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ABSTRACT 
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inexpensive , Al - driven implant that is able to adapt to and 
modulate any given region in the brain . For example , in an 
embodiment , an implant device adapted to be implanted 
within a body of a person for interacting with brain tissue 
may comprise a plurality of fibers adapted to receive elec 
trical and optical signals from electrophysiological neural 
signals of the brain tissue and to transmit electrical and 
optical signals to provide electrophysiological stimulation of 
the brain tissue , the fibers electrically and optically coupled 
to at least one readout integrated circuit . 
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• Narrow spectral linewidth of 0 . 1 nmn or better means that there is no chance of cross - talk and no 

need for additional filtering . 
• Directional output results in high coupling 

efficiency in the range of 85 - 90 % . Allows for 
additional optical components in the beam path . 

If not using fiber optics for beam delivery , it is easy to direct high intensity light to the target site 

in free space . 

. Best choice when high intensity or wavelength 
specificity is required 

• Laser inodules are more bulky than LEDs and 
cannot be mounted directly to a subject animal . 
• Instability in the pulse shape when directly 

modulating sometimes necessitates an external 

modulator . 
Size of hardware and connectors 
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• Very small and light , can be mounted directly on 

an animal ' s head for direct stimulation . 
• Specifications for stability and optical noise are 

inherently low 
• Small size required for extremely high density 

probe . 

• LEDs output in all directions , so it is much harder 
to couple high power levels into optical fiber . 20 - 30 

mW is a typical maximum throughput for a multi Watt blue LED coupled to optical fiber . This figure 
is even lower for green and yellow LEDs . 
• Wide spectral linewidth of 10 - 30 nm makes it 

harder to eliminate cross - talk . • Additional filters may be required to remove 
unwanted wavelengths , but these will reduce the 

total power even further . 
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ties Electrical conductor / optical fiber dual functionality . • Small size required for extremely high density probe . 

• Excellent conducting properties 
• CNT are nanoscale , strong , tough , flexible , biocompatible and non - faradaic while also having both high electrical 

conductivity and high surface area ( Bareket - Keren , L . & 
Hanein , Y . , 2012 ; Bareket - Keren , L . & Hanein , Y . , 2014a ; Kotov , N . A , et al . , 2009 ; Voge , C . M . & Stegemann , J . P . , 

2011 ) . 

• CNT can allow for the use of smaller electrodes by 

reducing impedance , thus improving signal - to - noise ratios 

( Minnikanti , S . & Peixoto , N . , 2011 ) . 

• Fragile and potentially difficult to handle in a 

clinical setting 

• Probe density doesn ' t have to be a problem ( see 
Lind , G . et al . , 2012 for example ) , but needs to be 

addressed 

• There may be harmful effects of CNT . Most nanotube solutions contain metal catalysts involved in their manufacture that are not removed by the 
purification process . Some of these , such as 

yttrium , are known to inhibit the function of ion channels in brain cells ( Smith , K . , 2008 ) . 

. We ' ve seen nanorods being phagocytized and 

carried off by monocytes and suspect this is size rather than material - dependent . Mention this , 
? http : / / www . ncbi . nlm . nih . gov / pubmed / 19845389 . It ' s possible that a lot of the benefit of CNT could 

be lost to tissue reactions within 50 um from the 

implant . 
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Fig . 34 

List < Neuron > neurons _ to _ read ; Integer sampling _ rate ; List < Bytes recording _ buffer ; Boolean stopped = false ; 
while ( ! stopped ) { t = time ( ) ; 

for ( Neuron neuron : neurons _ to _ read ) { 

Recording _ buffer [ neuron ] = read _ neuron ( neuron ) ; 
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compress _ data ( recording _ buffer ) ; 
sleep ( 1 / sampling rate - ( time ( ) - t ) ) 
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Struct Stimulation Command { float intensity ; int stimulation _ type ; float stimulation _ duration ; List < Neurons neurons _ to _ stimulate ; 
List < Stimulation Command > stimulation _ buffer ; 

while ( ! stopped ) { 

for ( Neuron neuron : neurons _ to _ stimulate ) { 

modulate ( neuron , stimulation _ buffer [ neuron ] ) ; 
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neurons _ to _ stimulate = 
update _ timings ( neurons _ to _ stimulate ) ; 
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List < Channels , channels _ to _ read ; List < Channels > channels _ to _ stimulate ; 

while ( ! stopped ) { 

neuron _ data = read _ channels ( channels _ to _ read ) ; next _ state = calculate _ next _ state ( neuron _ data ) ; 

if ( next _ state < threshold ) { 

duration = calculate _ duration ( neuron _ data ) ; 

apply _ stimulation ( channels _ to _ stimulate , 

duration ) ; 
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error _ prior = 0 integral - 0 while ( ! stopped ) { 

neuron _ data = read _ channels ( channels _ to _ read ) ; next _ state = calculate _ next _ state ( neuron _ data ) ; 

error = next _ state - neuron _ data 

integral - integral + ( error * iteration _ time ) derivative = ( error - error _ prior ) / iteration _ time output = KP * error + KI * integral + KD * derivative + bias apply _ stimulation ( channels _ to _ stimulate , output ) ; 

error _ prior = error 
sleep ( iteration _ time ) 
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1 Initially data points are randomly assigned to clusters . 

List < Spike > data points ; 

Map < Spike , Cluster > clusters - assign _ randomly ( data _ points ) ; 

Map < ( Spike , Spike ) , Float > interaction _ strenghts ; 1 Calculate the average distance between points 
Float a = average ( pairwise _ distances ( data points ) ; / / Calculate an interaction strength between all points 

for ( spike in data points ) { 

for ( neighbor in nearest neighbors ( spike , k ) ) { 
interaction strenghts ( spike , neighbor ] = 

1 / k * pow ( e , - euclidean norm ( spike , neighbor ) / ( 2 * a ^ 2 ) ; 

Optimal _ clustering ; 
/ / Repeat for different temperature values 

for ( in range ( 0 , 0 . 2 , 0 . 01 ) { 
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/ / Choose a random point , switch its cluster randomly . xi = random ( data points ) ; / / randomly chosen point 
clusters ( x _ i ] = random _ int ( q ) ; / / randomly assign a new cluster / / For the nearest k neighbors of that point , change their 

cluster 

/ / With a probability dependent on the interaction strength and 
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whether 

/ / they previously had the same cluster 

for ( neighbor in nearest neighbors ( xi , k ) ) { p = 1 - pow ( e , - interaction strengths [ xi , neighbor ] / 

T * spin spin correlation ( clusters [ x _ i ] , clusters [ neighbor ] ) ; 

if ( random ( ) < p ) { 

Clusters [ neighbor ] = clusters [ x _ i ] ; 

/ / Count how many items belong to the biggest cluster biggest cluster = max ( clusters ) ; 

/ / If the number of items in the biggest cluster crosses a dataset / / specific threshold , it comes from the superparamagnetic regime . / / In that case , choose from the highest temperature that meets this 

/ / criterion . 

if ( biggest cluster > threshold ) { optimal _ clustering - clusters ; 
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# data buffer contains a list of the last X values read 

data buffer . add ( read neurons ) 

# noise filtering 

data buffer = apply band pass filter ( data buffer ) 

# calculating the threshold 

threshold = 5 * median ( data _ buffer ) / 0 . 6745 

if ( data _ buffer / - 1 ] > threshold ) { 

firing neuron = neuron templates . find best match ( data buffer ) 

} 

Nov . 22 , 2018 Sheet 43 of 103 US 2018 / 0333587 A1 



Patent Application Publication Nov . 22 , 2018 Sheet 44 of 103 US 2018 / 0333587 A1 

OOOOOOOOOOOOOOO Fig . 42 

Neuron # 1 - 32 Neuron # 33 - 64 Neuron # 65 - 96 

* : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 



Fig . 43a 

Patent Application Publication 

cpdef bit _ encode ( np . ndarray spike _ times , np . ndarray neuron _ ids , int n _ neurons , int win _ size ) : 

" " " Creates bitencoded grid from spike times 
and neuron IDS 

Args : 

spike times : Numpy array 1 xn , must be from onset of window 

in ms 

neuron _ ids : numpy array 1 xn , ids of neurons of the spike 

times 

n _ neurons : total number of neurons 

win size : the window size used for the encoded sample 

Returns : 

A numpy array of bitencoded data of size n neurons / 32 X 

win size 

spike _ times - spike _ times . flatten ( ) . neuronids = neuron ids . flatten ( ) 

n spikes - spike times , size 
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# Create a vector of spikes of same size as spike times vector spikes - np . ones ( ( 1 , n _ spikes ) , np . uint8 ) . flatten ( ) int _ sp _ times - spike _ times , astype ( np . uint8 ) flatten ( ) 
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# Use vectors to create sparse matrix 

spike _ mat - scs . csc _ matrix ( ( spikes , ( neuron _ ids , int _ sp _ times ) ) , 

shape = ( n _ neurons , win _ size ) , 
dtype = np . int8 ) toarray ( ) 

spike _ mat = spike _ mat . astype ( np . bool ) . astype ( np . int ) 

# Pad with zeros to get a number of rows 

# divisable by 32 
x neurons n _ neurons % 32 

if x neurons ! - 0 : 
to pad = 32 - x _ neurons 

spike _ mat - np . lib . pad ( spike _ mat , ( ( @ , to _ pad ) , ( 0 , 0 ) ) , " constant " , constant values = 0 ) 

# Calculated number of 32 - bit integers nneded nints = spike mat , shapero ] / / 32 

# Reshape matrix to a " bit shape " to prepare for multiplication 

spike _ mat = np . reshape ( spike mat . transpose ( ) , ( win _ size , nints , 32 ) ) 

# create bitvector ( 1 , 2 , 4 , . . . 2 * * 31 ) 

bit32 = 2 * * np . arange ( 32 ) 

# multiply matrices ( spike mat X bit32 ) to get bit encoding 
bit encoded data - spike mat , dot ( bit32 ) 
# make c contiguous ( needed for exposing internal buffer ) 

bit _ encoded _ data = np . ascontiguousarray ( bit _ encoded _ data , dtype = np . uint32 ) 

return bit encoded data 
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start ( ) { 

if ( provisioning done ) { 

int number of failures = 0 ; 
bool connected to gateway - false ; 

while ( ( connected to gateway = connect to gateway ( ) ) ! = true 

& & + + number of failures < max connect failures ) { 

wait ( reconnect interval ) ; 
if ( connected _ to _ gateway ) { 

start recording ( ) ; 
start _ accepting commands ( ) ; 

} else { 

start provisioning ( ) ; 
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start _ provisioning ( ) { 
init _ AP ( ) ; 

start _ accepting provisioning _ commands ( ) ; 
start _ accepting provisioning _ commands ( ) { 

start _ provisioning server _ socket ( ) ; provision command cmd = null ; 
while ( ( cmd = get _ next _ command ( ) ! - RESTART ) { 

execute _ provisioning _ comand ( cmd ) ; 

starti 
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message ConfigurationCommand { 
repeat ConfigurationParam cfg param = 1 ; 

} 

message ConfigurationParam { ParamType cfg , type - 1 ; 

bytes value = 2 ; Enum ParamType { 

ACCEPTED GATEWAY ADDRESS = 1 ; 

POWER SYSTEM = 2 ; WAN CREDENTIALS - 3 ; WIRELESS CHARGING - 4 ; READING BLOCKS = 5 ; 
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message StimulationCommand { . byte reference tile = 1 ; 
byte channel = 2 ; 

byte encoded command = 3 ; 

Stimulation Type stimulation type = 4 ; 

enum Stimulation Type { 
ELECTRICAL - 1 ; 

OPTICAL = 2 ; CHEMICAL = 3 ; 
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message RecordingData { 
byte header _ marker = 1 ; 

/ / specifies the mapping between activated channels and the index in 

matrix 

bytes reading _ channels _ mapping ; bytes payload _ matrix = 2 ; 
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message StatusData { 

repeat StatusValue values = 1 ; 

message StatusValue { 

StatusType status _ param = 1 ; 

bytes payload = 2 ; 
enum StatusType { 

BATERY _ LEVEL = 1 ; 
SOFTWARE _ VERSION - 2 ; TEMPERATURE = 3 ; ACTIVATED _ TILES - 4 ; 
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while ( true ) { 

temperature = get temperature ( ; 
if ( temperature - prev temperature > t1 ) { 

send throttle signal ( ) ; 
if ( temperature » t2 ) { send stop signal ( ) ; prev temperature = temperature ; 

battery level - get battery level ( ) ; 

battery change = battery _ level - prev _ battery _ level ; 
predicted time = battery level / battery change ; # For the MVP , 

assume a linear model for battery discharge 
if ( predicted _ time < b1 ) { 

send throttle signal ( ) ; 
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if ( predicted _ time < b2 ) { send _ stop _ signal ( ) ; 
prev _ battery level = battery level ; 
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start ( ) { 

if ( previosioning , done ) { 

int number _ of _ failures = 0 ; bool connected kiwi = false ; 

while ( ( connected _ kiwi - connect _ to _ kiwi ( ) ) ! = true & & + + number of failures { max connect failures ) { 

wait ( reconnect interval ) ; 
if ( connected kiwi ) { 

start _ listening _ for _ kiwi _ data ( ) ; 
register as cloud comand executor ( ) ; register _ as cloud _ data _ publisher ( ) ; 

} else { 

start _ provisioning ( ) ; 
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start _ provisioning ( ) { 
init _ AP ( ) ; 

start _ webapp _ for _ provisioning configuration ( ) ; 
setup cloud connection ( cloud _ url ) { 

store _ cloud ( cloud _ url ) ; 

download public keys ( cloud url , security credentials ) ; 
for ( kiwi address : connected kiwi addresses ) { 

enroll as command executor for kiwi ( kiwi address ) ; 
enroll _ as _ data _ publisher _ for _ kiwi ( kiwi _ address ) ; 
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on comand ( cmd ) { 

Patent Application Publication 

switch cmd : 

case KIWI STIMULATION _ CMD : 

target kiwi cmd . getKIWIAddress ( ) ; 

stm interface - 

get kiwi _ stimulation interface ( connected _ target _ kiwi ) ; 
stm interface . executeStimulation Command ( cmd . getPayload ( ) ; 

publish _ result ( OK ) ; 

Break ; 

case KIWI _ CONFIGURATION _ CMD : 

target _ kiwi - cmd . getKIWIAddress ( ) ; 

cfg interface - 

get _ kiwi _ configuration interface ( connected _ target _ kiwi ) ; 

cfg interface . executeCommand ( cmd . getPayload ( ) ) ; 

publish _ result ( OK ) ; 

Break ; case KIWI STATUS CMD : 

target kiwi - cmd . getKIWIAddress ( ) ; 

st _ interface = 

get kiwi status interface ( connected _ target kiwi ) ; 

status = st interface . getStatus ( cmd . getPayload ( ) ) ; 

publish status ( status ) ; 

Break ; 
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case KIWI OTA CMD : 

target _ kiwi - cmd . getKIWIAddress ( ) ; 

ota _ interface - 
get kiwi ota interface ( connected target kiwi ) ; 

ota payload - download ota payload ( cm . getotaUrl ( ) ; 
status = ota _ interface . start _ ota ( ota _ payload ) ; 

publish _ result ( OK ) ; 

Break ; 

case GATEWAY CONFIGURATION CMD : 

apply configuration ( cmd . getConfigurationPayload ( ) ; 

publish _ result ( OK ) ; 

break ; 

get _ kiwi _ stimulation interface ( connected _ target _ kiwi ) { 

if ( connect to ( connected _ target _ kiwi ) ) { return kiwi stimulation interface ; 

} else { 

raise error ; 
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get kiwi configuration interface ( connected target kiwi ) { 
if ( connect to ( connected target kiwi ) ) { return kiwi configuration interface ; 

} else { 

raise _ error ; 

pi ng 

get kiwi status interface ( connected target kiwi ) { 

if ( connect to ( connected target kiwi ) ) { return kiwi status interface ; 

} else { 

raise _ error ; get kiwi ota interface ( connected target kiwi ) { 

if ( connect to ( connected target kiwi ) ) { 
return kiwi _ ota interface ; 

} else { 

raise _ error ; 
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on kiwi data ( kiwi data ) { 

kiwi data . timestamp = new timestamp ( ) ; 
cloud buffer = preprocess data ( kiwi data ) ; 

if ( cloud _ buffer . full ( ) | | cloud _ buffer . time _ range < = max _ range ) compressed data - compress data ( cloud buffer ) ; 
encrypted _ envelop - encrypt ( cloud _ buffer , public _ key ) ; 

if ( ! publish _ data ( kiwi address , compressed _ data ) ) { 
add to resend queue ( encrypted envelop ) ; 
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message Command { oneof { 

KIWIConfigurationCommand kw _ cfg - 1 ; 
KIWIStimulation Command kw st = 2 ; KIWIActivationCommand kw act - 3 ; 

KIWIOtaCommand kw ota - 4 ; 

KIWIRecordingControlCommand kw _ ctrl = 5 ; 
KIWIStatusCommand kw status = 6 ; 

GatewayConfigurationCommand gw cfg = 7 ; 
GatewayOTACommand gw _ ota - 8 ; 

Patent Application Publication 

message KIWIAddress { 

/ / KIWI unique identifier cross the entire cloud 
string kiwi _ id = 1 ; 

/ / Identifier for each of the 200 blocks in a KIWI . ( Optional ) 

repeated int32 block _ id = 2 ; 
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message GatewayAddress { 

/ / Gateway unique identifier cross the entire cloud 
string gateway _ id = 1 ; 
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Fig . 58 

message KIWIConfiguration Command { KIWIAddress destination - 1 ; 
map < string , string > configuration parameters = 2 ; 
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message KIWIStimulationCommand { 
KIWIAddress destination - 1 ; 

/ / The type of stimulation 

StimulationType stimulation type = 2 ; 

Enum Stimulation Type { 
ELECTRICAL = 1 ; 

OPTICAL = 2 ; CHEMICAL - 3 ; 

/ / One of the 32 possible stimulation commands 
Integer stimulation value = 3 ; 
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message KIWIActivation Command { 
KIWIAddress destination = 1 ; 

boolean activate = 2 ; 
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1 ; 

message KIWIOtaCommand { 
KIWIAddress destination = string otaUpdateUrl = 2 ; 
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message KIWIRecordingControlCommand { 
KIWIStatusCommand destination = 1 ; 

boolean record = 2 ; 
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message KIWIStatusCommand { 
KIWIAddress destination = 1 ; 
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message GatewayConfiguration Command { GatewayAddress destination = 1 ; map < string , string > configuration _ parameters - 2 ; 
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message GatewayotaCommand { 
GatewayAddress destination - 1 ; 

string ota update url = 2 ; 
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mesage KIWIData { 

KIWIAddress source = 1 ; 
Timestamp time = 2 ; 

ReadingType r _ type = 3 ; 
repeated float16 values = 4 ; optional int reading Interval - 5 ; 

Enum ReadingType { 
ELECTRICAL = 1 ; 

OPTICAL = 2 ; CHEMICAL = 3 ; 
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message RealTimeDataSource { 

Integer Patient id - 1 ; / / Identifier for each patient 
repeated Integer KIWI id - 2 ; / / Identifier for each patient 

KIWI 

repeated KIWISource KIWI source = 3 ; / / Identifier for each KIWI 

zone 

message KIWISource { 

Integer Block id = 1 ; / / Identifier for all 100 KIWI blocks 
ReadingType Reading , type = 2 ; / / The source of data readings 

Enum ReadingType { 
ELECTRICAL = 1 ; 

OPTICAL - 2 ; CHEMICAL = 3 ; 

Nov . 22 , 2018 Sheet 73 of 103 US 2018 / 0333587 A1 



Patent Application Publication 

Fig . 69 

message PreprocessingBlocks { 

PreprocessingType preprocessing type = 1 ; 

Enum PreprocessingType { 
BANDPASS FILTER = 1 ; 

SMOOTHING = 2 ; 
PCA - 3 ; ICA = 4 ; 
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message MLBlocks { 

Integer ml model id = 1 ; / / Identifier for which model to use 

message MLModel { 

Integer ml model id = 1 ; 
String model description = 2 ; / / List of diseases for which it can be applied 

repeated String applicable diseases = 3 ; / / List of brain locations where it has been tested successfully repeated String brain locations = 4 ; 
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message OutputBlocks { 
oneof ( 

FileOutputBlock file - 1 ; 

VisualizationOutputBlock Visualization = 2 ; 
KIWICommandBlock kiwi _ command = 3 ; 

Patent Application Publication 

message FileOutputBlock { 
String file location = 1 ; String permissions - 2 ; message VisualizationOutputBlock { 

Visualization Type visualization type - 1 ; 

Enum Visualization Type { LINE CHART = 1 ; 
BAR _ CHART = 2 ; 

SCATTER _ PLOT = 3 ; BRAIN PLOT - 4 ; NEURON _ PLOT - 5 ; 
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message KIWICommandBlock { 

repeated KIWIDestination kiwi _ destination = 1 ; 

message KIWIDestination { 

Integer block id = 1 ; / / Identifier for all 100 KIWI blocks 
Stimulation Type stimulation type = 2 ; / / The type of 

stimulation 

Integer stimulation value = 3 ; / / One of the 32 possible 

stimulation commands Enum Stimulation Type { 
ELECTRICAL = 1 ; 

OPTICAL = 2 ; CHEMICAL = 3 : 
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message BatchDataSource { 
oneof { 

/ / Identifier for patients whose data should be read repeated Integer Patient id = 1 ; 
/ / List of conditions that each patient , whose data should 

be 

read , must meet 

repeated String conditions - 2 ; 

repeated ReadingType reading type = 2 ; / / The source of data 

readings 
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message MLTrainingBlocks { 
ModelType model type = 1 , 

ModelParameters model parameters = 2 , / / Model specific 

parameters 

/ / Percentage of data to use for training vs . test 

Integer train _ test _ split - 3 

Enum ModelType { 
NEURAL _ NETWORK = 1 , 

SVM - 2 , 

GAUSSIAN PROCESSES = 3 
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message CustomBlock { 

Language language = 1 , / / Language used in this custom block 

String code - 2 

Enum Language { 
PYTHON = 1 , MATLAB - 2 

Nov . 22 , 2018 Sheet 80 of 103 US 2018 / 0333587 A1 



Patent Application Publication 

Fig . 75 

message OutputBlocks { 
FileOutputBlock file = 1 ; 

TrainingSummaryblock summary = 2 ; 

message TrainingSummaryBlock { 
FileOutputBlock file = 1 ; 

SummaryOptions summary _ options = 2 ; 
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