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1. Introduction 

Current plans indicate that there will be a large number of life science experiments carried out 
during the thirty year-long mission of the Biological Flight Research Laboratory (BFRL) on 
board Space Station Freedom (SSF) [I]. Non-human life science experiments will be perfonnetl 
in the BFRL. Two distinct types of activities have already been identified for this facility: ( 1 )  
collect, store, distribute, analyze and manage engineering and science data from the Habitrits, 
Glovebox and Centrifuge, (2) perform a broad range of remote science activities in the Glovebox 
and Habitat chambers in conjunction with the remotely located principal investigator (PI). These 
activities require extensive video coverage, viewing and/or recording and distribuiiion to video 
displays on board SSF and to the ground. This paper concentrates mainly on the second type of 
activity. Each of the two BFRL habitat racks are designed to be configurable for either six 
rodent habitats per rack, four plant habitats per rack, or a combination of the above. Two vidrc) 
cameras will be installed in each habitat with a spare attachment for a third camera when rmxkd  
Therefore, a video system that can accommodate up to 12-18 camera inputs per habitat rack milst 
be considered. 

The present Glovebox (GB) design provides an enclosed, bioisolated workspace i n  which a witic 
variety of non-human life sciences research can be conducted without contaminating the scsr of 
the interior of SSF. Two dedicated video cameras are installed in the walls of the GB to prov~tie 
orthogonal views of the activity in the work volume. These cameras are in addit~on ro others 
installed in the attached Modular Habitats. The user will be able to select and display video data 
from the work volume, GB attached habitats, transmissions from the ground or other esterr~al 
video sources. 

The centrifuge provides a selectable gravity environment (between .Olg and 2g) for biologic;ll 
specimens. In addition, four rodent habitats can be accommodated on an inner ring of the 
centrifuge. Each of these habitats will also have two video cameras installed with a spare 
attachment for a third camera when needed. Therefore, from 24-36 camera outputs must be 
supported in the centrifuge system. 

2. Problem and Approach 

The number of individual cameras in the entire BFRL can range between 50-74 camel;is (whrrl 
all of the components of the BFRL are in use), each simultaneously collecting NTSC clu: i l i ty  
image data. In addition, there will be a limited transmission bandwidth that will (likely) bc 
available between SSF and the ground. An approach to these problems may be thro~igh the iiw 
of video compression technologies. 
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3. Methodology and Results 

In general, the research approach described elsewhere [3] was used here. Video images were 
viewed by a variety of Ss consisting of PIS and other professional personnel already fitmiliar 
with the scene content. Each made judgments of the quality and acceptability of each 
compressed scene. The data were then subjected to statistical analyses in order to be able to 
extend rhie parametric findings beyond the present groups of participants. Three independent 
exgefiments were conducted, one involving static images of plants and two involving moving 
animals. Each is described in detail below. 

3-1 Experiment I: Still Image Compression of Three Plant Scenes 

3.1.1 Procedure and Test Instructions. The subject (S) was told about the nature of the study, 
what he or she was supposed to do, and shown the apparatus and scoring sheet and rating criteria 
sheet which were posted nearby. There were three scenes per experiment and three primary 
subjective judgments made per scene. In the first experiment there were two additional 
judgments made on each scene. The method of pair-comparison 121 was employed whereby 
each of the four levels of image compression were presented in all possible pairs. These twelve 
image pairs were displayed side-by-side on a high resolution color  non nit or with the highest 
resolution image located on the right or left side of the screen on a random basis. Each i~nage 
measured 6.75" x 6.75" (45.5 square inches). 

The first subjective judgment required was to carefully inspect both images on the screen and 
select the one having the best overall quality to support the S in carrying out scientific research. 
The second subjective judgment to be made [only with respect to the screen image chosen 
(above) as having the best overall quality] was a numeric rating from 1 to 5 where: 1 = 
completely unacceptable image quality, 3 = average image quality, and 5 = maximally clear and 
acceptable image quality. The third subjective judgment required was to either accept or not 
accept the image chosen in terms of whether it would be acceptable to provide the kinds of 
answers to questions the S would normally ask of this particular image. The fo~irtlz subjective 
judgment to be made was to list which image characteristics were used i n  making the nlrmeric 
rating of image quality such as color, contrast, brightness, resolution, etc. Thefijth requirement 
was to circle those parts of the image (on a B&W copy of the screen image placed in front of the 
S) at which the S looked in order to make his or her judgments. This was done on a trial by trial 
basis for Later analysis. 

3.1.2. Apparatus. The apparatus consisted either of a Panasonic color CCD (model WV-CD 
llOA) camera (for scene I), or a Toshiba color CCD (model IK-M30) microminiature camera 
yielding over 360 TV lines horizontally (for scenes 2 and 3) taken through a microscope. An 
image capture board ("Moonraker" by Workstation Technology Inc.) and Joint Photographic 
Expert Group (JPEG) standard compression board ("Picture Press" by Storm Technology, Inc.) 
were installed in a Macintosh I1 with 8 megabytes of RAM and a 1.04 Gigabyte hard disk. 
Software image control was accomplished using image manipulation software ("Photoshop" by 
Adobe, Inc.). The images were displayed on a 20 inch (diagonal), high resolution (1024 x 768 
pixel) color monitor (Mirror Technologies, Inc.; model C/T 20HA, Rev. 6). 

3-13 fmage Compression Details. Following are the four image compression levels 
invesdgaited using the JPEG standard. The number by each level is referred to in the results 
section. 1 = Excellent; 2 = High; 3 = Good; and 4 = Fair. Table 1 presents selected 
infomation on the four levels of compression derived from the scenes which were studied here. 



Table 1. Compression Details Associated With Test Scenes Studied I-Here 

Notes: Excellent settings uses 1: 1 : 1 subsampling ratio 
The range of compression ratios is between 5: 1 to 7: 1 

High setting uses 2: 1:l subsampling ratio 
The range of compression ratios is between 16:l to 24:l 

Good setting uses 2:l: 1 subsampling ratio 
The range of compression ratios is between 40: 1 to 60: 1 

Fair setting uses 2: 1: 1 subsampling ratio 
The range of compression ratios is between 80: 1 to 120: I 

The S sat with his or her eyes 32" (+/- 2") from the screen of the monitor so that the angular 
width of the two images subtended approximately 20 degrees arc. Each of the three compressed 
test scenes was presented with each of the others in all combinations in random order for a to~;ll 
of twelve pairs per S per scene. The order in which the three scenes was presented also was 
randomized. 

3.1.4 Test Scenes. Three static color images were investigated: (1) a "wheat stalk" clusrcs 
scene, (2) "wheat kernel cluster" scene and, (3) a magnified "single wheat kernel." 

3.1.5 Test Subjects. A total of ten volunteer Ss took part. Most were senior level N A S A  
investigators, contractors, or visiting faculty working in such fields as plant physiology and 
biology, closed environment life support research and development, plant nutrition. Three were 
graduate students working at Ames in the area of plant growth dynamics for the SSF program. 

3.1.6 Results. The results are presented in four sections, each of which deals with the 
subjective judgments that were made on each compressed image. 

Image Accuracy Judgement. As expected, (1) the larger the difference in compression levels 
between the two paired images the greater was the accuracy of judgement. (2) Of the three 17;lis- 

comparison conditions that were one compression level apart (viz., I,?; 2,3; 3,4), only 28 
percent were judged accurately. (3) Of the two pair-comparison conditions that were two 
compression levels apart (viz., 1,3 and 2,4), 42 percent were reliably correct. (4) Of the s ~ i ~ ~ l c  
pair-comparison that were three compression levels apart (viz., 1,4), 67 percen; \Yere r - t . l ~ , ~ b I ~ ~  



correct. (5) There were differences in the proportion of unreliable judgements due to the kind of 
scene presented, and (6) There was only a relatively small difference in these judgements due to 
whether the best image was located on the left or the right side of the screen as would be 
expected. Nine of the eighteen cells (50 percent) were only ten percent apart indicating a 
generally good level of agreement. Five of the 18 cells (28 percent) were twenty percent apart, 
two (11 percent) were thirty percent apart, one (5 percent) was forty percent apart, and one ( 5  
percent) was identical. The single cell in which there was perfect agreement was at the 50 
percent "guessing" level and is, therefore, not considered reliable. 

Image Numeric Ratings. There were no statistically significant differences (by analysis of 
v ~ a n c e )  among the four JPEG compression levels. The three scenes tested did produce a 
significant difference (F = 8.25; df=2; p=0.009) with scene 2 producing the largest subjective 
quality ratings for each compression level (mean = 3.70). 

Pmage Acceptability Judgement. There were small (statistically insignificant) differences among 
these means. An analysis of variance showed that the four JPEG compression level means were 
not significantly different from one another but that the three scenes were (F = 9.73; df = 2; p = 
0.006). These mean acceptability results parallel (in magnitude) the above mean image rating 
results acrcbss these four compression levels and three scenes. 

Image Characteristics Selection Results. Each S was asked to indicate which particular image 
characteks~;ics were used in making a judgment. It was found that resolution by itself was the 
single-most important image characteristic regardless of scene content. This was followed in 
frequency of occurrence by resolution, color and brightnesslcontrast combined. 

3.1.7 Conclusions. These results suggest that there is no clearly perceptible difference i n  the 
ratings of image quality among any of the four JPEG compression levels studied here for- any of 
the three scenes presented. There was a significant difference found due to the type of scene 
studied. The magnified image of scene 3 was significantly darker than were the other two and 
was difficult to discern the identity of specific tissues. It elicited the lowest mean rrztintr of all b . .  
three scenes across these four JPEG compression levels. For scenes that are clearly famil~ar to 
the viewer and possess sufficient resolution, brightness, and contrast a FAIR JPEG compression 
level (i.e., average 10 kilobytes/image) appears to be sufficient. 

3.2 Expesiiment 2: Motion Image Compression of Three Rodent Scenes 

3.2.1 Procedure and Test Instructions. Each S viewed fifteen second-long dynamic scenes 
four times, each generated at a different level of video compression. First they had to assign the 
scene a number from one to five indicating its image quality where 1 = completely unclear and 
unacceptable image quality, 3 = average image quality, and 5 = maximally clear and acceptable 
image quality. Their second judgment was to answer yes or no to the question of whether that 
scene would be acceptable to them in order for them to answer the kinds of clilestions they would 
normally ask of this particular image. Finally, using the image characteristic key t h a ~  is posted 
to their left1, to write down which specific image details led them to select the numeric rating ( 1  
to 5 )  they chose." 

Three rodent scenes were selected. Scene 1 consisted of general animal movement including a 
(Jump) . Scene 2 showed both rodents in Play activity where they rolled on top of each other 
and chased. each another around the enclosure. The third scene was of a subtle "fall-over" 
behavior which was of interest to several Ss. In this Fall-Over scene both animals were 
generally sedentary. 

This sheet was located about 26" away at eye level. 



3.2.2 Apparatus. The original rodent behavior imagery was recorded on a N,ASi%-Ari~es' 
animal centrifuge using a Panasonic CCD (model WV-CD-110A) camera with 16mm fixed 
focus lens located outside the transparent animal holding cage. This signal was routed to a 
BetaCam recorder through a slip-ring assembly on the rotational axis of the centrifuge arad 
thence to a SVHS recorder. 

Scenes selected from the SVHS tape were compressed to four levels (384, 448, 768. 1540 
kbits/sec.) using a Compression Labs Inc.2 "Rembrandt" model Codec and then re-recorded on :i 

new SVHS tape in random order. The S never knew which compression level was being shown 
nor was he or she shown NTSC broadcast quality imagery prior to testing. The display apj7ararlss 
consisted of SVHS color tapes (only) on which the compressed images were recorded, ;t SVHS 
tape recorder for playback, and a NEC (model PR-2000s) color TV monitor with 20" (diagonal) 
screen-The S sat with his or her eyes normal to the TV screen and 32" away. 

3.2.3 Test Subjects. Twelve people took part as volunteer subjects. Eight were :senior leveB 
staff who regularly worked with rodents in such disciplines as physiology, neuro~zauscular 
dynamics, behavioral interactions, etc. Four people were animal care technicians who were very 
familiar with the health and status characteristics of white rats. 

3.2.4 Results. The results are presented in three sections, irnnge r a t i q ,  i171178~ ~ ~ ~ c ( ' p r ( i l l i l i r !  
image characteristics. 

Image Rating Results. The differences in mean image ratings related to variation of compr-essioi~ 
level were not statistically significant. I-Iowever, as expected, the mean ratings an~ong the rhree 
scenes waeresignificantly different (F = 5.01; df = 2; p = 0.0025). The mean ratings for scene 3 
"fall over" approached significance (p=0.06). As was found in Experiment 1,  the type of 
experimental situation that must be compressed/decompressed and visually analyzed plays n 
very significant role in the image rating. 

Image Acceptability Results. The percentage of the twelve Ss who selected each scene as be~iig 
acceptable tended to increase as bandwidth increased for all three scenes. These mean data 
suggest that the largest gain in image acceptance is between 448 and 768 kilobits per >ccor~ti. 

Image Characteristics Selection Results. Resolution, motion, and bsightness/corst~-~-1st 
(combined) are the most frequently selected image characteristics across all rhree scenes. In 
addition color, by itself, was never selected as being an important characteristic of these images. 

3.2.5 Conclusions. Experiment 2 has shown that these four compression levels did not yield a 
statistically significant difference in mean image ratings while the mean ratings for the three test 
scenes were significantly different. The largest difference in image acceptability across these 
four bandwidths occurred between 448 and 768 kilobits per second, averaging 36 perceilr 
increase in mean acceptance. 

3.3 Experiment 3: Motion Image Compression of' Three Primate Scenes 

3.3.1 Procedure and Test Instructions. The same procedures and instr~ictions were iiseti :rs 
just described for Experiment 2 except that, (a) a mature squirrel monkey was the animal of 
interest, and (b) 576 kilobits/sec was substituted for 448 kilobits/second in order to provide an 
additional data point on possible curve-plots of the joint results. The three test scenzs selected 
were as follows: Scene I showed a relatively close-up view with the entire face of the rnoi~kcy 
filling the field of view. This scene is referred to as Face. 

The second scene, Rear of Head, showed the rear of the animal's head with a hard plastic 
electrode cap attached and the restraining device in which the animal sat. Of piirticuliir 



expe~m~zntal  monitoring interest by the Ss was the color of the skin surrounding the cap, fur 
conditioin and color, and other apparatus detail. The third scene was a close-up of the eyes - it is 
referred to as Eye Close-up. 

33.2 Apparatus. The hardware was identical to that used in Experiment 2 except that the CLT 
compression device was pre-set to 384, 576, 768, and 1,540 kilobits per second for the SVHS 
video tape made. 

3.3.3 Test Suqects. Eleven volunteers took part (9 males, 2 females). All were NASA 
personnel or contractors working with these animals routinely and all were different from the Ss 
used in the first two studies. 

3,3,4 Results. The results are presented in three sections, image ratings, image acceptobiliry, 
and imalye characteristics.. 

Image Rating Results. Separate analyses of variance were conducted on the data from each 
scene. The means of the four bandwidths were significantly different for each of the three 
scenes: Scene 1 (F = 9.36; df = 3; p = 0.0001); Scene 2 (F = 4.88; df = 3; p = 0.0055); and Scene 
3 (F = 4.35; df = 3; p = 0.0096). Another ANOVA incorporating all of the data found that the 
scene main effect was also highly significant (F = 11.1; df = 2); p = 0.0001). While the 
bandwidth main effect in this analysis was statistically significant it was not as large an effect as 
found in the individual scene analyses (all p < 0.01). 

Image Acceptability Results. The percentage of the eleven subjects who selected each image as 
being acceptable increased regularly with increasing bandwidth as expected. 

Image Characteristics Selection Results. The image characteristics which were cited as being 
impofiarit to each participant's judgments were rank ordered by frequency of occurrence. 
Re~oluti~on and color were considered to be the most important image characteristics across all 
three scenes. Neither color nor brightness/contrast was ever selected (except once) as being an 
imgofiarit image characteristic. 

3.35 Conclusions. Perhaps the most general conclusion that can be drawn from Experiment 3 
is that for each of the three scenes selected, this range of bandwidths produced a clearly 
significant increase in judged image quality. The largest increase in image acceptability 
occurred between 384 and 576 kilobits per second, increasing from 45 to 79 percent (mean) 
acceptance level. 

4. Discussion: General Overview of Findings. 

The degree to which a still or moving image can be compressed and decompressed and remain 
acceptable and useful depends upon numerous hardware, software, and humanware "factors". 
With regard to motion image compression, the present study has shown that for the four dynamic 
(inter-frztme compression) bandwidths examined here using a proprietary algorithm, mean i ~nage  
ratings increase reliably as compression level decreases. The results from the second experiment 
involving rodents may be compared directly with previous data (Haines and Jackson, 1990; fig. 
la) in which the same codec and compression levels were used as well as white rats within 
enclosures. When the slight difference in rating scale indices used in these two studies is taken 
into account it is seen that the mean ratings are almost identical. For example, the 384, 448, and 
768 kilobits per second compression levels result in a slightly above average mean ratings of 3.5 
while the 1,540 kilobits per second compression level yields a full point higher. 



The Ss' recommendation on the type of scene that was evaluated also played a significant role iii  

judged image quality. In addition to the selection of scenes based on representative experir~~eiiis, 
scenes were purposefully selected which would sample all of the basic visual perception 
domains involved in anticipated future Space Station Freedom life science operatioins. Domains 
such as high and low visual resolution were included as well as a wide range of colors, 
brightness, and contrasts. 

It is true that future Space Station Freedom life science procedures will probably differ horn the 
rather passive animal monitoring and plant examinations carried out here. Never~.heless, if PIls 
must visually inspect in-space specimens from the ground using video compression hardware 
and software, the fundamental image features they will look at will be similar to those studitxi 
here. The kinds of specimens also may be different but the range of sizes of critical det:i~I to bc 
inspected cannot be much greater (without the use of high definition TV). Likewise, iinicss 
digital image processing techniques are used that involve pseudo-coloring, edge t:nhance~~icnr, 
etc., the range of image brightness and contrast cannot be much greater than what was pr-esenrtcl 
here. Of course this is also true for other types of TV sensors such as low light or infr~ra-recl \~ricc 
it is the final display which the S looks at which determines the ultimate image conrr-'1st and 
brightness. It is for these reasons that the presented results are reasonably representative of thaw 
that would be found if other life science specimens (which possess different dynarlsic behavior ) 
were substituted. 

5 .  Conclusions 

The JPEG standard was found to provide acceptable still-frame imagery of pliinrs , i t  

compressions as high as 120:1, depending upon particular scene conrent. Resolutioir by lrseli 
was most important for the still-frame imagery followed by resolution co~nbined with color or 
brightness/contrast. For moving imagery using an inverse cosine transform cornpre\cioii 
algorithm, a transmission bandwidth of about 768 kb/s or one-half of T-1 was found to prov~dc 
very high acceptability for the mean of the three scenes in which camera imagery was coPor-S'iiP. 
and showed high detail. Finally, the visual judgment criteria that were selected lnost often ;I\ 

being important for evaluating dynarnic imagery was resolution, color, and image motion rn 
some combination. The present testing methodology which involved individual Ss ev;iiuatins 
their own data was effective in evaluating video compression effects. 

A wide array of local (in space) and remote (on the ground) visual judgments will be i n ,  '1 d e 01' 

plant and animal specimens on board Space Station Freedom in the future. While this arid nrllci 
studies have shown that carefully selected video con~pression techniques provide 2 n acceptable 
solution to transmission bandwidth constraints, the final quality of the remote televisioi~ irn:igerll 
that is achieved will be dependent upon complex, interrelated hardw~lre, software (vidco 
architecture), and humanware factors. Advanced pre-flight simulatiorrs using repr-esenrarive 
flight end-to-end hardware should be conducted in order to optimize this imagery anci re1:iteti 
scientific procedures, particularly the role that can be played by infra-red imagery, switchlilg ,iilii 
scheduling algorithms in order to optimize the use of available transmission bandwiclrhs. 
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