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SAFECY GOGGLES WITH LOCALSPACE MODULATION 

M.G.TOMILIN, A.P.ONOKHOV and D.Yu.POLUSHHIN 
S.I.Vavilov State Optical Institute, 199034, 
St.PetersbWg, Blrjevaya Line 12, Russia. 

(Received October 10, 1991) 

Abstraot The goggles based on LC spatial light 
modulator f o r  proteotion observers' eyes f r o m  blinding 
objects are disoussed. 

INTRODUCTION 

The problem of eye protection rrom bllnding obJects and 
radiation sources arises commonly in different klnds or 
human practice. The solution of this problem is especially 
vital in welding and transport facilities handling in case 
when blinding objects appear ln the field of view (the sun, 
clouds, sun glare etc. ) . Under such conditions observation 
may cause eye and total fatlque, visual fitness to work and 
other visual functions deterioration. Conslderlng that a 
human being recleves nearly 90% of external infomation by 
the visual perception, a great need in different devices, 
protecting an eye from blinding; objects, becomes evident. 

All currently available radiation attenuators can be 
classified into two groups: static and dynamic. The 
spectacles with colour o r  neutral protective light filter, 
polarizing spectacles of different types, etc., f a l l  into a 
class of the static attenuators. Such spectacles reduce the 
viewed picture brightness, whether the blinding obJects are 
present or  not in the field of view. The dynamic attenuators 
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are free of such shortcomings due to the fact that they are 
controlled by the threshold device set on a certain 
illuminance level, produced by bllnding objects. Such 
dynamic attenuator can employ the photochromic glasses' or  
fernelectric ceramics2. 

There are many different problem, however, in practical. 
applications due to the slow response of photochromic 
glasses and to the fact that fernelectric ceramics control 
requires a high-voltage power supply (hundred Volts). The 
performance shortcomlngs mentioned above are of principle 
character, thus leading to necessity for a search of new 
media ror  light safety goggles with suitable operat- 
parameters. 

The goal of this work Is the feasibility study of the 
LC-based spectacles Intended f o r  development of observers' 
eyes automatic protection. 

LC SPECTACLES WITH RADIATION MODULBTION OVER THE ENTIRE 
FIELD OF VIEW 

Safety M: goggles are based on the use or  twist-errect in 
nematic, which show hlgh-speed as compared to photochromic 
glasses (tens - hundreds mec) and lower control voltages as 
compared to fernelectric ceramics (units Volts). 
The results obtained in the eqerlmental study of spectral 
characteristics in the visible region: 

the Initial light transmission is 0,3; 
contrast ratio is 1 :lOOO; 
speed of response is up to 20 ms at 2OoC and U=5V; 
the initial W transmission is less than 0,05; 

have proved the spectacles practical feasibility and 
outlined the range of application. They can replace the 
m i i y  or  the 1 W t  filters that are used for eye protection 
ln welding and gas cuttlng. In this case, an additional 
advantage of the LC spectacles is the possibility to carry 
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out a smooth adjustment of the radiation attenuatlon 
degree. Several I& cells, assembled ln SerIe8, can be used 
for enhancing the controlled ligtrt attenuation range. A 
review of the relevant patent literature ha8 shown that a 
number of patent are available that differ mainly in 
control curcults. The SPEEDGLASS weld- filters produced by 
Swedlsh finn Hdrnell are also well known. A c o m n  
dlsadvantage of the safety @$gles conaidered end the 
mentioned patent solutlona ie 'that they realize modulation 
over the entire field of vie*. 

SAFETY GOGGLES WITH LOCAL-SPACE MODULATION 

In many practical cases the necessity of radlation intenslty 
attenuation occur8 only for blinding objects, the 
posaiblllty of observing other objects be- retained. For 
this purpose we have developed the eafety LC goggles with 
local radlation modulation based on the use of optically 
adressed spatial 1-t modulator (Figure 1 ). The 
spectacles employ a binocular telescopic unit-fnagnif lcation 
dlrect Image system consisting of objective len$ 1 ,  
pentaprlsm 2, collective prism 3, SIN 4, retangular prism 5 
and eyepiece 6. The SIN ia placed in the focal plane or the 
objective lem which projecte the observed object's Image on 
the SIX. The SLM is based on the photoconductor- LC 
structure, the former be- monocrystalline GaP o r  ZnSe. 
When the voltage is applied t o  the electrodes in 
no-optical-signal condition, the voltage drop occurs mainly 
across the photoconductor layer, whlle the LC molecules 
retain their initial orientation state. When the 
photoconductor Is Illuminated and the voltage Is applied to 
the elecrodes, the voltage drop ie redietributed between the 
photoconductor and the LC contact- with the photoconductor 
illumlnated area. This results In the local LC molecules 
reorientation and, consequently, in the local llght 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

4:
40

 1
8 

Fe
br

ua
ry

 2
01

3 



122 M. G. TOMILIN. A. P. ONOKHOV AND D. Yu. POLUSHKIN 

transmission reduction. Ely selection of the operational 
voltage the S U  is tuned to a certaln threshold lllumlnance 
produced by bllndlng Object8 in the Image plane. If the 
threslmld illuminance is exceeded In the light relief zones 
then the local l w t  modulation will take place. In this 
case the remaining (not illuminated) Eones will be 
transparent. Each blnocular telescopic am is encased In a 
how- and is fixed on the holder by the nut. Thls malres it 
possible to adjust the devlce eyeplece base to the 
ob~erver's eye base. 

/ 

FIGURE 1 .  Optical scheme of safety goggles: 1-objective 
lens, 2-pentaprism, 3-collective lens, 4-spatial light 
modulator, 5-prism, &eyepiece. 

The nemato-chlral mlxture wlth optically active dopants 
based on l-mentole and tlgogenln caprlnat derlvatles was 
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used in the sLM. !me uniform hellx pitch of the m i x t u r e  waa 
longer than the u3 layer gap, that was 5 pa. The contraat 
ratio wa8 the same as that of the polarizers and dld not 
depend on the wavelength wlthln the range of 400-800 nm. 

by vacuum evaporation in the q~a8lC108ed volume and were 
transparent in the vlalble range. The orlentatlon waa 
carrled out by the oblique evaporatlon of cerium oxlde. The 
performance characterlatics of the aafety goggles wlth 
local-apace modulation for ZnSe photoconductor are preeented 
in Table 1. 

The phOtOCOnductOr legerS Of 2 pill tuCklle88 Were deposited 

TABLE 1 Performance c~~amcteriatics or the safety goggles 

PARAME3ER 

uigmicat ion 
Field or view 
Eye base 
Resolution 

Initial transmiasion 
Tran8mlaSIOn at 15 V 
Senaitivlty range 
Transmiasion range 
Threshold illuminance 
Rise/decay time at t<o0C, U=I 5 v 
and illuminance 100 lux 
Service life 

Voltage 

VALUE 

lX 
24' 
5 & 7 m  
1' 
15V/5 pA 

0,1 

0,4-0,6 ~ U I  

0,5-2  ID 
5 lux 
0,01/0,05 a 

more than 

1.10-~ 

2000 h D
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The field tests of the devlces described above have 
confirmed the gome8 operation efficiency. Further 
deslgnem' efforts have to be focused on the initial l m t  
trammission, speed of response and modulation depth 
increasing. Thw we have demonatrated the feaaibility or  the 
automatic localy-modulated safety goggles development based 
on the SLM placed In the image plane of the telescopic 
system. Experiments have proved the comfortability 
enhancement of the visual perception of the informational 
field containing blind sources and glar ing objects, however 
retaining the possibility of observing other objects in the 
field or  view. TIE goggles with the local modulation or 
radiation demonstrate new trends in development o r  
observation instruments. They can be used In welding and 
gas cutting operations, in transport facilities handling and 
for observing the sun. 
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