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Abstract  

In the future, many hospitals will install wireless local area 
networks (WLAN) to allow medical staff to access patient re-
cords freely from any location, in the presence of perhaps 
thousands of other wireless sources and in many reflective 
environments. The Sabine method provides a framework to 
facilitate this process with relatively little computational ef-
fort, because the method considers local volume-average 
fields, rather than fields at a point. This method is illustrated 
by showing how an IEEE 802.11b WLAN can be installed in a 
paediatric intensive care unit (PICU), using several access-
point antennas on each channel to achieve a high data rate at 
most locations.   The Sabine method is used to estimate the 
field strength of each access-point antenna over the PICU 
floor plan, and in turn to assess the possibility of interference 
with medical devices.  The field-strength estimate is used to 
find the signal-to-interference ratio for each antenna on each 
channel over the floor plan, and in turn a channel model is 
used to estimate the data rate for communication on that 
channel at each location. Relatively high data rates are possi-
ble. A similar design effort is applicable even in the multi-
source environment of future hospitals. 
Keywords: indoor propagation, wireless local area network, 
electromagnetic interference, data rate, multiple sources 

Introduction 

There is an increasing need for wireless information in hospi-
tals to improve staff communication (voice, etc.), to provide 
medical staff with patient information, to monitor patient and 
equipment-status data, and to provide location information 
about staff, patients and medical devices. To meet these grow-
ing information requirements, more and more wireless sources 
will be deployed, potentially reaching hundreds of thousands 
of sources in future hospitals. Methodologies are required that 
will permit such sources to operate at maximal throughput 
without causing interference to life-supporting medical 
equipment. The Sabine method can help achieve this more 
easily because it is based on volume-averaged fields, rather 
than on fields at a point in space. This paper will illustrate 
how this method can be used to deploy an 802.11 system of 
increased throughput, while observing interference limita-

tions. The advantage of this approach is the overall effects of 
operating multiple additional wireless sources is readily pre-
dicted and accounted for. 
 
This paper considers the design of a wireless local area net-
work (WLAN) to serve the paediatric intensive care unit of 
Figure 1.  There is a ten-bed ward, a lactarium, a drug prepa-
ration area, a patients’ reception, a nursery post, and small 
rooms such as toilets and closets.   The objective is to provide 
a high data rate at any   location over the whole floor plan,  

 

Figure 1 - Floor plan of a 360 m2 Pediatric Intensive Care 
Unit showing the placement of the access-point antennas. 

using the IEEE 802.11 b or g standard.  In this paper, the 
WLAN will  be designed by assessing the coverage of each 
access point antenna (AP) using the Sabine  method.  The 
potential for EMI with medical devices will be assessed by 
examining the net signal strength of the APs over the floor 
plan and comparing with the immunity level.  As many as 
three APs will be used on each channel, hence there will be 
interference.  The field strengths computed with the Sabine 



method will be used to compute the signal-to-interference 
ratio (SIR) for communication with each AP at each point in 
the floor plan.  A simple additive white Gaussian noise 
(AWGN) channel model is used to determine the data rate as a 
function of the SIR and hence to estimate the data rate for 
each channel at each point over the whole floor plan.  Adding 
the data rates for the three channels provides a measure of the 
quality of the WLAN installation over the whole floor plan.  
 

The WLAN Design 
 
The IEEE 802.11b or g standard provides three channels that 
do not overlap in frequency: channel 1 centered at 2412 MHz, 
channel 6 at 2437 MHz and channel 11 at 2462 MHz.  Under 
ideal conditions, a data rate of 6 megabits per second (Mbs) 
can be supported by one AP antenna.  The desired overall data 
rate for the PICU WLAN is 40 Mbs, so at least 7 access point 
antennas are needed.  This was increased to eight to provide 
some over specification in the design.  Three antennas will 
operate on channel 1, three on channel 6, and two on channel 
11.  Antennas on each channel should be sited so that their 
coverage areas do not overlap.  Coverage is assessed using the 
Sabine method, as follows.  

 

The Sabine Method 
 
The Sabine Method [1,2] provides a simple estimate of the 
spatially-averaged electric field strength  of an antenna 
operating in an indoor environment, as  
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where r  is the distance between the antenna and the observer, 
is the directive gain of the antenna in the direction of the 

observer, 
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P  is the radiated power, and η  is the intrinsic im-
pedance of space.  The room is characterized by its “indirect 
absorption”  given by  inA
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where  is the surface area of the walls, floor and ceiling, 
and 
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The number of different surfaces in the room is , and the 
area and angle-averaged power absorption coefficient [2] of 
the k-th surface is and 

N

kS kα~  respectively.   Ref. [1] com-
pares field strengths computed with the Sabine method to 
measured field strengths, with reasonable agreement. 
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Figure 2- Coverage maps showing the electric field strength 
distribution for AP1, AP4 and AP6 on channel 1. 



In a large, open space the room absorption is large and the 
contribution of the room to the field strength in (1) is small; 
the environment approximates free space.  Conversely in a 
small room the absorption is small and the second term in (1) 
contributes a substantial field strength.   
 
The Sabine method is generalized to apply to complex floor 
plans in [3]. In evaluating (1), when the ray from the source to 
the observer passes through a wall, the field strength is re-
duced by the angle- and polarization-averaged transmission 
coefficient.  In adjacent rooms the power that is transmitted 
through the wall is estimated to evaluate the room contribu-
tion.   But if  the  source  and  observer  are separated by more 
than two walls, the room contribution is omitted. 

 

Coverage Maps 
 
Figure 2 shows coverage maps, computed with the Sabine 
method, for AP1, AP4 and AP6, which all operate on channel 
1.  The AP antennas are mounted at the ceiling height of 2.25 
m and the coverage map is computed at a height of 1.6 m 
above  the  floor.  Each  AP  radiates  100 mW  at  channel 1’s 
frequency of 2412 MHz. The directional patterns of the an-
tennas are shown in Figure 1. Fig. 2 gives the field strength in 
dBV, that is, dB relative to 1 V/m field strength.  

 
Each antenna should cover a sector of the floor plan with suf-
ficient field strength for a high data rate in the absence of in-
terference.  Ideally, the area each antenna covers should not 
overlap that of the other antennas on the same channel, so that 
the antennas will not interfere with one another. AP1 is a di-
rectional antenna with a 180-degree pattern, and Figure 2(a) 
shows that AP1 covers the west end of the intensive care 
ward, with low field strength in the corridors behind the an-
tenna.  Figure 2(b) shows that AP4 covers the west end of the 
north half of the PICU, illuminating the two corridors, and the 
reception and nursery areas.  Part (c) shows that AP6 covers 
the lactarium and preparation areas, but also that the field 
“leaks” through the wall into the east end of the ward, and so 
will interfere with the field of AP1. 
 

EMC Considerations 
 
In operating a WLAN in a hospital environment, there is the 
possibility of interference with critical-care medical devices, if 
the field strength exceeds the immunity of such equipment.  
Newer medical devices have an immunity of 10 V/m  (20 
dBV) or higher, but older devices often have an immunity as 
low as 3 V/m (9.54 dBV), or lower [4].   
 
The spatially-averaged value of the electric field strength, or 
“mean value field strength”, at the frequency of channel 1 can 
be estimated by combining the field strengths of AP1, AP4 
and AP6 on an energy basis according to  
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The mean-value estimate of (4) is simple to calculate from the 
data of Figure 2, and is shown in Figure 3. There is a “hot 
spot” directly under each AP antenna. Over a a small region, 
enclosed by a black contour in Figure 3, the field strength 
exceeds 9.54 dBV, the immunity of older medical devices. 
But because the map of Figure 3 is computed at a height of 
1.6 m and the APs are mounted at 2.25 m, a separation of 65 
cm is maintained and the field strength never approaches the 
immunity level of newer equipment of 20 dBV. 
 

 
Figure 3 - The net field strength of the three antennas on 

channel 1. 

 
 
In interpreting the mean-value field map of Figure 3, recall 
that the actual field strength varies randomly around the mean 
value, with a Rician probability distribution.  Thus, at individ-
ual locations, the field strength may be considerably larger 
than the mean value of Figure 3 and immunity may be ex-
ceeded.  Also, in operating the WLAN, medical personnel 
carry hand-held wireless transmitters, which are 100 mW 
sources and their fields can be a source of EMI.  This is often 
dealt with by instructing the staff to maintain a minimum 
separation [4] between the handheld transmitter and medical 
devices.  For a 100 mW transmitter operated near a medical 
device of immunity 10 V/m under free space conditions, a  
minimum separation of 100 cm is safe. 
 
Signal-to-Interference Ratio 
 
The SIR is readily computed using the coverage maps of Fig-
ure 2.  Thus, for AP1 the “signal” is the field strength of AP1, 
and the “interference” is the field strength of AP4 and AP6, 
combined on an energy basis, and the SIR map is shown in 
Figure 4(a).  AP1  has  an  excellent  SIR,  approaching 10 
dB, 
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Figure 4 - Signal-to-interference (SIR) maps for AP1, AP4 
and AP6 operating on channel 1.  

 

 

Figure 5 - The data transfer rate as a function of the signal-
to-interference ratio. 

over most of the intensive care ward, except for small regions 
near bed 3 and bed 4, where there is interference from AP6.  
Part (b) shows that AP4 maintains an excellent SIR over the 
areas that it is intended to cover, as does AP6 in part (c).  Note 
that the region around bed 2 and bed 3 has a poor SIR for all 
three antennas, and communication on channel 1 will be poor 
in this area.  

Data Rate 
 
The AWGN model of a channel relates the rate of data trans-
fer to the SIR. For the hardware to be used in the PICU, the 
SIR-to-data-rate transformation is assumed to be approxi-
mated by the relationship in Figure 5.  The relationship can be 
used to create a map that shows the speed of communication 
expected at each location in the floor plan for each channel.  
Thus, the SIR maps of Figure 4 can be transformed to data 
rate maps for each AP antenna on channel 1.  Then at each 
point in the floor plan, take the highest data rate, to obtain  the 
data-rate  map  of  Figure 6(a)  for  channel 1. 
 
 
The map shows the best data rate obtainable at each point in 
the floor plan on channel 1, but does not indicate which of 
AP1, AP4 or AP6 supports communication at that point.  
Thus, as expected, the high SIR values for the individual an-
tennas over their coverage areas lead to high data rates, but 
where the SIR is poor the data rate is slow.  For example, the 
area around beds 2 and 3 has a poor data rate because the sig-
nals of AP1 and AP6 interfere with one another.  
 
Coverage maps are readily computed for AP2, AP5 and AP8 
on channel 6, leading to SIR maps, and then to the net data-
rate map of Figure 6(b). The data rate expected over most of 
the floor plan for channel 6 is very high.  There is some inter-
ference in corridor 2 and the reception room, and the lactar-
ium.  The data rate map for AP3 and AP7 on channel 11 is 
shown in Figure 6(c).  For channel 11, which is supported by 
only two antennas, there is interference in corridor 2 as well, 
but communication in corridor 2 is well supported on channel 
1.  Note that both channels 6 and 11 support high data rates at 
bed 2 and bed 3.  
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Figure 6 - The data rate expected on channel 1, channel 6 and 
channel 11 for the WLAN design of Figure 1. 

 

 

 
Figure 7- The net throughput of the WLAN over the floor 
plan. (Note different throughput scale in Fig. 6 and 7.) 

 
The data rates of Figure 6 can be added to provide a net data 
rate at each point in the floor plan. Thus if three medical staff 
each use a handset to communicate with the WLAN at a given 
location, each handset will “choose” a different channel, and 
over much of the floor plan, each will communicate at 6 
Mbps.  Regions  of  the  floor plan  with interference on the 
individual channels in Figure 6 lead to a lower net data rate in 
Figure 7, for example in corridor 2 and near beds 2 and 3.   
The net throughput map of Figure 7 is a measure of the qual-
ity of the WLAN design of Figure 1.  An excellent design 
would have a throughput of 18 Mbps (color red) at every loca-
tion over the whole floor plan. 
 
Adding additional APs may not improve data rates, because 
there may be more overlap of coverage areas leading to re-
duced SIR, causing a reduction in the throughput. If thousands 
of other wireless sources were also present, the Sabine method 
could be used to determine their effect on the average room 
field,  and the resultant effect on the SIR.   
 

Conclusion  
 
The Sabine method is well suited to multi-antenna environ-
ments such as WLAN design, because fields of each antenna 
can be evaluated rapidly over the whole floor plan. The indoor 
environment is accounted for through the room absorption.  
The field strength estimates are used in this paper both to as-
sess the possibility of interference with medical devices, and 
also to assess the rate of communication achievable at each  
location  over  the  whole  floor  plan.  Various placements of 
the AP antennas and channel assignments can be considered 
to choose a design for the WLAN which achieves a high data 
rate over most of the floor plan.  Effects of large numbers 
wireless sources can be estimated via their effect on average 
room field. This capability will be useful in future hospitals 
where hundreds of thousands of wireless sources will operate.  
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