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APPROXIMATE FARM SURVEYS FROM VERTICAL AERIAL PHOTOGRAPHS

BY
EARL CHURCH
AssocIATE PROFEsSSOR OF PHOTOGRAMMETRY, SYRACUSE UNIVERSITY

A PROBLEM IN AERIAL PHOTOGRAMMETRY WHICH APPEARS TO BE OF SPECIAL INTER=-
EST AT THIS TIME IS THE DETERMINATION OF FARM ACREAGES AND THE PRODUCTION OF
FARM MAPS . THE METHOD WHICH HAS BEEN MOST WIDELY USED IS A SIMPLE ONE, CON=-
SISTING MERELY OF A DETERMINATION OF AN APPROXIMATE SCALE FOR A PHOTOGRAPH
(SOMETIMES CALLED THE "SCALE-CHECK PROBLEM"), A DETERMINATION OF THE AREA
OF THE PROPERTY ON THE PHOTOGRAPH, AND A MULTIPLICATION OF THIS AREA BY THE
SQUARE OF THE LINEAR SCALE FACTOR, OR SOME SLIGHT VARIATIONS OF THIS PROCEDURE.,

IN OUR WORK AT SYRACUSE UNIVERSITY WE HAVE DEVELOPED A SIMPLE SOLUTION
OF THIS LITTLE PROBLEM INTRODUCING ONE OR TWO OF THE SIMPLER PRINGCIPLES OF
PHOTOGRAMMETRY, WHICH MAY BE OF SOME INTEREST. WE HAVE HESITATED TO PUBLISH
ANY REPORTS ON THIS WORK BEFORE THIS TIME ON ACCOUNT OF THE SIMPLICITY OF THE
PROBLEM |TSELF AND ON ACCOUNT OF THE FACT THAT NO PRINCIPLES ARE |INVOLVED
WHICH ARE NOT UNIVERSALLY KNOWN, HOWEVER, IN ORDER TO SHOW OUR METHOD OF TAK~-
ING ELEVATIONS INTO ACCOUNT THEREBY OBTAINING VERY INTERESTING AND SATISFAC=
TORY RESULTS IN THIS WORK, THIS DISCUSSION IS PRESENTED TOGETHER WITH AN IL~-
LUSTRATIVE PROBLEM,

l. Imace DispLACEMENTS IN A VERTICAL PHoTOGRAPH CAuseED BY ToPocRAPHIC RELIEF
FIeuRE 1 ILLUSTRATES THE WELL KNOWN

L PRINCIPLE THAT IN A TRULY VERTICAL PHOTO=-

f GRAPH THE IMAGE DISPLACEMENTS CAUSED BY
TOPOGRAPHIC RELIFF RADIATE FROM THE PRINCI=-

o PAL POINT., THIS OF COURSE IS THE FUNDA-
/% MENTAL PRINCIPLE OF RADIAL PLOTTING USING

PRINCIPAL POINT RAYS. THE POINT P HAS ITs
IMAGE AT P, WHEREAS THE POINT Pq AT SEA
LEVEL OR AT THE DATUM PLANE VERTICALLY BE-
H NEATH P wouLD HAVE ITS IMAGE AT Pq. THE
POINT P4 OBVIOUSLY LIES ON THE LINE OP,
THE IMAGE DISPLACEMENT MENTIONED IS PPq.
IN THE Fleure, LO = H, THE ELEVATION
OF THE EXPOSURE STATION; Lo = F, THE EF=
FECTIVE FOCAL LENGTH OF THE AERIAL CAMERA}
Pq4P = H, THE ELEVATION OF THE GROUND POINT

Q P; oP = D, THE DISTANCE FROM THE PRINGCIPAL
P POINT TO THE ACTUAL IMAGE; OPy = D4, THE

Flane ! DISTANCE FROM THE PRINCIPAL POINT TO THE
OL—patvm FICTITIOUS IMAGE OF Pq; OPy = D, A HORI-

Figure 1. ZONTAL GROUND DISTANCE; D = Dq = THE DE=-
: SIRED IMAGE DISPLACEMENT.,
LET usS DRAW THE HORIZONTAL LINE PQ. THEN WE HAVE TWO PAIRS OF SIMILAR
TRIANGLES, Lorq anND LOP4, anD Lop AND LQP. FROM THESE

04/D = r/H AND o/D = F/(H-u).

FD £ o
THEN D -D01 = H<-n - TH
_ (_ _ 1)
= FD(H—H H)
= FDH
H(H = wH)
_ FD H
Rt B . - g
D - Dq = FD  x H
\ H - H H
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THAT 1S, THE DISPLACEMENT
D - D] = D] X H
H - H
OF D - D1 =.D X H
-

THUS, IF WE HAVE THE DISTANCE D = OP ON A PHOTOGRAPH FROM THE PRINCIPAL
POINT TO AN IMAGE P, AND WE WISH TO FIND THE DISTANCE TO A FICTITIOUS IMAGE
Py OF A POINT Py AT DATUM ELEVATION VERTICALLY BENEATH P, WE MOVE THE IMAGE
INWARD TOWARD O BY THE DISTANCE D x H/H. OR, IF WE HAVE MAP POSITIONS OF O
AND P PLOTTED TO SOME KNOWN SCALE, WHICH IN REALITY AMOUNTS TO HAVING THE LINE
D = OPqy PLOTTED ON PAPER TO THE SCALE, AND WE WISH TO FIND WHERE THE OUTER
POINT SHOULD BE MOVED TO PLACE IT INTO THE POSITION CORRESPONDING TO THE TMAGE
oF P ON A PHOTOGRAPH EXPOSED FROM AN ALTITUDE H sucH THAT F/H EQUALS THE MAP
SCALE, WE EXTEND THE PLPTTED LINE OUTWARD FROM O BY AN AMOUNT EQUAL TO THE
MAP DISTANCE OPq muLTIPLIED BY H/(H-H).

THE SECOND STATEMENT OF THIS PRINCIPLE IS USED IN THE RECTIFICATION OF
AERIAL PHOTOGRAPHS. THE FIRST STATEMENT SHOWS HOW THE PRINGIPLE APPLIES DI-
RECTLY TO THE PROBLEM IN HAND.

Il. SCcALE

STRICTLY SPEAKING, AN AERIAL PHOTOGRAPH, EVEN A TRULY VERTICAL ONE, OF
GROUND WHICH IS NOT FLAT, CAN HAVE NO EXPLICIT SCALE., FOR A VERTICAL PHOTO-
GRAPH EXPOSED FROM AN ALTITUDE H WITH A CAMERA WHOSE EFFECTIVE FOCAL LENGTH
IS F, IF THE GROUND WERE ALL LEVEL AT SEA LEVEL OR THE DATUM ELEVATION, THE
SCALE WOULD BE CONSTANT AND EQUAL To F/H. FOR A VERTICAL PHOTOGRAPH OF LEVEL
GROUND AT SOME ELEVATION H OTHER THAN ZERO, THE SCALE WOULD BE CONSTANT AND
eQuat To F/(H = H). FOR A VERTICAL PHOTOGRAPH OF GROUND WITH TOPOGRAPHIC RE-
LIEF, IF TWO POINTS HAPPEN TO LIE AT EQUAL ELEVATIONS H, THEN THE SCALE FOR
THIS PARTICULAR LINE Is D/D = r/(H - H), USING THE SYMBOLS D FOR THE PHOTO-
GRAPHIC DISTANCE BETWEEN THE IMAGES AND D FOR THE GROUND DISTANCE BETWEEN THE
POINTS. |IF THE TWO POINTS LIE AT UNEQUAL ELEVATIONS H1 AND H2, THE SCALE FOR
THIS LINE D/D MAY BE TAKEN AS APPROXIMATELY EQUAL To F/(H = Hy), WHERE Hy, 1Is
THE AVERAGE OF H{ AND HD.

INASMUCH AS IN ACTUAL PRACTICE TOPOGRAPHIC RELIEF IS INVARIABLY ENCOUN=-
TERED, THE PROBLEM OF DETERMINING THE "SCALE" OF A VERTICAL PHOTOGRAPH ASSUMES
CONSIDERABLE AMBIGUITY. DOES DETERMINING THE SCALE MEAN FINDING F/H, THE
VALUE THE SCALE WOULD HAVE IF THE TERRAIN WERE ALL AT DATUM ELEVATION? OR
DOES IT MEAN DETERMINING F/(H = H) WHERE H 1S SOME ESTIMATED AVERAGE ELEVA-
TION OF THE ENTIRE TERRAIN IN THE PHOTOGRAPH? UNDOUBTEDLY THE BEST WAY TO
CONSIDER THIS SO-CALLED "SCALE~CHECK PROBLEM", 18 TO REGARD AS THE DESIRED
ANSWER TO THE PROBLEM THE ELEVATION H OF THE EXPOSURE STATION. THEN IF ONE
WISHES TO USE SOME RATIO AS THE "SCALE" OF THE PHOTOGRAPH, A DANGEROUS PROCE=-
DURE IF RESULTS OF ANY PRECISION ARE DESIRED, HE sHouLD ust F/(H - H) AND As-
SUME THE RESPONSIBILITY OF ADOPTING SOME SATISFACTORY MEAN VALUE FOR H FOR
THE ENTIRE TERRAIN OR FOR INDIVIDUAL LINES.

I1l. PRrRecise DETERMINATION OF DiSTANCES FROM VERTICAL PHOTOGRAPHS

SUPPOSE THAT BY SOME SOLUTION OF THE "SCALE-CHECK PROBLEM" SUCH AS THAT
GIVEN IN THE NEXT PARAGRAPH, THE ELEVATION H OF THE EXPOSURE STATION HAS BEEN
DETERMINED FOR A VERTICAL PHOTOGRAPH. SUPPOSE THAT IT IS DESIRED TO FIND THE
HORIZONTAL DISTANCE BETWEEN TWO GROUND POINTS A AND B WHOSE IMAGES APPEAR AT
A AND B ON THE PHOTOGRAPH.

IN ORDER TO TAKE INTO ACCOUNT THE TOPOGRAPHIC RELIEF IT IS NECESSARY TO
KNOW THE ELEVATIONS OF A AND B, THESE MAY BE DETERMINED BY MEANS OF PRECISE
BAROMETERS ACCURATELY ENOUGH TO GIVE VERY GOOD RESULTS FOR THE HORIZONTAL DIS-
TANCE TO BE DETERMINED. LET US CALL THE ELEVATIONS OF THE TWO POINTS Hp AND
Hg RESPECTIVELY. -

THE MOST CONVENIENT WAY TO MAKE THE MEASUREMENTS ON THE PHOTOGRAPH 1S NOT
TO MEASURE DIRECTLY THE LENGTH OF AB, BUT RATHER TO MEASURE THE RECTANGULAR
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COORDINATES OF A AND B WITH RESPECT TO ANY CONVENIENT PAIR OF RECTANGULAR AXES
WHICH MAY OR MAY NOT BE THE GEOMETRIC AXES OF THE PHOTOGRAPH BUT WHICH AT
LEAST HAVE THEIR ORIGIN AT THE PRINCIPAL POINT., THESE MEASUREMENTS MAY BE
MADE WITH A COMPARATOR UPON GLASS PLATES IF SUCH AN ~INSTRUMENT IS AVAILABLE,
OR THEY MAY BE MADE UPON PAPER PRINTS WITH A LINEAR SCALE. THE ACCURACY OF
THE RESULTS WILL OF COURSE DEPEND UPON THE ACCURACY WITH WHICH THESE MEASURE~-
MENTS ARE MADE. LET US CALL THE PHOTOGRAPHIC COQRDINATES OF A AND B (x,, YA)
ano (x5, vg).

FIRST LET US FIND THE COORDINATES OF THE FICTITIOUS IMAGES A' AND B', OF
GROUND POINTS SITUATED VERTICALLY BENEATH A AND B AT SEA LEVEL OR ON THE DATUM
PLANE FROM WHICH H 1S MEASURED, |IT 1S TO BE NOTED THAT A' AND B' LIE ON THE
LINES OA AND OB RESPECTIVELY, AND THAT THE DISPLACEMENTS ©OF A ANB B TOWARD O
TO GIVE A' AND B' ARE THE DISPLACEMENTS FOR TOPOGRAPHIC RELIEF DISCUSSED IN
PARAGRAPH |. |IT IS NOT NECESSARY TO MAKE THESE DISPLACED IMAGES ON THE PHOTO=-
GRAPH. WE SIMPLY COMPUTE THEIR COORDINATES FROM

R -
R s T .

A FEW SIMPLE OPERATIONS ON A CALCULATING MACHINE @IVE THESE COORDINATES. IT
WiLL BE NOTED THAT MULTIPLICATION OF BOTH X, AND Y, BY THE SAME RATIO TO GIVE
XA AND Y. INSURES THAT A' IS SITUATED ON THE LINE OA.

SECOND, LET US FIND THE LENGTH OF A'B', THIS IS FOUND FROM THE COORDI=
NATES WITHOUT ACTUALLY MARKING THESE FICTITIOUS IMAGES., WITH A CALCULATING
MACHINE THIS DISTANCE, CALLED D', CAN BE FOUND READILY FROM

ot= VIxk - x0% (v} - v3)2

THIRD, THE CORRECT HORIZONTAL GROUND DISTANCE D ;;Tcn IS DESIRED, IS
GIVEN DIRECTLY BY ' ;
D=p' H ,
F . B < =
TH1S DISTANCE 1S CORRECT REGARDLESS OF THE HEIGHTS OF A AND B OR OF ANY DIF=
FERENCE IN HEIGHT BETWEEN A AND B,

V. THE ScALE~CHECK PROBLEM.

ACOORDING TO THE FOREGOING DISCUSSION, THE "SCALE~-CHECK PROBLEM" AMOUNTS
TO FINDING THE ALTITUDE H OF THE EXPOSURE STATION OF A VERTICAL PHOTOGRAPH,
WHEN THERE ARE KNOWN THE HORIZONTAL DISTANCE D BETWEEN THE TWO GROUND POINTS
A AND B WHOSE IMAGES A AND B APPEAR IN THE PHOTOGRAPH, AND THE GROUND ELEVA=
TIONS HA AND HR OF THE TWQO POINTS A AND B RESPEOTIVELY,

FIRST LET uUS MEASURE ON THE PHOTOGRAPH THE COORDINATES OF THE IMAGES A
AND B, WITH RESPECT TO GEOMETRIC AXES OF THE PHOTOGRAPH OR ANY OTHER CONVEN=-
IENT PAIR OF RECTANGULAR AXES WHOSE ORIGIN 1S THE PRINCIPAL POINT OF THE
PHOTOBRAPH, WE WILL OALL THESE COORDINATES (x,, v,) ano (x_, v,).

SECOND, LET US FIND THE PHOTOGRAPHIC DISTANCE D BETWEEN A AND B FROM
THESE COORDINATES USING THE FORMULA

D = Vix, = xg)2 ¢ (v, - vg)e.

THIRD, AN APPROXIMATE VALUE (H) OF THE ALTITUDE OF THE EXPOSURE STATION
CAN BE DETERMINED BY FINDING

(H) —HM-FD
; D .
AND THEN ADDING Hy, THE AVERAGE OF THE ALTITUDES HA AND HB, AS SHOWN IN PARA-
GRAPH 2,

FOURTH, WITH THIS APPROXIMATE VALUE (H) FOR THE ALTITUDE OF THE EXPOSURE
STATION, DISPLACE A' AND B TOWARD THE PRINOCIPAL POINT BY THE AMOUNTS OF THE
IMAGE DISPLACEMENT CAUSED BY TOPOGRAPHIC RELIEF, AS DISCUSSED IN PARAGRAPH 1,
THE DISPLACED FICTITIOUS IMAGES A' AND B' ARE NOT MARKED, BUT THEIR COORDI=-

NATES ARE GIVEN BY
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HA 2 HB
xj = x, (1 -.THT) x = xg (1 --Tﬁy)
YA=*A(1-.'(‘QT) gz ve (1-"8

FIFTH, FIND THE PHOTOGRAPHIC DISTANCE D' BETWEEN THE FICTITIOUS IMAGES
A' AND B! FROM

ot = V(XA - x8)e 4 (v} - L2,

SIXTH, FIND THE CORRECT VALUE OF H'FROM
H = F%%r .

FINALLY, INVESTIGATE TO SEE THAT THIS FINAL VALUE OF H DOES NOT CHANGE
THE COORDINATES (xé, v}) ano (x{, ¥}) WHICH WERE CALCULATED FROM THE APPROXI-
MATE VALUE OF H, THESE COORDINATES ARE SELDOM ALTERED EXGCEPT IN CASE OF AN
EXTREMELY GREAT DIFFERENCE BETWEEN THE ALTITUDES OF THE GROUND POINTS A AND B.
HOWEVER IF THEY ARE CHANGED SLIGHTLY A SECOND CALCULATION OF THE FINAL VALUE
OF H MAY BE NECESSARY.

V. PROGRESSING WITH THE ScALE-CHECK PROBLEM IN ASTRIP OF VERTICAL PHOTOGRAPHS
wiTHOUT MEASURING ADDITIONAL GROUND DISTANCES BEYOND THE FIRST PHOTOGRAPH

[T 1S POSSIBLE TO SOLVE THE SCALE=-CHECK PROBLEM THROUGHOUT A STRIP OF VERTI=
CAL PHOTOGRAPHS WITHOUT MEASURING ANY GROUND DISTANCES GXCEPT THE ONE FOR THE’
INITIAL PHOTOGRAPH IN THE STRIP, TO DO THIS, HOWEVER, IT IS NECESSARY TO KNOW
THE GROUND ELEVATIONS OF THE POINTS USED. VERY SATISFACTORY RESULTS CAN BE
OBTAINED USING ELEVATIONS DETERMINED WITH SENSITIVE BAROMETERS, AND THE SuUB-
STITUTION OF THIS SIMPLE PROCEDURE FOR THE WORK OF MEASURING SCALE-CHECK LINES
REPRESENTS A GREAT SAVING IN THE FIELD WORK.

LET US SUPPOSE THAT THE SCALE-CHECK PROBLEM HAS BEEN CARRIED OUT FOR THE
FIRST PHOTOGRAPH IN THE USUAL WAY. THEN SUPPOSE THAT ELEVATIONS ARE KNOWN
FOR TWO POINTS WHOSE IMAGES APPEAR IN THE OVERLAP BETWEEN THIS PHOTOGRAPH AND
THE SUCCEEDING ONE. THE INTERVISIBILITY OF THESE POINTS ON THE GROUND HAS NO
BEARING ON THE PROBLEM, FOR THE ONLY FIELD WORK NECESSARY IS TO DETERMINE THE
ELEVATIONS OF THE POINTS WITH THE BAROMETER., BY USING THE ELEVATIONS OF THESE
TWO POINTS AND FOLLOWING THE METHOD OF PARAGRAPH 3, Tg%ggglggglﬁg_gﬂggug DIS=-
TANCE BETWEEN THESE POINTS CAN BE QUICKLY CALCULATED, HEN THE NECESSARY DATA
ARE AVA{LABLE FOR THE SCALE-CHECK PROBLEM FOR THE SECOND PHOTOGRAPH.

THEORETICALLY THIS CAN BE CARRIED ON I|'NDEFINITELY. THE ONLY SOURCE OF
TROUBLE WITH THIS PROCEDURE 1S ENCOUNTERING A BADLY TILTED PHOTOGRAPH IN THE
STRIP, |INASMUCH AS TILTS ARE BOUND TO OCCUR IN PRACTICE, IT WOULD NOT BE AD=-
VISABLE TO CARRY THE SOALE~CHECKING THROUGH A VERY LONG STRIP WITHOUT MEASUR-
ING AN OCCASIONAL GROUND DISTANCE FOR VERIFYING THE WORK.

Vi. THE FaARM SuRVEY

THE METHOD TO BE DESCRIBED FOR MAKING A SURVEY OF A FARM BY MEANS OF
MEASUREMENTS ON VERTICAL PHOTOGRAPHS, INVOLVES THE USE OF THE ELEVATIONS OF
THE FARM OORNERS, WHICH AGAIN MAY BE DETERMINED ON THE GROUND BY MEANS OF
SENSITIVE BAROMETERS.,

THE FIRST STEP IN THE PROCESS IS TO SCALE~-CHECK THE PHOTOGRAPH UPON WHICH
THE VERTICES OF THE FARM APPEAR, TH|S CAN BE DONE BY MEANS OF A DIRECT MEA~
SUREMENT OF A DISTANGE ON THE GROUND AS IN PARAGRAPH L, OR BY AN INDIRECT DE-
TERMINATION OF A GROUND DISTANCE IN THE PROGRESS|IVE METHOD OF PARAGRAPH 5.
IN EITHER CASE THIS DETERMINES H, THE ALTITUDE OF THE EXPOSURE STATION,

DETERMINING THE LENGTHS OF THE FARM BOUNDARIES

THE SECOND STEP I8 TO MEASURE ON THE PHOTOGRAPH THE COORDINATES OF THE
FARM CORNERS, BASED UPON THE GEOMETRIC AXES OF THE PHOTOGRAPH OR UPON ANY CON=-
VENIENT PAIR OF RECTANGULAR AXES HAVING THEIR ORIGIN AT THE PRINCIPAL POINT
OF THE PHOTOGRAPH, ;

THIRD, DISPLAGE THE IMAGES OF THE FARM CORNERS TOWARD THE PRINCIPAL POINT
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TO OBTAIN THE FICTITIOUS IMAGES OF GROUND POINTS VERTICALLY BENEATH THE FARM
CORNERS AT SEA LEVEL OR IN THE DATUM PLANE. THIS DISPLACEMENT INVOLVES NO
MARKING OF THE POINTS, BUT MERELY THE REDUCTION OF THE COORDINATES OF EACH
CORNER BY MULTIPLYING THEM BY THE FACTOR (1 = H/H) AS BEFORE IN PARAGRAPHS 1
AND 3, .
FOURTH, USING THESE REDUCED COORDINATES, WE FIND THE PHOTOGRAPHIC LENGTHS
OF THE VARIOUS SIDES OF THE FARM BY THE EXPRESSI|ON

o' = \/(xx - x§)2 4 (yp - vy)2

AS IN PARAGRAPH 3,
THEN, FIFTH, FIND THE LENGTHS OF THE SIDES OF THE FARM BY USING THE RE-
LATION

DATA FOR A MAP OF THE FARM

SIXTH, IF A MAP OF THE FARM IS DESIRED, MULTIPLY ALL OF THE REDUCED PHO-
TOGRAPHIC COORDINATES OF THE VERTICES BY H/F. THIS @IVES ACTUAL GROUND CO=-
ORDINATES OF THE FARM CORNERS,

SEVENTH, FROM THESE GROUND COORDINATES THE FARM CORNERS 'CAN BE PLOTTED
QUICKLY ON COORDINATE PAPER TO ANY SCALE DESIRED, GIVING AN EXCELLENT MAP OF
THE FARM, THE FACT THAT THE ORIGIN FOR THESE COORDINATES REPRESENTS NOTHING
IN PARTICULAR WITH RESPECT TO THE FARM CORNERS, HAS NO BEARING ON THE MAP
ITSELF.

DETERMINING THE AREA OF THE FARM

EIGHTH, IF THE AREA OF THE FARM IS DESIRED, THE MOST ACCURATE METHOD IS
NOT TO USE A PLANIMETER, BUT RATHER TO USE THE GROUND COORDINATES OF THE VER-
TICES FOUND IN THE SIXTH STEP AND TO FIND THE AREA WITH A CALCULATING MACHINE
BY THE USUAL ANALYTICAL GEOMETRY METHOD FOR FINDING THE AREA OF A POLYGON.
THIS AREA IN SQUARE FEET IS QUICKLY REDUGED TO ACRES BY DIVIDING BY 13560,

DETERMINING THE BEARINGS OF THE BOUNDARIES

IF THE BEARINGS OF THE FARM BOUNDARIES ARE ALSO DESIRED, FINDING THEM IN=
VOLVES THE GROUND DETERMINATION OF THE AZIMUTH OF THE CONTROL LINE USED IN THE
SCALE-CHECK PROBLEM, THIS CAN BE DONE BY ANY OF THE WELL KNOWN METHODS OF
PRACTICAL ASTRONOMY.

AFTER THE PHOTOGRAPHIC COORDINATES OF THE EXTREMITIES OF THE SCALE~CHECK
LINE HAVE BEEN REDUCED FOR TOPOGRAPHIC RELIEF, THE PHOTOGRAPHIC DIRECTION OF
THE RESULTING FICTITIOUS LINE CAN BE DETERMINED. THE MOST CONVENIENT WAY TO
FIND TAN™T (x} - x§)/(¥} = Y!) AND ASSIGN THE ANGLE TO THE PROPER QUADRANT
ACCORDING@ TO THE RELATIVE POSITIONS OF THE POINTS ON THE PHOTOGRAPH SO THAT
THIS DIRECTION WILL BE MEASURED CLOCKWISE FROM THE POSITIVE Y=AXiS OF THE PHO-
TOGRAPH. THEN IF WE SUBTRACT THIS PHOTOGRAPHIC DIRECTION FROM THE GROUND AZI=-
MUTH OF THE LINE, WE HAVE A CONSTANT VALUE CALLED K IN THE SPECIMEN COMPUTA-
TIONS TO FOLLOW, WHICH CAN BE ADDED TO THE PHOTOGRAPMIC DIRECTION OF ANY LINE
BETWEEN IMAGES DISPLACED FOR TOPOGRAPHIC RELIEF TO GIVE THE GROUND AZIMUTH OF
THE CORRESPONDING LINE. '

THEN USING THE REDUCED COORDINATES FOR, SAY, TWO ADJACENT FARM CORNERS
FROM STEP 3 ABOVE, ONE CAN FIND THE PHOTOGRAPHIC DIRECTION OF THE FARM BOUND=-
ARY JOINING THESE CORNERS BY FINDING TAN—1 (x} - Xé)/(YA —'Yé) AND PLACING
THE ANGLE I[N THE PROPER QUADRANT TO GIVE A PHOTOGRAPHIC DIRECTION MEASURED
CLOCKWISE FROM THE POSITIVE Y-AXIS. THEN ADDING THE CONSTANT K DETERMINED
FROM THE SCALE-CHECK LINE WILL GIVE THE CORRECT GROUND AZIMUTH OF THE FARM
BOUNDARY. THIS CAN BE DONE VERY READILY FOR EACH BOUNDARY OF THE FARM.

PERHAPS IN THIS CONNEGTION IT SHOULD BE MENTIONED THAT IN CASE PROGRES-
SIVE SCALE-CHECKING 1S CARRIED OUT AS DESCRIBED IN PARAGRAPH 5, IT IS A VERY
SIMPLE MATTER TO CARRY THE AZIMUTHS FORWARD AS WELL AS THE LENGTHS, WITHOUT
DETERMINING ADDITIONAL AZIMUTHS ON THE GROUND.




SCALE~-CHECK PROBLEM

PuoTo #V.
GrounND ConTROL DATA:

X
g sgﬁ?u.es FT.
R LR

PHoTo MEASUREMENTS ¢

20%2110.35
17260.17

Y
204838.52 Fr.

53

(SEe PArRAGRAPH 1).

= 181..030 mm.

H
1007.02 frT.

0
1038.66
16%2.8‘ = Hy

BC
3794.85 Fr.

D

B - 51.00 mm. 4 12.21 wmm.
c - 20.17 - 52.70
30.8% "2Ei%1 D = 71.86 mm.
(H) = w, = _18L4.0%0 x 3794.85 = 9718 rr.
71.86
1U23 FT. = Hy
mﬂ’lﬁ FTe = (H)
REDUCED COORDINATES
H/H? Y
8 .09375 - ué 22 MM, 4 11.07 um.
c .09670 - 18 - 17.60
‘EB.ﬁﬁ 58.67 = 65.01 mm.
H = = 107).].2 FToe

18&.0505x 3794 .85

PROGRESS ING WlTH SCALE- CPECK PROBLEM FROM PHOTO Vv

H MEASUREMENT ON

TO PHOTO VI WITHOUT ADDI-
ND ~ TSEE PARAGRAPH 5).

DETERMINATION OF LENGTH OF A ScaLeE-CHECk LINE FOR PHOTO VI BY

MeEASUREMENT oN PHoTo V: (See Par

COORDINATES ON PHOTO V:

AGRAPH 3)
REpucep COORDINATES
Y'

x Y H H/H x?
(BAROMETER)
Ay +29.62 mm. ¢ 148, 84 MM . 108&% .10095 ¢ 26. 6g MM . 3.91
oy + 34.80 - 11.8 1085% .10105 % 6
Vi =2
-5u7uM
D = 5L.7h x 10742 = 3195 rT,

181.0%0

ScaALE-CHECK PROBLEM FOR PHoTo VI

(See ParacRrRAPH L)

PHoTo #VI. F = 183.957 mm. = 3195 fT.
PHoTO CooRD|NATEs:
X Y H
(BAROMETER)
Ayp = 5.66 mm. + 56 13 mm. 183&% FT.
B - 3.40 1065%
¥ . 52 1085 FT. = Hy
= 60. 56 MM,
(H) = ny = 183,957 X 3195 = 97Q6 FT.
60.56
1085 FT. = H
ﬂm?n = (M
REDUCED COORDINATES
H/H
Ay | .10050 - 5.09 MM, 4 32.50 MM,
by, .10059 - .06 -21.
2.03 . ' = 54.48 mm.
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H = 183~957 x 3195 = 10789 FTe
5L .48

FARM SURVEY (SEe PARAGRAPH 6)

(STep 1) MEASUREMENTS F = 183.957 mm. ScaLE AT DaTum PLANE:
oN PHoTO VI H=10789 Fr. 1 mm. = H/F = 58.6518 rr.
PHoTo COORDINATES H REDUCED COORDINATES
(STeps CoORNER X Y (BAROMETER) g v!
2 & 3) | 4 55.6L mm. ¢ 3.40 mm. 1062 Fr. .09 43 $ 50. 16 + 3.05
't} 55,32 - 12.05 1051 .0 gu1 + 9 9% - 10.8
e ¢ 36.30 - 12.10 1060 .0 I1.75 - 10.91
v % 16.19 - 16.28 1064 .09699 + h1.71 - 14.70
V ¢+ 31.30 - 16.02 10&8 .0971% 4 28.26 - u ué
Vi $ 31.37 4 3.30 1058% .09811 + 28.29 %
(STEPS BOUNDARY
L & 5) Line A x! AY! D' D
Yo'k | 0.23 MM. 13.95 mm. 13.93 MM . 818 rr.
L1=111 8.1 0.03 8.1 4,80
Il=1V 0.0l 5.72 3.79 222
V=V 13.15 0wl 13.Z 789 DimENS1ONS
V-VI 0.0 17.40 17.%3 1023
Vi-| 21 .87 0.09 1. 1283
(STep 6) GrRouND COORDINATES FOR PrLoTTING MaP
(Repucep PHoToO COORDINATES MuLTIPLIED BY 58.6518)
CoRNER h2 X
I + 29 FT. 4 180 fT.
I $ 2 28 - 638
N + 209 - 6%0
R } 2zu6 - 862
v +1 - 848
Vi + $ 175
(1 + 2922 + 180)
(ster 8) AREA OF THE FARM
73LT567

211 ‘ 1213194 = 27.85 acres.
2) 2325352 - 3560
121319 sQ.FT.

PROGRESSING WITH AZIMUTHS

REDUCED
%1 !
Puoto V. 8 - L6.22 $ 11.07 TAN = L7725
¢ - 18.22 - L7.60 PHoTo DIRECTION OF BG
28.00 58.67 = 154° 29.2'
GraunD AzimuTH oF BC (From ConTrROL) = 242° h 6'
PHoto DIRECTION OF BC » =1
‘x/’ KV = 25
Puoto V. Ay, + 26. 63 U39 TAN = .08526
oy + 21.2 10.6 PHoTo DirRECTION OF Ay | Dy |
i = 175° 07.6!

PHoTo DIRECTION OF Ay Dy
K
GrounD AzimMuTH OF Ay Dy

%8 25l

205 33.

i u
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PHoTto VI Ay - 5.09 4 32.50 TAN = ,03729
Dy| -_3.06 -_21. PHoTo DIRECTION OF Ay|DV| =
2.0% 5. 177° 51.8!
GRouND AzImuTH oF Ay Dy = 263° 33.0!
Proto DIRECTION OF Ay;DVi= 1 1.8
: Ky |= 5 -
DETERMINING BEARINGS OF FARM BOUNDARIES
Ax'/av? PHoTo GROUND
LINE TAN DIRECTION AzimutH(BY ADDING 850)4.1'.2)
=11 .016 180° 56.7! 2660 381
=111 1/.00367. 269 EZ'E 355 29
[11=1V '01082 180 326.2 266 17
V-V 1/.017 271 01.3 356 L2
V-V .00172 0 05.3 5 L7
Vi-1 1/.0012 89 L5. 175 27
COMPARISON OF THE PHOTOGRAMMETRIC SURVEY
AND THE GROUND SURVEY OF THE FARM
PHOTOGRAMMETRIC SURVEY GROUND SURVEY DisSCREPANCY
LinNE AZ IMUTH LENGTH AZ IMUTH LENGTH Az IMUTH LENGTH
=11 2660 381 818 FT. 266° 25' 825 fr, -0° 13! + 7 FT.
H=111 355 29 L8o - 356 uz 73 #1116 -7
I1d=1V 266 17 222 269 5 221 +3 39 = 1
V-V 336 L2 789 536 26 789 -0 16 0
V-V 5 L7 1023 5 39 1026 -0 08 $+ 3
Vi-| 175 27 1283 175 LO 1289 $0 13 }+ 6
AREA = 27.85 AcCrEs AREA = 28.02 ACRES 0.17 AcrRE

ALTHOUGH TWO OF THE BOUNDARY LINES SHOW RATHER LARGE DISCREPANCIES IN
AZIMUTH BETWEEN THE PHOTOGRAMMETRIC AND THE GROUND SURVEYS, THIS IS NOT AT ALL
SURPRISING BECAUSE THE BOUNDARY LINES |IN QUESTION ARE VERY SHORT. IN ALL
CASES WHERE THE BOUNDARY LINES HAVE ANY CONSIDERABLE LENGTHS THE AGREEMENT IN
AZIMUTH IS GOOD. THE ERROR OF 0.17 ACRE IN THE PHOTOGRAMMETRIC DETERMINATION
OF THE AREA REPRESENTS BUT LITTLE OVER ONE-HALF OF ONE PERCENT.

IT IS BELIEVED THAT THIS QUICK AND CHEAP METHOD FOR MAKING SURVEYS OF
MANY FARMS WIiLL PROVE RATHER USEFUL IN MODERN ECONOMIC PROJECTS.

MODERN MAPS FOR COLOMBIA BY AERIAL METHODS

BY
R. H. LASCHE
REPRINTED FROM FAIRCHILD AviATION NEws

"HE'LL SPREAD OUT THAT COSTLY, ORNATE, LYING AND DEFICIENT MAP THAT THE
OFICINA DE LONeITUDES OF BOGOTA DREW UP, AND AFTER MUCH SEARCHING HE'LL sAYZ
'"THERE ARE NO SUCH RIVERS HERE.' AND QUITE SATISFIED, HE'LL CONTINUE EN-
TRENCHED IN HIS IGNORANCE, BECAUSE THIS POOR COUNTRY ISN'T KNOWN BY ITS OWN
SONS, NOT EVEN BY ITS GEOGRAPHERS."

THESE WwORDS FROM JOoSt EusTAsio RIVERA's Book, "THE VorRTEX," APTLY DE-
SCRIBE A CONDITION WHICH, UNTIL RECENTLY, HAD EXISTED IN CoLOMBIA SINCE ITS
BEGINNING=—A CONDITION WHICH STILL EXISTED UPON MY ARRIVAL THERE LESS THAN
THREE YEARS AGO.

ALMOST EVERY MODERN NATION KNOWS WHAT RIVERS, MOUNTAINS AND LANDMARKS LIE
WITHIN I TS BORDERS=-BUT IN COLOMBIA THE VERY NATURE OF THE TERRAIN ITSELF KEPT
THESE THINGS A HIDDEN SECRET, THE CoLoMBIAN GOVERNMENT HAD RECOGNIZED FOR
MANY YEARS THE NECESSITY FOR ACCURATE AND DETAILED MAPS BUT [INSURMOUNTABLE
OBSTACLES STOOD IN THE WAY OF ORDINARY GROUND SURVEY METHODS OF MAPPING. VAST
AREAS OF THE COUNTRY CONSIST OF FLAT PLAINS WHICH SWELTER UNDER A BLAZING




