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ABSTRACT

The applicability of telemetering devices in patient care and biomedical research is
extended by the introduction of infrared (IR) light communication techniques. Research in
this field demonstrated a particularly interesting potential for a multichannel/multipatient
monitoring system comprising stimulation, remote control of physiological functions or
drug delivery, and patient location. Compared to radiofrequency links IR-telemetry
features distinct advantages, i.e. a wide transmission bandwidth which is not restricted by
any government regulations, no interference with identical systems in adjacent rooms, no
connector or antenna problems, and a cost-saving simple generation and detection of IR-
carriers. Examples of recent laboratory and industrial developments are described.

INTRODUCTION

The management of critically ill patients requires a coordinated multidisciplinary approach
involving surgeons, specialists of internal medicine, neurologists, anaesthesiologists,
bioengineers, and the nursing staff. A large number of physiological variables of such



patients have to be assessed both in the operating room and in intensive care units. Lines
for drug administration, flushing of indwelling catheters used for sampling and
measurement purposes and a multiplicity of monitoring devices around the patient hamper
the actual nursing and medical care. Any development which reduces the clutter and
confusion around endangered patients, therefore, will enhance their chance to survive and
ultimately reduce costs.

It is in the interest of both patients and physicians to change this unsatisfactory situation
which has often been cited by the press as inhumane and unethical treatment. Actually,
patients refuse to be assigned to intensive care units although their critical condition
requires such care. The introduction of radiotelemetry made possible a substantial
reduction of individual leads which connect the patient to different pieces of medical
surveillance equipment. To date, however, practical reasons have prevented a large scale
integration of telemetric methods into clinical practice. Most of these reasons are found in
the physical properties of Radio-Frequency-(RF)-wave emission and propagation and the
allocation of sufficient RF-channels adequate for the use under the specific circumstances
of clinical applications; there is furthermore the need of body-mounted antennas; the
complexity of RF telemetry equipment which adds to the cost of intensive care; and the
requirement of battery maintenance and/or replacement.

One solution to these problems is the use of a single cable and a connecting unit above the
patient and appropriate multiplexing techniques to transmit several variables giving access
to different processing units. However, the lack of mechanical flexibility of existing
commercial equipment restricts such a single cable device to the sampling of just a few
specified physiological variables (for example blood pressure and heart rate) in the
operating room and in intensive care units. Its rigid mechanical construction handicaps the
alteration or adaptation of existing systems to new requirements and also adds to the
already high costs of complex medical surveillance.

RADIO- VS. IR-TELEMETRY

A recent workshop on Medical Telemetry, sponsored by the Commission of the European
Communities (CEC) (Kimmich and Bornhausen, 1984) provided evidence that telemetry
using Infrared (IR) light transmission is well suited to replace some hardwired connections
to the patient. Already, preliminary investigations (Weller, 1981; Kimmich, 1982) have
demonstrated rather ideal characteristics of IR-telemetry for patient monitoring in
hospitals. Compared to radiotelemetry the major advantages of IR-telemetry are:

- The reliable generation and detection of IR carriers using off-the-shelf IR-diodes and
simple circuit designs permit a cost-saving equipment development.



- The transmission bandwidth is large and generally not restricted by law or government
regulations.

- Transmission and receiving frequencies are adjusted by the fabrication process of
appropriate components and need not to be matched manually.

- There is no interference between several IR-systems working in neighbouring rooms.
Identical IR-systems become interchangeable and may be used throughout the hospital.

- Interference by RF-waves is no problem, and interference by other light sources can be
circumvented. IR mediated data transmission can provide, therefore, a continuous
assessment of important physiological variables.

- Neither the connector problems pertinent to a single cable unit nor a bulky
transmission antenna exist in lightweight IR-systems.

Naturally, IR-telemetry shares the principal advantages of all wireless systems. The total
cost of IR-telemetry equipment is estimated to be substantially lower than that of
conventional RF- or wired systems because of the simple design of preamplifiers. The
major cost reduction, however, lies in the elimination of the wire connections themselves
which simplifies the handling of patients by the medical personnel.

The application of telemetry in biological and medical research also is extended by the
introduction of IR-techniques. Recent investigations in this field demonstrated an
interesting potential for a multivariable/multipatient monitoring system. At this stage of
research and development, this paper emphasizes the promotion of the entire field of IR-
telemetry including stimulation, remote control of patient functions and drug delivery, and
patient location by a cooperation between scientists and physicians involved in the
technical development of such a system and its clinical application. From the very
beginning this cooperation should encompass all aspects of IR mediated data transmission
including the transducers and the appropriate processing, interpretation, and display
techniques for the monitoring of continuous multichannel signals.

ALTERNATIVE METHODS

The purpose of the already mentioned CEC-workshop was to search for alternative
methods in biomedical telemetry and to discuss their potentials and limitations. The
alternative methods in medical telemetry - either not including radiofrequencies or only at a
very low level - were subdivided into:

- storage telemetry or Holter resp. ambulatory monitoring,
- low power telemetry, and
- light telemetry.



Experimental work with IR-telemetry in biology and medicine started only recently. It
showed the limitations inherent to light transmission but made appear applications in areas
where storage or low power telemetry could not be used. Naturally, the workshop
ascertained that the applicability of alternative methods in a biomedical environment is
limited although telemetry using IR-transmission seemed to be most promising, especially
for the critically ill patient. While only a few years ago the applicability of IR-techniques in
medical telemetry was still questioned, it was astonishing to see how far their actual
applications were spread in the meantime. IR-telemetry topics presented at the workshop
dealt with:

- brain stimulation,
- perinatal surveillance and diving research,
- patient location systems,
- external transcutaneous powering,
- locomotion assessment,
- teaching of hearing impaired children,
- transcutaneous optical control for an implantable stimulator,
- transmission of auscultatory sounds,
- measurement of vital variables during extracorporal circulation.

Furthermore, there was a number of reports dealing with the physical aspects of IR-
propagation and reflection, the simultaneous operation of several IR transmitting systems
within a single room and theoretical considerations about optimal modulation techniques
and respective signal to noise ratios. Problems discussed by the physicists and the
engineers - but not by the physicians - were the number of monitoring channels needed, an
interfacing standard for different industrial equipment, and the best evaluation parameters
for individual circuits.
Based upon the evidence presented at the workshop IR-telemetry seemed to be the
alternative method for radiotelemetry with the highest technological and medical potential.

ICS VIA IR

The remainder of this paper will be devoted to describe in more detail one of the cited
examples of alternative biotelemetry: The development of an IR mediated remote control
unit to deliver electrical stimuli to subcortical areas of the rat’s brain.

Operant conditioning techniques have proved to be a suitable tool for assessing functional
changes of the central nervous system in rats (Wauquier and Rolls, 1976). The
instrumental schedules of reinforcement are maintained through food or electrical brain
stimulation reward. Compared with the behavior elicited by food reward, the animal’s 



performance of lever pressing in Skinner boxes can be increased 3-4 times through
electrical stimulation of the hypothalamus (Fig. 1 and 2).

Fig. 1. Standard testsituation for the assessment of operant behavior in rats. Prior to
modern personal computer assisted test management the schedules of reinforcing
brain stimuli were controlled by wire connected electronic modules. The
performance of the animal is registered on a cumulative recorder and the
stimulation parameters monitored on an oscilloscope.

The advantage of a stable performance level which is not interrupted by food ingestion,
however, must be paid for by the mechanical strain of repeated contact insertion and the
wire connections to the animal’s head.
We therefore designed and developed a biotelemetry unit whose receiver part is
permanently fixed to the skull of the rat at the time of stereotaxic surgery. Thus, no further
handling of the animal’s head with the fragile electrode connector assembly is needed. The
stimulator is triggered by pulsed infrared light. It weighs 2.5 g including the battery and
has a volume of about 0.6 CM3.
The infrared light pulses are emitted through an array of 100 IR-LEDs consuming 12 W
and positioned 25 cm above the lever in the Skinner box. The array is driven by a variable
pulse width oscillator (Fig. 3 and 4).
Following the principle of switched voltage conversion with galvanic DC-DC coupling
(Rischmüller und Henke, 1979), our brain stimulation telemetry system uses the self-
induction of a coil to transform the low battery voltage into appropriate stimulation
voltages.



Fig. 2. Intracranial selfstimulation in a Skinner box. The rat is pressing a lever
underneath a cue light to receive a stimulating electric pulse via permanently
fixed brain electrodes. The mechanical stress to the cable and the skull socket by
the free moving animal often results in an interruption of the signal path.

Fig. 3. Block diagram of the IR-transmitter and IR-LED driver. The variable pulse width
oscillator circuit is derived from commercial switched power supplies. The IR-
LED array driver/booster is a DC current source which operates up to 200 V.



Fig. 4. Prototype of the IR-transmitter stimulator. Stimulation intensity is adjusted by a
single knob control. Signal transmission is made through an array of 10 x 10 IR-
diodes fixed in an acrylic carrier.

Electrical energy from the battery is stored in the coil during the on-time of the transistor
dependent on the IR-light pulse width. This energy charges the capacitor while the self-
induction of the coil increases the voltage to pass the diode when the transistor is switched
off (Fig. 5 and 6).

Fig. 5. Circuit diagram of the IR-receiver/stimulator which is permanently fixed to the
animal’s skull and connected to the brain electrodes. Stimulation is triggered by
IR-pulses and stimulation amplitude controlled by pulse width modulation.



Fig. 6. Rat skull with unsealed IR-receiver stimulator. Microminiaturization of the
device is limited by the size of the battery and the coil. Ambient light is filtered
out by covering the IR-sensitive photodiode with appropriate photographic film.

The IR-transmission system permits the remote control of brain stimulation parameters,
like pulse amplitude, frequency, and duration. our experiments show that by varying the
pulse width of the IR-transmission signal the stimulus pulse duration can be changed from
about 10 ms to values exceeding 1 m. The pulse frequency can be adjusted from DC to
about 100 Hz and the pulse amplitude from 0 to about 6 V depending on the impedance of
the brain electrodes. Thus, the conditions of conventional brain stimulation experiments
with constant voltage, sinusoidal AC or pulsed DC stimulations through wire connections
are easily met.

At stand-by the IR-receiver consumes about 1 µW. At maximum output the power
consumption rises to about 5 mW. Thus, the capacitance of the miniature 1.25 V battery is
used with high efficiency. The life span of the device passes that of the rat assuming
unaltered incentive functions of the hypothalamic electrodes after many thousands of 0.1 s
stimulations.

SUMMARY AND CONCLUSION

Procedures for the wireless transmission of signals from and to relatively unrestrained
animals are abundant. The potential of a telemetering methodology using intracranial self-
stimulation (ICS) for research in psycho-pharmacology, environmental protection, and
medical care of patients suggested the development of a micro-miniaturized brain
stimulator triggered by IR-pulses. Switched voltage conversion with galvanic DC/DC
coupling enables the self-induction of a coil to transform the low battery voltage into
appropriate stimulation signals. The IR-pulse width modulation permits the remote control
of brain stimulation parameters, like signal amplitude, frequency, and duration. Thus, the



conditions of conventional brain stimulation experiments via wire connections or
radiofrequency links are met.
Although this “alternative” method for signal transmission to an unrestrained animal is
restricted to the test enclosure it features high immunity against extraneous signals or
on/off artefacts which may influence the performance of animals and the micro-computer-
aided data recording.
Progress in semiconductor technology and the transmission of IR-pulses through tissue will
promote applications in pain therapy or prosthesis command in patients through the intact
skin.
Further efforts are also suggested to improve the technical and physiological properties of
that tele-stimulation system in view of a better understanding of the dynamics of the
electrode/tissue interface. In fact, the responses of an living organism or it’s different
organs to an electrical stimulus are highly dependent on the material and geometry of the
electrode or appropriate stimulation parameters, especially in long term applications as,in
pacemakers (Bücking und Schwartau, 1984; Luceri et al., 1977). ICS-reinforced
behavioral tests provide for an instrument to assess the time and stimulus dependent
functional quality of that interface through in-test measurements of animal performance,
electrode impedance and subsequent histopathological examinations (Fig. 7 and 8).

Fig. 7. Scatter electron microscope (SEM) photograph of ICS brain electrode surface
(cross section of Formvar insulated stainless steel wire) 24 h after subcortical
insertion in the rat.



Fig. 8. SEM photograph of identical ICS brain electrode surface after approximately
10.000 electrical stimulations (50 Hz AC, constant voltage, appr. 100 µA, 0.1 s)
of the hypothalamus in the rat (Courtesy of Dr. U. Heinzmann, GSF, D-8042
München-Neuherberg).
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