTHI N TWDO M NUTES. Recommend a
daily time check for all clocks. Also ensure that all dates
recorded are correct (double check that the clocks are not
set 12 hours off so that the date cycles incorrectly at
noon).

- Record on each exposure the lens identification nunber and
focal length, see also Section 11

- Record a | evel bubble on each exposure, if possible.
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- Record a filmtitle on each exposure, if canmera capabl e
(see Section 11). Note, any | abel (s) on the phot ographs
shall conformto the specifications in Section 11

The canera shall be installed in a nounting which attenuates the
effects of aircraft vibration.

The canera’s Forward Motion Conpensation feature shall be used
for all photography under this SUPPI NST.

In addition to the specific canera requirenents, a valid
certificate of calibration (no older than three years) fromthe
Optical Science Laboratory of the U S. CGeol ogi cal Survey (USGS)
will be submtted to NGS for each canera to be used during this
contract. The fee for the tests and the arrangenents to have the
tests perforned are the responsibility of the Contractor. The
calibration certificate(s) shall be submtted to and approved by
NGS prior to canera use under this contract. Upon approval of a
calibration certificate, NGS will assign a unique canera
designator for the canera and notify the Contractor. The
Contractor will ensure that the correct camera designhator appears
on each exposure (see Section 11 and Attachnent 3).

Al so, the Contractor will supply certification to NGS that
preventive mai ntenance has been satisfactorily conpleted within
the last two years for each canera to be used for this SUPPI NST.



Al'l canera system mal functions shall be recorded, and NGS
notified. A malfunction is defined as a failure anywhere in the
canmera systemthat causes an interruption to the normal operation
of the camera. Also, record and report any malfunctions in the
EED col | ecti on system

After any di sturbance of the canera that m ght affect its
calibration, or when there is any reason to believe the

di nensi onal relationship of the lens, fiducial marks, and film

pl ane have been di sturbed by partial disassenbly or unusual
mechani cal shock, the Contractor will notify NGS, the canmera wl|
be recali brated before further use - at the Contractor’s expense,
and the Contractor will submt the new certificate of calibration
to NGS.

4.2. FILM

The Contractor should submt only full (or nearly full) rolls of
film unless neeting the 20 day deadline discussed in Section 3.
However, rolls approximately 2/3 full will be acceptable, if
necessary, to allow for faster turn-around for review

The filmused for the SUPPINST w |l be AGFA 200 PE, or

equi valent, and will be purchased by the Contractor. A proposal
for the use of “equivalent” filmwll be submtted to NGS prior
to use. NGS will notify the Contractor if the “equivalent” film
is approved, and al so the appropriate ganma for that film A
roll of filmwll not be exposed after its expiration date.

Only optical filters provided by the | ens manufacturer or neeting
the sane optical specifications shall be used. An antivignetting
filter wll be used during all photography under this SUPPI NST.
AGFA 200 PE has an extended red layer in the enul sion allow ng
the use of a 420 Nanoneter (Color) filter. The 420 nanoneter
filter wll facilitate photography of yellow red, and orange

| eaves in autum. Al filters used under this SUPPINST shoul d
have been checked during the nost recent canera calibration. See
al so Section 14.

Filmw |l be stored, handl ed, and shipped in accordance with
manuf act urers recommendati ons, especially regarding the storage
tenperature. Filmwll be treated with extreme care both before

and after photography, especially with regard to tenperature and
hum dity. Keep filmin its original container until as close to
flight tinme as possible to reduce noisture transfer once the
container is opened. Photographic filmcontainers shall not be
exposed to direct sunlight or other sources of heat. At the end
of each flying day, film (including | oaded fil m magazi nes and
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cassettes) wll be renoved fromthe aircraft if the inside
tenperature of the aircraft is expected to exceed 85 degrees
Fahrenheit. Likew se renove the filmif the tenperature nay go
bel ow freezing.

The begi nning of each roll of filmshould have a 7 foot | eader of
blank film and a 3 foot |eader at the end. Note, unexposed film
that exceeds 10 feet in length should be cut froma roll of film
before shipping for processing. A roll of aerial filmshal
consi st only of exposures made with the sanme canera system (I ens,
cone, and nmgazine). Filmspools having a flange di aneter of
approximately 5 3/16 inches (13.3 cm shall be used, and only
that Iength of filmwhich can be wound on a spool w thout strain,
| eaving at least 1/8 inch (3 nm of flange exposed, shall be

pl aced on each spool.

Acconpanyi ng each roll of filmwll be a filled-in film
processing instruction |abel defining the characteristics of the
film(wap inside/outside, |eader lengths, etc.), a “DO NOT
EXPOSE TO' | abel, and an address |abel. Instructions for these
| abel s are included in Section 12, the shipping address in
Section 2, and sanples in Attachnent 5.

4.3 Al RCRAFT

The type of aircraft used shall be stated on the Photographic
Fl i ght Report (Attachnment 2, Item #12) and all aircraft used in

t he performance of this SUPPINST will be naintai ned and operated
in accordance with all regulations required by the Federal

Avi ation Adm nistration. Any inspections or maintenance of the
aircraft for performance of this SUPPI NST which results in m ssed
phot ographi ¢ weather will not be considered as an excusabl e cause
for del ay.

The design of the canmera opening in the aircraft shall be such
that the field of viewis unobstructed when a canera i s nounted
with all its parts above the outer structure. The field of view
shall, so far as is practicable, be shielded fromair turbul ence
and fromany outward fl ows, such as gases and oil.

NGS recommends that a canera port w ndow not be used. |If a
canmera port window is used, it shall be: (1) nounted in nateria
el imnating nmechanical stress to the window, (2) free of

bl em shes, dirt, significant scratches, etc.; (3) and shall not
degrade the resolution or the accuracy of the canmera (see Section
4.1). The physical characteristics of the wi ndow (such as size,

t hi ckness, snoothness, flatness, parallelism glass quality, and
optical transm ssivity) shall be reported to NGS prior to use.
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5.  FELYI NG HEI GHT

The flying height above the airport elevation should be
calculated fromthe scale provided in the way-point files.
Norrmal Iy the flying height is between 14,700 feet and 15, 500 feet
above the airport elevation. Departures fromspecified flight
hei ght shall not exceed 2 percent low or 5 percent high for al
flight heights up to 12,000 feet above nean ground el evati on.
Above 12,000 feet, departures fromspecified flight height shal
not exceed 2 percent |low or 600 feet high. Note, the altitudes
entered into the Photographic Flight Report (see Attachnment 2)
and the EED file (see Attachnent 3) are the altitudes above nean
sea level (MSL), both in feet.

Note, altimeter corrections for baronetric pressure, tenperature,
etc. may be required in order to neet the above tol erances. NGS
will verify the flying height by multiplying the focal |ength of
the canera (in feet) by the denom nator of the cal cul ated scal e
of the aerial film The photographic scale is calculated by

di vidi ng the distance between two identifiable points as neasured
on one of the photographs (as near as possible at the nean ground
el evation) by the actual ground distance as neasured fromthe
best available map or from known ground coordi nates.

6. WEATHER, SOLAR ALTITUDE, AND TIME OF YEAR

Not e, all photography under this SUPPINST is to show full tree
| eaf coverage to facilitate photogramretric tree height
determ nati on

No cl ouds or cloud shadows wi |l appear on the photographs. High,
thin overcast will be permtted above the flying altitude if it
does not cause ground nottling or a discernable reduction in
light levels and/or ground object shadows. Under no
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circunstances shall Black & Wite Panchromatic (B/WPan) filnms be
exposed under a solid overcast sky.

Phot ogr aphy shall be undertaken only when wel | -defined i mages can
be obtained. In addition to no clouds, photography shall not be
attenpted where the ground is obscured by haze, snoke, snog,

dust, or falling: snow, sleet, rain, etc. Also, photography
shal | not be conducted when the ground is covered by water
(flood), snow, or ice.

The mninmumvisibility at the tine of exposure is 10 mles.
Visibility is determ ned by | ooking at objects on the ground
toward the sun. The distance at which the detail of ground
objects is clearly defined is the visibility. If the visibility
is satisfactory, details of ground objects will be clearly
defined at the edge of the view through the drift sight.

Sun angle will not be |less than 30 degrees above the horizon at
the tinme of exposure. ldeally, the sun angle will be between 30
and 60 degrees above the horizon because of the internediate-size
shadows produced. Sun angle for a given day can be determ ned
froma “Solar Atitude D agrani or from appropriate conputer
software. See the U S. Naval Observatory’'s WWsite:
http://aa.usno.navy. m|/AA/ which conputes sun altitudes and sun
azinmuths for U S. locations and worl d-w de positions.

7.  NAVI GATI ON

The aircraft will be navigated using pseudo-range GPS, or another
systemw th equi val ent accuracy or better. The cross-track
flight-line deviation fromthe lines specified in the way-point
files shall not exceed X, where X = flying height/20 (750 feet
for normal flying height of 15,000 feet). Changes in the course
of the aircraft between successive overl appi ng photographs within
a flight Iine shall not exceed three (3) degrees.

Exposure stations will be positioned to approximately the
absol ute accuracy of +/- 20 neters, or better. An electronic
pul se will be used to accurately mark the m d-point of the

exposure. These exposure station positions and other information
will be recorded in the EED file (see Attachnent 3).

The NGS supplied waypoint files will automatically center one
phot ograph over (or near) the center of the airport.

Note flight lines may be flown in either direction, but adjacent
lines should be flown in opposite directions.

12



Al flight lines will be continuous. No flight |ines nay be
broken or patched. Note, a line reflown will have the original
flight 1ine nunber.

The datum for the horizontal positions is the North Anmerican
Dat um of 1983 (NAD 83). The vertical datumis the North American
Vertical Datum of 1988 (NAVD 88).

8. TILT

Care shall be taken to keep tilt (departure fromthe vertical) of
the camera to a mninum Tilt wll not exceed +/- three (3)
degrees for any photographic frane. The average tilt for the
entire project shall not exceed +/- one (1) degree.

9. CRAB

Wi | e exposing aerial photography, the canera shall be
conpensated for crab of the aircraft, with a resultant error not
exceeding +/- five (5) degrees, as neasured fromthe average |line
of flight, and the differential between any two successive
exposure will not exceed +/- five (5) degrees.

10. OVERLAP AND SI DELAP

Forward overlap will be 60 percent, plus 5%to m nus 2% percent
bet ween consecutive exposures.

Sidelap is defined by the flight line, way-point files (normally
about 509 .

11. PHOTOGRAPH LABELI NG

When the canera is equipped for titling, each usable frame shal
be titled within the inage area between 1/16 and 1/4 inch from
the format border using machine lettering approximately 1/5 inch
high. Each title will consist of the agency initials (NGAA),
dat e of phot ography, Contractor canera designator (see Section
4.1 and Attachment 3), filmtype (P for panchromatic), |ens
serial nunmber, and exposure nunber. Also, including the

| atitude, |ongitude, height, aperture, shutter speed, etc. in the
| abeling is desirable. Note, any | abel (s) on the phot ographs
shall conformto the above specifications.
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Exanpl e: NOAA 06-23-99 XXP UAG332 No 2501

The title may be al ong any edge of the franme but the preferred
| ocation is along the | eading edge. See also Section 4.1.

For each | ens system used, usabl e exposures shall be nunbered in
an unbroken sequence starting at 0001 for the first exposure and
continuing through the | ast exposure by that |ens system The
nunberi ng sequence shall not be broken even though nore than one
ai rport is photographed, or nore than one roll of filmis used.

Splicing should not be perforned.
Bl anks and test exposures should not be included in the exposure

nunberi ng sequence and shall not be | abeled. Rejected exposures
will keep their nunbering.

12. FILM SH PMENT AND PROCESSI NG

PROCESSI NG - The Contractor will ship conpleted filmrolls, the
ori gi nal Photographic Flight Reports (marked “ORI G NAL” in bl ue
ink), original raw EED files, and transmttal letters via next-
day air freight directly to the NOAA fil m processing Contractor.
| f requested by the Contractor, NGS w |l have the NOAA film
processi ng Contractor ship duplicate roll(s) of filmto the
Contractor’s office for review. Copies of the Photographic

Fl i ght Report and the raw EED files may be made and used by the
Contractor to produce and check the final deliverables. Ship to:

HAS | nc.

136 North Clair Street
Suite 300

Dayt on, OH 45402
937-222- 3856

hasi mage@ x. net com com

The following |abels will be typed or neatly lettered by the
Contractor with the required data and securely affixed to each
filmcontainer:

(1) Commercial or HAS, Inc. shipping | abel

(2) Filmprocessing instruction |abel (see Attachnent 5)

(3) “DO NOT EXPOSE TO' | abel (see Attachnent 5)

All rolls of aerial filmshall be shipped in sturdy, cylindrical
containers in such a manner that will ensure acceptance by common
carrier and safe delivery at destination. Containers and closures
shall conply with the Interstate Comerce Commi ssion Regul ati ons,
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Uni form Freight C assification Rules, or regulations of other
carriers as applicable to the node of transportation.

The Contractor should not ship filmon a Friday. The photographic
processi ng Contractor does not receive filmon Saturdays or
Sundays, so the filmcould be subject to excessive environnental
conditions during tenporary storage.

NGS NOTI FI CATION - The sane day as shipping, the Contractor wll
notify NGS of each film shipnment’s contents and date of shipnent
by transmtting to NGS a paper or digital copy of the Photographic
Fl i ght Report (marked “COPY” at the top) and a copy of the film
transmttal letter via email or facsimle.

13. I MAGE QUALITY

| mage quality on the original negative filmw |l neet the highest
prof essi onal standards. Dark areas shall not bl eed together and
i ndi vi dual objects shall be readily discernable. Detail shall be
sufficiently sharp to all ow photogrametric nmeasurenent of tree
hei ghts, conpilation of runway/taxi way edges and other fine nmap
features, and acconplishnment of other intended uses for the film
Phot ogr aphi ¢ products shall also be free of abrasions, blem shes,
scratches, tears, and irreqgularities. Fiducial marks shall be
clearly visible and sharp on every negative. The canera panel of
instrunments and titling recorded on the filmshall be clearly

| egi ble on all processed negatives.
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14. EXPOSURE

Extreme care shall be exercised to insure proper exposure. Use an
ASA of 200 with the AGFA 200 PE film

The filmexposure settings nornmally will be controlled fromthe
canera’ s Phot ographi ¢ Exposure Meter (PEM and shoul d produce a
gamma at processing tinme of 1.5, +/- 0.05. Base fog density wll
not exceed 0.10 with a m nimum density above base fog of 0.30 and
maxi mum density above base fog of 1.35. For those areas where
abnor mal exposure objects exist, such as snow, water, etc., the
PEM shal |l be nmanually overridden to produce an equival ent exposure
w thout the abnormality. A shutter speed shall be chosen that
neets the requirenments of mninmal inmage novenent, at an adequate

| ens aperture for the prevailing lighting conditions.

15. REVIEW

Phot ogr aphy and ot her deliverables not neeting these
specifications may be rejected.

16. PO NTS OF CONTACT:
George E. Leigh
Contract Coordi nat or
Nat i onal Geodetic Survey, NOAA
ATTN: N/ NGS; SSMC3, Sta. 8613
1315 East-West Hi ghway
Silver Spring, Maryland 20910
301-713- 3167
emai | : gl ei gh@gs. noaa. gov

CDR Jon W Bail ey, NOAA

Chi ef, Renpte Sensing Division
Nat i onal Geodetic Survey, NOAA
ATTN: N/ NGS3, SSMC3, Sta. 8142
1315 East-West Hi ghway

Silver Spring, Maryland 20910
301-713- 2663

emai |l : | bail ey@ugs. noaa. gov
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