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Abstract surgeon and camera operator or even small inaccura
Background:In order for robotic devices to be introduced movements due to fatigue or human tremor can be frustra
successfully into surgical practice, the development ofing and potentially dangerous.
transparent surgeon/machine interfaces is critical. In an attempt to address these problems, mechanic
Methods:This study evaluated the standard foot pedal fordevices were developed to hold and move the endoscop
the AESOP robot compared to a voice control interfaceThe first generation of laparoscope holders required manu:
Speed, accuracy, learning curves, durability of learning at Zdjustment; they were cumbersome to use and disrupted tl
weeks, and operator-interface failures were analyzed in afiow of the procedure [1, 5]. More recently, computer-
ex vivo model. controlled robots have been developed to take on this tas
Results: Foot control was faster and had less operator-One such device is the AESOP robot (Automated Endo
interface failures. Voice control was more accurate as meascopic System for Optimal Positioning).
sured by “pass points.” The foot control learning curve  The AESOP robot was designed to provide the surgeo
reached a plateau at the third trial, while the voice controwith direct and precise control over the visual field while
did not fully plateau. Durability of learning favored the foot both arms remain free for the delicate maneuvers required |
control but was not significantly different. many procedures. The surgeon-robot interface is of pare
Conclusions:Currently, the voice control is more accurate mount importance since it is the means by which the sur
and has the advantage of not requiring the surgeon to loogeon communicates with and controls the robot. Thus, il
away from the operative field. However, it is slower and order for the system to be practical, the interface should b
may require more attention as an interface. As voice recogntuitive, easy to learn, accurate, and as transparent as pc
nition software continues to advance, speed and transpasible.
ency are anticipated to improve. Currently, the AESOP robot can be controlled via a
hand, foot, or voice control interface. The AESOP robot
) . controlled with the foot pedal has been found to be more
Key words: Robot — Laparoscopic surgery — Voice — effective and accurate than a human assistant in manipulz
Foot — Interface ing the laparoscope [3]. The feasibility and the applicability
of using foot pedal—controlled robotic arms in lieu of sur-
gical assistants in urologic laparoscopic surgery has bee
confirmed [4]. In addition, the times required to learn con-
trol of the laparoscope manually and with the AESOP foof
Surgeons who perform laparoscopic procedures typicallyedal were found to be equal [2].
have to relinquish full control over their operating field of There are certain disadvantages to the foot pedal inte
vision because the job of holding the endoscope is delegategce. Using the foot pedal requires added concentration b
to another individual. In addition, the need for an extracause the surgeon must operate using three limbs. The sl
assistant may impose substantial financial and logisticajeon must often look away from the video monitor in order
burdens [4]. Furthermore, miscommunication between theo reorient his or her feet with the controller. In addition, in
critical situations such as excessive bleeding, the surgec
- may want to concentrate fully on the situation at hand anc
This material was presented as an abstract for the 1998 annual meeting Hierefore abandon the food pedal [4].
the Society for Urology and Engineering. The voice-controlled system was developed to be :
Correspondence tdS. V. Jackman more intuitive and transparent interface. The voice is a mor
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Fig. 1. Foot pedal interface. (Photo courtesy of Computer Motion)

Fig. 2. Voice control interface in use with the AESOP robot. (Photo | 2
courtesy of Computer Motion)

natural method of communication, and the use of familiar 140 -
commands should not require as much concentration. It was -
hypothesized that the voice controller is a more transparent
and functional interface than the foot pedal. We compared
the two methods on the basis of speed, accuracy, learnin
curves, durability of learning at 2 weeks, and operator-
interface failures.
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Materials and methods

o Complete Task (secia

The AESOP 2000 robot (Computer Motion, Goleta, CA, USA) with its foot 3 &

pedal and voice interfaces was used in this study. The foot pedal is showjg

in Fig. 1. The voice interface (software version 1.3.2) shown in use with the'

AESOP robot in Fig. 2 requires a voice-training stage in which the usera

repeats a set of 23 words six times into a microphone. A customize

PCMCIA computer card with the user’s speech data is then generated and

utilized by the AESOP robot to recognize that user’'s commands. The voice 20

trainer and recognition computers are proprietary designs of Computer

Motion (version 1.07) and were those currently available at the time the

study was performed. 0
A course resembling a multilevel baseball diamond was constructed in 1 2 3 4 5

a pelvic trainer. It had four bases or targets of differing heights and required

manipulation of the laparoscope in three dimensions. A cross hair was

affixed to the end of the laparoscope used in these trials. Two attendinrig. 3. Learning curves for the voice and foot pedal interfaces on days 1

endoscopic surgeons, one endosurgical fellow, and two surgical residenand 14. Standard error bars are includpds 0.05 for all comparisons

were asked to direct the laparoscope around the bases using either the fdmttween corresponding foot and voice data points: 0.06 and 0.01 for

or voice control interface. A referee timed the course and confirmed thathe difference between trials 1 and 5 on day 1 for foot and voice, respec

the surgeons stopped with the entire cross hair on each base. This wégely. (——), Foot day 1; =), voice day 1; £=~=), voice day 14,

repeated for a total of five consecutive trials per surgeon, first with the foot(—0O—), foot day 14.

pedal and then with the voice interface. The surgeons were allowed to

survey the course visually beforehand as well as manually perform the

course with the laparoscope to minimize the potential confounding faCtOrpeda| trials and by the number of unrecognized or misrecognized corr

of learning the course. The two attendings and fellow had all used the foofnands during the voice trials.

pedal clinically approximately twice per week in the 6 months prior to the  statistical analysis between foot and voice data was performed with

study. The two residents were familiar with the interface and had used itwo-tailed Student's-test for all variables. A one-tailed comparison was

occasionally. performed for the decrease in time for task completion between trials 1 an
Fourteen days after the initial trials, the protocol was repeated. Addi-5, values forp < 0.05 were considered significant.

tional measurements were recorded to assess the accuracy and limitations

of each interface. As a measure of accuracy, the number of times the

surgeons passed a base when intending to stop on it (“pass points”) was

recorded for each interface. “Operator-interface failures” were defined asR€Sults

events that force the surgeon to divert attention away from the operative . . .

field and focus on the interface. They were quantified by the number ofl N€ mean times for task completion at each trial are plotte:

times the surgeon looked down to reorient his or her feet during the fooin Fig. 3. The two upper curves correspond to voice contro
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Table 1.Summary of results of foot pedal versus voice interfaces in Discussion
AESOP robot ex vivo trials

Foot pedal  Voice New technology is constantly being developed to solve
problems and enhance surgeon performance. Physicians
Time for trial completion on day 1 (sec) 43+A%ec 97x21sec  day are pressured to be more efficient than ever. Replacin

PPP:S':t;;ir:‘t‘Se,ffsgftfria;'IUFes per trial 3%;30 i‘-ifi-g a human operator with a robotic arm eliminates the need t
Durability (% improvement retained at 2 wk) 82.8% 54.49% schedule and pay an extra person for h0|d|n,g the laparc
scope [4]. In addition, since the surgeon regains control o

:p< 0.002. the operative field, less confusion and miscommunicatior
not significant. should result. However, the interface between the surgec

and robot dictates whether use of a robot will result in
on days 1 and 14; the lower curves correspond to foot consmoother and more efficient surgery. Careful assessment
trol. On day 1, the overall mean time for task completiontechnological advancements is crucial to determine thei
was 43 * 15 sec for the foot interface and 97 + 21 sec foultimate utility. Since the foot pedal has been clinically
the voice interface. The foot trials were significantly fastertested and accepted, it is the standard for comparison wit
than the voice trials at all points timed € 0.05). Onday 1, the next generation of interface systems.
improvement in speed due to learning between trial 1 and The foot pedal interface was found to be faster to learr
trial 5 was about one-third of the initial trial time for both and operate than the voice interface system. It also ha
interfaces. The mean voice time for trial 1 was 114 sec; fofewer operator—interface failures. The learning process fo
trial 5, it was 81 sec. The mean foot time for trial 1 was 59both interfaces appears durable but did not reach signifi
sec; for trial 5, it was 36 sec. The foot control learning curvecance with our small sample. The voice interface, on the
plateaued at the third trial, while the voice control curve didother hand, was more accurate. This could be due to the fa
not level off within five trials. Our criterion for reaching a that the voice interface can be used in two ways. In ong
plateau was a <5% difference in mean time between conmode, the robot continues a motion until the surgeon in
secutive trials. structs it to stop, whereas in the second mode the robot on
The durability of the learning experience was examinednakes a specified small movement per command spoke!
by retesting the surgeons on day 14. The difference betweerhe second mode seems to be more precise but time co
the times recorded at the initial and final trials on day 1 wassuming, since a command must be repeated until the desir
defined as the “time learned.” The difference between thelocation is reached. This could partially explain why the
times recorded at the initial trial on day 1 and the initial trial voice-controlled trials were slower but more accurate. Fur
on day 14 was defined as the “time retained.” “Durabil- ther experience with the voice interface and its continuou:
ity” was calculated as the ratio between the time retainednovement mode is expected to increase speed, but it me
and the time learned, with the maximum set at 100% and thalso decrease accuracy.
minimum set at 0%. The durability of the foot interface In order to present a complete picture of both interfaces
system was found to be 80% versus 51% for the voicdailures between the operator and the interface must be an
interface system. This difference was not significant. lyzed. The use of a third limb is required for a foot pedal
The accuracy of both interfaces was measured by theystem. Not only does it necessitate added coordination ar
number of “pass points.” The mean number of such passoncentration, it also requires the surgeon to look dowr
points for the foot controlled trials was 3.2 + 2.4 versus 1.4occasionally to reorient his or her foot with the pedal. This
+ 1.3 for the voice controlled trials (Table 1). This differ- diversion of the surgeon’s attention from the operative fielc
ence was statistically significanp & 0.002). can interrupt the flow of the procedure and may not be
Operator-interface failures were significantly higher in practical in certain circumstances. As the trials progresse
the voice trials |§ < 0.05). The mean number of times per a decreasing trend in the number of times the surgeor
trial that a surgeon’s voice command was either misrecogreoriented was noticed, but never did they all complete «
nized or not recognized was 4.8 + 4.5 times, whereas thé&ial without reorienting at least once.
mean number of times per trial that the surgeon looked Although the voice interface system seems to be a mor
down to reorient the foot pedal was only 1.4 + 2.0 times. Anatural and transparent interface, its utility is ultimately de-
decreasing but not statistically significant trend in the num-pendent on the technological state of voice recognition sys
ber of operator-interface failures was noted with increasingems. We found that the current state of technology allowe
trial number. From trial 1 to trial 5, foot reorientation de- approximately five recognition errors in a movement-
creased from 2.2 to 1.0 times, and voice recognition errorintensive 90-sec trial. These errors are considered operatc
declined from 6.6 to 4.8 per trial. interface failures because voice command repetition force
Average times for the three surgeons with extensive foothe surgeon to shift attention away from the operative fielc
pedal experience were 31, 35, and 51 sec (mean, 39 se@nd to the voice command interface. The high number o
while those of the less experienced surgeons were 39 and 4Bcognition errors may also partially explain why the voice
sec (mean, 42 sec). Average pass points per trial were 2.&jals were slower. Misrecognized commands can poten
2.6, and 2.6 (mean, 2.5) for the attendings and 4.0 and 4 8ally be a hazard during a surgical procedure.
(mean, 4.3) for the residents. These groups are too small for This study has two primary limitations. First, it is small
meaningful statistical comparison. There does not appear tand did not allow several comparisons to reach statistice
be a meaningful difference in speed between the groupsignificance. It did, however, allow statistical comparison of
However, accuracy was better for the more experiencedur primary variables: speed, accuracy, and operatol
surgeons. interface failures.
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The second limitation is that the study was performed exevolution toward this ideal. It is currently more accurate
vivo. Design of the study involved creation of a laparoscop-than the foot pedal and has the advantage of not requirin
ic task that was a rational compromise between one thahe surgeon to look away from the operative field. However
could be repeated multiple times allowing statistical com-in our model, it is slower and may interrupt the flow of the
parison and one that accurately simulated in vivo laparoprocedure more frequently with operator-interface failures
scopic surgical conditions. The types of motions requiredAs voice recognition software continues to advance, spee
during this study are very similar to those performed inand transparency should improve and voice control will
surgery. The delay between periods of laparoscope movdikely evolve as the primary human-robotic interface.
ment could not be easily re-created. During surgery, this
interval often results in the need for foot reorientation prior .
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