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INTRODUCTION 

The definition of the term "photogrameetry," as stated by the 

Committee on Nomenclature of the American Society of Photogranmetry, 

is "the science or art of obtaining reliable measurements by ::an 

of photography" (1). The common usage of the term by engineers 

and lay peroons in recent yearn Ilts tended to artificially restrict 

its definition to "the science or art of constructing maps be use 

of aerial photographs." While map preparation utilizing aerial 

photographs is probably the major field of endeavor within the 

science, both in terms of volume of work and monetary expenditure, 

there exists no valid reason or justification for the artificial 

narrowing of the definition of the term. One major result of this 

common error of definition of the term "photogrammetry" is the 

immediate supposition by the layman or engineer not trained in 

the science, that since aerial photographs are used and complex 

and expensive stereoscopic plotters are necessary for map compila- 

tion in the standard techniques, the use of the art or science is 

automatically limited to large firms which may justify large 

financial ex-eenditures because of the relatively high volume of 

work anticipated. While individuals or small firms may wish to 

utilize the science because of the large cavinc in time which 

result, they feel that the financial expenditures for the necessary 

equipment will be no great as to more than offset any savings 

that would result duo to the reduction of the time necessary for 

map compilation. 



It is often the desire of firms, both large and smallto 

obtain large scale maps of areas of limited extent such as build+ 

ns sites, both industrial and dwelling; bridge sites; small sewer 

districts; farms; and many other such items. Due to the small 

area involved and the relatively high cost of obtaining aerial 

photographs of these area, particularly if they lie at any 

distance from an airfield which may be used as a base of opera- 

tions or are located in locals where weather conditions tend to 

maize the process of obtaining aerial photographs difficult, the 

standard mapping techniques such as the transit -tape or plane 

table method re usually indicated in preference to photogrammetric 

surveys. Various mapping agencies, particularly European agencies, 

make use of a system or procedure whereby photographs of the 

desired agencies are obtained from the ground using special 

instruments called "phototheodelites," and by the use of special 

ized plotting machinesmaps are then compiled using these photo 

graphs. This process is ucuafl referred to as "terrestrial 

photogrammetry" in order to differentiate between it and "aerial 

photogrammetry:" The author has felt that this method of approach, 

should lend itself admirably to the problem of sapping areas of 

limited extent' particularly if planimetric maps with spot eleva 

tic= at critical points are desired, and if some means could be 

found whereby a x. hototheodelite and terrestrial photogrammetric 

plotter would not be necesearyio 

In Juno of l958, research was begun to determine if standard 

cameras might be used in place of more elaborate instruments for 
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mapping purposes. The term "standard camera" is meant to imply a 

camera which is readily obtainable at a fairly nominal cost and 

which may be used by the average person with a minimum of training. 

It should be further otated that modification of the camera, par- 

ticularly the internal characteristics, was considered to be 

undesirable if these modifications were of a permanent nature. 

HISTORY 

The art or science of photogramnetry is almost as old as 

photography itself. The first known photographs, the daguer- 

reetypes, wore produced in 1839. In 1840, a French Geodesist by 

the name of Arago advocated the use of photography by topographers, 

architects, and archeologists (2). Aim° Lausoedat, an engineer 

officer of the French army, initiated extensive research in the 

field of mapping by use of photography in 1849. His prolonged 

studies in the field have caused noe modern writers to refer to 

him as "the father of photogrammetry" (1). He experimentd with 

glace plate camerae suspended from balloons and a.'tes, and he 

constructed a few maps by means of the aerial photography obtained 

in this manor (1). The inability of this type of support to 

maintain the camera in a previously determined position and the 

movement of the camera with respect to the ground at the instant 

of exposure which renulted in blurred images caused him to turn 

to the use of terrestrial photographs or photographs taken from 

the ground. Another source of difficulty was the problem of 

obtaining enough photographs from one air station to cover all 
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the area that the outlook commanded. In 1849, he announced to the 

Academy of Science in Paris the successful use of photographs 

taken with a phototheodelite, a combination of theodolite and 

camera, in the preparation of maps (3). The first conception of 

the use of terrestrial photographs for the construction of maps 

e:vsaged a process whereby the plane table was replaced with 

phototiieodelites and in this manner obtaining photographo of the 

terrain which was being mapped. Then the photographic coordinates 

of all desired points were determined by measurement° on the 

photographs and this information transferred to the map compile 

tion sheets. 

In 1894, Colonel von Uubl, Chief of the Topo ;raphic Sect on 

of the Geograshic Institute of Austria, adopted the nethoda of 

Lauseedat to work in high mountains, and through his efforts the 

stereocomparator became a recognised inetrument in the science or 

art of mapping. Lieutenant von Orel while attached to the 

Geog ashic Institute of Vienna, transformed the stereocomparator 

into a drawing instrument and developed the stereoautograph. 

The stereoautograph permitted tracing the map not only point by 

point, as wan necessary with the stereocomparator, but automati 

cal/y in more or less the same manner as present day plotting 

machines (2). From those small beginnings the science developed 

very rapidly. 

The outbreak of hostilities in 1914 gave the science an 

added importance, for up-to-date maps of terrain whose cultural 

features were undergoing constant and rapid chan4e became an item 
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of major imeortance to the armiee end a in th Iflict. It was 

Burin e this same period that the airplene became an, instrument of 

warfare, not only from the standpoint of a weapons eyetem, bet 

also as a highly mobile and fairly reliable camera platfore. 

Since map compilation by terrestrial photogranmetric means required 

the preciee meaeurement of baselines, a virtually impoesible t: ask 

with the inetrumento at hand and under enemy fire, the use of 

aerial photographs almost superseded other photogrammotric napping 

procedueee. At the conclusion of hoetilitiec the techniques of 

aerial photography were fairly relleentablithed. erial photo-. 

gre,hs have numerous advantaeeo over terrestrial photographs, 

including the ease with which an area nay be photographed and the 

fact that there are generally no objects between the lens of the 

canera and the area being na 4 which would obscure importent 

details. These factors led to the extremely rapid eemnerciel 

development of aerial photoeranmetry for mappin purpoees in this 

country. Terrestrial photogrammetric methodee which require a. 

higher density of control per unit area and hence core time spent 

in the field by conventional survey parties, did not enjoy the 

rapid development and exploitation that was - ienced by the 

aerial x hotography methods. 

MATERIAL AND METHODS 

Two cameras sere selected for study, a Leica IZIc and a 

Kodaiz "Pony." These oaeeras are 35 mn. "candid" type cameras 

using a standard 35 nm. film cartridge. They represent, to a 
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rough degree, the range of this typo of camera as far as coat and 

preeiaion. The Leica camera is, according to (tome authorities, 

ono of the bent 35 mm. cameras available on the open ,'.11arket$ while 

the Kodak "Pony" represents the other end of the scale, a oamera 

produced for the average amateur photographer in this country. The 

former in manufactured with all the (tare of a precise instrument, 

while the latter in manufactured under semi -mass production 

conditions, 

The study of 35 mm. cameras was undertaken for two main 

reasonst (1) This type of camera enjoys a widespread popularity 

in the United Statea at the present time. (2) Pictures taken with 

this type of camera have a relatively small negative size, and 

they must be enlarged to approximately five diameters prior to 

their use in rap compilation work. Thus any dintortione or errors 

introduced by the lens or technique would also undergo considerable 

magnification. From the standpoint of the cartographer this is 

undesirable, but it was felt that the investigation should include 

rather than ignore this problem. 

nee no suitable plotting instrumento were available, the 

actual work of map compilation was carried out by measuring the 

"x" and "y" coordinates of a particular point on the photographs, 

and by operating on these measurements, this same point was than 

transferred to the map compilation sheet. In the discussion which 

follows, reference should be made to Figs. 1, 2, and 31 in order to 

clarify the explanation of the method used. 

1 All figures in the Appendix 
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A photograph is all actuality, e. z recJ.50 al presen- 

tation of a rathanatica.l equation. It can readily be seen by 

referal to Fig. 1 that all light rays emana 

objectswhich impi. 

from an ebjeot or 

Iron the photographic fibs pasta through the 

erepective centers 0.1 and Oa. Any plane which i6 perpendicular 

to the optical axis of the syntem, Olpl or 002,. represents a 

conic projection of the area which is being photographed. Since 

the negative material is placed in such a _position, that is, 

ncsrrrl to the optical axis of the camera lens, the resulting 

ve photograph is a conic jection. By referal to Fig. 3, 

it stay be seen that any enlargement or print is also .a conic 

projection. In order to prepare a map or plan vice of the object 

or objects photographed, the distance from the perspective center, 

"0", to the principal point, "p", where the optical axle pierces 

the photograph must be known. For the negative, this distance is 

equal. to the focal length of the camera lens r the distance from 

the nodal point of emergence to the focal point of the lent, pro- 

viding the negative material does not undergo any physical changos 

between the time of exposure and the tint that the negative is used 

in the mapping problem. It should be noted that thin is true only 

when the lens is set at ixsfa pity. This distance is designated by 

the symbol "f" in this paper. For the photographic positive or 

print, this distance designated by the symbol "f" is equal to the 

focal length of the camera lens multiplied by the magnification 

factor "m". Since the magnification factor f a contact print i.a 

equal to unity, the theoretical focal length of the photographic 
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nt he same as the focal length of However, the 

dimensions of the contact print undergo changes in the developing 

procer;c, and the theoretical focal length may not agree with the 

actual focal length, Once the focal length of the :Iletogranhic 

print has been determined, the positions of all points which appear 

on two or more photographs taken from different Lions may be 

determined with pec to the perspective centers esf the photographs. 

Consider point "A" in Fig, 1 The rays of light which emanate 

from this point pierce Photograph #1 at a point al, and Photo- 

graph 2 at point a2; thence they pass through the perspective 

centers 01 and 02. If the camera lens and camera were level at the 

instant of exposure, then lines 01 p1 P1 and 022 p P2 are level linhc 

an are the "x" axes of t2e two photographs. The "y" axes, being 

normal to the "x" axes and to the optical axes, are both vertical 

lines. The photographic coordinates of point "A" in Photograph #1 

are xal and gal and in Photograp xa2 and By inspection 

it can be seen that fi S xal 7t 
01p1 

a XAl and f t xa2 00a2 $ n XAe 

Similarly fis: gal :a 01P1 1 'fa and f2 s ya2 as 02P2 st YA2. 

Therefore, if it is possible to orient the,photographs on the may 

sheet, it is possible to locate all points which appear in both 

photographs, 

If the points 01, 02, and A are 

elevation, they may be plotted to any suitable scale he map 

compilations sheets point A serving as a picture control point. 

Clan 01 and 02 as centers, arcs are drawn whose actual radii 

i ion and 

equal and f2' respectively. The lines 01A1 and 02A are drawn 



as has been done in Fig. 2. Tangents are then drawn at the 

intersection of the focal length arcs and the previously mentioned 

lines. Those points are labeled ai and a2 respectively. The 

I II 1 tt 
distances a1 pi and a2 P2 $ corresponding to the distances a p 

1 1 

and a2p2 on the photograph, are then laid off in the proper 

direction along tangents to the focal length arcs. From the points 

pi and p2 lines are drawn through the optical centers 01 and 02. 
11 

By inspection it can be seen that these lines, 01p1 and 02p2 

correspond to and are collinear with the optical axes of the 

respective photographs. Also, it will be seen that the inter- 

section of these lines and their respective focal length arcs 

correspond to the points p1 and p2 in the photographs and are 

labeled pi and p2 Tangents to the focal length arcs at these 

point e will then describe the properly oriented positions of 

photographs'l and 2. 

The plan positions of all other4'ointe may then be located 

by tonsuringthe x coordinated of the points in question, trans.. 

ferring these distances to the photographic planes on the map 

compilation sheet, and then extending the rays through the 

points from 01 and 02 respectively to their points of inter.. 

eection. For example, point B may be located in position by 

e 

laying off the distance pibi , as measured on the photograph, 

along photographic plane 1 and extending ray 01b1. In the 

same manner, point b2 is located on photograhic plane 2 
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and the ray 02b2 extended till it intersects r 

of interocotion io B or tx a proper location of 

lation sheet. 

The elevation of 11 points appe both photographs nnay 

then be determined in the following manner. The distances 01b1 and 

01B are measured on the nap aartpilation sheet. 01b1 is measured 

in the same units as the photo raphic caardinates and 00 is 

ensured to the map scale. y coordinate of point b en Photo - 

01b1 point 

e 

graph #1, y lb. is then determined. Since 01b1 s ybi s: 0173 s 

the height of B, YB, above or below point 01 nay be calculated, and 

if the elevation of 
01 

is known, then the elevation of point B may 

be determined.' Thies same procedure may be followed utilizing 

Photograph #2 as a check on the previous calculations. 

In order to ascertain the focal length of the photographs used 

in mapping, the actual magnification of the °nier,;esmontea nut be 

known. Thee magnification of the photographic enlargements was 

found by the simple expedient of inserting a focusing aid such as 

is available in most camera stores in the enlarger after the 

enlarser has been adjusted to yield the desired size of photograph. 

An enlnrged print of the focusing aid was then made, using the 

same processes as were utilized in the preparation of the photo- 

graphs used for mapping purposes. If the distance between any two 

selected points on the focusing is known and the distance between 

these same tiro points on the enlarged print is m acured, the 

mognificati r factor can then be readily ascertainedIt should 

be emhaeisted that care must be taken to insure Hatt the print of 



the focusing aid and all other prints whose magnification will be 

determined by this print must be handled and developed under the 

same conditions. The time spent in the various chemical baths, the 

time spent in the wash bath, and the drying process should agree 

as closely as possible. It is of extreme importance that the 

prints be dried in such a manner as to prevent any abnormal stretch. 

in or shrinking of the prints. This requirement precludes the use 

of ferrotype plates or similar devices used to obtain a glossy 

surfaced print, for such devices normally stretch the wet paper 

and emuleion of the print in at least one dimension. 

FIELZ PI 'Ea) 

Three sites were selected for mapping purposes. The first 

two are relatively ssl1 sites with areas of less than one acre, 

while the third or final site has an area of approximately twelve 

acres. The first site is the area immediately south and east of 

Southeast Hall between Southeast Hall and Petticoat Lane on the 

Kansas State College Campus. The second site is the northwest 

corner of the Athletic Field of Kansas State College. The third 

and final site is a cultivated field immediately west of the Riley 

County Hospital and whose main bordere are delineated by Tecumseh 

Road, the service road of Riley County Hospital, and Claflin Road 

in Manhattan, Kansas. 

The Southeast Hall site was selected originally because of 

the gently sloping ground within the area, the fairly large number 

of small trees the building with its readily defined architectural 
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detaile, and it a ready accessibility. The meet feasible location 

of the camera stations was on the opposite side of Petticoat Lane. 

Photographs of the area were taken with the /erica and the Pony 

cameras. Difficulties were encountered due to parked cars in 

Petticoat Lane, and quite a bit of time was lost due to the fact 

that the invectieators had to stop work on numerous occasions and 

ask the drivers of automobiles to remove their vehicles from the 

area under study. For this and other reasons the second site was 

selected, the northwest portion of the Athletic' Field. 

The Athletic Field aite offered numerous advantages over 

the Southeast Hall site. There were no interruptions due to 

traffic* the foreground is relatively flat, there is a pedestrian 

bridge within the area and there are radical changee in terrain 

within the mapped area. This site was photographed with both 

cameras. 

The final site was chosen because of its gently rolling 

terrain, high incidence of telephone and power poles along its 

borders which would serve as secondary control stations for 

checking map accuracy and bridging purpeees, and, its proximity 

to the campus of Kansas State College. 

The first two sites, Southeast Hall and the Athletic Field* 

were purposely kept small in order that various techniques and 

cameras might be readily checked with a minimum of time spent in 

the field and the actual map compilation. It should be pointed 

out, however, that the areas involved are equal to or greater than 

the average size dwelling lot and hence, the results and diffi- 

culties encountered in the course of the investigation may be of 
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interest to architects and landscape architects, The final site 

night be considered as a typical site for a school or industrial 

building, a small subdivision, or a park, The use of the term 

"final site" with respect to this area may be mieleading, It is 

not the intention of the author to convey the idea that the area 

encompaesed is the largest that could be napped by terrestrial 

photogrammetric methods; the tern simply implies that this was the 

last site selected and mapped by this method in the course of the 

investigation. 

No attempt was made to orient the naps with respect to 

north or any other reference. Admittedly this information should 

appear on any complete map, but it was felt that the investigation 

should be restricted strictly to the natters per ining to camera 

investigation and map compilation techniques, A north arrow 

appears on the maD sheets, but its purpose is for rough or approx.. 

imate map orientation, and it indicates only the approximate 

direction of north, 

The first set of photograDhe was taken with the Leica and a 

map compiled from these photographs. Results Droved to be prom 

icing with the use of this camera, and in order to expedite the 

work, it was decided to prepare fairly complete naps from photo.. 

graphs taken with this camera and only partial naps or maps showing 

only a few important details with photographs taken with the 

ttponyelf 

In all cases, a baseline or baselines was measured along ono 

border of the area to be napped with the ends of the baselines 



serving as both control stations and camera stations. The base- 

lines wore r:easured by conventional taping methods, using a 100 

foot eteol engineer's tape for measuring distances and maintain- 

ing line with an optical transit. The distances wore measured both 

forward and back, and the mean ox the two values obtained was 

accepted as the correct length of the base. 

Prominent features within the areas wore selected for second- 

ary control stations and their positions determined by intersection. 

The transit wac set up at the end of each baseline an the angular 

distances to these secondary control points measured with respect 

to the other end of the baseline. The baselines and these second- 

ary control points were then plotted en a sheet of tracing linen 

for the purpose of checking the finished maps by simply placing the 

control shoot over the map sheet and chocking for discrepancies in 

posi 

The abovo-raontionod procedure was deviated from in the nap of 

the final site. It was decided to complete the map, of the area 

prior to running any secondary control survey for the purpose of 

checking the map itself, then print the map on Osal.id paper and 

check it by conventional plane table method in the field. This 

was done because of the high incidence of secondary control points. 

such as telephone and power poles. It was felt that the relatively 

high number of these objects would lead to confusion in the actual 

Ontting of a control sheet. 

into a third point is needed in the area of photography to 

orient the photographs, a point was chosen that would fall within 
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the oictures and at the same timc be divorced from any other 

prominent features which would also appear in the photographs. 

This point was located by the same method used for locating the 

secondary control points. In order to differentiate between this 

point or points in this paper, these points will be called "picture 

control points." 

Vertical control was established by spirit leveling to "third 

order" specifications. In practically all instances, with the 

exception of the final area, the elevations of all points were 

determined by standard leveling procedures; however, in a few cases, 

spur shots were used in order to expedite the work. In the case of 

the final area, a system of bench marks was eatablithed; and prac.. 

tically all elevations, with the exception of the picture control 

point elevations, were determined by spur shots. Leveling was 

carried out, using a standard "Philadelphia" rod and either a 

"tilting -head" or "automatic" level. 

The camera support was the tripod and baoeplate of a Wild T...1 

theodolite or optical transit. They not only served as a rigid 

support but furnished a means of leveling the camera so as to 

insure that the optical axis of the oamera lens was a level line, 

provided that it was parallel to the base of the camera. During 

the course of the investigation, a plastic plate was inserted 

between the baseplate and the camera base in order to facilitate 

the centering and pointing of the camera. Prior to the adoption 

of this method, considerable difficulty was encountered in these 

operations, duo to the interference of the baseplate leveling 
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screws. / a chock on the possibility of inclination of the 

optical axis of the lens, targets were set within the photographed 

area at the same elevation as the center of the camera lens. The 

first targets used were standard level rod targets, which were 

placed on 1 inch by 2 inches wooden stakes. Since these were 

rather small and at times practically invisible due to the scale 

of the photography and the resolution of the film and paper, 

larger targets were constructed. These consisted of 2 feet by 

2 feet plywood 16. inch thick with a bracket attached to the rear 

of the target, which enabled them to be =tinted on 2 inches. by 

2 inches by 5 feet wooden stakes. These targets proved to be very 

satiofactory for the smaller areas, but somewhnt bulky and tedious 

to place in the final area, since this area was much larger and a 

much greater number of pictures was required to give complete 

photogranhic covera;e of the desired area. For this reason, targets 

which lent themselves to more rapid adjustment were used, and the 

2 feet by 2 feet targets were used to identify camera control 

stations. This third set of targets was improvised from materials 

which were readily available and consisted of such items as paper 

triangles tacked to telephone poles, two stakes hold together with 

clamps and repo* and a telescopic fishing rod case tied to a stele. 

In these instances* the top of the rod case or stakes and the upper 

apex of the paper triangles indicated the elevation of the camera 

Ions. 

A target consisting of a cylindrical wire frame with cloth 

panels stitched to the framework at right angles to each other was 
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used to fey the picture control point in tae two smaller 

areas. As mentioned ixeviously, the 2 feet by 2 feet plywood 

targets which were 1-irger and more easily identified in the photo- 

graphs were used in the final areas. 

The conventional instruments used in terrestrial photo- 

srometric processes for obtaining photographs are the photo.. 

theodolite or surveying camera. These instruments have a method 

of determining the principal point and the x and y axes incorporated 

in their doeign. The common method utilized Jo the system whereby 

the film frame blocks out portions of the light falling on the 

negative. When the negative is printed, these portions show up as 

black images resembling arrowheads. When lines are drawn from point 

to point of those marks, they correspond to the x and y axes or the 

photoraph, and their intersection indicates the position of the 

principal point. Since major modifications would be necessary to 

adopt this system to the camerae used lnd this modification would 

not on1;: be difficalt, but from the point of view of the author, 

undeeirable, another method waa used. This method was found to be 

reasonably satiofactory. It was assumed that the optical axis of 

the lens would pierce the center of the photogra:h as delineated 

by the film frame, and that therefore the principal point could be 

located by drawing diagonal lines from the corners of the rectan- 

gular area formed by the film frame itself. A line was then drawn 

through the principal point so found and parallel to the top and 

bottom of thc ctangle formed by the film frame. This lino would 

delineate the x axis. A, perpendicular to this line and passing 
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through the principel point, would then serve ay the y axis. A check 

on this method was furnished by the presence of the images of the 

targets used to locate the height of the camera lens in the ehotow 

granho themselves. As will be seen by referal to the examples of 

photographs used. in the nap compilation, all photoeraphy were 

printed in such a way as to ireure that edges of the negative mask 

would aerear in then. 

Perhaps the greatest source of difficelty encountered in cola.. 

piling maps by this method is the determination of the focal length 

of the camera lens. This is particularly true in the case of cam- 

eras using film sizes in the neighborhood of 35 mm. The negatives 

obtained with cameras utilizing theca film sizes must be enlarged 

to four or five diameters in order to yield a photograph of usable 

size in the map compilation procedures. Since the focal length 

of the lens is multiplied by the magnification factor in order to 

obtain the focal length of the photograeh, any error in deterfaining 

the focal length of the lens will undergo a corresponding magnifi 

cation. Thus, if an error of only 0.1 mm. is made in the deter- 

mination of the focal length of the lens, the error in the focal 

length of the photograph will be of the megnitude of 0.4 - 0.5 inn., 

a definitely measurable quantity. Errors arising from this source 

are readily detectible. If the calculated focal length of the 

photograph is too short, all points rill be displaced towerd the 

optical axis; if too long, the points will be displaced in the 

opposite direction or away from the optical axis.. 

Mont cameras on the market today have a focal length marked 

on them, but this value may be misleading. The focal length 
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reported on the lens ii usually the nominal focal length uid is 

_cported to only the nearest millimeter. Thus a lens having a 

reortod focal length of 49 mm. may have an actual focal length 

anywhere between 48.5 to 4 9.5 millimeters. In some case, the 

tolerance is oven reater, as with the lens manufactured for the 

',Pony" oamora by Bastman odak. Upon inquiry, they reported that 

all their lenses of this type wore manufactured with a toleronee 

of plus or :t:u 2 par cent. Therefore, the reported focal length 

of the lens would fall somewhere between 49.98 and 2O2 milli.. 

meters, while the reported focal length was 51.0 millimeters. 

neoondly, all lens manufacturers do not uoe the same definition 

of focal length. They may, for example, choose to call the 

distanoe from the optical center of the lens to the focal plane 

or the distance from the bach surface of the lens to the film 

lane the focal point. Since there exist many definitions of the 

term focal length and only one in correct insofar as the topographer 

usin'3 this method is concerned, some means for determinig the 

distance from the nodal point of emergence to the focal point must 

be available. The obvious choice is the use of an optical bench 

and auxiliary equipment as described in most texts on physical 

optics. These instruments are not usually readily available, and 

acne other means which would be suitable without using additional 

expensive equipment was deemed desirable. It should be noted that 

some manufacturers code their lenses in such a manner that upon 

request they can furnish the owner of a particular lens with a 
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closer value of the focal length of the lens in question than is 

reported on the lens barrel. Such ic .the case with lenses =mutat!. 

tared by E. Lett fer Loica omeras. 

Perhaps the simplest method of determining the fecal length 

of the photographs used in the mapping proccos as far an the average 

user is concerned is a "trial and error" method which does not 

entail the determination of the lens focal length directly. A 

control system ir tot in the field, using either a triangular or 

quadrilateral configuration. The control !Kanto are selected in 

such n manner an to immure that at leant two of the control points 

trill appear in one pietvre. The control system it then surveyed 

by conventional methods, using extreme care and as much precision 

as in available with the instrumento on hand. Pictures are then 

taken of the control arca with oultable targets erected over the 

control points to that,thoy may be readily identified in the thoto.. 

graphs. The photograrho are processed by the usual methods and the 

magnification factor determined. Then the control syitem in plotted 

to a convenient scale. Using ono of the pair of control points 

which appear in any particular photograph an a picture control 

point, the photograph is oriented on the plot by the usual method. 

After orientation, a ray ia drawn from the optical centers through 

the image point of the second control point. If the ray castes 

through the :plotted petition of the control point in question then 

the fecal length determined by multiplying the nominal lens focal 

length by the magnification factor is correct as far au mapping 

requirements by this method are concerned. If it does net tato 
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through h plotted position of the point, then the focal l+ lgth 

ao determined by computation is too short or too long, and a new 

try is necessary. The orientation procedure in run through once 

again with the newly estimated focal length, and again the check 

is made. This process in continued until this ray or rayn used for 

checking fall through the plotted 1:ositions. The photograph's 

actual focal length is then measured on the plot. For future 

computational purposes the focal length so determined icy divided 

by the magnification factor of the photograph to determines the 

distance rom the nodal point of emergence the focal point or 

than focal length of the camera lens. This method of focal length 

determination is referred to as the "two control point" method in 

later pages of this paper. 

irxl maps were d for the Z. halal., Athletic 

Field and the Riley County Hospital sites with the photographs 

taken with the Leica. Partial maps of the Athletic Field and 

Riley County Hospital sites were compiled with p3otographs taken 

with the Kodak "Pony. The maps compiled with photographs taken 

with the Kodak "Pony" were not aS detailed as those compiled with 

phote::raphs taken with the Leica, because it was felt that a 

relatively small number of points would suffice foe cbasc sing; 

purposes. 

The focal. length of the Leica lens was determined with the 

aid of n optical bench and found to be X1.28 m-7-. This value 
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was subsequently found to be in error, and E. Leitz, Inc., the 

manufacturers of the lens, reported it t be 51.6 mm. When this 

latter value was checked, using the "two control point" method as 

set forth in the body of this paper, it was found to be correct 

within the required tolerance. 

The partial mapm of the S.E. Hall and Athletic Field sites 

had already boon prepared with the erroneous value for the focal 

length. The largest error in position wan found to be 0.055", and 

it was felt that nothing would be gained by r.ccompiling the maps 

using the corrected focal length value. The Woo, map of the 

Riley County Hospital site was compiled, using the 51.6 mm. value 

for the focal length. Such items as telephone poles and building 

corners were plotted on a sheet of tracing linen, a print of thin 

plot was made, and the print wan taken into the field for the 

purpose of checking the plot. The standard plane table method of 

intersection was used in the field for locating the horizontal 

positions, and spirit leveling was used to determine elevations. 

Thirteen points were checked for horizontal position on the 

"Lcica" map of the Riley County Hospital site. The maximum 

discrepancy between the plotted position and the position as 

determined in the field vas found to be 0.110 inch, the average 

discrepancy was 0.055 inch, the cedian discrepancy was 0.039 inch, 

and the minimum discrepancy was 0.024 inch. The rr4 as plotted 

to a scale of 1 inch equals 40 feet, therefore these discrepancies 

correspond to 4.4 feet, 2.2 feet, 1.6 feet, and 1.0 foot 

respectively. 



Eleven points were chocked for vertical positicn on the "Leica" 

map of the Riley County Hospital cite, The maximum discrepancy 

between the plotted elevation and the elevation as determined in 

the field was 1.0 foot, the average discrepancy was 0.5 foot, the 

median discrepancy s 0.4 foot, and the minimum discrepancy was 

0.0 foot. 

The "Pony" nap of the Riley County hospital site was compiled, 

uoing a focal length of 51.7 mm. This value differed from the 

value of focal length reported on the lens barrel (51 mm.) and was 

determined by the "two control point" method. The map was 'compiled 

on a shoot of tracing linen and checked by placing it over the 

rint used for checking the Mateo." map of the same area.. 

A total of six points were checked for horizontal pvcition, 

the, "Pony' map of the Riley County Hospital site. The maximum 

discrepancy between the plotted position and the position as 

determined in the field was found to be 0.098 inch the average 

discrepancy was 0.045 inch, and the minimum was 0.0 inch Thin 

map was also plotted to a scale of 1 inch equals 40 feet, and these 

discrepancies correspond to 3,9 feet, 1.8 fee and 0.0 feet. 

Twelve points were checked for vertical position on the "Pony" 

map of the Riley County Hospital site. The maximum discrepancy 

between the plotted elevation and the elevation as determined in 

the field was 1.1 feet, the average diacrepancy wae 0.6. foot, the 

median discrepancy was 0.6 foot, and the minimum discrepancy was 

0.2 foot. 



211. 

There is an apparent inequality in the aboveementi,oned fi:;ures 

in that the horizontal position discrepancies noted for the "Pony" 

camera tend to indicate a hi4ser degree of precision than those 

noted for the "Leioa" camera, while the converse is true for the 

vortical position or elevation discrepancies. If one exanines the 

mans prepared with both cameras, thin lack of agreement between 

the two sets of fivree becomes less disquieting. The points 

checked for horizontal position for the "Pony" map lie between and 

to the north of the line joining camera stations A and B. Since 

these points were checked by intersection from camera stations 

B and C, they also lie in a region where the intersectily rays 

form very acute angles, and therefore the actual positions of the 

points in question may vary with the accepted positions. It should 

be noted that rays were drawn on the "Pony" map, utilizing photo» 

graph° taken from camera station C, which pass through the photo» 

graphic images of the nower and telephone poles along Claflin Road. 

The correct position of these poles has also been indicated, and 

by inspection it nay be seen that, in actuality, the "Isica" and 

"Pony" cameras approach the same order of precision. 

CONCLUSIONS 

The most universally accepted specifications for maps 

Compiled by aerial photogrammetric means are are follows* 

90% of all identifiable horizontal features shall 
be within 0,02,5 inches, their correct position as 
determined from the nearest grid lines, and the remain 
ins 10% shall not be more than 0.0 inches in error. 



903 of all contours shall he within Zcontour' 
interval of their correct position. The remaininG 
10:;:, shall not be in error by more than one contour 
interval (4). 

Obviously neither of the two Ears which were cony led will satkfy 

these specifications. While the specifications refer to topo.- 

graphic maps showing contour lines and prepared from aerial photo- 

graphs,they may be utilized as one criteria by which the cameras 

and techniques employed may be checked. The author has had consid- 

erable difficulty in finding any specifications other than the one 

quoted above. Indirect specifications referring to the thickness 

of an average pencil line or one minute of arc when using an 

alidade and plane table have been located, but none which refer 

directly to allowable discrepancies in position have been located, 

The scarcity of information on this subject may be explained by 

the fact that the maximum allowable discrepancy in position of 

a point ic a function of both the field surveying and compilation 

techniques employed and the purpose for which the completed map 

will be used. If only a fair degree of precision is necessary 

in the completed nap, it is obvious that the additional expense 

and time necessary to attain a higher degree ©r precision will not 

be justified. Many times, maps are required which represent 

information in a quantitative rather than a qualitative form. 

When such a nap is desired, the exact position of a point shown on 

the nap sheet is of secondary importance to the fact that the point 

actually apneare in its approximate position. As an example, a 

Map may be desired of various areas which are beinG considered for 

the location of a school or factory building. The approximate 



26 

location of power lineal access reads, trees, and bu dings, 

correct shithin four or five feet, is important in: the initial 

or preliminary planning stage. After the final site is solvated 

and the approXimate location of the building is laid down on the 

maw sheet compiled by the means set forth in this paper, the 

area. noedine more detailed study may then be mapped by conventional 

methods; or if the =et location of only a few objects is needed, 
these points may be measured and the appropriate corree' ones made 

on the original map sheets. 

It is a4iomatie that distances should never be sealed oft a 

map if these required distances need be obtained with any degree 

of preelsion. The paper on which the map is printed, unless of 

very high dimensional stability, undergoes considerable dimensional 

change with thanges in humidity, temperature* and storing or 

carrying conditions. Therefore, regardless of the dc,:; gee of 

precieion obtained in the actual compilation and manufacture of 

the an sheets, one eannot be aboolutely sure of a particular 

point's location with respect to other points on the map by' amply 

scaling the required distances. 

The process used for map compilation required the marking of 

two points on a line delineating the photographic planes and then 

eXtending rays through these points until they intersected at the 

theoretical nosition of the required point, Inasmuch as the 

original marks and the lines delineating the photographic planed 

have finite dimensions, it is not only possible but probable that 

a certain amount of human error would be present when the 
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intercecting rays were drawn. Since there rays are actually a 

graphical representation of an angular measurement, any error 

introduced at this point would increase rapidly with and in direct 

proportion to the distance from the optical center or camera 

station. 

The author is of the opinion that the plotting or compilation 

method employed Contains the source of many of the discrepanciee 

in position noted in this paper. If a more refined method of 

Measuring the x and y photographic coordinates could be employed 

rather than simply measuring those coordinates with a scale, it 

is felt that more precise results could be obtained. If these 

photographs were enlarged more than approximately five diameters, 

the degree of error could perhape be reduced, somewhat, but a 

point is econ reached where the resolving wower of the lens, film, 

and paper is exceeded, and excessive graininess of the enlargements 

precludes accurate meaeurement. 

It is felt that thin method of map compilation should be very 

satisfactory wherever extreme accuracy is not necessary or in 

locations where only a few points need be precisely located and 

the remaining points or objects may be located with a lesser degree 

of precision. This is particularly true of areas which need be 

mapped during times when the weather in very inclement and prevents 

the carrying out of the standard field Operations used in mapping 

at the present time. The photograyts may be taken in the field 

in a very short period of tine and the compilation work done in 
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the office in relative oomfort. Even though map compilation time 

ie not areatly reduced by this method, the total time needed for 

the completion of a given map may be greatly reduced, 
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APPENDIX 



EXPLANATION OF I 

Sketch showing relationship between terrain and photographs of terrain. 
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EKFL&NATIOX OF I 

Sketch shoving method of orienting terrestrial photographs for map compilation. 
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PLATE II 



LION OF PLATE III 
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Fig. 3. Enlargement of focusing aid used for determining magnification factor. 
-r- 



Fig. 9. Typical photograph of the Riley County Hospital 
Takel with the "Lieca" aad used for nap com:Alaa,:,n- 



19. Typical photograph of the Riley County Hospital Site. 
TaKen with the "Lieca" and trend for map corpilation. 
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Fig. 11. Typical photograph of the Riley County Hospital Site. 

TaLca with the Kodal; 'Tony' and used for map compilation. 



Fig. 12. Typical p h of the Riley Ccnasty Hospital Site. 

Taken with tha Sodaks and usext ior tttay cowpilatioo. 
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It in often the desire of firms and individuals to obtain 

large scale maps of small areas quickly and cheaply. The use of 

aerial photographs is precluded due to the high coot of the 

auxiliary plotting equipment necessary and the relhliely high 

cost of obtaining suitable aerial photographs. Terrestrial photo- 

graphs or photographs taken from the ground may be used, but again 

the coat of the photo -theodolite ordinarily used for this sort of 

work may be excessively high. 

In June of 1958, research was begun to determine if standard 

As might be used for mapping purposes. The term °standard 

camera" is meant to imply a camera which is readily obtainable at 

a fairly nominal cost and which may be used by the average person 

with a minimum of training. 

Terrestrial photogrammetry was first employed by Laussedat 

in 1849 to prepare a map of Paris, France. Aerial photogrammetry 

sucerceded the terrestrial photogrammetry after World War I except 

in a few instances where terrestrial Alotogrammetry is still used 

for special problems. 

The method used for compiling maps in this research was as 

follows: Photographs were taken in the field using two "35 mm." 

cameras, a Deice, and a Kodak "Pony." These photographs were then 

enlarged to four or five diameters for use in the map compilation 

work. Measurements were made on the photographs to determine the 

photographic coordinates of various points and these measurements 

transferred to the map compilation sheet in such a way as to enable 



to dete horizontal position and elevation of 

the aointz h respect to other pain 

Partial maps of three areas were 

selected were on the caspus of Kansas State College ms 

and the Athletic Field. The third and final eite was the area 

immediately went of Riley County Hospital. No attempt was made to 

plot all identifiable points or objects within these areas but 

certain objects wore st le etee as representative points which would 

ndicate the degree of accuracy obtained. The maps prepared with 

the photographs taken with the "Lace" are more detailed than those 

taken with the "Pony" because it wee felt that if results were 

satisfactory with one camera, a lesser number of points would be 

needed to check the second camera. 

In all cases it was found that the ea eras and methods utilized 

ere satisfactory as long as extreme precision was not required, 

The maximum discrepancy in horizontal position on either of the 

hose positions were known. 

ed. The first areas 

final maps was 0.110 inch, oorrespondin4 to a ground distance of 

4,4 feet. The maximum disscrepaancy in elevation on either of the 

final.maps was 1,3 feet. iThilcz these discrepancies exceed those 

all d by some mapping specifications, it is felt that they are 

within allowable limits for many purposes for rich maps are 

prepared. It is also f lt that the compilation procedure rather 

than the cameras was the source of some of the errors encountered. 


