Move Objects by Thought ALONE!

Cap Harnesses Human Thought to Move PC Cursor
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Scientists have developed a non-invasive brain-computer interface that enables a person to move a cursor across a computer screen just by thinking about it.

The device resembles a swimming cap riddled with electrodes, which users wear against their scalp. A computer program translates electrical signals in the brain to physical outputs, which govern the movement of a computer cursor.

The technology could enable people paralyzed by spinal cord injuries and strokes, for example, to control their brain activity in order to communicate via computer or to move mechanical devices.

Before the new finding, many researchers previously assumed that only invasive brain-computer interfaces, in which electrodes are surgically implanted into the brain, could control complex movements.

"This shows that it may not be necessary to implant electrodes to gain multi-dimensional control," said Jonathan Wolpaw, a neurologist at the New York State Department of Health's Wadsworth Center in Albany. "It brings up a new non-invasive option in brain-computer interfaces."

Wolpaw directed the study, which is reported this week in the research journal Proceedings of the National Academy of Sciences.

New Motor Skills
Of the four people who participated in the study, two had severe physical disabilities.

The subjects wore the electrode caps, which recorded electroencephalographic (EEG) activity (brain waves) from their scalp. The electrodes, small metal disks about a quarter of an inch (three-fifths of a centimeter) wide, were placed over the sensory motor part of the brain.

At first, participants learned to use their thoughts to direct a cursor on a computer screen by imagining specific actions, from running to shooting baskets.

As they became more comfortable with the technology, the subjects began to rely less on such imagery to direct the cursor. Eventually, the participants often couldn't tell what they were thinking about to move the cursor; they simply moved it.

"It becomes more like a … non-muscular skill," Wolpaw said. "What we're doing is giving the brain the opportunity to develop a new motor skill."

Each session lasting 24 minutes. At the end of their training, two participants were able to hit the target on a computer screen 92 percent of the time.

Adaptive Controllers

"[This is] compelling evidence that individuals can learn to control the spectral composition of their EEG, and that this allows them to exercise impressive control over the movement of a cursor displayed on a screen," said Emanuel Donchin, a psychology professor at the University of South Florida in Tampa.

The two study participants with spinal cord injuries performed better than the uninjured participants, possibly reflecting greater motivation or injury-associated brain changes.

The computer program selected the brain waves controlling cursor movement based on a person's past performance.

"The computer automatically adapts to the person using the system," Wolpaw said. "It is an interaction between two adaptive controllers—the system and the person using it."

Wolpaw predicts future improvements of the non-invasive brain-computer interface will focus on three-dimensional movement.

In the future, users may be able to operate a robotic arm that could pick things up, or they may be able to control a neural prosthesis in which electrodes implanted in a paralyzed limb may be stimulated to get the muscles to move.

Implanting Electrodes
There is a lively debate about to what extent it's necessary to implant electrodes in the brain to achieve complex control.

Invasive brain-computer interfaces, in which electrodes are surgically implanted into the brain, have so far mainly been tested on monkeys. However Cyberkinetics, a neurotechnology company based in Foxborough, Massachusetts, has just initiated a study in which a human has been implanted with 80 electrodes.

Wolpaw said his study offers a strong non-invasive alternative. "If you can do as well, or nearly as well, with electrodes on the scalp as [with electrodes implanted in the brain], you might very well elect to do that," he said.

But scientists seem to agree that both invasive and non-invasive means of acquiring brain signals should continue to be developed, because both have potential benefits for different applications.

"For example, implanted brain-recording electrodes could be integrated with implanted stimulation systems that activate paralyzed muscles and generate useful movements," said Dawn Taylor, a biomedical engineering professor at Case Western Reserve University in Cleveland, Ohio.

"In this way, a paralyzed person could once again move their arms and hands just by thinking of doing so," she said. "With implanted electrodes, the person would not need a caregiver to put on and maintain an external electrode cap in order to move their hands."

Taylor said Wolpaw's study is encouraging, because it shows that scientists can get a lot of useful information from relatively noisy, low-resolution, non-invasive brain readings.

"However, this suggests that we could get even better results if we apply similar adaptive training techniques in people implanted with higher-resolution invasive electrodes," she said. "The good news is that severely paralyzed people will have multiple options for effectively controlling assistive devices using their brain activity."

Brain Device Moves Objects by Thought
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Forget the clicker: A new technology in Japan could let you control electronic devices without lifting a finger simply by reading brain activity.

The "brain-machine interface" developed by Hitachi Inc. analyzes slight changes in the brain's blood flow and translates brain motion into electric signals.

A cap connects by optical fibers to a mapping device, which links, in turn, to a toy train set via a control computer and motor during one recent demonstration at Hitachi's Advanced Research Laboratory in Hatoyama, just outside Tokyo.

"Take a deep breath and relax," said Kei Utsugi, a researcher, while demonstrating the device on Wednesday.
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At his prompting, a reporter did simple calculations in her head, and the train sprang forward — apparently indicating activity in the brain's frontal cortex, which handles problem solving.  

Activating that region of the brain — by doing sums or singing a song — is what makes the train run, according to Utsugi. When one stops the calculations, the train stops, too.

Underlying Hitachi's brain-machine interface is a technology called optical topography, which sends a small amount of infrared light through the brain's surface to map out changes in blood flow. 

Although brain-machine interface technology has traditionally focused on medical uses, makers like Hitachi and Japanese automaker Honda Motor Co. have been racing to refine the technology for commercial application.

Hitachi's scientists are set to develop a brain TV remote controller letting users turn a TV on and off or switch channels by only thinking.

Honda, whose interface monitors the brain with an MRI machine like those used in hospitals, is keen to apply the interface to intelligent, next-generation automobiles.  The technology could one day replace remote controls and keyboards and perhaps help disabled people operate electric wheelchairs, beds or artificial limbs.

Initial uses would be helping people with paralyzing diseases communicate even after they have lost all control of their muscles.  Since 2005, Hitachi has sold a device based on optical topography that monitors brain activity in paralyzed patients so they can answer simple questions — for example, by doing mental calculations to indicate "yes" or thinking of nothing in particular to indicate "no."

"We are thinking of various kinds of applications," project leader Hideaki Koizumi said. "Locked-in patients can speak to other people by using this kind of brain machine interface."

A key advantage to Hitachi's technology is that sensors don't have to physically enter the brain. Earlier technologies developed by U.S. companies like Neural Signals Inc. required implanting a chip under the skull.

Still, major stumbling blocks remain.

Size is one issue, though Hitachi has developed a prototype compact headband and mapping machine that together weigh only about two pounds.

Another would be to tweak the interface to more accurately pick up on the correct signals while ignoring background brain activity.

Any brain-machine interface device for widespread use would be "a little further down the road," Koizumi said.  He added, however, that the technology is entertaining in itself and could easily be applied to toys.

"It's really fun to move a model train just by thinking," he said.
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