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Electro Oculo Graphic EOG
Virtual Reality VR
Electro Mio Graphic EMG
Retina Pigment Epithelium RPE
Video Oculo Graphic VOG
Micro Controling Unit MCU
Electroencephalographic EEG
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! Eye tracking system
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2 Eye dipole

3 Joystick

* Virtual reality
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! Saccadic eye movement
2 gvershoot
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BasCOM/AVR Loz 1o (g 4l p 0 bgs o slaaS

. Sregfile = "m32def.dat"
. Scrystal = 1000000

. Config Porta = Input
. Config Portb = Output
. Config Portd = Output

! (Upp Alias Portb.O0
Downn Alias Portb.1
Blinkk Alias Portb.2
Rightt Alias Portb.3
Leftt Alias Portb.4
")

H Alias Pina.l
L Alias Pina.2
S Alias Pina.3
Mtl Alias Portb.4
Mt2 Alias Portb.o6

Dim Fs As Word
Dim Fsl As Word
Dim V1 As Single
Dim V As Single
Dim Lr As Word
Dim V1lr As Single
Dim Vlr As Single
As Word
As Word
As Word
As Word
As Word
As Word
Dim M1 As Word
Dim N1 As Word
P As Word
K As Word
Dim Y As Word
Z
I

)

'_l

3
ZRouQwy»

As Word

As Word

Dim Mnp As Word

Dim Lk (1800) As Byte

A = 400
B = 300
C = 200
D=C - 50
K=B+ C
P=K /2
M =P + 40
N =P - 40

AY



51.
52.
53.
54.
55.
56.
57.
Aref
58.
59.
60.
Dbb6
6l.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
ud
75.
76.
77.
1r
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.
100.
101.

=
[
|
v}
+
w
()

e # of digits-—--—————-----
Config Single = Scientific , Digits = 2
e config adc-—--—--———---—--
Config Adc = Single , Prescaler = 128 , Reference =

Start Adc

e config lcd--———----—----
Config Lcdpin = Pin , Db4 = Portd.4 , Db5 = Portd.5 ,
Portd.6 , Db7 = Portd.7 , E = Portd.3 , Rs = Portd.l
Config Lcd = 16 * 2

Cursor Off

e lcd-———————--"---——-
Locate 1 , 1

Lcd "hello"

Waitms 500

Lowerline

Lcd " let's go!"

Waitms 500

e main-----------—--———-

Do

Fs = Getadc (0) 'get adc

Vl = Fs * 2.2

vV =Vl / 1024 'adc voltage
Lr = Getadc (4) 'get adc
Vlilr = Lr * 2.2

Vlir = Vl1lr / 1024 'adc voltage

For I = 1 To 10

Set Mtl

Waitus 1500

Reset Mtl

Waitus 18500

Next

For I = 1 To 10

Set Mt2

Waitus 1500

Reset Mt2

Waitus 18500

Next

Cls

Locate 1 , 1

LCd "AdC:" ; Fs ; non
Locate 1 , 10

Led "l1r:" ; Lr ; 1] 1]
Locate 2 , 1

LCd ny=" ; v ; w 1]
Locate 2 , 10

Lcd "Vlir:" ; Vlir ;"
If S = 1 Then Goto Main

AA



102.
103.
104.
105.
106.
107.
108.
1009.
110.
111.
112.
113.
114.
115.
116.
117.
118.
1109.
120.
121.
122.

123.
124.
125.
126.
127.
128.

129.

130.
131.

132.
133.
134.

Fs = Getadc (0) adc
Vl = Fs * 2.2

vV =Vl / 1024

Lr = Getadc (4)

Vlilr = Lr * 2.2

Vlir = V1lr / 1024

Locate 1 , 1

Lcd "Ade=" ; Fs ;" "

Locate 1 , 10

Led "1r:" ; Lr ; 1] 1]

'get

'adc
'get

voltage ud
adc

'adc voltage 1r

Locate 2
Lecd "v="
Locate 2
Lcd "Vir:

.If s =1

, 1
; v ; " "
, 10
", Vlir ;
Then Goto

Seta

3583 MR R SDQ MO QO DT W

. If Fs > Z Then 7
. If Fs < Y Then Y

O Q0 0w

. If Fs > M Then

. Z2 = Fs

. Goto Chekblinkup

. Elseif Fs < N Then
.Y = Fs

. Goto Chekifdown

Elseif Lr > M1 Then
Z = Lr

. Goto Chekifleft

Elseif Lr < N1 Then
Y = Lr

. Goto Chekifright

End If

Loop

Chekblinkup:

Y = 2000

For I =1 To 250

Fs = Getadc (0)

Fs
Fs

Fsl = Getadc (0)

If Fsl < Y Then Y =
Next

'(Locate 1 , 1

LCd ; 7 ; " 1]

Fsl

No—=

. Lowerline
. Led " "

'Wait 1
'Y = 2000
')

Goto Lcdf

rYyyyrryryyryrvyyvrvrrvyrvyrvrrvrryrrvyvvyrvrvvyvyrvrrvrvrvrvvyvvrvvrvrvrvvuroung
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135. Chekifdown:

136. For I = 1 To 300
137. Waitus 50
138. Fsl = Getadc (0)
a. If Fsl < Y Then Y = Fsl
139. Next
140. Locate 1 , 1
141. Lecd "y= " ; Y ; " "
142. Lowerline
143. Led " "
144. 'Wait 1
145. Z =0
l4o. Fs = 0
147. Goto Lcdf
148. ryYyyyyvryryvyvyyrvyvyvyvyyvrvyrvryvrvyvryryvyryrvrvyrvyvrvyrvrvyrvyryrvrvyrvyvrvrvrvrvyrrvvrvrvvrvuvay
149. Lcdf:
150. Fs = 2
151. Fsl =Y
152. Locate 1 , 1
153. Lcd "Adcup= " ; Fs ; " "
154. Lowerline
155. Lcd "Adcdwn= " ; Fsl ; " "
156. 'Wait 1
157. ryYyyyyvryryvyvyvyrvyvyvyvyyvrvryryvrvyvryrvyryrvyryvrvyrvrvyrvyryrvrvyrvyvrvrvrvrvyrrvvrvrvvvuvay
158. If Fs > A And Fsl < Mnp Then
a. Goto Blinkset
159. Elseif Fs > B And Fsl > Mnp Then
a. Goto Upset
160. Elseif Fsl < D Then
a. Goto Downset
161. Else
a. Goto Main
162. End If
163. f——_———— - - -
164. Chekifright:
165. For I = 1 To 300
166. Waitus 50
167. Lr = Getadc (4)
a. If Lr < Y Then Y = Lr
168. Next
169. If Y < C Then
170. Goto Rightset
171. Else
172. Goto Main
173. End If
174. f_—_—
175. Chekifleft:
176. For I = 1 To 300
177. Waitus 50
178. Lr = Getadc (4)
179. If Lr > Z Then Z = Lr
180. Next
181. If Z > B Then
182. Goto Leftset
183. Else



184. Goto Main

185. End If

186. e
187. Leftset:

188. Locate 1 , 1

189. Lcd "left "
190. Lowerline

191. Led "z left=" ; Z ; " "
192. 'Wait 1

193. ' Toggle Portb.b5

194. For I = 1 To 10

195. Set Mtl

196. Waitus 2100

197. Reset Mtl

198. Waitus 17700

199. Next

200. Waitms 600

201. 'Toggle Portb.b5

202. For I = 1 To 10

203. Set Mtl

204. Waitus 1350

205. Reset Mtl

206. Waitus 18650

207. Next

208. Wait 1

209. Goto Main

210. fee——_—————
211. Rightset:

212. Locate 1 , 1

213. Lcd "right "
214. Lowerline

215. Lced "y right=" ; Y ; " "
216. 'Wait 1

217. 'Toggle Portb.5

218. For I = 1 To 10

219. Set Mtl

220. Waitus 950

221. e
222. Reset Mtl

223. Waitms 19

224. Next

225. Waitms 600

226. 'Toggle Portb.5

227. For I = 1 To 10

228. Set Mtl

229. Waitus 1650

230. Reset Mtl

231. Waitus 18350

232. Next

233. Wait 1

234. Goto Main

235. B D et ettt
236. Downset:

237. Locate 1 , 1

238. Lcd "down "

q)



239. Lowerline

240. Lcd "fsl down=" ; Fsl ; " "
241. 'Wait 1

242. 'Toggle Portb.7

243. For I = 1 To 10

244, Set Mt2

245, Waitus 2100

246. Reset Mt2

247 . Waitus 17700

248. e
249, Next

250. Waitms 600

251. 'Toggle Portb.7

252. For I = 1 To 10

253. Set Mt2

254. Waitus 1350

255. Reset Mt2

256. Waitus 18650

257. Next

258. Wait 1

259. Goto Main

260. fe——_—————
261. Upset:

262. Locate 1 , 1

263. Lcd "up "

264. Lowerline

265. Lcd "fs up=" ; Fs ; " "
266. 'Wait 1

267. 'Toggle Portb.7

268. For I = 1 To 10

269. Set Mt2

270. Waitus 950

271. Reset Mt2

272. Waitms 19

273. fe————————- -
274. Next

275. Waitms 600

276. 'Toggle Portb.7

277. For I = 1 To 20

278. Set Mt2

279. Waitus 1650

280. Reset Mt2

281. Waitus 18350

282. Next

283. Wait 1

284. Goto Main

285. e
286. Blinkset:

287. Locate 1 , 1

288. Lcd "blink "

289. Lowerline

290. Lcd "fs blink=" ; Fs ; " "
291. Set Portb.0

292. Wait 1

293. Reset Portb.O0

1y



294 . Goto Main

295. | ===================================================
296. Seta:

297. Wait 1

298. Do

299. Locate 1 , 1

300. Led "a= " ; A ;" "
301. Lowerline

302. Led " setting "
303. If S = 1 Then

304. Goto Setb

305. Elseif H = 1 Then

306. A=A+ 2

307. Waitms 300

308. Elseif L = 1 Then

3009. A=A -2

310. Waitms 300

311. End If

312. Loop

313. f——_————— -
314. Setb:

315. Wait 1

316. Do

317. Locate 1 , 1

318. Led "b= " ; B ; " "
3109. Lowerline

320. Led " setting "
321. If S = 1 Then

322. Goto Setc

323. Elseif H = 1 Then

324. B=B+ 2

325. Waitms 300

326. Elseif L = 1 Then

327. B=B -2

328. Waitms 300

329. End If

330. Loop

331. e e
332. Setc:

333. Wait 1

334. Do

335. Locate 1 , 1

336. Led "= " ; C ;" "
337. Lowerline

338. Lcd " setting "

339. If S = 1 Then

340. Goto Main

341. Elseif H = 1 Then

342. C=C+ 2

343. Waitms 300

344, Elseif L = 1 Then

345. cC=¢C-2

346. Waitms 300

347. End If

348. Loop
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Abstract:

Recently different approaches have been explored for developing a system to
track eye movements. These approaches expand from using image processing to
measuring the reflections of IR light. In this paper, EOG (Electrooculographic) signals
have been exploited to detect the direction of eye movements and also different pattern
of blinking. In order to detect the direction of eye movement, a couple of Ag/Cl electrodes
and appropriate signal conditioner circuits are utilized. Signal conditioning is consist of
2 amplifier stages and 2 low-pass filters. First amplifier stage is implemented by an
instrumental amplifier “INA121” with a gain of 43dB. Low-pass Butterworth Sallen-Key
filters are utilized in which the first filter is a 2" order type with a bandpass frequency of
28.42Hz and the second one is a 4™ order LP filter with a 15.9Hz bandpass frequency.
Second amplifier stage is integrated with the 4" order LP filter i.e. this filter is an active

filter with 30dB gain in its bandpass frequencies.

The fabricated circuit has no longer neither the complexity of signal processing
knowledges nor the long term use effects of the infrared radiations. In this project, system
fabricated were tested on 20 persons and average amplitude of the EOG signals picked
up for looking up, down, right and left are respectively 0.185mV, -0.177mV, 0.183mV
and -0.173mV. The signals acquired for blinking have an average maximum and

minimum amplitude of 0.37mV and -0.16mV respectively.

A robotic eye with ability of tracking and mimicking eye movement is designed
and implemented, too. Besides using an LED inside each eyeball, blinking is shown by
turning LED on and off. The proposed system can precisely recognize any eye
movements and be used for controlling wheelchairs, Mouse pointer and so on by

quadriplegic patients. It is also suitable for entertainement such as virtual reality purposes.

Keywords: Eye tracking, Electro Oculo Graphic, EOG, Eye Direction
Recognition, Robotic Eye
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