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THE USE OF MODELS IN TEACHING PHOTOGRAMMETRY
By H. OAKLEY SHARP

PRESENTED TOo THE SocieTy For THE PrROMOTION
OF ENGINEERING EDUCATION AT I TS SUMMER SuR-
VEYING ConFERENCE, JuLY 25 To AueusT 7, 1937
AT Camp MARsTON, RANIER, MINNESOTA.

INTRODUCTION

THE QUESTIONS WHICH UNDOUBTEDLY HAVE ARISEN [N THE MINDS OF MOST SURVEY~-
ING TEACHERS ARE, HOW MUCH PHOTOGRAMMETRY SHOULD BE TAUGHT AND SHALL | TEACH
IT TO UNDERGRADUATE STUDENTS? | KNOW THAT | HAVE GIVEN THE MATTER SERIOUS
THOUGHT FOR SEVERAL YEARS. '

PHOTOGRAMMETRY HAS UNQUESTIONABLY COME TO STAY, AND WITH THE MANY NEW
IMPROVEMENTS [N CAMERA EQUIPMENT, NAVIGATION EQUIPMENT, PHOTOGRAPHIC EQUIP-
MENT AND PLOTTING INSTRUMENTS, IT WILL REPLACE MANY OF THE OLDER METHODS OF
SURVEYING, IT I's MY HONEST BELIEF, THAT NO SURVEY OF ANY GREAT SIZE WILL BE
ATTEMPTED IN THE FUTURE WITHOUT THE AID OF THE PHOTOGRAPH., | ALSO BELIEVE
THAT WE ARE ONLY SEEING THE BEGINNING OF WHAT PROMISES TO BE OUR MOST IMPOR-
TANT MAPPING TOOL., THEREFORE, WE, AS TEACHERS OF SURVEYING, MUST TRAIN OUR
YOUNG MEN TO BE PHOTOGRAMMETRY WISE.

We, AT RENSSELAER POLYTECHNIC INSTITUTE, FEEL THAT INSTRUCTION IN THIS
NEW BRANCH OF SURVEYING SHOULD BE INCLUDED AS A REGULARLY PRESCRIBED COURSE
To ALL CirviL ENGINEERING STUDENTS, AND FOR SEVERAL YEARS WE HAVE BEEN BUILD-
ING UP THE UNDERGRADUATE COURSE WITH AN OPTIONAL GRADUATE COURSE FOR MORE AD-
VANCED AND EXPERIMENTAL WORK.

Our PROBLEM, AS IN MANY OTHER SCHOOLS, HAS BEEN ONE OF EXPENSE AS WE HAD
NO LARGE SUM OF MONEY WITH WHICH WE MIGHT PURCHASE EXPENSIVE CAMERA AND PLOT~-
TING EQUIPMENT., WE DID HAVE AN APPROPRIATION TO BUY SOME SMALL EQUIPMENT SUCH
AS STEREOSCOPE, STEREO-COMPARAGRAPH, STEREO-COMPARATOR AND A LARGE NUMBER OF
SLIDES FOR PROJECTION DURING LECTURES., THE SLIDES ARE A GREAT HELP IN PRE-
SENTING THE THEORY AND MANY PICTURES AND PLATES ARE AVAILABLE FROM WHICH THESE
SLIDES CAN BE MADE.

IT 1S ALSO POSSIBLE TO HAVE A PHOTOGRAPHIC SURVEY MADE OF THE SCHOOL
CAMP AND SURROUNDING TERRITORY AT SMALL COST. WE HAVE USED SUCH SURVEYS AND
HAVE COORDINATED THEM WITH OUR REGULAR GROUND SURVEYS.

| BELIEVE THAT AN UNDERGRADUATE COURSE SHOULD INCLUDE ALL OF THE FUNDA-
MENTAL THEORIES OF PHOTOGRAMMETRY WITH A FEW PRACTICAL PROBLEMS FROM WHICH
THE STUDENT CAN ACTUALLY MAKE A MAP AND SEE WHAT LIMITATIONS HE IS WORKING
UNDER AND WHAT PRECISION HE CAN EXPECT IN ACTUAL PRACTICE. IN MY OPINION THE
UNDERGRADUATE COURSE CAN BE OVERDONE AND THEREFORE SHOULD NOT BE SO STRESSED
AS TO MAKE A SPECIALIST OUT OF THE STUDENT IN PHOTOGRAMMETRY.

THE OPPORTUNITIES FOR A SPECIALIST IN THIS FIELD ARE FEW, AND SHOULD HE
DESIRE TO MAKE A SPECIALTY OF THIS WORK, HE SHOULD HAVE AN OPPORTUNITY OF PUR=
SUING HIS STUDY IN A GRADUATE OR ADVANCED COURSE. TH1S MAY BE PARTICULARLY
TRUE AT OUR SCHOOL AS MOST OF OUR UNDERGRADUATE COURSES ARE REGULARLY PRE-
SCRIBED COURSES AND MUST BE TAKEN BY ALL STUDENTS ENTERING A PARTICULAR FIELD,
OUR UNDERGRADUATE COURSE IS GIVEN WITH THE PURPOSE OF PRESENTING THE FUNDA-
MENTAL THEORY AND PRACTICE OF PHOTOGRAMMETRY JUST AS WE PRESENT STADIA, PLANE-
TABLE, GEODETIC AND OTHER METHODS OF SURVEYING.

THE COURSE FOLLOWS ALL SURVEYING THEORY, INCLUDING GEODESY WHICH GIVES
A STUDENT A GOOD FOUNDATION FOR CONTROL WORK AND OTHER DETAIL PLOTTING OF MAPS.
HE ALSO HAS A CHANCE TO COMPARE THE RESULTS OF PHOTOGRAMMETRIC MEASUREMENTS
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WITH THOSE WHICH HE HAS MADE ON OTHER SURVEYS BY THE REGULAR GROUND METHODS.,

ABOUT THREE YEARS AGO EXPERIMENTS WERE CONDUCTED IN OUR DEPARTMENT ON
THE POSSIBILITY OF REPRODUCING AERIAL PHOTOGRAPHIC SURVEYING IN THE LABORA-
TORY . THE GENERAL THOUGHT WAS TO BUILD A MINIATURE MODEL OF LANDSCAPE WHICH
COULD BE PHOTOGRAPHED AND IN TURN THE RESULTING PHOTOGRAPHS USED TO DRAW MAPS.
THE FIRST SUGGESTION WAS TO BUILD A MODEL ON THE FLOOR AND MOUNT A CAMERA A-
BOVE THIS AND ON A MOVABLE PLATFORM, TO ACCOMPLISH THE DESIRED RESULTS, THE
OPERATOR OF THE CAMERA MUST RIDE THE MOVABLE PLATFORM WHICH REQUIRES A STRUC-
TURE OF SOME SIZE. THERE ALSO ARE OTHER DRAWBACKS AS IT IS QUITE DIFFICULT
TO DETERMINE THE EXACT ALTITUDE, TILT, TIP AND OTHER ELEMENTS SO IMPORTANT IN
OBTAINING A GOOD CHECK ON THE WORK, AN ATTEMPT WAS ALSO MADE IN HAVING THE
MODEL MOVE UNDER A FIXED CAMERA. THIS ALSO HAS ITS DRAWBACKS AS THE CAMERA
OPERATOR MUST CLIMB TO THE CEILING AND OFTEN ASSUME MANY AWKWARD POSITIONS IN
MAKING THE EXPOSURES.

IT WAS FINALLY DECIDED TO TIP THE MODEL ON ITS SIDE AS SHOWN IN Fie. 1.
THIS HAS MANY ADVANTAGES AS IT PERMITS THE CAMERA OPERATOR WORKING ON THE
FLOOR WHERE EXACT MEASUREMENTS CAN BE MADE. |T MAY NOT BE QUITE AS REALISTIC
WITH THE CAMERA AXIS HORIZONTAL BUT A SLIGHT STRETCH OF THE IMAGINATION WILL
EASILY CHANGE ONE'S VIEWPOINT WITH THE WHOLE SET-UP ROTATED THROUGH 90 DE=-
GREES .,

Figure 1

CONSTRUCTION OF THE MODEL

THE FIRST STEP AFTER PRELIMINARY INVESTIGATIONS WAS THE CONSTRUCTION OF
A MODEL SUITABLE FOR THE LABORATORY AND LARGE ENOUGH TO ENABLE FLIGHT STRIPS
TO BE TAKEN WITH THE RESULTING OVERLAPPED PHOTOGRAPHS.,

A LARGE TOPOGRAPHIC MAP WAS DRAWN WITH ALL OF THE CULTURAL DETAIL TO MAKE
A WELL BALANCED LANDSCAPE., |F DESIRED, ANY AVAILABLE TOPOGRAPHIGC MAP MAY BE
USED. THE MAP WHICH WE MADE WAS ASSUMED AND MADE TO A SCALE OoF 1" EQuALs
LO' ano 1s aBouT L} FT. wiDE AND 12 FT. LONG.

NEXT, WE PROCURED SEVERAL SHEETS OF 1/8 INCH BOX BOARD AND SEVERAL LARGE
SHEETS OF CARBON PAPER, A SHEET OF CARBON PAPER WAS PLACED ON A SHEET OF BOX-
BOARD WITH THE MAP SHEET ON TOP OF THE CARBON AND THE LOWEST CONTOUR WAS THEN
TRACED THROQUGH TO THE BOXBOARD SHEET. THE BOXBOARD WAS NEXT REMOVED AND CUT
ALONG THE TRACED CONTOUR BY MEANS OF A JIGSAW AND THIS PROCESS USED IN MAKING
A MODEL OF EACH CONTOUR LEVEL. |T IS ADVISABLE TO TRACE THE NEXT HIGHER CON-
TOUR AS WELL AS THE ONE TO BE CUT SO AS TO PROVIDE A GAGE FOR MATCHING THE
CONTOUR MODELS WHEN ASSEMBLING. FIGURE 2 sHOWS A SMALL MODEL WHICH ILLUS=-
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TRATES THE ASSEMBLING OF THE CONTOURS.

Freure 2

PROVISION WAS MADE FOR EXPANSION AND CONTRACTION IN ASSEMBLING THE CON-
TOUR MODELS BY LEAVING SPACES AT FREQUENT INTERVALS AND EACH SHEET OF BOARD
WAS GLUED AND NAILED IN PLACE,

To ELIMINATE THE STEPS FORMED BY THIS ASSEMBLY, THE ENTIRE MODEL WAS GONE
OVER WITH A PAPER PULP MADE FROM NEWSPAPER AND PAPER-HANGERS' PASTE. THIS
WAS ALLOWED TO DRY AND THEN COVERED WITH A BASE COAT OF GREEN PAINT MADE FROM
SHOW CARD WATER COLOR. THESE COLORS MAY BE PURCHASED IN A GREAT VARIETY OF
SHADES ., OVER THIS GREEN WAS SPREAD A COATING OF GLUE AND THE PORTIONS WHICH
WERE TO REPRESENT GRASS WERE THEN COVERED WITH A COATING OF GREEN SAWDUST., A
QUANTITY OF SAWDUST CAN BE EASILY COLORED GREEN BY DIPPING IN GREEN SHOW CARD
COLOR AND SPREAD TO DRY ON NEWSPAPER,

CULTIVATED FIELDS WERE MADE WITH TOWELING OR CORDUROY ALSO COLORED WITH
SHOW CARD COLOR AND STREAMS AND LAKES WERE PAINTED BLUE WITH THE SAME TYPE OF
COLOR., TREES WERE HANDMADE FROM GREEN RUBBER SPONGE MOUNTED ON WIRE, THEN
SET IN A SMALL DRILLED HOLE AND HELD |IN PLACE WITH GLUE. RoADs WERE CON-
STRUCTED OF FINE SAND AMD GLUE AND THE BUILDINGS WERE NAILED IN PLACE,

As MENTIONED, THE MODEL WAS HUNG IN A POSITiON AS SHOWN IN FIGURE 1 AND
HELD IN PLACE ON A PIPE FRAME, THIS ALLOWS THE MODEL TO SWING ABOUT THE MET-
AL FRAME AND THIS MOVEMENT IS CONTROLLED BY THE ADJUSTING SCREWS AT EACH END
OF THE MODEL. (SEE FicurRE 3) Two SCALES, ONE AT EACH END, ARE PROVIDED TO
INDICATE THE NUMBER OF DEGREES OF TILT INTRODUCED IN THE MODEL.

Freure 3
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CONTROL POINTS

BEFORE ANY EXPERIMENTAL WORK WAS STARTED, THE MODEL WAS SWUNG INTO A
HORIZONTAL POSITION AND A GRID OF CONTROL POINTS LAID OUT AND MARKED ON THE
MODEL SO THAT ALL CONTROL POINTS WOULD APPEAR ON THE PHOTOGRAPHS.,

THE SIZE OF THE GRID SQUARES WAS TAKEN AS 1 FOOT, WHICH ON THE MODEL, IS
EQUIVALENT To 4O FEET.

SEcoNDARY CONTROL POINTS WERE ALSO MARKED AT HIGH AND LOW POINTS AND
THESE POINTS WERE REFERENCED TO THE MAIN GRID SYSTEM BY COORDINATE MEASURE-
MENTS. NEXT THE ELEVATIONS OF BOTH PRIMARY AND SECONDARY CONTROL POINTS WERE
DETERMINED BY ACTUAL LEVELS. A SPECIAL SHORT LEVEL ROD WAS CONSTRUCTED AND
A TARGET USED; READINGS BEING TAKEN TO .001 OoF A FOOT SO THAT, TO THE SCALE
OF THE MODEL, NO ELEVATION wAS MORE THAM 1.,0' IN ERROR., THREE SETS OF LEVELS
WERE TAKEN AND NO READING WHICH VARIED BY MORE THAN .001 OF A FOOT WAS USED.,
MosT OF THE READINGS AGREED EXACTLY, WITH THE RESULT THAT MOST ELEVATIONS
WERE CORRECT TO O.5' ON THE MODEL SCALE.

CAMERA STATIONS

HAVING COMPLETED THE CONTROL WORK THE MODEL WAS SWUNG BACK !NTO A VER=-
TICAL POSITION AND THE CAMERA STATIONS LOCATED. FOR THESE STATIONS A GRID
SYSTEM WAS LAID OUT ON THE FLOOR AND THE STATIONS POINTS MARKED AT ONE FOOT
POINTS BY MEANS OF SMALL NAILS DRIVEN IN THE FLOOR AND THE HEADS PAINTED WHITE,

CAMERA EQUIPMENT

EXPERIMENTS WERE MADE WITH VARIOUS CAMERAS INCLUDING THE BOX PIN=HOLE
CAMERA. THE PIN-HOLE CAMERA DID NOT GIVE THE DESIRED DETAIL AND IT WAS Fl~-
NALLY DECIDED TOUSE A VOIGHTLANDER AVUS FOCUSING CAMERA WHICH |S ADAPTED FOR
FILM PACK, CUT FILM AND GLASS PLATES. GLASS PLATES ARE RECOMMENDED AS THERE
IS NO DANGER OF BULGES IN THE FILM WHICH MAY BE INTRODUCED WHEN LOADING CUT
FILM,

CALIBRATING THE CAMERA

IT IS NECESSARY TO KNOW THE EXACT FOCAL LENGTH OF THE CAMERA AND THIS
MAY BE DONE SUCCESSFULLY BY THE FAMILIAR FIELD METHOD AND THE USE OF THE FOR-
MULA

f= _x+x' xx' + (x + x' ) R
2 tan Y tm1Y -

(R tan Y) Range Pole

x!

f Range Pole

Note: x and x' are measured on the photograph
Angle Y is measured in the field

Fieure It
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COLLIMATING MARKS

THE COLLIMATING MARKS MUST ALSO BE CAREFULLY DETERMINED AND PROVISION
MADE TO REGISTER THEM ON EACH PHOTOGRAPH. ONE METHOD OF DOING THIS IS TO
MOUNT THE CAMERA SO THAT THE FRAME HOLDING THE FILM OR PLATE IS IN A HORIZON=-
TAL POSITION. THE CAMERA IN THIS POSITION SHOULD BE SUSPENDED OVER A MIRROR,
A GLASS PLATE WITH BLACK LINES DRAWN ON IT SERVES AS AXES OR CROSS LINES FOR
SIGHTING THROUGH THE CAMERA TO THE MIRROR BELOW. A HOOD MUST BE PROVIDED AT
THE REAR OF THE CAMERA TO PREVENT EXCESS LIGHT FROM SHINING ON THE GLASS PLATE
BUT SOME [ILLUMINATION MUST BE PROVIDED SO THAT A REFLECTION OF THE BLACK
CROSS LINES WILL REFLECT IN THE MIRROR. WITH THE CAMERA HELD IN ITS ORIGINAL
POSITION THE GLASS PLATE AT THE BACK OF THE CAMERA IS SHIFTED SLIGHTLY UNTIL
THE IMAGE OF THE LINES IN THE MIRROR COINCIDES WITH THE LINES ON THE PLATE.
As THIsS POSITION 1S HELD, MARKS ARE TRANSFERRED TO THE FRAME OF THE CAMERA
WHICH ARE THE COLLIMATING POINTS AND ARE THE POINTS WHERE THE PROJECTIONS
SHOULD BE PLACED SO AS TO REGISTER ON EACH NEGATIVE,

REFERRING TO FIGURE 1, IT WILL BE NOTED THAT A HORIZONTAL LINE STRETCHES
ACROSS THE PICTURE AND IS HELD IN PLACE AT THE TWO ENDS OF THE MODEL BY TWO
MOVABLE ARMS, THIS LINE IS AN ALUMINUM WIRE AND CAN BE ADJUSTED TO COINCIDE
WITH THE HORIZONTAL AXIS OF THE CAMERA WHEN IT IS FOCUSSED ON THE MODEL. IN
THIS WAY THE HORIZONTAL AX|S OF THE PHOTOGRAPH IS PHOTOGRAPHED AT THE TIME
THAT THE PICTURE IS TAKEN. A VERTICAL AXIS IS ALSO PHOTOGRAPHED BY INCLUDING
A PLUMB LINE TO COINCIDE WITH THE VERTICAL AXIS OF THE CAMERA.

CAMERA MOUNT

THE CAMERA MOUNT CONSISTS OF AN ADJUSTABLE STAND WITH A CAMERA HOLDER
ATTACHED TOo A JOHNSON PLANE TABLE LEVELING HEAD. WITH THE CAMERA IN PLACE,
THIS STAND CAN BE MOVED TO ANY CAMERA STATION, LEVELED AND AN EXPOSURE TAKEN,

STEREO-COMPARAGRAPH

WE HAVE TAKEN MANY STRIPS OF PICTURES AT VARIOUS ALTITUDES AND HAVE USED
THE PICTURES IN THE STEREO-COMPARAGRAPH TO ILLUSTRATE THE PRINCIPLE OF STEREO-
SCOPIC PLOTTING., WHILE THIS INSTRUMENT IS NOT AS PRECISE AS OTHER PLOTTING
INSTRUMENTS, IT HAS A DISTINCT ADVANTAGE IN BEING MUCH CHEAPER. |T, ALSO, IS
SIMPLE IN CONSTRUCTION AND MAKES AN EXCELLENT INSTRUMENT FOR TEACHING THE
PRINCIPLES OF STEREOSGCOPIC PARALLAX AND ITS USE IN DETERMINING ELEVATIONS OF
POINTS. THIS INSTRUMENT CONSISTS OF FOUR MAIN PARTS: THE STEREOSCOPE, THE
MEASURING SYSTEM, THE DRAWING ATTACHMENT, AND THE ALIGNMENT MECHANISM, WHICH
IS NOT INTEGRAL TO THE INSTRUMENT. SEE FIGUuRE 5,

Fieure 5
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THE STEREOSCOPE 1S THE REFLECTING TYPE TO WHICH HAS BEEN ADDED A PAIR OF
MATCHED LENSES FOR THE MAGNIFICATION OF THE DETAIL OF THE PHOTOGRAPHS. THIS
OPTICAL ARRANGEMENT DIRECTS THE LINE OF SIGHT FROM THE EYES TO THE MATCHED
PHOTOGRAPHS AND ACCOMPLISHES TWO OBJECTS: ONE, THE STEREOSCOPIC OBSERVATION
OF THE PHOTOGRAPHS UNDER EXAMINATION; AND TWO, THE STEREOSCOPIC FUSION OF TWO
MEASURING MARKS, ONE ON EACH OBJECT GLASS, FOR THE PURPOSE OF DETERMINING THE
DISPLACEMENT OF A POINT.

THE MEASURING SYSTEM CONSISTS OF TWO MEASURING MARKS, ONE IN THE CENTER
OF EACH OBJECT LENS. THE MOVEMENT OF THESE MARKS VARIES WITH THE DISPLACE=-
MENT OF THE POINTS BEING INVESTIGATED AND CAN BE CONTROLLED AND MEASURED BY
AN ATTACHED MICROMETER.

THE DRAWING ATTACHMENT CONSISTS OF A SPECIAL PENCIL, MOUNTED AT THE END
OF A DRAWING ARM WHICH 1S RIGIDLY CONNECTED TO THE BASE OF THE INSTRUMENT.
IT IS sO DESIGNED THAT THE PENCIL WILL FOLLOW THE LEFT MEASURING MARK AND
DRAW TO SCALE THE MOVEMENT OF THAT POINT OVER THE PHOTOGRAPH. IT 1S WITH
THIS ATTACHMENT THAT CONTOURS ARE DRAWN DIRECTLY FROM THE PHOTOGRAPHS BY MOV=-
ING THE INSTRUMENT SO THAT THE FLOATIMNMG MARKS TRACE CONSTANT ELEVATIONS UPON
THE PHOTOGRAPHS.

THE ALIGNMENT MECHANISM 1S A STANDARD TYPE DRAFTING MACHINE., IT 1s so
CONSTRUCTED THAT ONCE THE MACHINE IS ALIGNED IT WILL STAY IN THAT STATE UN~-
TIL CHANGED.

IN THE OPERATION OF THIS INSTRUMENT, DIFFERENCES IN ELEVATION ARE REP-
RESENTED BY DIFFERENCES IN PARALLAX, WHICH ARE MEASURED BY THE MICROMETER. A
PARALLAX MEASUREMENT IS OBTAINED BY BRINGING THE FUSED IMAGE OF THE TWO INDEX
MARKS [INTO CONTACT WITH THE STEREOSCOPIC MODEL, AND NOTING THE READING OF THE
MICROMETER FOR EACH POINT MEASURED., FIRST THE DISPLACEMENT OF A BENCH MARK
OR CONTROL POINT WHOSE ELEVATION IS KNOWN IS OBTAINED. ANY OTHER POINT ON
THE PHOTOGRAPH MAY BE PICKED AND THE DISPLACEMENT OF THAT POINT FOUND. From
THE DIFFERENCE IN DISPLACEMENTS OF THESE POINTS, THE DIFFERENCE IN ELEVATION
CAN BE FOUND, AND THUS THE ELEVATION OF THE UNKNOWN POINT CAN BE FIGURED,

|F THE STEREOCOMPARASRAPH 1S TO BE USED TO PLOT CONTOURS DIRECTLY, THE
FLOATING POINTS ARE BROUGHT INTO FUSION SO AS TO REST ON A POINT OF KNOWN
ELEVATION ON THE STEREOSCOPIC MODEL AND THE MICROMETER READING NOTED. |F THE
INSTRUMENT IS NOW MOVED SO AS TO KEEP THE FLOATING POINT IN CONTACT WITH THE
GROUND, THERE -WlLL BE TRACED A CONTOUR OF THE ELEVATION OF THE KNOWN POINT,
THE DIFFERENCE IN PARALLACTIC DISPLACEMENT CAN BE FIGURED AND A SETTING NOW
MADE FOR THE NEXT CONTOUR ELEVATION TO BE DRAWN, THIS PROCESS BEING CONTIN=-
UED UNTIL THE ENTIRE MAP HAS BEEN CONTOURED., |T 1S ADVISABLE TO HAVE SEVERAL
CONTROL POINTS TO CHECK IN ON AS THE WORK PROGRESSES.

IT REQUIRES A LITTLE PRACTICE FOR A MAN TO BECOME EXPERT IN THE USE OF
THIS INSTRUMENT BUT ONLY A MATTER OF A FEW HOURS IN MOST CASES. |IT IS INTER-
ESTING TO NOTE THE REACTION OF DIFFERENT STUDENTS. SOME CAN OPERATE THE I[IN=-
STRUMENT ALMOST IMMEDIATELY WHILE OTHERS TAKE SEVERAL HOURS AND OTHERS ARE
UNABLE TO OPERATE THE INSTRUMENT DUE TO A DEFECT IN VISION.

AsSSUMING THAT WE HAVE MEASURED THE DIFFERENCE IN PARALLACTIC DISPLACE-
MENT OF TWO POINTS AND THAT WE DESIRE THE DIFFERENCE |[IN ELEVATION OF THE
POINTS, WE RESORT TO THE FOLLOWING FORMULA AND COMPUTATION?

h = dSH _ Example:
B +dS d = 0.147"
air base = 2,500'

h = difference of elevation altitude = 10000!
S = scale fraction H £ = 10"
H = altitude £
B = air base h = 0,147 x 1000 x 10000'= 554' Approx.
d = difference in parallactic displacement 2500 + 0,147 x 1000
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FOR A GREAT NUMBER OF POINTS THIS PROCESS WQULD BE QUITE LONG. To SPEED
UP THE WORK, A DIAGRAM CAN BE CONSTRUCTED FROM WHICH THE DIFFERENCE OF ELE=-
VATION CAN BE DETERMINED WITH GREAT RAPIDITY.

CONSTRUCTION OF D!AGRAM
dSH
FROM THE FORMULA h= B + Sd THE DIFFERENCE IN ELEVATION BETWEEN TWO POINTS
CAN BE FOUND AS SHOWN IN THE ABOVE COMPUTATION. THE FORMULA SHOWS THAT THE
DIFFERENCE IN ELEVATION INVOLVES THE DISPLACEMENT (d), THE SCALE FRACTION (8),
THE ALTITUDE OF THE CAMERA (H), AND THE AIR BASeE (B).

AssuminNng THAT "B" REMAINS THE SAME FOR ANY ONE FLIGHT STRIP, THE THREE
VARIABLES ARE h, d AND H, S=H/f wiTH "f" REMAINING CONSTANT. UNDER THESE
CONDITIONS, A GRAPH CAN BE PLOTTED uUsiNe "h™ anD "d" as axes anp "H" aAs THE
CURVE. SINCE THE VALUES oF "h" ARE DESIRED IN FEET AND THE COMPARAGRAPH MI~-
CROMETER READS TO MILLIMETERS, THE TRANSFORMATION CAN BE ACCOMPLISHED ON THE
DIAGRAM BY PLOTTING "™" IN FEET ON THE VERTICAL AXIS AGAINST "p" IN MILLI-
METERS ON THE HORIZONTAL AXIS.

A SAMPLE GOMPUTATION FOR A POINT ON THE 8 rooT (38L0' ALT.) &RAPH Is As

FOLLOWS
h =_dSH Camera 8' away from model.
B + 8d
Assume displacement of
h = 0.02361 x 677 x 3840 0.600 m.m,

960 + 677 x 0,0R361

h = _ 61400 = 62.8!
960 + 15.99

VALUES USED IN ABOVE EQUATION?

d = ,6 = 0,0R361"
R5.4

H =8 x 12 x 40 = 3840
f =5.,67" at 8!

S = 3840 = 677!
5.67

B =2 x 12 x 40 = 960'

OTHER POINTS WERE ASSUMED AND SIMILAR COMPUTATIONS MADE., WiITH THESE
POINTS THE CURVES WERE PLOTTED ANDUSED IN DETERMINING THE DIFFERENCE IN ELE=-
VATION BETWEEN POINTS ON THE MODEL.

ONE THING WHICH IS QUITE APPARENT FROM THE DIAGRAM IS THAT SMALL ERRORS
IN THE MEASUREMENT OF PARALLACTIC DISPLACEMENT ARE MUCH MORE SERIOQOUS FOR HIGH
ALTITUDE PHOTOGRAPHS THAN AT LOW ALTITUDES. FROM THIS IT WOULD SEEM THAT LOW
FLYING WOULD BE ADVISABLE FOR STEREQOSCOPIC MAPPING BUT THERE ARE OTHER THINGS
WHICH NECESSITATE HIGHER FLIGHTS, SUCH AS ECONOMY IN THE NUMBER OF PICTURES,
FLYING CONDITIONS, ETC.

RESULTS OF MEASUREMENT MADE ON THE MODEL

IN THE FOLLOWING PAGES ARE THE RESULTS OF A TEST MADE BY ONE OF OUR STU-
DENTS. OCHART No. 1 SHOWS THE VARIATION BETWEEN THE ELEVATIONS OF POINTS AS
DETERMINED BY THE STEREO-COMPARAGRAPH AND THOSE DETERMINED BY PRECISE LEVEL-
ING. THE PLUS SIGN INDICATES ELEVATIONS TOO HIGH AND MINUS TOO LOW. THESE
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DETERMINATIONS WERE MADE BY A STUDENT WHO HAD PRACTICED ONLY A FEW HOURS WITH
THE INSTRUMENT, THE PHOTOGRAPHS HAD TILT AND TIP WHICH IS QUITE APPARENT
FROM THE LARGE AMOUNT OF ERROR AS SHOWN IN CHART No. 1. THE PHOTOGRAPHS WERE
ALSO TAKEN ON CUT FILM WHICH TENDS TO CURL UP AT THE EDGES AND CAUSE ERROR I[N
DISPLACEMENT., PLATES @IVE BETTER RESULTS AS THEY REMAIN FLAT DURING THE EX-
POSURE .

CHART No. 2 SHOWS THE RESULT FROM THE SAME PAIR OF PHOTOGRAPHS WITH THE
TILT AND TIP REMOVED. THE EDGES ARE STILL OUT BUT THE CENTER PORTION CHECKS
CLOSELY FOR STEREOSCOPIC MEASURING,

F G H 4 J
1 ) o8] 2.4 =I5, = %, | G~ i . 28] 131
o [R5 +R8.9 +9.6]  -16.5 +19.7 -50.5 +5.9 -0.4 -8.1 -48.8
5 [5.5 +25.9 -23.3 -59.4 49,5 +0.9 -0.3 =31.4
o 1.3 +16.6 -19.2]  -37.7 -79.2 -51.3 +7.3 -3.2 -13,0 -34,

CHART 1 CHART 2

THE METHOD JUST DISCUSSED FURNISHES AN INEXPENSIVE AND ILLUSTRATIVE
SCHEME FOR TEACHING THE FUNDAMENTALS OF PHOTOGRAPHIC SURVEYING AND PARTICULAR-
LY THE PRINCIPLES OF STEREOSCOPIC PLOTTING AND THE USE OF FLOATING POINTS IN
THE MEASURING OF STEREOSCOPIC PARALLAX. [HE INSTRUMENTS USED ARE NOT AS PRE-
CISE AS SOME WHICH ARE IN USE TODAY BUT ARE SIMPLE TO UNDERSTAND AND ALL OP-
ERATIONS ARE OPEN AND EASILY SEEN BY THE OPERATOR. FOR THE STUDENT WITH IN=-
ITIATIVE AND DESIRE FOR RESEARCH, THE MODEL PHOTOGRAPHS FURNISH A BASIS FOR
EXPERIMENTAL WORK., As A BASIS OF COMPARISON FOR VARIOUS TYPES OF PLOTTING
EQUIPMENT, THE LABORATORY SURVEY GIVES A CHECK WITH MUCH LESS TIME AND EX-
PENSE INVOLVED THAN COULD BE DONE IN ACTUAL PRACTICE,

IT I's MY BELIEF THAT THE WORK JUST DESCRIBED SHOULD BE FOLLOWED WITH IN-
STRUCTION IN PLOTTING FROM ACTUAL AERIAL PHOTOGRAPHS., THREE AERIAL SURVEYS
HAVE BEEN MADE UNDER OUR DIRECTION COVERING APPROXIMATELY 100 SQUARE MILES
AND THE PICTURES ON THESE SURVEYS WERE TAKEN IN FLIGHT STRIPS COVERING THE
AREAS OVER WHICH WE MAKE OUR GROUND SURVEYS DURING THE SUMMER CAMP PERIODS.,
THIS MEANS THAT WE HAVE AMPLE CONTROL AND IT IS POSSIBLE TO PLOT MAPS FROM
TRANSIT STADIA SURVEY, PLANE-TABLE AND PHOTOGRAPH. A COMPARISON OF THE DIF=-
FERENT METHODS IN THIS WAY SERVES TO |[|LLUSTRATE THE LIMITATIONS OF THE DIF=-
FERENT METHODS AND THE TIME CONSUMED BY THE VARIOUS SCHEMES.

THE PHOTOGRAPHS TAKEN FROM THESE AERIAL SURVEYS ARE USED TO ILLUSTRATE
VARIOUS PLANIMETRIC PLOTTING METHODS, MAINLY THE RADIAL LINE AND TEMPLATE
METHODS .

As INTIMATED BEFORE, IT IS NOT MY BELIEF THAT MANY STUDENTS SHOULD BE
ENCOURAGED TO SPECIALIZE IN PHOTOGRAMMETRY ANY MORE THAN A STUDENT SHOULD
SPECIALIZE IN PLANE SURVEYING, TOPOGRAPHIC SURVEYING, HYDROGRAPHIC SURVEYING,
MINE SURVEYING, GEODETIC SURVEYING BUT AT LEAST ALL CIVIL ENGINEERS SHQULD
HAVE INSTRUCTIOM IN ALL OF THESE BRANCHES. | THINK THAT WE ARE ALL AGREED
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THAT A STUDENT CANNOT BE GIVEN A COLLEGE TRAINING TO THE EXTENT THAT HE BE
EXPERT IN ANY ONE LINE BUT RATHER, EQUIP HIM WITH A GOOD FOUNDATION WHICH WILL
SERVE AS A BASIS UPON WHICH HE CAN BUILD AS HIS EMPLOYMENT REQUIRES,

IN MY OPINION, A TEACHER IN ANY COURSE OF STUDY MUST REALIZE THAT FUN-
DAMENTALS ARE OF THE GREATEST IMPORTANCE AND SHOULD BE PRESENTED IN THE CLEAR~-
EST AND SIMPLEST WAY POSSIBLE. THIS SHOULD BE BORNE IN MIND AS THE PROFESSOR
PURSUES HIS INVESTIGATIONS, RESEARCH AND GRADUATE STUDY. TO HIM THE FUNDA-
MENTALS BECOME MORE AND MORE SIMPLE AND HE MAY BE INCLINED TO SLIGHT THEM TO
ALLOW MORE TIME TO TEACH THE MORE AOVANCED WORK WHICH MAY BE SO CLOSE TO HIM
AT THE TIME. HE MUST REALIZE THAT WHILE HE IS INCREASING HIS KNOWLEDGE, AS
HE SHOULD, THE NEW STUDENT IS ENTERING EACH YEAR WITH THE SAME PREPARATION
AND EACH CLASS MUST BE GIVEN THE SAME FUNDAMENTALS. THE PROFESSOR'S ADVANCED
KNOWLEDGE SHOULD BE USED IN PLANNING BETTER WAYS AND MEANS OF ACCOMPLISHING
THIS RESULT IN KEEPING WITH MODERN THEORY AND PRACTICE,

A PRACTICAL METHOD OF TILT DETERMINATION FOR MULTI!-LENS AERIAL PHOTOGRAPHS
By SipoNney H. BirposeYE, EL SALVADOR-GUATEMALA BounDaARY CoMMISsSION.

IN AN ARTICLE PUBLISHED IN THE JANUARY-FEBRUARY 1936 1ssue oF THE MivLi-
TARY ENGINEER, #Mr. CHARLES B. MCADAM EXPLAINED IN DETAIL A METHOD USED BY
THE U. S. GeorLonagicaL SuRVEY AMD TENMESSEE VALLEY AUTHORITY TO DETERMINE TILT
IN FIVE-LENS COMPOSITE AERIAL PHOTOGRAPHS. MCADAM MADE NO CLAIM FOR MATHE-
MATICAL ACCURACY BUT STATED THAT EXPERIENCE IN PLOTTING 6,000 COMPOSITE PHOTO=-
GRAPHS INDICATED DEFINITELY THAT THE USE OF THE METHOD GAVE BETTER RESULTS
THAN WERE OBTAINED WHEN THE TILT OF THE PHOTOGRAPHS WAS IGNORED,

IT IS GENERALLY RECOGNIZED THAT CERTAIN ERRORS EXIST IN RADIAL LINE
GRAPHIC TRIANGULATION DUE TO THE FACT THAT THE TILTED PHOTOGRAPHS ARE NOT OR=-
DINARILY TRANSFORMED TO THE HORIZONTAL BEFORE USE., WHEN USING THE PHOTOGRAPHS
IN THIS MANNER THE DRAFTSMAN ATTEMPTS TO FIT TO POINTS PLOTTED ON THE HORI=
ZONTAL MAP PLANE A DISTORTED SYSTEM OF RADIAL LINES FROM THE PRINCIPAL POINT
AS ORIGIN AS PORTRAYED ON THE TILTED PLANE OF THE AERIAL PHOTOGRAPH. WHEN
THE RELIEF OF THE TERRAIN [|S LOW AND THE DEGREE OF TILT IS SMALL, THIS CAN BE
ACCOMPLISHED WITH SUFFICIENT ACCURACY FOR MUCH MAP WORK BUT WHEN EITHER TILT
OR RELIEF BECOMES LARGE THEN THE METHOD 1S INACCURATE AND WILL NOTGIVE SATIS~-
FACTORY RESULTS. THE USE OF A SUBSTITUTE POINT AS THE ORIGIN OF THE RADIAL
LINES IN PLACE OF THE PRINCIPAL POINT WILL ELIMINATE SOME OF THE ERROR IN THE
DIRECTION LINES [F THE ORIGIN SELECTED APPROXIMATES THE POSITION OF THE [SO=
CENTER OF THE PHOTOGRAPH,. TH1IS PROCEDURE WILL MATERIALLY IMPROVE THE ACCU~-
RACY OF THE MAP WHEN IT IS NECESSARY TO USE HIGHLY TILTED PHOTOGRAPHS, AL-
THOUGH WHEN THE UTMOST ACCURACY IS DESIRED IT IS ESSENTIAL THAT THE PHOTO=-
GRAPHS BE TRANSFORMED TO THE HORIZONTAL PLANE BEFORE USE.

DuriING 1935-3%6, THE GUATEMALA-HONDURAS BoUNDARY COMMISSION PREPARED PLAN=
IMETRIC MAPs OoF soME 3,000 SQUARE MILES FROM FOUR-LENS AERIAL PHOTOGRAPHS MADE
WITH THE BAGLEY TYPE T-2 CAMERA. THE GREATER PART OF THE AREA MAPPED WAS MADE
UP OF ROUGH MOUNTAINS COVERED, IN MANY SECTIONS, WITH HEAVY TROPICAL GROWTHS
WHERE FEW DEFINITE POINTS FOR RADIAL LINE INTERSECTION couLD BE FOUND. Con-
SIDERABLE DIFFICULTY WAS CAUSED BY THIS CONDITION, AS WELL AS INSUFFICIENT CON=-

% PrRAcTIcAL TiLT CorRRECTIONS OF Five LENs AErIAL PHoTOGRAPHS BY CHARLES B.
McApam. REPRINT FROM THE MiLITARY ENGINEER, JAN.-FEB. 1936 SENT TO MEMBERS
wiTH NEWS NOTES ror Jan.-Fes.-MarcH, 1936,




