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Tom tit

Bai bao trinh bay vé thudr todn diéu khién may
bay khéng nguoi 1ai bang nhdn dang ci chi dung
chip Al - NM500. AI chip dwoc phén biét khac vai
tri tué nhan tgo bdi cdu trac phan cing duwoc tinh
hop san, cac thudt toan song song giza hudn
luyén va nhdn dang. Céc té bao than kinh cua
NM500 c6 thé hoc va nhdn ra cac mau duwoc trich
xudt tir bat ky nguon diz liéu ndo c6 it nang heong
va d¢ phic tap hon cdac bé Vi xir ly hién dai.

Ung dung dé xuat c6 thé diéu khién cac thiét bj
bay khéng nguoi 1ai bang nhan dang chuyén déng
tir nhitng ¢t chi mau dwoce qui dinh béi nguoi
diéu khién. T&c gid da xdy dung mét mé hinh diéu
khien mét UAV quy md nhé dé thdo ludn vé hiéu
qua hoat dong cua hé thong diroc xay dung Vdi
phan citng NM500. Tdn dung lgi thé ciia NM500,
hé théng chi don gian bao gom mét cam bién
IMU (cam bién géc quay + cam bién gia toc) va
mgt chip NM500, xu ly tin hiéu ter IMU sau do giri
tin hiéu d@iéu khién twong img véi chuyén dong
mau dén bé diéu khién cia UAV dé thuc hién.

Tir khéa: NM500, thiét bi bay khéng nguoi lai,
tri tué nhan tgo, Neuromorphic chip, IMU.

Abstract

This article deals with a controller for UAV by
motion recognition using newly developed
neuromorphic artificial intelligent chip NM500.
Neuromorphic artificial intelligence is
distinguished from other Al by its particular
hardware structure and parallel algorithms of
learning and recognition. Thus, no-rons of
NM500 can learn and recognize patterns
extracted from any data sources with less energy
and complexity than modern microprocessors.
The proposed application can control the UAV by
recognizing the motion which. We have built a
small UAV model to discuss the real-time

performance as well as hardware implementation
with NM500. Taking advantages of NM500, the
system simply consists of an IMU and a NM500,
which processes the signal from the IMU and then
send control signal to a UAV controller.

Keywords: NM500, UAV, artificial

intellignence, Neuromorphic chip, IMU.
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1. Gioi thiéu

Nam 2018, Nepes, mot cong ty chuyén san xuét linh
kién ban dan cua Han Qudc da phat trién va gioi thiéu ra
thi trrong mat loai chip tri tué nhan tao o6 tén 1a NM500
[1-2]. Chip NM500 1& mot mang ludi than kinh co kién
trac song song hoan toan, né 1a mot chudi cac no-ron
giéng hé nhau. Kién trac song song hoan toan ctia chip
NM500 duoc thue hién bdi vi tit ca cac té bao than kinh
déu gidng hét nhau va khong yéu cau bat ky bo diéu
khién hodc ngudi giam sat ndo tuong tac véi nhau.

NMS500 va NeuroShield tao thanh mdt mach c6
kha ning tu hoc rit phu hop cho cac Gmg dung IoT
(Internet of Things) va cac hé thong thong minh. Véi
giao thuc dugc xay dung tuong thich vdi cac mach
Ardunio hodc méy tinh (Hinh 1). NM500 1a mot phan
cung tri tu€ nhan tao mo ra mét bién gidi mdi cho cac
cam bién thong minh, IoT, hoc miy (machine
learning) va dién toan nhan thdc (cognitive
computing) [3]. Mdi mét no-ron cia NM500 co thé
hoa va nhan thirc duwgc mau trich xuét tir bat ki nguén
dir liéu nao nhu hinh anh, séng am thanh, tin hi¢u sinh
hoc, dang vin ban,... véi viée tiéu ton it ning lwong
(Hinh 2) va linh hoat hon so véi céc loai vi xtr ly, vi
diéu khién hién dai dang c6 trén thi truong.

Trong bai bao nay, tic gia dé xudt xay dung bo
diéu khién UAV sir dung chip NM500. Dé xuat (mg
dung c6 thé diéu khién hoat dong cua UAV tir cac
chuyén dong dugc qui dinh trudc boi nguoi diéu
khién. Téc gia da xay dung mot mo hinh didu khién mot
UAV quy mé nhé dé thao luan vé hiéu suit thoi gian
thyc cling nhu trién khai phn cimg véi NM500. Tén
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dung loi thé cia NM500, hé théng chi don gian bao gdm
mot cam bién IMU(cam bién goc quay + cam bién gia
tc) va mot chip NM500, xir 1y tin hidu tir IMU sau d6
giri tin hidu diéu khién twong Gmg véi chuyén dong mau
dén bo diéu khién cia UAV dé thyc hién.

<2.5 usec
Recognition Latency

nnnnnnnnnnn
576 neurons
0.3Watts.

Hinh 2. Mirc tiéu thu nang lwong ciia chip NM500
2. Gi6i thiéu vé chip tri tué nhin tac NM500

Mang lu6i no-ron cung cip boi NM500 duoc goi
la FFNN (Feed Forward Neural Network) st dung
RBG (Radial Basis Function). N6 ¢6 ciu truc 3 16p
v6i 1 16p ddu vao, mot 16p an va 1 16p dau ra nhu Hinh
3. Lop an co thé duge mo rong dén sb lugng no-ron
vat 1y duoc hd tro boi chip NM500. Mot chip don
NM3500 bao gom 576 no-ron va c6 thé ting quy mod
lén dén vai tram triéu no-ron véi cach ghép tang -
Brick (Hinh 2) v&i cling thoi gian xtr 1y. M&i 16p 4n c6
256 bytes RAM.

NMS500 tinh toan hai gia tri dinh murc bé‘mg cach st
dung phuong phap LI (Manhattan) hoac Lsup
(Supremum) nhu mét tiéu chi dé xac dinh su gidng
nhau giira dir li¢u da hoc va dir liéu déau vao trong mot
no-ron. Ché d6 nhan dang hd trg boi NM500 cung cép
thudt toan RBG va KNN (k - Nearest Neighbor) [2].
No-ron c6 thé hoc va nhan dang vecto dau vao mot
céch tu dong va song song. Néu mét s6 t& bao than
kinh nhén ra mdt mé hinh, cac phan ung ctia chung c6
thé duoc léy tu dong theo thur ty khodng céach ting dan
(trong dwong véi mirc do tin cdy giam dan). Thong
tin ¢6 thé duoc doc tr mot no-ron bao gém khoang
cach, loai va sé nhan dang no-ron.

Qua trinh hoc dugc bat dau béng viéc tao ra mot
danh muc, d6 1a nhan xac dinh dit liéu sé duoc hoc,
sau mot mau dau vao. Néu dit liéu dau vao co6 tinh
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moi, no-ron tiép theo co san trong chudi s& tu dong
lru mau va thu muc cua nd. Néu mot sé no-ron bin ra
nhan ra miu nhung véi mot loai khac ngoai loai can
hoc, chiing sé€ tur dong sua cac trudong anh huong cia
chiung. Khi mang NM500 phat ra mot mau dau vao
mai, tat ca cac no-ron cip nhat dong thoi khoang cach
ctia chiing bang cach sir dung két hop bus song song.
C4C no-ron nay sin sang tra 1oi mot truy van ngay khi
thanh phan cudi cung nhan dwogc. Té bao thin kinh
phan (g v6i mot mo hinh dau vao tu sip xép theo do
tin cdy giam dan. Tinh ning doc ddo nay lién quan dén
kién trac song song ctia mang NM500.

Output

External Input

|

Output layer
(2 bytes)

Output layer Hidden layer

(upto 256 bytes)

Hinh 3. Céu tricc 3 I6p FENN trong NM500
Bing 1. Théng sé ciia NM500
TT Théng s6
37MHz cho chip don; 18MHz
cho chudi nhiéu chip
110 Bus song song (26 lines)

Xung nhip

Dbién ap 3,3V cho 1/0; 1,2V cho chip
Cong suit tiéu <153mW trong ché do tich cuc
thu

Pong goi 64 pin

* Kién triic ciia NM500

Chip NM500 bao gém cac modul: phan lién két
no-ron va chudi no-ron (Hinh 4). Truyén thong lién
modul va lién neuro dugc thuc hién bﬁng cach truyén
truc tiép trén cac bus song song. Mdi no-ron bao gdm
1 b6 nhG, mot bd gém ¢6 6 thanh ghi va mét vai céng
logic. Thong s6 ky thuat cia NM 600 dugc trinh bay
nhu trong Bang 1.

Mot no-ron c6 thé c6 3 trang thai trong chudi:
IDLE (ranh réi), RTL (ready to learn - san sang hoc)
and Committed (cam két). No-ron chuyén sang trang
thai cam két ngay khi n6 thuc hién hoc mau va thu
muc dang ki cta né sé€ dugc ghi maot gid tri la khac 0.

Mot trong nhitng loi ich cia kién trdc NM500 la
ngudi ta c6 thé xép song song nhiéu chip dé mé rong
kich thuéc cua mang no-ron bang cach ting 576
no-ron. Hanh vi cua té bao than kinh trong mét chip
don hoac nhiéu chip van giéng nhau.
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NM Bus
Control lines

L@rjﬂonnECt

NM Bus

N

DCl —> Neuron—— Neuron—={ Neuron - - =>| Neuroni—> DCO

Hinh 4. Kién trac ciia NM500

L
/ 2. Training'

MR\ Recopiton
[ﬂn. )
M\ Motion |
Feaure
Extraction

1. Ieput data
[——xx

6-Axis accelerometer/gyroscope
Seasor (BMI160)

Consect viaUSB.

Laptop with Ardamio Eaviroument
S

Hinh 5. Céu tric ciia hé théng d@iéu khién UAV bang
nhén dang chuyén dgng sir dung chip Al NM500
3. Thiét ké b diéu khién UAV bing nhan dang
chuyén dgng sir dung chip NM500

Pé thyc hién diéu khién UAV bing nhan dang
chuyén dong sir dung chip NM500 thi yéu cau cua hé
thong can c¢6 1 IMU, day 1a loai la ban con quay va
gia téc ké 6 bac tu do. Dit liéu nhan duoc tir IMU s&
dugc gui dén chip NM500 dé tién hanh qua trinh hoc
va nhan dang chuyén dong tuong tng véi tirng lénh
diéu khién UAV dugc qui dinh boi nguoi diéu khién.

Cau triic ciia hé thong diéu khién UAV bang nhan
dang chuyén dong sir dung NM500 dwgc md ta nhu
Hinh 5.

Trong cau tric didu khién Hinh 5 tac gia sir dung 1
cam bién IMU dé lay tin higu tir la ban con quay va gia
toc ké, tuong tng véi mdi chuyén dong duogc qui udc
va thuc hién boi nguoi diéu khién (Bang 2) sé& thu duoc
céc tin higu tir la ban con quay va gia toc ké. CAc tin
hiéu nay s& dugc dua dén chip NM500 dé thuc hién quéa
trinh hoc va nhan dang (Hinh 7) [4-5]. Dit liéu dung dé
cho chip hoc va nhan dang nhu Hinh 6.
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(c)
Hinh 6. Dé liéu dau vao twong tng véi méi chuyén dpng:
(a) chuyén dgng trai/ phdi; (b) chuyén déng truéc! sau;
(c) chuyén déng lén/ xuéng

I

Extract vector accel_gyro
V= [ax), ayy, 82y, £, & Ehl--- %y, Yy, Ay By B §]

/A\\
Serial input for

a CatL to learn?
CatR= Recognize(V)

@@ (Recognize the last vector)
- .
'—1 Report neuron count No

CafR changed?

Yes
Catl: Category to Learn
CatR: Category to Recognize

Report change of motion

Hinh 7. Lwu dé thugt toan cho qué trinh hec va nhgn
dang chuyén d@éng
4. Két qua thuc nghi¢m
Dé thyc hién qua trinh hoc va nhan dang chuyén
dong tir nguoi dieu khién, tac gia tién hanh xay dung
chuong trinh gidm sat trén may tinh dung C# (Hinh 8).
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Mation | rarnimg and Beceguition usimg a AL chip

Raceved Data

Hold dows the buiton and draw ibe suuple moious

Hinh 8. Giao di¢n ciia chwong trinh hoc va nhdn
dang chuyén dgng trén C#

Motion Learning and Recognition using a AI chip

Received Data
Hold down the button and draw the sample motions.
coM: [Co Got it!
BaudRate: %00 And again
Got it!
And again
ot it!
And again
Got it!
OK. learned with this sample motion.

Send

Hinh 9. Qua trinh hgc chuyén déng méu ciia NM500

Tin hiéu cua IMU Ia tin hiéu dau vao cua quéa
trinh huan luyén cho chip NM500. Mai chuyén dong
s& duoc tac gia thuc hién 4 1an bang cach cam chip
NMS500 dugc gén trén NeuroShield cung IMU s&
dugc vé cac chuyén dong nay trong khong khi. Két
thic 4 1an thuc hién chuyén dong NM500 s& két thic
qua trinh huin luyén va s& nhé chuyén dong nay vao
thu muc tuong tmg dé thyc hién cho qua trinh nhan
dang (Hinh 9).

Két qua thuc nghiém caa qua trinh huin luyén va
nhan dang chuyén dong st dung chip NM500 dugc
mo ta nhu Hinh 10.

S ‘

(sequence of motion: 1—-2—3—4)
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Slosen Lraing sod Recegation wing A cip

(sequence of motion: 1-2—3—4)

Hinh 10. Két qud theec nghiém qué trinh hudn luyén va
nhgn dgng chuyén déng sik dung chip NM500
Tir két qua cua quéa trinh huin luyén va nhan
dang chuyén dong cua chip NM500 téc gia tién hanh
&4p dung chuong trinh diéu khién nay dé thyc hién
diéu khién UAV.

Controller’s quadcopter
(using Arduino/UNO)

Hinh 11. Cdu tric ciia hé théng diéu khién UAV bang
nhdn dang chuyén déng siz dung chip NM500

Trong ciu tric cua hé théng diéu khién UAV
bang nhan dang chuyén dong sir dung chip NM500
(Hinh 11), tac gia s dung 1 UAV dugc gén c6 dinh
trén gia vai khop quay. Bo diéu khién cia UAV dugc
truyén thong véi NM500 va NeuroShield thong qua
cong truyén thong néi tiép RS232. NM500 va
NeuroShield dugc két ndi tgi may tinh théng qua
cdng USB.

(sequence of motion:
1-2-3-4)

@
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Al

(sequence of motion:
1-2—-3—4)

(b)

Hinh 12. Két qud thec nghiém ciia chiwong trinh diéu
khién UAV bang nhégn dang chuyén dgng sir dung chip
NM500; (a): Thuc hign I1énh “Take-off™; (b) Thuc hién

Iénh “Landing”

Khi nguoi diéu khién muén thyc hién cho UAV
thuc hién 1énh “Take-off’ (cac chuyén dong tuong
&ng voi cac lénh diéu khién dwoc thuc hién nhu
Bang 2), NM500 s€ thuc hién nhan dang va dua ra
lénh “Take-off” dé diéu khién UAV. Lénh nay s&
duoc gui t6i bo didu khién caa UAV va sau d6 UAV
s& thuc hién qué trinh cét canh (Take-off) (Hinh
12(a)). Qua trinh nay ciling tuong tu Véi cac Iénh
khac ding dé didu khién UAV.

5. Két luan

Bai bao da gigi thiéu 1 loai chip tri tué nhan tao
hoan toan mdéi trén thi truong - chip NM500. NM500
la 1 phan cung tri tué nhan tao, cic no-ron cua
NM500 c6 thé hoc va nhan dang mau tir bat ki ngudn
dit liéu ndo vai cong suat tiéu thy thip hon rét nhiéu
S0 véi céc loai vi didu khién, vi xtr Ii hién dai dang
c0 trén thi truong.

Bai bao ciing dé xuét va tién hanh thuc nghiém
chuong trinh diéu khién UAV bing nhan dang
chuyén dong st dung chip NM500. Chuong trinh
diéu khién dé xuat da thuc hién diéu khién dugc hoat
dong caa UAV, véi cac Iénh dugc thuc hién chinh
X4c vai thoi gian dap ang cua hé théng 1a nhanh. Cac
két qua thur nghiém da chi ra rang thuat toan nhan
dang va hoc chuyén dong hoat dong tét trong phong
thi nghiém. Cac két qua da ching minh db tin cay va
hiéu qua ctia phuong phap dugc dé xuat.
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