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FOREWORD

I TIS OFTEN NECESSARY TO SACR I F I CE ACCURACY SOMEWHAT I N ORDER TO KEEP

COSTS FROM BECOMING EXCESSIVELY HIGH WHtN MAPPING REGIONS DIFFICULT OF ACCESS

ON THE GROUND, PARTICULARLY WOODED AREAS OF CONSIDERABLE RELIEF. AERIAL PHO­

TOGRAPHS AND STEREOSOOPIC PLOTTING MAOHINES UNDOUBTEDLY GIVE GREATER ACCURAOY

AND COMPLETEN'ESS OF DETAIL AT LOWER COSTS, AS REPORTED SEVERAL TIMES IN THIS

PUBLICATION. YET THERE HAVE BEEN CASES OF UNSATISFACTORY ACCURACY WHEN PHO~

TOG RAP H S H A V E BEE N 00 MP I LED B'Y I N E XPER lEN C E D PER SON N E L U N D E R PRE S SUR E FOR

PRODUCTION.
THE NEED FOR STUDIES TO DETERMINE THE ACCURACY ECONOMICALLY PRACTICABLE

USING DIFFERENT PHOTO MAPPING METHODS AND OF DEFINITE TESTS ADAPTED TO MAKING

CERTAIN THAT SUCH ACCURACY IS MAINTA1NED LED TO THE FORMATION THIS SPRING OF

THE COMMITTEE ON MAP SPECIFICATIONS AND TESTS OF THE SOCIETY UNDER THE OHAIR­

MANSHIP OF MR. GEORGE D. WHITMORE. AN APPROPRIATION OF $300,000 HAS JUST BEEN
MA~E TO THE TENNESSEE VALLEY AUTHO~ITY TO COMMENCE THE T6pOGRAPHIC MAPPING OF

THE VALLEY ON A SCALE OF 1:24,000. THE TWO TRIAL PROJECTS AND THEIR TESTING
DESCRIBED IN THE FOLLOWING PAPER WER~ EXECUTED THIS SPRING FOR THE AUTHORITY,

ONE WITH THE MULTIPLEX AND THE OTHER WITH THE STEREOPLANIGRAPH. THEY FURNISH

I DEAL MATER I AL FOR THE COMM I TTEE. I TIS HOPED THAT TH I S FORTUNATE START, WHEN

SVPPLEMENTED BY THE EXPER I ENCE AND DISCUSS I ON OF THE OTHER MEMBERS OF THE COM­

MITTEE, WILL LEAD TO AN EARLY AND VERY VALUABLE REPORT.
O. S. READING

-000-

THE TENNESSEE VALLEY AUTHORITY IS BEGINNING THE PREPARATION OF TOPO-

GRAPHIC BASE MAPS OF THE TENNESSEE RIVER WATERSHED. THE WORK IS TO BE DONE

WITH AUTHORITY FUNDS AS A OOOPERATIVE PROJECT WITH THE U. S. GEOLOGICAL SUR­
V E Y • THE SUR V E YIN G 0 R G A N I Z A T 10N 0 F THE AUT H 0 R I T Y FUR N ISH EST H E PRE CIS ION

AERIAL PHOTOGRAPHS THROUGH CONTRACTS WITH COMMERCIAL F"LYING ORGANIZATIONS;

EXEOUTES ALL CONTROL SURVEYS, THESE BE I NG PR I NC I PALLY THE SO-CALLED SUPPLE­

MENTAL CONTROL (FOURTH-ORDER COORDINATES AND ELEVATIONS ON IDENTIFIABLE IMAGE

POINTS); EXEOUTES SUOH TOPOGRAPHY AS IS REQUIRED TO BE DONE BY GROUND SURVEY

METHODS; AND r I ELD-I NSPECTS AND TESTS ALL SHEETS COMP I LED BY STEREOSCOP I C

METHODS. THE GEOLOGICAL SURVEY IS SUPPLYING STEREOSOOPIC PLOTTING MACHINES
WITH A rORCE OF TRAINED OPERATORS THERErOR, WORKING UNDER THE SUPERV'ISION Or

MR. T. P. PENDLETON, WHO ALSO PREPARED THE SPECIAL SPECIFICATIONS FOR THE HIGH

QUALITY, PRECISION PICTURES NECESSARY rOR STEREOSCOPIC PLOTTING MACHINE WORK.

THE SURVEY WILL ALSO INK, EDIT, AND REPRODUOE THE MAPS.

DURING THE rlSCAL YEAR 1937, AN APPROPRIATION WAS SECURED FROM WHI~H RE­
SEAROH AND EXPERIMENTAL WORK WAS CARRIED ON--SPEClrICALLY TO COMPLETE TOPO­
GRAPHIC MAPS OF CERTAIN AREAS BY STEREOSCOPIC METHODS, TO TEST THE PRECISION

Or STEREOSCOPIC CONTOUR MAPS THUS PRODUCED, TO TEST THE PRECISION Or TYPICAL

GROUND SURVEY TOPOGRAPHY, TO DETERM.INE THE AMOUNT OF GROUND CONTROL NEEDED
FOR VAR I OUS ,STEREOSCOP I C PROCESSES', AND TO DETERMI NE APPROX I MATE PRODUCTION
RATES FOR COST-ESTIMATING PURPOSES. THE GEOLOGICAL SURVEY PURCHASED AND MADE

AVAILABLE AT CHATTANOOGA rOR THE TENNESSEE VALLEY WORK A NORMAL-ANGLE ZEISS,

MULTIPLEX AERO-PROJECTOR, AND ALSO LATER, A WIDE-ANGLE PROJECTOR OF THE SAM~

MAKE.

THE WORK COMPLETED TO DATE UNDER THIS RESEARCH PROGRAM INCLUDES:

1. MAPPING APPROXIMATELY 240 SQUARE MILES BY NORMAL-ANGLE MULTIPLEX, WITH

8t" FOCAL LENGTH CAMERA, AL T I TUDE AElOUT 9 000 FEET ABOVE THE GROUND, PLOT­

T I NG SCALE 1:7,200, r I NAL MAP SCALE 1 :24.,000, 25-rOOT CONTOURS rOR ORO 1­
NARY TERRAIN, 50-FOOT CONTOURS IN MOUNTAINS. SIX TEST SURVEYS HAVE BEEN
COMPLETED.

2. MAPPING APPROXIMATELY 47 SQUARE MI LES BY WIDE-ANGLE MULTIPLEX WITH 6" rO­
OAL LENGTH CAMERA AT AL T I TUDE APPROX I MATELY 12,000 FEET ABOVE GROUND,

PLOTT I NG SCALE 1:10,000, FINAL MAP SCALE 1 :24,000, 20-rOOT CONTOURS. TEST
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COIlA8AUGA QUADIWIGLE BODDY IBLAllD QUADIWIGLE
IIult1plex Aero-Projeotor (No"....l) Btereoplanigraph

Mean or Mean or
Unit Profile #1 Profile fie Profile 1t3 pro~ Profile t3 Profile 1/6 Totel Profile #1 Profile fie Profile 1t3 Totel

CONTOUR INTERVAL Feet 25 25 25 25 25 and 50 25 and 50 25 and 50 20 20 20 20

VERTICAL ACCURACY
(By Profile Te.t Point.)

143 66 625Test points correot within one-half Number 89 81 30 179 588 155 175 295
oontour interval Per Cent 92.3 96.1 95.3 94.3 93.8 83.3 90.6 93.4 94.1 91.9 92.9

Teet points in error between one- Number 11 3 4 4 2 36 60 11 11 20 42
half and full oontour interval Per Cent 7.1 3.3 4.7 5.7 6.2 16.7 9.2 6.6 5.9 6.2 6.2

Test points in error by more than Number 1 0 0 0 0 0 1 0 0 6 6
full oontour interval Per Cent 0.6 0 0 0 0 0 0.2 0 0 1.9 0.9

Totel Numb,r 155 92 85 70 32 215 649 166 186 321 673
Per Cent 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

(By Profile Length)
Length of profile correot within one ... het 23,088 11.915 10.671 8.959 8.190 22.980 85,803 20,555 20.347 27.034 67.936
half' oontour interval Per Cent 92.9 92.6 93.9 98.5 98.4 89.5 93.1 90.0 95.9 92.2 92.5

Length of profile in error between Feet 1,680 955 695 135 135 . 2.706 6.306 2.285 870 2.095 5.250
one-half and full contour interval Per Cent 6.7 7.4 6.1 1.5 1.6 10.5 6.8 10.0 4.1 7.1 7.2

Length of profile in error by more :Feet 95 0 0 0 0 0 95 0 0 210 210
than fUll oontour interval PerCent 0.4 0 0 0 0 0 0.1 0 0 0.7 0.3

Total Feet 24.863 12.870 11.366 9.094 8.325 25.686 92.204 22.81,0 21.217 29.339 73.396
Per Cent 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Average error per test point Feet 4.8 5.7 5.2 4.7 8.2 12.6 7.7 4.4 4.0 5.4 4.8

lkximum error Feet 29 16 18 18 30 42 42 18 17 57- 57-

HORI-ZONTAL ACCURACY

(Cultural Feature•• Road•• Eto.)
Te at poeltioDa correct within 1/50 Number 14 10 11 5 2 15 57 10 10 3 23
inoh on final map soale .. 1124,000 Per Cent 100.0 100.0 84.6 100.0 100.0 93.8 95.0 90.9 76.9 100.0 85.2

Test posltioDa in error by more than Number 0 0 2 0 0 1 3 1 3 0 4
1/50 1noh on final map .oale. 1.24.000 Per Cent 0 0 15.4 0 0 6.2 5.0 9.1 23.1 0 1:4.8

Totel N\DI1ber 14 10 13 5 2 16 60 11 13 3 27
Per Cent 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Average position error on 1124,000 scale Inoh 0.003 0.007 0.011 0.006 0.000 0.008 0.007 0.010 0.013 0.007 0.011

lil.ximum position error on 1124,000 scale Inch 0.010 0.020 0.030 0.015 0.000 0.022 0.030 0.029 0.028 0.050 0.050

·This error wa. prinoipally due to a horizontal displaoement ot approximately 100 feet on the map at the looation of a short steep ,,~ope.
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SURVEYS NOW BEING EXECUTED BUT RESULTS NOT AVAILABLE AT THIS TIME.

3. MAPPING BY CONTRACT 75 SQUARE MILES BY STEREOPLANIGRAPH, PHOTOGRAPHED WITH

~-COUPLE CAMERA, AT ABOUT 14,000 ALTITUDE, PLOTTING SCALE 1:24,000, FINAL

MAP SCALE 1 :24, 000, 20-FOOT CONTOURS. THREE TEST SURVEYS HAVE BEEN COM­
PLETED.

4. RUNNING TEST SURVEYS OVER PREVIOUSLY-COMPLETED TYPICAL GROUND SURVEY TO-

POGRAPHY BY PLANE TABLE ON PLAN I METR I C BASE SHEETS, SCALE 1 :24, 009, ONE

AREA BEING 5-FOOT CONT6uRS, ANOTHER AREA BEING 50-FOOT CONTOURS.

5. RUNNING TEST SURVEYS ON GROUND-SURVEY TOPOGRAPHY, EXECUTED BY THE METHOD

OF PLOTTING CONTOURS BY PLANE TABLE ON RATIOED PHOTOGRAPHS, THEN PROJECT­

ING THESE CONTOURS TO A PREVIOUSLY PREPARED PLANIMETRIC-MAP BASE COMPILED

BY RADIAL LINE INTERSECTION METHOD, MAP SCALE 1 :6,000, CONTOUR INTERVALS

5 FEET AND 10 FEET. (IT. IS RECOGNIZED, OF COURSE, THAT THIS METHOD CAN

BE USED SUCCESSFULLY ONLY ON TERRAIN OF LOW RELIEF, BECAUSE OF THE LARGER

DISPLACEMENT OF PHOTOGRAPHIC IMAGES ON TERRAIN OF HIGH RELIEF).

THE PROCEDURE ADOPTED FOR THE TEST SURVEYS I S THE SO-CALLED "TEST PRO-

FI LE" METHOD, PROBABLY MORE USED THAN ANY OTHER FOR TOPOGRAPHIC-MAP TESTING

PURPOSES. A RANDOM-LINE, TRANSIT-TAPE, FOURTH-ORDER TRAVERSE IS RUN FROM ONE

CONTROL SURVEY STATION TO ANOTHER, AND COORDINATES COMPUTED FOR EACH INSTRU­

MENT STATION. ELEVATIONS OF ALL CHANGES IN GRADE ALONG THE TRAVERSE ARE THEN

SECURED, EITHER BY WYE-LEVELING OR BY VERTICAL ANGLES. THE STATIONS OF THE

TRAVERSE ARE THEN PLOTTED BY THEIR COORDINATES ON THE MAP SHEET. STRAIGHT

LINES CONNECTING THESE INSTRUMENT STATIONS SHOW THE ROUTE OF THE TRAVERSE ON

THE MAP. -THE DISTANCES TO CONTOUR CROSSINGS ALONG THE TRAVERSE ROUTE ARE THEN

SCALED FROM THE MAP SHEET. AT SUMMITS, SADDLES, DEPRESSIONS, SHELVES, ETC.,

THE MAP ELEVATIONS ARE OBTAINED BY "DOUBLE INTERPOLATION". DISTANCES ARE ALSO

SCALED FROM THE NEAREST INSTRUMENT STATION TO ALL ROADS AND RAILROADS CROSSING

THE PROF I LE. THESE SCALED 0 I STANCES OF CONTOUR CROSS I NGS, I NTERPOLATED ELEVA­

TIONS, AND ROAD CROSSINGS ARE THEN PLOTTED AS A PROFILE ON STANDARD PROFILE

PAPER, THIS PLOTTING REPRESENTING THE PROFILE TAKEN FROM THE MAP SHEET.

THEN THE SURVEYED PROFILE IS PLOTTED ON THE SAME PROFILE SHEET. IF BOTH

PROFILES WERE PERFECT, THEY WOULD FALL ONE ON TOP OF THE OTHER. THIS RARELY

HAPPENS, OF COURSE. IN PRACTICE, THE INSTRUMENTALLY-SURVEYED PROFILE IS AS-

SUMED TO BE CORRECT, ALL 0 I FFERENCES BETWEEN THE TWO BE I NG CONS I DERED AS MAP

ERRORS. PORTIONS OF TWO TYPICAL TEST PROFILES ARE REPRODUCED ON PAGE 25.

AFTER THE PLOTTING OF BOTH PROFILES IS COMPLETE, A DETAILED ANALYSIS IS

MADE, AS INDICATED IN THE SPECIMEN ANALYSES REPRODUCED ON PAGE THESE IN-

DICATE, MUCH· MORE EXACTLY THAN THE PROFILES THEMSELVES, THE PRECISION BEING
SECURED I N THE MAP. I TIS EV I DENT THAT THESE RESULTS FOR THE NORMAL-ANGLE

MULTIPLEX AND STEREOPLANIGRAPH INDICATE WORK WELL WITHIN THE ACCURACY QUITE

G ENE R ALL Y A C C E PTE D ASS TAN 0 A R 0 FOR ENG I NEE R I N G 0 R " S TAN 0 A R0" T O"P 0 GRAP H I C MAP S •

IT IS HOPED THAT ON ALL THE TOPOGRAPHIC MAPS OF THE TENNESSEE VALLEY AREA, 90

PERCENT OF ALL ELEVATIONS WILL BE CORRECT WITHIN ONE-HALF THE CONTOUR INTERVAL

AND 90 PERCENT OF THE COORDINATE POSITIONS OF ALL WELL-DEFINED CULTURAL FEA­

TURES WILL BE CORRECT WITHIN 1/50 INCH.
SUCH PRELIMINARY TESTS AS HAVE BEEN MADE ON 20-FOOT CONTOUR MAPS BY THE

WIDE-ANGLE MULTIPLEX TEND TO INDICATE THE ACCURACY WILL BE SIMILARLY SATIS-

FACTORY, ONLY DEPENDING UPON FINDING A SUITABLE WIDE-ANGLE CAMERA.

THE TESTS ON GROUND SURVEY TOPOGRAPHY (PLANE TABLE ON PLANIMETRIC BASE

SHEET), 1 :24,000 SCALE, 5-FOOT CONTOURS ON ONE SHEET, 50-FOOT CONTOURS ON AN­

OTHER, SHOW RESULTS SOMEWHAT LESS ACCURATE THAN THE STEREOSCOP I C WORK. ON

THE OTHER HAND, TESTS ON CERTAIN SPECIAL MAPS BY GROUND SURVEY BY THE RATIOED­

PICTURE-PLANIMETRIC-BASE METHOD SHOW RESULTS SOMEWHAT BETTER THAN THE STEREO­

SCOPIC MAPS.

THE FOREGOING EXPLANATION IS OFFERED ONLY AS A SORT OF PROGRESS REPORT

ON THE BASIC TOPOGRAPHIC MAPPING PROGRAM OF THE AUTHORITY. IT WOULD BE UNFAIR

AND UNSAFE TO DRAW FINAL CONCLUSIONS FROM THESE R'ESULTS AS TO THE RELATIVE

WORTH OF THE DIFFERENT TOPOGRAPHIC MAPPING PROCEDURES. THE ONLY SAFE CONCLU­

SION TO BE DRAWN AT THIS TIME IS THAT CERTAIN STEREOSCOPIC PROCESSES, IN THE

HANDS Of" CAPABLE OPERATORS, AND FOR TERRAIN OF PRONOUNCED RELIEF, WILL PRO­

DUCE MAPS ACCURATE WITHIN THE GENERALLY ACCEPTED STANDARDS.


