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Photogram m etrists in  th e  U n ited  States, in  developing th e  a rt o f topographic m ap­
ping, seem to  be giv in g  th eir alm ost un divid ed attention  a t present to  th e  application  of 
stereoscopic m ethods to  th e  art, using vertica l-ax is  photographs. I t  is w ith  some hesi­
tation , therefore, th a t  this article  is presented, for it  has to  do w ith  m ethods th a t do 
n ot em ploy stereoscopic principles and  th a t  m ake use of oblique photographs only. T he 
T opograph ical S u rv e y  o f C an ada has adopted for routine practice  in  photographic m ap­
ping in  addition to  other m ethods, one th a t  uses oblique photographs, and there is e v i­
dence th a t some in terest in  sim ilar m ethods has been aroused in th e  U n ited  S tates also. 
So there seems reason to  b elieve  th a t  th is lesser branch of photogram m etry has enough 
adherents to  m ake a  n ew ly  designed photoalidade a  subject o f in terest.

T h e U n ited  S tates G eological Su rvey , in m akin g the topograph ic m ap o f the U n ited  
States, has for m a n y years used photographs, tak en  both  from  ground stations and from 
th e  air. M any o f th e  m ethods in vo lvin g  the use of photographs now  em ployed were 
developed from  the principles and instrum ents devised b y  L t . Col. J .W . B a g l e y , when 
he w as engaged in surveys in  A la sk a  for the G eological S u rve y . Colonel B a g l e y  design­
ed a  photoalidade to  be used w ith  panoram ic photographs th a t  is th e  predecessor of 
th e  newer instrum ent herein described, and the backgroun d for th e  present article  is 
contained to  a large e x te n t in  a  report b y  him  en titled  “ The Use of the Panoramic 
Camera in  Topographic Surveying, with notes on the A pplication of Photogrammetry to 
A erial Surveys” , published b y  th e  U n ited  S tates G eological S u rv e y  in  1917 as Bulletin  
657.

In  1932, the G eological S u rv e y  to o k  under consideration a  m apping p ro ject in w hich 
i t  w as a t  first proposed to  use th e  m ethods described in B ulletin  657 bu t, in  m aking the 
m ap, to  supplem ent the original B a g l e y  instrum ent w ith  a new  photoalidade th a t  w ould 
incorporate certain  suggested im provem ents. T h e w riter prepared the plans for th e  new  
instrum ent, b u t its  construction w as postponed for the tim e being because the p roject 
in  w hich it  w as in tend ed to  be  used w as fin a lly  abandoned. T h is y ea r ( i937)> how ever, 
i t  w as decided th a t enough use w ould  be m ade of th e  new  p h otoalidade to  w arran t its 
construction, and the D ivision  o f F ie ld  E quip m en t o f the G eological S u rvey , cooperating 
sk ilfu lly  and enthusiastically , has em bodied th e  proposed ideas in an instrum ent o f high 
perfection.

P R I N C I P L E  A N D  P U R P O S E S .
T h e principle upon w hich th e  new  p hotoalidade w orks is a  sim ple one. A  p hoto­

graph from  w hich i t  is desired to  o btain  inform ation is set up  in  fro n t o f the telescope 
so as to  present th e  recorded vie w  o f the ground in its  n atu ral relationship to  th e  
m echanical axes o f th e  instrum ent. T h e illustration  shows how  easy  i t  is to  im agine 
th a t  the v iew  displayed is a  real one, fram ed in a sm all open w indow , and n ot m erely 
a photograph. W ith in  th e  field o f v iew  presented, a ll th e  operations can be  conducted 
th a t  w ould be possible w ith  an o rdin ary  plane tab le  and telescopic alidade. A fte r  orient­
ing th e  m ap or w ork sheet under th e  instrum ent, lines m a y  be draw n along th e  ru ling 
edge to  represent directions sighted to  o b jects or features show n in th e  photograph. 
V ertica l angles also m a y  be m easured in th e  sam e w a y  th a t  th e y  are m easured when 
th e  o rdin ary  telescopic alidade is used in th e  field.

M anipulation of the new  p hotoalidade w ill seem a surprisin gly fam iliar operation to  
a n y  one accustom ed to  the use of a plane table. I t  is tru e, how ever, th a t  th ere  w ill
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be a  sense of lim itation  because o f th e  restricted  field of v ie w  afforded b y  th e  in stru ­
m ent, w hich presents, perhaps, th e  m ost serious d ifficu lty  in  its  use.

T he instrum ent w ill serve  several purposes in m apping. W ith  its  aid, topograph ic 
features m a y  be located  b y  intersection  and th eir a ltitu d e  determ ined, p rovid ed  oblique 
photographs o f the area to  be m apped h ave  been tak en  from  several d ifferen t poin ts o f 
view . T hus th e  sketching o f contours m a y  be controlled, ju st  as is done b y  using th e  
intersection  m ethod w ith  a p lan e tab le . T he new  photoalidade should be p articu larly  
adap table  to  reconnaissance m apping because o f th e  exten sive  area«? u su a lly  show n in 
oblique photographs.

In com piling vertical-axis photographs b y  th e  radial-line m ethod, or in  assem bling 
them  in to  controlled m osaics, th e  num ber o f ground control station s m a y  n o t be  suffi­
cien t or th e  stations m a y n ot be d istributed  in a  w a y  to  satis fy  th e  requirem ents o f  th e  
w ork. B u t, if  suitable  oblique photographs are availab le , thén, w ith  th e  p h o toalidade, 
additional control points m a y  be in terp olated  am ong th e  existin g station s to  o b tain  th e  
num ber and distribution  desired.

Id en tified  points d istributed  throughout a  v e ry  long, narrow  area m a y  be  show n 
“ lined u p ”  b y  an oblique photograph. T he foreshortened v ie w  in d icates th e  re lativ e  
positions o f th e  points w ith  v e ry  little  error in th e  direction transverse to  th e  long axis 
o f the area. T h e m ethods here described are therefore com petent to  check a n y  w arp  or 
tw ist in the com pilation o f a  long strip  o f vertica l photographs. F o r th is purpose a  few  
oblique photographs should be tak en  w ith  the cam era p oin ted ap p ro x im a te ly  along the 
axis o f th e  strip.

T he new  photoalidade is designed to  use oblique photographs tak en  w ith  a n y  cam era 
w hose lens has a  focal len gth  of m ore th an  4 inches and less th an  14 inches. T his 
range m a y  be extended  b y  using appropriate en’ argem ents or reductions in stead  o f th e  
sim ple con tact prints. T h e holder w ill accom m odate prints as w ide as 12 inches. I f  
possible, photographs th a t show  the apparent horizon near and ab ou t p aralle l to  their 
upper edges should be selected. T hose th a t do n ot show th e  horizon m a y  be used, b u t 
th e y  are n ot so easily  set up in  the instrum ent. Som e o f the photographs tak en  b y  th e  
U nited  S tates N a v y  on special expeditions to  southeastern A lask a  in  1926 an d  1929 are 
excellen t exam ples of the k in d  best suited for use w ith  th e  p hotoalidade.

A n  instrum ental ad justm en t m akes it  possible to  use photographs tak en  w ith  th e  
principal axis o f the lens and cam era a t a n y  angle o f in clination  from  10 degrees above 
to  50 degrees below  the horizon. T he prin ts m a y  be ro tated  abou t th eir centers on the 
holder to  brin g th e  tru e  horizon o f the picture in to  a  direction p aralle l to  th e  horizontal 
axis  o f th e  holder.

T he instrum ent is m ounted, for convenience, on a  triangular fram e supported  b y  
three 9-inch legs. T h is brings th e  sightin g telescope up to  th e  lev el o f th e  eye o f th e  
operator, who sits  a t a  tab le  o f norm al height. T h e spread o f  th e  legs allow s am ple 
room  on th e  tab le  for m aps or w ork sheets, w hich can  be co n ven ien tly  shifted  in to  
position because o f th e  free space betw een tab le  and instrum ent. T h e straightedge o f 
th e  photoalidade is on a  double-hinged arm , w hich can be folded so th a t  the s tra ig h t­
edge w ill be o u t o f the w a y  w hen n ot in  use or lifte d  from  tim e to  tim e for inspec­
tion  of the m ap beneath  it. T h u s it  is possible to  sketch  fre e ly  on th e  m ap w ith o u t 
d isturbing its position in  relation  to  the instrum ent. A  centering m icroscope fitted  w ith  
cross wires is provided, so th a t  the station  poin t on th e  m ap can be p laced  e x a c t ly  in 
th e  vertica l a xis  o f th e  instrum ent. A  clam p w ith  slow -m otion screw  allow s th e  telescope 
to  be turned and set a t a n y  desired angle in relation  to  the straightedge, so th a t final 
orientation  can  be effected w ith ou t havin g to  ro ta te  th e  m ap on th e  tab le .

T h e first essential to  th e  use of oblique photographs in  m apping is th a t  th e  effective  
fo cal len gth  or principal d istance o f the cam era lens be a ccu rately  know n. T here are 
then  six  elem ents relatin g to  th e  position and poin ting o f the cam era w hen a  given  
p hotograph w as tak en  w hich m ust be determ ined before th a t photograph can  be used. 
T hree o f these elem ents are th e  space coordinates o f  th e  cam era, u su a lly  expressed as 
latitude, longitude, and a ltitude, a lthough the horizontal coordinates m a y  refer to  a  local 
rectangular system  in stead o f th e  basic geographic system . T h e three rem aining e le­
m ents, expressed as angles, relate  to  th e  orientation  o f  th e  cam era. T h e y  are th e  in cli­
n ation  of th e  prin cipal axis o f th e  cam era, th e  direction o f the horizon tal p rojection  o f  
th a t axis, and th e  rotation  or tw ist o f the cam era upon th a t axis.

A n a ly tica l m athem atics furnishes several m ethods b y  w hich to  com pute th e  six  
elem ents ju st  described, if  three or m ore p roperly  d istributed points can be identified  
in  the photograph and if  th e  position and altitu d e  of each of these points are



know n. B u t it  is possible to  obtain  alm ost a t once, b y  graphical m ethods, the app ro xi­
m ate settings on th e  photoalidade w hich represent th e  s ix  elem ents. Then, b y  sim ple 
trials and readjustm ents, these prelim inary graphical determ inations can usually  be 
im proved upon u n til a  degree o f  precision sufficient for p ractical purposes is atta in ed  and 
the long, com plete m ath em atical com putation  to  determ ine the elem ents is avoided.

P R O C E D U R E  I N  U S IN G .

I f  a  tria l line to  represent th e  tru e  horizon can be in dicated  upon the photograph, 
th e  settin g  o f the photoalidade m a y  proceed as follow s : P lace  the photograph a t a  d is­
tan ce from  th e  intersection  o f th e  principal axes o f th e  in strum ent th a t  is equal to  the 
effective focal len gth  o f th e  lens o f th e  cam era. A  grad u ated  scale on the arm s o f the 
holder fram e is p ro vid ed  for th is  purpose.

Center th e  photograph on th e  holder and ro tate  it  u n til th e  horizon line is parallel 
to  th e  transverse axis o f th e  holder. T hen  depress th e  holder u n til th e  horizon line o f 
th e  photograph is a t  th e  lev e l o f th e  in tersection  o f th e  principal axes of the pho+o- 
alidade. I f  the vern ier o f  th e  ve rtica l arc, prop erly  ad justed , reads zero, th e  cross wires 
in  th e  telescope should appear to  follow  th e  horizon line o f th e  photograph as the alidade 
is turned abou t its  ve rtica l axis.

A fte r  th e  photoalidade has been prop erly  set in  relation  to  the photograph, draw  
w ith  it, on a  sheet o f tracin g  paper, lines to  represent sights tak en  to  the control points 
as shown on th e  photograph. T h en  a d ju st th e  tracin g  paper o ver a  m ap upon w hich 
th e  control points h ave  been p lotted , in order to  m ake th e  fam iliar graphical, or tracing- 
paper, solution o f th e  three-poin t problem . T h is done, th e  p oin t from  w hich th e  lines 
on th e  tracin g p aper rad iate  w ill in dicate  th e  horizontal projection  of th e  position o f the 
cam era station. P r ick  through th is poin t and m ark it  on  th e  m ap. T hen  la y  aside th e  
tracin g  paper and place th e  m ap under the photoalidade, tak in g  care th a t th e  m arked 
cam era station  falls  under th e  ve rtica l axis o f th e  instrum ent, and turn  th e  m ap so th a t 
th e  direction corresponding to  th a t  in  w hich th e  photograph w as tak en  is a w a y  from  
the operator. N ext, set th e  straightedge on a  p lotted  d istan t control point, and w ith  
the clam p and slow -m otion screw  d irect th e  telescope to w ard  th e  corresponding poin t on 
the photograph. T h is  la st procedure insures an accu rate  coordination o f th e  directions 
observed w ith  th e  telescope and th e  orientation  o f th e  m ap. U nless a  readjustm ent in 
th e  settings o f in strum ent and photograph proves necessary, the photoalidade is now  
read y  to  draw  lines for in tersection  corresponding to  a n y  p oin t th a t  the photograph 
shows. I f  th e  angle o f inclination  o f th e  cam era axis is sm all, as it  w ill be  i f  th e  hori­
zon appears in th e  photograph, errors in  th e  settings ju s t  described w ill h ave  a  re la tiv e ly  
sm all effect upon th e  h orizon tal angles w hich determ ine th e  position o f th e  cam era 
station.

I t  is possible to  com pute the a ltitu d e  o f th e  cam era b y  reading the v ertica l angle 
to  one o r m ore con trol poin ts o f know n altitu d e. T h e  horizon tal distan ce to  these 
points from  th e  cam era statio n  can  be scaled from  th e  m ap and the difference in a ltitu d e  
com puted through th e  right-angled trian gle  in  th e  v e rtica l p lane. T h e usual corrections 
for cu rvatu re  and refraction  should be applied. I f  th e  angles read to  control points on 
one side of th e  photograph result co n sisten tly  in  greater a ltitu d es for th e  cam era station  
th an  angles read to  points on  th e  other side, th e  results m a y  be brought m ore n ea rly  
in to  harm ony b y  ro tatin g  th e  photograph slig h tly  abou t its  center. T he com puted 
a ltitu d e  o f th e  cam era m a y  p rovid e a  correction to  th e  am ount o f dip  used on p lo ttin g  
th e  tru e  horizon line ab ove th e  apparent horizon line. A lso , th e  results from  v e rtica l 
angles to  near and d istan t control points m a y  be com pared to  see if  a  correction should 
be applied to  the assum ed inclination  o f the axis o f  th e  cam era.

These vertical-an gle  tests  w ill p ro b ab lv  in dicate  th a t  th e  position and direction  of 
th e  tria l horizon line w hich w as in dicated  on th e  photograph should be corrected. 
A fte r  a  new  line has been in dicated, th e  procedure described for settin g  th e  p hotoalidade 
should be repeated, in  th e  exp ectation  o f obtain ing an im proved location  for th e  cam era 
station. T he in strum ent is then  rea d y  to  draw  m ore a ccu rate ly  th e  lines o f direction  
to  new  points whose positions are to  be determ ined. A  sim ilar use o f other photographs 
o f th e  sam e area, tak en  from  other cam era stations, w ill provid e th e  in tersectin g lines 
on th e  m ap th a t  determ ine th e  positions desired.


