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1.3.1 TensorFlow ZEHE
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Detect output

K 2-1 NuMicro® M480 iz | 2L F2 T i A2 I8
2.1.1 KWS Vi E=EF

/* Output Class */

char output_class[12][10] = { "Silence", "Unknown", "One", "Two", "Three",
"Five" ,"Six", "Seven", "Eight", "Nine", "Zero"};

void run_kws()
{
//Averaging window for smoothing out the output predictions

int averaging_window_len = 3; //i.e. average over 3 inferences or 240ms

kws->extract_features(2); //extract mfcc features
kws->classify(); //classify using dnn
kws->average_predictions(averaging window_len);

max_ind = kws->get_top_detection(kws->averaged_output);

printf("Detected %s\r\n",output_class[max_ind]);
}

"Four",

2.1.2 KWS Function (fff§ MFCC 4&ER#EUAT DNN %)

/* This overloaded function is used in streaming audio case */

void KWS::extract_ features(uintl6_t num_frames)
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//move old features left

memmove (mfcc_buffer,mfcc_buffer+(num_frames*NUM_MFCC_COEFFS), (NUM_FRAMES -

num_frames)*NUM_MFCC_COEFFS);

//compute features only for the newly recorded audio
int32_t mfcc_buffer_head = (NUM_FRAMES-num_frames)*NUM_MFCC_COEFFS;

for (uintl6_t f = @; f < num_frames; f++) {

mfcc->mfcc_compute(audio_buffer+(f*FRAME_SHIFT),2,&mfcc_buffer[mfcc_buffer_head]);

mfcc_buffer_head += NUM_MFCC_COEFFS;

¥
void KWS::classify()

{

nn->run_nn(mfcc_buffer, output);

// Softmax
arm_softmax_q7(output,OUT_DIM,output);

//do any post processing here

void KWS::average_predictions(int window_len)
{
//shift right old predictions
for(int i=window_len-1;i>0;i--) {
for(int j=0;j<OUT_DIM;j++)
predictions[i][j]=predictions[i-1][j];
}
//add new predictions
for(int j=0;j<OUT_DIM;j++)
predictions[@][]j]=output[]j];
//compute averages
int sum;
for(int j=0;3j<OUT_DIM;j++) {
sum=0;
for(int i=0;i<window_len;i++)
sum += predictions[i][j];
averaged output[j] = (q7_t)(sum/window_len);

int KWS::get top_detection(q7_t* prediction)
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int max_ind=0;
int max_val=-128;
for(int i=0;i<OUT_DIM;i++) {
if(max_val<prediction[i]) {
max_val = prediction[i];

max_ind = i;

}

return max_ind;

}

2.1.3 NN Function

void DNN::run_nn(q7_t* in_data, q7_t* out_data)

{
// Run all layers

// IP1

arm_fully connected_q7(in_data, ipl_wt,
vec_buffer);

// RELU1
arm_relu _q7(ipl_out, IP1 _OUT_DIM);
// IP2

arm_fully connected q7(ipl_out, ip2_wt,
vec_buffer);

// RELU2
arm_relu_q7(ip2_out, IP2_OUT_DIM);
// IP3

arm_fully connected_q7(ip2_out, ip3_wt,
vec_buffer);

// RELU3
arm_relu q7(ip3_out, IP3_OUT_DIM);
// IP4

arm_fully connected_q7(ip3_out, ip4 wt,
vec_buffer);

}

IN_DIM, IP1 OUT DIM, 1, 7, ipl_bias, ipl_out,

IP1_OUT DIM, IP2 OUT DIM, 2, 8, ip2_bias, ip2_out,

IP2_OUT_DIM, IP3_OUT_DIM, 2, 9, ip3_bias, ip3_out,

IP3_OUT_DIM, OUT DIM, @, 6, ip4 bias, out_data,
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M480 KWS_V1.00
Library
7 CMSIS

— Device
I StdDriver

ML_PCTool

SampleCode
r~ ExampleCode

M480 Series

Sample code header and source files

Cortex® Microcontroller Software Interface Standard

(CMSIS) by Arm® Corp.
CMSIS compliant device header file
All peripheral driver header and source files

Machine Learning python source files

Source file of example code
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Important Notice
Nuvoton Products are neither intended nor warranted for usage in systems or equipment, any
malfunction or failure of which may cause loss of human life, bodily injury or severe property damage.
Such applications are deemed, “Insecure Usage”.
Insecure usage includes, but is not limited to: equipment for surgical implementation, atomic energy
control instruments, airplane or spaceship instruments, the control or operation of dynamic, brake or
safety systems designed for vehicular use, traffic signal instruments, all types of safety devices, and
other applications intended to support or sustain life.
All Insecure Usage shall be made at customer’s risk, and in the event that third parties lay claims to
Nuvoton as a result of customer’s Insecure Usage, customer shall indemnify the damages and liabilities
thus incurred by Nuvoton.

Please note that all data and specifications are subject to change without notice.
All the trademarks of products and companies mentioned in this datasheet belong to their respective owners.
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