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Many aerial photography, photographic mosaic, and topographic map displays are 
made for the legal staff and have proven invaluable in condemnation suits. Such dis­
plays are also made for the Public Information Section. 

CURRENT PHOTOGRAMMETRIC PRACTICES IN VIRGINIA 
Fred B. Bales 

Virgmia Department of Highways 
Before photogrammetry can be utilized to its fullest extent, the user must recog­

nize its limitations. Photogrammetry is not the highway engineering cure-all proph­
esied by so many during the past few years. It must be employed with discretion and 
with close quality control. 

In Virginia, only equipment and materials known to consistently provide high quality 
results are used. Photography, for instance, is taken usmg only a stable base aerial 
f i lm and an aerial camera with a distortion-free lens. Diapositives are prmted only 
on glass plates % in. thick. Map manuscripts are compiled using only a stable base 
drafting f i lm on which control points are plotted by means of a precision coordinato-
graph. 

Ground control for mapping by aerial methods is established with Tellurometers for 
distance measurement and Wild T-2 theodolites for angular measurement. Two masters 
and two remotes of the early model MRA/1 Tellurometer and the later addition of two 
units of the MRA/2 model provide three complete distance measuring systems. 

For quality control, a test profile is measured routinely on the ground during estab­
lishment of ground control for each stereoscopic model from which a map is to be com­
piled. The profile data, however, are withheld from the stereoscopic instrument op­
erator until after each stereoscopic model has been used in compiling the maps and 
making other essential measurements. An mdependent check is then made by a super­
visor to determine completeness of planimetric detail and accuracy of the contour de-
Imeations or cross-section measurements. This check is made before the setup of 
each successive stereoscopic model is removed from the photogrammetric instrument. 

The actual utilization of photogrammetric equipment for highway engmeering in the 
State can be placed m two distinct areas: (a) route location stages, and (b) accumulation 
of survey data for use in highway design. In the route location stages, topographic 
mapping is accomplished at a scale of 200 f t to 1 in. with a 5-ft contour interval. For 
highway design, the maps are compiled at a scale of 50 f t to 1 m. with a 2-ft contour 
interval or cross-sections are measured photogrammetrically using stereoscopic models 
of the same scale. 

Aerial photography is taken usmg a State-owned Aero Commander twm engme air­
craft with a Wild RC-8 aerial camera. Both pilot and photographer are former survey 
party personnel who have other office duties within the highway location section when 
not actually engaged in flymg. 

A complete photographic laboratory is mamtamed for processing the exposed aerial 
f i l m and printing photographs on paper and on glass as needed. Contact printmg is ac­
complished through the use of an automatic electronic dodging printer and enlargements 
are made utilizing a Zeiss SEG-V Rectifier-Enlarger. Photographic mosaics are 
copied usmg an overhead-type Robertson copy camera. This camera is used for all 
departmental copy work, including road and bridge plans, maps, and sketches, and 
further doubles as a photographic enlarger. 

Al l ground control for the route location topographic mappmg (scale of 200 f t to 1 in. 
with a 5-ft contour interval) is accomplished by three survey parties equipped with 
Tellurometers, Wild T-2 theodolites, and Zeiss automatic self-leveling levels. Hori­
zontal control for all such mappmg is based on the Virginia State plane coordinate sys-



43 

t e m and v e r t i c a l c o n t r o l on sea l e v e l da tum. A l l t r a v e r s e s f o r g round c o n t r o l a r e c o m ­
puted and ad jus ted by e lec t ron ic compute r . Because the photographic image of each 
ho r i zon ta l c o n t r o l point i s usua l ly o f f the m a m t r a v e r s e , the t r a v e r s e p r o g r a m was 
w r i t t e n to include computa t ion and ad jus tment of the supplemental measurements to 
these po in t s . 

Compi l a t ion of the topographic de t a i l i s accompl i shed u t i l i z i n g f i v e K e l s h s t e r eo ­
scopic p l o t t i n g i n s t r u m e n t s . The compi l a t i on i s made on an emul s ion coated stable 
base d r a f t i n g f i l m i n p e n c i l a f t e r w h i c h the m a p i s comple ted us ing s c r i b e techniques . 
Each s c r i b e sheet ac tua l ly se rves as a photographic negative f r o m w h i c h copies of each 
comple ted map are produced photographica l ly on stable base Cronaf l ex m a t e r i a l . The 
only i n k m g invo lved i s i n l abe l ing the e levat ion of contours and i d e n t i f y i n g o ther map 
f e a t u r e s . D u r m g the l a s t f i s c a l yea r , app rox ima te ly 173 sq m i of mapping w e r e c o m ­
ple ted i n addi t ion to the other l a r g e r scale contour de lmeat ion and c ro s s - s ec t i on meas ­
u r i n g accompl i shed by the mapping un i t . 

The topographic m a p p m g se rves as the bas is f o r subsequent rou te l oca t ion and as a 
means f o r r e p o r t i n g route a l t e rna t ives and m a k i n g recommenda t ions . T h i s phase i s 
accompl i shed w e l l i n advance of design and subsequent loca t ion survey s t akmg of the 
highway on the g round . 

A f t e r a highway su rvey and design p r o j e c t i s advanced to the loca t ion survey stage 
where the cen te rhne i s to be staked on the ground, a combina t ion of techniques i s 
employed i n v o l v i n g both p h o t o g r a m m e t r i c and conventional f i e l d su rvey ing p r a c t i c e s . 
W h e r e g round cover i s so t a l l and dense that accurate measurements cannot be made 
by use of a e r i a l photography, ground survey methods a r e used e x c l u s i v e l y . On some 
p r o j e c t s only the c ros s - sec t ions a r e measured and contours f o r in terchanges a re de-
Imea ted by p h o t o g r a m m e t r i c methods . On o ther p r o j e c t s a l l p l a n i m e t r i c de t a i l i s a l so 
del ineated (genera l ly r e f e r r e d to as topography) . On some p r o j e c t s a topographic map 
i s compi l ed of the e n t i r e p r o j e c t , measu r ing and de lmea tmg the contours on a 2 - f t 
i n t e r v a l . M o r e r ecen t ly the p h o t o g r a m m e t r i c methods have been con fmed to measu re ­
ment of c ros s - sec t ions usmg a Benson-Lehner T e r r a m Data T r a n s l a t o r coupled to a 
K e l s h s te reoscopic p l o t t e r . The c ro s s - s ec t i on data i n d i g i t a l f o r m a r e punched d i r e c t l y 
into ca rds . 

The p r e f e r r e d approach m m a k i n g t h i s type of survey i s to f i r s t e s t ab l i sh a su rvey 
baseline on the ground, t i e the cen te rhne in to the State plane coordinate sys t em and 
then measure on the ground the p r o f i l e of t h i s base lme. The basel ine i s then ta rge ted 
at 500 - f t m t e r v a l s . A n a t tempt i s made to t a rge t the cen te r l ine o r base lme f o r a l l 
l oca t ion - type surveys i n v o l v i n g the p h o t o g r a m m e t r i c measurement of c ro s s - sec t i ons . 
Where the re a r e l i k e l y to be few na tu r a l g round image pomts , such as i n wooded areas , 
cu l t i va t ed f i e l d s and meadows, add i t iona l t a rge t s a r e p laced near the outer l i m i t s of 
the a rea to be photographed f o r use as s te reoscopic mode l l e v e l m g po in t s . 

Ta rge t s a r e p r i n t e d i n the f o r m of a c ross on 4 5 - i n . squares of w h i t e m u s l m c lo th 
and a r e fas tened at the c o r n e r s by gut te r spikes 7 i n . long ( F i g . 8) . These p r i n t e d 
targets cost app rox ima te ly $ 0 . 3 0 each and a r e e x t r e m e l y easy to t r a n s p o r t and place 
on the g round . I n wooded areas w h e r e the ta rge ts a re somewhat d i f f i c u l t to i d e n t i f y , 
two s t r i p s of w h i t e m u s l m c lo th , 9 i n . w ide and 10 f t l ong , a r e f i r s t p laced over the 
points m the f o r m of a c ros s and the s m a l l t a rge t i s p laced i n the center to p rov ide 
cont ras t . 

A f t e r a l l t a rge t s a r e p laced on the ground and the photography m i s s i o n i s comple ted , 
photographic p r i n t s a r e f u r n i s h e d the ground c o n t r o l survey pa r t i e s f o r use i n i d e n t i f y -
m g a l l v i s i b l e t a rge t s and i n e s t ab l i sh ing v e r t i c a l c o n t r o l a long o r near the ou te r l i m i t s 
of the photography. W h e r e t a rge t s have been des t royed by a n i m a l s , ca t t l e , deer, and 
the l i k e , sha rp ly def ined n a t u r a l images a re se lected to serve as c o n t r o l po in t s . 

The plane coordinate computed cen t e r lme o r baseline i s p lo t t ed on stable base 
d r a f t i n g f i l m us ing the A r i s t o coordmatograph and the t a rge ted ho r i zon t a l c o n t r o l po in t s . 
The e l ec t ron ic computer t r a v e r s e p r o g r a m au toma t i ca l l y computes the plane c o o r d i ­
nates i n i nc remen t s of 500 f t , g r e a t l y f a c i l i t a t m g the p l o t t i n g of cen te r lmes on the 
m a n u s c r i p t , p a r t i c u l a r l y w h e r e cu rves a r e i n v o l v e d . 

The ac tual p h o t o g r a m m e t r i c i n s t r u m e n t a t i o n w o r k i s accompl i shed by means of an 
e l ec t ron ic d i g i t a l m e a s u r i n g and r e c o r d i n g s y s t e m . The T e r r a m Data T r a n s l a t o r 
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Figure 8. Target f o r a e r i a l survey; 

Plgiire 9. Benson-Lehner Terra in Data Trans la tor . 
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( F i g . 9) being used f o r t h i s w o r k i s the t r a n s i s t o r i z e d o r s o l i d state mode l w i t h the 
N i x i e Tube display f o r ho r i zon t a l d is tance . The p h o t o g r a m m e t r i c i n s t r u m e n t opera tor 
by means of a ho r i zon ta l sca le r makes a c ros s - sec t ion point measurement at each 20 -
f t i n c r e m e n t p lus a l l breaks i n the ground l i n e . To main ta in the 2 0 - f t i nc r e me n t , the 
opera tor needs only to glance at a t r ansparen t ove r l ay cons i s t ing of seve ra l p a r a l l e l 
2 4 - i n . long scales and used f o r ho r i zon t a l a l ignment of the sca le r . 

A s o r i g m a l l y designed, the ho r i zon t a l sca le r had to be moved and r e - a l i g n e d at 
r i g h t angles to the survey Ime f o r each c ros s - sec t ion measured . The a r m that attaches 
to the chuck of the K e l s h t r a c i n g table has been lengthened and s m a l l holes d r i l l e d on 
centers 1 m . apa r t . The t r a c m g table can now be moved f r o m hole to hole, each of 
w h i c h i s equal to the g round distance of 50 f t at s tereoscopic mode l scale and p rov ides 
seven c ro s s - s ec t i on pos i t ion ing l i n e s f o r tangents wi thou t mov ing the ho r i zon ta l s ca l e r . 

I m p r o v e m e n t s have been made i n the method by w h i c h d i g i t a l data a r e t r a n s f e r r e d 
to punched ca rds . Star wheels w e r e added to the key punch p r o g r a m c a r d to (a) au to­
m a t i c a l l y enter the f i x e d data, (b) advance the c a r d n u m b e r i n g r e l ay at the end of each 
ca rd , and (c) l i g h t a l a m p on the c o n t r o l un i t to indicate that the d i g i t a l data a re bemg 
entered i n the p rope r pos i t ion m the c a r d . In add i t ion , a s w i t c h was added to the T D T 
c o n t r o l un i t to r e c o r d the measured cen te r l ine e levat ion f r o m the c o n t r o l uni t r a t h e r 
than f r o m the K e l s h t r a c i n g t ab le . T h i s sw i t ch also zeros the h o r i z o n t a l distance on 
the T D T disp lay and t r a n s f e r s the i n f o r m a t i o n to the I B M c a r d when c r o s s i n g cen te r -
I m e . A f t e r the s ta t ion number and cen te r l ine e levat ion a re set in to the c o n t r o l uni t , the 
opera tor has only to concentrate on mak ing the successive poin t measurements f o r each 
c ros s - sec t ion , r ega rd le s s of the number of ca rds f o r each c r o s s - s e c t i o n m g s ta t ion . 
On comple t ion of the measurements f o r a c ros s - sec t ion , the i n s t r u m e n t opera to r sets 
s ta t ion number and cen te r l ine e leva t ion f o r the next c ro s s - s ec t i on and zeros his c a r d 
counter . Then he r e j e c t s the l a s t c a r d conta ining the p rev ious c ro s s - s ec t i on data and 
the new f i x e d data a r e entered a u t o m a t i c a l l y . 

Once the s tereoscopic mode l i s set up and the T D T coupled to the t r a c i n g table , 
i n s t r u m e n t ope ra to r s have been measu r ing a round 500 c ro s s - s ec t i on points per hour . 
Under idea l condi t ions , however , w h e r e there i s v e r y l i t t l e g round cover , they can 
measure about 700 c ro s s - s ec t i on pomts pe r hour . B e f o r e the m s t r u m e n t m o d i f i c a t i o n s 
w e r e made, the m s t r u m e n t ope ra to r s w e r e averag ing a round 250 to 300 poin ts per hour , 
50 to 100 pomts per hour m o r e than when the measurements w e r e made and r e c o r d e d 
e n t i r e l y by manual methods . These ra tes do not , however , r e f l e c t the t i m e r e q u i r e d 
f o r m a k i n g each s tereoscopic mode l setup. 

The T D T w i t h the spec ia l mod i f i c a t i ons i s capable of r e - c y c l i n g at such a r a t e as 
to p e r m i t v i s u a l obse rva t ion and automat ic r e c o r d i n g of the measurements of 1, 700 
points per hour , but t h i s i s a l l o w m g no t i m e f o r change of s ta t ion number and e levat ion 
o r f o r r e - a l i g n m e n t of the h o r i z o n t a l sca le r at r i g h t angles to the cen t e r l i ne . 

Perhaps another f a c t o r c o n t r i b u t m g to the inc reased p r o d u c t i v i t y of the e l ec t ron ic 
sys t em i s the a b i l i t y of each p h o t o g r a m m e t r i c i n s t r u m e n t ope ra to r to hold h i s s t e r eo ­
scopic v i s i o n , p a r t i c u l a r l y i n wooded areas and w h e r e the g round slopes a r e steep. 
W i t h the e l ec t ron ic sys t em, the i n s t r u m e n t opera to r can keep his eyes constant ly on 
the s te reoscopic mode l , but when u s m g manual methods he was constant ly g lancing away 
f r o m the s te reoscopic mode l to v iew and m a r k the t r a c i n g table distance f r o m cen te r -
l i n e and w o u l d m o m e n t a r i l y lose his v i s i o n of the s t reoscopic mode l . 

The T D T can be used to the best advantage w i t h two separate K e l s h s tereoscopic 
p l o t t e r s . The d i g i t a l measurement and r e c o r d i n g of c ros s - sec t ion data a r e accomp­
l i s h e d f r o m one p h o t o g r a m m e t r i c i n s t r u m e n t w h i l e a s tereoscopic mode l i s being set 
up i n the o t h e r . On comple t ion of measurements and r e c o r d i n g w i t h the f i r s t m s t r u ­
ment , the T D T i s coupled to the next i n s t r u m e n t . 

A r e a s w h e r e heavy f o l i a g e obscures the g round s t i l l r e q u i r e convent ional ground 
survey p rocedures and l a t e r punching of the measurements in to cards by manual m e t h ­
ods . 

A f t e r a l l c ro s s - s ec t i on measurements a re punched f o r each loca t ion survey p r o j e c t , 
they a re sent t h rough the I B M checkmg p r o g r a m . T h i s checkmg p r o g r a m v e r i f i e s the 
cen te r l ine e levat ion f r o m c a r d to c a r d , checks f o r v e r t i c a l d i f f e r ences of 50 f t o r 
g rea te r between adjacent c ross - sec t ions at the cen t e r lme point and also indica tes 
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w h e r e no cen te r l ine poin t i s r e c o r d e d . I t f u r t h e r indicates whe re ho r i zon t a l distances 
between adjacent c ross - sec t ions a re not decreas ing f r o m l e f t to center o r inc reas ing 
f r o m center to the r i g h t and when the re i s a v e r t i c a l d i f f e r e n c e of 20 f t o r m o r e be­
tween adjacent poin ts on each c r o s s - s e c t i o n . I t also indicates when the pho tog ram-
m e t r i c a l l y o r o the rwi se measured e levat ion at the center of the c r o s s - s e c t i o n does not 
agree w i t h the e levat ion measured by s p i r i t l eve l s f o r cen te r lme s ta t ionmg po in t s . 

The des igners seem to we l come p r o j e c t s where the c ross - sec t ions have been meas­
u r e d by p h o t o g r a m m e t r i c methods . When they encounter unusual p r o b l e m s m design 
and need add i t iona l i n f o r m a t i o n , c ross - sec t ions o r contours can usual ly be f u r n i s h e d 
f r o m the s tereoscopic models i n a m a t t e r of hours , i n cont ras t to the seve ra l days o r 
weeks r e q u i r e d to obta in addi t iona l su rvey i n f o r m a t i o n f r o m the f i e l d when surveys a r e 
made by convent ional methods on the ground . 

Photographic mosa ics and enlargements of a e r i a l photographs a r e u t i l i z e d m mos t 
phases of rou te l oca t ion , t r a f f i c ana lys is , geologic and s o i l ana lys i s , p r epa ra t i on of 
r i g h t - o f - w a y cost es t imates , and drainage s tudies . 

When highway p r o j e c t s a r e advanced to the design stage, the f i r s t th ing the designers 
genera l ly request i s a set of a e r i a l photographs . Photographic en largements a r e gen­
e r a l l y reques ted d u r i n g the e a r l y stages of design. A f t e r the highway cons t ruc t ion plans 
a r e advanced to the p r o c u r e m e n t of r i g h t s - o f - w a y , photographic enlargements a r e 
f u r n i s h e d f o r appra i sa l w o r k and a re f r e q u e n t l y f u r n i s h e d f o r use m condemnation cases. 

I t I S f e l t that photographic mosa ics p r epa red by or thophotographic methods w i l l have 
a v e r y de f in i t e place in the highway engmeermg p r o g r a m . Orthophotographs w i l l p r o ­
vide a means whereby the a e r i a l photography images can be accura te ly p o r t r a y e d on 
highway plan sheets, thus g rea t ly enhancmg the usefulness of photography m a l l phases 
of highway engineer ing . A n i n s t r u m e n t ca l l ed the or thophotoscope has been developed 
by the U . S. Geologica l Survey w h i c h compensates f o r the image displacement due to 
r e l i e f height . I t p rov ides a photographic map f r o m w h i c h distances can be accura te ly 
sca led between f ea tu res and e l i m m a t e s the need f o r much symbo l i za t i on to indica te 
l and uses, topographic f e a t u r e s , vegetat ion, e tc . 

P h o t o g r a m m e t r y and p h o t o g r a m m e t r y uni ted w i t h e l ec t ron ic s f o r m e a s u r m g and 
d i g i t a l r e c o r d i n g of spec i f i c measurements have p r o v i d e d the means f o r g r ea t l y m -
c r e a s m g engineer ing p r o d u c t i v i t y i n V i r g i n i a . 


