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INTRODUCTION 

Image processing by compute r s  has  become  increasingly important  for  a wide 

var ie ty  of fields,  ranging from ae r i a l  and space  photography to medical  diagnosis - e.g. 

images assembled f rom X-ray d a t a  or  f rom positron emission tomography (PET). 
During t h e  las t  f ive years ,  computer-assis ted image analysis has  a lso been used for 

d i f f e ren t  kinds of autoradiographic  applications.  Most of these  studies,  however,  deal  

with various a spec t s  of t h e  brain. Thus, quan t i t a t ive  r ecep to r  autoradiography has  been 

used in in vi t ro  s tudies  on t h e  distribution of t r ansmi t to r  r ecep to r s  in t h e  cen t r a l  

nervous sys t em (5-7,  12, 13). Also, quan t i t a t ive  autoradiographic  in vivo techniques,  

based on s tudies  of brain funct ions and using computer ized densi tometry,  have  been 

descr ibed (3, 4, 11). 

WBA (9, 10) is a well-established radiotracer  technique for  studying t h e  distribu- 

t ion of labelled compounds in t h e  e n t i r e  animal.  Pract ical ly  a l l  t issues,  even very small  

ones,  can  b e  studied. In pregnant  animals,  t h e  concentrat ion of radioact ivi ty  in t h e  f e t a l  

t issues may b e  compared  with t h a t  of t h e  mother.  Information abou t  metabol ism and 

t issue binding may be  obtained by d i f f e ren t  applications of WBA (for review, see ref.  1). 
The ex t r ac t ion  of a l l  information from such s tudies  is very tedious and t ime-  

consuming. Earl ier ,  densi tometr ic  d a t a  were  obtained by a manual densi tometer  and a 

semiquant i ta t ive s t a i r case  of radioact ive s tandards,  or  by d i r e c t  impulse count ing of 

punched t issue pieces  (2). Recen t  development  of computer-assis ted image  analysis has  

now g rea t ly  improved t h e  possibilities to measure and descr ibe visual information 

obtained f r o m  t h e  various WBA techniques.  

In t h e  following, some  essent ia l  s t e p s  involving computer-assis ted image  analysis 

will be  briefly discussed. Firs t ,  a short  description will b e  given of t h e  e n t i r e  image  

analysis s y s t e m ,  and t h e  image  pick-up procedures  , and briefly some  main processing 

commands"' used in analyzing whole-body autoradiograms. Finally, some  of t h e s e  

procedures  will b e  exemplified.  
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. Block diagram of t h e  image analysis system. 

IMAGE ANALYSIS SYSTEM 

The s t ruc tu re  of t h e  image analysis system is shown in Figure 1. The autoradio-  

graphic  fi lm is t ransi l luminated by a reostat-control led light-box. By proper cho ice  of 

t h e  c a m e r a  lens and i t s  d i s t ance  to t h e  video c a m e r a ,  a lmos t  any s i ze  of autoradiogram 

c a n  h e  analysed. A microcomputer  with a disc memory  for t h e  s to rage  of pictures  (up to  

120 pictures  can  be  s to red  in t h e  memory) r ece ives  input d a t a  f rom t h e  video c a m e r a  

via a n  image digit izer.  The output  d a t a  in t h e  form of processed images a r e  s tored in 

t h e  image  memory, where  up to four processed pictures  can  be  al ternat ively displayed 

on t h e  sc reen  (output  image).  

To the  compute r ,  a digi t izer  pad allows t h e  ope ra to r  to indicate  ob jec t s  or regions 

of in t e re s t  in t h e  image,  and t h e  position, t h e  mean opt ical  density,  t h e  s tandard 

deviation, and t h e  a r e a  s i ze  a r e  displayed on t h e  terminal ,  or could b e  pr inted on paper. 

In addition to t h e  disc memory,  t h e  system is a lso complemented with a t a p e  memory 

for  s to rage  and back-up of t h e  programs. 

IMAGE PICK-UP SYSTEM 

W e  have chosen a video c a m e r a  fo r  t h e  image  pick-up system, because i t  has  t h e  

advan tage  of being fast, sensit ive,  and r a the r  cheap. The image in t h e  c a m e r a  tube  is 

divided by t h e  video digi t izer  into an  a r r ay  of 384 horizontal  columns and 241 ve r t i ca l  

rows, thus producing 92 544 equal  and d i sc re t e  squares  (pixels). The pixel is  t h e  basic  

e l emen t  of t h e  p i c tu re  and i t s  s ize  also def ines  t h e  opt ical  resolution of t h e  system. 

Each pixel is t hen  assigned a value based on t h e  gray level  on t h a t  minute  portion of t h e  

p i c tu re  which i t  encompasses.  The digit izer provides 256 d i f f e ren t  gray levels. 
A ser ies  of g ray  f i l t e r s  f rom known opt ical  densi t ies  ca l ib ra t e  t h e  g ray  levels to 

opt ical  density (OD), and then  a second cal ibrat ion may he  performed,  using s tandards 

with known amoun t s  of radioact ivi ty ,  t hus  convert ing t h e  opt ical  densi t ies  to r e a l  

concentrat ion values. 

258 



IMAGE PROCESSING PROCEDURES I N  WBA 

In order  to e x t r a c t  as much information as possible f rom d i f f e ren t  WBA 

techniques,  a number of image-enhancement  functions can  b e  generated.  These have  

been especially adap ted  for  t h e  analysis of whole-body autoradiograms.  A detai led 

description of basic image-enhancement  procedures  (8) and pseudo-colour coding (3) has  

been reported ear l ier .  

An autoradiograDhic investigation includes various levels of t h e  body, and thus 

most  t issues and fluids can  be  scanned. I t  is possible t o  observe whether  t h e  radioact ive 

[eve1 is p resen t  in small  s t ruc tu res  as t h e  muscle layer  of t h e  intest inal  t r a c t ,  or in t h e  

mucosa. In t h e  eye,  t h e  radioact ivi ty  can  be  t r a c e d  to  e.g. t h e  co rnea ,  re t ina,  pigment  

layers,  or aqueous humour. Small endocrine organs will show up, such as t h e  pi tui tary,  

thyroid and d i f f e ren t  layers  of t h e  ad rena l  cor tex.  When investigating pregnant  animals,  

t h e  ac t iv i ty  can  be  compared in both t h e  ma te rna l  and t h e  f e t a l  tissues. [Jp to now, t h e  

quant i ta t ion of such small  s t ruc tu res  has  been very hard and time-consuming. However, 

by sui table  image  processing procedures  - as m a g n i f c g t i o n ,  h i s tog ram geneyation, and 

- oblect-c~assiffication - even t h e  quant i ta t ion of such small  s t ruc tu res  c a n  be  performed 

very rapidly and with high accuracy.  

Magnified picture.  There a r e  t w o  methods of performing magnification with this  

system. A zoom lens on t h e  video c a m e r a  can  be  used to magnify optically t h e  image  

(Fig. 2 b,c,d), or t h e  image  can  b e  magnified in t h e  compute r  (Fig. 2 h) by so f tware  

operation. When double magnification is performed,  e a c h  pixel of a c e r t a i n  gray level is  

replaced by 2 x 2 pixels of equal  value.  

Gray-level his togram plot. The histogram is a graphical  plot  of t h e  gray-scale  

distribution in t h e  picture.  The horizontal  axis represents  t h e  gray-scale,  s t a r t i ng  with 0 

(white)  and  ranging through 255 (black), and t h e  ve r t i ca l  ax i s  represents  t h e  number of 

pixels (Fig. 2 e,f,g). 

Gray-level window measurement .  The histogram produced as above can  b e  

analyzed by specifying, with t h e  digi t izer  pad, any t w o  g ray  levels, which r ep resen t  a 

window (region) of interest .  This program will comprise  t h e  number of pixels ( the  

se l ec t ed  a r e a  within t h e  picture)  fall ing within th i s  gray-level window, and i t  will point 

o u t  t h e  mean density,  s tandard deviation, t h e  se l ec t ed  gray-levels in t h e  window, and 

t h e  t o t a l  number of pixels ( the  a r e a )  within t h e  window. The se l ec t ed  pixels will t hen  

immediately show up  on t h e  image display (Fig. 2 b,c,d). This procedure c a n  be  used 

interact ively by t h e  operator .  

Object  classification by gray-level windows. By inspection of t h e  his togram of a 

picture ,  one  may guess where  t h e  thresholds should b e  located fo r  a classification of t h e  

image  into i t s  different  parts.  To do  this, one  assumes t h a t  e a c h  peak of t h e  his togram 

corresponds to a ce r t a in  ana tomica l  s t r u c t u r e  of t h e  autoradiogram. Classification of 

an  image on t h e  basis of i t s  gray-level histogram has been shown to b e  especially useful 
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Fig. 2 a-i. 

A sequence of p i c tu re s  f rom t h e  image display, i l lustrating some  main image processing 
procedures  in WRA. - In (a), t h e  distribution of a benzodiazepin antagonis t  (RO 15-1788) 
is shown in t h e  original autoradiogram. Note t h e  high ac t iv i ty  in t h e  brain (white  area).  
In (b-d), optically magnified and digit ized p i c tu re s  of t h e  brain,  s e l ec t ed  f rom t h e  
original, and their  corresponding gray-level histograms, a r e  shown just below (el, (f) ,  
and (g). By select ion of d i f f e ren t  gray-level windows in (e), (f), and (g) - drops in t h e  
his togram -, a classif icat ion of various brain a r e a s  is displayed as a chess  p a t t e r n  in (b), 
(c), and (d). Fig. 2 h i l lustrates  a compute r  magnification routine,  and exclusively t h e  
se l ec t ed  gray levels obtained f rom t h e  brain classification in (d). Fig. 2 i i l lust ra tes  
some  compute r  routines,  such as "retouch", "text-writing", plus "arrows" t o  mark 
tissues. 
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Fig. 3 a-f. 
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Sequence  of p i c tu re s  i l lus t ra t ing  ord inary  con t r a s t  enhancernent  (a. b, c). and  
ano the r  compute r  rout ine  (d,  e, f )  t h a t  brings o u t  de t a i l s  and  contours ,  which appea r  
d i f fuse  in t h e  original p ic ture .  The  sequence  i l lus t ra tes  t h e  d is t r ibu t ion  of C-labelled 
deprinyl in a r a t  brain. Fig. 3 c shows t h e  resu l t  of c o n t r a s t  enhancemen t ,  when t h e  
g ray  leve ls  ob ta ined  f r o m  t h e  nar row his togram (b) of t h e  original au toradiogram (a) a r e  
spread  over  a wider range. 

In (f) ,  t h e  contours  of t h e  nucleus cauda tus  / pu tamen  a r e  made  c l ea r  by t h e  use  of 
t h e  highest  gray-level pixels (cf. b). These  a r e  marked  in black (e) and  se l ec t ed  f rom t h e  
region of in t e re s t  (d). 

in measur ing  compl i ca t ed  s t r u c t u r e s  as, e.g., t h e  in tes t ina l  mucosa,  t h e  var ious  por t ions  

of t h e  brain (Fig. 2 h), and d i f f e ren t  p a r t s  of t h e  spleen ( red  and  wh i t e  pulp). 

This p rocedure  might  a l so  b e  used to exc lude  ac t iv i ty  in blood vessels or b i le  

duc t s ,  t hus  measuring t h e  ac t iv i ty  of t h e  liver pa renchyme  exclusively.  Each c l a s s  of 

g ray  leve ls  (a c e r t a i n  ana tomica l  s t ruc tu re )  can  then  a l so  b e  given a ce r t a in  colour. 

CONCLUSIONS 

A single low-cost image  analysis sys t em has  been  described. The  image  processing 

sys t em explained in th i s  r epor t  has  been  especially adap ted  to WBA. I t  h a s  largely 

increased  t h e  possibil i t ies to measu re  and  descr ibe  very  smal l  and  he terogenous  

s t ruc tu res .  C o n t r a s t  enhancemen t  rout ines  have  a l so  been  i l lus t ra ted ,  t hus  giving t h e  

observer  fu r the r  in format ion .  
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