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that the discriminatability through sight at low tempera OSPAY DEVICE WITH DAY ME tures can be improved. 
COMPENSATION 

BRIEF DESCRIPTION OF THE DRAW NGS 
BACKGROUND OF THE INVENON 5 FIG. 1 is an electrical circuit diagram according to a 

O first embodiment of the present invention; 1. Field of the invention into 8. 
The p ti h lates to an improvementofa FIG. 2 is a graph showing a response delay of light 

8 ing based on ON-OFF history of liquid crystal segments EE is using particularly according to a second embodiment of the present inv 
10 tion; 2. Description of the Prior Art , e e D. 

At t, liquid landel hroni FIG. 3 is a graph showing delay time of lighting va. 
in digital display devices, but their res in temperature based on ON-OFF history of liquid 

t s crystal segments in the second embodiment; display greatly changes, often affecting the discriminar . FIG. is a raph showing the change in transmit 
tability through sight - - - - 13 tance at -15C. in ON and OFF states of each segment More particularly, the response speed of quid crys- in the second embodiment; and 
tal is low at low temperatures, and a certain liquid crys- FIG. S is a graph showing the function of a third 
Silic embodiment of the present invention. OFF (extinguishing) is slow as compared with that at 

the time of ON (lighting). As a result, for example in a 20 DESCRIPTION OF THE PREFERRED 
7-segment type liquid crystal display device, when a EMBOOMENTS 
aumeric display" "is going to change into"s", there The following embodiments of the present invention 
temporarily appears "a resulting from overlap of the are given to further illustrate the invention. 
numeras “t and "s". Besides, at low temperatures, in the embodiment shown in FIG. 1, a vehicular 
such a transitional display continues to appear for a 25 speedometer comprises a vehicle speed sensor 1, a pro 
relatively long time, thus causing deterioration of dise cessing unit 2, a shift register 3, a latch driver 4, a 3-digit 
criminatability and a misunderstanding. 7-segment digital display unit S, a temperature detector 

In general, when a segment has changed from OFF 6 in A-D coverter 7 and a terporary memory. The 
state to ON state, if viewed in a certain time range only, vehicle speed sensor comprises magnet 10 inter 
there is the tendency that the longer the OFF state just 0 locked with the output shaft of a vehicular transmission 
before ON, the greater the response delay. According or an axle, and a reed switch1 which is turned ON and 
in case plural segments turned on from drF, they do OFF by the magnet 10, the Processing unit 2 which 
not become discriminatable at a same time but become constitutes a control section a signal on the vehicle 
discriminatable at random, and the display of mean-Bedinsolidsected by signal detecting eign 
ingless pattern results. Thus, the deterioration of dis- 35 200, and a computing section 20 caputs a vehicle 
criminatability is so much accelerated. speed from the number of interval of ONOFF pulses. in convention display devices, in an effort to elimi. The dispytoft pit vehicled sincidenciatiovided dope. E. ated when the temperature falls below a predetermined version section con da eventeenanofity device oversion site at a the pred ined level. In this case, however, corresponding to the arrangement of display segments 
the heater and its controlling unit are to the of the digital display units for turning the segments ON 
isola ices using then and OFF, and then are output as serial ONOFF output Eyes data 20. The serial ON-OFF data 20 redelivered to the E4 gigging is ired for obtaining an display. Thus, the when signals for all the segments have been transmitted rea btaininof t t i. ices have to the shift register 3, a latch signal 2 is generated. 

Output data 30 from the shift register 3 is input to the 
been poor. latch driver circuit 4, and upon generation of the latch 

SUMMARY OF THE INVENTON 30 signal 22 the output data 30 is input into a latch circuit 
O o 40. As a result, ON-OFF signals are output as latch The pset invention shats the aforementised output data from the latch circuit 40.6n the other 

drawbacks. It is the object of the invention to provide a hand, in order to drive the digital display units formed display device capable of compensating the delay time of liquid crystal with an alternating voltage, an Ac 
for response of segments. O 35 driving signal 23 is output from an I/O interface 204. 

order to achieve the above-meationed object, the The Ac driving signal 3 and the latch output data 41 display device of the present invention having a ses as ON-OFF signals are input into Exclusive-OR gates ment type digital display unit comprises a memory sec 
42 to generate segment driving signals, which signals tion for storing ON or OFF history of each segment in are output through segment signal output buffers 43 to the display unit, a temperature detector for detecting 60 segment electrodes so of the digital display units. Fur 

the temperature near of around the display unit, and a thermore, the AC driving signal23 is output through an 
control section for controlling the driving timing for AC driving signal output buffer 44 to a common elec 
each segment in the display unit independently on the trode 51 of the digital display units, and in cooperation 
basis of either one or both of an ON or OFF history with the segment electrodes 50, the vehicle speed is 
from the memory section and a detected temperature 63 displayed. The processing unit 2 translits daia to tie 
from the temperature detector. shift register 3 at every 10 ms and operates to renew the 

Therefore, the display device with delay time con- display at every 500 ms. The temperature detector 6 is 
pensation of the present invention is advantageous in a thermistor, and the temperature detector 6 send data 

  



3 
on the ambient temperature of the digital display unit 5 
to the processing unit 2 through the A-D converter 7. In 
A-D conversion, the computing section 201 outputs a 
conversion start command as a conversion start signal 
24 to the A-D converter 7 through the I/O interface 
204. As a result, the A-D converter 7 starts converting 
an analog signal determined by the temperature detec 

...tor 6 into a digital value. Upon completion of this con 
version, the A-D converter 7 outputs a conversioa end controlled according to the influential factor. 
signal 25 and at the same time outputs the converted 
digital value as a converted data 26. The conversion end 
signal 25 is detected by the computing section 201 
through the I/O interface 204, whereupon the comput 
ing section 201 inputs the converted data 26through the 
/O interface 204 thereby detecting the ambient temper 
ature of the digital display unit 5. 
On the other hand, in the temporary memory 8, ON 

OFF conditions within a certain period of time from the 
past up to the present of all the segments in Xi digit and 
X10 digit of the digital display unit 5 are delivered from 
the processing unit 2 and stored therein. These ON 
OFF conditions are output from the computing section 
201 at every 500 ms of display renewal, and first an 
address to be stored in the temporary memory is out 
put to an address line 80 through a memory interface 
20S. Then, data to be written in that address are output 
to a data line 81 through a memory interface 205 
whereby ON-OFF states are stored in that address of 
the temporary memory 8. In this case, as addresses to be 
selected in the temporary memory 8, there are used 30 
addresses of data which have become unnecessary 
among the past data. Next, when the computing section 
201 computes data to be output to the digital display 
unit 5, in order to refer to the past ON-OFF states, it 
puts out onto the address line 80 the address in the 
temporary memory 8 where the data to be referenced is 
stored. As a result, data corresponding to the ON-OFF 
conditions are output from the temporary memory 8 to 
the data linc 1 and are input into the computing section 
201 through the memory interface 205. Such writing 40 
and reading operations for the temporary memory 8 are 
performed by a control line 82. 
When the ambient temperature is high and the re 

sponse speed of the digital display unit 5 is high, the 
temperature detector 6 signals the processing unit 2 
through the A-D converter that the ambient tempera 
ture is high. The processing unit 2 outputs a signal of the 
same contents as an ON or OFF signal for each segment 
at every 10 msec and renews this output signal at every 
500 m.sec. Therefore the digital display unit 5 makes the 30 
same display at every 10 msec and renews the display at. 
every 500 m.sec. 
On the other hand, when the ambient temperature has 

lowered, a low temperature signal is provided from the 
temperature detector 6 to the processing unit 2, where- 55 
upon ON history of each segment to be turned ON is 
read out of the memory 8, and with this ON history 
there is made transfer of data from the processing unit 2 
to the shift register 3 while shifting the driving timing 
for each segment at every renewal of display. After 500 60 
acsec from the data transfer, the next renewal of display 
is performed while also shifting the segment driving 
timing, and this operation is repeated. 
Thus, in conformity with the timing at which the 

segments to be turned from ON to OFF of the digital 63 
display unit 5 actually starts to turn off, it is possible to 
turn on the segments to be turned ON. Consequently, an 
erroneous display time of the digital display unit 5 bes 
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4. 
cones shorter than the discriminatable time, thereby 
permitting a correct discrimination. 

In the above embodiment the present invention was 
applied to a vehicular speedometer, but the invention is 
also applicable to display devices wherein the response 
time changes according to temperatures and lighting 
history. In display devices greated affected by either the 
lighting history or temperature, each segment may be 

In the processing section, usually a temporary memo 
ory is provided, so this portion may be used as a lighting 
history memory, and also an A-D converter is already 
mounted in many cases for other purposes, so its addi 
tional provision is not needed. Consequently, all that is 
required is to merely add small-sized components, that 
is, a less expensive display device with delay time con 
pensation is obtainable. 

Referring now to FIGS. 2 through 4, there is illus 
trated a second embodiment, which concretely shows 
how to light segments to be turned from OFF to ON 
according to their lighting history using the speedome 
ter shown in the first embodiment. The digital display 
unit 5 consists of three 7-segment liquid crystals ar 
ranged side by side to display a 3-digit numeral, and it is 
of the light transmission type wherein light is directed 
from behind to the liquid crystals using a lamp as a light 
source. In the segments of each said liquid crystal, when 
the temperature falls below normal temperature, for 
example, at -20 C, with respect to segment A which 
has been OFF in the three preceding displays and which 
is to be turned ON, as shown in FIG. 2, a transmittance 
at which the light from behind becomes discriminatable 
is reached after Tansec from the time when the latch 
driver is operated with a display renewal signal. With 
respect to segment B which has been OFF in the two 
previous displays and ON in the display three times 
before and which is to be turned ON, as shown in B in 
FIG.2, a transmittance at which the light from behind 
becomes discriminatable is reached after Tib msec from 
the time when the latch driver is operated with a display 
renewal signal. Further, with respect to segment C 
which was OFF in the previous display and ON in each 
display two and three times before and which is to be 
turned ON, as shown in C in FIG. 2, a transmittance at 
which the light from behind becomes discriminatable is 
reached after Tc Insec from the time when the latch 
driver is operated with a display renewal signal. In 
those segments, TadTb-Tc. Such a characteristic is 
recognized also at high temperatures, but has no bad 
influence upon discriminatability because 
TasTbsTcs:0 and is negligible. 

Therefore, when the temperature of liquid crystal is 
low, the processing unit 2 is operated so that ON signals 
for segments are delayed according to their lighting 
history to make discriminatable simultaneously the seg 
pnents which have turned ON from OFF. 
The display holding time is calculated from the time 

when a display renewal signal was issued. 
The temperature detector 6 outputs signal about the 

temperature of the digital display unit 5 or therearound 
to the processing unit 2 through the A-D converter 7. 
With this signal, the processing unit 2 discriminates 
under which of the following seven temperature 
reanges the ambient temperature falls: above 20 C. 
incl., below 20 C. and above 10 C, incl., below 10 C. 
and above O' C. incl., below O' C. and above -10 C. 
inci, below -10 C. and above -20 C. incl., below 
-20 C. and above -30' C. inci, below -30 C, 
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S 
For the segments A, B and Chaving a lighting his 

tory, the processing unit 2 delays their lighting in the 
above-mentioned temperature range as is graphically 
shown in FIG. 3. In the case of segment D which turns 
from ON to ON, as shown in FIG.4, there is no delay 
time and its lighting is continued. At -15 C. is the 
ambient temperature of the digital display unit 5, as 
shown in FIG. 4, the segment D and segment E turn 
ON, which are discriminatable on the digital display 
unit S. 
Now, consider the case where at the time of renewal 

of digital display, the segment D is to be kept ON, the 
segment E is to be turned OFF and the segments A, B, 
Care to be newly turned ON. In this case, the segments 
A, B and C have the respective ON-OFF histories as 
previously noted in connection with FIG.2. Therefore, 
on the basis of those ON-OFF histories read out of the 
temporary memory 8, the processing unit 2 provides 
signals for keeping ON the segment D and turning OFF 
the segment E to the shift register 3 and then immedie 
ately to the latch driver 4, allowing the segment D of 
the digital display unit 5 to remain ON and the segment 
E to go OFF. As a result, the segment E exhibits such 
a change in transmittance as shown in E in FIG. 4 and 
gradually shuts offlight from the light source, and after 
about 180 msec the display of the segment E becomes 
indiscriminatable. The segment A has been OFF in the 
three previous displays, so the processing unit 2 pro 
vides a signal for turning ON the segment A 40 msec 
behind the time when the segment E was turned OFF, 
that is, the time of display renewal, to the shift register 
3, and the shift register 3 immediately sends the segment 
A. ON signal to drive the latch driver 4, allowing the 
latter to operate to apply voltage for turning ON the 
segment A. As a result, the segment A exhibits such a 
change in transmittance as shown in FIG. 4. That is, 
after 40 nsec-Tamsec, the segment A becomes dis 
criminatable. For the segment B, the processing unit 2 
provides an ON signal, 60 msec behind the time of dis 
play renewal, to the latch driver 4 through the shift 
register 3, so that the segment B becomes discriminata 
ble after 60 m.sec.--Tb msec from the time of display 
renewal. Furthermore, for the segment C, the process 
ing unit 2 provides an ON signal, 80 msec behind the 
time of display renewal, to the latch driver 4 through 
the shift register 3, so that the segment C becomes dis 
criminatable after 80 msec-Tc msec from the time of 
display renewal. Since the above values of 40, 60 and 80 
insec are appropriate correction values for Ta, Tb and so 
Tc, respectively, the segments A, B, and C becomes 
discriminatable simultaneously. 

For segments which turn ON in the same way as 
above at below 20 C, ON signals are generated in a 
delayed manner from the time of display renewal as is 
shown in FIG. 3. At above 20' C, all segment outputs 
keep their contents unchanged except at the time of 
display renewal. That is, all segments keep no delay 
time. 

Consequently, the segments A, B and C which turn 60 
fron OFF to ON become discriminatable simulta 
neously, so the discriminatability is improved. Besides, 
the transmittance of the segments A, B and C becomes 
high after that of the segment E became low, so that the 
time interval at which the previous display and the 65 
present display are seen overlappedly is very short and 
can scarcely be recognized. Therefore, when the vehi 
cle driver giances at the speedometer during vehicle 
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operation, there is no fear of an erroneous display or 
misunderstanding, and thus the disciminatability is high. 
The delay time and temperature range in the above 

embodiment may be changed according to the kind of 
liquid crystal and working conditions. In the above 
embodiment, moreover, the delay time correction was 
set at every 20 msec, but since segment ON-OFF signals 
are output at every 10 nsec, the correction may be set 
at every 10 nsec. If the actual ON-OFF display occurs 
almost simultaneously, the correction may be made at a 
larger multiple of 10 msec in the range in which the 
discriminatability is not deteriorated. Also as to the 
temperature range, for example, in the case of liquid 
crystal, its response speed becomes lower exponentially 
with lowering of temperature, so the temperature may 
be narrower at lower temperatures. In addition, the 
delay time may differ from the segment ON-OFF signal 
output cycle to the latch driver 4. In this case, from the 
standpoint of discriminatability, it is preferable to 
shorten such output cycle. 

In the above embodiments, changes in temperature 
are accompanied by changes in delay time, but since the 
display holding time is constant, the time interval from 
a display renewal to the next display renewal is constant 
according to temperatures. Alternatively, the display 
renewal time may be made constant, while the delay 
time and the display holding time may be changed ac 
cording to changes in temperature. 

In the above embodiments, moreover, the delay time 
was controlled on the basis of the three previous ON 
OFF states before the display renewal about to be per 
formed. But the delay time may be controlled on the 
basis of at least two previous conditions of display. 

In the second embodiment the segment which turns 
from ON to ON at the time of display renewal continues 
to light regardless of temperature, but in the embodi 
ment illustrated in FIG. 5, an OFF signal is once output 
to said segment, and after the lapse of a certain delay 
time an ON signal is again issued to decrease the differ 
ence in luminance of each segment under display re 
newal thereby improving the discriminatability. That is, 
the segment D turning from ON to ON exhibits the least 
response delay with lowering of temperature, so is 
given the largest delay time. At above 20' C, all seg 
ments keep no delay time. 
The processing unit 2 in the above embodiments was 

constructed of a microcomputer, but even if it is config 
ured by the combination of LS, etc., the same function 
and effect are attainable. 

In the above embodiments, moreover, the digital 
display device was applied to a 3-digit speedometer. In 
this case, the display of the third location (the leftmost 
digit) undergoes only a very small change, so even if the 
foregoing delay operation is not applied, there does not 
arise any practical problem. 
What is claimed is: 
1. A display device with delay time compensation 

having a segment type digital display unit, comprising a 
memory section for storing activation history for each 
segment in said display unit, a temperature detector for 
detecting the temperature adjacent said display unit, 
and a control section having means coactive with said 
memory section and said temperature detector for con 
trolling the driving timing independently for each seg 
ment in said display unit as a function of individual 
activation history of the corresponding segment and in 
response to a temperature detector output correspond 
ing to a detected temperature, thereby to effect con 

t : 
S.i3 
S 
s 
s 

  

  

  



7 
pensated values of time of energization of each individ 
ual segment to effectuate substantially simultaneous 
display renewal of each individual segment and discrin inability at the same time. 

4,556,876 

2. A display device with delay time compensation 5 
according to claim 1, wherein said each segment is 
constructed of liquid crystal. 

3. A display device with delay time compensation 
according to claim 1, wherein said each segment is 
constructed of electrochronic material. 

8. A display device with delay time compensation 
according to claim 1, in which said control section 
means comprises delay means for delaying the driving 
timing for each segment at the time of renewal of dis 
play on the basis of at least two preceding ON or OFF 
histories stored in said memory section. 

5. A display device with delay time compensation 
according to claim 4, wherein the delay means of said 

s 

control section has means to effect delay time effects 
time delays for effective renewal of segments in depen 
dence upon OFF history thereof and the time delay is 
longer for segments having a shorter OFF history than 
those having a longer OFF history. 

f. A display device with delay time compensation 
according to claim 4, wherein the delay means of said 
control section comprises means to effect delay tiae 
delay for effective renewal of said segments in depen 
dence upon detected temperatures from the tempera 
ture detector, and the time delay is longer for low ten 

7. A display device with delay time compensation 
nccording to claim 6, wherein the delay means con 
prises means to effect delay time at lower detected 
temperatures from the temperature detector effective so 
that all segments turning from OFF to ON are dis 
criminatable about the same time. 
8. A display device with delay time compensation 

hccording to claim 4, wherein the control section means 
comprises means for making display holding time of the isplay unit constant. 
9. A display device with delay time compensation 

hccording to clain 4, wherein the control section means 
comprises means for making time from a display re 
newal to the next display renewal constant. 

40 

10. A display device with delay time compensation 45 
ccording to claim 4, in which the control section 
means comprises means effective when a segment 
which was ON just before a display renewal is to be 
gain turned ON for display renewal, effects the display. 

SS 

the display renewal of the corresponding segment. 
11. A display device with delay time compensation . . 

according te claim 4, in which said control Section 
means comprises means effective when a segment 
which was ON.just before a display renewal is to be 
again turned ON outputs an OFF effecting signal at the 
time of the display renewal generates an ON effecting 
signal after the time of the display renewal at a time 
according to the detected temperature from the tempere 

12. A display device with delay time compensation 
according to claim 1, in which said control section. 
means comprises means effective such that when the 
contents of a display just before a display renewal and 
the contents of the display about to be displayed are 
coincident with each other, segment driving output is 
not changed at all and is continued before and after the 
display renewal. W 

13. A display device with delay time compensation 
having a segment type digital display unit, comprising a 
memory section for storing activation history for each 
segment in said display unit, a temperature detector for 
detecting the temperature adjacent said display unit, 
and a control section having means coactive with said 
memory section and said temperature detector for con 
trolling the driving timing independently for each seg 
ment in said display unit as a function of individual 
activation history of the corresponding segment and in 
response to a temperature detector output correspond 
ing to a detected temperature, thereby to effect coun 
pensated values of time of energization of each individ 
ual segment to effectuate substantially simultaneous 
display renewal of each individual segment and discrim 
inability at the same tine. 

14. A display device with delay time compensation 
having a segment type digital display unit, comprising a 
memory section for storing activation history for each 
segment in said display unit, and a control section have 
ing means coactive with said memory section for con 
trolling the driving timing independently for each seg 
ment in said display unit as a function of individual 
activation history of the corresponding segment, 
thereby to effect compensated values of time of energi 
zation of each individual segment to effectuate substan 
tially simultaneous display renewal of each individual 
segment and discriminability at the same tine. 

O. O. O. O. B. 

renewal while retaining the ON state if it is just before 

  


