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1. Use case
Capacitive Coupling Communication (CCCC) is another choice of technology for near field data communication. CCCC technology does not emit radio waves. Instead it employs conductive or dielectric materials as the mediator to propagate information. Table, wall, floor, bookshelf, chair, sofa, bed, vase, clothes, clothes hook, shoes, human body, and so forth are examples of such mediators. In some configurations a data rate of 40 Mbit/s is possible; allowing the exchanging of audio and video digital data. Figure 1a illustrates a CCCC use-case that is wireless audio cable although it also transfers many other information something like control commands. 
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Figure 1a – CCCC use case
Figure 1b illustrates a CCCC use-case that is also wireless audio cable although it transfers much other information place by place and picture by picture. Museums and galleries have introduced audio tour systems. Existing systems, which generally use wireless technology, require users to switch channels for each prescribed work, making operation complicated. Using CCCC electrode geometry, the communication area can be finely controlled. By electrodes placed on the floor near the work, communication can be limited to the target audience, and by merely standing in front of a work, the patron can access the appropriate guide.
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Figure 1b – CCCC use case
2. Technology Principle
CCCC devices have two electrodes. One electrode contacts on conductive or dielectric materials and the other electrode to open space so to say infinity. The potential between two electrodes in a CCCC device makes capacitance between an electrode and the conductive or dielectric materials relative to infinity of the other electrode. When the CCCC device modulates the potential on top of the mediator then the other CCCC device on top of the same mediator can detect the modulation as changes in capacitance, because the two CCCC devices share the same potential by one electrode against the point at infinity. See figure 2.
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Figure 2 – CCCC principle

The CCCC specifies 5 frequency division channels (FDC). Each FDC consists of a sequence of time-segments. Each time-segment consists of 8 time division slots (TDS) for time division multiple-access. The Information Transfer Protocol (ITP) is negotiated by the association protocol. The CCCC employs synchronous data communication protocol. Figure 3 illustrates the CCCC synchronous frame exchange timing.
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Figure 3 – CCCC frame exchange timing

3. CCCC specification

The CCCC PHY standard specifies the followings:
· both Talker and Listener

· listen before talk for both Talker and Listener

· capability to execute association on FDC2 and to communicate on (FDC0 and FDC1), (FDC3 and FDC4), or (FDC0, FDC1, FDC3 and  FDC4)

· capability for Talkers and Listeners to use any of the 8 TDS on a FDC

· both Full duplex and Broadcast communication
· plate-electrode that is equivalent with the reference plate-electrode assembly
· test methods
4. Comparison with an existing JTC 1 standard
4.1
ISO/IEC 10536 close-coupled communication
The capacitive coupling specified in the ISO/IEC 10536 involves placing a pair of conductors below the surface of the smart card. 
ISO/IEC 10536 does not use Mediator between CCD (Close Coupled Device, so called Reader-Writer) and CICC (Close Coupled Integrated Circuit, so called IC Card).
When a voltage signal is placed across them, a charge separation occurs that generates an electric field. The electric field can extend beyond the surface and induce another charge separation on a second pair of conductors in the read/write unit, which transmits data between the card and the read/write unit. The advantages to the ISO/IEC 10536 are that digital information can be transferred directly and no modulation is required.

One example of the ISO/IEC 10536 is the Contactless Integrated Circuit(s) Cards (CICC) standardised. The ISO/IEC 10536 defines both the inductive and the capacitive interface. It means that the ISO/IEC 10536 device radiates energy in the form of electromagnetic waves Inductive power transfer via 4,9152 MHz carrier. The ISO/IEC 10536 does closed-coupled communication via 307,2 kHz subcarrier (9600 b/s).
The CICC has four coupling area, one pair is used for communication from CICC to the CCD and another pair is used for communication from CCD to CICC. The pairs of capacitive coupling area have a differential relationship. Their polarity must alternate relative to their adjacent areas. See figure 4.
The communication between CDC and CICC takes place without modulation, so only data coding is necessary. The coding technique for ISO/IEC 10536 capacitive data transfer is differential NRZ.

When the CICC is put in contact with the CDC, it must send its answer to reset on one of two pairs of capacitive plate, in order to define the communication channel for communication from CICC to the CDC. The answer to reset is also used to determine the orientation of the card, if necessary.

No anti-collision technique is specified since only one card at time can physically be in contact with the interface device.
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Figure 4 – ISO/IEC 10536 close-coupled communication
The capacitive coupling specified in CCCC involves placing a pair of conductors that characteristics must be equivalent to the reference electrode.
CCCC expects mediator between two CCCC devices for peer-to-peer communication.
When a voltage signal is placed across them, a charge separation occurs that generates an electric field. The electric field can extend beyond the surface and induce another charge separation on a mediator. And it induces another charge separation on the second pair of conductors in the CCCC devices, which transmits data between the CCCC devices. The advantages to the CCCC technique are that digital information can be transferred directly and no modulation is required.

One example of the CCCC technique is peer-to-peer information exchange. The CCCC specifies only the capacitive interface. It means that the CCCC device should not radiates inductive energy. The CCCC does closed-coupled communication via 40,68 Mbit/s, 13,56 Mbit/s, 8,14 Mbit/s, 5,81 Mbit/s and 3,70 Mbit/s.
The CCCC devices have one coupling area, time division communications are employed. The pairs of capacitive coupling area have a differential relationship towards the point at infinity. See figure 2.
The communication between CCCC devices take place without modulation, so only data coding is necessary. The coding technique for CCCC capacitive data transfer is Manchester Coding.
When the CCCC is put in contact with the mediator, it sends its PDU in order to execute the initialisation and information exchange.
Anti-collision technique is specified since more than one CCCC device is expected.
4.2
Comparison table
Table 1 – Comparison between ISO/IEC 10536 and CCCC
	Item
	ISO/IEC 10536
	CCCC

	Use case
	Personal identification by using contact-less IC Card
	General purpose communication excluding personal identification

	Type of communication
	Master (CCD) Slave (CICC) communication
	Peer-to-peer communication

	Position accuracy
	Within 1 mm close dimensions
	Position accuracy is not required

	Expected communication distance
	0 mm to 2 mm between CCD and CICC, without mediator
	Up to approximate 5 m between CCCC devices, with mediator in between

	Data transfer rate
	9600 b/s
	40,68 13,56 8,14 5,81 3,70 Mb/s (FDC)

	Inductive power transfer
	150 mW power shall be transferred from CCD to CICC
	Do not require power transfer

	Radiation
	Radiate energy in the form of electromagnetic waves, center frequency of 4,9152 MHz
	Use only capacitive coupling and avoid radiating energy in the form of electromagnetic waves

	Interface
	Differential
	Single-ended

	Coding method
	NRZ (CCD(CICC), 
PSK (CICC(CCD)
	Manchester Coding (both direction), because of peer-to-peer use-cases

	Coupling technology for data transferring
	Inductive coupling data transfer (carrier exists) or capacitive coupling data transfer.
	Use only capacitive coupling data transfer, no carrier is used.

	Capacitive coupling
	Direct coupling between two plate-electrodes
	Capacitive coupling between two plate-electrodes via mediator

	Information Multiplexing
	Full duplex bi-directional communication by using base band (4,9152 MHz) and subcarrier (307,2 kHz)
	Time Division Multiplex (TDS)


5. Motivation of standardisation

Government related projects are interested in this technology because of universal design for accessibility. 
Accessibility is a general term used to describe the degree to which a product, device, service, or environment is available to as many people as possible. Accessibility can be viewed as the "ability to access" and benefit from some system or entity. Accessibility is often used to focus on people with disabilities or special needs and their right of access to entities, often through use of assistive technology.

Accessibility is strongly related to universal design when the approach involves "direct access". This is about making things accessible to all people (whether they have a disability or not). An alternative is to provide "indirect access" by having the entity support the use of a person's assistive technology to achieve access.

The term "accessibility" is also used in the Convention on the Rights of Persons with Disabilities as well as the term "universal design".
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