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INTRODUCTION

This is a report of a photogramme@ric and computer procedure for
the evaluation of relative snow coyer"iﬁ a limited area of a drainage
basinﬂ The primary goal‘was to provide a more precise and accurate
evaluation than previously used. An additional benefit was to reduce
the time required for eachjdetermination.

. The measurements were all made on photographs number 52 and 53 of
the Lexen Creek index area. The camera focal length was nominally
8 1/4 inches. |

The observational énd computational procedures were based on
several simpiifyjng assumptions. Future app]iéations of the basic
procedure could include the effect of these assumptions.

Measurements on the stereoscopic transparencies were made on a Wild
STK-1 stereocomparator with punched card output. The least count of this
-instrument is one micrometer* (1/25,400 inch). The computatfons were
made on a Control Date Corporafion 6400 Computer using the Fortran

language.

- PHOTOGRAMMETRIC PRINCIPLES

-There are a set of unique relationships between the position of a
pﬁotographic imdge and its spacial position. These relationships are
functions of; |

1. The coordinates of the image of the same object on over-

lapping photographs,

- -

_* previously the micron



2. The focal length of the camera lens,

/’3. The distance between the camera lens for the two exposures,

4. The elevations of the exposure stations above an elevation
datum if the elevation of the space position is to be deter-
mined, and |

‘5. The direction of the camera's optica]raxis at the two exposure
stations.

For the photography available for this study, some of the above
information was unavailable or could not be evaluated. Thus the
following assumptions were made:

. 1. The optical axis at each exposure station was vertical.
2 Thé elevations of the éxposure stations for overlapping views,
were the same.
For the above conditions the relationship between the photographic

image and space coordinates can be stated as:

B
ylx -

; Y=
1~ %2

s ~H -.h = f.iz———ig
in which
X and Y are the space coordinates of the ground point in the
ﬁorizontal_plane referred to the principal point
Xq ~and y, are the image coordinates of the same point oﬁ the 1eft"
phqppgraph of the stereo pair S
Xo is the x-coordinate of the same point on the right hand
photograph 6f the stereo pair
B is the horizontal distance between exposure stations
H 1is the elevation of the exposure station above an arbitrary

station



h s the elevation of the sp;ce object above the datum

'f is the focal length of the camera lens,

Thé term (x1 - xz) represents the difference in the k-position
of an iﬁage in_the overlapping area of the photographs. It is.uéua11y
referred ;o as the x-parallax. This term will be used hereafter and
‘symboTized as px .

Since the purpose of this study was to measure only relative

horizontal areas, only the first two equations are of interest.

~ COMPUTATIONAL PROCEDURES

The preceding deve]opment permits the evaluation of the coordinates
of discrete points 6n the boundary of an enclosed ground area. The

enclosed area can then be computed by the equation:
_1 YRy _ -
A= 3 [X 0000 + Xy(1Y5) & Xy(Yp=Y)) + = = =+ X (Y, 8]

Expressed in a more systematic form, the area is
Y
eh

in‘@hich the qdantities on the diagonals downward-to-the-right are
multiplied and added, while the quantities on the diagionals upward-to-
the-left are multiplied and negatively accumulated. The sign of the -
final accﬁmuTation will be positive or neéative depending on whether the
order of the,cdor#inates was taken in a clockwise or counterclockwise |
directidn aroundrthe area. The absolute value of the resu1ting

computation s the desired area.



_/It was not possible to determine the area in conQentiona] units
of gfound area since the aerial-base (B) was not known nor cou]d.it
be 4eterﬁined. However, since only relative area was desired, the
fo]iowing transformation Was performggf

A B px ° Yﬂ B px

T o

Since x, y and px are measured quantities, X' and Y' can
- be evaluated and used for a dimensionless area determination. From the

dimensionless area of the snow and the gross area, the percent area of

snow could then be determined.

MEASUREMENT PROCEDURES

The.measurement of the x, y and px Qa]ues was performed on a
stereocomparator manufactured by Wild Co. and designated as STK-1. This
device permits the stereoscopic viewing of overlapping diapositives and
“ the measurement of photograph image positions with a least count of one
mic}ometer."The vaiues are automatically digitized and at the
command of the operator, punched onto punch cards.

. The procedﬁre for mounting the diapositives on the STK-1 and
obtaining fhe correct ofientation is presented in Table 1.

TheAprécedure for preparing the digitizer, card punch, and STK-1

for operatiqn is bresehted in Table 2.

~ The operator was instructed to measure the position of points on
the boundary of each area. The points selected were those which best
described the area as a closed polygon. Each point was mgasured once

during a delineation of a given area.



" TABLE 1
- STEREOCOMPARATOR

Mounting and Orientation of Diapositives

INTERIOR ORIENMTATION

Place pTate holder on viewing box.

Check for correct positioning of mounting plate studs in holes in
viewing box.

Lay diapositive on plate holder with emulsion down.

Orient diapositive for stereo viewing.

Align diapositive fiducial marks with reference 11nes on plate
holder (use magnifying glass).

Clamp diapositive to holder with knurled knobs.

Repeat for other plate holder and stereo diapositive.

Mount plates on stereocomparator.

Insure correct mating of plate holder studs and matching holes in

plate holder carrier.

RELATIVE ORIENTATION

- 10. Position the Teft measuring mark on the left principal point
(x and y motions).
11. Position the right measuring mark on the right principal point
(px and py motion).
12. Check position of both measuring marks on their respective
principal points.
13. Set desired initial coordinates on the digitizer.
14. With the px-motion, move the right diapositive to approximate
" stereo viewing of the left diapositive principal point and its
conjugate point on the right diapositive.
15. Rotate the right d1apos1t1ve (K motion) for coincidence of the two
images.
16. With the x-motion, move both diapositives to approximate stereo
viewing of the right diapositive principal point and its conjugate
~point on the Teft diapositive.
- 17. Rotate the left diapositive (K-motion) for coincidence of the two
images. Adjust px-motion as necessary to obtain stereo viewing.
CHECK
1. Position of head rest for comfort.
2. Interpupilary distance for equal fields of view.
3. Eyepiece focus for each measuring mark.
4. Squint control for zero py.
5. Desired magnifications for viewing and measuring mark.
6. Illumination of each diapositive.
7. Condition of digitizer.
8. Condition of card punch.
9. Proceed.



TABLE 2

PROCEDURE TO SET UP DIGITIZER, CARD PUNCH AND STK-1

DIGITIZER
1. Turn off power.
2. Open rear access door.

. —3. Insert wired control panel.

- 4. Plug in encoder cables into appropriate sockets. .
5. Set reset switches to "on" position (up). ,
6. Set alternate switch (underneath control panel rack) to right.
7. Turn on power (on front lower right panel),

- 8. Reset each display (x, y, px, py, and event counter).
9. Set count direction switches to normal (4).

10. Scale switches to X2 (4).

11. Reset alarm error.

12. Reset buffer. '

13. Auto record switches to off.

14. - Auto record rotary switches (4) to off.

15. RST MODE switch to 1.

CARD PUNCH

16. Turn off power.

Place program card on drum. Make sure edges of card are aligned
with drum and tighten card on drum.

Place drum on spindle and engage star wheels.

Place AT-KB switch at AT. (Place all console switches to "on"
up position).

.. Load hopper with blank cards.

Turn on card punch power.
Release two cards.

Turn on power.

Adjust eye relief.

Adjust interpupilary distance.
Focus each eyepiece.

: Adjust squint controls (horizontal and vertical),



The measurement procedure was to first align the measuring mark
appearing on the left diapositive-with the désfred location on the
ground using the x and y-motions of the STK-1. Next, the measuring
mark appeéring on the-right diapositive was brought into coincidence
with the Teft mark by using the px léhd py-motions. Further adjust-
ment of the PX-motion permitted thg placement of the apparent single
meaéuring mark on the éppaéent ground surface. .When the operator was

- satisfied that the measuring mark was on the ground at the desired |
hprizdntéT position, he pressed a foot-switch which recorded the data

on a punch card.

'COMPUTER PROGRAM

A computer program was developed to accept the data as presented
on the punch cards, identify the type of area (total area, gross snow
area, or bare area within the gross snow area) compute the area, compute
the percent snow, and output the significant values.
The input-data was of the form presented in Fig. 1.
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The numbered
follows:

zero -

~one -

two -

three s

fodr" -

five -

seven -

columns on the card are representative of data as

card counter - each data point has an incremented
number

arbitary data for operatdr identification and

- index area identification

x-coordinate of diapositi#e image point in
micrometers

y-coordinate

px of image point in'microﬁeters

py of image point in micrometers

arbitréry data for photqgragh identification
arbitréry data for area type identification ( 1 - bare

area within gross snow area, 2 - gross snow area,

3 - total index area)

final zero -

control code to indicate the end of a given area
(1 - final card for a given area, 2 - final card in

the data deck, 0 - otherwise)

The first data card to be read by the computer must be the

coordinates of the principal point for eachAdiapositive. This was

usually initially

set on the digitizer as 500,000 on each of the coor-

dinates. The final card for a given data deck must have only a 2 in

column 80.

'A flow ehart

for the computer program is presented in Fig. 2.

A program Tisting is presented in Fig. 3.
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aM . SNOW FORTRAN EXTENDED VERSION 2.0 06723770 10.5

PROGRAM SNOW . ' : *
T(INPUT,,0UTPUT s TAPES=INPUT s TAPES=0UTPUT)
INTEGER TYPE '

€~ AT = TOTAL AREA
C AS = AREA OF SNOW
C AM = AREA OF GROUND

WRITE(64110) o~ '
110 FORMAT (IHI 415Xy ¥ INDEX AQEA*olOXs*PHOTO NUMRER# 410X+ *INDEX AREA TOT
TAL#910X9#AREA SNOWi 410Xy #SNOW COVER PERCENT#)

10 AT = 0.0
AS = 0.0
AM = 0.0

READ(SQ?O)INDEXAsx09Y09PX09NUWD’TYPE,N
20 FORMAT(SX s 1793 (2XsF7e0V912Xs17, fT_20X911)
IF(EOF (5)) 120435 .
120 STOP
35 SUM = 0,0
READ(S+20)TeXsYePXaLs TYPESN
IF(N .EQ. 2) GO TO 100
PX = PX-PX0

X = (X=X0)/PX
Y = (Y=-YO)/PX
XF = X
YE =Y

50 X1 = X
YI' =Y

READ(S+420) TeXsYsPXeLsTYPESN
PX = PX=PX0
X = (X=X0)/PX

Y = (Y=YO)/PX
JIF(N) S1+51452

ST SUM ="SUM ¥ X1%Y = X¥®Y1
GO TO S0
SY4 SUMESUMFX T HFY=XR#YTFXHYF=Y*XF

: GO TO (70s80490)TYPE
70 AM =AM ¥ S*ABS(SUM)

GO 70 35
B0 AS = AS ¥ [S*¥ABS(SUM)
GO T0O 35
T 90 AT = AT ¥ J5¥ABS(SUM)
. GO 70 .35 l
I00AS = AS =AM
PA = (AS/AT)*100.

WRTTETéTiBO)INDEXA-NUHP_KT_AS*DA
130 FORMAT(1HXeI7e15XeI7914XsE11e4413XsE1144913XeFS,1)

GO~ TO 10
END
TDENT SNOwW
LIST -Le-R
000000 — 004052 STARTS COCAL

004052 000000 VARDIM, LOCAL

Fig. 3




11

RESULTS AND BISCUSSION IR

The results of 16 measurements of the index area and 14
determinations of percent of snow cover are presented in Table 3.-
| The index area was reproduced wifh a coefficient of variation
(standard dewiation divided by the mean value times 100) of 2.45%. The
Anet Snow area was determiﬁed with a coefficient of variatioﬁ of 10.2%.
The pércent snow area was determined with a cdefficient of variation of
9.9%.

- The Tower coefficient of variation for the gross area was probably
due to the fact that the area was better defined and that for all but
the first 4 measurements, was indicated on a photo print for the
pbérators reference. The resultant discrepancy is probably due to
measurement errors as contrasted with errors associated with delineating
the desiréd area.

In éontrast to this, the snow area determination is affected by
both the operator's inherent measurement error and his judgement as to
selection and descriptipn of snow areas and bare areas within the snow.
Thus the coefficient is significant]y 1a}ger (10.2%). This of course
is reflected in the percent snow area (9.9%). The reason that the
coefficient of variation of percent snow aréa is less than the coefficient
of_vgriation for the snow area alone is probably due to the combination
of low (high)'%ndex area with low (high) snow area.

CONCLUSIONS
. The results of this limited evaluation indicate that the procedure

can be used for the determination of percentage snow cover.
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TABLE 3

S ™

LEXEN CREEK INDEX AREA

TIME 7O - B oo : ; CARDS

S _ PUNCH COMPUTER | i S
PHOTO- it R TIME INDEX ~ SNOW PERCENT INDEX
DATE OPERATOR PLATE POWER {HR.) ;A SECY) AREA ~ AREA SNOW AREA
4-27  A.H.Barnes Negatives 6x 2 1/2° 2.574 .3246 a2 46 645
4-30  A.Haeffner PR R : casz " SRR 125 e
'5-1  R.Dvorak L .. i 2.728 .01 .1085 31.9 e 655
g R.Dvorak i . 3 1/2 1.847 M .m0 mo B 459
5-13 R.Dvorak Positives - * - - 312 - . 8 .3223% -- - 67 e
5-17 R.Dvorak A T 3 S - s e 36.2 Ty 463
§-17 R.Dvorak SSvie ; 3 i Soa4 .11 35.0 74 362
5-20 B.Brier . | R T L 1.011 M| 600 - a2 71 252
5-21 B.Brier ol A . 14/2 1.261 3287 .1267 38.6 59 0y,
5-23 R.Dvorak o ; el T .3217% 1153 35.8 72 w0
5-24 T e e et R AN } S L3200 .18 37.0 I 352
5-25 A.Haeffner . S L 3209 27 3.8 - 7 1320
5-27 A.Haeffner - . " : 5.637 . - .38 + 1261 39.1 e 1412
5-28 A.Haeffner et 11x  eom o .3m F 1245 38.4 s Wl
5-31 R.Dvorak v i . 2 1/2 ~ U e 374 72 413
6-11 A.H.Barnes - - i 2 1/2 | : 3230 L1273 39.4 88 530
: ' | Mean o ey .32723 .12308 | 37.69
Std. Dev. = - : + .0080° + .01252 %*3.73

Coef. of Var. -- i . 2.45% 10.2% 9.9%

SO EE—
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The procedure involves a miniéum number of opportunities for
operétor mistakes or blunders. The computational procedure is entirely
computef.oriented and hence not subject to human error.

No’attemp;'was made to evaluate this procedure with other methods
in use. These comparisons were considered outside the scope of this

‘study.

RECOMMENDATIONS

The accuracy and precision of the procedure could be improved by
consideration of several additional factoks; These factors affect
either the operator or fhe'computatjons. o

improvement of the operafér factors would include;

1) Improving the quality of the photographic printing of the

: diapositiveé -- By commercially available controlled confrast
printing, the extreme contrast between snow, éround, shadows,
trees, rocks,.etc. coy1d be reduced and hence better
identification of the.snow areas would result.

2) Delineation of snow areas -- Identification of the individual
snoﬁ and bare areas to be computed would eliminate a judgment
decisidn by the oﬁerator. This identification could be made

“gon an enTarQement of as much as 4 to 6 magnification.

Improvement of the photogrammetric factors would include:

| 1)_Gfound control }- Identifiab]e ta}gets of known position on
the ground would permit the recovery of the comp]eté orientatién
of the camera at the time of exposure. This would eliminate the
need for the assumptions of vertical photographs, and equal

altitudes of exposure.
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2) In Tieu of ground control, it may bé possible to partia]iy
compensate for tilt and elevation by using the level bubbie
-énd altimeter on each exposure: Although this is far from
precise; it would be a reasoanﬁe second approximation to

camera orientations.
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