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P A R T  I. 
C H A P T E R  I. 

Inception and Scope of the Experiment. 

1. In rieIv of the great development of air-photo mapping (Illring the Iyar, the Surve>-or 

General and the Air Officer Comnianding the Royal Air 
0rig.n of the esperi~ncnt. Force in India, were anxious to ascertain to  what es ten t  

the could be en~l~lol-ed with adra,ntsge for ordinary peace t,ime surl-eys. An Officer of the  

Royal Air Force, (Captain Hamshaw Thomas) experienced in the applications of %rial ~ h o t o g r a p h y ,  
llacl been deputed to visit India in t l ~ e  cold \veat,her of 1918-19 with the object of ioquiring into 
the of the nletl~od in this countty. His report formed the basis of subsequent discus- 

sions resulting in the experiment carried out a t  Agra early in 19.'0. 
2. The suitability PE rerial photograph!- for all classes of survey requires to be investigated, 

Clns~cs of S i ~ r v e ~ .  TI::- 

Topographical Surveys of 1-inch scale or larger. 
Large-scale City Surreys. 
Cadast,ral Surreys. 
Special Surreys, e .g .  of mining or forest areas, and river surveys, scale 4 inch to 1 

mile and larger scales. 
Topogral~liical Snrveys are in progress throuphout the p l t r i ~ ~ s  of India and it n-onld be a 

comparatively simple matter to  oraanise the  existing field papties for tlie new method of Survey, 
should it  prove superior in point of time and cost, (Air l~hoto surveying in hi l ly  country offers l>rob- 
lems not practicably solr~ble a t  our present st,age of exl~criencc). An increasing demantl for surreys 
of the cities of India has arisen of late years ; local cutl~nrit,ies have however asoally been deterred 
by the great cost, of ordinnry methods ; it is here that  the air photojiraph seems to hal-e thb best 
~msl lec t  of immedia.te snccess. It .  is obvious that,  providetl tlie requisite accuracy is obtainable, 
the greater the amount of detail reqnirec1 to be s~~rre!-ed the more advantaqeous mill tlie air method 
prove. Revenue Surveys should also offer n great future, they involve I ~ o \ v e ~ ~ c r  a tl~irtl  del>artment 
enta.iling difficulties of administration and organisation better left alone until further experience is 
gained. RZoreo\~er there is no urgent demand i l l  this field. Special Surveys on intermetliate scales 
arc of an incident,al natr~re, and coultl be suitably taken 111) aft,er a Survey party lias been organised 
for systematic aiu mapping work. 

It was decided to deal \\-it11 the 1-incl~ topo. and tit!- surreys in tlie experiment. 
3. At the outset Colonel E. A.  Tandy, R.E. was ill charge of t,he cxl,eriment,, the 

work of \vIiich was commenced about t,lie end of A r ~ g ~ a s t  1!)1!). I n  October, Ilo\verer, he hatl t o  
ahantlon it as his services were required else~vhere. 'I'he Sarveyor Cieneral considered it  rery desir- 



able to  obtain the services of an O5cer  of the Royal Air Force who would be conversant with the 
capabilities of aircraft ancl assist the coorclination of the work of the two departments. Captain 
H .  G .  Salmond, late R. A. F., was accordingly attached to the Survey of India on deputation. 
Captain Salmond had been employed on experimental n-ork with the Royal Air Force in Euglancl 
and was able to make ~ r l u a b l e  recommendations with regard to  the apparatus and equipment which 
might  be required by the Royal Air Force for their part of the work. 

4. The aim of the experiment was to ascertain :- 

Aim of Experimeut. 

( a ) .  Exactly what standard of completeness ancl accuracy is attainable both in OIW inch 
and City Surveys in the plains. 

( b ) .  The miuimum precautions necessary to give the required accuracy. 

( c ) .  Whether the method possesses sufficient adval~tages, (if any) ,  over the ordinary 
practice either in time, cost, or results, to warrant its adoption. 

( ( 1 ) .  The best means of arranging for the co-operat,ion of the Survey Staff in carrying out 
big programmes of such work in the future. 

5.  The area selected comprised the four south-eastern sheets of 54 E. These formed the 
south-east portion of No. 2 Party's programme of nor- 

Locality. 
ma1 surveying. This area seemed the most suitable, as 

the  assistance of No. 2 Party woold be available in arranging for the ground n-ork, and also 
because it  would help in r~ormal programme by relieving the top0 party of several sheets. The city 
of Agra was selected as the head-quarters, i t  is conveniently situated on the easteru edge of the 
proposed area and mould be suitable for the City Survey Experiment. It was also the headquarters of 
No. R Party. 

6. The ground work in connection with the 1-inch topographical survey may be classified 
1 h e  l.inch Sorrer. as follows :- 

( a ) .  Alignment. 
( b ) .  " Pointing. " 
( c ) .  Supplementary field work (classification of detail etc.). 

The  original proposals had also included a plane-table tesl survey. It mas however decided to 
omit this for the following reasons :-The only problem presented in small scale air mapping is that  
of placing the photos in their correct position relative to  the graticule, this can be clone by fixing 
e large number of points on which to base the comp~lation and subsequently to recompile using 
only a few points; a con~parison of the two compilations would give an iclea of the amou~i t  of 

pointing " necessary to ensure accuracy. A plane-table survey, Ilowever carefully carried out 
can never be as rigorously accurate as a photograph in minor detail. The interpretation of photo- 
graphs on the grocntl (supplementary fie111 work) should present uo difficulties to an areraqe 
Indian survej-or, and should only req!~ire the same clegree of checking and supervision as is the 
practice in ordinary surve!-s. Conseclnently a comparison between an air photo . compilation and a, 

plane-table survey mould be a test of the planetabling rather than of the air photo work. 

( a ) .  Al ign~~ren l .  The only systematic way of covering an area is by a series of o v e r l a p p ~ n ~  
parallel strips, each strip consisting of overlapping photographs. The problem of maintaining a 
series of parallel straight courses wit11 a fisecl lateral interval ni thout  assistance from the ground 
ie one which the most skilful pilot finds insoperable. With the compasses a t  present in use in 
moplanee, flying on a conll-ass course is liable to large errors in directiou which moold be useless 
for our purpose. 



I t  was proposed therefore to  locate helioe a t  intervalr along the centm line of each 
and by sending flashes in a vertical plane in the line of flight to  ~ r o v i d e  B guide for the 

pilote. This idea mas carried out in the experiment; the results however mere most dieappointing 
as will be shewn in Chapter [ L  of this report. 

(L). Portrting. The provision of points fired on the ground and identified on the  p h o t a  
for the compilation of the mosaic may be done in two wacs-( r ' )  Points map be fixed and 80 

marked before photograph!- as to  be recognisable in the photos (" Prepointing ") or, ( ii ) they may 
be fixed and identified sribsequently when the photos are taken on to the ground ( "  Post-pointing "). 
The first method involves golng twice over the ground and entails expenditure in materials for marking 
points, there is moreover nothing to be gained by it-the second can be carried out without much extra 
labour a t  the same time as the supplementary field work. I t  was accordingly decided to adopt the  
latter method except in the case of the helio stations which could conveniently be marked by cloth 
" ground strips " ; these would at the same time be useful marks for tlie pilots, as the latter would 
not be likely to  see the Iielios when immediately over them. 

( c ) .  Supplementary field work requires no comment a t  this stage. 
7. Col. Tandy proposed e x p e r i m e n t i ~ l ~  on two branches of this subject :-City guide m a p  

and City Surveys. As a very complete and successful 
City Burrep .  experiment had been carried out a t  Baghdad in 191 7 in t h e  

preparation of a guide map on the scale of 12 inch to 1 mile, 
i t  was considered unnecessary to repeat this class of work at Agra. 

A large-scale City Surrey however presents very different problems. Owing to the short 
time a t  our disposal, the absence of proper camera equipment with tlie R. A. F., and to tlie fact  
that  no officer mas available to carry out a test surrey of a small portion of the City, the  
experiment could only partially be completed. 

8. The catttet.a. Ever since air pliotos have been used for map makiug, the necessity has 
made itself felt for a camera mounting which will maintain the ol>tical axis of the camera in a t ruly 
vertical position during f l~ght .  During the War no mounting which was automatic in its operation 

n-as in general use. All the early work aimed a t  correcting 
?Leloplnne eqnllmler. t 

distortion in photos rather than a t  elimiuating the cause 
of the distortion. 111 AIesopotamia we were particularly badly off in this respect ; the " L " type camera 
wilh a rigid mounting being the only type available for the greater part of tlie time. For survey6 
of the kitid now attempted, the f rst essential is to obtain photos free from distortion-(For city ivork, 
as mill be shown later on, no satisfactory res,ilts are obtainable, if there is any perspective distortion 
in the photos). Other necessary items are-antomatic plate changing, resetting, and exposing; 
self capping ; large plates and large magazine capacity. 

Lctt*e.?. For small scale snrvcy a lens of short focal length is required to  avoid climbing 
to a great lieiglit; whereas for City work the longest possible focal length is desirable. Lenses 
of 6 inch and 36 inch focal length were therefo1.e asked for. 

Other necessary moplane equipment recommended by Captain Salmond included :- 

fie .qtnto.?cope, a sensitive instrrime~it for indicating departure from a horizontal course-This 
il strunlent was partictilarly necessary to ensare a uniform scale, as the ordinary aneroid scarcely 
indicat'es small variations of altitude and has a considerable lag. 

Thc i-ecorditrg l,nro,qtwplr. 
The 101116 .r;ghl--For estimating ground speed and for indicating the point vertically below 

the machine. 

I Ihc I catsero 06scr1ra.-lpor ~ l o t , t i n g  the course of a plane and so calc~ilating ground speed. 



9. Earlyin Septemberfull details of our requirements were made known to the Air Officer Corn- 
manding the Royal Air Force in India who applied to the Air Ministry for a camera embodying the 
features laid down in our specification. By the end of November no reply hacl been received from the 
Air Ministry, and the opeintions in Waziristan mere keeping all the available photographic staff and 
equipment of the Royal Air Force fully occul)ied; prospects of any experimental work during the 
current cold weather were dwindling. A t  the b e g ~ n ~ l i ~ ~ g  of December the Air Oficer C o m m a n d i ~ ~ ~  in 
Indin repented his request to the Ministry and with his concurrence the Suneyor General cabled direct 
to  the makws of the Willmmon Stabilised camera, n h ~ c h  had been in use  experimental!^ in 1918. 
Their reply tha t  this camera was no longer being manufactured finally disposed of any hope of 
obtniningan it~strument suitable for our purpose. At this juncture I was of opinion that  the greatly 
diminislleil value of the esperiment nould scarcely w a r r a ~ ~ t  its being proceeded n.ilh; Headquarters 
of the Royal Air Force however strongly urged that it  should be undertaken with such resources 

were available in India, with whicl~ view the Surveyor General concurred. The results have 
certainly been of valoe, if only in narrowing the field of future experiment. 



C H A P T E R  11. 

-- 

TOPOGRAPHICAL SURVEY. 

A .  Narrative Report of Experimental Work. 

10. Late i n  December 1919 I received orders from the 8llperinte~ldent of the T r i p n o m e -  
trical Survey to take charge of the work in connection with the air mapping experiment and for  
this purpose to organise No. 13 Party, of which the normal work had been s ~ ~ s ~ e n r i e t l  owing to 
the War. 

E5ajor E. 0. RheclerJ 11. C., R. E. and Captain E. A.  Glennie, D. S. O., R.  E., who had 
recelltly j c i n d  the department mere detailed to assist me in addition to Captain H. G. Salmond 
rnho had been engaged on preliminary work. since August 1'319. 

11. Ijurinq October Captain Saln~ootl hat1 carried out e ~ ~ ~ e r i m e n t s  with heliotropes wit11 a 

to  the Lest method of direct,ing flashes in a vertical plaue on any  given bearing- 
(Details of the lielio eq;:il,ment actually employed are givenin Appezdix I). I n  November he 
proceeded to A~nbnla antl explained t o  the Royal Air Force Oflicers of the 11-4th S ~ ~ ~ l a d r o n  (now 
2Ht,ll Sqlladron) the n~ctllod of ground control it was proposed to adopt. As there was no means 
at A~ubala of laying out two l~elios a considerable dist,ance apart oo the same azilnutll, which was 
the method proposed for giving a hue to  t,he pilot, a single set only was sent there, and pilots 
practised flying on the p o i ~ ~ t  indicated by the flash. I t  was found that  t,he helio was easily risible 
from a tlistance of 25 miles. 

(!al)tain Salmond and myself proceeded to A~nbala  or1 22nd January to  confer with the  
OfIicel. Commanding 114th Squadron. The R. A. V. OIEcer who mas to be in charge of tlie photo- 
graphic side of the work had arrived at An~bala  antl we mere able to  obtain det(ai1s of the type of 
camera and lenses available of which we had been in ignorance rlp to that  time. 20th February 
was decided upon as the date for commencenient of photogral,hy a t  Agra. As i t  was now so late 
in the season tlie Surveyor General consented to :L re(111ctio11 in the programme, by only 
two sheets, 54/E/12 and 541E/1(1 would be talcen 1111. 

12. T l ~ e  followiug details were t,hen \vorked out based on the type of camera to  be used. 
Ctrrtiera-L. B. type with adjustable cradle-Lenses, 84 inch (and 20 inch for city nrork). 
Scale-It was considered that  a scale of about 3 inch to 1 mile shonld be aimed a t ;  any- 

thing smaller wor~ltl be liable to difficulties in interpretation. 
Thr  Hying oliicers howevel. considered that  they should not attcbmpt to fly a t  much over 

12000 feet a t  that time of year. The altitude fixcd on was 13000 f t .  giving a scale of :3..:, inch to 
1 milc. The cameras were to be litted with the short side of 5'' x 4" plate parallel t o  the tlirection 
of the flight. The two 1-inch sheets wero taken together as s single area 31 miles east and  mest 
by 17 miles north and south, to be covered by 40 parallel east and west strips, giving a centre to  

centre tlistnnce of 0 . 8 6  mile and 40 '1, overlap between strips. Allowing for a 33 O/, overla], be- 
tween srlccessive photos, a t  a ground opeed of YO miles per hour, (no wind), thc exposure interval 

works orrt at 30 seconds. This allowed sufficient time to change plate rna:azinep (18 plates) 
between two exposures withoat interfering with the continuity of the  I t  would thus be 



possible to obtain a continuous strip J1 miles in length. The east and west direction was selected, 
a s  being ~riost suitable for the helios, in a north and south direction a strong enough flash cannot 
be t l~rown southwards towards midday (~ls ing the arlriliary mirror necessary for flashing in a 

vertical plane). 
Helios-It was decided to locate helios at the beginning, centre and end of each 31)-mile strip. 

Owing to the narrow angle of dispersion of the beam, pilots had experienced difficulty in keeping 
the flashes continr~ously in view a ~ ~ t l  it was pointed out that  the helios were only intended as a 

guide in picking up  the line before the commencement of a run, and t,hat they must endeavour 
t o  locate natural objects on or near the helio line during the few moments that  flashes would be 
visible. Experiments were also made in photographing ground strips from a height of 13000 f t .  
It was fouud that  a T, the elrments of which each measured 30 feet by 52 inches, was easily 
visible in the pl~otographs. In the actual work a t  Agra, owing to the difficulty of obtaining 
sufficient cloth of the above width, unbleachetl " rlosuti" 36 inches wide and 36 feet long was 
used, mit,h good resolt,s. 

13. During January the necessary menial staff was enlisted and helio squads were 
organisecl. Major Wheeler and Captain Glennie projected and plotted the plane tables. The  
purpoFes for which these were required mere threefold. (n)  The locat,ion of helio st,ations. 
( b )  Fixing points throughout the area. (c) Survey of any gaps that  might be left in the photo 
mosaic-Tlie 2-inell scale mas selected as most suitable, this being the scale on which t,he mosaic 
would subseqoently be compiled. The trigonometrical data available consisted of (a)  I n  British 
territory:-L\ll village trijlinctions fixed hy trnversing between 40 and . iO years ago--(h) In  R h a r ~ t ~ u r  
State:-Traverse work for topographical snrvey executed during the current field season by No. 2 
Partp-The traverse data were plotted by rectangular coordinates (in blue), the spherical graticule 
was then plotted in black and the helio lines in red. 

14. The party arrived at-Agra on the 4th February-It was arranged that  the work of 
laying out the helio lines and flashing the helios, along the eastern centre and western meridians 
of the area, shoultl be carried out by Major Lewis, Captain Glennie and Major Wheeler respectively. 
During the next few days, experiments were made as to  the best method of locating helio stations 
and laying out the East and West lines, in which only a very small margin of error was admissible, 
This part of the mork is described in an Appendix. The surveyors lent by the Officer in 
charge No. 2 Party n-ere practised in t,he interpretation of photos, for which purpose a strip of a 
dozen photos had been taken previously, close to  Agra, by the 114th Srjuadron, Royal Air Force. 

I t  had been anticipated that  6 Surveyors would be available. The Officer in charge No. 2 
Party could, however, only spare two men, (without seriously interfering with his programme)-so 
that the original proposal to carry out supplementary field work on the photos in sheet as well 
as Ell:! had to be abandoned. Sheet Ell6 was being surveyed in the ordinary way on the 2-inch 
scale by No. 2 Party and it was intended to compare the results of the air photo method with the 
groi~ncl survey, ns a test rrf the correct interpretation of photos and of the completeness of detail*. 
The arrnngenicnts for the photoprapl~y of both sheets were adhered to, as the method of helio 
control n-n.; vorked orit for two stantlard sheets t.aken together. 

13. JIajnr \\-hreler with S~lrveyor Fateh JIaha.mmad Khan and Captain Glennie with Sur- 
-re!-or Gaj  Bal~atlur Singh leEt for tlicir respective grounds on the 11 th February. Thcy had t h r ~ s  
o111y 8 day$ Iwfore the coninienccment O F  pl~otopraphy for laying out the helio lines. It was only 
by uninterrt~~>tetl ln1,0111. tlr~ring the day and conritlerable night mork that they were hoth able to be 
renrl!- for t l ~ c  :t.rol,laner on the 20th. I n-as more fortunately situated in liaving the assistance of 
J l r .  3Iuha1l1niatl Hncnin (TTpper Snbortlinate Service) ant1 t,tvo traversel.~, who were lent to  me 
for a week I j r  1 1 1 ~  Officer in chargr No. T! Farty. I t  was impossible to poatpone the pl~otngraphy 

* Bnt not ne a t ~ s t  of eccorncy ( r a t  para 6). 



even by a day, as Headquarters, Royal Air Force had intimated tha t  the Flight. would be with- 
drawn a t  the end of February. 

16. 'B' Flight 114th squadron, with Captain C. C. Durston, R.A.F. in command, arrived in 
Agra on tlle 17th February. On the following day a programme was drawn up. There were three 

cameras available and Captain Durston proposed to send up three machines daily, keeping the  fourth 
standing by in case of a breakdown. There were also three sets of helios controlled by each of the 
three "Ground Officers"-(nine in all). The twenty strips were divided into four groups of five, each 
group representing one day's flyinq. Takinq the first five strips A, B, C, D, E, the helios first occupy 
their stations on A, C and E. The first plane flies from East  to West along A and returns from West  
t o  East along C. As soon as the plane has passed over a helio, the latter moves to  its station on the 
next line to the South so that  the helios on A and C move to B and D and are In position for the 
second plane ~vhich flies in a similar manner to the first. The third plane Itas o n l ~  one strip t o  
do-from East  to West  along E, after which it may be used in t i l l~ng up any gaps that llave been 
left in previous day's n-ork. The helios a t  the beginning of strips were found t o  be of little value, 
and i t  was decided not to use them. Tllis programme is sllon,n diagrammatically below :-* 

Long. 7;' 30' 
West helio nnd 
ground slrip. 

c - 3  1 r 45' 
Centre helio and 
ground el rlp. 

C 3 0' Time of leaving 
Ea9t l ~ e l i o  and mrodrome. 
ground strip. (45 mit~utea allowed 

to climb 13600 feet.) 

17. The area nlould thus be completed in four days, if no nlistakes were made. It \\,as decided 
to carry through this four-day programme, without interruption. Any attenlpt to  break off in order 
to fill in gaps due to  deviations in Hying or to failures in functioning of the cameras might  result in  
confusion in the nlovenlents of helio sqriads owing to the dificulty of comnlunication with ground 
control officers. Gaps nrcre to be filled in after completion of the programme. 

A I-inch map showing the positions of all helio stations and the centre lines of strips (helio 
lines) in rerl was issued to each pilot,. Without attempting to describe the experiences of the pilots 
i n  detail, it is suficient to say that  the helio 111ethod of ground control proved almost a complete 
failure. I n  about 5A0/, of the strips no helios a t  '11 were seen, in spite of cal.efol reconnoitring of 
the grountl while climbi~lg. On nla.ny occasions only a single flash wa,s observed, and once or twice 
a pilot was able to keep the flashes in view for several minutes a t  a t,irne, but on no occasion were 
two helios seen ~im~llt ,ar~eottsly. This was possibly due to inaccuracy in direction of the helios, bu t  
all 110ssible precautions hail been taken and I do not think it  mould be a practical proposition to  
ellsure greater accuracy in this respect. When seen, the helios were of considerable assistance t o  

* Hrlio ...... ...O arouncl Strip ... ..  . . .  ...+ 



the piloh and with further pract.ice, better results might  be obtained. B u t  the cost and labour of 
the ground work necessary for their use is, and always mould be, out of all proportion to the benefits 
derived. Captain Durston suggested the use of smoke bombs and some of these were sent for but  
failed to  arrive in timc-. I t  woold be worth while trying them. 

18. The work of the groand parties duriug photography was not as simple as might be expected. 
An :rroplauc fixing a t  13000 feet is not an easy object to see from the ground; but for the faint 
hum of the engine which advert,ised their presence some 5 minutes before actually passing overhead 
it is doubtful whether any of the planes would have been seen a t  all. When planes were off their 
course aud possibly behind time owing to wind or other canses, tlie helio squads were frequently in 
doubt as to w l ~ ~ c h  plane of the three they were observing and thus had difficulty in deciding when t o  
move. On several occasions, through failure to detect the return flight of the plane they were 
obliged to continue flashing the helios till late in the afternoon on the chance of their being required. 

Pcrnlission was obtained beforehand from the Alaharaja of Bharatpur for %rial survey work 
t o  be carried out over his territory. I t  might confidently be asserted however that, to this day, none 
of thc inl~abitants itre aware that any aircraft. passed over their State  during the experimental work 
a t  Bgra. 

The groiind strips in the form of T's of white cloth placed a t  the helio stations a t  the begin- 
ning, centre and entl of encl~ strip were of great assistance and should form the most stlitable means 
oE ground control for future work ; they were easily visible a t  a height of 13000 feet. 

19. l 'he failnre of the hrlior plnrrtl the Hying ~ f i c c r s  a t  a considerable ~ l i s a d v a n t a ~ e  ; had 
helios not been used, the time wasted in searching for them mould have been profitably employed in 
locating tbe line by means of the ground strips and the map alone, and the attention of the pilots 
woulcl not hare been divided between the two methods. The resulting strips except in the case of 
one pilot seldom coincided with any portion of the area they were s~ipposed to cover. The time table 
was well adhered to, as few cases of engine trouble occurred ; the cameras on the other hand gave 
constant trouble, the chief fault being double exposures, which occurred on 112 plates. The following 
table gives details of the failures during pllotograph?- :- 

Xilnlber of plates exposed . . .  ... . . .  1757 
Double exposl~res . . .  . . .  ... 118 
Under exposed . . .  . . .  . . .  I01 
13lanlis . . .  ... . . .  . . .  4.7 

Broken plates , . . . . .  . . .  2 262 
" Jalns " . . .  . . .  ! 6 
h-umber of negatives available for use . . .  . . .  14.95 

.ifter the completion of 4 da>s' programme (20th, 21st, 23rd and 25th Feb.) only half the 
area ha1 been covered. The remaining time \\as occupier1 in filling in the numerous gaps, this took 
six days 111) t o  the 3rd March. The Flight left Agra on 4th March. At the end only very small 
areas renlainetl ~inplloto~rnl)hed, amounting to a total area of about 10 square miles. It is unecono- 
mical to attempt to ~111-er small gaps (say less than 1 square mile)-these are best left for ground 
$ume?-. 

90 .  The work of l~hotography was handicapped by lack of the necessary equipment, several 
items O F  whirh, though available in India, could not be obtained. These were the camera obscura, 
tlie bomb sight, and the recording barograph; the latter though not essential mould have been a use- 
ful adjunct. Observers thus had no means of estimating g r o ~ ~ n d  speed, with the result that  some 
e t r r p  had excessive overlaps and others consisted of a series of isolated photographs. 

At the altitude of photograph  strong north-westerly winds were eocoontered exceeding 



miles per hour on several occaiions, which added greatly to  the difficulties of the flying offihd 
both in keeping to the course and in judging ground speed. Considering the difficultiee the  estimation 

of exposure interval mas extremely good. 
21. This was carried out by the Royal Air Force photographic officer who had improvised & 

dark-room in oneof themilitary buildings near the ~ r o d r o m e .  
Development printing and His staff, very much undermanned, were required to  work 

mnmbering of photos. 
overt,ime every day in order to  keep abreast of the photo- 

graphy. On several occasions, men were employed for over 12 hours in the dark-room during the  

day. The rnetllod of nt~nibering adopted was to give each negative the index letter oorresl)o~iding 

to the strip it. was intended to cover follon~ed by its serial number in the strip-Our work was 
consider:rbly increased owing to mistakes in numberingr These possibly arose from failure to number 
the platcs before development. (In view of the difficulties under which the photographic staff were 
morkin,o the foregoing remark is not iutended as a criticism). I think tha t  the only satisfactory 
may of nr~mbering photographs, is to  scratch the figures in a corner of the negative. The  number 
will then appear on every print (a  temporary number may be entered in pencil before development). 
Any other method involves sorting out the prints after drying and entering the numbers on the back, 
much time is wasted and i t  is easy to  make mistakes. I u  comparison with those met with on service 
during the War, the quality of the photographs was on the whole disappointing. This was due 
partly to the poor condition of the plates and paper. It cannot be too strongly emphasized t h a t  
correct exposure aud good definition are essent,ial, the ease and rapidity of subsequent field work is 
dependent 11pon them. 

28. Two copies of each photo were received from the R. A. F. One set were pinned to- 
gether in strips by overlaps. The sh ips  were kept a t  the 

Preparation of photos 
for field work. party headquarters for reference and were filed in large 

envelopes. Each envelope contained the strips appertain- 
ing to the area allotted to a particular surveyor, and was marked with his name. The areas covered 
by the strips were plotted by proportional compass on a 1-inch map and distinguished by shades of 
different colours. A second copy of the map n-as kept up for the information of the Flight Com- 
mander. The secoud set of photos were pasted do\\.n in strips on pieces of 4-ply bristol board and 
sent out to the officers and surveyors for the supplementary field work on the ground. It was found 
that  these "field board" should not exceed about 15 inches in length, othernlise they mere cumbersome 
to handle. Owing to differences of scale i t  mas not as a rule possible to  make up mosaics of two or 
more strips, which motild have been more convenient for field work. Paste should be applied with 
care so that  none remains on the surface of the photos as this interferes with the inkillg in  of detail. 
The first field boards were sent out on 25th Febrnary. The last were not completed till 13th March, 
hs the R. A. F. mere not able to develop the plates exposed on 3rd March until after their return t o  

Ambala, A separate inclex mas kept on a 1-inch map showing areas covered by the field boards, 
mhich were numbered serially for each scrveyor. 

23. Sheet 54/E/iz mas divided into four quarters, Major Wheeler, Captain Glennie and the 

Field Work. tn.0 Surveyors, each being allotted the area of fllll 
2-inch plane-table section. The supplementary field work 

comprised- 
( a ) Pointing. 
(6 l Inking up on the field boards (photos) all detail necessary for a 1-inch map. 
( c ) Preparing village lists. 
( d ) Colour traces. 
( a ) Pointing. I n  order to be on the safe side as regards the 1111rnber of points fixed for 

compiling the mosaic, orders were isstled to  cover the whole area with points averagillg about 14 miles 



@part. I n  the eastern portion of the sheet (British Territory) this merely meant identifying t h e  
positions of all village trijunctions which mere fixed and plotted on the  plane-tables and fixing a 
few points by pla~:e-table intersection in the centre of the larger village areas. I n  Bharatpur State  
(the western part of the area) no cadastral traverse data were available, and traversing for topogra- 
phical work had been carried out by No. 2 Party in the early part of the season. The available 
points were comparatively few and shewed considerable discrepancies when used in conjunction with 
the  old work. Over this area pointing had to be carried out entirely by plane-table resection and 
intersect,ion, and owing to the discordance in the data, this took up an undue proportion of the time. 

Fixed points were given serial numbers or letters which were entered on both the plane-tables 
and the field boards. The numbers of the field boards were also shown against each point on the 
plane-table. Thus b/7-g indicates that  the point b occurs on field boards 7 and 9. This was 
found very useful afterwards in compilation. 

( b ). Detail.-All necessary detail was inked lip on the photographs in the usual symbols 
in black, red and blue in waterproof indelible inks. State, district and tahsil boundaries mere 
follo~ved out field bj- field. Heights of hills (there were several low ridges) mere obtained by the  
clinometer, the scale of the photos being known; these were entered as relative heiahts above the 
general level of the country, and form lines were shown. It was not possible to  give heights 
above mean sea-level, as the data did not include any. Where the photos were clear and the 
defiuitiou good, it was easy to  identify, on this scale, (3.6 inches to  1 mile) small bushes, individual 
clumps of tall grass, and with practice, the different kinds of crops. Shadows cast by objects 
such as telegraph poles and stone posts of fences do not appear a t  all. 

The total and average daily out-turn of each officer is given below :- 

( c ) V ~ l l a g e  Lists.-These w r e  prepared in accordance with the usual Topo. party practice. 

( d )  Colotir Trncer.-Colour traces mere kept up on tracing cloth on the scale of the 
original photographs, differences of scale mere approximately adjusted during tracing, so as  to  form 
a cnmbind trace covering the whole area. 

Major Wheeler and Captain Glennie have written serarate reports dealing with the helio 
arrangements and supplementary field work. 

The field work of Sheet 54/E/lz took one month, and by the 28th March the field staff had 
return& to Agra. 

Remnrks. 

a s e e p a r a 3 0 .  

b see para 33. 

average 1 5 points 
per square mile. 

O5cer. 

Major Vheeler ... 

Captain Glennie . . . 

Total nrea in 
square miles. 

6  6 

5 4 

Average daily 
in 

square miles, 

3 . 3  

3 - 2  

2 . 6  

3 . 0  

a 
3 - 0  sq.m. 

N::zBof 
fixed and 

identified. 

9 8 

67 

120  

123 

b 
408 

Fateh AIuban~mad . . . 1 68 

Gai Bahador Singli . . . 78 

266 sq, m.  



24.. Photographs may be brought to the scale of the mosaic in two ways :- 

Comp,lation ( n )  BY scaling individual photos from the original negatives in an enlarging lantern. 

(6) By scali11~ strips of 1)hotos made up of cuutact prints. 

The arcs of l~hotogral~l~ic  paper involved is usually the deciding factor, so that  as a :cneral 
( u )  nroultl be eml)lo!-ed for compilations on a larger scale than the oripinal lrhotos aucl ( 4 )  for 

compilat io~~s on a reduced scale. Iu this case the photos were to be rerl~~cctl from 3-1; inch to 2-inch 
scale so that (L) was suitable. Therc are also t\vo metl~ocls of carr) it,; out ( C )  :- 

(i). Each strip is reduced to its correct scale in the copping camera, and prints are made 
from the resnlt,ing. nezative. 

(ii). Several strips together are reduced to a small scale on to a negative of a size tha t  can 
be used in the enlarging lantern. Each strip is then en!arged separately to  tlie required scale in 
the lantern. 

(i) is n~ncli slower but  very little detail is lost; if the scale of the reduction proves to  be 
incorrect, n.hich occu~~s  not inf~~rc~nently,  the \vl~olc process must bc repeated. (ii) is rapid, and 
rescaling if necessary can he done in a few min:ltes, its only dis,ldvantage is in loss of detail. 
It was the rnetl~otl 11s~r1 in Mcsopotnmia, ~vltere a large coll!.ing c ~ n i e r a  was uot available, ant1 Fave 
good res~llts. 

I n  the present \vorlr method (i) nras adoptecl, as the enlarging lantern \ \a> ~ ; o t  abailable 
a t  the commc~ncement of the worli. 

25.  There are three possible methods of obtaining the necessarj- liue work of the tinal 
map. 

(i). Inking 111) (letfail in waterproof ink and bleaching out the superfluous 1)llotogmphic de- 
tail before reductioll. 

(ii). Inkinq up detail before reduction, ( \ I  ithout Lleacl~i~lg out). 

(iii). Red~~et ion  of the strip n-illlout 111.evious inking in ,  nrllich is carrietl out s i ~ b s e c ~ ~ ~ e n t l y  on 
the completed mosaic. 

( i ). was r~ilecl out for  two reaaons, based 011 esl~erience in l\lcsopotamia-((1). The poor- 
ing of l)leacl~inq solution over prints l~asted doun  on a board results In cocliling. 

(6). Photopra~ihic detail which may be required for the ndjnstment of overlaps, is 
lost If feasible this method saves much subsecluent trouble in obtaining blue prints 
for fair d r ;~n . in ,~ .  

(ii). This may be employed \vllen the original field boards are suitable for direct reduction. 
I f  duplicate strips hare to be l)rcpared, this   net hod should ooly be acloptecl if the  
tletnil is liliely to bc dificnlt to follo\v on the reductions. -1 co~lsideral,le nlnonnt of 
touching up on tlle mosaic nil1 in any case be recluirecl, and mucl~  nullecesboq \\.ark 
is done OII strips, only  arts of \vllich are after\rarcls used. 

(iii). Is the l~est. method 1rhe11 origi~lal felt1 boards are not available and \\-hen tlle detail 
on the reductions is clear. It xives bctter results than (ii) in the later process. 

2G. On t l ~ e  completion of the Iield ~Ilotogra.l)I~y a t  Agra, Captain Sxlmontl \vho had been 
engaged on the prel)arat,ioll of the field boa,rcls illere, returned to 1)ehra ancl took 11p tlie work of 
1wel1aring the pl~ot~os for com1)ilatiou of the nlosaic. 111 the case of sheet .jJ./E/lc, no field boards 
,had been made, so that the srcond sct of photos supplied by the It. A. I.'. were available for this 
~JU'~)OSC. I t  was proposed to prellare a ~nosaic of this sheet by using conlbined 1)rints of the ground 
survey on tlie 2-inch scale as a basis. This l~iosaic cotllcl the11 be used by No. 2 Party in tlie fair. 



mapping of the sheet as an improvement on the detail of the plane-tabling. As regards fid./E/lz 
it was thought that  the original field boards had not been sufficiently accurately prepared and that  
their conditiou after rough handling in the field would not be goocl enough, to be used as originals 
for reduction t o  scale. Conse~~uently a third set of photos obtained from the R. A .  F, after their 
return to  Ambala mere used to prepare doplicate strips. It mas afterwards recognised that  this 
intermediate step mas quite unnecessary and a waste of time. The field boards sl~ould be careflllly 
pasted tlown in the first instance and carefully inked up in tlie fielcl so tha t  they may be ~lsecl as 
the  originals for reduction. Procedure (ii) of the preceding para was adopted for tlie North half 
of the mosaic, detail being inked up in black from the field boards, the size of the symbols on the 
3 . 6  inch scale being regulated SO as  to  be in accorclance with symbol table on redoction. The 
reductions shewed up all detail very clearly, so that  the method of inking up first mas abancloned 
in favour of procedure ( i i ~ )  for the south half of the sheet. I n  this case i t  mas necessary to  ink 
up 811 fixed points for scaling the strips in the camera. As already stated liomever i t  n.ould have 
been better to  have nsed the original field boards throughout especially as they also contained tlie 
surveyed blauks not covered by pllotos. 

27. Tlie mosaic mas built up in two halves (North and South) on stout mill boards 
mounted with drawing paper. All the fixed points con- JIosn~c. 
tained on the plane-tables and identified on the photos 

mere. plotted and numbered as described in para 23 (a) .  The first few stri1)c were scaled by 
tracing all the containecl in them on celuloid ancl makilig the ground glass image in the 
Camera fit the points as near]!- as [~ossible. Aftcrwnr~ls i t  was founcl s ~ ~ f i c i c n t  to  use a strip of 
paper cut  to the length of the distance between two of the extreme points of each strip. I f  there 
mas m u c l ~  alteration of scale in the photos i t  was necessary to reduce the strip in two halves or 
to  make the correction by tilting the plan board and plate holcler. A certain proportion of the 
points (a large number in t l ~ c  case of Surveyor Fateh Xlu11arnmad) had been inacc~l ra te l~  fised 
or wrongly idcl~titied, so that  it was alwajs  necessary to clieck wit11 propol.tiona1 compasses the 
relative positions of points on the plot as compared with tile photos, before selectinq points for 

On receipt of the reduced prints from the photo office they were pasted down in position 
by p o i ~ ~ t s  and overlaps. Practically none of the photos mere free from distortion, which resulted 
in big accomulnted errors in azimuth, so that  i t  was necessary to cut  each print into small 
sa t lons  nncl to  correct tlie error by slewing each section throuqli a small angle. As an esample 
of the amolint of distortion which occurred :-a strip of four photos contained a straight line of 
rnilrrap parallel to the direction of flight; when col.l-ectly fitted by overlap the railway l ~ n e  hacl 

direction by S3 a t  the 4th photo. This would be caused by a constant lateral ti l t  of about 
Go ln tlie axis of the camera, in the direction towards which the railnay appeared to curve. 

Owing to clistortior~ the number of points fixed was by no means excessive, and the 
labour of coml~ilation mas greatly increased. The mosaics of 54/E/l2 and 54,E/l6 mere compiled by 
Major Lewis and Captain Salmon11 respectively, the former took 3 weeks from commencement of 
ecaling. 

05. The completed mosaics mith all the field boards, plane-table sections, spare photos and 
other material connected mith them, mere made over to 

Fair-drawing. 
No. 2 Party for fair-mapping. 

Before drawing can be cornrnrnced it is necessary to  obtain suitable prints on drawing 

p p e r .  This ma)- be clone either :- 

(a). BJ- tracing t11e detail from the mosaic and preparing plioto reductions of the tracing 
an d n w i n g  paper on the 1 b-inch scale, or 



( b ) .  By obtaining a negative on the I+-iuch scale of the inked up mosaic as i t  stands, from 
which ferlo-type prints on drawing paper are prepared. 

( n ) .  Introduces the extra tracing process, which is difficult t o  do owing to the dark t int  
of the photos, but results in a print containing only the required clctail In line work, 
whereas in (6) the line \vork is someivhat confused by the reproduction of the photo~raphic  
half-tones and junction lines of the mosaic. 

0. Results and proposals for future work. 

f l .  The conclusions to be drawn from the experiment are discussed in t l ~ e  followinq para- 
grapl,s :--It is assrlmed that in future work an LIP-to-date camera will he eml>loyed ~ I I C I I  as t h a t  
about to be sopplied by the Air llinistrd--Its specification is briefly as follows :- 

(i). Gyrostatic stablization. 
(ii). Adapted to tnkc lenses of F. L. 4", G", 8" and upwards. 

(iii) Plates or films 8" x 8''. 

( i )  l layazine caparity :-Plates ? -Films, rolls of 100. 

(v) Automatic changing, rcsettit~g and exposing with adjustable exposure interval. 

It may be mentioned here that  neither a 4-inch nor a G-inch lens is capable of completely 
covering an 8" x 8" plate. The extreme angle from the axis to a corner of the plate is about 55O and 
43' respectively, ~vltereas the masitnum covering power of any modern lens within the limits of 
accuracy ancl clefinition iicccssary for air photo n-orli docs not exceed 30°, bo that with these lenses, 
the edges and corners of the photo cannot be made use of ancl overlaps must be regulated accordingly. 

YO. The use of Ileliotropes as guides for mroplanes has proved a failure. Ground strips 
placc~d a t  each end and a t  intermediate points along 

Ground I\,OI k b j  t h e  Solve!. 
the line of flight will probably prove to be the most 

suitable form of ground control. Smoke bombs used in conjuction with ground strips may be of 
valuable assistance. The most suitable unit of area for grouncl control is that covered by 
two adjacent (East and V e s t )  standard 1-inch sheets. 

The following 01,ganisatiou of a field party is suggested for carrying out large programmes, 
should it  hc decided to continue with this work in view of the conclusions arrived a t  in a later 
paragraph. 

PEIISOSSET,. 
Officer in charge. 
6 Assistants. 
Y O  Surveyors. 
Tindals, khalasis etc. not less than in an ordina~.y field party. 

One o5cer  and 4 surveyors, for the preparation of field boards, inclexing and filing of photo- 
grapl~s. After completing t, l~is work the section would proceed to Dehra for cornpilation of 
mosaics. 

One officer and 10 surve~ors-Each unit area of two standard sheets, wo111d be covered by 
12 east and nest  photo strips (see para 3). Each strip lo contain 5 control points (ground strips) 
71  miles apart. Five surveyors in each area working a few days ahead of photography nrould fix 
the positions of the ground strips, and possibly a t  the same time in te rsec~  a fen. additional con- 
spicuous points which would be certain of identification on the photos. The bulk of the "pointing" 



wor~ld thns be completed before photograpl~y and very little additional "postpointing " would be 
necessary durinq sul~plementary field work. Each surveyor should be responsible for the placing of 
ground strips duriug photography along one of the five North and South lines in each area. It 
wo~ild be necessary to employ two groups of five surveyors on this work, so tha t  tlie photography 
would not be held up while the ground party n~oved off to  and preparecl the next area. On 
completion of the programme the ground cor~trol section mould take o p  supl~lenlentary field work 
with tlie rest of the party. 

With the improvements in instruments and training of airmen it may be found, in country 
where maps already esist, that  the best method of photography mill be to break up  the area into 
sections bor~ndctl by conr;picr~ous n a t r ~ ~ a l  features and to allot each section to a pilot to  be photo- 
gral'l~ed in any n a y  he may cl~oose, without providing any form of artificial ground control. 

S I ~ / I / ) I I ~ I ~ ~ ~ I ~ ~ ~ I , ; I /  1"1011/ 1l;)rk.-Three officers and 16 surveyors and eventnally 4 officers and 
26 s~ir l -~rora.-Thi~ work would be cornmeneed within a few days of photoqraphy as soon as the 
first fieltl boards liad been prepared. The average outturn during the experiment was 3 square 
miles a day. Owing to the reducer1 amount of pointing that mould be required, an outturn of 4 
square nliles mi:11t be espected, but i t  is doubtful whether this will ever be greatly exceeded as 
it is lilnitetl by the time taken in nlovinq over the pronnd. I f  ( as is l)roposed in para 32)  the 
scale of the photos is retlncetl, the outturn mill be adversely aEccted on account of the increased 
dif ic~i l ty  of interpretation. 

31. Tllc results of the photography show very clearly that  the qualifications of the flying 
officers are a most important factor in the =rial part of 

Photogrxpby. 
plloto surveying. Of the four pilots engaged in tlie 

experiment, one possessed the topographical sense in a marked degree, and was able to follow very 
accnrntely a qiren line by reference to the esistinq map. For topograpl~ical surveys satisfactory 
results will only be obtained by selecting and trainiug officers who have a natural aptitude for 
t h i ~  work. 

There is little rlool~t that the attention which is being devoted to the subject in Europe and 
America will result ill a rapid developnient on the =rial side. Machine will be specially designed 
for the work. The introduct~on of completely automatic photograpliic apparatus and instruments 
of precis~on for navication purposes will to a certain eu te r~ t  do avJay wit11 the personal element; 
while a t  the same time the standard of personal ~)erformar~ce will be raised. 

The asrial part of the work, in nlatte:.s relating to proplane design and ec~iiipment has been 
dealt wit11 more fully by C a ~ ~ t a i n  Salniond i n  his report,. 

3'2. .\part from cluestions of altitude ant1 focal lengt11, the necessity for ease and rapidity 
in the i~~terpretat ion of photos imposes rc litnit to  the 

Srnlr 
reduction of scale. I t  is clearly desirable to obtain a5 

sn~a l l  a scale as possible consistent. with this requirement. The scale of 3 . 6  inch to a mile adopted 
in the enl,rri~ncnt was fully large enonzh, ant1 it  is probable that a smaller scale, say 2 . 5  to 
3 inches n-ould hc rr~lficient provided t h a t  the quality of the pl~otos mere good. The latter is 
essential, ~bl~otos on such s~na l l  scales are useless, ~f the definition is not quite perfect. With a 
6- inr l~ len5 at  12000 feet 3 scale of 2 .7  inch to 1 mile would he obtained. Each photo, 8" x 8", 
would corer 9 stillare mile? and aIlt,wing an overlap of YS '1, the working area mould he 4 square 
miles. 141) pl~otos in 9 s t r i p  wor~lrl be required to cover the area of two standard sheets (540 sq. 
miles). Aetr~nlly, the covering power of the lens woiilcl probably not extend beyond about. 3) inches 
from the centre of the photo, so that  an extra margin of overlap would be allon.ed-(unleen an 
6-inch lenn werr used at 16000 feet). Further allowances would have to be made for gap filling- 
cay 50°/,, or 010 photos in 12  strips-i. e., 105 photos for each st,andard sheet. In  actual 



i t  is probably tha t  this figure mould generally be exceeded. Original photoe on thie ecsle 
would be suitable for topographical maps on all scales lip to 4 inch to 1 mile. 

33. The use of larger plates will greatly simplify compilation of the mosaic. The  number 
of photos involved would be about 100 per standard sheet 

Compilntion. 
as against 600 in the experimental sheet. The absence of 

distortion will effect a reduction in number of fixed poiuts necessary-up to a certain point. When 

fittiog strip4 of photos together by overlaps it is iinpossible to  avoid certain errors; with some 
individuals there is a tendency to accr~mulste an azim~ithnl error, so t h a t  even if both ends of a 
strip are fixed the central photos may be displaced laterally. It is therefore necessary to have fixed 
points a t  intervals along each strip. Ground strips mould provide points a t  intervals of 73 miles, 
i t  mill probably be desirable to fix a n  additional intermediate point in say every alternate strip. The 
total number of points required for a standard sheet mill thus be 8 0  to 100 (1 point t o  3 square miles)- 
-100 points were fixed in the experimental sheet. 

34. On the basis of the proposals for future work outlined in the foregoing paragraphs, i t  
is now possible to  work out an approximate forecast of 

Coat. 
t,he comparative cost of the air photo method. 

( a ) .  Cost of grotr~rl  lonrk- 
Take the average of t,he last three years for 1-inch survey by No. 2 Party. 

Year. I Ontturn q n a r e  miles. 1 Unttorn per man per month of 24day6. / Cost per rqnrre mile Bs. 
I 

Ayerage 
1 
I 46 .6  I 9 . 1  

Taking the organisation of the z r o  party described in para 30, the programme for a field 
reason would be as follows :- 

Party reaches field headquarters . . . ].st November. 
Photography commenced . . . 10th November. 
~ u ~ ~ l e r n & t a r ~  field work commenced . . . 15th November. 
Photography completed . . . 10th February. 
Field work closed ... 20th A ~ r i l .  

Month 

November 15th t,o 30th 
December 
January 
February 1st  to 10th 

,, 11th to 28th 
March 
April 1st to 20th 

No. of men 
on field work. 

16 
16 
16 
16 
26 
26 
2 t i  

Total "men-montha". 

I I 

Total 106 
L ' m e n - m ~ ~ ~ t h s "  

Ordinary field party of same strength 
30 men from 10th November to 20th April 160 

"men-months" 



O~lttorn per mno per mmth of 24 da.8. I Totnl outtorn. 

Ordinary party 47 ( 17 x 180 = 7500 

sq. ~ n .  
-Em psrty 21 x 4 = 96 

Note-Tlre nhove f i p r e s  are onl!- comparative, and are not an estimate of probable outturn. 

sq. m. 
96 x 106 = 101 76 (say 38 standard sheets) 

Aas11111ing that  the total cost, of an ,rro party nrould be about the same as tha t  of an ordinary 
party of the same strength, if the cost rate per square mile for ordinary 1-inch survey is Rs. 9 - 1 ,  
the11 t1.c cost rate for tlre grountl I\-orli b!. the pro part,y n,ould be 7500-10176 x 9 . 1  = Rs. 6 . 7  
1wr q u a r e  mile. 

~ c t a a l  cost for 5l/E,'1? was Rs. 3701-. 
Probable cost per sheet Rs. 2UO/- or Re. 0 .8  per square mile. 

( I. l .  Tit, ,-osf ?/' t i e  H. -4. F. sinr. qf' tAe rc~ork is based on the following figures supplied by the 
:St11 Squarlron for tlre .\:ra exl)erirnent :- 

I ~ l i l t t r ~  ( i )  .-?tloremrnts of mnchines and personnel, provision of an extra hanger etc.-Rs. 1370. 

( ii ). Ordinary-Pay of personnel, cost of rations, normal petrol and oil 
R t v i t  r t - i ~ ~ ~  ,711d (Rs. 12001-) etc.- Rs. 8230. 
J J I ~ I ; I I ~ ~ I I I ~ ~ I , , * .  ( i i i ) .  Extra-Officers detention allowance, extra petrol and oil 

(Rs. 27(~0/-)  photographic stores (Rs. 1462/-)- Rs. 6290. 
For the present a~lalysis it is rssumetl that items ( i )  and (iii) are debitable to the Survey 

and on1.v these l~nve bee11 taker1 into account in calclllating cost rates. The above figures do not 
inclrlcle any deprecintion of the machines, which wonld amoont to a very large sum. 

1750 photos (exclucling city) were taken a t  an average interval, during photography, of 30 
seconcls. Hat1 5'' x b" plntes been need (scale 2 . 7  inch to a mile) the interval woulcl have been 
SO seconcls. Conseclriently the number of plates exposed in the same flying time mould have been 
30 - 50 x 1 i s 0  = titill. 

The cost of photo stores for 1950 plates mas Rs. 1460 
The cost per 5' x 4' plate = Rs. 0 . 7 6  
Therefore tlie cost per 8"x 5" plate (arbitrarily assumed to be proportional to area of plate) 

- 0 . - -  - 1 . 1  x f k-20 = Rs. 2.4 

The cost for 660 plates =2.4 x 660 = Rs. 1580 
h c t i ~ d  cost = Rs. 111i0 

Difference = Rs. l?O 
Hence hacl the new camera been used, the total of item (iii) above would have been increased 

by R5. 1101'- making it Rs. 6410, - or Rs. !I. 7 per plate (8" x SN). 

The wtimated theoretiral o u t t ~ ~ r n  for the c r o  p a r t  is 38 standard sheets. At  105 plates 
1wr sheet the total nnrnbrr of plate9 = 3990. 

Totnl w t  of flying and photo store9 = 3990 x 9 . 7  = Rs. 38700 
.b111 initial charges- item ( i ) 1370 



Cost per sq. mile = 40070-1017G = Rs. 3 . 9  

( d ) S~tr~it~inry-Totnl cost rate. 

. C).ro~ind work . . . Rs. 6 . 7  

C~mpi la t~ ion  . . . Rs. 0 . 8  

Photography . . .  Its. 3 .9  

Total cost rate . . .  Rs. 1 1 . 4  per square mile. 

If tlie total cost of the R.A.F. is taken into account (iucluding depreciation, pay of personnel, 
a:d cost of rations) then the cost rate wo~ild probably exceed double the cost of survey by ordinary 
methods. 

No mention has been made of the cost of triangulation and traversing. I n  the greater par t  
of the areas suitable for air photo surveying, trigonometrical data  are already available-where they 
are not, tlie difference io tlie amount of work necessary for tlie two methods would not be very 
great, the cost of traversing for zro-work might  be Re. 11- per square mile cheaper. 

Another consideration mhicli mould affect the cost of photography is the distance of tlie work 
from the zrodrome. I n  a prograrnlne embracing two degree sheets, the outlaying sheets would be a 
considerable distance from the headquarters, possibly as much as 100 miles; operating a t  this distauce 
would be most uneconon~ical. 

35. The chief aim of the experiment has been to ascertain whether surveying by nrial 
photography is superior to ordinary methods for 1-inch 

Conclue~ons. 
maps, either as regards speed, cost or results. 

Speed-The comparative rate of outturo is in ratio 4 : 3. 

Cost-The cost of t,he new method is co~isiderably greater. 

Hesrrlts-For a I-inch map, about 90 '1, of tlie detail available on the photos has to be cu t  
out. The remainder has to  be generalised and passes through severnl processes before reaching 
the fair sheet. For these reasons the resulting map is not greatly superior in accuracy to t h a t  
produced by grouud surveys. 

It would appear then that there is nothing to be gained by adopting the 
air method for normal 1-inch surveys in the plain8 of India. 

For larger scales however, as 2-inch and 4-i~ich, especially the latter, the new method should 
eventually prove superior in every way. 

Jfni~ntaii~ous cotri~li;y-In India and Burma there are large areas of detlsely wooded hilly 
country which for purposes of forestry or mining may require to  be ?cculately surveyed. Slich 
surveys are very expensive; the cost of surveying minor detail is usually prohibitive. Until  precise 
air photo methods are developed, very satisfactory results could be obtained by a combination of 
=rial photography with ordinary grorind surveys. Main features and heights would be obtained 
by tlie planetable \rliile thc photos worild provide minor detail and hill forms. 

Hlt.er allti I)el /o  P~ri.r.e,yn-S~~ggestions for this class of work have been made in previous 
not.es in response to  specific demands from the Biliar-Orissa and Burnla Governments. 





C H A P T E R  111. 

City Survey. 

36. The outlyiug Lohamandi ward of Agra City was selected as  the most suitable area for 
the experiment. Photographs were taken on the 27th 

l'hotogrnphy. 
February and 4th March, with a 20-inch lens a t  3000 

feet, giving a scale of 1.50 ft .  to 1 inch. The area was \\re11 covered in spite of very adverse conditions. 

37. It \\.as proposed to carry out a roof top triangulation by n-hich to fix a satticient 
number of points to ensure an acrurate mosaic A prelimi- 
nary mosaic (this may hr  terrncnrl the tl-ianqalation "chart 

mosaic") was prepared by pasting down the coutact prints supplied hj- the R.A. P. on a bristol 
board, without reference to any fixed 1)oillts. li'or this purpose i t  is nc.cessnr?- tha t  all the photos 
(in the area covered by each chart mosaic) shonltl be as nearly as possible ol' t,he same scale. They 
were so in t l~ i s  rase. Considerahlc carc is rerluirerl in building 111) the mosaic, otherwise errors 
are liable to accumt~late in one place. 'l'his mosaic formecl a fairly accurate map of tlie area, it  \\-as 
mounted on a plane table and used as a t,riangulation chart. A central portion of abont 50 acres 
comprising the most congested area was selected. 

38. Bl~plication was then made through t,he Collector of Agm for the assirta.nce of the ~nuni -  
cil~al authorities in obtaining permission of occupants to 

blunicipnl assistnnce. 
enter their homes ancl make theoclolite observations from 

the roofs. The official acttiall>- detailed \\-as tire Sanitary Insllrctol. of the \\-al.d, n-110 accomlmnied 
me on the first day's nvork n.11en the triangalation stations were selected and interviewed the house 
owners concerned, none of whom ofiered any objection. Iu  I?ngland the Orclnance Survey has 
statutory polvers under act of l'arliament empo\vrring its survej.ors to cntcr private property for 
purposes of survey. ( I t  is presumed that similar po\vcrs \ \ , i l l  bc take11 in India, the?- \\-ill certain- 
ly be required for town surveys and must have been exercised dnriog the Bombaj- Survey for 
esample). The highest houses are clearly the most suitable for stations, and the)- are also the most 
s t r o u g l ~  built and therefore the most free from vibration. From t l ~ e  tirst house visited i t  was pos- 
sible with the aid of the chart mosaic to  select five others oecessarj- to  cover the area. 

39. A reconnaissance was then carried out from the houses selectecl as stations. It was 

Reconnaissnnce. 
possible to  fix an almost unliniitetl number of points which 
could be easily identilied on the mosaic ancl on the ~ r o u u d ,  - 

having first orientated the mosaic by aligning the sight rule on some distant recognised point. The 
mosaic was naturally not quite accurate bu t  sufficiently so to  enable any  particular roof to be identi- 
fied. A11 roofs are flat and usually surrounded by a low parapet one corner of which could be chosen 
as a point to be fixed. The metal spikes at, the centre of mosque domes form useful points. The 
mosaic was inked up as a triangulation chart in the usual way. It is necessary to  talie ink on t o  the 
roof tops as pencil mill not mark on the photo prints. A base line mas selected along the railway 
embankment running through the area, giving a suitable connection with the triangulation. All 
stations were marliecl nrith a circle and dot, the centre of the roof mas usually selected, (some mere 
inconveniently restricted in area), and the distances from the parapet mere entered in diagrams a t  



the etlge of the c l~ar t .  Points were evenly distributed over the area without reference to  individual 
photos, the number fined ensured that  a t  least 4 occurred in each photo, one contained 9. The 
reconnaissance occupied three days. 

40. K i t h  the assistance of Major Wheeler the base was measured (1191 feet) with a 33W 
steel tape. Four measures were taken. For the obser- 
vation of angles i t  is necessary to  have a suitable signal. - 

That tlesignetl by Dr. J, tle Graaff Hunter for tmverse work in  Bombay moiild do well. As no 
signals were available one corner of the parapet of the station roof was selected in every case to  
observe to. This necessitated the calculation of two corrections to  every angle, which made the 
computations very laborions. Onving to the rough nature of the signals only two measures of each 
ao,qle were observecl, one on either face. When using proper signals and extending the triangu- 
latioli over a large city it  wonld be advisable to  take four measures for station triangles and two for 
~ntcrsected points. I t  would probably be necessary to measure two bases a t  opposite sidefi of the city. 

Yertical angles were observed as the heights of points were required. 

-1 a ~ i n  azinluth was observecl a t  one of the stations. The observations were completed in 4 days, 
trro stntious each da!-. In  cool weather i t  would be possible to observe a t  three stations every day. 

The staff employed consisted of the trianglilator (Major Lewis) and seven khalasis. Wi th  
signals, 1 5  khalasis ~ o u l c l  be recluired. 

The area covered was about .50 acres-requiring 5 stations to fix 30 points-i.e., i station and 
6 p i n t s  lwr 10 ncres. I t  n-ill probably be found tha t  the same number of stations and points are 
s ~ ~ f i c i r i l t  fur 15 acres for n rnosnic on thc scale of 76 feet to  1 inch. Thus the  city of Agra 
containinr: 1600 ncrcs woolcl require abont 110 stations ancl GOO or 700 points. The photography 
n onl(l t:lkrb nlmnt n week and two trianpnlators \~-ould complete the triangulation in, say, two months. 

41. On the ret11r11 of the party to Dehra the comp~itations were carried out by Captain 
Glennie ancl one computer. Points mere computed in 

Compntetioo. 
rectangular coordinates. 

The resnlts were as follows :- 

I / per 100 f t .  I I per 100 ft.  

I i Average , 
S o .  of s o .  of 1 clifferenee 

I Triangular error between stations. triangles. I in seconds. 1 common sicles 

f t .  
0 0039 

42. We most now consider to what extent the photo departs from a true plan of the ground. 
Most mi te rs  on the subject have discussed the question 

Errem In the photopraph~. 
from the standpoint of air mapping generally and not with 

reference to larqe scale town surreys. I f  n-e make the warrantable assumption tha t  the lenses 
e r n p l n ~ t ~ l  prwluce irnnees free from perceptible distortions within the area of the plate, there remain 

No. of 
sected points. 

three contributing factors- 

( i ). Tilt of camera axis. 

( ii ). Distortion due to focal plane shutter. 
(iii). Disrlaccrnent due to height of buildings and variations of ground level. 

Average 
difference 
between 

common sides 



(i). The general question oE t i l t  has already been touched on in this report. Air photo 
surveying cannot be considered a method of precision until i t  has been eliminated. I f  the elemente 
of til t  are known, absolute correction may be made; but  in the absence of an arrangement for 
recording tilt, i t  is not possible to correct the distortion due to i t  in the case of large-scale morl:, as 
will be shewn in the discussion of item (iii). 

(ii). Focalplane s i i ~ t t e r  distortion-This is due to the distance travelled by the  plane 
during the time occupied by  the shutter in travelling across the plate. Distances parallel to the 
direction of flight are elongated or compressed according as the shutter travels mith or against 
the motion of the plane. 

If the velocity of the shutter is 40 inches per second and width of plate is 4 inches, then 
the time taken by the shutter to  cross the plate is 1/10 second. During this time the plane 
moving a t  80 miles per hour travels 1 2  feet. On topographical scales this is negligible, bu t  on a 
scale of 150 feet to  I-inch i t  is a very serious matter, amounting to a percentage error of 1/50 
(in the present instance the distortion mas not so great as this). The distortion may be eliminated 
by the use of between-the-lens shutters. Such shutters are however subject to mechanical limitations. 
Definition requires tha t  the exposure shall be proportional to the ratio ""ltude-, Large scales 

focnl lougth 
therefore demand short exposures beyond the speed a t  present attainable in between-the-lens 
shutters, which is of thc order of 1/100th second. The distortion 111a3' also be eliminated by the  
use of a film camera in which the film mores continuously during esposure a t  a speed which mill 
lnaintain the image stationary upon it. It is not k u o n n  whether such an arrangement has been 
tried. I n  the meantime the  distortion may be corr~ectrd by t,he use of a barrel lens (such as the 
one devised by Lier~t-Col. S.  W. S .  Hamilton, R. E.). This could be introdaced into the enlarging 
lantern and might prove satisfactory. I f  the distortion is present the error introduced by i t  may 
be dispersed by cutting the prints into sections aud drawing them out or compressing them in the 
required direction. This may be done in coujunction ~ i t h  the dispersal of other errors to which 
the photo prints are liable (see para 45). 

(iii). D i q l u c e r ~ ~ ~ t i f  -011 a large scale tlie clisplacement of housetops with reference to  the 
ground is very apparent, and as all fixed l~oints  are situated on t,he roofs, i t  must be corrected. 
The displacement is directly away from the point vertically below the camera. I t s  amount varies 
with the distance from this point and mith the height of the building. It is easy to  calcElate 
provided the position of the point vertically below the camera is knonrn; i. e., i t  is necessary to  

know the direction and amount of til t  of the camera 
axis. I f  the axis is vertical the point mill be a t  tlie 
centre of the photo. 

B y  similar triangles, if x s '  is the  displacement 
of a point X 

s x' 0 x' 0's" -- - - - = -  
h O L  O ' L  

nrhence diq~/acc~)lrtzt = (Ac(9A t ?f 401i~e) x (distance ia 
inches of point .froa centre of photo) - (focal le~zgth of 
cant era). 

As i t  is believed t h a t  there is no satisfactory 
metl~od of recording t i l t  in an reroplane camera," i t  
follows tha t  the problem is insoluble where photos have 
been taken with s camera liable to  be tilted, since the 
error in the position of points on the photograph (apart 

*The Bnryey of E g ~ p t  hnve made experiments with n tilt recorder on the principle of n simnltnneons photo of 
the horizon taken with an naxilirry lens; it is not known u-hether the results mere entidactory. 



from shutter distortion) nrill be due partly t o  perspective distortion end partly to  displacement 
of the house tops containing the points. The only practical solution then lies in the use of 
stabilised camera. 

The scale of the original photos being fixed, the displacement described above may be 
minimised by using a lens of greater focal length and flying a t  a higher altitude. Thus if instead 
of a 20-inch lens a t  30001, a 40-inch lens had been used a t  6000 feet, the same scale would have 
restilted but the displacements would have been halved. These displacements are a great draw-back 
in 811 phases of the work, it  is therefore advisable to obtain lenses of the longest possible focal 
length. 1s-inch lenses are in use in the United States. 

-13. In  compilinq the mosaic i t  is necessary to  select a horizontal plane on to which all  

Plsne of reference 
points on the photos must be projected, for while house- 
tops are displaced outwards, points situated in depressions 

in the groantl are dis~~laced innards towards the centre of the photo, so that  when there is much 
variation in the general level of the ground, i t  may be difficult t o  obtain sufficiently accurate 
results. This of course only applies to  slopes or changes of level within the area of one photo, 
level areas at  a tlitiere~lt altitude t o  the general surface, mould present no difficulty. If all the 
fisctl points on house tops were a t  approximately the same altitude i t  woilld be simple to make 
the mosaic nit11 reference to  the plane containing the points, but  then i t  n7oold be necessary to  
correct the position of detail a t  grountl level, and i t  is only this detail that  is required in the 
sllr\ey. I t  is therefore more co~lvenient to select t,he mean level of the ground as the plane of 
reference. The majority of Indian cities are situated on fairly level ground, and only such should 
ht s ~ I t ~ ~ . t r ~ I  for esl~t , r i~ne~ltal  work. 

-I I .  .I lloint \vn:: sclrcted a t  the mean gronnd level of the area trinngulatecl and the heights 
of all fixed points mere computed with reference to this 

t ' repnrnt~a~n * s f  negative.;. 
point as zero. I t  was assumed that  the photos mere free 

from tilt Ilisto~.tion (the escellent coincidence of overlaps showed that  they were nearly so) and 
the centre of each photo (oil a spare set of priuta) was marked as the point of no displacement 
vertically below the camera. On the back of each print the displacement of each point falling in  
it n-v calclilatetl t l l~ls :- 

11 = tlisplacement in feet, h = height of point in feet above datum. 
D = tlistnnce in inches from centre of photo. 

f = focal length of lens in inches = 20 
D K h then d = ----.  

211 
The greatest tlisrrlncement amonntecl to  6.0 feet, giren by a height of 5 8  feet near the edge 

of a llbotr>. This is eclnal to 0.0:39 inch on the scale of the photos (155 feet to 1 inch) and 
(1,090 inch on the scale of compilation (75 ft .  to 1 in.). The average was about two feet. 

Tiie correct position of the points in plan was then pricked through on each print by 
nleas~~reinent olnng a line joining the point to the centre of the photo and the negatives were 
zimilarly marked with 3 tine point. This is not easy to  do as t,he distances are eo small. All 
p i ~ ~ t ~  were 11lotted by rectangular co-ordinates on a millboard and the points contained in each 
i l ~ ~ l i v i ~ l l ~ ~ l  photo were transferred from this on to  separate pieces of paper to be used for scaling. 

The arerare  number of points contained in each photo ma8 5. 
b3. Even if shutter distortion is eventually- eliminated or corrected, the mosaic will always 

contain certain errors which will depend verv largely 
I5rrr.i-• oi  tho  mn=nir. 

nn the skill of the con~piler; they mill be due to :- 

( i ) .  Errors in rnarking the tlisplacml points on the negative, 
(ii). Plotting errors, 



(iii). Expansion and contraction of the photo print, 
resulting in inability to  obtain a n  exact fit in all  of the many overlaps. Concequently in any parti- 
cular print forming a component part of the mosaic there may be a n  error accumulating gradually 
towards the edges and cancelled by a sudden jump a t  the  junctions with the adjacent prtnts. By 
cutting prints into sections the jump may be reduced in magnitude. I anticipate that  the maximum 
error sllould not exceed 2 feet (or 3 feet if shutter distortion has to  be dispersed mechanically) ? . P . ,  

tllat the distance between any  two points measured on the mosaic (at  ground level) will not be in 
error by more than 2 feet, but  t h a t  this error may occur when the two points are only a few yards 
apart if tllep are on either side of the junction of two prints. These local errors may be slighfly 
(lispersed when inking up the mosaic. 

The component prints will be fitted with r e ~ a r d  to detail in the plane of reference (r~sually 
ground level), so t h a t  a t  first sight the mosaic will appear most inaccurate, owing to displacenlent 
of house tops in variolis directions. 

The errors described above are those incidental to the mosaic alone. Further errors nlay 
occur in the interpretation and inking up  of photos on thc  ground. It is in~possible to  say rvhat 
accuracy will be obtained in this part of the work. 

4G. The various errors to which the air ~ ) h o t o  method is liable, set a limit to  the scale of 
survey. A t  the present stage of development. I should be 

kicale 
inclined to place the limit at 1/1000, i11011gh this may 

prove unduly optimistic. Colonel Robertson, it1 his paper on the practice of Tow11 Surveys, was of 
opinion that  the scale for Ix l ian  Cities sl~ovld not be larger than 1/500, while the scale of 1/1000 
mould probably meet all requirements. A smaller scale would probably suffice for the majority of 
the uses to which a town survey is put. I t  might  be fonud advaritageous to  make the coml)ilat~ou 
on a scale of about 1/1000 ant1 to  reduce for pllhlication to sa!- 1 1 1  500. The smaller the scale 
of the original photos, the less mill be the percentage of shutter distortion. The  scale adoptcd for 
the mosaic of the experimental area wa3 75 feet to 1 inch (1/900). This rneant an enlargement to 
double the scale of the original pbotos. Good negatives can well stand such an eolargemer~t. 

47. The scaling of the photos mas carried out in the er~larging lantern a t  Dehra. Owing t o  
the combined effects of the distortions due to the focal 

Moeaic. 
plane shutter and to tilt of the  camera axis i t  was 

impossible to make the points marlied on the negative fit the plotted points exact]!-. As close a n  
approximation as possible was obtained and the mosaic was compiled bj- cutting the prints into 
section and so distributing the errors. It may be noted here that, the tilting board used in 
conjunction with the lantern was a temporary construction n ~ i t h  a ball and socket movement which 
is unsatisfactory; fine adjustments cannot be made. The usual arraugement of frames with slow 
motion screws for tnovement in  both directions is preferable. 

48. The experiment nras thus only partially completed. The results show merely that  
triangulation nridl be a sufficient and a rapid proccss as 

Result of experiment. 
compared with the traversing required b>- ordinary methocls. 

When a stabilised camera is available, further mork will be necessary to  ascertain :-- 

( 0  ). The nature and amount of the errors to  which the mosaic mill be liable. 
( h ) .  The extent of the ground mork necessary to  indrpret  the phccographs and the best 

method of carrying i t  ont. 
( c ) .  Cost. 
49. To complete ~ l l e  experiment I mould make the following suggestions :- 

Rnnrcstionq for tntnre norli .  

Jfoanlc.-The experimeutal area a t  Agra should be rephotographed with the new stabilised 



camern which is being supplied by the Air Ministry. 36 inch and 4 8  inch lenses should be asked 
for. Photos should be taken a t  6000 or 8000 feet according to the lens used, giving a scale of 
l / f000,  to be enlarged to 1/1000. I f  i t  is decided that  a smaller scale than 1/1000 is sufficient 
then the altitude should be increased, so as to  minimise shutter distortion and displacement. W i t h  
an 8" x 8" plate or film a 50 '1, overlap should be allowed so as  to  utilise only the central 4 inch 
square of each photo, the displacement a t  edges of this square will then amount to  only 1/18th and 
1 '24tl1 of the height of the house3. with a 36 inch and 48 inch lens respectively. The mosaic may 
then be reco.mpil~1 w i n g  the points tixed this year. 

(;rotr#t/ trork-Duplicate enlargements of the photos selected for the mosaic will be prepared 
and mounted ou bristol boards separately. On each of these prints the area to  be used in the mosaic 
plus R matgin of cay 4 inch all round will be enclosed by a line by the compiling officer. The 
priuts will the11 be taken on to the ground and the detail within this line inked up. This will 
require intelligence, and for the esperimental area an officer of the Upper Subordinate or Provincial 
Service should be selected. I n  streets and alleys that run in directions other than radially from the 
centre of the photo, tlte inner side mill be obsc~lrecl by the dieplacemeut of the Ilouses. It may be 
inserted by calculnt~on from the height of the buildings and their distance from the centre of the 
photo (for this purpose a graph or tables could be prepared) or, by actual measurement of the width 
of the dreet ,  the oplwite  side of ~ v l ~ i c h  appears on the photo. The latter method will probably be 
I'refcrnl)le. The natnre of the detail recluired to  be shown must be ascertained. I n  addition to all 
detail wcorrinq in streets and open places i t  may be necessary to  show :- 

( 1 1  ) .  Party walls of on-nerships or occnpancies. 

( L ). Opeu areas of courtyards and gardens away from streets. 

( ). JIonicipal and ward bounJaries. 

. Spot I~el~.h!s ant1 bench marks fixed by levelling. 

\ ~ a i l s  sllo111ll be shown h! single lincs, representing the centre line, excepting in the case of 
\\-nllc facing on strcet.; n-hose outer surface s h o ~ ~ l d  he shown. 

The detail from the completed field boards will then be transferred to  the combined mosaic 
by copying with reference to the photo detail, adjustments being made where necessary a t  the 
junctions of prints. 

50.  An alternative method ellould be tried which mould obviate the necessity of preparing 
a mosaic. All fixed points are plotted on a piece of 
tracina cloth. The inked 111, detail from each field board 

1 5  then traced by a a l j o s t n ~ e ~ ~ t  to the tixetl points. The adjostmeut between adjacent printe may be 
found d~ffic~ll:. h.lt II' feasible this mpthod n-oultl be much quicker. 

3 1 .  For the e s p r ~ m e n t a l  ground n-ork a t  Agra I would snggest that  two copies of the 
field boards be prepared and that  two surveyors should 

T C ~  
enter 11p detail of the same area independently so as to 

cnnllare their results. .It the same time a part of the area should be accurately surveyed by 
ordinary methods. 

j .I ,. TVhlle it nould be possiL:: to complete the triangulation and ground work of a city in 
one season, i t  would be preferable t o  carry out the 

( ~ r g n n ~ = r t i r n  f s  r C ' j t  Sur rerc  
triangulation and preparation of the mosaics in one year 

and the cro~lnd work and fair mapping the following year. With a party consisting of six 
tnanpulators aocl fifteen srirveyorP. the survey of three cities might be undertaken each year. The 

party hesdquarters would remain at Debra. 



O 5 c e r  in  charge General supervision and supervision of triangulation. 
Provincial o5cer  I n  charge of computation and compilation a t  Dehra. 

I 1 1) I n  charge of ground work in three cities. 
Provincial o5cers  or 

Upper Subordinates Triangulation and computation-2 in each city. 
Computers computation of triangulation. 
Surveyors Ground work-5 in each city. 
Levellers Providing heighte of bench marks. 
Khalasis 

Fifteen surveyors is perhaps an excessive number for one man to supervise; they are however 
concentrated in three grOllp6) SO that  the supervising officer would be able to  spend a t  least a full 
day with each man in the  month. 

PLotogr,rpl,y-This would be carried out first and as early as  possible in the season, each 
city being takeu in turn. Town guide maps could be issued to the Royal Air Force showing the 
area to be covered aud i t  would probably be unnecessary for a Survey O5cer  to  be present. The 
R. A. F, coulcl then send the negatives to Debra together with two complete sets of contact prints. 
Photography should not take mere than one meek for each city. 

l'riang~~lotion-Triangulation chart mosaics woi~ld be prepared a t  Dehra by the triangulators 
under the compilation officer. 1 0  or 12  charts would be required to  cover the area of a city. As 
soon as two or three charts mere ready, the triaugulators would proceed to their ground, the o5cer  
in charge going to each city in turn to  select base lines, make the necessary arrangement with the 
local authorities and s tar t  the triangulators on their work. 

Groto~d zoork-In the meantime the ground mork of the towns triangulated during the 
previous season would be in haud. 

Lecellixg-This would be done at the same time as the detail ground work; the trienguletion 
mosaics might be used for indicating the position of bench-marks and spot heights. 

Rn8c~s.s ~ciork-On completion of the field mork the triangulators motlld return to Dehra, 
complete their conlputatious and then prepare the final nlosaics and the field boards for the folloming 
season, each man dealing with his own area. The surveyors would undertake the fair-mapping of 
the cities of which they liad completed the  ground work. 

53. An approximate forecast for the cost-rate per acre is obtained from the following 
assuinptions :- 

cost  Cost of party per year Rs. 70,000/- 
Area surveyed each year, 6000 acres. 

Cost-rate per acre including all operations up to, and including fair-mapping 121- 
Tlie cost of photography by the R. A. F., on the basis of extra expenditure over normal, is 

very small, amounting to a small fraction of 11- per acre. 
So that  the cost-rate may be taken as not likely to  exceed say 151- per acre, 
34. Before any extensive photo surveying can be undertaken i t  will be necessary to organise 

a separate photographic section a t  Dehra. A separate 
P l~o tog rnph~c  S e c t ~ o n .  

building will be required with accommodatio~r for 
( a ) .  Enlarging lanterns, one lantern mill be sufficient a t  the outset, but as the ecope oE the  

work expands it niny be necessary to instal a second onr. This bl~ould be allowed for. 
( 6 ). Compilation rooms-Two or more large well lighted rooms mill be necessary. 
( c ) .  Store rooms for negatives, photographic stores, etc. 



I mould recommend that  all the photographic work of the various classes of air photo 
surveying that  may be undertaken in the future should be concentrated under one officer a t  Dehra. 
The members of the different parties responsible for the field work and fair-mapping mould be 
under his supervision for the time being while mosaics mere in the course of preparation. 



A P P E N D I X  I .  

Heliotrope Equipment and Method of Aligning Helios. 

1. E q ~ l i f ~ n ~ e n f .  Each heliotrope set consisted of the following :- 
Two 12-isch heliotropes. The auxiliary helio, for directing the sun's rays on to the flashing 

helio, had no special fittings. The flashing helio was fitted with sights screwed into its rim a t  
either end of the diameter perpendicular to the horizontal axis of the mirror; i t  also had milled 
headed screw for clamping the mirror as regards movement in azimuth. 

Two helio s fa~ lds .  3' 6" and 2' 6" in height for the flashing helio and auxiliary helio 
respectively. 

A level. 
A pl1~~1~6-Cob. 

A ~ L  ' l a l i g ~ ~ i n g  board". This was a l ight  board, 3 feet by 2 feet, fixed to an iron-shod stake. 
A shade flap was hinged to the upper edge, quadrants of canvas being nailed to  the side edges of 
the board and flap. The inner surfaces were painted black and three white vertical lines were 
painted on the board, one central and two outer 2 feet apart. 

2. Scttif~~q up). The following proceclnre mas adopted for setting up and flashing the helios 
on a given line, previously marked by two pegs about 40 yards apart, the exact aligning being 
given by nails driven into the pegs. 

The aligning board is set up by driving the stake into the ground against its peg, ( the peg 
nearest to the approaching moplane) so that  the board faces tl13 helio, with the centre white line 
coincidi~lg with the nail in the peg. The shade flap is raised. 

The flashing helio is centered over the other peg (on the tallcr stand). The horizontal axis 
is then carefully levelled and the movement in azimuth clamped after aligning the sights on the 
centre line of the board. The axis of the mirror is now a t  right angles to the alignment. 

The auxiliary helio is then set up about 3 feet from the flashing helio (between i t  and the 
board) its centre bring brought into the alignment with the aid of the sights on the other helio. 
I f  the sun's image is now directed from the auxiliary mirror on to the flashing mil-ror oscillating 
about its llorizontal axis, the rays reflected from the latter will move ill a vertical plane on the 
required alignment. 

The two operetors take their stand a t  their respective I~elios. The rnan a t  the auxiliary 
helio brings his reflected center "spot"  on to a small piece of white paper stuck a t  the centre of the 
flashing mirror. The second operator then rotates his mirror tiH the image rests on the black 
eurface of the aligning board, sod directs the other to make any necessary adjustment of the 
auxiliary mirror which may be required to  centre the image exactly between the outer white lines 
on the board (the width of t,he image at 40 yards approximately fills the space between these lines). 
The exact position of the centre "spot"  reflection is then marked with a black dot on the patch 



of nyllite palMr. The helios are now in adjustment for flashing. The routine adopted was to flash 
ten times,--each swing taking about a second-then to stop the flash on the board, correct for the 
sun's movement, and commence flashing again. A squad of four men was required for carrying 
the  outfit, and hy taking turns, flashing could be kept up continuously for several hours. 

3. Alignmest. The problem consists in locating the positions of three helio stations on a 
straight line and in laying out the direction of tha t  line sufficiently accurately on the ground. 
The h a m  thrown by a helio with a plane mirror has an angle of dispersion corresponding to the 
angle subtended by the sun's diameter a t  the earth, viz;-about 30'. Hence, should the alignment 
of two helios be in error by 15' or more in opposite directions, the paths of the two beams would 
nowhere overlap, and the airman would be unable to  see both flashes simultaneously. To  ensure 
this necessnry coincidence of the  flashes, the permissible error in alignment must be fixed within 
limits, sny 5'. Now the error in laying a helio on a mark some 10 yards distant, as deqcribecl in 
the preceding prrm, can, with care, be kept with 3' or 4'; consequently the error in the alignment of 
the mnrlis themselves must not exceed 1' or 2'. 

I t  is impossible to  obtain this degree of accuracy by plane-table orientation, i t  was therefore 
I,csce->ary to resort to tlieodolite trnversing combined with frequent astronomical observations. To 
nroitl compatations, graphs were prepared showing the azimuth of Polaris a t  the mean latitude of 
the n-orli (the arguments being standard mean time and date). An error of two or three minutes 
11, tilur niade 110 appreciable difference in the resulting azimuth. By this means an Eas t  and West 
lint. coold he laid out to  within 30" in a very short time, the only disadvantage being that  
observations to Polaris entail niqht work. 

I .  Let X,  T and Z represent the West, centre and East helios on any line. This liue must 
he a ?reat c~rc le  ". and for ~ y m m e t r y  i t  was made the prime verticle of Y. The latitude of X and 
Z being considered fired, that of Y is obtained by applying a correction equal to the arc-versine of a 
15' Rrc (about 85 feet in lat. 2g0). The azimuth of the helio line a t  Y is due East  and West, but a t  
S and Z a correction equal to the convergency of the n~ericlinns must be applied. I n  lat. 27O, this 
rorrection is abo~i t  7'  subt~active from azimuth 270°tlt X and additive to azimuth 90°a t  Z. 

.j. L w n t ~ o ~ t  of' Aelio sttrtio~rr. Lines represeuting the helio alignments mere ruled of the 
I,Inne-table sections. ~ n c l  their compnted northings ( o r  southings) at  the three helio station 
mer~dians =ere entered. Helio stations had to be fixed a t  some point on the line reasonably near 
these three meridians. I n  British territory, mere numerous fixed village trijunctions existed, the 

was to select a fixed point near the hne and to chain the reqaisite distance either due 
uorth or south, which a t  once gave a point on the line. I f  this point was unsoitable for a helio 
>tation, it  was necessary to move a short distance east or west until a convenient site mas found. 
The exact azirnut h nus then laicl out as already described. Where, however, only a few traverse 
pints were available, reorilar theodol~te traversinz was carried out, and i t  mas necessary to compute 
the mork before leaving earl) station, so that  helio stations and aligning pegs might be fixed 
t~ rr~,ttr, the azimuth being carried forward through the traverse and checked every night by 
observations to Polaris. 

Considersble ingenuity was required in concealing the aligning pegs in such a manner that  
thev n o ~ ~ l d  not be immediately removed by the villagers. The best method was to  sink tbe peg 
flush with the ground abnd to provide 3 conspicuons decoy peg a few feet away which the inhabitants 
were a t  liberty to remove. The heliotrope khalaeis formed part of the traverser's a q u d  and had 
no difficolty in pickina up the concealed peg9 sukequentlj-. 



PART 

Report on Experimental Air Survey near Agra, carried out by the 
Survey of India in 1920. 

I N T R O D U C T I O N .  

Early in 1910 Major-Geueral Sir  G.  11. Salniond, Officer in charge, Royal Air Force in the 
middle East, directed Captain Hamshaw Thomas, R. A. P., to proceed to India with a view t o  
demonstrating to the Survexor General the photographic work carried out by the Royal Air Force 
during the War,  and to discussing its ~oss ib le  application to peace time survey. 

The possibilities of this being conceded, a tentative proposal was made for the carrying out  
of an Esperimeutal Survey during the following cold weather. 

I11 August of tha t  year the writer reported to  the Survey of India for duty on this work and, 
in conju-.ction with Colonel E. A. Tandy, R. E., drew up a definite proposal for an experiment in 
October, which was approved by the Surveyor General and submitted to the Royal Air Force 
authorities for acceptance. They, however, stated that  they were not in a position to supply the 
necessary machines and personnel before the end of the year, and that  certain apparatus asked for 
n7as no: available out here, the Atr Ministry being asked to supply it  from England. 

I n  January 1920 the Air Ministry replied that  the type of camera asked for was not 
available but that  an improved type, on the lines suggested, was under trial and would be ready 
shortlv, though not in time to be available for the proposed experiment. 

The Royal Air Force authorities in India then offered to carry out the experiment, with the 
existing apparatus and early in February. 

Tilts offer was accepted by  the Surveyor General and the preliminary ground work mas a t  
once set in hand, in order to be ready to start the actual photography by the 20th February. 

Shortly before comn~et~cing work, intimation was received from Air Heacl Quarters regretting 
that,  owing to urgent work elsewhere, the machines detailed for the work moul~l hare to  be wltll- 
drawn on tlie 29th, and, in consequence, arrangements had to be made on the assumption that  
photos required n~oald have to be taken in tlie 9 or 10 days allon,ed. 

[In point of fact, the " Flight"  started work on the 19th February and was not withdran,n 
till the 4th March, nnll even then the area had not been completely photographed.] 

The preliminary work, laying out Helio stations and lines, had also to  be carried out under 
great pressure and in a short space of time. 

The weather conditions a t  tha t  time of the year mere not cond~lcive to  good work, there being 
a strong mind (attaining a velocity approaching 30 m. p. 11. a t  1SOOO feet) during the ,oreater 
portion of the time, frequent dust storms, and occasional ground haze. 

The district was completely strange to the pilots and there mas no time to spare for them to 
get acquainted with i t  before starting their work. The Helio system of ground control mas new to 
them and i t  i s  believed that, few, if any, had had much practice with it  a t  Ambala, owing to lack 
of machines. 



N o  l~hotoaraphic lorry was available and arrangements for dealing with the prints had to be 
m~rde a t  short notice. 

The setting out of Helio stations and lines was done in country which had not been surveyed 
for many years, and in which many of the pillars and the points of reference had either been shifted, 
or had altogetl~er disappeared, and the time available was so short that  i t  was found impossible to 
complete the work by the time the " Flight " arrived. 

From the above i t  n.ill be seen that  the Experiment was carried out under conditions the 
very reverse of favourable, and in considering the results obtaiued this fact should be c o ) ~ t i ~ i t l u / l y  
borne in mind, and the experiment as a whole sho~lld not be taken as a sample of what could be 
done under proper conditions. 

It may Lowever be taker1 as a rough guide of the costs involved, and of the difficulties l~lzely 
to  be encouutered in this form of work. 

The comments in this report have been made with a view to indicating the lines on which 
improvements might be made, in tl:e event of further experimental work being undertaken. The 
question of costs, involviug as i t  does so many variable factors, has been dealt with somewhat 
vaguely, but t h t  costs estinlated may be useful in showing the )i~irri)l~rtm expense likely to be incurred 
even under the most favourable conditions. 

X. B ---\!'hen the writer f i s t  reported for duty with the Borvey of India, the possibility of that service equipping 
and mointninin: its own machines ~ n d  personnel was mooted, and i t  is with n view to such contingency thab the various 
~nggestions and comments, (bn3etl on personal experience) on machines, in:~trnments etc.,  have been made. 



C H A P T E R  I V  

Experimental Air-Survey near Agra. 

1. From thepr~re ly  Cii.il Air Snr.c:cy point of view the Bristol Fighter is by no means t h e  
most suitable type for the purpose in tha t  

alachines. 

( a ) . The Tail Plane adjustment is very coarse, and consequently cannot be set mith sufficient 
fineness to  enable the pilot to  keep his machine flying a t  a 

Tnil l'lane 
constant height by nieaus of i t  alone, consequently the  

machine has to be kept level by the control stick, which involves " hunting " i. e., a slight climb 
followed by a slight descent in order to  average the correct height as shown on the  Aneroid), which 
in torn involves changes of scale in the photos. This questioo is dealt with further under the 
heading of " Instruments ". 

2. ( b ). The pilot's view vertically clownwards is allnost conlpletely obscured by the bottom 
planes, whic11 are coverecl in right up t o  the "fuselage ". 

Tic1 b ~ l i t y  

I n  consequence i t  is very clificnlt for the pilot to pick ul) a clistant object and make certain 
of   as sing vertically orer it .  There is a glaes windo\v in the floor of his cockpit, but  this, even when 
not obscured by oil or masked bj- bomb racks, gives a very restricted view forward, ancl prevents the 
pilot from followinq a distant ground mark with his eye, from the lnoment he picks i t  up, to  the 
time he passes vertically orer it. 

As a result of this, the pilot is almost entirely clcpendent on his observer, who from the a f t  
cockpit has a better field of view, to  correct his course. I n  cases where the observer is busy inside 
his cockpit, manip~ilatiug a Camera, the pilot is more than likely to  get  off his course. 

This point was brought oiit very strongly in the experiment when pilots, who believed they 
were over or nearly over the ground T's, were found actually to  have flown a considerable distance 
to one side or the other of then?. ( I n  the case of one pilot nrho correctly picked up ancl passed over 
nearly all his " T s ", the accuracy of hie course n-as almost entirely clue to  the very excellent work 
of his observer, who achieved the apparently impossible task of being down inside the fuselage 
manipulating the cmnera and hanging over t,he side directing the course, a t  oue and the same 
moment). 

The writer is aware that  Yery good results h(1l.c been obtained during the war, both in bomb- 
ing and photography, mith these machines, but i t  has been done in spite of the above defects and by 
the united efforts of very skillecl pilots and observers. 

For ~ u r e l y  Air Survey work however, i t  is desirable that  work of this sort should b e  
independent of individual skill, in order to  obtain uniform results. 



3. ( c ). The air endurance of the Bristol Fighter is very short, 3 hours a t  the outside, 
much of which is occupied in climbing to the desired 

Air Endurance. 
height. This means that,  where the landing ground is 

my appreciable distance from the area to  be photographed, the amount of ground that  can be 
covered in one Bight is very limited. 

4. ( d ) .  Owing to the smallness of the radiating surfaces and the type of engine, the use 
of this machine in the plains during the hot weather, 

Radiators. 
would be very inadvisable, if not impracticable. However, 

as presumably all air surrey work mould be done during the cold weather, this point is not of much 
importance. It may be mentioned however, tha t  a t  Agra, a t  the end of February, it  was found 
necessary to  allow hour for climbing t o  a height (mhich colrld be attained in about 20 minutes) 
in order not to overheat the engines. 

5. I n  the opinion of the miter ,  the most suitable type of machine a t  present for purely air 
run-ey work would, if wnter cooling difficulties could be overcome, be a " Pusher " of the F. E. 2c 
tj-pe (pilot in front of observer, engine and propeller behind both), mhich n~ould give both pilot and 
obsemer a very clear and extensive field of view forwards and downwards. Failing this, an air 
cooled Radial Engined Tractor machine, with both bottom planes left uncovered near the fuselage, 
t o  give tlie pilot a clear view down~vards, would be suitable; either type s7lould have a wheel and 
cable adjustment for the tail plane. 

6. Aseuming however bhat i t  is not fovnd practicable to  obtain a special type of machine 
for this work, and that  the Bristol Fighter is the only type mailable, the following arrangements 
and alterations are strongly to  be advised :: 

(1).  The lever and rack Tail Plane adjustment should be altered to  wheel and cable : or the 
pilot, should be provided with some instrument, a good deal more accurate and sensitive than the 
present aneroid, to  enable him to fly level on the " Stick ". 

(2). The fabric covering the lower planes near the fuselage should be removed for a couple 
of bays on each side so that  the pilot could see forwards and vertically downwards. O r  

The obsen-er'e a o r k  with the camera be so reduced that  be can devote almost the whole of 
his attention to directing the pilot, (see also remarks on " Instruments "). 

(3). A temporary emergency tank of about f hour capacity should be fitted to  balance the 
time used in climbing and enable a longer time to be devoted t o  the work of photography. 

Thie is not of great importance in city work etc. but in the case of a long River survey a 
rhort Air Endurance would necessitate a considerable number of landing grounds in order to  enable 
the  ares to be covered. 

7. dntroida. The Standard Aneroids 8s fitted to  R. A. F. machines are very unsatisfactory, 

In,rtraments. 
from the ciril Air Survey point of view, in tha t  they 
cannot be r e d  to  within the required limits of 

rcurscy, they are by no means sensitive, hawe considerable lag ", and are graduated between too 
extenrive limite of height. 

( I n  the Agra experiment a large number of strips showed a change in scale due to  a constant 
rim! or fall or a mixture of both, which, apart from the cases due to  partial engine failure, can 
only be ~ s r i b e d  to the aneroids, or the pilot's inability to r e d  them to within the required limits of 



accuracy; overlapping parallel strips, taken a t  a constant height, differed in scale, ehon~ing tha t  
the aneroids in the different machines differed in their readings. Of course strips of a cotrsta?~t scale 

can very easily be enlarged or reduced to any scale required, but  a n  exact, or even very close, agree- 
ment in scale of the overlapping strips would enable two or three to  be pasted down together on the  
6 6  Field Boards ", and would simplify the work of the surveyor doing the Identification w r k .  It 
mou]cl also help to  prevent .'directional " errors in the pasting down). 

8. I f  Air Survey is to be used estensively certain fised scales mould be used for certain types 
of work and conseq~~el~ t ly  the heights a t  which the photos were to  be taken would also be fixed. I n  

which case the type of Aneroid to be desired, in addition to the standard type, moulrl be somewhat 
on the following lines :- 

("). Reading between the limits of 0-1 000 feet, i.c,. 500' below and 500 above the required 
altitllde, to  be set in action by the Pilot on reaching approsimately the lower limit, as shown by his 
Standard Aneroid. 

( h ) .  To be graduated in units of 10 feet and accurate t o  this limit. 

( c ) .  As free from " L a g  " as possible, t o  enable the Pilot to s tar t  work as soon as possible 
after reaching his height. 

( A sufficient number for the work required should be specially built and looked after, so 
as to  obtain a minimum variation in their collective readings between the limits of altitude specified. 

(c). 
The Detachment carrying out the Air Survey should have a portable " Air Pump" for  

testing these Aneroids before and after each flight. 
9. If such instruments could be designed and constructed and used in conjunction with a. 

wheel and cable adjusted Tail Plane (or even mithont it) they should enable all pilots to  fly at, and 
maintain, the same height over level ground. 

Failing the acquisition of such instruments, a " Statoscope " n70uld enable a pilot accurately 
to  maintain any given altitude, though it  rvould depend entirely on his aneroid as to  whether tha t  
altitude n7as the same as tha t  of other machines carrying out the Survey. 

One or the other of these two instruments or a fine adjustment Tail Plane is greatly to be 
desired if a truly constant height above level grouud is to be maintained. 

10. Providing tha t  either the pilot or observer has the necessary fielcl of vision to use it, 
B O U I ~  slghtq some form of Bomb Sight  is highly desirable. 

This " Sight  " should be so designed and constructed as to fulfil a double purpose, viz :- 

( ( 1 )  To enable the pilot (or observer) to  fly on, and vertically over, a distant landmark and 

( b )  to enable him to ascertain his "ground speed " ( i . r .  the speed with mhicl~ he is passing 
over the ground as opposed to the speed with which he is passing through the air), and so to  
estimate correctly the " esposure interval " of his camera to  give the desired overlap to  the photos 
in each strip. 

I I. For the Agra Esperiment Air Head Quarters had hoped to be able to  provide a 
" Camera Obscura ", ant1 it had been proposed to send np  one machine to  fly over this a t  the required 

height and to obtaiu the ground speed of the machine and mind direction a t  tllib height. From the 
results obtained the "exposrire interval " of the cameras for all machines ~ ~ o u l d  have been fixed be- 
fore leaving the qroond. This instrumeut, however, failed to materialize, and, as  a matter of fact, 
would hare bee11 r~seless on a t  least four of the days in whic11 photography took place, since on these 

clays the wind velocity varied very consitlerably while the machines were in the air. Standard 
Bomb Sights would have made a useful substitute, but  unfortunately were also not In 
consequence i t  was left to inclividnal ohservcrs to  SIICIF.P their grorlnd speed and make their "exposure 
intervals" accordingly, m ~ t h  the result that,  although in some strips the overlap of successive 



photos approximated very closely to  specification, in others, owing doubtless to  the  very strong 
winds encountered, i t  veried hetmeen gaps (i.e. no overlap a t  all), and an almost complete duplication 
of t,he previous photo-which in the latter case iuvolved the exhaustion of the supply of plates before 
the strip was finished. 

Gaps so caused required a number of extra flights to  fill then1 and were very wastefnI of 
plates and Flying Time. 

12. The above troubles could be almost elltirely eliminatecl by the  fitting of a form of 
" Sight  " as suggested. With a st,andord size of plate (or film) and a lens of standard focal !ength, 
a sliding scale could be arranged on the sight itself for the correct I' exposure interval " for any given 
'' ground speed ",or, if this is deemed an unnecessary refinement, the observer could be given a set of 
tables from which, ]laving taken his ground speed (in the direction required) by stop watch ancl ordinary 
Bomb Sight,  he co~ild read off the necessary "exposure interval ". On days 1~1len the wind velocity 
was perceptible and varj ing he would have to check his ground speed before starting each " strip ". 

An arrangement of this sort would occupy very little space aud is considered by the writer 
to  be absoliitely essential. 

13. The results, obtained from the particular specimens of the L.B. type camera used, were 

Cnmerns. not as satisfactory as had been hoped. 

(11) f i e  jlez iblr tlri7.e for plate changing and tlie Bowden wire shutter control, n.11ich usually 
accompany this type of camera (the " L B " type) were not fitted, the reason given for t,llis by tlie 
Photographic Officer being, that  the flexible drire would twist up and jam ancl was completely 
u~lreliable. 

I n  this case it  I\-oald seem desirable that  the matter should be reported to A.H.Q.,  R.A.F. 
a t  once, as it is believed that  the latest type of camera is being similarly fitted. 

As a result of the  absence of the automatic drive etc., the observers had to spend most of 
their time bending over t l ~ e  camera inside tllc fuselage, and n-ere unable to direct their pilots a t  all. 

(6) ll'Lt~dLo~lrrll'trg for these cameras, in a t  least one machu~e,  was not quite correctly 
adjusted for holcliug the camera lens-~ertical a t  the height flown, and in consequence all photos 
taken by this machine were slightly distorted. It was anticipated by tlie nr i ter  that  this would 
occur, as was also distortion due to the niachiue being flown one wing or the ot,lier "down" 
(LC, not on a dead lerel laterally). Both tliese defects will, it is hoped bs overcome by  the latest 
type of camera which is to be mounted on gimbals ancl gyrostatically controllecl. 

( I . )  The S h l ~ t t r r  a ~ r l  Plrrte Seifitr!l CouO.ol on one of the cameras proved unesl>ecteclly defect,ive, 
there being no less than 1 I ? .  cases of do~ible ex~~osure,  an occiirrence which with this type of 
camera is theoretically impossible, and which completely baffled the Photographic Officer a t  tlie time. 

This question will doubtless be investigatecl and settled by the R,.A.F. as soon as possible, as 
double exposures in a strip of photos not only make the strip dificillt to scale up or clown afterwards, 
bu t  also render the detail in the area covered by it  difficult to pick oat. There were also 16  cases of 
jambing. 

Whilst on t,he subject of shutter setting it  may be mentioned that  a t  least 6 strips were 
spoiled br  being under or over-exposed, and in many others the detail mas not nearly as sharp as it  
might have been for this reason. 

This of course was na fault of the cameras, but it  is a point that  should be borne in mind in 
future work of this sort, as i t  necessitates the strips being re-taken, 

(i?) The iliagn:ine Capacity aa(1 si:e of Plates are both improved in the latest R.A.F. type of 
camera, there being a roll of 100 films each 8" by 8" as opposed to the present 18 plates each 5" x 
4". This, if arailable for the Survey of India, wo~ild be a great improvement and, on the scale adopted 



a t  Agra, would enable at least two 30-mile strips to be taken without recharging. Wi th  the 

existing arrangements the observers had considerable dificnlty in changing boxes of plates (magazines) 
between two exposures so as not to  break the continuity of a strip. This was particularly so 
when machines were travelling down wind a t  over 120 In. p. h. 

Apart from this difficulty, the argument of leaving the observer free to guide the pilot, 
applies in this case also. 

[ r :  I%e Leu.~rr used were very satisfactory, though somewhat different focal lengths might  ~, 

prove more suitable in future work. 
That is to  say a 6" lens for country work would enable the machioe to fly a t  a lower altitude, 

which would save time wasted in climbing arid where the mind velocity would be lese. 
For Town work an even longer focal length than 20" ~vould be desirable, though possibly 

difficult to obtain. The large-scale photographs of Agra city were taken a t  3000 feet and the 
obliquity due to the height of the houses was very marltecl. A larger focal l e ~ ~ g t h ,  say 36", would 
greatly reduce this though of course i t  n~ould always be present in a greater or lesser degree. 

14. Thc Cot~tucl P r l t ~ t s  in individual strips were very frequently either wrongly nr~~nbered  
or unnumbered, which necessitated a careful examination 

Contact Prints. 
of each priot ill order to  ascertain from the detail in the  

overlap what position in the strip tha t  print occupied. I n  cases where, owing t o  excessive exposure 
interval, there was no overlap, this could only be done by comparing the photos with a map or by  
the general lie of detail on them. This occupied a very considerable and unnecessary a m o ~ i n t  of 
time, and i t  is strongly to  be desired that,  in any further work of this sort, all  consecutire plates 
or films in each strip should have numbers or other identifying marks scratched or staml~ecl on 
them, so that  they will be automatically reproduced on all contact prints. 

These numbers or marks sl~oultl be as tine as possible i n  order not to obliterate detail, o r  
might, <it11 advantage, be placed on the very edge, so that,  owing to half the overlappir~g portion 
of sr~ccessive prints being cut away, they mould not appear in the final mosaic. 

The contact prints should also, if possible, be always on " M a t t  " paper and unglazecl, in 
order to  facilitate their being inked up by the Field Party. 

15. Ground Control. This mas carried out by means of (1) / I e l i o l ro~~~ .v  and ( 2 )  Ground s tr t ja .  

16. I n  the work a t  Agra not more than a dozen helios ont c?f 40 were reported as 

Heliotropes. 
having been picked 1111. 

Of those seen the greater number mere "Centre" helios, 16 miles from the starting ~ o i n t  
of each strip. 

The small total of helios up may, to  some extent, be a c c o ~ ~ n t e d  for by the fact 
that  in a large number of cases the pilots picked up a LLgroand strip" a t  the starting point and 
having correctly identifed their position, were carried over so fa r  to  one side or the other of the 
" T " (onling to cross winds and the dif6culties enumerated under the heading of "Mnchines" and 
" Bomb Sigllts "), that  they mere outside the "angle of dispersion" of the helio flashes. 

The fact that  most of the l~i lots  had had little or no experience with this form of ground 
eonbrol nndo,;btedly contribr~ted to their difficulty in working with i t  a t  Agra. 

A further contributary cause mas the fact tha t  some of the pilots did not quite understand 
the function of these helios, ml1ic11 was l ~ o f  to  act  as a sort of continuous beacon towards which 
they were to fly, but to enable them to pick up, from one or two single flashes, one or more 
prominent landmarks of any description on the same line as, or in the close vicinity of, the llelios, 
the lsndmarks thus np giving them the line on which they were to  fly. 



However, the helios were correctly int.erpreted and used by a t  least one pilot, and even he 
and his observer were unable to  pick up the helios on all their strips. 

The fact of their seeing the centre Helios on strips, but  not the  far ones, is diftjcult t o  
account for, as the dispersion of a helio 90 miles away is double that  of one only 15 miles distant 
and, having snccessfully got inside the smaller angle, they must, in theory, have been inside the 
larger one and so sl~onlcl llavc seen the furt,ller helio. 

The two possible explanations are that, 

( I ) .  The far  helios were incorrectly aligned, not working, or masked a t  acute angles with 
the ground by trces etc. 

(2 ) .  That  t,Ile angle t.he sun made wit,]] the distant helioe was so obtuse tha t  only a very 
weak flash was given by them. 

(.I third possibility is that  the pilot may have picked rlp the centre helio and then before 
attempting to pick up, the distant one, got off his line and so lost it. This however may be 
tlismissed, as the pilot's attention was particularly drawn to this point by Major Lewis, and they 
were warned to look ahead for the fa r  flash the instant the near one was seen). 

Cause (1)-if correct, can possibly be set r ight  by closer supervision. 

Cause (2)--can be corrected by carrying o ~ l t  the work only between such hours as the sun is 
fair]>- hiph in the  sky. 

Taken all together, in the Agra experiment the helios were more of a hinderance than s 
help, since most of the pilots were relying on them almost entirely to  guide them, and, not finding 
them, were very naturally somewhat a t  a loss as to how to carry on. 

The strips of photos made by them were, in conneqnence, possibly rather more serpentine 
than would have been the cape had they relied entirely on their m a p .  However, even in the 
repetition of various strips where helios were not used, many of the pilots failed to get near the 
strips of ground to be covered-(ride plates a t  end, showing very roughly the position of various 
strips of photos). 

The strip taken by one particular pilot were almost equally good, whether carried out with 
or without t,he helios, but  he admitted that  in a t  least two strips, where such landmarks as were 
shown on the map were not recognisable on the ground and tic-(, rersa, he would have been completely 
a t  a loss as to the course to take, bad it  not been for the helios, which he located near patches of 
dark or light ground etc., which served as the necessary guides to  fly on. 

As has been mentioned, the helios were used only during the theoretical carrying out of the  
programme of 20 s t r i p ,  and not during the repetition and gap tilling. 

This was unavoidable as the time available was very limited, about 50 O/, of the area was 
~~nrovered ,  and i t  wm considered that  the necensary arrangements for placing the helios might  
cause s~~fficient delay to prevent the R. A. F. from finishing their work before the Flight was 
withdrawn. 

This is greatly to  be regretted, ae it is believed by the writer that further experience, under 
the improved weather conditions met with later, would have given a more definite indication ae to 
the practicability or otherwise of thie form of ground control. 

From the evidence available it is rather difficult to form a definite opinion one way or the other. 

It would eeem however, that I C ~ P ~ P  f h ~  nrPn tn 6e p8n/ngrnphd hn.9 ~ P P I I  prer int / .dy tre/Z 
II,~I.P!/ ,  (1, tlnll rhprp thrrp nrp n I I I I I P ~ , I I I ~  rr~cogn i r , r 6 1 ~  InndntrrrX..c, 71.h((.h rn~r be ir lcn/zJi~,I  on thr. vrnp, 

t he  helioe ma!- profitably be clispcne~l with. 



On the other hand, in cases where these two conditions do not obtain, the helio s p t e m ,  with 
some slight modifications and after the 1)ilots hacl a considerable amount of practice with it, 
nlight prove satisfactory. 

17. Some form of controlling the direction and width apart of the strips is absolutely 
necessary, and failing helios, the followinq su,opestione 

Other forms of Ground C n n t i n l .  are put fornarcl for use over territory t l ~ a t  is either 
unslu.vevec~ or in nrllicIl the condition\, given above for the use of maps, do not obtain :- 

( i ). That each lnaclline taking part in the operations be fitted-in either tile pilot's or 
observer's cockpit 1vitl1 a modern fortn, of gyro cornl)ass, e . g .  the "Bronm", having a "multiple- 
repeatern enabling it  to be read to within very fine limits. A "Drift Indicator" mould also ba 
reqnire(l, and a numler  of ground strips pointing in the correct direction, \voald be placed, 
allprOxin~atelS. in 1,osition on the ground, to indicate the starling point of the centre line of each 

and so spaced as to allow for the necessary overlap of parallel strips. 

R! means of the Drift  Indicator the observer,  hen the necessarj- altitude was obtained, 
~\rould ?ive the pilot a compass bearinq to fly 011, which would take him, as nearly as possible, along 
the clirection of the strips (say tlne I? or due TV). The pilot would then pass vertically over his 
first grouncl " T " and fly over the strip entirely by coitipass bearing, and n,oulcl repeat this for 
s l~ccesive strips. By this nieans all strips n,oulcl be parallel and overlapping, though at1 error in 
the Drift  Indicator might cause the whole sel ies to be slightly asltew, thus leaving a small area in 
the first and last strips nncoverecl. But  this coulcl be easily re-taken, or could be filled iu by the 
Gronnd Party and would, a t  a n r  rate, be an enormous ilnprovement on the method used a t  Agra. 
As far as can be seen this method possesses no serious clisadrantages, but it is not 1 1 r o ~ ~ s e d  to 
elaborate on it  here, as it is a qnestion ~vhich remains entirely in the hands of the R.,1.P., the 
Survey of India decides to maintain its own machines, instri~ments etc. 

An alternative scheme ,voulJ be to lay down, approxi~nately on the centre line of the strips, 
a series of grounel " 'l's " some -1 to 5 miles apart. 

It is belieyed, from the s tate~nents  made by pilots a t  A ~ r a ,  that  t,l~ese conld be successfully 
piclted LIP and nsetl as gnitles. 

I t  n-odd I~o\ve\.er involve a lot of preliminary ground work and prove rather esl~ensive ill the 
ma,tter of clot11 to fort11 t l ~ r  " Ts " and khalnsis to stand by them. 

A third metbod, for use over unmapped areas, would be to  send up a n~achine prior 
to t l ~ c  comn~encemcnt of the surrey, to take a series of oblique photos a t  right angles to the lines 
of parallel strips. These obliques would then be marked with the centre lincs of the st~.ips in 
perspective and n,ould be given to the pilots as guides. This method ~vonlcl involve the l e ~ g t l ~ s  of 
the strips being kept rather short. 

The l ~ ~ ~ ~ i h i l i t , y  of 11sitig "stnoke-flares" for ground control was considered and 50 were \\.ired 
for by the O.C. Flight,  R.A.F.  They did not however arrive in time, and in any case they are, in 
t,he writer's opiniol~, ~~nli l te ly to fullil tlic purpose required of them, unless used in great. quantities, 
in nrhich case the rxpense is liltely to prove prohibitive. 

IS. The material, (anbleached "lloslrti'" cloth), shape (T) and size (each arm 3'x 36') of the  
gronnd "Ts" used a t  A g ~ a  seem quite satisfa.ctory, as t,hey 

G r o u n d  S t r i p s .  
were easily picked up by tho pilots and quite recognisable 

in the photos (incicleutally i t  was fo~ind that  there is no necessit,~ for a helio a t  the .~/artc'ng poi t~ t  of 
each strip, the grol~ntl "T" being quite sufficient,). 

19. For city work, i t  is clonbtfol if any form of gronnll control is necessary, thoogh i t  nrould 
undoubtedly be helpfnl, provided the diSculties mentioned under "AIachines" are overcome (i. e. 



enabling the pilot to see downward and forward unrestrictedly, or enabling his observer to  be free 
from all other work in order to  guide him). 

A t  Agm, the pilot carrying out the work found the greatest difficulty in covering the area of 
A g m  city required, owing to hie being unable to  see exactly what portion he was over, and to Iris 
obeerver being fully occupied with the camera. 

20. Whilst on the subject of city work i t  may not be amiss to  mention, that  an altitude of 
3000 feet (the height from which photos were taken of Agra city) is rather on the low side for 
eeveml reasons, among them being tha t  over big cities this height does not allow of a pilot being 
certain of making a "non-house-top" landing, in event of complete engine failure, and the fact that  
the air is morr prone to be "bumpy". The rednction in scale caused by an increase in height would 
however be very little disadvantage, as the photos will stand being enlarged up to about 4 times 
\~i t ,hout  appreciably losing detail. 

21. Wliatever method is used to obtain parallel and overlapping strips, i t  might be advisable 
to  split lip the ground to be covered into areas, and allot one area t o  each pilot, rather than give him 
every 3rd or 4th strip in a whole sheet, as was done a t  Agra. 

23. The question of pre-pointing or post-pointing (see Major Lewis' Report page 3, para 6 

"Pointing" 
( 6 ) )  is a m ~ t t e r  on which Major Lewis is better qualified 
to express a n  opinion than the writer, but  i t  appears to  

the latter tha t  post-pointing 1s preferable from every point of view, unless ground 'LTs" are used in 
surh profusion 3s guides, as t o  render any further "fixings," unnecessary. 

23. Thc strips of photos sent out to  the surveyors in the Field for interpretation, 
iclentificstion and " post-pointing ", mere pasted domn, 

Interpretnt~on Work 
roughly, on Bristol Board and were mostly in a very 

dilapidated condition when brought in. 
24. I t  is s u g ~ e s t e d  t h ~ t ,  in any future work of this kind, the photos be properly butt-jointed 

and pasted down on thick straw boards a t  Headquarters, 
F ~ e l d  Boards 

and sent out with covers, also tha t  these strips be marked 
up only roughly (in ink that  will wash ont; by the surveyors when "in the Field," and then, 
neatly and folly inked in (in waterproof ink) on their return to  camp in the evening. 

By this means each "Field Board " of pLotoe could be scaled down to required size without 
saF further work, leaving only the compilation and fair drawing of the mosaic. 

I n  the Agra experiment, duplicates of every strip were pasted down, inked up, scaled to 
size and p l ~ t  into the mosaic for fair drawing. 

The method suggested woold mean more work for the Headquarters staff in the Field, but 
would appear, on the whole, to be more economical in the end. 

23. The 43me remarks apply to Town Surveys. (With regard to  the ~ a s t i n g  domn of 
- .  

photos, the "%fountant" paste used mas quite good but, 
Nnnntinp Pspte. 

unless used extremely carefully, was found to zause the 
photog to stretch and wrinkle. 

I n  a recent issue of the " Brit.ieh .Journal of the Photography1' a form of paate L'Campbell's 
Cold Dry Mounting Procees". 71, Prince's S t .  Edinburgh was advertised which claimed to obviate 
this, and to take the place of "dry-mounting" tissue. It would seem to be well worth while 
obtaining some of t.his p t e  for trial). 

Royal Air Force. (Flying Section). 
26. The " Flightp1 a t  Agra consisted of four pilots, one of whom was the Flight- 

Commander, and four observers, (and the requirite number 
Pereonnel. 

of "other ranke" for the maintenance and minor repair 
of the 4 machines). 



These pilots and observers took the greatest interest in the work and made every effort to 
the required results and, under the circumstances, taking into consideration how much they 

were halldicapped by machines, instruments, the unusual restrictions impo~ecl rtpon them snd the  
\reather conditions, i t  may bc considered tha t  t,lley clicl extremely well. 

]jut, if this form of survey is to  be made an economical proposition, there is no tlotlbt t h a t  
a very ni11cIi higher standard must be attained. 

It is not for a moment intended to suggest that any of tlic Pilots or Observers at Agra 
\rere allything but; first class in their ability to I~andle their machines etc. in general all round 

but. tlle execution of civil Air Survey, unless the personal factor can be eliminated, requires 
a ~ ~ ~ ~ ~ ~ i a l i z e i l  t,raining a,nd a natu~.ally good eye for country. 

I t  may he said therefore, that  for future work of this kind, E I T H E R ,  machines, instruments, 
tvroun(1 control, etc., must be so improved as to eliminate the 1)ersonal frrctcjr in ~ i l o t s  and observers, 
alld SO obtain uniform rcsults of a high standard of perfection, OR,  all pilots and observers employed 
nlnst Ilave specialized in Ihis class of work, n7hich differs very considerably from Active Service work. 

of the t.wo, tile former seenis the more desirable end to attain. 
it'oyrrl Ait. fire?. (Photographic Section). 

47.  T h i s  cousistcd OF a Photogrnphic Officer, a Cor1)oral and, as  far  as can be remembered, 
four men. 

'L'Ilis Section, heavily handicapped as it was by inadeqaate facilities and uucler-staffing, 
worketl magnificently, the being frecll1ent,ly on duty for 14 hours a day, in order to  t r y  
and mnkc the ootput of print; keep pace with the influx of plates. 

Oning  to pl~otojiraphg being stopped occasionallg they very very nearly socceccled in this, 
bnt, hat1 the air work been carried on continuousl!., the Photoqraphic Section would have been 
absolutelj- ~ ~ n a b l e  to cope wit11 it. (The fact that  some of the uiiinbers of the print,s were incorrect 
may be attribiitrd ent,irely to the pressure a t  n,hich the work n-as carried on, though the method 
of marking the plates is to bo reco~umcndecl in any case). 

In  fn t l~re  work wit11 Aero1)lane Photos it is I~ ig l l l~ .  desirable t,liat the Photograpliic officer should 
have nt least 10 assista.nts, in order that  the maximum output may be obtained from the machines. 

S u v ~ ~ y  of Ittdin. (I.i'r/d Parfy) .  

28. The l ~ c l r l  Parties consisted of !? officers, for laying out the helio lines and the 
s~ibsei~nent interprct,ation etc, of a portion of the photos, two surveyors for the interpretation of the 
rema.inin portion, and t,he necessary nntnbar of lil~alassies. 

I t  is possible that  in future t,Iiese officers might  be replaced by si~rvej-ors, but, if the helio 
system of grountl cont,rol is again used, it mould seem nclvisable to have an oHicer to check this 
 ort ti on of the s~~vcyor 's  work. 

S~irrlry nf' 111diti. ( I ~ ~ ~ ~ d y t ~ ~ t t ~ /  t ~ . v  Prit*f!/). 

20. This was composed of thc 0 .  C. Party (Rlajor Lewis) and the writer. The sopervision 
of the \vor l< i~~q  of the helios and all work in connection with the preparation of "Field Boards" 
for tho Fielcl E'arty mas oxccntcd entirely by these t ~ v o  officere, and involved a considerable a m o ~ ~ n t  
of Ial~onr, coiisisting as it did, of pinning individr~sl prints togetller into strills cataloguing and 
dividing t.hese elrips into snilablc lengt l~s for the Field Boards, marking on maps the area covered 
by them, pasting d~tplicstes of them on to boards, marking on these boards the approximate North 
and thc names of prominent villages ctc., preparing tracings showing the Field Part,. how t,he 
V ~ ~ ~ O U S  strips were intcrconnectccl etc, etc. 

I t  is doubtful if this work could ever be carried out entirely by other than officers. 



Indian Draftsmen and surveyors have since been employed in pasting down strips of photos 
and, although with practice they became moderately adept, they mere very slow and required fairly 
constant supervision. However, by employing a su5cient  number of them on pasting donrn and 
preparing Field Boards, the Officer in charge w ~ u l d  be relieved of the heaviest portion of the work. 

30. Duplicates of the strips sent out on the Field Boards were pasted down and the fixed 
points on the latter transferred. These points \vere then 

I ' I I O ~ O  ~ I O ~ R ~ C  
accurately plotted, from their co-ordinates, on the paper- 

mounted boards, (two boards t o  each 1" sheet), on a scale of 2" to the mile. Tlie strips were then 
photograpl~icallp reduced to the same scale, by means of strips of celluloid on which were marked 
the \arious points in each strip, and should, theoretically, have then formed, when put together, 
perfect mosaic of the area covered. I n  point of fact however, i t  mas found necessary to cut each 
reduced strip up into groups of three, two, and even s i n ~ l e ,  units in order to  get them to fit 
each other, and yet be in their correct relative position. 

This was due to three causes : 

( a ) .  The strip's undergoing one or more changes in azimuth owing to the distortioil of tlie 
l~hotos, caused by the axis of tlie camera lens not being truly vertical a t  the time of 
exposure. 

( b ) .  The strip undergoing changes in azimuth clue to the overlapping prints not being 
correctly fitted when they were pasted down. 

f c ). Errors in scaling c1on.n. 

( a  ). woul~l be practically eliminated by the new R. A. F. gyro-camera, though changes of 
scale througout the strips will still occur unless ineans are fouiid of keeping the 
machine a t  a constant height above the ground. 

( b ) .  This error could be very much reduced by careful ~vork  and practice, though it  is 
doubtful if i t  would ever completely disappear. 

( c ). This was mainly caused by ( a  ) end ( b ), but the existing method ancl apparatus 
probably contributed towards it .  

31. Thc Room Cameras a t  Dehra Dun are not fitted for this work, and there is no proper 
means of rapid and delicate adjustment for the strips and ground glass. 

The method is also very expensive and wasteful of plates, especially if i t  is desired 
permanently to retain the negatives of the reduced strips for future reference. 

The alternative metl~od is to  reduce each strip on to 4 or 4 plates, and then enlarye to the 
scale with an enlarging lantern on to Bromide Paper. 

This reduces the cost of plates for permanent records ancl affords a simpler, more accurate, 
and more rapid method of scaling. 

It however, involves a doable process, requires "Bromide" paper of a large size (which is 
difficult to obtain), causes (it is understood from the 0. C. P. Z. 0.) a greater loss of detail, and the 
negatives retained for future reference are on an unknown scale. 

It is nevertheless, on the whole, the better method and, with the new enlarging lantern 
from England, shol~ld give results a good deal superior to those obtained by the present 

method. 
I n  future Air Surveys of Large Ton-nu i t  might, in view of the large number of plates to be 

dealt ni th ,  be worth while making the prints into strips and dealing with them as sue11 (at present 



individual plates only are dealt with). I n  which case the use of Camera Roome,* with some improve- 
ments in tile way of adjusting and focussing, might be advisable in order to  save loss of detail. 

32. Sheet .54 E/ls (the Eastern Sheet of the two) was not " Post-Pointetl", but was snr- 
veyed by t h r  usrial ground methods, 011 a scale of 2" to  the 

Accuracy. 
mile. Prints, made froni the plane-tal~lc work thus 

obtained, mere monntecl on boards and used for the conlpilation of the mosaic. (The l,alwr, 1.111 nhich 
these plnnr-tal~lr 1 l int= wcirp niadr, \vaq fonnrl to have stretrl~pd r n n ~ i d e r a l ~ l ~  and r ~ n e \ e n l ~ .  This 
was corrected, as far as poss~ble, by cutting them up into slllall squares and fittiny them into tl~cb 
sheet qraticules. I t  i:. prol)able, lio\vcver, t h a t  a certain amo~in t  of error persisted a t  and near the 
junction of such squares). A certain number of 1)oints common to the plane-table and 1,lroto prints, 
i.e., junctions of main roads-canals-rai1n.n~- etc., \\ere selectecl and treated as '' tixed for 1)nrposes of 
scaling down the photos and for comli i l in~ t h r   nosa air. Tlleqc "fix~rl" lioints averaqed abollt O ~ 7 5 / ~  
mile. Further detail on the plalle-table prints \vas utilized as a rouqh ur~idc but, trs / ; I ,  as possrble 
the  71rosa~c toas btri/l 1/11 6y / h e  delnll or .eda/ )  o f  the pholos, the fixed points s e n  iuq to 1)1cve11t cumu- 
lative error. 

Ge~lerally speaking the detail in tllc mosaic was found to agree very closely \\.it11 t11af of the 
plane-table prints. 

It seems reasonable to  srlppose that,, in future work, 1 fixed point per 3 square miles \\.ill be 
a m ~ l e  to  secure the required accuracy of mosaic. 

R. A. P. Flying and Photor /rnp?~i~~,q  Sectioll. 

33. An abstract of costs, submitted by the R .  A. P., is attachecl I~ere\viih, as i~ also nu 

Cost. 
abstract sl~o\ving approxi~natelg the number of Ilours flown, 
1)lates esl~osecl, etc., etc. 

This abstract of costs, though showing the general and inclnsive expenses incrlrrcd, is not 
sufliciently in detail to  allow of extensive analysis, and the inferences to he (lra\v~i fro111 it  niast,, of 
necessity, be also of a general nature. 

Referring to this abstract i t  will be seen tha t  the total expencliture was R.c. 13,6d.?. 
This is subdividetl into 3 Heads, viz :- 
(0). Jllifirrl c>.rpc,llses. Such as " Movements "-Llerod~.ome-Photo-Stores etc., R.Y. 2,514. . . 

(6). R~o~rririg ru.l~r.~/.srr, i . e .  the expenses incurred in the / ro r~~ l / t l  r u ~ ~ n i n g  and ninintennnce of 
a F l i g l ~ t  of 4 machines for 16 clays. . . . . . .  . . Rs. 8,228. 

) &rfrrc rC~],r,l/.uea, i .e .  running expenses over and above the normal . . . 3s. 3,501. 
Of these ( ( 1 )  and ( r )  represent the actlial " out of pocket" expenses of the R. A .  17. 
1V.B.-Photo-Slows should. strictly spcnking, come unctcr (c)  E s t h  expeuees. 

The total exprnditore i . r , ,  Its. 14,54.3, when spread over an area of approximately 540 squai8e 
miles, gives a cosl pr) .  .vqtinrr 111ile o / 'Xs .  20' 9 (or, since the total time the 3eroplanes were in t,he Air 
mas about 4,8 hours, a cost pclr /lor/r1n,j/ying f i i~ i c~  ?/'Rs. 303). 

*hr.B.-Tho Rl on~.Cnmcrns rcfcrred to nro eiml)ly "dnrk.rooms" nbout 30' x 7'. ench having n lens holder cnpable 

of taking verious sizcs of Lenses Iluilt in t,o tho outer wnll, on to which abnts a ~ l n s s  covered vernnclnh. Insidc enc l~  Room 
ie nroorlcn f rn~ne  for h o l d i ~ ~ g  tho p r o ~ ~ n d ~ g l a s s  or scnsitizc(1 platcs. This frnmc is m o o ~ ~ t c d  on ~ x i l s ,  nnd can be lnoved 
bnckward nnd f o r ~ v n ~ d s  in tho plat10 of tho  xis of tho lcns for rough focnseing, tho tinnl ad jos tn~cn t  being mndc wit11 a, 
slow-motion srrcnr nttnrhrrl to thc frnmc. 

Sninll d i s l~ lncm~rn t s  of tho plato L Ider, i n n  vcrticnl or horizontal plnno, cnn bc mndo by two screws on the lower 
erlgc, the upper ctlge bcing supported by, nnil pirotrtl on, nn eye-bolt in tho contrc. The object to bo photournphed ia 
plnccrl oi~tside in ~ h c  glass vernnclnh nud moonted on a some~rhnt  s in~i lnr  nrrangen~cnt,  oxcopt that  there ie no fine 
adjostmcnt scrctv, the co~npleto plnn bonrd Lcing movod bodily. 'l'ho Louses imed hnve a focal lengt,b of 64" and 
cnlnrgemmts up to  3 times nnd reductions down to 1 t h e  originnl cnn be mede. l'ho inside plate-holder takes a 
senaitiaed plnte 42" x 28". 



This is considered by the writer to  be abnormal and directly due to the conditiops under which 
the experiment mas carried out,. 

34. I n  tlra\\.ing up an estimate for any future work of this kind the following facts should 
be kept in view :- 

( ( I ) .  That  the flying time (i.cr. Xo. of hours in the air) taken, in inco~nll le tel~ covering the 
510 square miles, was actually about 4.8 hours, but  the time taken, in goiug through the origillal 
programme of 30 strips, was only about 25 hours. That  is to say, had cacl~ pilot s ~ ~ c c e s s f u l l ~  photo- 
graphed the strips detailed to him, the whole work would have only occupied 25 hours, or just over 
half the time actually taken, or conversel~, very nearly two more 1" sheets ( i . ~ ,  the two E. of Agra 
in the same Latitr~tle as those actoally clone) could have been co~ered  in the 4.8 hours. 

1 % ; ~  tro~rlrl hnrr  ~ C ~ I I I C P I I  C O . Y ~  j ) r r  .~ql(nre t ~ t i l e  lo  nbolct RY. I d .  
(6). That  the total number of 5 x J plates, required theoretically to'cover the 5J.O sq. miles, 

was about 840, but that, owing to gaps having to be filletl , excessive overlap, 11nc1er ailcl over 
exposures, double exposnres, bad plates etc., over 1700 were actual!y exposed and a further 200 or 
so mere wasted through jams and other camera defects. 

It .  is 11nlikel~- that work of this sort conld ever be carried o ~ i t  with an espencliture of only a 
theoretical uumber of platrs, but, wit11 a 90 '1, elEcicncy, the nu~nber  of plates ilserl a t  -4gra sllould 
hare  been enough to have almost covered a fnrther two sheets (540 sq. miles), which again points 
towards a reduction to .I<.Y. 13 or II'.~. 1 5 l ) ~ r  qr tnre  rttile. 

( In  the case of the portion of Agra cit,y photographed, the time in the air, and the number of 
plates exposed, was over 3 times that actually necessary for the area specified). 

( r ) .  That a t  Agra at, least 4 contact prints were made from each negative, 1 for the pinned 
together strips, 1 for the pasted down Fieltl Board strips, 1 for accurate pasting down a t  Dehra Dun 
for scaliny do1v11 to 2" for the ~nosaics, antl 1 for the exiempore full size mosaic put together by 
the R. :I-\. F. pllotogmphic otEcer a t  Agra. 

In  future work tllis nr~nlber might well be cot  down to :! since, by pasting clown the Field 
Board strips nccr~rately antl protecting t l ~ e m  in the Field, the necessitj- for the p~,eparation of further 
strips for scaliny 1)urlwses would be a\-oided, and since no usefrll pnrl)ose woold seem to he served 
by the P h o t o ~ r a p l ~ i c  Ot?icer attempting to make a fall size mosaic. (Except in cases \\.liere no msps 
exist of the nrra to be photo~raphed,  and in n-l~icli a teniporar!- mosaic might he helpFnl to  show the 
proqress of t l ~ e  work). 

This wo111tl effect a further thoazh slight economy in the cost per square ~nile. 

( ( 1 ) .  The new R..\.F. y ~ - r o .  Canlern wit11 S" x A" tillus instead of the present 5" x 4.N plates 
shoold makr a further rednrtion in cost, thongh, from the figures available, i t  is 
clitlicnlt to say exactly IIOIV m l ~ r h .  

For a qiven area the cost in photnyrapl~ic stores etc. woulcl remain abont the sa.me, hut owing 
t o  the incrensrd witlth of each atrip, the area wo11ld be covered in a fewer n~imber of flights i .e .  in 
lees flying time or, convrrsely, in the same fly in^ tinie a greater area would Ile photograpl~ed. 

:\t .\EM tlle ~nacl~ines averagetl about 2 11011rs on each trip, covering two strills (an area 
of x 5 1.0 s(111are mileg = 54 arlliare n~i l r s )  antl n.sing 5" x 4" plates. 

With S" x H" plates and the enmr proportional overlap, the strips covered in the same time 
n-or~lcl be r1111xl11y P:.i of ;-I., or nl~cll~t SG stlllarr miles. 

I t  1 1 a ~  btlcn p()inteal nlit nhnve that,  ni th  a 90 '1, rlficiency, the open country work a t  Agra 
shoultl 11nve r0.t ,rl,t,r~l I!.*. 1.; l ~ 8 . 1 .  X ~ I I U ~ I ,  I , / ; / , , .  

Pro\-illin? tlmt the various component costs \yere the same, the introtluction 'of 8" x 8" 
filrns for a similar area in faturc should therefore, theoreticall>-, bring the cost down to about Rs. 
9 .  p r  . v ~ t t , ~ r e  ) i ~ i / , , .  



However, with the somewhat meagre data  available, i t  is difficult to  estimate with any  great 
degree of accuracy. 

The figures given nevertheless serve to show the linee on which reduction in expense could 
be carried out, and i t  is the writer's personal conviction tha t  the A t a l  cost ultimately need not 
exceed Rs.  9 per sqicare mile (for e scale of 34" to the mile), the  cost t o  the Survey of India alone 
being proportionately less. 

35. Cost of City work. A t  Agra three attempts were made before the requisite area wae 
covered and, of the photos obtained, only a small propol.tion was atilized in making up a mosaic of 
the triangulated area. 

It is therefore impossible to use the data obtained a t  Agra for any accurate calcnlatious for cost. 

To  get  an approximate idea i t  is necessary to consider tha t  the two units, on which other 
calcu1:ttions have been based, are tlie cost per square mile and the cost per hour's flying time. 

The actual cost of the Agra experiment (Open country) works out a t  about Rs. 303 per 
1 hoi~r's$ying tit)te, about 50°/, of which time mas occupied in climbing to the req~iirecl altitude 
end returning to the srodrome after completing photography. 

I n  Cit,y work a t  3000 or :5000 feet, thc time occupied in attaining height and returning 
should not exceed half an hour per flight (providing that  the landing ground is adjacent), which, 
with an air endurance of 3 hours, leaves 24 hours available per machine for actual photography. 

The disfnnce 6etzoeen centre lines ofparnl le l  slrips was -095 mile (theoretically). 

I n  24 hours rrrol)lane flying a t  80 miles per hour would cover 200 x .095 square miles 
=19 square miles, if flying over one continuous strip. Allowance however must be made for 
turning a t  the end of each strip and picking up the new line, which introduces a very variable factor 
depending on the size of the town and whether i t  is oblong or square in shape. 

With short runs, such as might  be expected over smallish towns, these turne nlould probably 
accupy sov~etl ing like 7B0/, of the time, so that,  in 24 hours, about fj x 80 + 0 . 0 9 5  square miles 
would be covered = 5 - 9 sqicare miles. 

The total flying time (leaving ground to landing) being 3 hours, this works out, a t  1 a96 sqnare 
miles per 1 Ronr jy iag  time or Rs. per square mile =Rs.  155 per square mile. 

I n  addition to this, the number of plates ~lsed, compared with the  smaller scale open country 
work, will increase the cost of photographic stores and further add to the above estimate. 

Tha t  is to say, allowing a 30 overlap, 136 plates per square mile are required as compared 
with 1 . 5  plates per square mile of open country work (scale 3 . 6  inches to the mile approximately). 

The cost of photographic material (a t  Agra) is shown as being Rs. 1462 or about 10 '1, of 
the total cost). As has been already shown, this represents the cost incurred in an expenditilre of 
from 1700 to 1900 plates, say 1800. 

Then the cost for 1800 plates, being Rs. 1462 
,, ,, ,, 136-1 - 5  ,, will be 1 3 4 . 5  x 14.62 

1800 
= Rs .  109.2. :. Total cost = Rs. 1 5 6 + 1 0 9 . 2  

= R.s. 266.2 per square niile. 

36. T l ~ e  only figures available from the Agra city work show tha t  on one occasion a machine 
exposed YO plates in 30 minutes. The exposure interval being 4 seconds, the time actilally occupied in 
photography would be minutes =6 minibtee, leaving 24 qnini~tes f o r  t ~ ~ r n s ,  picking 1p the l i~re ,  etc. 



The Rrea covered (with e 30 '1, overlap) would be obotst 0 . 6 6  spitare mile. (The actual overlap 
ww however less than this, bu t  even in this case the area covered would not exceed 1 apeare m4e) .  

The total time in eir  (leaving ground to landing) is not given*, bu t  is unlikely t o  have under 
45 ninrrtcs. 

This would give between 0 . 8 8  eqisare mile and 1 .3  spitare miles per 1 hoi~r's jlying time end 
wonld make the cost from Rs .  344 to Rs. 2 3 3 p e r  square mile. T o  which must be added the extra 
cost of photo meterisl, Rs. 109. Total Rs. 4 5 3  to  Rs. 343 per square mile. This is a good deal 
higher than the e s t i m e t d  cost, but, in this instance, photography took place in two different parts of 
the  city, the runs were very short, there was a strong cross mind, and there may have been other 
factors, which make this particular case a bad example, as  the proportion of 6 minutes' photography 
in 30 minutes flying time for city work is rather low. 

37. The  introduction of 8" x 8" films mill improve matters to  some extent, owing to the 
smaller anlount of time wasted on turns, the necessary number of parallel strips being fewer. 

This would make the area covered per 4 hours flying time about + x l a 9 6 = 3 - 1 4 e q i s a r e  miles, 
instead of 1 - 9 6  square miles. 

The cost, of photographic material would probably also be less, bu t  without knowing the  
relative cost of 8" and 8" films compared with 5" x 4'' plates, and that  of developing printing a 
small number of large photos compared with a larger number of small ones, i t  is impossible to  give 

w r e s .  any fin 

Assliming the cost to be the same, the total cost per square mile of city work with 8" x 8" 
jilms ~oortlrJ rlppenr to  be nbof~t Rs .  96.5 + 109- 2 or Rs .  206. 

38. O P E N  C O U N T R Y  W O R K .  3 - 6  inches to  1 mile. 

S n m m q  of Totnl C o ~ t s .  

1 5" a 4" platee. I 8' K 8' Filma. 

Estimated cost under ideal 1 
conditions . . . I Hs. 15 per sq. mile i Rs. 9 - 5 per sq. mile. 

Actnal cost . . . . . . 1 Rs. 26 .9  per sq. mile 

CITY W O R K .  35 inches to 1 mile. 

. . .  

39. Cosf t n  Strr1.q/ qt' ItrrJln. 

For the Aqra e~periment ,  i t  is beliered that  the Royal Air Force mill be content to accept 
their "Out-of-pocket" expenses, which consiet of " initla1 

Rnrrey of Indln'e Bhnre nf Costs 
expenses " (such as movements, srodrome etc.), plus 

Actual cost . . . . . . 

Estimated cost nnder itleal 
conditions . . . 

an? expense inrurretl in the use of oil, stores etc., which is over and abovgthe 
--~ -- 

In tb? copies of the Fljinq Report sheeta supplied by the  R. A. F. detailed times (leaving ground, commencing 
w d  ctnrinp p h o k ~ n p h y  nntl I n ! ~ d i n ~ )  were in many cases omilted. This ie greatly to be regretted, ne theiraheence 
m n k u  nay definite calcnlations impoesible. 

Ks. 340 to Rs. 450 per sq. mile 

Rs. 265 per sq. mile 

. . . 

Rs. 206 per sq. mile. 



normal consumption in routine work. I n  this case this coat amounts to  Rs. 6,315 or abput RE. 11.5 
. .. 

per sq. mile. 
I n  this actual case this forms -&',5T or 43.3 '1, of the totnl .  
40. For future work of this sort, if the machines and personnel are lent by the R. A. F. and 

not provided by the Survey of India, i t  is however more than likely tha t  this arrangement might  not 
be agreeable ,to either the former or the latter. 

The survey of India, i t  is believed, would object to i t  on the grounds that  unlimited plates 
and petrol could be expended by pilots not tovering their area a t  the first a t tempt etc., without a n y  
peualty being incurred. 

The Royal Air Force mould quite conceivably object to  it  on the grounds that  work of this 
sort, althougll for the public good, slio~~lcl be made to help sonlewhat towards the maintenance of the 
Force, which mere '' out-of-pocket" expenses would not do. I n  reply to  charges of uneconomical 
work, it  is conceivable that  they might point out tha t  tlie special machines, instruments, and training 
of pilots for civil air survey under peacc conilitions, are not necessary for war work-(where 
photography forms only a small proportion of nrorli expected of pilots, observers and machines), and 
t h a t  the "tightuess" of their Budget mould not admit of their expending the money necessary for 
the attainment of the efficiency required. 

It would therefore appear tha t  if greater efficiency or economy, than that  obtained a t  Agra, 
is to be arrived at,  then i t  is essential bhat Government should malie a grant  to cover the expenses 
involved in attaining this efficiency. Otherwise n-e arrive at the "non possumus" of the R.  A. F. 
cleclil~illg to do \vork \vIiic11 does uot pay t l ~ e m ,  and the Survey of Inclia declining to utilize a method 
which may be more expensive than bheir existing one, and a definite stop being put to  fiirtlier progress 
in civil Air Survey. 

41. I n  the event of some such Government grant  being given, and the requisite pitch of effi- 
ciency in men and machines being obtained, i t  is st.ill rather difficult accurately to  forecast the  
probable cost involved to t,he Survey of India ( i . e .  the cost per square mile tha t  the R. A. F. would 
tender to \\fork for).  

The "initial and expenses above normal" theory adopted above nia). give results varying very 
greatly in magnitude. 

For instance-suppose the normal routine work of a11 R .  A. F, pilot is fixed a t  3 hours per 
week, and suppose that  4 pilots put  in 24 hours flying work (all of which is efficient) in photograph- 
ing some area. These 2 1  hours might be flown off in 2 days (3 hours per day per Pilot) or they 
might (owing to weather, breakclowns or other causes) be spread over 2 weeks. 

In the former case the "expenses above normal" would be proportional to 4 - (4 x + x 3) 
hours . . .  . . . ... = 204 h o u ~ s .  

In  tlie latler case the "flying expenses above normal " mol~ld be 24-(4 x x 3) = 0 i.e. the  
actual cost to the Survey of India n,ould be merely that  of photo-stores, movements, and other 
initial expenses. 

4,2. I s  i t  is the R. A. I". \\rho would make out the necessary estimates and quote a price per 
square mile for the Survey of India to accept or reject, no qood purpose would be served by giving a 
mass of statistics sho\ving tlie probable costs under different condit,ions, but the following remarks, 
coupled with the rough estimate attached, nlay serve as an indication of the probable cost. 

(1). For every 250 odd miles, that  the area to be photographed is froin the operating 
squadron's zrodrome, 1 meek's normal flying expenses will be incurred in getting the ..eroplanes t o  
the site, so that the full cost of petrol etc, used per meek per 250 miles distance will be "extra- 
expense". 



(a ) .  That  in future mork.it is possible tha t  a full Flight of 6 machines (instead of 4) may 
be detailsd. 

(3). That  in open country work (SV.6 to mile scale) of two sheets are taken a t  a time ( i . e .  

30-mile etrips) each machine will probably do only 1 flight of 2 strips e day, and will take about 
2 houm (leaving ground t o  landing), providing the landing ground is adjacent to  one of the 4 
edges of the sheets. 

(4). That in city work (35 inches to  1 mile scale) each machine mill possibly make 1 flight, 
of just under 3 hours e day, and --ill cover about 1 square mile. 

(5 ) .  I n  river survey work, the area covered and the  time taken, will be dependent on the 
position or positions of landing grounds. 

(6). That all estimates for photo-stores etc. may be upset by the new R. A. E. camera, 
which will be charged with r roll of 100 films, the cost of which compared with plates is unknown. 
Any unused films in a roll cannot be utilized on another occasion, as the whole roll will be developed 
m a unit. This will entail a certain amount of wastage. 

Rough Estimate. 

43. Area to be s u r v e y e d 4 -  1" sheets i .e. ... ... ... 1080 

. . .  Distance of site from Squadron Headquarters, ... say lo00 

No. of Machines employed ... ... ... ... 6 

Time taken to reach site ... ... ... ... 2 

F l y n g  Time ,, ,, ,, 1 2  hours per machine ... ... = 72 

Time Flight remaius a t  site ... . . .  . . ... say 8 

Time taken to return from site . . .  . . .  ... 2 

. . .  Flying time ,, ,, ,, ,, . . .  ... 72 

Width of strip covered by 8" x 8" film 

(YV.6 = 1 mile scale) with 33 '1, overlap ... .., = 1 . 5  

:. No. of SO-mile strips per 18-mile sheet 

= 13 + 10 ",', non-efficiency . . .  . . .  ... = say 1.1 

Total s t r i p  for 4 sheets = 2 x 14 ... ... ... = 28 

. . .  Average time taken p r  machine per 2 etrips ... - - 2 

... :. F l ~ i n q  Time for Photography . . .  ... = 28 

( S o .  of claps occupier1 at Z hours per day per machine = -24 say -7 t l ( ~ y s ) .  

Total Flying Time (Head~~uar te rs  to  site and back plus photography) 

... = 72+72+2!4 ... ... ... = 172 

Detll~ct normal flyinq time = 3 hours per machine per week for 1 2  days = say 30 

... :. t>fr ,r  Fl,yin!j  Ti,s*. . . .  ... ... = 142 

All of which will be chargeable to Survey of India. 

miles. 

miles. 

strips. 

s t r k s .  

Aon1.s. 

Aotrrs. 



Cost of moving personnel and Stores by train (1000 miles) ... 
Erecting 6 Temporary Hangars or Transporting R. A. F. Tents ... 
Incidental Landing ground expenses ... . . .  ... 

. . .  Officers T. A. (6 Observers and 1 Photo Officer) ... 
,, extra pay (Detention allowance) 12 Pilots and Observers 

and 1 Photo Officer for 8 days . . .  . . .  
... Petrol for photography, 28 hours a t  13 galls. per hour 
. . .  Oil ,, 9 )  ,, ,, ,, 0.7 galls. per hour 

Petrol for journey to and from site (zroplanes) 
... 114 hours at 13 galls. per hour . . .  . . .  

Oil ,, ,, ,, ,, 0 . 7  galls. per hour . . .  
Petrol and oil for journey to and from site 

1 Light  Tender and 1 Motor Cycle and side car . . .  
Petrol and oil for above for daily work a t  site 

(over and above normal) say 90-100 galls. ... ... 
... ... ... Depreciation ... . . , 

Photo-Stores-cost proportional to tha t  of 20 - 8" x 8" films 
. . .  per s t r ip  (28 strips) . . .  . . ,  . . , 

say 4,000.0.0 
say 635.0.0 

1 0 0 ~ 0 ~ 0  
600.0 .0  

220.0 .0  
say 300-0 .0  

12,298 :. cost per sq. mile cl~argeal le  to Survey of I t ~ d i a  =- 1U80 
= Rs. 11 - 40 approx : 

... i ,  e, cost, if carried out a t  Hendquarters of Squadron Hs. 3 .7  per sq. mile. 
,, ,, ,, ,, 250 miles from 

Hrarlquai.terr Rs. 3.700 + 1.400 ... . . = Rs. 5 - l o o p e r  sq. n~i le .  
9 ,  1, )>  1 500 1 9  9 ,  

... I )  Rs. 3.700 + 1.400 2.100 = Rs.  7 . 3 0 0  per sq. w i l e .  

, I  , I  ,, ,, 1 ~ 0 0 1 ,  I ,  

. ... J J Rs. 3 700 + I .400 + 3 x 2.100 = Hs. 1 1 . 4 0 0  per sq. mile. 
Rs.  1 . 4  per sq. mile for 1s t  250 miles from Headquarters 

Or Rs' 3 ' 7  per '(4' loile + (and s 2 . 1  per sq. mile for every 250 miles above this. 

N. B.-To tlie above the addition of a certain percentage representing profit to  R.. A. F. 
may be added. 

A similar estimate can be prepared for city mork utilizing the figures arrived a t  in the  
main Report. 

Field and IIeadqzlarters Party .  Survey of India. 

41,. To the  above costs must be aclded' those incurred in I' Post-pointing "-Indentification 
and Classification-Pasting down strips of photos-Reduc- 

Costs. 
in? or enlarging them to scale-Prel~x~ing the mosaic- 

Inl i i~lg it up and, in the casc of open count~.y work-Preli111inal.y field mork for helio lines, ground 
strips etc. 

It is undel.stoot1 that  Major Lcwis is e ~ t r a c t ~ i n g  the actual expenses incr~rred in the above 
at Agm. 

It is espectcd that  these will be found to be fairly h i ~ h ,  iu view of the fact that  4 officers 
mere e n ~ p l o ~ e d  on the mork, but it is presumed that  possible reductions for future work will be  
s~lggested by him. 



45. Speaking generally, i t  is greatly to  be regretted that the experiment a t  Agra had to be 
carried out under the conditions previously referred to, 

Conclos~on. 
sincn the conclusions to  be drawn from i t  are of necessity 

somewhat vague and may easily be misleading. 

On the whole, i t  may be said that  Air Snrvey for civil work is a t  present s o m e w h ~ t  ahead 
of its time, and tha t  considerable improvement, both in methods and apparatus, is necessary before 
i t  can become an economicel proposition. 

Unless the Survey of India carries out ils own experiments wit11 a view to effecting these 
improvements, and maintains it,s own machines etc., i t  will depend entirely on the Royal Air Force 

to whether, and when, the qecessary stage of e5ciency is reached (see also remarks under uCoste. 
R.A.F."). 

The question of a stabilized camera is, i t  is understood, being taken in hand by the Air  
Ministry, with every possibility of successful results. 

Should the other difliculties be tackled and overcome with equal success, the following 
arguments, for and agaioet the supersession of existing methods of ground survey by Air Survey, 
are  submitted :- 

46. I n  view of the high cost involved, and the fact that  only a very small percentage of t h e  
detail shown in the photos is actually utilized, i t  oeems 

(1) Plrine Survey. 
probable that  Air Survey will never be able to compete 

with exi8ting methods for work on a scale of 1" to  the mile or less, over country which is open and 
easily traversable. 

I n  country which on the  average is flat, but is either greatly split up by ravines etc. o r  
thickly wooded, i. e. in which a plane-tabler is forced to work slowly, thc possible adoption of Air  
Survey is wort11 considering, as is also its possible adoption for Revenue-crop survey. 

47. Until an improved form of " Stereo-comparator" (there are about 3 a t  present, none of 
which is quite adequate for the purpose) has been devised, 

(2 )  Mountn~n Burvep. 
which will get  over the difficulties a t  present experienced 

with the distortion due to change of level in single photos, survey by reroplane photos is not worth 
considering except for obtaining a very general idea of new country. 

I t  is poesible that  a certain amount of success might be obtained by a combination of sro-  
plane nnd ground camera photos, since by obtaining views of given objects both "in plano et  alto" i t  
should be pssible arcl~rately to " fix " them. 

Experiment on these lines is recommended 

43. The survey of large ~ l l u v i a l  rivers is a t  present a lengthy and expensive process, with 
the further disadvantage that  it is impossible to  keep 

(2) R ~ r e r  BII~VPJ.  maps up  to date, that,ia to say, that by the time a river 

hm been surveyed ant1 the maps protluced, its course, may be and frequently is, largely changed. 

It is snbnl~t ted,  that  the employment of Air Survey, for work of this kill(], is not only 
f w i t l e  but  dcsira1)le. 

An seroplana tlyiog at  10,000 feet, ancl equipped with a camera with s 6'' focal length lens 
and 8" x 8" flrne, norild in one hour cover s strip of country (or water) eighty miles long and (24) 
two and a half m i l e  wi~le. 



This width should, in the majority of cases, be sufficient t o  include both banks of the river, 
the pilot flying vertically over the centre of the river and following the bends in it. I n  special 
cases, i ,  r ,  hair pin bends-alternative courses etc. a double or treble strip could be taken, but this 
would be the exception rather than the rule. 

Points in existing traverses along the banlis would he marked, preferably in slone or some- 
thing permanent, wit11 ground " T s "  which would appear in the photographs and provide means for 
scaling etc. After a certain amount of experience in interpreting the photos, i t  should be possible to  
dispense with the necessity of any subsequent ground party, the names of villages etc. being taken 
from existing maps. 

The only objection to this method is the d i5cu l ty  of providing and equipping "lending 
grounds" a t  intervals of 100 t o  150 miles. As however most of the big rivers are fairly well 
sprinkled with towns along their banks this should not prove insurmountable. 

49. Town Sxrvgs.  

These may be divided into two types, viz :- 

( a )  Guide Maps and ( b )  Property Surveys. 

50 .  For this type i t  is believed tha t  extreme accuracy is not required. and in conseq~lence very 
. - 

extensive triangulation for the mosaic would not he neces- 
Guide Maps. 

sary, and the error due to  the displacement (see Maj. 
Lewis' Chap. I11 Section 42 (iii)) could be ignored. 

By photographing the town on a moderately small scale say 8" or 9" to the mile and then 
enlarging up three or four tillles (i. e. t o  16" to the mile) the expense involved should not be large. 
The enlargement could be clone either by the Survey of India a t  Head Quarters on the new enlarging 
lantern expected from England, or enlarged up  direct frorn the films as they came in, by the Photo 
Section of the R. A. F. 

As the R. A. F. seem to have facilities for obtaining printing paper of the required size and 
type, the latter course might  be desirable, especially as " Field Boards " on the final scale could then 
be sent out to  surveyors a t  o~lce. 

51. It is understood that  a very high degree of accul . is r ~ r ~ l ~ i r e i l  for this work and, in 
consequence, in every photo, corrections n.onlil liavc to be 

Property Snrreys. 
made for the errors ca~isetl by displarement (i. e. by the 

buildings having height and the camera lens having a limited focal lcngth) and possibly for shuttcr 
speed, and as for the same reason the foot of the buildings mould in many rases be nbscurcd, n con- 
siderable amount of ground work would bc iuvolved. 

It is, hotvevcr, submitted tliat for loirwr brrill 071 /ere1 grulr~lc?, a Property Survey by means 
of moplane p11otogrn~)lis could bo snccessfully and comparatively cheaply carried out. For towns 
built on sharply undulating ground tllc utility of this metl~od is somel\,hat doubtful owing to the very 
heavy work involved in correcting for distortion. 

5.2. I t  is bclieved that  the Coast and Geodetic Survey in America has been exlwrimenting 
with Air Survey over both flat and monntainous count,ry, tllough i t  is not known with what results. 
I t  is also belicvetl that  an American Camera called the " 13rockV ("Stabilized" by Air Dampers and 
]laving a clock work movement for automatic exposure, film changing etc.) was used, and i t  is conceiv- 
able t,liat the C. and G .  S ~ ~ r v e y  would be willing to  supply the Surrey of India with further 
part.iculars, and thus possibly obviate unnecessary experiment on lines that  have already teen "tried 
out  ". 



53. This-though not directly concerning the Survey of India, may be mentioned as a case 

Forest Stock Mspping. 
in which the employment of Air Survey might  be profitc 
able. There are in India and Burma some hundreds of 

thousands of square miles of Forest., which is broken 11p into innumerable "Bloclis" of trees of one 

type. The majority of this Forest Land lies on hill and mountain sides, but  i t  is understood tha t  a 
very considerable area lies on level, or nearly level, ground and it  is for dealing with such areas tha t  

the following proposal ia submitted :- 

The ordinary mapping of Forests is carried out by the Survey of India and i t  is doubtful if 
the existing methods could be improved upon. Stock-mappiqtg is however carried out by the Forest 
Department and entails sending a skilled man into any given forest to discover and plot the delimi- 

tations of the various I L  Blocks "and identify the type of tree in each block for stock-taking purposes. 

I t  is understood tha t  this is a very slow and expensive business and that  moreover, the results obtain- 

ed make no pretensions to strict accuracy. This being the case, there seems every reason to suppose 
that  the metl~od might be asefnlly superseded by that  of Air Survey. 

The limits of each "block" are demarcated by a 30-foot wide clearing and, allowing for the  

overhanging branches of trees on each side of this clearing, it  is probable that  there would be aclear 

air-space of a t  least 10 feet wide, which would undoubted1~- show up in photos of a scale of 3".6 t o  

the mile and upward. The outline of each "block" conld therefore be traced and, although i t  is 
improbable (though not impossible) that  the type of trees in the different "blocks" couid be identi- 

fied, the espense of sending a man in to  the forest, provided with a map showing the outline of all 

blocks, and having merely to  identify and note the types, should be very small. 

I n  large areas i t  would be necessary for the Forest Department to  provide landing grounds 

not more than 150 miles apart, which would necessitate the clearing, levelling and draining of 

spaces at  least 800 yards x SO0 yards. It is believed however, tha t  in wooded parts the timber 

obtained would more than cover the cost of the above operations. 

I t  is 11iglll~- desirable that moplanes employed on such work should he equipped with gyro- 

cameras, sights, ant1 other instruments mentioned earlier in this note, in order that  the resulting 

l,l~otos should in themsel~es form a correct mosaic as possible, owing to the dificulties likely to  be 
involved in pre-or post "ppointing". The question of "ground control" is also rather more compli- 

cated in this case than in open country, and it is suggested that  in this particular work smoke flares 
burnt a t  chained intervals on two roughly parallel lines denoting the start and finish of strips, should 

be emplo!-ed. The cost of such Hares would not be excessive in view of the wide difference between 

the total cost of the proposed and actual methods. 

The scale of the photographs required is rather a matter for conjecture but i t  is submitted 

that -1." to the mile, enlarged in the field to 8" to the mile, would serve the purpose. 

I t  is a130 submitted that for this work there would be no need to make a mosaic or to do any 

further reduction etc. by photography, each strip of enlarged ~)hotos (covering eay 60 miles in 
length) \\-ould be penlographed to the required scale and traced on to a "key" map (based on a n  



existing Survey of India Forest Map) mounted on rollers, any necessary slight djuetmenta being 
during the tracing. As the only detail required would be the "Block-limits" thie ehould be a 

very rapid process and should easily keep pace with the photography. 

Maps thus obtained would be sufficiently accurate it is believed, to meet the purpose of the 
Forest Department. A rough conlparison of the two methods is appended. 

Speed. Existing Method. 
1 man does 1/6th square mile 

per day. 
cost. On above assumption say 

Hs. 180 per sq. mile. 

Air  Survey method. 
1 machine does 50 sq. miles (on 4' scale) per 

day. 
Photography (including "smoke flares" and 

enlarging photos to 8" scale) 
not more than Rs. 15 per sq. mile. 

Headytcarfers Staffor pantagrapliing, trac- 
ing etc. say -161- per sq. mile. 

Ground work identification of types of trees 
say Rs. 3 per sq. mile. 

I Total .., Rs. 16181- per sq. mile. 



A P P E N D I X  11.  

R. A. F. SECTION 

Ezprnses Incurred. 

R ~ c t n n ~ ~ c i .  

COSTS. Detail I ~ ~ i t i n l  
INITIAL. 1 .  Pro~ision of 

... Hangar. 126- 7-0 
2. JIorements 10-'4-13-0 
3. Photo-Stores. 1462- 0-0 
4. (a) Water sopply 94- 4-3 

(b) Officers T..\. 86- 4-0 

3813-11-3 

... HECLTRRISG 1. Pay . . .  

2. Estra pa!- . . .  ... 

... 3. Rations ... 

... 4.  Petrol . . .  

... 5 .  Oil ... 
... 6 .  Telepmms . . .  

i .  Depreciation of ... '1 
ninchines. 1 

S. Bullock carts. 

Extra 

Total 2814 
S.501 
8228 
-- 

Rs. 14,543 or Rs. 536.93 per ry. m ~ / e .  

Honarks. 

... O5cers. 
Other ranks. ... 

... Indians. 
Officers detention 

allowances. 

1790 
gallons. 
40 gallons. 



A P P E N D I X  111, 

84" lens at 13000 
AIR SURVEY EXPERIMENT AT ABRA. 

Time in air (from leaving ground to landing) ... ... ... 48 hoicrs. 
No. of Plates Expose(2 , . . ... ... ... 1715 
No, of blanks ... ... ... ... ... 477 
No. of J ams .  ... ... ... ... 
No. of Double Exposores. ... ... ... ... 112 262 
No. of Broken Plates. ... ... .. . "' ... l6 2 1 
No, of Underexposed. ... ... ... .,. 10lj 

ATo, of , n s e f ~ ~ l  plate8 ... ... ... 1453 

TIME AND PLATES USED I N  A G R A  CITY. NOT INCLUDED IN  ABOVE. 

Area covered ... . . .  ... ... ... ... 540. sq. miles. 
d l a p  Area covered ... ... ... . . ... . . 5 1  , ,, 

... ... Time of Flight a t  Agra . . . . ... ... 16 days. 
Ptates ezposed per sqrcare mi le  . . ... ... ,.. ... 3.17 
PZates~theoreticnlly r eq f i i~ed  to cover area ... ... ... ... 820 ... ,) j p  ,, per sq. mile 1.52 app. 
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