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Abstract 

With 250,000 NTD invested, 6 man power 
allocated, and 9 month time elapsed, we present BL-
Live.  The seemingly dumb, senseless BL Hall at 
National Taiwan University is transformed to an 
intelligent office building by a 30+ node sensor 
network.  Two everyday services, Elevator Report and 
Smart Office, are implemented to better utilize the 
resources of the building and of the building residents.  
Our experience allows us to re-examine technical 
issues such as manufacturing cost, form factor, 
deployment, data communication, and energy 
efficiency.  Many of the lessons we learn are not only 
surprising but also inspiring, which in turn leads us to 
think that more deployment experience and experience 
sharing are critical to the advances and 
commercialization of sensor networks.  

1. Introduction 

There have been avid research activities on sensor 
networks worldwide. Research labs, such as Berkeley 
WEBS 1  and UCLA CENS 2 , have initiated research 
projects and related hardware/software platform 
development early in 1999-2000.  NSF of the United 
States started to call for research proposals in the area 
of Sensors and Sensor Networks in 2003.  Early vision 
on the military use of the sensor networks also 
prompted the establishment of sensor and sensor 
network related programs in DARPA.   

It is now 2006.  After over 7 years of R&D in 
sensors and sensor networks, we see now sporadic 

                                                       
1 http://webs.cs.berkeley.edu/ 
2 http://www.cens.ucla.edu/

reports of sensor networks for short-term experimental 
purpose [1][2][3].  There lacks still any long-term, 
everyday-use deployment.  We wonder why.  Is the 
deployment of sensor networks too difficult or 
practically impossible?  Motivated to address this 
question, we deploy a 30+ node wireless sensor 
network in a university campus building, the Barry 
Lam (BL) Hall of Electrical Engineering at the 
National Taiwan University main campus.   

This project is referred to as BL-Live for that the 
seemingly cold concrete BL Hall is transformed into a 
lively smart office building.  The main objective is to 
obtain practical experience and to discover problems 
that otherwise will be difficult to observe in small-
scale test-beds or in simulations.   

The sensor network in the BL Hall facilitates two 
everyday services: 1) Elevator Report and 2) Smart 
Office.  The first service reports the status of the slow-
paced elevators located on two opposite sides of the 
building.  This service allows the building residents to 
select an elevator that will arrive earlier at the floor 
they desire.  The second service detects the presence 
meeting participants in an office.  This allows 
automated control of the camera to broadcast publicly 
the progress of a meeting in the office whose door is 
better off kept closed to conserve energy in the 
summer.  The two services, although casual, address 
real needs of the BL Hall residents.  More importantly, 
the two services function as the applications that drive 
the use of the sensor network infrastructure.   

To support the Elevator Report and Smart Office 
services, there involve three major system and network 
components, hardware, sensor networking, and sensor 
signal processing.  Hardware is the most fundamental 
element.  We have successfully cloned and 
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manufactured 40 pieces of an ultra low-power wireless 
sensor node named Telos [4] from scratch.  Most of 
these Telos clones are deployed in the building to form 
the sensor network infrastructure for the Elevator 
Report service.  The rest are deployed in a number of 
offices and carried by the volunteers for the Smart 
Office service.  

Each node on the sensor network infrastructure runs 
the Magnetic Diffusion [5], a routing protocol that 
enables the collection of the sensor data from the 
elevators to the data sink in one of the student 
laboratories in BL Hall.  The nodes deployed in the 
offices runs a simple protocol that periodically probes 
for the existence of any sensor nodes alive within the 
radio range.  Each node carried by a volunteer answers 
the probes from the office nodes.  This enables the 
detection of the volunteer’s presence in the offices.   

The sensor nodes placed in the elevators are 
integrated with accelerometers.  The accelerometers 
sense the acceleration and breaking patterns of the 
elevators.  From these motion data, we derive the 
status of the elevators on-node.  These status reports 
are then relayed by the sensor network to the data sink.  
The data sink is connected to a Web server and the 
statuses of the elevators are made available as a public 
Web page.  The office sensor nodes deliver the 
presence information via Internet to the Web server 
and the presences of the volunteers are made available 
as well as a public Web page. 

After more than 9 months of experience building, 
deploying and operating such a wireless sensor 
network, we come to a number of observations and 
suggestions on the cost, deployment, placement, data 
delivery, energy efficiency, and usability issues 

towards practical, commercialize-able sensor networks 
in the future.  

2. BL-Live Services 

We elaborate more in this section the problems we 
intend to solve with and our implementation of the 
Elevator Report and Smart Office services.  

2.1. Elevator Report 

The BL Hall has 7 levels above the ground and 1 
level underground.  The resident population is 
approximately 900+ with the 7th floor still vacant.  The 
building is equipped with two slow-paced elevators 
that a round-trip from a high level floor in the peak 
hours takes more than 10 minutes of time.  The two 
elevators are located on two opposite sides of the 
building which makes it difficult for the residents to 
decide which elevator will arrive earlier.  The purpose 
of the Elevator Report service is to provide continuous 
status reports of the two elevators including the current 
level and the direction of moving.  This will allow the 
residents to select an elevator that will arrive at the 
floor they desire earlier and to leave offices just in time 
to catch the arriving elevator.   

One sensor node with accelerometer is deployed in 
each elevator.  The accelerometer data are taken and 
analyzed on board.  The status derived is transmitted 
wireless to the relay sensor nodes.  There are 11 relay 
nodes deployed on the 4th to the 7th floor of the 
building.  These relay nodes forms the sensor network 
infrastructure and runs MD routing to disseminate the 
status reports to the data sink.  The data sink is 

Figure 1: Elevator Report (Left) and Smart Office (Right) Service Web Interface 
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connected to a Web server in a student laboratory on 
the 6th floor and the status reports are used to update 
the Elevator Report service Web page as shown in the 
left plot of Figure 1.

2.2. Elevator Report 

The BL Hall is equipped with a central air 
conditioning unit, but it does not cover all offices in 
the building.  The corridors are not air conditioned.  
The north side offices from the 6th floor and up are air 
conditioned by individual air conditioners per office.  
In the meantime, the university advises the meetings 
between the faculty member and students to be kept 
public.  The dilemma is that when there are meetings, 
the office doors will need to be kept open with the air 
conditioning running.  The purpose of the Smart Office 
service is to detect the presence of meeting participants 
in an office.  This allows automated control of the in-
office camera to take the progress of the meeting and 
broadcast publicly on a flat panel display outside the 
office.  This way, the office door can remain closed to 
conserve the energy in the summer.  

A PC-based control center is installed in two 
offices.  One of them is a faculty office (6th floor north 
side) and the other is a student laboratory.  Connected 
to the control center include a camera pointing towards 
the meeting area, a flat panel display embedded on the 
wall facing the corridor, and a sensor node emitting 
radio signals periodically to probe for the presence of 
meeting participants.  Each volunteer wears a sensor 
node.  The wearable sensor node serves as an active 
RFID tag and transmits the pre-configured ID in 
response to the probes from the sensor node connected 
to the control center.  When the sensor node at the 
control center side receives a signal, it will extract the 
ID from the radio packet and pass the information to 
the control center via the USB port.  When there are 
multiple wearable nodes detected, the camera will be 
turn on and the screen will broadcast the meeting live.  
The control center will further transmit the information 
to a Web server which in turn highlights the name of 
the volunteer on a BL resident information page as 
shown in the right plot of Figure 1.

3. System Components 

We elaborate in detail in this section the technical 
components in hardware cloning, sensor networking, 
and elevator signal processing.  Provided also are our 
preliminary assessments on the costs of sensor node 

manufacturing, the success ratio of sensor data 
delivery, and the accuracy of elevator status inference.  

Figure 2: Telos Revision B. Before soldering (1, 2) & 
after soldering (3, 4) 

3.1. Cloning Sensor Nodes 

Cloning Processing.  We choose to clone the ultra 
low-power sensor node, Telos (See Figure 2).  The 
cloning process involves three steps: (1) PCB 
manufacturing (2) parts purchasing and (3) parts 
soldering.  First of all, the schematic, printed circuit 
board (PCB) layout, also known as the Gerber file, and 
bill of materials are open source and available from the 
TinyOS website3.  We send the Gerber file to the PCB 
manufacturer to produce the PCBs from which we 
receive the printed boards within two weeks.  

The most time consuming part is the purchasing 
step.  We need to acquire all the parts we need.  Before 
we know what parts to buy, we spent a significant 
amount of time studying the parts and the 
corresponding functionalities in the bill of materials.  
The datasheets are carefully examined to make sure 
that we order the parts with correct footprints.  Our 
attempt purchasing from local suppliers is not 
successful for the reason that most of the suppliers do 
not take low quantity orders.  We have no choice but to 
turn to Digikey 4 , a major electronic component 
distributor that offers a breadth of product lines, 
provides with online catalogs and accepts low-quantity 
orders.  

                                                       
3 http://www.tinyos.net 
4 http://www.digikey.com 
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Figure 3: The illustration of wireless sensor network

After getting all the parts ready, the third step is to 
solder all the parts on the PCBs. The components used 
by Telos are very small and some have special 
footprints that are almost impossible to solder by hand.  
We take a stencil and toaster oven approach5.  The idea 
is to use the stencil to paste the solder paste on the 
PCB, place the components on the solder paste, and 
melt the solder paste using a baking oven.  A 
microscope is necessary to check whether the 
components are well aligned before sending the solder-
paste-and-component ready PCB to the baking oven.  
Temperature control is also important.  The 
components will malfunction if they are overheated for 
too long.  

Turn-Out Rate.  We clone 50 pieces of Telos.  
After we produce the hardware, install the program, 
and test, only 5 of them function correctly.  This 
number is far lower than what we anticipate.  
Hardware debugging is essentially to identify abnormal 
voltage level, resistance level and waveform using the 
electric multi-meter and oscilloscope.  Once the 
abnormal component is identified, we use the 
microscope to check the quality of soldering.  Two 
kinds of problems are common: (1) component 
placement and (2) soldering precision.  For example, a 
100 ohms resistor is soldered at places for a 100K 
ohms resistor.  Either too much or too little soldering 
paste will not be good. The former creates short circuit 
over two consecutive pins.   In case of the latter, the IC 
might not be soldered firmly on the PCB.  After a 
round of hardware debugging, we fix most of the 
malfunctioning Telos and 40 of them function fine at 

                                                       
5 http://articulationllc.home.comcast.net/sm0402.htm

the end.  Problems of the remaining Telos’ are 
unknown and need substantial rework.  

Manufacturing Cost.  The manufacturing cost 
consists of three parts: component, equipment, and 
labor.  The electronic components cost approximately 
1600NTD per piece of Telos, and the cost of PCBs is 
400NTD per piece.  We bought some equipment for 
the making and testing.  Those include the stencil, 
microscope, oscilloscope, electric multi-meter, and 
baking oven.  The total cost of these equipments is 
approximately 150,000NTD.  The final part is the labor 
cost which is difficult to estimate.  We spent time on 
studying the datasheet, finding supplier, purchasing 
components, trying out the stencil and toaster oven 
method, placing components, testing, debugging and 
fixing.  It takes 4 months and 2 graduate-level man 
power to complete the Telos cloning process.  The 
manufacturing cost is summarized in Table 1 below.  
The overall cloning cost, 250,000NTD, might not be 
low.  However, going through this cloning process 
helps us to understand the hardware.  We also gain 
insights on the manufacturing cost if the sensor nodes 
will be mass produced later.   

Table 1: Cost of successfully cloning 40 pieces of Telos 

Electronic Components 1600/piece NTD 
Printed Circuit Board 400/piece NTD 
Material Cost per Piece  2000/piece NTD 
Total Material Cost 100,000 NTD 
Total Equipment Cost 150,000 NTD 
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