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Abstract 

Color aprial plioto~rapl~s I~ave beer1 witlely used Tor 
grwping most ~bptlatcrE land uses. As IIle firs: step 
towards t , l ~ r !  aul.omat,ic exlraction of sucl~ Features FIB 

roatls, Iiot~scs, etc. from color aerial photograplis, we 
report on tlre cvaluat.ion of several color nlorlels used 
ror region segmentmalion. We first transrormed the 
RGB color imagm into an IlSV space ljy wing one 
of several TISV color morlcls, iiiclr~ding tlie ones p t c ~  
posed by t l ~ e  a11 t l~ora, ant1 t l ~ c ~ i  applied a seg~nenta- 
ti011 proccss I)ancd 0 1 1  (,lie Erlclidean rlistance in llle 
IISY space. Tlte results show that our newly p r e  
posed rnorlrlri yicltl lwlter ~egrnentatiens, wliicl~ can 
compcte wilh the reslrlts ol)tainetl by CIE L'a'b* 
color system. 

1 INTRODUCTION 

Aerial pliotogaplis Iiave become to be used ir~stead 
of mapa more oftcn for developmcirt. of urban arcas 
or builrliirg gmgrapllic i n  forrnatioll systems. This is 
becar~se mod uptlated usage OF land can he captured 
by them. 
WE are now working oil color aerial pl~obographs, 

aiming evcnl~~ally at l~uifrliug a syslem for matchi~lg 
the pliot~ogrt~plis and maps, and supporting detection 
of clianga bet ween t l~ern.  I11 this paper we report an 
investigation on region segmentation of color aerial 
pliotographs. 

Tlre i~nagvs (rserl are taken lrom a phol.ograplr oS 
scale 1/15,000 For aerial survey, input will1 an RCB 
color dram scnntler. Region segmcnt.at ion is done 
mostly in IISV color space, where 1r sland Tor Hue, 
S for Sat.t~ralion, and \' for Value OF Ii~tensiby. There 
liave I ~ e c ~ l  propmed several IlSV color space models, 
or co~iversion formi~lnq Srorn RGn to I ISV, wc COIII- 

pare rind evaliaate those models, itlclurltng two new 
models proposecl Ilcre, in a limit,ed goal of region seg- 
mentation or color aerial p11~tograp118. 

t Currently wi lh  NEC Sliizuoka, Ltd, 

2 HSV COLOR MODELS 

(a) Smith's Model [ I ]  
Use the mail] diagonal or RGD color cctl~e as I,he V 
axis and, by projecting [,he RGR cube to a plane 
perpendicular to the V axis, let the angle From the 
R axis be N and the diskance from tllc V axis bc S. 
The conversion formula is: 

GoIb - $1, if R= max{R,G,Bj  
1 = { 60(2+r-b) ,  i f C = m a x ( R , G , B }  

60(1+ g - r), il I3 = max{R, C, D} 

(b) Joblove's Model [2] 
Let the main diagonal of RGn color cube be 
the V axis and deline as V = (max{R, G ,  B )  + 
mini A?, C, B ) ) / 2 .  iI a~rd S are defirred as follows: 

H : the same as i l l  Sinik11's model 

I otherwise 

(c) Tenenhaunt's hlorlcl [3] 
III this model I!, S and V are calc\~latcd by llie To!- 
lowing nonlil~ear transformation: 



(dl  New NSV Model No.1 
In Joblove's model S can take any value i n  [O,l] wen 
if V is near 0 (black) or near I (white). T h v ~  its IJSV 
space has a shape of cylinder as shown in Fig.l(a). 
Since at V = 0 or V = 1 S is defined to be 0, 
there are disconlinuities at those points. We delinecl 
a new model by modifying Joblove's model so that 
the range of S decreases linearly as V gets far horn 
0.5 and approaches O or 1. Thus S in our morEet is 
defined by S in foblove's model as S ( I  - [ I  - 2V1). 
Tliis new S can be calculated more simply as shown 
in the following conversion lormula. Thc shape or 
the color space of this new model is composed of two 
cones whose bottoms meet together( Fig.l(h)). 

H : the same as in Smith's model 

(e) N e w  lISV Model No.2 
As iu the new IISV model No.1, S is converted from 
that olJoblove's model in order to transform its color 
space nearly to double cones. Tbe difference of this 
model from ttle previous one is the definition of Y .  
In new IISV model No.1 only the maximum and Ihe 
tllinimurti arnong R, G, B are taking account oS in 
calculating V; the median of them does not influence 
V. I n  i.he second model V is defined as the mean of 
R, U and B. The point where S takes its maximum 
(i.e., I) is lowered at red, green and blue, and lifted 
at cyan, magenta and yellow, compared to the first 
model. The conversion formula is as fotlows. 

H : the same as in Smilh's model 

3 PROCEDURE FOR RE- 
GION SEGMENTATION 

In tl~is study we segment first preprocessed color 
aerial photographs by applying a rnodiLed versio~i 
ot 0 Itlander's recursive tllresl1otding[4], then merge 
oversepnenled regions (see Fig.2). 

3.1 Preprocessing 

In order to reduce noise as well as enliance blurred 
edges, we apply f r a t  pixelwise rcgiorl enlargement.. 
After converting R G 8  values ofa pixel into HSV val- 
u s ,  choose a neigltboring pixel or region whme color 

is the closest, to the color of the pixel in question, and 
if the color direrencc is less tElan a predetermined 
threshold d T H ,  then merge the pixel to the chosen 
pixel or region. l I e ~ e  the color ol a pixel or a region 
is specified by a point in HSV space and acolor diner- 
ence is calculated by the Euclidean distance between 
two points. The merged region is given their average 
color, that is, average of R, G, D, respeclively. This 
process is performed by scanning tlle picture only 
once from its top-left to bottom-right. 

3.2 Region Splitting 

We used Ohlander's recursive thresholding method 
with a rnodifica~ion described below. 

I n  Ohlanrlerk method the hist~grams constructed 
for nine color lealures R, G, B,  11, S, V, Y, I, and Q. 
Then choose the Itis togram which has the sharpest 
peak and set a threshold bctween the peak and other 
peak(s) of tlie Iiistogram. Classify the pixels in the 
image into two: those belonging to that peak and 
the others. For each connected component in the 
image of thus dicliotomiaed pixels, calculate again 
histograms of nine features, fi ttd another tl~reshold , 
and dictiolomise the pixels; repeat this process re 
cursively unti l  no good separation of any histogram 
can be found. 

As stated above, in the original Ohlander" srnetflod 
t l ~ e  histograms of features are calcula~ed for each 
connected con~ponent in the image produced by the 
previous histogram thr~holdings.  Ilowever, i f  we 
adopt t t~is met,hod as it is, the number of the pix- 
els in a connected component decreases very rapid ty 
and meaningful histograms can not be constructed. 
For this reason we modified his approach so that the 
histograms ate calculated for each subspace ol the 
cofor space produced by the thresholdingn, instead 
of for each connected component. 

3.3 Region Merging 

Both the original and modified versions of recursive 
tllreaholding explained in 3.2 produce generally p o d  
region segmentntions, but tend to yield many small 
regions in noisy part of the image or along the bound- 
a r m  between two significank regions. So we add a 
region merging stage as a postprocessing or region 
spli~ting. 

Small regions are merged into one of the adjacent 
 region^, if the Euclidean distance between them in 
the IlSV space is smaller than the threshold defined 
as follows. Let dii be the distance in 115V space 
between the average colors or region R, in question 
and the adjacent region 4 which gives the minimum 
di j  and define the tlireslrold for dij by 



where S; is the area o l  region R, and a,b are con- 
stant.$. lr dii 5 d T i r ,  tlien merge Ri and Rj .  Repeat 
this procerlure in t l ~ c  iricr~asing order OF the area of 
region R, uutltil no more merging or regians occ~~m.  

4 COMPARISON OF HSV 
COLOR MODELS 

Since in all the three stagm Tor region segmentation 
IISV Fcahlres and color tlifferences in lISY space are 
uwd, tlic result OF segmentation varies; From medet 
to model. 111 our experiment we compare l l ~ e  results 
oljtained Ijy using eacli OF five IJSV color models in- 
t roduceci i l l  Section 2, I)ot,lr srll~jectivel y anrl qr~an ti- 
tat-ively, i l l  t he following blirce cases: 

tlic case that all tlie parameters hrr, a ,  and b 
nrc hxed at the same values for all five models. 

the case that t l ie  paramcters are cllofieri to the 
empirically opt.irna1 values for each model. 

a tlle case tltat the parameters are set so that llle 
number of the resellring regions is the same. 

1% will report lictc only tlie tlrird case, because of 
tltc li111i~cd space and generdly similar tendency in  
three caws. I n  the experiment we set llie ratio be- 
tween t lie lengt l l  of V axis and  the (rnaxirnal) radius 
in S (1ir~cti011 (,a 1: 1, wliicl~ seemed to give a besl 
result ill prclimiaary experiments. We used four diF- 
ferenl parks of a color aerial ptlotograptt, 256 x 240 
pixels cacll, wit11 various objects and  with different 
extent or bturrit~g. 

4.1 Subjective evaf uation 

To suinrnarize, tllc ncw IISV model No.1 and No.2 
producetl I~cttcr scgmn~tations than thc otl~er mod- 
cls, wit11 slight srrpcriority of No.2 new niodcl. Fig.3 
slbo~vs an  ir~prlt image and Fig.4 Ehe result using the 
new IISV model No.2. 

4.2 Quantitative eraluatioll 

The resrrl ting segmet~taliorl is consiclesed betber i F  Lhe 
colors o l  pixels are similar within regions. Ilo~veves, 
since the volurne of color space in each model tlitFers, 
the similarity sl~o~lltl be normatized by color sin~ilar- 
ily hct\~*ecn regions. T l ~ u s  we evaluated the resuIt 
by the ratio of wi~liin-region standard deviation ot 
colors altr to be~ween-region standard deviation as. 
For Lllc five color rnotlcfs alv/uB is sltowt~ ill Fig.5. 
Siirce the nutilljet oT~cgme~itetl regions are Illc same, 
this cornparison is fair. 

We also compared each result with the seswlt or 
tl~~rnarl segmentntion. The procedt~re is as follows. 

First a Iturnan subject i n p u t  i~ticractively khe bound- 
aries of specified various ohjects in an aerial picture 
sl~own on a graphic terminal. Given the rollowing 
points, 

the pixel o n  a human-input boundary : 4 points 

0 bl~e pixel adjacent to a l~urnan-input boundary 
2 points 

the pixel two-pixel apart from a human-input 
bobndary : 1 poilll 

sum up the points for all the pixels on the bound- 
aries Z>ctwecn the regions produced by a segmenta- 
tion. Flowever, if a result yields a fine segmentation, 
it w o ~ ~ l d  b e  likely t,o have a liigli score. In order 
to compensate that efTect we used tlre ralio of total 
points to tlie tot a1 lcngt11 of boundaries in a segmen- 
tation rcsutt. 

h s d s ,  grounds, houses and buildings, graas and 
tree areas, and rivers are chosen for the objects for 
evaluating tlie segmentation. The ratios are sllown in 
Fig$, in relative scores to that of (a) Smillr's model. 

Aa seen lrom the results ia the previous two sub- 
sections, our newly proposed IISV model No.1 and 
No.2 generally yield better segmentations than the 
other models do. They are appropriate ror segrncnt- 
ing the color space uniformly, regardless wl~ellter in 
the near part of white or black, or in a hriglal color. 
We suppose that it is due to kl~e double-cone sllape 
of the color space as ill sElow~~ in Pig.1. New HSV 
color model No.2 is better a t  a variation of intensily 
Lhan new model No.1. In a subjective evaluation tlie 
new model No.2 produced rrs good or sliglllly better 
segmentations than k11e CIE L*a*b* color model did. 

5 CONCLUSION 

W e  compared several IISV color modcls, including 
two models we propa~cd here, Tor w p c n t s t i o n  of 
cdor aerial pt~otogapl~s.  Ttre comparison sliows our 
proposed models yieltl better results than olller mod- 
els. 

References 

[I] A.R. Sniitli : CoJor gamut tr~nsform pairs, 
Cornpuler Graphics, vo1.12, pp.12-19 11978). 

121 G.11. Joblove and D. Greenberg: Cobr spaces 
for campules graphics, Computer Grapl~ics, 
vol. 12, pp.20-27 (1978). 



[3] J .  hi .  Tenenhaurn et al.: An interactive facility 
for scene analysis research, Tech11 ica! Note 87, 
Artificial Intelligence Center, Stanford b e a r c h  
Institute (1974) 

[4] R. Ohlander, K .  Ptice and D.R. Reddy: Picture 
s e m e n  tat ion using R recursive region splitting 
method, Computer G t ~ p l ~ i c a  and Image Ps* 
cesqing, vo1.8, pp.313-333 (1978). 

BLACK I 

Fig.1 Color spaces of Joblove's model (a) and Lhe new 
model No.1 (b). 

Fig.2 Process for region mgmentation. 

Fig.4 Rmult or segmentation using the new model 
No.2. 
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color model 
Fig.5 Normalized color deviations within segmented 

regions. 

relative score 

Fig.3 A color aerial pllotograph (256 x 240 pixels, 
ditlier 011t~put or V ~ l i ~ e  cornponcnt). 

(a) (b) [c) Id )  (el 

color model 
Fig.0 Comparison wiEh human segmentation. 




