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/ŵƉůĞŵĞŶƚĂƟŽŶ� ŽĨ� <ͲEE� &ŝŶŐĞƌƉƌŝŶƚ� DĞƚŚŽĚ� ŽŶ� ZĞĐĞŝǀŝŶŐ� ^ĞƌǀĞƌ� ĨŽƌ� /ŶĚŽŽƌ� DŽďŝůĞ�
Object Tracking
/�^�ϮϬϭϵ�Ͳ�/ŶƚĞƌŶĂƟŽŶĂů��ůĞĐƚƌŽŶŝĐƐ�^ǇŵƉŽƐŝƵŵ͗�dŚĞ�ZŽůĞ�ŽĨ�dĞĐŚŶŽͲ/ŶƚĞůůŝŐĞŶĐĞ�ŝŶ��ƌĞĂƟŶŐ�
ĂŶ�KƉĞŶ�ͮ�ǀŽů͗�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϵͲϬϵͲϬϭ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

/ŵƉůĞŵĞŶƚĂƟŽŶ�YZ��ŽĚĞ��ŝŽŵĞƚƌŝĐ��ƵƚŚĞŶƟĐĂƟŽŶ�ĨŽƌ�KŶůŝŶĞ�WĂǇŵĞŶƚ
/�^�ϮϬϭϵ�Ͳ�/ŶƚĞƌŶĂƟŽŶĂů��ůĞĐƚƌŽŶŝĐƐ�^ǇŵƉŽƐŝƵŵ͗�dŚĞ�ZŽůĞ�ŽĨ�dĞĐŚŶŽͲ/ŶƚĞůůŝŐĞŶĐĞ�ŝŶ��ƌĞĂƟŶŐ�
ĂŶ�KƉĞŶ�ͮ�ǀŽů͗�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϵͲϬϵͲϬϭ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

11

ƉƵďůŝĐĂƟŽŶƐ

2019

2019

2019

2019

2019

2019

2019

2019

2019

2019

2019



�ŽŵƉĂƌŝƐŽŶ�ŽĨ�sŝĚĞŽ�/Wds�ĂŶĚ��ŝŐŝƚĂů�ds��s�ͲdϮ�YƵĂůŝƚǇ�ĨŽƌ�/ŶĚŽŶĞƐŝĂ�ds��ƌŽĂĚĐĂƐƚ
/�^�ϮϬϭϵ�Ͳ�/ŶƚĞƌŶĂƟŽŶĂů��ůĞĐƚƌŽŶŝĐƐ�^ǇŵƉŽƐŝƵŵ͗�dŚĞ�ZŽůĞ�ŽĨ�dĞĐŚŶŽͲ/ŶƚĞůůŝŐĞŶĐĞ�ŝŶ��ƌĞĂƟŶŐ�
ĂŶ�KƉĞŶ�ͮ�ǀŽů͗�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϵͲϬϵͲϬϭ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

tĞď��ǆƉůĂŝŶĞƌ�ĨŽƌ��ŚŝůĚƌĞŶ͛ƐƐ��ĚƵĐĂƟŽŶ�ǁŝƚŚ�/ŵĂŐĞ�ZĞĐŽŐŶŝƟŽŶ��ĂƐĞĚ�ŽŶ��ĞĞƉ�>ĞĂƌŶŝŶŐ
//�^�ϮϬϭϵ�Ͳ�/ŶƚĞƌŶĂƟŽŶĂů��ůĞĐƚƌŽŶŝĐƐ�^ǇŵƉŽƐŝƵŵ͗�dŚĞ�ZŽůĞ�ŽĨ�dĞĐŚŶŽͲ/ŶƚĞůůŝŐĞŶĐĞ�ŝŶ��ƌĞĂƟŶŐ�
ĂŶ�KƉĞŶ�ͮ�ǀŽů͗�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϵͲϬϵͲϬϭ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

/ŵƉůĞŵĞŶƚĂƟŽŶ�ŽĨ�DŽƟŽŶ��ĂƉƚƵƌĞ�^ǇƐƚĞŵ�ĨŽƌ�^ǁŝŵŵĞƌ��ƚŚůĞƚĞ�DŽŶŝƚŽƌŝŶŐ
/�^�ϮϬϭϵ�Ͳ�/ŶƚĞƌŶĂƟŽŶĂů��ůĞĐƚƌŽŶŝĐƐ�^ǇŵƉŽƐŝƵŵ͗�dŚĞ�ZŽůĞ�ŽĨ�dĞĐŚŶŽͲ/ŶƚĞůůŝŐĞŶĐĞ�ŝŶ��ƌĞĂƟŶŐ�
ĂŶ�KƉĞŶ�ͮ�ǀŽů͗�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϵͲϬϵͲϬϭ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

/ĚĞŶƟĮĐĂƟŽŶ�ŽĨ�^ǇŵƉƚŽŵƐ��ĂƐĞĚ�ŽŶ�EĂƚƵƌĂů�>ĂŶŐƵĂŐĞ�WƌŽĐĞƐƐŝŶŐ�;E>WͿ�ĨŽƌ��ŝƐĞĂƐĞ�
�ŝĂŐŶŽƐŝƐ��ĂƐĞĚ�ŽŶ
/�^�ϮϬϭϵ�Ͳ�/ŶƚĞƌŶĂƟŽŶĂů��ůĞĐƚƌŽŶŝĐƐ�^ǇŵƉŽƐŝƵŵ͗�dŚĞ�ZŽůĞ�ŽĨ�dĞĐŚŶŽͲ/ŶƚĞůůŝŐĞŶĐĞ�ŝŶ��ƌĞĂƟŶŐ�
ĂŶ�KƉĞŶ�ͮ�ǀŽů͗�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϵͲϬϵͲϬϭ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

�ĞƐŝŐŶŝŶŐ�ŽĨ�Ă�^ŵĂƌƚ��ŽůůĂƌ�ĨŽƌ��ĂŝƌǇ��Žǁ��ĞŚĂǀŝŽƌ�DŽŶŝƚŽƌŝŶŐ�ǁŝƚŚ��ƉƉůŝĐĂƟŽŶ�DŽŶŝƚŽƌͲ
ing in Microse
/�^�ϮϬϭϵ�Ͳ�/ŶƚĞƌŶĂƟŽŶĂů��ůĞĐƚƌŽŶŝĐƐ�^ǇŵƉŽƐŝƵŵ͗�dŚĞ�ZŽůĞ�ŽĨ�dĞĐŚŶŽͲ/ŶƚĞůůŝŐĞŶĐĞ�ŝŶ��ƌĞĂƟŶŐ�
ĂŶ�KƉĞŶ�ͮ�ǀŽů͗�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϵͲϬϵͲϬϭ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

�ƌŵ�ŚĂŝŶ�Ͳ����ůŽĐŬĐŚĂŝŶ��ĂƐĞĚ�^ĞŶƐŽƌ��ĂƚĂ��ŽŵŵƵŶŝĐĂƟŽŶ�ĨŽƌ�ƚŚĞ�sĞŚŝĐůĞ�ĂƐ�Ă�DŽďŝůĞ�
Sensor Network
/�^�ϮϬϭϵ�Ͳ�/ŶƚĞƌŶĂƟŽŶĂů��ůĞĐƚƌŽŶŝĐƐ�^ǇŵƉŽƐŝƵŵ͗�dŚĞ�ZŽůĞ�ŽĨ�dĞĐŚŶŽͲ/ŶƚĞůůŝŐĞŶĐĞ�ŝŶ��ƌĞĂƟŶŐ�
ĂŶ�KƉĞŶ�ͮ�ǀŽů͗�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϵͲϬϵͲϬϭ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

WŽƚŚŽůĞ� sŝƐƵĂů� �ĞƚĞĐƟŽŶ� ƵƐŝŶŐ�DĂĐŚŝŶĞ� >ĞĂƌŶŝŶŐ�DĞƚŚŽĚ� ŝŶƚĞŐƌĂƚĞĚ� ǁŝƚŚ� /ŶƚĞƌŶĞƚ� ŽĨ�
Thing Video Strea
/�^�ϮϬϭϵ�Ͳ�/ŶƚĞƌŶĂƟŽŶĂů��ůĞĐƚƌŽŶŝĐƐ�^ǇŵƉŽƐŝƵŵ͗�dŚĞ�ZŽůĞ�ŽĨ�dĞĐŚŶŽͲ/ŶƚĞůůŝŐĞŶĐĞ�ŝŶ��ƌĞĂƟŶŐ�
ĂŶ�KƉĞŶ�ͮ�ǀŽů͗�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϵͲϬϵͲϬϭ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

Image and Video Transmission in Nanonetworks
/�^�ϮϬϭϵ�Ͳ�/ŶƚĞƌŶĂƟŽŶĂů��ůĞĐƚƌŽŶŝĐƐ�^ǇŵƉŽƐŝƵŵ͗�dŚĞ�ZŽůĞ�ŽĨ�dĞĐŚŶŽͲ/ŶƚĞůůŝŐĞŶĐĞ�ŝŶ��ƌĞĂƟŶŐ�
ĂŶ�KƉĞŶ�ͮ�ǀŽů͗�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϵͲϬϵͲϬϭ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

�ƌŝŐŚƚŶĞƐƐ�ŽŶ�>��Ɛ�ĨŽƌ�>ŝŐŚƚ�&ŝĚĞůŝƚǇ��ƉƉůŝĐĂƟŽŶƐ�ĂŶĚ�DĞĂƐƵƌĞŵĞŶƚƐ
/�^�ϮϬϭϵ�Ͳ�/ŶƚĞƌŶĂƟŽŶĂů��ůĞĐƚƌŽŶŝĐƐ�^ǇŵƉŽƐŝƵŵ͗�dŚĞ�ZŽůĞ�ŽĨ�dĞĐŚŶŽͲ/ŶƚĞůůŝŐĞŶĐĞ�ŝŶ��ƌĞĂƟŶŐ�
ĂŶ�KƉĞŶ�ͮ�ǀŽů͗�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϵͲϬϵͲϬϭ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

/ŵƉůĞŵĞŶƚĂƟŽŶ�ŽĨ�DŽƟŽŶ��ĂƉƚƵƌĞ�^ǇƐƚĞŵ�ĨŽƌ�^ǁŝŵŵĞƌ��ƚŚůĞƚĞ�DŽŶŝƚŽƌŝŶŐ
/�^�ϮϬϭϵ�Ͳ�/ŶƚĞƌŶĂƟŽŶĂů��ůĞĐƚƌŽŶŝĐƐ�^ǇŵƉŽƐŝƵŵ͗�dŚĞ�ZŽůĞ�ŽĨ�dĞĐŚŶŽͲ/ŶƚĞůůŝŐĞŶĐĞ�ŝŶ��ƌĞĂƟŶŐ�
ĂŶ�KƉĞŶ�ͮ�ǀŽů͗�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϵͲϬϵͲϬϭ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ
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dŚĞ�sĞŚŝĐůĞ� ĂƐ� Ă�DŽďŝůĞ� ^ĞŶƐŽƌ�EĞƚǁŽƌŬ� ďĂƐĞ� /Žd� ĂŶĚ� �ŝŐ��ĂƚĂ� ĨŽƌ� WŽƚŚŽůĞ��ĞƚĞĐƟŽŶ�
�ĂƵƐĞĚ�ďǇ�&ůŽŽĚ��
/KW��ŽŶĨĞƌĞŶĐĞ�^ĞƌŝĞƐ͗��ĂƌƚŚ�ĂŶĚ��ŶǀŝƌŽŶŵĞŶƚĂů�^ĐŝĞŶĐĞ�ͮ�ǀŽů͗�Ϯϯϵ�ͮ�ŝƐƐƵĞ�͗�ϭ�ͮ�ϮϬϭϵͲϬϮͲϭϴ�
ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

DĞƐƐĂŐĞ�WĂƐƐŝŶŐ�^ƵƉƉŽƌƚ�ĨŽƌ�&>Žt�DŝĐƌŽŬĞƌŶĞů
/ŶƚĞƌŶĂƟŽŶĂů� �ůĞĐƚƌŽŶŝĐƐ� ^ǇŵƉŽƐŝƵŵ� ŽŶ� <ŶŽǁůĞĚŐĞ� �ƌĞĂƟŽŶ� ĂŶĚ� /ŶƚĞůůŝŐĞŶƚ� �ŽŵƉƵƟŶŐ͕�
/�^Ͳ<�/��ϮϬϭϴ�Ͳ�ͮ�ǀŽů͗�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϵͲϬϭͲϮϴ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

&ĂƐƚĞƌ�ZͲ�EE�/ŵƉůĞŵĞŶƚĂƟŽŶ�DĞƚŚŽĚ�ĨŽƌ�ŵƵůƟͲĨƌƵŝƚ��ĞƚĞĐƟŽŶ�ƵƐŝŶŐ�dĞŶƐŽƌŇŽǁ�WůĂƞŽƌŵ
/ŶƚĞƌŶĂƟŽŶĂů� �ůĞĐƚƌŽŶŝĐƐ� ^ǇŵƉŽƐŝƵŵ� ŽŶ� <ŶŽǁůĞĚŐĞ� �ƌĞĂƟŽŶ� ĂŶĚ� /ŶƚĞůůŝŐĞŶƚ� �ŽŵƉƵƟŶŐ͕�
/�^Ͳ<�/��ϮϬϭϴ�Ͳ�ͮ�ǀŽů͗�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϵͲϬϭͲϮϴ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

/ŵƉůĞŵĞŶƚĂƟŽŶ�ŽĨ�DŝĐƌŽƐĞƌǀŝĐĞ��ƌĐŚŝƚĞĐƚƵƌĞƐ�ŽŶ�^�D�Z��ǆƚĞŶƐŝŽŶ�ĨŽƌ��ŝƌ�YƵĂůŝƚǇ�
Monitoring
/ŶƚĞƌŶĂƟŽŶĂů� �ůĞĐƚƌŽŶŝĐƐ� ^ǇŵƉŽƐŝƵŵ� ŽŶ� <ŶŽǁůĞĚŐĞ� �ƌĞĂƟŽŶ� ĂŶĚ� /ŶƚĞůůŝŐĞŶƚ� �ŽŵƉƵƟŶŐ͕�
/�^Ͳ<�/��ϮϬϭϴ�Ͳ�ͮ�ǀŽů͗�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϵͲϬϭͲϮϴ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

sŝƌƚƵĂů�ŚĂŶĚ͗�sZ�ŚĂŶĚ�ĐŽŶƚƌŽůůĞƌ�ƵƐŝŶŐ�/Dh�ĂŶĚ�ŇĞǆ�ƐĞŶƐŽƌ
/ŶƚĞƌŶĂƟŽŶĂů� �ůĞĐƚƌŽŶŝĐƐ� ^ǇŵƉŽƐŝƵŵ� ŽŶ� <ŶŽǁůĞĚŐĞ� �ƌĞĂƟŽŶ� ĂŶĚ� /ŶƚĞůůŝŐĞŶƚ� �ŽŵƉƵƟŶŐ͕�
/�^Ͳ<�/��ϮϬϭϴ�Ͳ�ͮ�ǀŽů͗�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϵͲϬϭͲϮϴ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

sŝƐƵĂůŝǌĂƟŽŶ�ŽĨ�'ĂƚŚĞƌŝŶŐ�^ŽƵƌĐĞƐ�ŽĨ�EĞǁƐ�ďǇ�:ŽƵƌŶĂůŝƐƚ
/ŶƚĞƌŶĂƟŽŶĂů� �ůĞĐƚƌŽŶŝĐƐ� ^ǇŵƉŽƐŝƵŵ� ŽŶ� <ŶŽǁůĞĚŐĞ� �ƌĞĂƟŽŶ� ĂŶĚ� /ŶƚĞůůŝŐĞŶƚ� �ŽŵƉƵƟŶŐ͕�
/�^Ͳ<�/��ϮϬϭϴ�Ͳ�ͮ�ǀŽů͗�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϵͲϬϭͲϮϴ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

DĂŬŝŶŐ�^ŚŽƌƚ�DŽǀŝĞ�hƐŝŶŐ�ϯ��WƌŽĨĞƐƐŝŽŶĂů��ĂŵĞƌĂ
/ŶƚĞƌŶĂƟŽŶĂů� �ůĞĐƚƌŽŶŝĐƐ� ^ǇŵƉŽƐŝƵŵ� ŽŶ� <ŶŽǁůĞĚŐĞ� �ƌĞĂƟŽŶ� ĂŶĚ� /ŶƚĞůůŝŐĞŶƚ� �ŽŵƉƵƟŶŐ͕�
/�^Ͳ<�/��ϮϬϭϴ�Ͳ�ͮ�ǀŽů͗�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϵͲϬϭͲϮϴ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

sŝƐƵĂůŝǌĂƟŽŶ�ŽĨ�'ĂƚŚĞƌŝŶŐ�^ŽƵƌĐĞƐ�ŽĨ�EĞǁƐ�ďǇ�:ŽƵƌŶĂůŝƐƚ� � � �
/ŶƚĞƌŶĂƟŽŶĂů� �ůĞĐƚƌŽŶŝĐƐ� ^ǇŵƉŽƐŝƵŵ� ŽŶ� <ŶŽǁůĞĚŐĞ� �ƌĞĂƟŽŶ� ĂŶĚ� /ŶƚĞůůŝŐĞŶƚ� �ŽŵƉƵƟŶŐ͕�
/�^Ͳ<�/��ϮϬϭϴ�Ͳ�ͮ�ǀŽů͗�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϵͲϬϭͲϮϴ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

DĂŬŝŶŐ�^ŚŽƌƚ�DŽǀŝĞ�hƐŝŶŐ�ϯ��WƌŽĨĞƐƐŝŽŶĂů��ĂŵĞƌĂ
/ŶƚĞƌŶĂƟŽŶĂů� �ůĞĐƚƌŽŶŝĐƐ� ^ǇŵƉŽƐŝƵŵ� ŽŶ� <ŶŽǁůĞĚŐĞ� �ƌĞĂƟŽŶ� ĂŶĚ� /ŶƚĞůůŝŐĞŶƚ� �ŽŵƉƵƟŶŐ͕�
/�^Ͳ<�/��ϮϬϭϴ�Ͳ�ͮ�ǀŽů͗�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϵͲϬϭͲϮϴ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

>ĞĂƌŶŝŶŐ��ĂƟŬ�dŚƌŽƵŐŚ�'ĂŵŝŶŐ
/ŶƚĞƌŶĂƟŽŶĂů� �ůĞĐƚƌŽŶŝĐƐ� ^ǇŵƉŽƐŝƵŵ� ŽŶ� <ŶŽǁůĞĚŐĞ� �ƌĞĂƟŽŶ� ĂŶĚ� /ŶƚĞůůŝŐĞŶƚ� �ŽŵƉƵƟŶŐ͕�
/�^Ͳ<�/��ϮϬϭϴ�Ͳ�ͮ�ǀŽů͗�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϵͲϬϭͲϮϴ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

��^ƉŽƚƐ�/ŶĚĞƉĞŶĚĞŶƚ�ĨŽƌ�Es/^��ŚĂŶŶĞůƐ�KďƐĞƌǀĂƟŽŶ
ϮϬϭϴ� /ŶƚĞƌŶĂƟŽŶĂů� �ůĞĐƚƌŽŶŝĐƐ� ^ǇŵƉŽƐŝƵŵ� ŽŶ� �ŶŐŝŶĞĞƌŝŶŐ� dĞĐŚŶŽůŽŐǇ� ĂŶĚ� �ƉƉůŝĐĂƟŽŶƐ͕�
/�^Ͳ�d��ϮϬϭϴ�Ͳ�ͮ�ǀŽů͗�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϵͲϬϭͲϭϲ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ
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ƉƵďůŝĐĂƟŽŶƐ

2019

2019

2019

2019

2019

2019

2019

2019

2019

2019

2019



/ŵƉůĞŵĞŶƚĂƟŽŶ�ŽĨ��ĂƚĂ��ďƐƚƌĂĐƟŽŶ�>ĂǇĞƌ�ƵƐŝŶŐ�<ĂŅĂ�ŽŶ�^�D�Z�WůĂƞŽƌŵ�ĨŽƌ��ŝƌ�YƵĂůŝƚǇ�
Monitoring
/ŶƚĞƌŶĂƟŽŶĂů�:ŽƵƌŶĂů�ŽŶ��ĚǀĂŶĐĞĚ�^ĐŝĞŶĐĞ͕��ŶŐŝŶĞĞƌŝŶŐ�ĂŶĚ�/ŶĨŽƌŵĂƟŽŶ�dĞĐŚŶŽůŽŐǇ�ͮ�ǀŽů͗�ϵ�
ͮ�ŝƐƐƵĞ�͗�ϱ�ͮ�ϮϬϭϵͲϬϭͲϬϭ�ͮ�:ŽƵƌŶĂů

/ŵƉůĞŵĞŶƚĂƟŽŶ�ŽĨ�/ŶƚĞŐƌĂƟŽŶ�sĂĂD^E�ĂŶĚ�^�D�Z�ĨŽƌ�tŝĚĞ��ŽǀĞƌĂŐĞ��ŝƌ�YƵĂůŝƚǇ�
Monitoring
dĞůŬŽŵŶŝŬĂ�;dĞůĞĐŽŵŵƵŶŝĐĂƟŽŶ��ŽŵƉƵƟŶŐ��ůĞĐƚƌŽŶŝĐƐ�ĂŶĚ��ŽŶƚƌŽůͿ�ͮ�ǀŽů͗�ϭϲ�ͮ�ŝƐƐƵĞ�͗�ϲ�ͮ�
ϮϬϭϴͲϭϮͲϬϭ�ͮ�:ŽƵƌŶĂů

�ĞƐŝŐŶ�ĂŶĚ��ĞǀĞůŽƉŵĞŶƚ�ŽĨ�WŽƌƚĂďůĞ�^ƉŝƌŽŵĞƚĞƌ
ϮϬϭϴ�/����/ŶƚĞƌŶĂƟŽŶĂů��ŽŶĨĞƌĞŶĐĞ�ŽŶ��ŽŶƐƵŵĞƌ��ůĞĐƚƌŽŶŝĐƐͲdĂŝǁĂŶ͕�/���Ͳdt�ϮϬϭϴ�ͮ�ǀŽů͗�ͮ�
ŝƐƐƵĞ�͗�ͮ�ϮϬϭϴͲϬϴͲϮϳ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

DĂƚ�ŽƵŶƚĞƌ͗�&ŽŽƚƐƚĞƉƐ��ŽƵŶƚĞƌ�hƐŝŶŐ��ĂŶĐĞDĂƚ�ďǇ��ůƵĞƚŽŽƚŚ��ĂƐĞĚ��ŶĚƌŽŝĚ��ƉƉůŝĐĂƟŽŶ�
ϮϬϭϴ�/ŶƚĞƌŶĂƟŽŶĂů��ŽŶĨĞƌĞŶĐĞ�ŽŶ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�EĞƚǁŽƌŬ�ĂŶĚ�/ŶƚĞůůŝŐĞŶƚ�DƵůƟŵĞͲ
ĚŝĂ͕���E/D�ϮϬϭ�ͮ�ǀŽů͗�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϴͲϬϳͲϬϮ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

tĞďͲďĂƐĞĚ��ƵƐŝŶĞƐƐ�ƚŽ��ƵƐƚŽŵĞƌ�;�Ϯ�Ϳ�/ŵƉůĞŵĞŶƚĂƟŽŶ�ŽŶ�ZĞŬĂŵŝŶ͘/�͗�ƚŚĞ�hŶŵĂŶŶĞĚ�
�ĞƌŝĂů�sĞŚŝĐůĞ�;h�sͿ�
ϮϬϭϴ�/ŶƚĞƌŶĂƟŽŶĂů��ŽŶĨĞƌĞŶĐĞ�ŽŶ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�EĞƚǁŽƌŬ�ĂŶĚ�/ŶƚĞůůŝŐĞŶƚ�
DƵůƟŵĞĚŝĂ͕���E/D�ϮϬϭ�ͮ�ǀŽů͗�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϴͲϬϳͲϬϮ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

�ĞƐŝŐŶ�ĂŶĚ��ĞǀĞůŽƉŵĞŶƚ�ŽĨ�^ŵĂƌƚ��ƋƵĂĐƵůƚƵƌĞ�^ǇƐƚĞŵ��ĂƐĞĚ�ŽŶ�/&ddd�DŽĚĞů�ĂŶĚ��ůŽƵĚ�
/ŶƚĞŐƌĂƟŽŶ
D�d���tĞď�ŽĨ��ŽŶĨĞƌĞŶĐĞƐ�ͮ�ǀŽů͗�ϭϲϰ�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϴͲϬϰͲϮϯ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

dŚĞ�ZŽůĞ�ŽĨ�dĂŶŐŝďůĞ�/ŶƚĞƌĨĂĐĞƐ�ŝŶ��ŶŚĂŶĐŝŶŐ��ŚŝůĚƌĞŶ�Ɛ��ŶŐĂŐĞŵĞŶƚ�ŝŶ�>ĞĂƌŶŝŶŐ�
D�d���tĞď�ŽĨ��ŽŶĨĞƌĞŶĐĞƐ�ͮ�ǀŽů͗�ϭϲϰ�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϴͲϬϰͲϮϯ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

/ŶƚĞŐƌĂƟŽŶ�,ĞĂĚ�DŽƵŶƚĞĚ��ŝƐƉůĂǇ��ĞǀŝĐĞ�ĂŶĚ�,ĂŶĚ�DŽƟŽŶ�'ĞƐƚƵƌĞ��ĞǀŝĐĞ� ĨŽƌ�sŝƌƚƵĂů�
Reality Laborator
/KW��ŽŶĨĞƌĞŶĐĞ�^ĞƌŝĞƐ͗�DĂƚĞƌŝĂůƐ�^ĐŝĞŶĐĞ�ĂŶĚ��ŶŐŝŶĞĞƌŝŶŐ�ͮ�ǀŽů͗�Ϯϴϴ�ͮ�ŝƐƐƵĞ�͗�ϭ�ͮ�ϮϬϭϴͲϬϭͲϮϱ�
ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

�ŝƐƚƌŝďƵƚĞĚ��ĂƚĂďĂƐĞ�^ĞŵĂŶƟĐ�/ŶƚĞŐƌĂƟŽŶ�ŽĨ�tŝƌĞůĞƐƐ�^ĞŶƐŽƌ�EĞƚǁŽƌŬ�ƚŽ��ĐĐĞƐƐ�dŚĞ�
Environmental Mon
/ŶƚĞƌŶĂƟŽŶĂů� :ŽƵƌŶĂů� ŽĨ� �ŶŐŝŶĞĞƌŝŶŐ� ĂŶĚ� dĞĐŚŶŽůŽŐǇ� /ŶŶŽǀĂƟŽŶ� ͮ� ǀŽů͗� ϴ� ͮ� ŝƐƐƵĞ� ͗� ϯ� ͮ�
ϮϬϭϴͲϬϭͲϬϭ�ͮ�:ŽƵƌŶĂů

^ŝŵƉůĞ�ĂŶĚ�ĞŶĞƌŐǇ�ĞĸĐŝĞŶƚ�ĚŝƐĐƌĞƚĞ�ĐŽƐŝŶĞ�ƚƌĂŶƐĨŽƌŵ�ďĂƐĞĚ�ŝŵĂŐĞ�ĐŽŵƉƌĞƐƐŝŽŶ�ĨŽƌ�ƐŝŵƉůĞ�
ƉƵůƐĞͲďĂƐĞĚ
WƌŽĐĞĞĚŝŶŐƐ�/�^Ͳ�d��ϮϬϭϳ�Ͳ�/ŶƚĞƌŶĂƟŽŶĂů��ůĞĐƚƌŽŶŝĐƐ�^ǇŵƉŽƐŝƵŵ�ŽŶ��ŶŐŝŶĞĞƌŝŶŐ�dĞĐŚŶŽůŽŐǇ�
ĂŶĚ��ƉƉůŝĐĂ�ͮ�ǀŽů͗�ϮϬϭϳͲ�ĞĐĞŵďĞƌ�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϳͲϭϮͲϮϲ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

ƉƵďůŝĐĂƟŽŶƐ

2018

2018

2018

2018

2018

2018

2018

2018

2017

2019

14



DƵůƟ�WƌŽĐĞƐƐ�DĂƚĐŚŝŶŐ��ĞƉƚŚ� /ŵĂŐĞ��ĞƚǁĞĞŶ� ^ƚĞƌĞŽ� �ĂŵĞƌĂ� ĂŶĚ� ^ƚƌƵĐƚƵƌĞ� ^ĞŶƐŽƌ� ŝŶ�
ZĞĂůƟŵĞ
WƌŽĐĞĞĚŝŶŐƐ�/�^Ͳ�d��ϮϬϭϳ�Ͳ�/ŶƚĞƌŶĂƟŽŶĂů��ůĞĐƚƌŽŶŝĐƐ�^ǇŵƉŽƐŝƵŵ�ŽŶ��ŶŐŝŶĞĞƌŝŶŐ�dĞĐŚŶŽůŽŐǇ�
ĂŶĚ��ƉƉůŝĐĂ�ͮ�ǀŽů͗�ϮϬϭϳͲ�ĞĐĞŵďĞƌ�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϳͲϭϮͲϮϲ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

�ŝŐŝƚĂů�^ŝŐŶĂƚƵƌĞ�ŽŶ�&ŝůĞ�hƐŝŶŐ��ŝŽŵĞƚƌŝĐ�&ŝŶŐĞƌƉƌŝŶƚ�ǁŝƚŚ�&ŝŶŐĞƌƉƌŝŶƚ�^ĞŶƐŽƌ�ŽŶ�
Smartphone
WƌŽĐĞĞĚŝŶŐƐ�/�^Ͳ�d��ϮϬϭϳ�Ͳ�/ŶƚĞƌŶĂƟŽŶĂů��ůĞĐƚƌŽŶŝĐƐ�^ǇŵƉŽƐŝƵŵ�ŽŶ��ŶŐŝŶĞĞƌŝŶŐ�dĞĐŚŶŽůŽŐǇ�
ĂŶĚ��ƉƉůŝĐĂ�ͮ�ǀŽů͗�ϮϬϭϳͲ�ĞĐĞŵďĞƌ�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϳͲϭϮͲϮϲ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

^ŝŵƉůĞ� ĂŶĚ� �ŶĞƌŐǇ� �ĸĐŝĞŶƚ� �ŝƐĐƌĞƚĞ� �ŽƐŝŶĞ� dƌĂŶƐĨŽƌŵ� �ĂƐĞĚ� /ŵĂŐĞ� �ŽŵƉƌĞƐƐŝŽŶ� ĨŽƌ�
^ŝŵƉůĞ�WƵůƐĞͲ�ĂƐĞĚ
WƌŽĐĞĞĚŝŶŐƐ�/�^Ͳ�d��ϮϬϭϳ�Ͳ�/ŶƚĞƌŶĂƟŽŶĂů��ůĞĐƚƌŽŶŝĐƐ�^ǇŵƉŽƐŝƵŵ�ŽŶ��ŶŐŝŶĞĞƌŝŶŐ�dĞĐŚŶŽůŽŐǇ�
ĂŶĚ��ƉƉůŝĐĂ�ͮ�ǀŽů͗�ϮϬϭϳͲ�ĞĐĞŵďĞƌ�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϳͲϭϮͲϮϲ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

�ĞƐŝŐŶ�ĂŶĚ��ĞǀĞůŽƉŵĞŶƚ�sŝƌƚƵĂů�ZĞĂůŝƚǇ��ƚŚůĞƟĐ�Ͳ�sŝƌƚƵĂů�/ŵĂŐĞƌǇ�ƚŽ�dƌĂŝŶ�^ƉƌŝŶƚĞƌ�
�ŽŶĐĞŶƚƌĂƟŽŶ
WƌŽĐĞĞĚŝŶŐƐ�Ͳ�/ŶƚĞƌŶĂƟŽŶĂů��ůĞĐƚƌŽŶŝĐƐ�^ǇŵƉŽƐŝƵŵ�ŽŶ�<ŶŽǁůĞĚŐĞ��ƌĞĂƟŽŶ�ĂŶĚ�/ŶƚĞůůŝŐĞŶƚ�
�ŽŵƉƵƟŶŐ͕�/�ͮ�ǀŽů͗�ϮϬϭϳͲ:ĂŶƵĂƌǇ�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϳͲϭϮͲϭϵ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

dƌƵĞ�ZĂŶĚŽŵ�ĂŶĚ��ĚũƵƐƚĂďůĞ�DĞŵŽƌǇ�DĂŶĂŐĞŵĞŶƚ��ǀĂůƵĂƟŽŶ�&ƌĂŵĞǁŽƌŬ�ǁŝƚŚ�DĂƌŬŽǀ�
Chain
WƌŽĐĞĞĚŝŶŐƐ�Ͳ�/ŶƚĞƌŶĂƟŽŶĂů��ůĞĐƚƌŽŶŝĐƐ�^ǇŵƉŽƐŝƵŵ�ŽŶ�<ŶŽǁůĞĚŐĞ��ƌĞĂƟŽŶ�ĂŶĚ�/ŶƚĞůůŝŐĞŶƚ�
�ŽŵƉƵƟŶŐ͕�/�ͮ�ǀŽů͗�ϮϬϭϳͲ:ĂŶƵĂƌǇ�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϳͲϭϮͲϭϵ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

WƌĞůŝŵŝŶĂƌǇ��ĞƐŝŐŶ�ŽĨ�DŽďŝůĞ�sŝƐƵĂů�WƌŽŐƌĂŵŵŝŶŐ��ƉƉƐ�ĨŽƌ�/ŶƚĞƌŶĞƚ�ŽĨ�dŚŝŶŐƐ��ƉƉůŝĐĂƟŽŶƐ�
�ĂƐĞĚ�ŽŶ�ZĂ
WƌŽĐĞĞĚŝŶŐƐ�Ͳ�/ŶƚĞƌŶĂƟŽŶĂů��ůĞĐƚƌŽŶŝĐƐ�^ǇŵƉŽƐŝƵŵ�ŽŶ�<ŶŽǁůĞĚŐĞ��ƌĞĂƟŽŶ�ĂŶĚ�/ŶƚĞůůŝŐĞŶƚ�
�ŽŵƉƵƟŶŐ͕�/�ͮ�ǀŽů͗�ϮϬϭϳͲ:ĂŶƵĂƌǇ�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϳͲϭϮͲϭϵ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

^ŝŵƉůĞ�ĂŶĚ��ŶĞƌŐǇ��ĸĐŝĞŶƚ� /ŵĂŐĞ��ŽŵƉƌĞƐƐŝŽŶ� ĨŽƌ�WƵůƐĞͲ�ĂƐĞĚ��ŽŵŵƵŶŝĐĂƟŽŶ� ŝŶ�dŚǌ�
�ĂŶĚ
WƌŽĐĞĞĚŝŶŐƐ�Ͳ�/ŶƚĞƌŶĂƟŽŶĂů��ŽŶĨĞƌĞŶĐĞ�ŽŶ��ĚǀĂŶĐĞĚ�/ŶĨŽƌŵĂƟŽŶ�EĞƚǁŽƌŬŝŶŐ�ĂŶĚ��ƉƉůŝĐĂͲ
ƟŽŶƐ͕��/E��ͮ�ǀŽů͗�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϳͲϬϱͲϬϱ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

&ůŽt�sŝƐŝŽŶ͗��ĞƉƚŚ�/ŵĂŐĞ��ŶŚĂŶĐĞŵĞŶƚ�ďǇ��ŽŵďŝŶŝŶŐ�^ƚĞƌĞŽ�Z'�Ͳ�ĞƉƚŚ�^ĞŶƐŽƌ
ϮϬϭϲ�/ŶƚĞƌŶĂƟŽŶĂů��ŽŶĨĞƌĞŶĐĞ�ŽŶ�<ŶŽǁůĞĚŐĞ��ƌĞĂƟŽŶ�ĂŶĚ�/ŶƚĞůůŝŐĞŶƚ��ŽŵƉƵƟŶŐ͕�<�/��ϮϬϭϲ�
ͮ�ǀŽů͗�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϳͲϬϯͲϮϬ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

tĞůĐŽŵĞ�DĞƐƐĂŐĞ�ĨƌŽŵ�'ĞŶĞƌĂů��ŚĂŝƌ�ŽĨ�/�^�ϮϬϭϲ
WƌŽĐĞĞĚŝŶŐƐ� Ͳ� ϮϬϭϲ� /ŶƚĞƌŶĂƟŽŶĂů� �ůĞĐƚƌŽŶŝĐƐ� ^ǇŵƉŽƐŝƵŵ͕� /�^� ϮϬϭϲ� ͮ� ǀŽů͗� ͮ� ŝƐƐƵĞ� ͗� ͮ�
ϮϬϭϳͲϬϮͲϮϭ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

ƉƵďůŝĐĂƟŽŶƐ

2017

2017

2017

2017

2017

2017

2017

2017

2017

ϭϱ



�ĞƐŝŐŶ�ĂŶĚ�/ŵƉůĞŵĞŶƚĂƟŽŶ�ŽĨ�^ŵĂƌƚ��ŶǀŝƌŽŶŵĞŶƚ�DŽŶŝƚŽƌŝŶŐ�ĂŶĚ��ŶĂůǇƟĐƐ�ŝŶ�ZĞĂůͲdŝŵĞ�
System Framewor
WƌŽĐĞĞĚŝŶŐƐ� Ͳ� ϮϬϭϲ� /ŶƚĞƌŶĂƟŽŶĂů� �ůĞĐƚƌŽŶŝĐƐ� ^ǇŵƉŽƐŝƵŵ͕� /�^� ϮϬϭϲ� ͮ� ǀŽů͗� ͮ� ŝƐƐƵĞ� ͗� ͮ�
ϮϬϭϳͲϬϮͲϮϭ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

WƌĞůŝŵŝŶĂƌǇ� �ĞƐŝŐŶ� ŽĨ� /ŶƚĞƌĂĐƟǀĞ� sŝƐƵĂů� DŽďŝůĞ� WƌŽŐƌĂŵŵŝŶŐ� ŽŶ� ĞĚƵĐĂƟŽŶĂů� ƌŽďŽƚ�
ADROIT V1
WƌŽĐĞĞĚŝŶŐƐ� Ͳ� ϮϬϭϲ� /ŶƚĞƌŶĂƟŽŶĂů� �ůĞĐƚƌŽŶŝĐƐ� ^ǇŵƉŽƐŝƵŵ͕� /�^� ϮϬϭϲ� ͮ� ǀŽů͗� ͮ� ŝƐƐƵĞ� ͗� ͮ�
ϮϬϭϳͲϬϮͲϮϭ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

�ĞƐŝŐŶ�ĂŶĚ��ĞǀĞůŽƉŵĞŶƚ�ŽĨ���WŽƌƚĂďůĞ�>ŽǁͲ�ŽƐƚ��Kd^Ͳ�ĂƐĞĚ�tĂƚĞƌ�YƵĂůŝƚǇ�DŽŶŝƚŽƌŝŶŐ�
System
WƌŽĐĞĞĚŝŶŐ�Ͳ�ϮϬϭϲ�/ŶƚĞƌŶĂƟŽŶĂů�^ĞŵŝŶĂƌ�ŽŶ�/ŶƚĞůůŝŐĞŶƚ�dĞĐŚŶŽůŽŐǇ�ĂŶĚ�/ƚƐ��ƉƉůŝĐĂƟŽŶ͕�/^/d/��
ϮϬϭϲ͗�ͮ�ǀŽů͗�ͮ�ŝƐƐƵĞ�͗�ͮ�ϮϬϭϳͲϬϭͲϮϬ�ͮ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶ

ZĞĂů� dŝŵĞ� 'ůŽďĂů� ^ĐŚĞĚƵůŝŶŐ� �ŶĂůǇƐŝƐ� ĨŽƌ� 'ĞŶĞƌĂůŝǌĞĚ� �ĂŐ� dĂƐŬ� hƉŽŶ� ,ĞƚĞƌŽŐĞŶĞŽƵƐ�
Machine
:ŽƵƌŶĂů�ŽĨ�dĞůĞĐŽŵŵƵŶŝĐĂƟŽŶ͕��ůĞĐƚƌŽŶŝĐ�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ�ͮ�ǀŽů͗�ϵ�ͮ�ŝƐƐƵĞ�͗�ϮͲϱ�ͮ�
ϮϬϭϳͲϬϭͲϬϭ�ͮ�:ŽƵƌŶĂů

�ĞƐŝŐŶ�ĂŶĚ��ĞǀĞůŽƉŵĞŶƚ�ŽĨ�>Žǁ��ŽƐƚ��ŽƌĂů�DŽŶŝƚŽƌŝŶŐ�^ǇƐƚĞŵ�ĨŽƌ�^ŚĂůůŽǁ�tĂƚĞƌ��ĂƐĞĚ�
ŽŶ�/ŶƚĞƌŶĞƚ�ŽĨ�hE
:ŽƵƌŶĂů�ŽĨ�dĞůĞĐŽŵŵƵŶŝĐĂƟŽŶ͕��ůĞĐƚƌŽŶŝĐ�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ�ͮ�ǀŽů͗�ϵ�ͮ�ŝƐƐƵĞ�͗�ϮͲϱ�ͮ�
ϮϬϭϳͲϬϭͲϬϭ�ͮ�:ŽƵƌŶĂů

DĞƌŐŝŶŐ�ŽĨ��ĞƉƚŚ�/ŵĂŐĞ��ĞƚǁĞĞŶ�^ƚĞƌĞŽ��ĂŵĞƌĂ�ĂŶĚ�^ƚƌƵĐƚƵƌĞ�^ĞŶƐŽƌ�ŽŶ�ZŽďŽƚ�ΗŇŽǁΗ�
Vision
/ŶƚĞƌŶĂƟŽŶĂů�:ŽƵƌŶĂů�ŽŶ��ĚǀĂŶĐĞĚ�^ĐŝĞŶĐĞ͕��ŶŐŝŶĞĞƌŝŶŐ�ĂŶĚ�/ŶĨŽƌŵĂƟŽŶ�dĞĐŚŶŽůŽŐǇ�ͮ�ǀŽů͗�ϳ�
ͮ�ŝƐƐƵĞ�͗�ϯ�ͮ�ϮϬϭϳͲϬϭͲϬϭ�ͮ�:ŽƵƌŶĂů

ƉƵďůŝĐĂƟŽŶƐ

2017

2017

2017

2017

2017

2017
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�ĮƐ��ƐƌǇƵůůĂŚ�W͘ �� &ƌŽŶƚ��ŶĚ�tĞď��ĂƐĞĚ�WĞƌƐŽŶ��ĐƟŽŶ�ZĞĐŽŐŶŝƟŽŶ�ĨŽƌ�tŽƌŬĞƌƐ͛�WĞƌĨŽƌŵĂŶĐĞ�� �
� � �ǀĂůƵĂƟŽŶ

�ŚŵĂĚ�&ĂŝƋ�EĂƵĨĂů�� �ƚŚůĞƚĞ��ŽŶĚŝƟŽŶ��ĂƚĂ��ŶĂůǇƟĐĂů�^ǇƐƚĞŵ�ŽŶ�ƚŚĞ�^ŵĂƌƚͲDŽŶŝƚŽƌŝŶŐ��ƚŚůĞƟĐ�� �
  System

�ǀŝĨ�WƌŝŵĂ�EƵƌǇĂŶƚŽ�� �ĞǀĞůŽƉŵĞŶƚ�ŽĨ�DŽďŝůĞ��ƉƉƐͲDƵůƟƐĞŶƐŽƌ�/ŶƚĞŐƌĂƟŽŶ�^ǇƐƚĞŵ�ĨŽƌ�
� � ^ŵĂƌƚͲDŽŶŝƚŽƌŝŶŐ��ƚŚůĞƟĐ�WůĂƞŽƌŵ

�ĞƌŶĂĚĞƚŚ�zŽůĂ� �ŽĐƵŵĞŶƚĂƌǇ�&ŝůŵ�͗�dŚĞ��ƌĂŐŽŶ�DĞŵŽ

�ůĂƵĚŝĂ�>ĂďĞƌƚŚĂ� 'ĂŵŝĮĐĂƟŽŶ�͗�dƌĂĸĐ�ĂŶĚ�ZŽĂĚ�^ŝŐŶƐ

�ĞĚĞ�&ŝƚƌŝĂŶĂ� tĞď�WĞŵďĞůĂũĂƌĂŶ�ƵŶƚƵŬ��ŶĂŬ�dƵŶĂ�ZƵŶŐƵ�ĚĞŶŐĂŶ�/ŵĂŐĞ�ZĞĐŽŐŶŝƟŽŶ�
� � �ĞƌďĂƐŝƐ��ĞĞƉ�>ĞĂƌŶŝŶŐ�

�ǇŶĚĂ�ZĂŬĂƐŝǁŝ��͘� WĞŵďƵĂƚĂŶ�sŝĚĞŽ�^ƚŽƉŵŽƟŽŶ�dĞŶƚĂŶŐ��ĂŚĂǇĂ�WĞŶŐŐƵŶĂĂŶ�^ŵĂƌƚƉŚŽŶĞ�� �
  pada Anak

�ƌůĂŶŐŐĂ�,ĞŶĚƌŝŬĂ� sŝƌƚƵĂů��ŶŐŝŶĞĞƌŝŶŐ��ĞǀĞůŽƉŵĞŶƚ�ĂƐ�/ŵƉůĞŵĞŶƚĂƟŽŶ�ŽĨ��ǇďĞƌ�WŚǇƐŝĐĂů�� �
� � ^ǇƐƚĞŵ�ŽĨ�/ŶĚƵƐƚƌǇ�ϰ͘Ϭ�;^Ƶď�͗�ϯ���ƐƐĞƚƐͿ

,ĂŶŝĂ��Ğǁŝ�&͘ � dŚĞ��ƌƚ�ŽĨ�^ƚŽƌǇƚĞůůŝŶŐ�ŝŶ�DƵƐĞƵŵ�t͘Z͘�^ƵƉƌĂƚŵĂŶ

,ĂƌƵŵ�&ůŽƌĂ��͘� �ƉůŝŬĂƐŝ��ŶĚƌŽŝĚ�ƵŶƚƵŬ��ŶĂŬ�dƵŶĂ�ZƵŶŐƵ�ĚĞŶŐĂŶ�/ŵĂŐĞ�ZĞĐŽŐŶŝƟŽŶ��ĞƌďĂƐŝƐ��
  Deep Learning

,ƵĚǌĂŝĨĂŚ�Z͘� /ŵƉůĞŵĞŶƚĂƐŝ�sŝƌƚƵĂů��ŶŐŝŶĞĞƌŝŶŐ͗�WĞŵďƵĂƚĂŶ��ƐĞƚ�KƚŽŵĂƟƐ�DĞŶŐŐƵŶĂŬĂŶ��
� � ϯ��^ĐĂŶŶĞƌ�ƵŶƚƵŬ��ƉůŝŬĂƐŝ�sZ

/ůŚĂŵ��ĐŚŵĂĚ�� sŝƌƚƵĂů��ŶŐŝŶĞĞƌŝŶŐ��ĞǀĞůŽƉŵĞŶƚ�ĂƐ�/ŵƉůĞŵĞŶƚĂƟŽŶ�ŽĨ��ǇďĞƌ�WŚǇƐŝĐĂů�� �
� � ^ǇƐƚĞŵ�ŽĨ�/ŶĚƵƐƚƌǇ�ϰ͘Ϭ�;^Ƶď�͗�^ŝŵƵůĂƟŽŶͿ

/ŶĚĂŚ�WĞƌŵĂƚĂŶŝŶŐ Video Pengembangan Makanan Tradisional Indonesia

:ƵŶŝĂƌƚǇ�WƌĂĚŝŌĂ� ^ŝŵƵůĂƐŝ�ĚĂŶ�/ŵƉůĞŵĞŶƚĂƐŝ��ŶƚĞŶĂ�>ŽŽƉ�ƐĞďĂŐĂŝ��ƉůŝŬĂƐŝ�WĞŶĞƌŝŵĂ�ds��ŝŐŝƚĂů

D͘��ůĨĂŶĚŝ� � ZĂŶĐĂŶŐ��ĂŶŐƵŶ�/Wds�ƵŶƚƵŬ�DĞĚŝĂ��ĞůŝǀĞƌǇ�<ŽŶƚĞŶ�DD�

D͘��ĂŐĂƐ�Z͘� WĞŵďƵĂƚĂŶ�^ŝƐƚĞŵ�dƌĂŶƐŵŝƐŝ�^ƵĂƌĂ�DĞůĂůƵŝ��ĂŚĂǇĂ

17

ĮŶĂů�project



DŝŌĂ�EĂƵǀĂů� �ŝŶĞŵĂƟĐ�DŽǀŝĞ�ĨŽƌ�DƵƐĞƵŵ�t͘Z͘�^ƵƉƌĂƚŵĂŶ

DƵŚĂŵŵĂĚ�/ƌĨĂŶ�Z͘� sŝƐƵĂůŝǌĂƟŽŶ��ĞǀĞůŽƉŵĞŶƚ�&Žƌ�^ŵĂƌƚͲDŽŶŝƚŽƌŝŶŐ��ƚŚůĞƟĐ�WůĂƞŽƌŵ

EĂƵĨĂů��Ěŝ�^ĂƚƌŝŽ�� sŝƌƚƵĂů��ŶŐŝŶĞĞƌŝŶŐ��ĞǀĞůŽƉŵĞŶƚ�ĂƐ�/ŵƉůĞŵĞŶƚĂƟŽŶ�ŽĨ��ǇďĞƌ�WŚǇƐŝĐĂů�� �
� � ^ǇƐƚĞŵ�ŽĨ�/ŶĚƵƐƚƌǇ�ϰ͘Ϭ�;^Ƶď�͗�hƐĞƌ�/ŶƚĞƌĂĐƟŽŶͿ

EŝƚĂ��ǁŝ� � WĞŵďƵĂƚĂŶ�tĞď�ƵŶƚƵŬ�<ŽŵĞƌƐŝĂůŝƐĂƐŝ�dĞŵƉĂƚ�tŝƐĂƚĂ�Ěŝ��ŽũŽŶĞŐŽƌŽ�

ZĂĚĞŶ��ŝŵĂƐ��͘� DĞĚŝĂ�WĞŵďĞůĂũĂƌĂŶ�/ŶƚĞƌĂŬƟĨ�ƵŶƚƵŬ�DĞůĂƟŚ�<ĞŵĂŶĚŝƌŝĂŶ��ŶĂŬ�
� � �ĞƌŬĞďƵƚƵŚĂŶ�<ŚƵƐƵƐ

^ĂŵŝƌĂ�ZĂŚŵĂ� �ƌĂŶĚŝŶŐ�ĨŽƌ��ĂƌĂ��ƌĞĂƟǀĞ�

^ĂŶĚǇ��ƌŝĨ�t͘� /ŵƉůĞŵĞŶƚĂƐŝ�sŝƌƚƵĂů��ŶŐŝŶĞĞƌŝŶŐ͗�sZ�WůĂƞŽƌŵ�

^ĞƉƟĂŶ��ŬĂ�^͘� WĞŵďƵĂƚĂŶ��ŶŝŵĂƐŝ�WĞŵďĞůĂũĂƌĂŶ�^ŝŶǇĂů�ƉĂĚĂ��ŽŵĂŝŶ�&ƌĞŬƵĞŶƐŝ

^ŝƟ��ŶŝƐĂ� � �ƉůŝŬĂƐŝ�sŝƌƚƵĂů�>ŝƉƐƟŬ��ĞƌďĂƐŝƐ��ĞĞƉ�>ĞĂƌŶŝŶŐ

^ŝƟ��ĞƐĂƌŝĂ�^ĂŚĚĞůĂ� �ŝŶĞŵĂƟĐ�DŽǀŝĞ�ĨŽƌ�DƵƐĞƵŵ�t͘Z͘�^ƵƉƌĂƚŵĂŶ
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19

thesis
�ƌƚŚĞƌ�tŝůĞŵ��ŽƌŶĞůŝƵƐ�dŝ �ůŽĐŬĐŚĂŝŶ��ĂƐĞĚ�WƌŽǆǇ�ZĞͲĞŶĐƌŝƉƟŽŶ�^ĐŚĞŵĞ�&Žƌ�^ĞĐƵƌĞ�
� � � &ŝůĞ�^ŚĂƌŝŶŐ�ŝŶ�dŚĞ��ĞĐĞŶƚƌĂůŝǌĞĚ�^ǇƐƚĞŵ�

Dhodit Rengga Tisna tŝƌĞůĞƐƐ��ŽĚǇ��ƌĞĂ�EĞƚǁŽƌŬ�ƵŶƚƵŬ�WĞŵĂŶƚĂƵĂŶ��Ͳ,ĞĂůƚŚ�
� � � ƉĂĚĂ�KůĂŚƌĂŐĂǁĂŶ
  
DƵŚĂŵŵĂĚ�&ĂũƌƵů�&ĂůĂŚ� �ĞƐŝŐŶ�ŽĨ�sŝƌƚƵĂů��ŶŐŝŶĞĞƌŝŶŐ�ĂŶĚ��ŝŐŝƚĂů�dǁŝŶ�WůĂƞŽƌŵ�ĂƐ�� �
� � � /ŵƉůĞŵĞŶƚĂƟŽŶ�ŽĨ��ǇďĞƌ�WŚǇƐŝĐĂů�^ǇƐƚĞŵƐ

Tamara Maharani  ^ŝƐƚĞŵ�<ŽŵƵŶŝŬĂƐŝ�DƵůƟŵĞĚŝĂ�ƉĂĚĂ�<ĂŶĂů�dĞƌĂŚĞƌƚǌ��ĂŶĚ

zŽŚĂŶĞƐ�zŽŚĂŶŝĞ�&ƌŝĚĞůŝŶ�W͘ � /ŵƉůĞŵĞŵƚĂƐŝ��ĂĐŬĞŶĚ�^ĞƌǀŝĐĞ�WĂĚĂ�,ƵŵĂŶͲŝŶͲdŚĞͲ>ŽŽƉ�� �
� � � ^ǇƐƚĞŵ



20

tŝƌĞůĞƐƐ�EĞƚǁŽƌŬ͕��/Žd
ZĂŚĂƌĚŚŝƚĂ�tŝĚǇĂƚƌĂ͕�^͘^d͕ �D͘d͘ ͕�WŚ͘�

tŝƌĞůĞƐƐ�EĞƚǁŽƌŬ͕��/Žd
ZĂŚĂƌĚŚŝƚĂ�tŝĚǇĂƚƌĂ͕�^͘^d͕ �D͘d͘ ͕�WŚ͘�

,ƵŵĂŶ��ŽŵƉƵƚĞƌ�/ŶƚĞƌĂĐƟŽŶ͕
�ĚƵĐĂƟŽŶĂů�dĞĐŚŶŽůŽŐǇ

�ƌ͘ Ͳ/ŶŐ͘�,ĞƐƟĂƐĂƌŝ�ZĂŶƚĞ͕�^d͘ ͕�D͘^Đ͘

dĞůĞĐŽŵŵƵŶŝĐĂƟŽŶ͕�
DƵůƟŵĞĚŝĂ�

D͘��ŐƵƐ��͕�^d͕ �Dd͕ �WŚ͘�
/Žd͕ ��ŝŐ�ĂƚĂ͕��/

^͘�^ƵŬĂƌŝĚŚŽƚŽ͕�^d͕ �WŚ͘�

^ŽŌǁĂƌĞ��ŶŐŝŶĞĞƌŝŶŐ͕�DĂƚŚĞŵĂƟĐƐ
�ǁŝ�<ƵƌŶŝĂ��ĂƐƵŬŝ͕�^͘^ŝ͕͘�D͘<Žŵ

,ƵŵĂŶ��ŽŵƉƵƚĞƌ�/ŶƚĞƌĂĐƟŽŶ͕
�ĚƵĐĂƟŽŶĂů�dĞĐŚŶŽůŽŐǇ�ĚƵĐĂƟŽŶĂů�dĞĐŚŶŽůŽŐǇ

�ƌ͘ Ͳ/ŶŐ͘�,ĞƐƟĂƐĂƌŝ�ZĂŶƚĞ͕�^d͘ ͕�D͘^Đ͘

^ŽŌǁĂƌĞ��ŶŐŝŶĞĞƌŝŶŐ͕�DĂƚŚĞŵĂƟĐƐ
�ǁŝ�<ƵƌŶŝĂ��ĂƐƵŬŝ͕�^͘^ŝ͕͘�D͘<Žŵ
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AWARDS

23

ϮϬϭϵ

ϮϬϭϵ

ϮϬϭϵ

ϮϬϭϵ

ϮϬϭϵ

ϮϬϭϴ

ϮϬϭϳ

ϮϬϭϳ

ϮϬϭϴ

ϮϬϭϵ

ϮϬϭϵ

ϮϬϭϴ

ϮϬϭϴ

ϮϬϭϴ

zŽŐŝ�WƵƚƌĂ�WƌĂƚĂŵĂ͕�&ŝĂŶŶƵƌĚŝŶ
:ƵĂƌĂ�ϯ�/Žd�DĂŬĞƌƐ��ƌĞĂƟŽŶ�<ĞŵĞŶƉĞƌŝŶ�Θ�<ŽŵŝŶĨŽ

zŽŐŝ�WƵƚƌĂ�WƌĂƚĂŵĂ
:ƵĂƌĂ�ϭ�dĞŬŶŽůŽŐŝ�dĞƉĂƚ�'ƵŶĂ�ϮϬϭϵ��ŝŶĂƐ�<ĞƚĂŚĂŶĂŶ�WĂŶŐĂŶ�<ŽƚĂ�^ƵƌĂďĂǇĂ

zŽŐŝ�WƵƚƌĂ�WƌĂƚĂŵĂ
:ƵĂƌĂ�ϭ�<D/WE

DŽĐŚĂŵŵĂĚ�ZŝŅŝ�hůŝů��ůďĂĂď
ϭƐƚ�&ŝŶĂů�WƌŽũĞĐƚ��ŽŵƉĞƟƟŽŶ�WƌŽŐƌĂŵ�WĂƐĐĂƐĂƌũĂŶĂ

&Ăƌŝǌ��ƌĂŵĂƐƚĂ�W͘
ϭƐƚ�&ŝŶĂů�WƌŽũĞĐƚ��ŽŵƉĞƟƟŽŶ�WƌŽŐƌĂŵ�^ƚƵĚŝ��ϰ�dĞŬŶŝŬ�<ŽŵƉƵƚĞƌ

/ŬĂ�&ĂĚŚŝůĂŚ͕�^ĂŶĚŝ��ĂǇƵ
ϯƌĚ�&ŝŶĂů�WƌŽũĞĐƚ��ŽŵƉĞƟƟŽŶ�WƌŽŐƌĂŵ�^ƚƵĚŝ��ϯ�DƵůƟŵĞĚŝĂ��ƌŽĂĚĐĂƐƟŶŐ

DŽĐŚĂŵŵĂĚ�ZŝŅŝ�hůŝů��ůďĂĂď
ϭƐƚ�WŽƐƚĞƌ�/ŶƚĞƌŶĂƟŽŶĂů��ŽŶĨĞƌĞŶĐĞ�dƌĂŶƐƉŽƌƚĂƟŽŶ�ĂŶĚ�/ŶŽǀĂƟŽŶ

zŽŐŝ�WƵƚƌĂ�WƌĂƚĂŵĂ͕�,Ğƌŝ�zƵůŝĂŶƵƐ�
:ƵĂƌĂ�ϯ��ƵƐŝŶĞƐƐ�DĂƚĐŚŝŶŐ

zŽŐŝ�WƵƚƌĂ�WƌĂƚĂŵĂ
:ƵĂƌĂ�Ϯ�D�'��/Kd��ŽŵƉĞƟƟŽŶ�

zŽŐŝ�WƵƚƌĂ�WƌĂƚĂŵĂ
�ĞƐƚ�WĂƉĞƌ��ǁĂƌĚ�/�^

zŽŚĂŶĞƐ�zŽŚĂŶŝĞ�&ƌŝĚĞůŝŶ�W͘
EŽŵŝŶĞ��ĞƐƚ�WĂƉĞƌ��ǁĂƌĚ�Ͳ�/�t�dĞůŬŽŵƵŶŝŬĂ

/ƐŬĂŶĚĂƌ��ǌƵůŬĂƌŶĂŝŶ
:ƵĂƌĂ�ϭ�&W��WƌŽŐƌĂŵ��ϰ�dĞŬŶŝŬ�/ŶĨŽƌŵĂƟŬĂ�<ĂƚĞŐŽƌŝ�W�E^�^<z

zŽŐŝ�WƵƚƌĂ�WƌĂƚĂŵĂ͕�/ƐŬĂŶĚĂƌ��ǌƵůƋĂƌŶĂŝŶ�
:ƵĂƌĂ�Ϯ��ŝůŽ�,ĂĐŬĂƚŚŽŶ�&ĞƐƟǀĂů�:ĂǁĂ�dŝŵƵƌ�Ͳ�dĞůŬŽŵ�/ŶĚŽŶĞƐŝĂ

/ĚƌŝƐ�^ĞƟĂǁĂŶ
:ƵĂƌĂ�Ϯ��ǆƉŽ�<ĞǁŝƌĂƵƐĂŚĂĂŶ�DĂŚĂƐŝƐǁĂ�/ŶĚŽŶĞƐŝĂ�;<D/Ϳ�s///�<ĂƚĞŐŽƌŝ�/ŶĚƵƐƚƌŝ�
WƌŽĚƵŬƐŝͬ�ƵĚŝĚĂǇĂ
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