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The JPL Robotics Research Program is develop
ing techniques tha t might be app l i cab le in the 
f u t u r e to p lanetary miss ions , to the assembly of 
la rge s t ruc tu res in Earth o r b i t , o r to free-swimming 
underwater veh ic les where there is a need f o r the 
i n t e g r a t i o n of a computer v i s i o n system w i t h mechan
i c a l e f f e c t o r s . In each of these app l i ca t i ons there 
Is a necess i ty f o r r e a l - t i m e processing and a s ize 
l i m i t on the on-board processor. To meet these 
o b j e c t i v e s , a random access p i c t u r e d i g i t i z e r and 
memory system (RAPID) has been developed which p ro 
v i d e s , in e f f e c t , r e a l - t i m e random access t e l e v i s i o n 
cameras to the computer. This shor t repor t descr ibes 
the impact of RAPID on the Robotics Program, both 
in terms of the hardware design and software o r g a n i 
z a t i o n . 

ROBOT VISION SYSTEM 

The robot v i s i o n system (Ref. 1) cons is ts of 
two s o l i d - s t a t e CID t e l e v i s i o n cameras mounted on 
the robo t , a random access video memory, the scene 
ana lys is a lgo r i t hms , and the image d i sp lays . The 
software also has access to data from the laser 
ranger. The v i s i o n system shares the General 
Automation SPC-16/85 minicomputer w i t h the other 
robot subsystems. 

The General E l e c t r i c CID t e l e v i s i o n cameras, 
' p r o v i d i n g a r e s o l u t i o n of 188 p i x e l s by 244 l i n e s , 
were se lected to so lve the problem of image l i n e 
a r i t y and s t a b i l i t y . A lso , the GE cameras could 
be eas i l y locked to the d i g i t i z e r sampling window 
assur ing tha t each stored p i x e l was from on ly the 
center of an a c t i v e de tec to r on the CID c h i p . 
While r e s o l u t i o n was l o s t from previous s i l i c o n 
ta rge t v i d i c o n s , necess i t a t i ng more f requent 
camera mot ion, a major problem of scene constancy 
was e l im ina ted . RCA, GE, F a i r c h i l d , and Texas 
Instruments now o f f e r devices w i t h equal or h igher 
r e s o l u t i o n . 

RAPID (Ref. 2) was developed to increase the 
image-processing speed and permit such r e a l - t i m e 
func t i ons ' as ob jec t t r a c k i n g . This was accom
p l i shed by e l i m i n a t i n g unproduct ive computer bus 
t r a f f i c , p rov id ing f a s t access to any p i x e l (5 us) 
and updat ing the image memory at v ideo ra tes (a 
new image every 1/30 s ) . Through a unique b u f f e r 
ing scheme, RAPID provides concurrent d i g i t i z a t i o n 
and d i sp lay at v ideo ra tes as w e l l as random word 
or byte access from the computer. 

The a lgor i thms f o r ob jec t d e t e c t i o n , ob jec t 
t r a c k i n g (Ref. 3 ) , reg ion growing (Ref. 4 ) , scene 

segmentation (Ref. 5) and stereo measurement 
(Ref. 6 ) , o r i g i n a l l y developed fo r the robo t , have 
been used f o r s tudy ing V ik ing (Mars) imagery, maze 
puzz les, f a c i a l changes f o l l o w i n g surgery (Ref. 7), 
and changes in astronaut body volume. 

VIDEO DISPLAY AND MEMORY 

RAPID ( F i g . 1) combined w i t h the t e l e v i s i o n 
cameras p rov ides , in e f f e c t , l i v e random access 
t e l e v i s i o n images. Any byte or word in RAPID memory 
can be accessed (read or w r i t e ) by the computer 
w i thout i n t e r f e r i n g w i t h the sequent ia l storage 
and r e t r i e v a l of EIA RS-170 standard v ideo . RAPID 
Is organized as a 256 p i x e l by 256 l i n e byte memory 
using e igh t byte bu f fe rs and high-speed TTL log i c 
in order to operate a t v ideo ra tes w i thout i n t e r 
ference. S im i la r u n i t s (Ref. 8) are now ava i l ab le 
but at a cost h igher than the JPL development 
cost and l ack ing c a p a b i l i t i e s be l ieved to be 
impor tan t . Some a d d i t i o n a l fea tu res of RAPID are : 
s i x computer se lec tab le input channels, stereo 
mode tha t i n te r l eaves two images in memory, f reeze 
mode tha t i n h i b i t s v ideo i n p u t , i n t e r r u p t at the 
end of the video frame, automatic compensation of 
known camera blemishes, and computer -cont ro l led 
cursor . 

Incoming video i s d i g i t i z e d cont inuous ly a t 
280 n s / p i x e l to a r e s o l u t i o n of e igh t b i t s and 
stored sequen t i a l l y In one of two e i gh t -by te input 
b u f f e r s . Using a double bu f f e r scheme, the e ight 
bytes of the input b u f f e r are w r i t t e n i n t o memory 
at one t ime, a l t e r n a t i n g between the two input 
b u f f e r s . The same double b u f f e r technique is used 
in reverse f o r v ideo ou tpu t . The memory cyc le 
time f o r reading or w r i t i n g the 64 b i t bu f f e r s is 
700 ns. Since 2.24 us (280 ns X 8) elapses 
between reading or w r i t i n g a b u f f e r , 1.54 us is 
ava i l ab l e f o r handl ing a computer request f o r 
access to the video memory. The minimum time 
between computer requests f o r access to RAPID is 
5 us. Since the v ideo memory is cont inuously 
accessed f o r v ideo output even when video input is 
i n h i b i t e d , no separate c i r c u i t r y or t ime is needed 
to re f resh the dynamic memory. 

REAL-TIME IMAGE ANALYSIS 

An example of scene ana lys i s is the ob ject 
l o c a t i o n sequence f o r man ipu la t i on . The f i r s t 
step is image t rans fo rmat ion which provides the 
edge enhancement and image reduct ion to one s i x 
teenth the o r i g i n a l s i z e . The image is sampled at 
one-quarter r e s o l u t i o n and p a r t i t i o n e d i n t o two by 
two c e l l s . For each c e l l , a l l s i x d i f f e rences are 
computed, and the absolute values are averaged to 
ob ta i n an e i g h t - b i t va lue , which is then stored in 
RAPID as one p i x e l , producing the second one-quar ter 
r e d u c t i o n . Small values in the tranformed image 
correspond to areas of uni form i n t e n s i t y , wh i le 
l a rge values i n d i c a t e a sudden change in i n t e n s i t y , 
which is usua l l y the edge of an o b j e c t . The 
transformed image is scanned l i n e by l i n e in the 
second step to ob ta in a l i s t of regions tha t 
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correspond to poss ib le ob jec ts of i n t e r e s t . The 
regions are connected c l u s t e r s of p i xe l s tha t 
exceed an edge confidence th resho ld . The t h i r d 
step is to se lec t one reg ion from the l i s t , read 
the f u l l d i g i t i z e d image i n t o RAPID again from the 
cameras, and ob ta in the o u t l i n e of the ob jec t in 
f u l l r e s o l u t i o n using a region growing a l g o r i t h m . 
The shape of the ob jec t is determined at t h i s 
p o i n t , and the short ax is is computed to determine 
the o r i e n t a t i o n fo r the manipulator hand in grasp
ing the o b j e c t . The f o u r t h step is to ob ta in a 
3-D measurement at the image c e n t r o i d . This l oca 
t i o n and the o r i e n t a t i o n are sent to the 
manipu la tor , which is then commanded to f e t ch the 
o b j e c t . The e n t i r e scene ana lys is sequence runs 
in about 5 s and requ i res no operator i n t e r v e n t i o n 
other than the command to beg in . This represents 
an increase in speed of ten to twenty times over 
s i m i l a r schemes in use before the advent of RAPID. 
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