
ARIZONA DEPARTMENT OF TRANSPORTATION 

j 

i 

REPORT NUMBER: FHWA/AZ 85/24) 

EVALUATION OF AUTOMATED 
COORDINATOGRAPH AND 
ATTENDANT PHOTOGRAMMETRIC 
PROCEDURES FOR HIGHWAY 

f l  DESIGN MAPPING 
1 

Prepared by: 
Chester F. Collins 

June 1985 

Prepared lor: 
Arizona Department of Transportation 
206 South 17th Avenue 
Phoenix, Arizona 85007 

in cooperation with 
U.S. Department of Transportation 
Federal Highway Administration 

' 



The contents of t h i s  report r e f l e c t  the  views df the authors 
who are responsible f o r  the  f a c t s  and the  accuracy of the data 
presented herein. The contents do not necessarily r e f l e c t  the  
o f f i c i a l  views o r  policies of t he  Arizona Department of Trans- 
portation o r  t he  Federal Hfghmys Administration. This report 
does not cons t i tu te  a standard, specif icat ion,  o r  regulation. 
Trade o r  manufacturer's names which may appear herein a r e  
c i ted  only because they a re  considered assent ia l  t o  the  objec- 
t i v e s  of the report. The U. S. Govenrmsnt and the S ta te  of 
Arizona do not endorse products o r  manufactmrs.  



technica l  Roport Documentotion P o  
1. RIDO~~ No .  I .  Go.e,n*l*nf Accrss40n NO. 3. R e c ~ p ~ e n i ' s  Cotolog No. 

FHWA/AZ- 85- 240 I 
4. T+r I *  ond ~ u b ~ n r l e  

rn 5. Repo~r  De le  

EVALUATION OF AUTOMATED COORDINATOGRAPH AND ATTENDANT June 1985 
PHOTOGRAMMETRIC PROCEDURES FOR HIGHWAY DESIGN MAPPING 6. P,,I~~,,~, o . ~ ~ , ~ ~ ~ , ~ ~  code 

* 
. a. P e r l ~ r n i n ~  Orlmn~amv~mn Reperc No. 

1. Author's) 
CHESTER F. COLLINS AND FRANK R. McCULLAGH I 

9.  Performinq O f g m i  lotson None  ond Addtens 10. W0.b U n ~ t  Yo. (TRAIS)  

1 ARIZONA TRANSPORTATION RESEARCH CENTER 1 1 .  Controc* or Ctanr NO. ' COLLEGE OF ENGINEERING, ARIZONA STATE UNIVERSII'Y 
TEMPE, ARIZONA 85287 HPR- 1-27 (240) 

'3. TYP* 01 Rep0-r ond Perrod Covorod 
12. ~ ~ o n s o r o n g  Agency Name r d  Addrmss 

ARIZONA DEPARTMENT OF TRANSORTATION FINAL REPORT 
JUNE 84 - JUNE 85 

206 S. 17th Ave. 
Phoenix, Arizona 85007 14. Sponsorrng Agency Code 

I IN COOPERATION WITH U.S. DEPARTMENT OF TRANSPORTATION 
FEDERAL HIGHWAY ADMINISTRATI ON 

16. Absrrocr 

Several large s c a l e  mapping p ro j ec t s  a r e  used t o  t e s t  the  accuracy and ef f ic iency  
of  an automated coordinatograph (automatic p l o t t i n g  tab le)  in te r faced  t o  a 
prec is ion  s t e r eop lo t t e r .  Test  r e s u l t s  f o r  evaluat ing the  accuracy capab i l i t y  of 
t h e  in te r faced  coordinatograph a r e  es tab l i shed  using a e r i a l  photography flown a t  
f l i g h t  a l t i t u d e s  t h a t  required photo s c a l e  t o  f i n a l  map s c a l e  enlargement f ac to r s  
of 8.33X and 10X. Withheld horizontal  and v e r t i c a l  ana ly t i ca l  aero t r iangula t ion  
t e s t  po in t  r e s u l t s  a r e  tabula ted  and used i n  evaluat ion of the equipment under 
study. Test r e s u l t s  a r e  compared t o  la rge  s c a l e  mapping accuracies required f o r  
compliance with na t iona l  map standards f o r  highway mapping. 

t7. K o l  Words 1 18. O # r h t b u l h ~  Srocammt 

AUTOMATED COORDINATOGRAPH 
ANALYTICAL AEROTRIANGULAT ION 
BUNDLE METHOD 
STEROP MTTE R 

NO RESTRICITONS. THIS REPORT IS 
AVAILABLE TO THE PUBLIC THROUGH 
NTIS, SPRINGFIELD, VA. 22161 

form DOT F 1700.7 8-71 



This repcart was prepared as p a r t  clf Prc l ject  HPR-PL-1 (29) I T E M  
4 "Eva11.1at i o n  o f  fhtclrnated Co~=~rdinatogr-aph and Flt tertdant 
Photogr-aphic P r o c e d u r e s  f o r  Highway D e s i g n  Mapping". T h i s  
research w a s  condctcted by t h e  Flr i zcrrta Depat-t rnent r - l f  

T r a n s p o r t a t  i o n ,  Phatdgrarrimetry and Mapping S e r v i c e s  i n  
c o n j u n c t  ion with t h e  U. S. Department o f  T r a n s p o r t a t  i o n ,  F e d e r a l  
Highway Qdmin i s t r -a t  i o n .  The a u t h o r  e x p r e s s e s  h i s  appr-ec iat  i c ~ n  
f m r -  t h e  t e c h n i c a l  s u p p o r t  g r a n t e d  by Sam Lclwe and Tilr11 McGuire of 
the Photograph ic  Branch.  



INTRODUCTION . . . . . . . . . . . . .  
PURPOSE RND OBJECTIVES . . . . . . . .  . . 

SCOPE . . . . . . . . . . . . . . . .  
TEST CRITERIR RND PRINCIPLES . . . . .  

"C" FRCTOR . . . . . . . . . . . .  
STRTISTICRL METHODS FOR QNRLYSIS . . . . . .  EQUIPMENT RND MRTERIRLS 

EVRLURTION . . . . . . . . . . . . . .  
OUTLINE UF PROJECT DQTR QND THE 
ROOT MERN SaUQRE ERROR TRBULRTION . . . .  O F  WITHHELD POINT RESULTS 

CUNCLUSIONS RND IMPLEMENTRTION . . . .  
REFERENCES . . . . . . . . . . . . . .  

TRFLE ..... 

I PHOTO-MRP SCRLE RELRTIONSHIPS . . . . . . . . . .  3 . . . . . . . . . . . . . . . . .  2 P R O J E C T I D Q T R  8 . 
3 PROJECT X I  DRTR . . . . . . . . . . . . . . . . .  3 
4 PROJECT 1 I I DRTR . . . . . . . . . . . . . . . .  1 0  
5 PROJECT I V D R T R  . . . . . . . . . . . . . . . . .  1 1  . . . . . . . . . . . . . . . . .  6 P R O J E C T V D R T Q  12 

1 HORIZONTRL/VERTIC~L RNRLYTICRL 
REROTRIRNGULRTION POINTS . . . . . . . . . . . .  7 



INTRODUCTION 

Technological advances in the optical design and functional 
characteristice of precision aerial cameras and precision 
stereoplotter mapping instruments have resulted in greater image 
retaolution and measurement accuracy. Theee advancement8 in 
photogrammetric instrumentation are critical to the efficient 
production of large scale topographic mapping and the map 
accuracy required by various highway engineering disciplines. 

Until recently much of the available optical train 
stereoplotter inetrumentation that had benefitted from these 
advancements did not allow full utilization of the intrinsic 
precision designed into the inetrumentation. The inability to 
fully utilize the enhanced instrument measurement capability was 
the direct result of hardware limitations that greatly 
restricted any further betterment of mapping procedures. 

Preliminary investigations and contact with various mapping 
firme indicated that advancements had been made in mapping 
technology that would overcome past hardware limitations. Huch 
of the new mapping technology was aimed at the electronic 
interface of automated plotting tables (automatic 
coordinatographs) with optical train stereoplotters. 

The automated coordinatograph is a computer-assisted, high 
speed, electronically driven, flatbed plotter syatem. When 
attached to a precision stereomepping instrument, the automated 
coordinatograph provides a graphic enlargement of ground 
features measured and traced from aerial photography oriented 
within the stereoinstrument. Through electronic linkage with 
the analogue measuring components of the stereoinstrument, it is 
the function of the coordinatograph system (via microprocessors) 
to convert the tracing and measurement of map-worthy ground 
features to digital form. The transformation of plotting 
information to digital form is used to activate servo units that 
drive and direct the travel of the coordinatograph's drafting 
head during its replication of an enlarged graphical tracing of 
topographic and planimetric ground detail into a completed map. 

The automatic coordinatograph system doea away with the use 
of previous hardware linkage that imposed undesirable, built-in, 
mechanical enlargement constraints associated with mechanical 
etress and wear. The computer-aided design of the automated 
plotting table appeare to have the capability of traneforming 
meaeurement data into graphic form without adversely degrading 
the measurement accuracy. This retention of plotting accuracy 
could permit use of increaeed enlargement factore. These 
factors would allow the choice of a greater range of engineering 
map scales producible from aerial photography taken at a given 
flight altitude. 



PURPOSE AND OBJECTIVES 

The purpose of this investigation is to establish and report 
tested procedures and accuracy findings that are the result of 
utilizing an automated coordinatograph that has been interfaced 
with a precision optical train stereoplotter. Using the 
equipment under inve~tigation, the objective of the study is to 
design and develop photogrammetric mapping procedures that will 
maintain accuracy standards, reduce costs, and improve 
production. 



T h i s  r e p o r t  is c c l n c e r n e d  w i t h  t h e  r e s u l t  o f  u s i n g  a e r i a l  
p h o t o g r a p h y  t h a t  w a s  f l o w r t  a t  f l i g h t  a l t i t u d e s  h i g h e r -  t h a n  
c u s t u m a r i l y  used f o r  t h e  d i r e c t  c o m p i l a t i o n  c ~ f  v a r i o u s  l a r g e  
scale t o p o g r a p h i c  maps. T h e  aer ia l  p h o t o g r a p h y  a c q u i r e d  f  ut- t h e  
t c t p o g t - a p h i c  n lapp ing  p r o j e c t s  i n  t h i s  s t u d y  resulted i n  p h o t o  
s c a l e  a n d  f i n a l  map scale r e l a t i o n s h i p s  as f o l l o w s :  

R e s u l t  i n q  
P h o t c ~  Scale P h o t o  S c a l e / M a p  Compi l a t  i n n  Scale a n d  

C o n t o u r  Interval -------,--- Scale-Enlarseaest ----------I---------- 

10X 1"=Zt3? w i t h  a 1 foo t  C. I. 
8.33~ 1"=3(:19 w i t h  a 2 fl>l>t C. I. 
10X 1"=50' w i t h  a 2 f l - ~ o t  C.I. 

T h e  h o r i z c r n t a l  p o s i t  i o n s  a n d  e l e v a t i o n s  o f  test p o i n t s  t h a t  
were $used t l = l  e v a l c r a t e  t h e  a c c u r a c y  o f  t h e  dl - t tor~ia ted 
c ! = l t ~ ~ d  i n a t  o g r a p h  were d e v e l c l p e d  b Y f u l l  a n a l y t i c a l  
a e t - o t r i a n g u l  at il>n p r l ~ l c e d u r e s  u s i n g  t h e  b u n d l e  met h o d  o f  
a d  j u s t r n e n t .  T h i s  r e p o r t  c o n t a i n s  t h e  a c c u r a c y  r e s u l t s  t h a t  w e r e  
c ~ b t a i n e d  a n d  a c o m p a r i s o n  o f  t h e s e  r e s u l t s  w i t h  n a t  i o n a l  map 
a c c l - t r a c y  r e q l - r i r e n l e n t s  f c l r  f i v e ,  l a r g e  scale, h i g h w a y  m a p p i n g  
p t - c l j e c t s  prodcrced i n  t h e  c o u r s e  o f  t h i s  s t i t d y .  



PRINCIPLES ---------- 
T h e  c r i t e r i a  u s e d  t o  test a n d  e v a l l . ~ a t e  t h e  p r c ~ c e d l . ( r e s  arld 

e q u i p m e n t  a re  a i m e d  a t  t h e  devell=lprnent arld u s e  of met hods arld 
i n s t r c l r f l e r l t a t  i o n  t h a t  w i  11 r e s u l t  i n  b e t t e r i n g  t h e  p r o d u c t  i o r~  of  
l a r g e  scale t o p c l g r a p h i c  r ~ i a p s  t h a t  c o m p l y  w i t h  n a t  i c l n a l  rnap 
a c c u r a c y  s t a n d a r d s  f o r  h i g h w a y  m a p p i n g .  

T h e  1 ist b e l o w  c ~ : a n t a i n s  a s u m a a r y  o f  t h e  N a t  ilzlr~al Map 
S t a r l d a r d s  for-  Highway  Mapping  : 

C m n t  _put-s : N i n e t y  ('30) p e r c e r ~ t  o f  t h e  e l e v a t i ~ z l n s  d e t e r m i n e d  
f r o m  t h e  c o n t o u r s  13r1 t h e  rnap s h a l l  b e  accl.!rate w i t h i n  
o n e - h a l f  ( 1/2) t h e  c~zentour- i n t e r v a l ,  or-  b e t t e r .  T h e  
r-etnairt ing t e n  (10) p e r c e n t  111f t h e  e l e v a t  il:w~s s h a l l  n o t  be i n  
et-t-or- b y  rnlzlre t h a n  c ~ n e  c o n t  llsur- i n t  e r v a  1. 

Sept E 1 evat i ~ Y I S  : N i r r e t y  (30) p e r c e n t  of a l l  the spc l t  
e l e v a t  i u n s  o n  t h e  map s h a l l  b e  a c c u r a t e  w i t h i n  a t  l eas t  
one-fot-lr-th (2/4) t lsf  t h e  ct:lntr=rur i n t e r v a l ,  arrd t h e  r - e m a i n i n g  
t e n  ( 10) p e r c e n t  s h a l l  n u t  b e  i n  err-or b y  m l z l r e  t h a n  o n e - h a l f  
(1/2) t h e  c o n t o u r  i n t e r v a l .  

C~IZIV-d i sate G r i d  L i re2 : T h e  g r i d  l i n e s  w i l l  b e  p l c l t t e d  
w i t h i n  or~e o n e - h u n d r e d t h  (1/1(30) o f  an  i n c h  o f  t h e i r  t r - u e  
g r i d  v a l u e  o n  t h e  m a n u s c r i p t .  

H s r -  i z a r ~ g a i - , C e r ~ t  t-el: H o r i z l = l n t a l  contr -121 p o i n t s  s h a l l  b e  
p l o t t e d  o n  t h e  map nrancrscr i  p t  w i t h  i n  i l n e  one-hundr -ed t  h 
(1/100) of an i n c h  o f  t h e i r  t r u e  p o s i t i o n  as  d e t e r m i n e d  b y  
t h e  p l a n e  c ~ z l o r d i n a t e s  cornpl.\ted f o r  t h e  hot-1 z c l n t a l  c o n t r i l l 1  
p l> i r l t s .  

P l a n i m e t r i c  F e a t u r e s :  ..................... N i n e t y  ( 3 0 )  p e r c e n t  o f  t h e  w e l l  
d e f  i r l ed  featctres irnaged ~=tn t h e  photl : lgraphs w i  1 1  be p l o t t e d  
o n  t h e  f i n i s h e d  map t o  an a c c u r a c y  w i t h i n  a t  least 
dine-f l~l r t  i e t h  ( 1 /40) o f  art i n c h  c ~ f  t h e i r  tr-1.1e c n s r d  i n a t e  
p o s i t  i o n ,  a n d  nclne s h a l l  be i n  er-rclr  b y  more t h a n  
1 3 r t e - t w e n t i e t h  t1/20) o f  a n  i n c h  I Z I , ~  t h e i t -  t r u e  c o o r d i n a t e  
p o s  i t i cln. 

" C" F a c t  o r  : ---------- 
Whevl t h e  m a j ~ = l r  v a r i a b l e s  a f fec t  ir lg a g i v e n  p h l ~ t o g r a r f l n i e t r - i e  

s y s t e m  ar-e c o n t r o l l e d  a n d  t h e  l i m i t a t i o n s  o f  t h e  s y s t e r n  h a v e  
b e e n  e s t a b l  i s h e d  by test r e s u l t s ,  a r e a s o n a b l y  p r e d i c t a b l e  
r l i easure  o f  t h e  a c c u r a c y  c a p a b i l i t y  o f  t h e  s y s t e r l i  can b e  
d e t e r m i n e d  b y  c a l c u l a t i o n  ~=lf the s y s t e m ' s  "C" F a c t o r .  The "C" 
F a c t o r  = H/C.I.; w h e r e  (HI is t h e  a v e r - a g e  f l i g h t  h e i g h t  a b o v e  
grol-ind u s e d  t o  o b t a i n  t h e  rnapp ing  p h ~ = l t c ~ g r a p h y ,  a n d  C .  I .  ) is t h e  
c o r t t ~ ~ u r -  i n t e r v a l  t h a t  can b e  r e l i a b l y  p l o t t e d  f r o m  the niappirlg 
p h o t  13gt-a-phy. 



Statistical Ilethods for Analysis 

The root mean square error (aametimes called the 68 percent 
prror) used in the statistical analysis of the test results in 
this report is determined aa follows: 

e = the error determined for a tested elevation or the 
coordinate error of a tested horizontal position 

n = the number of elevations or horizontal positions 
being tested 

Other important terms used in the report are as follows: 

RMSE (XI, RMSE(Y), RMSE(Z)---Root mean square error for 
the X, Y, Z coordinate 
error of tested points 

RMSE ( XY 

Equipment and Materials 

---Root mean aquare error of the 
radial vectors that result 
from computing the combined 
effect of the RHSE(X) and 
RHSE(Y) values for the coordi- 
nate errors of teeted points. 
Computed aa follows: 

---Radial vector of a point having 
the largest X, Y Coordinate 
error within a given set of 
teeted points 

---Largest vertical error within a 
given set of tested points 

---The arithmetic mean of the X, 
Y, Z coordinate errors 

- Aerial Camera: Wild Heerbrugg RC-8, 6 inch focal 
length wide angle lens 

- Aerial Film: Eaetman Kodak, double X aerographic film 
2405 (Estar Baae) 

- Ground Control: All grounds control points were 
paneled ueing white plastic croee with a black 
background 



- Diapoaitives: Eastman Kodak, .I30 inch thick glaes 
dipoeitivee printed through the film base for 
emulsion-down plotting. Drill holes for identification 
of analytical pointa were drilled using Wild Heerbrugg 
Pug 111 with 40 micrometer diamond drill. 

- Aerotsiangulation Inetrumentation: Zeise 
Stereocomparator with Altek Digital Reader 

- Hanuecript Layout: Grid and control plotting using a 
60 inch x 80 inch precision Aristo Coordinatograph 

- Hanuscript material: Dupont Cronaflex, ,007 inches 
thick 

- Stereoplotter: Wild Heerbrugg 085 Aviograph, with 
Dellfoeter Digital Readout 

- Automatic Coordinatograph: Wild Heerbrugg "TAR digital 
plotting table 



T 5 e  new1 y f ormulat e d  p l a n n i n g  riressures and mago i ng 
pt -m~ced l~res  u s e d  f o r  the s e l e c t e d  rnapping test pr43 J ect s w e b - e  
g e a r - e d  .clot t I sxceed t h e  previous1 y s s t a b l  i s h e d  "C" Fact~sr 13 f  

1200 fclr t h e  photngr-ammetric  i n s t r u m e n t a t  il=ln i n v a l \ / e d  i n  t h e  
st; l ~ d  y . 

The f o l  llzlwing diaqrarn shclws t h e  d e n s i t y  and d i s t t - i b u t  inn o f  
t h e  w t h h e l d  h t 3 r i z n n t a l  and v e r t  ical a n a : y t i c a l  a e r o t r i a n g u l a t  ion 
?1:1ints used $13 test t h e  p l a n i n e t r i c  and vertical accur-acy of t h e  
zclrnzi 19c stereomcdels w i t h i n  t h e  selected mapping pr-otects.  

Figst-s 1. Hor hran t  a I / V e r - t  i ca 1 9r1aAyf-i=3A 
Rernt  rl ana~.t 1 at i =n PIII i ~ t , s  

+ g i v e n  analyt ical h o r - i z o r ~ t a l  and 
v e r t  ica 1 contr-l=~l for stere~=lmc!de 1. 

a Withhe ld  a n a : y t i c a l  htzlr-izontal and 
v e r t  i c a l  t e s t  ?oint,  

c e n t  e?- and ad J acerlt 
ct=rrttr--=,l j111int P,: .r- 

s t e r e a m o d e  1. 

D i s t r i  but  ion ~=lf control 
and withheld test  ~ o i n t s  
for each t e s t e d  st  ereornodel. 



0 ~ 1 t  1 i m e  of Pt-gjgct D a t a  and t h e  R g g t  Mean Sql-tat-e Et-r-gr-I&-t lat il=lr~ af  
Y i t hhe ld  T e s t ,  Pl:~i~&-_Res1-11ts 

Phot i l  Scale: 1 11=250~ Phtrlt CI Scale/Map S c a l e  E n l a r g e m e n t  
F i r t a l  Map Scale: 1 1 1  =3(j? Factor - :  8.33X 
C~=~rttr~~. tr  Interval : 2 f e e t  "c" Factilly = 750 

RMSE TREULGTION ( I N  FEET) ......................... 
E99-LESL-F91!Is-lM-E9CH-MODEL 

Model Nu. 1 2 r-l 7 4 
R M S E ( X )  - -, . ZL . Zl .36 . (5'3 
RMSE ( Y )  . l e  .17 .IS .15 
RMSE ( Z) - 21  . el . 1 4  . el 
RMSE ( X Y )  . z s  .e7 .3'3 . l a  
MCIX ( X Y )  . 40 . SG -51 . 3 L =' 
MRX ( 2 )  . 4 0  . SO -. 3rj -. 40 

eBLIHEEIIG-UEBN-IBBULFIILQN 
(IN FEET) FOR TEST P O I N T S  I N  ERCH MODEL --------------------------------------- 

Mc~del N o .  1 2 3 4 
X -. 0s - 1 2  . 3 3  - 0 2  
Y -. 1115 -. i)? .07 1 0  
z .IS -. (1)s . i)s  -. 15 

RMSE T R E U L a T I O N  ( I N  FEET) USING ............................... 
SLL-23-IESL-PQL!LS-LN-P4OJECI-I 

RMSE ( X =. 24 RMSE t Z) =. 20 
RMSE ( Y )  =. 15 RMSE ( X Y )  =. 23 

30% of p o s i t i o n s  w i t h i n  . 7 5  ft. 30% o f  p o s i t i o n s  w i t h i r t  .48  f t .  
1 0 %  o f  p o s i t i o n s  not t o  100% o f  pt35 i t i 13ns 

exceed 1.50 ft. w i t h i n  - 5 1  f t .  
90% u f  spot e lev9  s '30% of spot e l e v 9 s  

w i t h i n  . 5 ( 3  ft. w i t h i n  .33 f t .  
1 0 %  c ~ f  spot e l e v ' s  lOOX o f  spat elev' s 

r ~ c ~ t  t o  e x c e e d  1 . 0 0  f t  w i t h i n  .40 f t .  



Photc*  Scale: 1  M=2009 Phctt o S e a l e / M a p  S c a l e  Enlat-gernent 
F i n a l  Map Scale: 1  ~l = Z ~ T  Factor: 10X 
Contl :~ur I n t e r - v a l  : 1 fon t  " C "  Factcar = 1200 

Model No. 1 2 3 4 C 4 

RMSE ( x .04 . IS - 1 1  . oa . 1 4  
RMSE ( Y )  . 0 6 - 1 2  .13 . 08 . 18 
RMSE ( Z ) . 07 . I 4  .16 . (38 .13 
RMSE ( X Y  > . 07 .SO . 1 7  .I? . 2 3  
MRX ( XY) . 1 4  .36 .28 .14 . 42  
MFIX (Z) . 1 0  .15 . Z 7  -. 10 . ;2 (:) 

BBLLHMEILC-MEQN-IQEUL8ILQN 
(IN FEET) FOR TEST POINTS I N  EqCH MODEL 

Model Nu. 1  3 4 E 
J 

X (32 . l 2  . 00 .03 . 1 0  
Y . C ~ O  -. C r 8  .OO . (:I(:) -. 1 7  
Z . .13 0 8  -. 07 . I(:) 

RMSE TRBULRTION ( I N  FEET) USING ------------------------------- 
SLL-s~-IEsI-PPrNIS-Iu-PRoJEc_LLII 

9(:)% +2f p c l s i t i o r ~ s  within . 50 f t .  30% ~ : t f  p o s i t  i c l n s  w i t h i n  . 30 f t .  
10% of positions r ~ u t  to 100% o f  posit i oms 

e x c e e d  1.00 f t .  w i t h i n  . 4 2  f t .  
30% o f  spot e l e v 9  s 30% o f  s p o t  elev9s 

w i t h i n  .25 f t .  w i t h i n  .SO f t .  
10% of s p o t  e l e v ' s  100% of s p o t  e l e v 9 s  

nut t o  exceed .50 f t  w i t h i n  .30 ft. 



Phutcl  S c a l e :  1 11=50(j' P h o t o  Scale/Map Scale Er~largerflerrt  
F i n a l  Map S c a l e :  1 "=5(39 Fact$=lr-: 1OX 
C ~ z l n t  r - l l - t r  I n t e r v a l  : 2 feet  "c" Factor = 15(:1(:, 

Mcldel No. 1 c: 3 4 .- 

RMSE ( X ) . 1 7  . 1 3  . .41  
- - 

RMSE ( Y )  . 07 .18 . 2 4  - 3 s  
RMSE(Z) -26 .13 .;11 . Z 4  
RMSE (XY) . 18 . 26  . 40 - 5 2  
MFSX ( X Y )  .3i? . 4 Z  .57 - 7 6  
MRX (Z) -. 40 .36 . 40 . 4 (5 

~EIIYHEILC-MEQU-I@BULflLLQN 
( I N  FEET) FOR TSST P O I N T S  IW ERCH MaDEL 
__--I__-_--__---___--------------------- 

Mlz~del No. 1 2 3 4 

X -. 08 . 1 (1) - 2 2  - 3 8  

Y . 05 .15 .95 .=. c . LJ 

z . o(:) .17 .17 . (I() 
RMSE TQBULRTION ( I N  FEET) USING ............................... 

BLl-ZQ-IEBI,PQ1NIS-IN-P91tJEC_LLLII_ 

RMSE(X)=. 23 RMSE(Z)=.SS 
RMSE ( Y )  =. EL2 RMSE (XY =. 36 

9C)X  # s f  p o s i t i o n s  w i t h i n  1.25 ft. 30% of p a s i t i c l n s  w i t h i n  .53 f t .  
10% 13f  p o s i t i o n s  n o t  ta 100% of posit i a n s  

e x c e e d  2.50 ft. w i t h i n  . 78  ft. 
30% 13 f  s p o t  elevqs '30% o f  s p o t  ef ev' s 

w i t h i n  . 5 ( 3  ft. w i t h i n  . 3 G  f t .  
10% of s p o t  elevy 5 l-% c t f  s p o t  elevqs 

not to exceed 1.00 ft w i t h i n  .40 f t .  



Table  5. Pr-oject  I V  Data ------------- ----------- 
Photo Scale: 1 ~ ~ 2 5 0 '  Phutc~ Scale/Map Scale Enlargemer~t  
F i n a l  Map S c a l e :  1 ~=30v F a c t o r :  8 . 3 3 X  
Cclntol.tr I r ~ t e r v a l :  s foch "C" Fac t l> r  = 75(j 

RMSE TGEULRTION ( I N  FEET)  ------------------------- 
E99-IESL-E9LNIS-LN-_E~,C_H-!,O,DEL 

Model Nu. 1 2 U 3 4 5 ES 
RMSE(X) .08 .10 . 1 4  . 1 1  .17 . (117 
RMSE ( Y )  . 1 ?  . 20 . 03 . . 03 .15 
RMSE ( Z 1 . I 3  . 11  . 06 . 1 7  . 1 4  .14  
RMSE ( X Y )  .14 - 2 2  - 1 6  .I5 ,153 . 1 7  
MRX t X Y  1 .=, .> . 50 . s(j .- ? .26 .B .-, . LL . LC! . L C  

MRX ( 2 )  . 2{:) . 20 . 1 0 . 20 - d (-1 . 2 (3 .- - 

BBLLYMELlG-~GBN,L4BU_tRLLr!N 
CIN FEET) FOR TEST POINTS I N  ERCH MODEL ....................................... 

M ~ ~ d e l  Nu. 1 2 3 4 5 6 
X -. (13 -. 07 -12 . 08 .15 . (:)z 
Y -. 08 -. 18 . 05 -07 -. (115 . 08 
Z . 10 . 05 .03 .15 -. 13 -. 1.3 

RMSE TQBULGTION ( I N  FEET) USING ------------------------------- 
BLL-~h,IEsL-P~lNLs-LN-PRQJEcIILkl 

RMSE(X)=. 12 RMSE ( 2 1  =. 13 
RMSE ( Y  =. 13 R M S E ( X Y ) = .  18 

SUMMRRY O F  TEST RESULTS F O R  PROJECT I V  ...................................... 

30% a f  pos i t i c rns  w i t h i n  .75 f t .  90% of  pus i t i 13ns 
w i t h i n  

10% o f  p n s i  t i OTIS not t o  lOO% ~f p u s i  t iclns 
exceed 1.50 f t .  w i t h i n  

30% o f  spot e l e v 9  s 30% o f  e l e v a t i o n s  
w i t h i n  .50 ft. w i t h i n  

10% lif s p o t  elev' s l O O %  o f  e l e v a t i o n s  
nut  t o  exceed 1. 0 0  f t  w i t h i n  

. 3 0  f t .  

.3E, ft. 

.2O f t .  

. Z O  f t .  



Phcltil Scale: 1 "=500' P h o t  12 Scale/Map Scale Er11 argernerlt 
F i n a l  Map Scale: 1"=50' 
C O I I ~ I ~ I : ~ I . \ ~  Interval: 2 f c l ~ ~ l t  "C" F a c t c ~ p  = 1 5 C r ( j  

RMSE TREULRTIDN ( I N  FEET) ......................... 
EoB-IESI-PoLhIS-LU-EFICH-MOPEI: 

Mcldel No. 1 2 3 4 5 6 
RMSE ( X ) .34 .31 .54 = 23 -15 .38 
RMSE I Y )  .23 - 2 3  .15 .1E, .34 - 2 4  
RMSE ( Z) . 08 . L 4 .IS .25 . . 159 
RMSE ( X Y )  .45 .42 .56 .28 .37 .45 
MI1X I X Y )  .ES1 .63 .73 - 4 1  .61 .54 
MFIX (Z) . 1 (1) -. 40 . 2 (1) . 4 0  . It:) - . 1 0 

SBILHEETLG,EEQN,IflBU_LFIIL~N_ 
( I N  FEET) FOR TEST POINTS I N  EQCH MODEL ....................................... 

M111del No. 1 2 .d 7 4 E J 6 
X . 18 -. 25 .53 - . 2 (1) . (2 2 .38 
Y - 2 7  .SJ . l E  .07 . 3 1:) . ~ 3  
Z . 03 -. 05 . (32  . 03 . (3~1 -. 08 

RMSE TQEULRTION ( I N  FEET) USING ............................... 
~LL-34,LESI-PQLNLS-LN-EEOJECI-V_ 

RMSE ( X ) =. 35 R M S E ( Z ) = .  17 
RMSE ( Y )  =. 26 RMSE ( XY =. 44 

9(:1% of  p c l s i t i c l r ~ s  w i t h i n  1.25 f t .  90% of p o s i t i o n s  w i t h i n  . 7 2  f t .  
10% of p o s i t  i o m s  n o t  t u 100% o f  p u s i t i o n s  within . 7 5  f t .  

e x c e e d  2.50 ft. 
30% 13f spot  elev' s 30% o f  s p o t  elev9 s 

w i t h i n  .50 f t .  w i t h i n  . 3 0  ft. 
1C)% 13f spot  elev's 100% of s p o t  elev's 

not t o  exceed 1.00 f t  w i t h i n  . 40 ft. 



CONCLUSION AND IHPLEHENTATION 

The accuracy results indicate that the previoualy 
eatablished 'CW Factors of our photogrammetric ay~tem appear 
valid. When etaying within the eetablished "CW Factors, it 
appears that the automated coordinatograph will enable us to 
meet national map standards for vertical and horizontal accuracy 
while more fully exploiting the preciation and output potential 
of our exieting plotting inetrumentation. 

The bulk of our large scale highway mapping projects are in 
the acale/contour interval range of la-20'/C.I.=1 foot to 
lW=50'/C.I.=2 foot. The etudy reveals that use of the automatic 
plotting table juetifies flying most of these mapping projects 
at twice the flight altitude previously ueed for our mapping 
projects. In addition, the opportunity to fly higher and stay 
within our "Ca Factore now enables us to accept work loads for 
la-2Op/C.I.=1 foot mapping at a flight altitude that is within 
FAA regulations in large eegmenta of metropolitan areae. Flying 
at the increased altitude, for twenty foot to the inch mapping, 
preclude6 the necessity and expense of having to otherwise use 
special aircraft and aerial camera eyetems in order to comply 
with the FAA regulations. 

Aerial photography acquired at the justified increasee in 
flight altitude will be used to significantly reduce the number 
of photographs to be controlled by labor intensive field survey 
methods. It ie anticipated that there will be at leaet a 30 
percent increase in the production output of large acale 
topographic mapping assigned to the plotting equipment that is 
linked to the automatic coordknatograph. 
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