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UPB Technology Overview 
 
Since 1997, PCS has been developing a new powerline communication technology utilizing a Pulse 
Position Modulation (PPM) method. The physical layer method is a very different scheme than the 
modulated/demodulated RF techniques used by X-10, Intellon, Echelon, Itron, Inari, or LiteTouch.  
 
PCS has been issued two patents on the UPB™ technology and will continue to develop a significant portfolio of 
patents and other Intellectual Property as the UPB technology evolves. The PCS business plan for the deployment 
of this technology is twofold.  Primarily PCS desires to ubiquitously license the UPB™ technology into all 
appropriate markets and applications.  Secondly, PCS has introduced a full line of residential lighting control 
products under the trade name of PulseWorx™ that is similar to it’s line of X-10 compatible SceneMaster products, 
but incorporating the ultra-reliable UPB™ technology.  These products are approximately 100 times as reliable as 
X-10 based products and can be installed without the use of filters, or repeaters. The use of filters, couplers, and 
repeaters to “fix” the environment is essential to any X10, CEBUS or LONWORKS based installation. 
 
How UPB Works: 
A series of pulses are produced in rough synchronization with the main line voltage frequency. The relative 
position of each pulse may vary over a small range of time or position relative to the previous pulses. Because the 
data is encoded into these differences in position, the method of modulation is called Pulse Position Modulation 
or PPM. The function of a UPB™ transmitter is to produce a series of precisely time pulses that encode the digital 
information to be transmitted. The function of the UPB™ receiver is to detect the pulses, determine the positions, 
separate the pulses from noise and finally produces the decoded data. A typical series of UPB™ pulses is shown in 
Figure 1, which is taken directly from an oscilloscope output using our receiving circuit. 

 
 

Figure 1 
 
A very simple circuit that discharges a small capacitor into the powerline produces the UPB™ pulse. The pulse that 
is produced is very similar to a pulse produced by a lamp dimmer every half cycle that the lamp is turned on. The 
UPB™ transmitter produces a small number of pulses only when a message is being transmitted. A conventional 
lamp dimmer produces one pulse every half cycle as long as the lamp is on.  
 
A simple way of summarizing our method of communication is: “The UPB™ physical method of communication 
utilizes the equivalent of triac-based dimmer noise pulses in combination with a PPM technique to 
transmit digital information over the powerline.” A typical UPB™ pulse is shown in Figure 2. 
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Figure 2 
UPB Reliability: 
 
There are three fundamental reasons why the UPB™ pulse communication method is so much more reliable than 
other methods.  
The first reason is that the energy per unit time of a UPB™ generated pulse is several hundred times greater than 
the steady state energy of the modulated/demodulated RF techniques. An analogy that illustrates this concept is 
the sounds produced by the two instruments, cymbals and a violin. The energy produced as cymbals are struck 
together is much different than that of a violin producing a note. The sound produced by the cymbals is very short 
but loud and is produced by quickly releasing the stored kinetic energy as the two cymbals are brought together. 
The violin sound is produced over a relatively long period of time by continually inputting more energy. The violin 
might release more energy over one second but the peak energy is only a small fraction of the peak energy 
released as the cymbals collide. It is much easier to detect, or hear, a cymbal crash than a violin note at a great 
distance. 

 

Figure 3 – Impulse Energy vs Sustained Energy 
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The second reason is that the natural distribution of attenuation in a residence decreases as the frequency 
decreases. Lower frequencies get around the house and especially get across the phases of the utility supply 
transformer, without coupling, much better than higher frequencies. The energy content of the UPB™ pulses 
varies over a frequency range of approximately 4KHZ to 40KHZ, which is much lower than the frequencies utilized 
by the other technologies. See Figures 4 and 5. 

 
Figure 4 –Attenuation as a Function of Frequency 

 
The third reason is also related to the fact that that the energy content of the UPB™ pulses varies over a frequency 
range of approximately 4KHZ to 40KHZ. Because this is a relatively wide range, which is one decade of frequency 
variation, the UPB pulse proliferates like a spread spectrum, broadband-type signal. If parts of the 4KHZ to 40KHZ 
are heavily attenuated, enough of the bandwidth is left un-attenuated so that the UPB™ pulse can still be easily 
detected. This is the basic method that spread spectrum technologies utilize to overcome narrow-band 
attenuation effects.  
 

Figure 5 – Frequency Content of Communication Methods 
 
The UPB™ protocol is specifically designed to meet the needs of low-cost, high-reliability low-speed applications 
such as lighting control, HVAC, Automatic Meter Reading (AMR) and appliance communications.  The UPB 
technology can be implemented for as little as $4.00 per node, for two-way communication components 
including the UPB™ royalty.  PCS currently has six Licensees with several potential new licenses either in the joint 
development phase or currently evaluating the UPB™ technology. 
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Figure 6 – Reliability - % Nodes Communicating without Coupling 
 
A brief discussion of reliability is appropriate. The essential hypothesis of the PCS/UPB™ business plan is that the 
market for residential control-type communicating devices, covering a wide range of applications would by 
tremendous if only a reliable communications technique were available. The technology should be at least 99.98% 
reliable (1000 times better than X-10). Current X-10 is approximately 70~80% reliable. Reliability is defined as the 
fraction of transmitter/receiver pairs that communicate properly upon initial installation. This reliability must be 
achieved with no filtering, coupling, repeating or other “fixing” of the residence electrical system. The necessity to 
“fix” every system greatly increases the cost of the devices and severely limits installations to “expert 
professionals”, only. 
 
 

Figure 7 – Reliability - % Nodes Communicating without Coupling 
 
At PCS we define reliability to be the percentage of nodes that successfully communicate upon initial installation 
without coupling, repeating, or filtering or other “fixing” of the environment. All our real-world testing is 
performed with no “fixing”. Graph 7, above, shows a much clearer picture of the differences in reliability. The same 
reliability shown above in Figure 6 is expressed as the number of failures per 10,000 installations in Figure 7. 
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UPB Protocol: 
 
The UPB protocol can transmit digital information approximately 38 times faster than the X-10 protocol. The 
response time of a simple UPB™ message is around 0.3 seconds, which is approximately 3 times faster than X-10. 
PCS is specifically targeting the upper-end residential as well as the commercial/industrial florescent and HID 
lighting controls market. As more UPB™ products are introduced by PCS Licensees there will be an increased 
number of products varying in price and sophistication.  Because of the low cost of the two-way transmission-
receiving components there is no reason UPB™ products cannot be introduced into high-volume, low-cost Radio 
Shack type products. 
 
Each UPB™ device is assigned a Network ID (NID) that can range from 001 to 250. By assigning the same Network 
ID to a group of UPB™ devices, a virtual network can be formed by those devices.  Each UPB™ device can also be 
assigned a unique Unit ID that can range from 001 to 250. The Unit ID (UID) is used to distinguish each individual 
device from all other devices on the same UPB™ network. UPB™ devices will reject direct UPB™ communication 
packets that are addressed to a Unit ID that is different than their own.  In addition to having a unique Unit ID to 
identify a UPB™ device, each device can optionally be assigned additional identifiers, called Link IDs, which are 
used to group devices together.  Whenever a UPB™ device receives a Link Packet it will check the Destination ID 
(DID) field to see if it matches one of its valid Link IDs in its list of Receive Components.  The packet is accepted if it 
matches one of the valid Link IDs, otherwise the packet is rejected.  Two or more devices that have been assigned 
the same Link ID are considered to be “linked” together and can be controlled using Link Packets. 
 
PCS is working with several software and hardware controller companies to integrate the device drivers and setup 
tools necessary to support the UPB™ devices and protocol.  Currently, PCS is working with HAI, Elk Products, 
Premise Systems, Smart Systems Technologies, Residential Control Systems, JDS Technologies, Marrick Ltd., Home 
Automated Living, Home Automation Inc., and Advanced Quonset Technologies to implement the UPB protocol 
and to support PCS UPB™ based lighting control products. A complete list of UPB™ compatible controllers is listed 
on the PCS website (www.pcslighting.com).  In addition to the normal lighting control products such as Wall 
mount dimmers and Wall Switches, Wall Transmitters, Plug-in Dimming Modules and Plug-in Desktop Controllers, 
PCS will provides isolated plug-in RS232 and USB serial interfaces to provided the powerline connection for either 
PC or stand-alone hardware controllers.  
 
The register based UPB™ command structure was specifically designed to simplify control programming for 
application software programmers.  The two-way protocol allows for message acknowledgement and the ability 
to download and store all relevant information from all UPB™ devices. 
 
The UPB™ message structure is a very simple straightforward format supporting data packets from 0-18 bytes.  See 
Figure #8. An eight-bit network (or house) address allows for up to 250 possible houses or apartments on a single 
power distribution transformer. An eight-bit device address allows for up to 250 devices in each house. 
 
 

Field Sync 
 

Control 
 Bytes 

Network 
Address 

Dest 
Addr 

Source 
Addr  

UPB Message Check Sum
Byte 

Bytes 1 2 1 1 1  0 ~ 18 1 

 
Figure 8 – UPB Message Structure 
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All UPB™ devices contain a set of non-volatile memory registers to store address and configuration information. 
(See Figure #9).  Each UPB device has three16-character text fields for use by the installer to store replacement 
information.  This information along with other configuration fields allows the installer to download and save all 
relevant configuration information.  This will greatly simplify future modifications and troubleshooting.  Using 
appropriate higher-level interface software, installers will be able to remotely analyze or modify UPB devices.   
 
 

Label Bytes Type Location Address 

Network ID 1 Hex EEPROM 00 

Unit ID 1 Hex EEPROM 01 

Network Password  2 Hex EEPROM 02 – 03 

UPB™ Options 1 Hex EEPROM 04 

UPB™ Version 1 Hex EEPROM 05 

Manufacturer ID 2 BCD EEPROM 06 – 07 

Manufacturer Product ID 2 BCD EEPROM 08 – 09 

Manufacturer Version Number 2 BCD EEPROM 0A– 0B 

Manufacturer/UPB Serial Number 4 BCD EEPROM 0C – 0F 

Text #1 (Network) 16 ASCII EEPROM 10 – 1F 

Text #2 (Room) 16 ASCII EEPROM 20 – 2F 

Text #3 (Device) 16 ASCII EEPROM 30 – 3F 

Total 64    
 
 

Figure 9 – UPB™ Device Memory, Header Section 
 
Summary: 
 
One of the primary reasons PLC based lighting systems and other PLC control devices have not captured a 
significant portion of the massive mid-range residential controls market has been the lack of reliable 
communications. The UPB™ technology promises to supply the “last leg” of Internet to appliance connectivity that 
has eluded the communication industry thus far.  Without a highly-reliable yet low-cost low-bandwidth solution 
to the residential and commercial communication problem, the much-hyped total Internet connectivity dream 
will never be possible.  UPB™ allows that dream to become a reality.   


