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A rapid method rif measuring snow-sll1Jace prrifiles 

Quantita ti ve data on the surfacc profile of a snow pack a re 
required for a number of applications, including detail ed 
hyd rological modelling a nd modelling the interacti on of 
electrom agnetic radiation with the surface. Th e availability 
ofl ow-cos t digital camer as a llows these to b e obtained with 
substantia l sayings in time. 

Data were acquired during a short fi eld trip to Scotland 
in mid-March 1998, as part of a project to va lidate synthetic
aperture rada r observations of wet snow. At a number of test 
sites, a portable back plate (constructed from 1111m gauge 
aluminium sheet, lm long a nd 20 cm wide, hinged so it 
could fold to 50 cm x 20 cm , and painted m a tte black) was 
inserted verticall y into the sn ow and pho tographed using a 
pocke t-sized digital camera that recorded images as arrays 
of 640 x 480 pixels. 

Fig ure la shows an im age in whieh the full I m width of 
the back pl ate is visible. The image has b een cropped to a 
size of 600 x 84 pixels and h as been converted from 24 bit 
colour to an 8 bit grey scale. Since the back plate subtends a 
width of 581 pixels in thi s image, each pixel represents a 
wid th of 1.72 mm. 

It can b e seen from Fig ure la that there is strong contras t 
between the snow and the back plate: pixels corresponding 
to snow h ave g rey-sca le yalues of 162 ± 12, wh ereas those for 
the back plate hm'e values of 6 ± 8. The discontinuity in 
grey-scale values between the back plate and th e snow is ex-
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tremely sha rp: over a single pixcl, the grey-scale value 
changes by typically 30 to 40, a nd over two pixels it changes 
by about 100. T h e snow surface is thus ve ry well defined in 
th e i m age. 

To obta in surface roughness d a ta from Figure la, it must 
be processed to generate a se t of (x, y) coordina tes corres
ponding to the snow edge. The image-processing operations 
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that are requi red a re not compl icated and can be p erformed 
by a large number of image-processing program s. The fol
lowing ana lysis was performed on a Macintosh computer 
using the public domain NIH Image program, develop ed at 
the U.S. Na tiona l Institutes of H ealth and avail a ble on the 
internet at http://rsb.info.nih.gov/nih-image/ . Two m aj or 
advantages of this program a re its comparatively sm a ll size 
and the fact tha t it has a mac ro programming lang uage that 
allows the user to defin e reasona bly complex processing al
gorithms a nd to export numerical data. 

The algorithm adopted here involves the fo ll owing steps: 

1. Thresholding, foll owed by conversion to a bina r y image. 

2. Edge detection. 

3. Skeletonization. 

4. Digitizing. 

Fig. 1. (aJ Digital image rifa snowsurfilce photographed against a black back plate; ( b) Image after thresho!ding and conversion 
to bina1Y 1011n; (c) Output rif a Sobel edge -detection filter ap/Jlied to (b); ( d) Single-pixe! width (ske!etomzed J boundary 
superimposed on the original image; (e) Skeletonized boundary multiplied by a vertical raster image. 
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Each of these steps is di sc ussed below. 

Thresltolding and conversion to bincllyform 
This step converts the g rey-scale im age to bl ack (bark pl a IT, 
\'alue 0) and white (snow, value 255). All g rey-scale va lues 
bclow a suitable threshold a re set to zero a nd a lltho. e abO\"C 
the threshold are se t to 255. The threshold \'a lue can be 
judged by eye or simply set half-way be twee n the mea n 
grey-sca le yalucs for snow a nd fo r the back plate. T he cho ice 
is not \ "C ry critical, since the transition is \ "Cry sha rp. Figu re 
lb shows the res ult o f applying a threshold \'alue of 171. 

Edge deleelion 
The Sobcl edge-detect ion operation is next performed o n 
the bin a ry image. In this operati on, the x a nd y components 
of the image gradient a re ca lculated using cOlwolution fil
ters ha\ 'ing the fo ll owing 3 X 3 kernels: 
The two components a re then quared a nd added, and th e 
squa re root is taken. cI'his value is truncated to the rangc fro m 
zero to 255, again res ulting in a binary image. Ho\\'C\"Cr, t he 
consequence of using a 3 x 3 com-oluti on filter is that the 
"edge region", defin ed as a result of this operat ion, has a 
width t ha t can exceed 1 pi xel. This is shown by Figure Ic. 

Skeleloni;:.alion 
Skcleto ni zati on, or media l-ax is transform a tion, is an itcra
ti\"C method for reducing a n object in a bina ry image to a 
represellla ti\"C "skeleton" a single pixe l wide. Figure Id shows 
the result of skcletoni zing the binary im age represented by 
Figure le. The detec ted edge has been superi mposed on t he 
origina l im age to shovv tha t it conforms to the pos ition tha t 
wo uld be dete rmined by eye. 

Rees: CorrfsjJolldence 

Digili-<.ing 
The "edge im age" resulting from skeletoni zati on is multi
plied by a ve rtical ras ter, i. e. a n im age having the same di
mensions but ill which the g rey-scale value of a pi xel is either 
I, if the pixe l's .r coordinate is odd, or zero if it is e\·en. This 
reduces the im age to a se t o f di sconnccted p ixcl s, as shown 
in Figure le. These points can then be sca nned using .v1H 
i mage s "measure particles" fun cti on, which returns the x 
and y coordinates of each connected obj ect fo und in the 
image a nd hence reports the p os ition of each p ixcl in Figure 
le. Thi s se t o f va lues ca n the n be cxportcd to a nother pro
gram fo r sta ti stical ana lysis. 

The im age-process ing ope rations descr ibed abO\"C can 
actually be p erformed in 2 o r 3 min, making use of a num
ber of op era tions prO\' ided ,vithin the fun ct io nalit y of the 
. \1H Image program and a macro that is supp li ed with the 
soft ware. At thi s point, the d a ta can be exported to a spread
sheet or stati sti ca l ana lysis pac kage. The me thod described 
represents a maj or time-sm'ing when compa red \\'ith digi
tizing cOlw e ntional photographs. 
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