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(57) ABSTRACT 

A distance measurement apparatus irradiates an object With 
a light from a light source Whose luminance can be modu 
lated or from a pulse light source, and receives the re?ected 
and returned light to obtain a distance to the object. A 
photoelectric converter receives the re?ected light and pho 
toelectrically converts the received light. A ?rst charge 
accumulator accumulates an electric charge transferred via a 
?rst gate driven by a ?rst transfer pulse synchronized With 
an emitting timing of the light from the light source among 
electric charges generated by the photoelectric converter. A 
second charge accumulator accumulates an electric charge 
transferred via a second gate driven by a second transfer 
pulse complementary to the ?rst transfer pulse among the 
electric charges generated by the photoelectric converter. A 
normalization circuit reads a ?rst signal based on the accu 
mulated electric charge of the ?rst charge accumulator, and 
a second signal based on the accumulated electric charge of 
the second charge accumulator, and normalizes the smaller 
signal of the ?rst and second signals With an added signal of 
the ?rst and second signals. 
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DISTANCE MEASUREMENT APPARATUS AND 
DISTANCE MEASURING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from the prior Japanese Patent Application 
No. 2000-077134, ?led Mar. 17, 2000, the entire contents of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a distance mea 
surement apparatus and a distance measuring method. More 
particularly, it relates to a distance measurement apparatus 
and a distance measuring method in Which a light ?ight time 
is detected and a distance from an object is detected, so that 
precision of distance measurement is enhanced. 

[0003] KnoWn is a conventional distance measuring tech 
nique by a time-of-?ight system for detecting a timing of a 
re?ected light Which is re?ected and returned by an object, 
detecting a time difference from a light emitting timing, and 
obtaining a light ?ight time to detect a distance to the object. 

[0004] Moreover, another distance measuring method is 
usually a triangular survey system. As compared With the 
triangular survey system, in the time-of-?ight system, there 
are advantages that the distance can be detected from one 
observation point and the apparatus can therefore be min 
iaturiZed, and that any occlusion as a problem of triangular 
survey does not occur and the distances to all object points 
from the observation point can therefore be detected. 

[0005] Moreover, there are some methods for measuring a 
delay of the light re?ected by the object. For eXample, in a 
method in Which a charge distributing detector is utiliZed as 
disclosed in “Integration-Time Based Computational Image 
Sensors”, 1995 IEEE Workshop on Charge-Coupled 
Devices and Advanced Image Sensors, Apr. 20 to 22, 1995, 
Dana Point, California, USA, a distance extraction process 
ing can be simpli?ed. Additionally, since a semiconductor 
manufacturing technique is used, the method is suitable for 
miniaturiZing the apparatus. 

[0006] A constitution of the charge distributing detector 
disclosed in “Integration-Time Based Computational Image 
Sensors”, 1995 IEEE Workshop on Charge-Coupled 
Devices and Advanced Image Sensors, Apr. 20 to 22, 1995, 
Dana Point, California, USA, and the distance measuring 
method utiliZing the charge distributing detector Will neXt be 
described. 

[0007] FIGS. 8A, 8B shoW a basic constitution of the 
charge distributing detector and a principle of a charge 
distributing operation by the detector. 

[0008] First, the constitution of the charge distributing 
detector Will be described. 

[0009] That is to say, as shoWn in FIG. 8A, the charge 
distributing detector is constituted of an MOS light receiver 
101 formed on a P-type semiconductor substrate 100, a ?rst 
transfer gate 103 disposed in the vicinity of the MOS light 
receiver 101 and betWeen the MOS light receiver and a ?rst 
charge accumulation area 102, and a second transfer gate 
105 disposed in the vicinity of the MOS light receiver 101 
and betWeen the MOS light receiver and a second charge 
accumulation area 104. 
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[0010] The MOS light receiver 101 is provided With a gate 
electrode having a good light transmittance, and a voltage is 
applied to the gate electrode to form a depletion layer on the 
surface of the P-type semiconductor substrate 100. 

[0011] On the other hand, an electric potential is applied to 
the ?rst and second charge accumulation areas 102 and 104 
to form a potential Well deeper than the semiconductor 
surface potential of the MOS light receiver 101. 

[0012] Moreover, transfer pulses CI>WG1 and CI>WG2 can 
individually be applied to the ?rst and second transfer gates 
103 and 105. 

[0013] A charge distributing operation by the charge dis 
tributing detector constituted as described above Will neXt be 
described. 

[0014] First, While the second transfer gate 105 is closed, 
a transfer pulse is applied to CI>WG1 to turn ON the ?rst 
transfer gate 103. Then, as shoWn by a solid-state line in 
FIG. 8B, electrons photo-generated in the MOS light 
receiver 101 ?oW into the ?rst charge accumulation area 102 
via the ?rst transfer gate 103, and are accumulated as an 
electric charge O1 in the ?rst charge accumulation area 102. 

[0015] Conversely, While the ?rst transfer gate 103 is 
closed, the transfer pulse is applied to CI>WG2 to turn ON the 
second transfer gate 105. Then, as shoWn by a broken line 
in FIG. 8B, the electron photo-generated in the MOS light 
receiver 101 ?oWs into the second charge accumulation area 
104 via the second transfer gate 105, and is accumulated as 
an electric charge O2 in the second charge accumulation 
area 104. 

[0016] When the transfer pulses CI>WG1 and CI>WG2 
applied to the ?rst and second transfer gates 103 and 105 are 
alternately turned ON in this manner, it is possible to control 
a transfer direction of the electron photo-generated in the 
?rst and second charge accumulation areas 102 and 104. 

[0017] The distance measuring principle using the charge 
distributing detector Will neXt be described With reference to 
FIGS. 9 and 10A to 10D. 

[0018] As shoWn in FIG. 9, a measurement system is 
constituted of a pulse generating light source 110, charge 
distributing detector 111 and timing controller 112. 

[0019] Here, the timing controller 112 establishes syn 
chroniZation in the pulse generating light source 110 and 
charge distributing detector 111, and further controls an 
operation timing. 

[0020] It is assumed that a distance to the object 113 from 
the measurement system is R. For convenience of descrip 
tion, it is assumed that the distance to the object 113 from the 
pulse generating light source 110 is the same as the distance 
to the object 113 from the charge distributing detector 111. 

[0021] Moreover, as shoWn in FIGS. 10A to 10D, ?rst, the 
object 113 is irradiated With a pulse light With a light 
emitting time T from the pulse generating light source 110. 

[0022] The light re?ected by the object 113 reciprocates 
by the distance R, that is, ?ies by a distance 2R, and is 
incident upon the charge distributing detector 111 With a 
delay of At=2R/c (here, c indicates light speed) behind the 
pulse light emitting timing. 
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[0023] In this case, the transfer pulse CI>WG1 is applied to 
the ?rst transfer gate 103 of the charge distributing detector 
111 at the same timing as that of the light emitting pulse, and 
the transfer pulse CI>WG2 is applied to the second transfer 
gate 105 at a timing at Which the light emitting pulse turns 
off. During this, the photo-generated electron generated by 
the re?ected light is detected. 

[0024] Here, it is supposed that there is no cross talk in an 
electric charge transfer operation and that electric charge 
transfer is sWitched at a suf?ciently high speed. Then, the 
electric charge Q1 accumulated in the ?rst charge accumu 
lation area 102 and electric charge Q2 accumulated in the 
second charge accumulation area 104 are represented by the 
folloWing equations (1) and (2), respectively. 

Q1=—Qt><(T—At)/T (1) 
Q2=—Qt><At/T (2) 

[0025] Therefore, the distance R to the object can be 
obtained by the folloWing equation 

R=(CT/4)><{(Q1—Q2)/(Ql-1)} (3) 
[0026] As described above, in the distance measuring 
method in Which the charge distributing detector is used as 
described above, the distance to the object can be measured 
With a very simple processing. As compared With the dis 
tance measuring method Which is based on the triangular 
survey method, the distance to the object can be detected 
only by observation from one point. Therefore, it is possible 
to miniaturiZe the apparatus and to realiZe a very superior 
distance measurement apparatus in Which no occlusion 
occurs. 

[0027] Moreover, the charge distributing detector can be 
prepared by applying a technique of a charge transfer device 
(CCD) frequently used in a solid-state image pickup device, 
and is advantageous for integration of the apparatus. 

[0028] Additionally, a shot noise by light quantum ?uc 
tuation eXists in the signal charges Q1 and Q2. 

[0029] A standard deviation amount of the shot noise is 
generally a square root of the number of incident photons. 
HoWever, since the photon having an energy of a visible 
light area usually generates a single electron-hole pair in a 
semiconductor, it is unnecessary to consider an ampli?cation 
?uctuation. Additionally, a process of exciting the electron 
in the semiconductor is also a quantum effect, and it may be 
supposed that each electron eXciting process has no corre 
lation among electrons. Therefore, the shot noise propor 
tional to the square root of the number of electrons eXists in 
the ?nal signal charges Q1 and Q2. 

[0030] That is to say, Q1 includes noise (q~Q1)1/2 and Q2 
includes (q~Q2)1/2 (here, q denotes an elementary electric 
charge). 
[0031] When the shot noise is considered, and a noise term 
is considered in the equation (3) by ?rst approximation, the 
folloWing equation (4) results. 

R=(CT/4)X{@-@/(Q)+[SQR(q/Q)]} (4) 
[0032] Here, a ?rst term With parentheses 1 denotes a 
signal component, and a second term denotes a noise com 
ponent. 

[0033] Moreover, Qt=Q1+Q2. An underlined portion 
denotes an average value, and a value in brackets indicates 
a standard deviation value of an alternating noise compo 
nent. 
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[0034] As seen from the second term, the noise of a 
conventional charge distributing piXel does not depend on 
charge distributing states of Q1 and Q2, and depends only on 
a total signal charge amount. 

[0035] Signal deterioration by the shot noise can be sup 
pressed by securing a sufficient light amount. HoWever, 
When the apparatus is reduced in siZe and poWer consump 
tion, the devices are tWo-dimensionally arranged, and mul 
tiple points are simultaneously measured, there is a practical 
limitation in the light emitting amount of the pulse gener 
ating light source, and it is required to secure precision even 
With a smaller light amount. 

BRIEF SUMMARY OF THE INVENTION 

[0036] The present invention has been developed in con 
sideration of the aforementioned situations, and an object 
thereof is to provide a distance measurement apparatus using 
a charge distributing detector Which can obtain a satisfactory 
distance measurement precision even With a smaller light 
amount. 

[0037] Another object of the present invention is to pro 
vide a distance measuring method using a charge distribut 
ing detector Which can suppress signal deterioration by a 
shot noise and obtain a satisfactory distance measurement 
precision With a smaller light amount. 

[0038] To achieve the aforementioned objects, according 
to one aspect of the present invention, there is provided a 
distance measurement apparatus for irradiating an object 
With a light from a light source Whose luminance can be 
modulated or from a pulse light source, and receiving the 
re?ected and returned light to obtain a distance to the object, 
the distance measurement apparatus comprising: 

[0039] a photoelectric converter for receiving the 
re?ected light and photoelectrically converting the 
received light; 

[0040] a ?rst charge accumulator for accumulating an 
electric charge transferred via a ?rst gate driven by 
a ?rst transfer pulse synchroniZed With an emitting 
timing of the light from the light source among 
electric charges generated by the photoelectric con 
verter; 

[0041] a second charge accumulator for accumulat 
ing an electric charge transferred via a second gate 
driven by a second transfer pulse complementary to 
the ?rst transfer pulse among the electric charges 
generated by the photoelectric converter; and 

[0042] a normaliZation circuit for reading a ?rst sig 
nal based on the accumulated electric charge of the 
?rst charge accumulator, and a second signal based 
on the accumulated electric charge of the second 
charge accumulator, and normaliZing the smaller 
signal of the ?rst signal and the second signal With an 
added signal of the ?rst signal and the second signal. 

[0043] Moreover, according to another aspect of the 
present invention, there is provided a distance measurement 
apparatus for irradiating an object With a light from a light 
source Whose luminance can be modulated or from a pulse 
light source, and forming an image of the re?ected and 
returned light on a tWo-dimensional piXel array by an optical 
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system to obtain a distance to the object for each pixel, the 
distance measurement apparatus comprising: 

[0044] a tWo-dimensional pixel array in Which each 
pixel comprises a photoelectric converter, a ?rst gate 
for transferring an electric charge generated by the 
photoelectric converter to a ?rst charge accumulator, 
and a second gate for transferring the electric charge 
generated by the photoelectric converter to a second 
charge accumulator, and control terminals of the ?rst 
gate and the second gate of each pixel are connected 
in common; 

[0045] a line selection circuit for selecting a line of 
the tWo-dimensional pixel array; 

[0046] a line parallel reader for reading a ?rst signal 
based on the electric charge accumulated in the ?rst 
charge accumulator and a second signal based on the 
electric charge accumulated in the second charge 
accumulator in parallel With respect to the pixel of 
the line selected by the line selection circuit; 

[0047] a normaliZation circuit for normaliZing the 
smaller signal of the ?rst signal and the second signal 
read by the line parallel reader With an added signal 
of the ?rst signal and the second signal for each roW 
of the tWo-dimensional pixel array; 

[0048] a ?rst transfer pulse applicator for applying a 
transfer pulse synchronous With an emitting timing 
of the light from the light source to the ?rst gate; and 

[0049] a second transfer pulse applicator for applying 
a transfer pulse complementary to the transfer pulse 
applied to the ?rst gate to the second gate. 

[0050] Furthermore, according to further aspect of the 
present invention, there is provided a distance measuring 
method for irradiating an object With a light from a light 
source Whose luminance can be modulated or from a pulse 
light source, and receiving the re?ected and returned light to 
obtain a distance to the object, the method comprising the 
steps of: 

[0051] receiving the re?ected light and photoelectri 
cally converting the received light; 

[0052] accumulating an electric charge transferred 
via a ?rst gate driven by a ?rst transfer pulse syn 
chronous With an emitting timing of the light from 
the light source among electric charges generated by 
the photoelectric converter in a ?rst charge accumu 

lator; 

[0053] accumulating an electric charge transferred 
via a second gate driven by a second transfer pulse 
complementary to the ?rst transfer pulse among the 
electric charges generated by the photoelectric con 
verter in a second charge accumulator; and 

[0054] reading a ?rst signal based on the accumulated 
electric charge of the ?rst charge accumulator, and a 
second signal based on the accumulated electric 
charge of the second charge accumulator, and nor 
maliZing the smaller signal of the ?rst signal and the 
second signal With an added signal of the ?rst signal 
and the second signal. 
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[0055] Additional objects and advantages of the invention 
Will be set forth in the description Which folloWs, and in part 
Will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realiZed and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0056] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
presently preferred embodiments of the invention, and 
together With the general description given above and the 
detailed description of the preferred embodiments given 
beloW, serve to explain the principles of the invention. 

[0057] FIG. 1 shoWs a constitution of a charge distributing 
detector for use in a distance measurement apparatus accord 
ing to the present invention; 

[0058] FIG. 2 is a processing system constitution diagram 
shoWing a signal processing method according to the present 
invention; 
[0059] FIG. 3A is a diagram shoWing changes of signal 
charges Q1 and Q2 With respect to a delay time (At) of a 
re?ected light; 

[0060] FIG. 3B is a diagram shoWing changes of shot 
noise amounts included in the signal charges Q1 and Q2; 

[0061] FIG. 4 is a constitution diagram of a unit pixel 
(charge distributing pixel 30) constituted using a principle of 
the charge distributing detector according to a second 
embodiment of the present invention; 

[0062] FIG. 5 is a diagram shoWing the entire constitution 
of the charge distributing detector according to the second 
embodiment of the present invention; 

[0063] FIG. 6 is a diagram shoWing the entire constitution 
of a measurement system according to the second embodi 
ment of the present invention; 

[0064] FIGS. 7A to 71 are timing diagrams shoWing an 
operation according to the second embodiment of the 
present invention; 

[0065] FIGS. 8A and 8B are diagrams shoWing a basic 
constitution of a charge distributing detector according to a 
conventional art and a principle of a charge distributing 
operation of the detector; 

[0066] FIG. 9 is a diagram of the basic constitution of the 
measurement system shoWing a distance measuring prin 
ciple using the charge distributing detector of the conven 
tional art; and 

[0067] FIGS. 10A to 10D are diagrams of operation 
timings shoWing the distance measuring principle using the 
charge distributing detector of the conventional art. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0068] Reference Will noW be made in detail to the pres 
ently preferred embodiments of the invention as illustrated 
in the accompanying draWings, in Which like reference 
numerals designate like or corresponding parts. 
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[0069] Preferred embodiments of the present invention 
Will be described hereinafter With reference to the drawings. 

[0070] (First Embodiment) 
[0071] FIG. 1 shoWs a constitution of a charge distributing 
detector for use in a distance measurement apparatus accord 
ing to a ?rst embodiment of the present invention. 

[0072] That is to say, the charge distributing detector for 
use in the distance measurement apparatus according to the 
?rst embodiment is constituted of: a photoelectric conver 
sion area 2 disposed on a semiconductor substrate 1; a ?rst 
and second transfer gates 5 and 6, connected to the photo 
electric conversion area 2, for transferring a photo-genera 
tion electron generated in the photoelectric conversion area 
2 to ?rst and second charge accumulation areas 3 and 4; a 
?rst reading circuit 7 for reading a ?rst signal charge 
accumulated in the ?rst charge accumulation area 3; and a 
second reading circuit 8 for reading a second signal charge 
accumulated in the second charge accumulation area 4. 

[0073] Additionally, a measurement system constitution, 
an emitting timing of a pulse generating light source, and 
transfer pulses CI>WG1 and CI>WG2 applied to the ?rst and 
second transfer gates 5 and 6 are similar to those of the 
conventional art shoWn in FIGS. 9 and 10. 

[0074] That is to say, it is assumed that the transfer pulse 
CI>WG1 applied to the ?rst transfer gate 5 is synchroniZed 
With the emitting timing of the pulse generating light source, 
and that the transfer pulse CI>WG2 is applied to the second 
transfer gate 6 at a timing complementary to that of the 
transfer pulse CI>WG1 applied to the ?rst transfer gate 5. 

[0075] Moreover, in the charge distributing detector con 
stituted as described above, similarly as the conventional art, 
a pulse of time T is emitted from the pulse generating light 
source, a light re?ected by an object present at a distance R 
is received by the charge distributing detector, an electric 
charge represented by the equation (1) is thereby accumu 
lated in the ?rst charge accumulation area 3, and further the 
electric charge represented by the equation (2) is accumu 
lated in the second charge accumulation area 4. 

[0076] A signal processing method of the distance mea 
surement apparatus according to the ?rst embodiment of the 
present invention Will next be described With reference to a 
processing system constitution diagram of FIG. 2. 

[0077] That is, signals sig1 and sig2 output from a charge 
distributing detector 10 via the ?rst and second reading 
circuits 7 and 8 are input to an adder 11 and a comparison 
selector 12, respectively. 

[0078] Then, the comparison selector 12 compares a siZe 
of the output sig1 from the ?rst reading circuit 7 With that of 
the output sig2 from the second reading circuit 8, and the 
smaller signal of these signals is output as sig3. 

[0079] Moreover, the adder 11 adds the respective outputs 
sig1 and sig2 via the ?rst and second reading circuits 7 and 
8, and outputs an addition result as sig4. 

[0080] That is, the folloWing equations result. 
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[0081] Furthermore, the output sig3 of the comparison 
selector 12 and output sig4 of the adder 11 are input to a 
normaliZer 13. The normaliZer divides the output sig3 of the 
comparison selector 12 by the output sig4 of the adder 11, 
normaliZes the signal, and outputs sig5 as represented by the 
folloWing equation. 

[0082] The output sig5 as the signal normaliZed by the 
normaliZer 13 is fed to a distance extractor 14 and converted 
to a distance signal. 

[0083] For convenience of description, it is assumed that 
the ?rst and second reading circuits 7 and 8 linearly read 
respective signal charge amounts of the ?rst and second 
charge accumulation areas 3 and 4 With a suf?cient preci 
sion. 

[0084] When the comparison selector 12 selects sig1 and 
outputs sig3, the distance extractor 14 folloWs the equations 
(1), When the comparison selector selects sig2 and 
outputs sig3, the distance extractor folloWs the equations (2), 
(3) to extract the distance R to the object. 

[0085] Here, the distance extractor 14 performs a distance 
information extraction processing by simple equation con 
version as represented by the folloWing equation. 

[0086] The constitution and operation of the charge dis 
tributing detector for use in the distance measurement appa 
ratus according to the ?rst embodiment of the present 
invention have been described above. An effect of the charge 
distributing detector Will next be described. 

[0087] FIG. 3A shoWs changes of signal charges Q1 and 
Q2 With respect to a delay time (At) of the re?ected light, and 
FIG. 3B is shoWs changes of shot noise amounts included 
in the signal charges Q1 and Q2. 

[0088] First, either signal charge Q1 or Q2 linearly 
changes With respect to At as represented by the equations 
(1) and 

[0089] Therefore, even When either signal charge Q1 or 
Q2 is used, the distance can be extracted by normaliZing the 
charge by Qt. 

[0090] On the other hand, a shot noise is proportional to a 
square root of the number of electric charges. Therefore, for 
example, When At is smaller than T/2, the shot noise of the 
signal charge Q2 is smaller. Moreover, When At is larger than 
T/2, conversely the shot noise of the signal charge Q1 is 
smaller. 

[0091] Therefore, When the signal charges Q1 is compared 
With Q2, and the signal charge With a smaller charge amount 
is used to extract the delay time, that is, the distance, 
precision can be inhibited from being deteriorated by the 
shot noise. 

[0092] Additionally, the shot noise amount by the conven 
tional detecting method Will be described. The shot noise 
amount by the conventional detecting method is represented 
by a second term Within parentheses of the equation 
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[0093] That is, the shot noise in the equation (4) is a square 
root of the number of electric charges 

[0094] However, in the processing method of the present 
invention, the signal is set to Q1 - Q2. As compared With the 
conventional system, the signal amount increases tWice, and 
an in?uence of the shot noise is halved in an equivalent 
manner. 

[0095] That is, When the noise 1/z(q~Qt)1/2 of the conven 
tional system shoWn by a broken line in FIG. 3B is 
compared With a noise value according to the present 
invention, it is seen that for the noise value of the present 
invention in areas of At=0 to T/4 and At=3T/4 to T, the shot 
noise becomes less than that of the conventional system. 

[0096] As described above in the ?rst embodiment, 
according to the present invention, in the distance measure 
ment apparatus using the charge distributing detector, as 
compared With the conventional system, the shot noise can 
be suppressed Without increasing irradiation amount, and 
high-precision distance measurement becomes possible. 

[0097] Particularly, in the conventional system, the noise 
in?uence is constant regardless of the distance to the object. 
On the other hand, in the present invention, a precision 
remarkably superior to that of the conventional system can 
be realiZed With respect to the object in the area having a 
small At, that is, in a short distance. 

[0098] Additionally, the apparatus may be constituted 
such that the conventional system is used in the little noise 
area of At=T/4 to 3T/4 to reduce the shot noise of the entire 
measurement range. 

[0099] (Second Embodiment) 
[0100] A second embodiment of the present invention Will 
neXt be described in detail. 

[0101] In the present embodiment, a detector is used in 
Which the charge distributing detectors of the ?rst embodi 
ment are tWo-dimensionally arranged as the piXels, distances 
to a plurality of measurement points are simultaneously 
measured, and a distance image can be output. According to 
the effect of the ?rst embodiment, there is provided a 
distance measurement apparatus by Which distance mea 
surement is possible With high precision. 

[0102] FIG. 4 shoWs a constitution of a unit piXel (charge 
distributing piXel 30) constituted using the principle of the 
charge distributing detector for use in the distance measure 
ment apparatus of the ?rst embodiment according to the 
second embodiment of the present invention. 

[0103] Additionally, in FIG. 4, portions having the same 
functions as those of the ?rst embodiment are denoted With 
the same reference numerals, and description thereof is 
omitted. 

[0104] That is, in the charge distributing piXel 30, the 
output terminal of the ?rst charge reading circuit 7 for 
reading the signal accumulated in the ?rst charge accumu 
lation area 3 is connected to an output terminal OUT1 via a 
selection sWitch 20. 

[0105] Moreover, the output terminal of the second charge 
reading circuit 8 for reading the signal accumulated in the 
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second charge accumulation area 4 is connected to an output 
terminal OUT2 via a selection sWitch 21. 

[0106] Here, respective control terminals of the selection 
sWitches 20 and 21 are connected in common. 

[0107] The entire constitution of the charge distributing 
detector according to the second embodiment of the present 
invention Will neXt be described With reference to FIG. 5. 

[0108] That is, the charge distributing detector is consti 
tuted of: a piXel array 31 constituted by tWo-dimensionally 
arranging the charge distributing piXel 30 shoWn in FIG. 4; 
a roW selection circuit 32 for selecting a line of the piXel 
array 31; a column selection circuit 33 for selecting an 
output roW of the piXel array 31; and a roW parallel pro 
cessing circuit 35 in Which roWs of processing circuit units 
34 are arranged in parallel. 

[0109] Moreover, piXel selection terminals CIJSEL of the 
charge distributing piXels 30 for each line are connected in 
common to the roW selection circuit 32. 

[0110] Furthermore, the output terminals OUT1 and 
OUT2 for each roW are connected in common to the 
processing circuit unit 34. 

[0111] Additionally, the respective control terminals of the 
?rst and second charge transfer gates 5 and 6 of all the 
charge distributing piXels 30 are connected in common. 

[0112] Moreover, after the signals output via the respec 
tive charge distributing piXels 30 are input to a comparison 
(selection) circuit 40 and addition circuit 41 constituting the 
processing unit circuit 34 via the output terminals OUT1 and 
OUT2, the signals are output to a signal output line 44 via 
a normaliZation circuit/distance extraction circuit 42 and 
horiZontal selection sWitch 43. 

[0113] Here, the control terminal of the horiZontal selec 
tion sWitch 43 is connected to the column selection circuit 
33. 

[0114] Moreover, since the comparison (selection) circuit 
40, addition circuit 41, and normaliZation circuit/distance 
extraction circuit 42 function to perform the same series of 
processing as that of the ?rst embodiment, the description 
thereof is omitted. 

[0115] The distance measurement apparatus using the 
charge distributing detector of the second embodiment Will 
neXt be described With reference to FIGS. 6 and 7A to 71. 

[0116] FIG. 6 shoWs the entire constitution of a measure 
ment system according to the second embodiment of the 
present invention, and FIGS. 7A to 71 are operation timing 
diagrams. 

[0117] First, the measurement system Will be described 
With reference to FIG. 6. 

[0118] Additionally, in FIG. 6, the portions having the 
same functions as those of the constituting elements of the 
conventional art shoWn in FIG. 9 are denoted With the same 
reference numerals, and the description thereof is omitted. 

[0119] That is, an object 113 is irradiated With a light pulse 
emitted from a pulse light source 110, and the light re?ected 
by the surface of the object 113 is formed into an image on 
a piXel array of a detector 51 by an optical system 50. 
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[0120] An operation timing Will next be described With 
reference to FIGS. 7A to 7I. 

[0121] First, during a light receiving period, the pulse light 
source 110 repeatedly emits a pulse light. 

[0122] Here, the pulse light is not necessarily a repeated 
pulse, and may be a single pulse. In the light receiving 
period, a pulse synchronous With an emitting timing is 
applied to the ?rst transfer gate 5 as shoWn by (DWG1, and 
a pulse complementary to the ?rst transfer pulse is applied 
to the second transfer gate 6 as shoWn by (DWG2. 

[0123] Moreover, When the light receiving period ends, 
the period shifts to a reading period in Which the signal 
accumulated in the charge distributing piXel 30 is read. 

[0124] First, a ?rst line of selection pulse CI>V1 is output 
via the roW selection circuit 32, the respective signals are 
output from the charge distributing piXel 30 positioned in the 
?rst line of the piXel array 31 via the output terminals OUT1 
and OUT2, and the distance to an object point corresponding 
to each charge distributing piXel 30 is eXtracted in the 
processing circuit unit 34 disposed for each roW. 

[0125] Thereafter, When the column selection circuit 33 
successively selects and scans the selection sWitch 43, 
distance information corresponding to the ?rst line of charge 
distributing piXel 30 is successively output via the signal 
output line 44. 

[0126] Subsequently, When reading of the ?rst line is 
?nished, the roW selection circuit 32 outputs a selection 
pulse CI>V2 of a second line, the respective signals are output 
from the charge distributing piXel 30 positioned in the 
second line of the piXel array 31 via the output terminals 
OUT1 and OUT2, and the distance to the object point 
corresponding to each charge distributing piXel 30 is 
eXtracted in the processing circuit unit 34 disposed for each 
roW. 

[0127] When this processing is repeated, and the distance 
information corresponding to all piXel positions is output, 
the reading period ends, and the light receiving period 
restarts. 

[0128] As described above based on the second embodi 
ment, according to the present invention, it is possible to 
independently detect the delay time of the object re?ected 
light image formed on the piXel array of the photodetector 
for each piXel, and to simultaneously eXtract the object 
three-dimensional information of multiple points. An eXtrac 
tion error by the shot noise is reduced, and a multipoint 
simultaneous distance measurement apparatus able to mea 
sure the distance With high precision as compared With the 
conventional art, that is, a distance image input apparatus 
can be realiZed. 

[0129] Therefore, as described above, according to the 
present invention, there can be provided the distance mea 
surement apparatus using the charge distributing detector in 
Which the signal deterioration by the shot noise is sup 
pressed and the satisfactory distance measurement precision 
can be obtained With less light amount. 

[0130] Moreover, as described above, according to the 
present invention, there can be provided the distance mea 
suring method using the charge distributing detector in 
Which the signal deterioration by the shot noise is sup 
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pressed and the satisfactory distance measurement precision 
can be obtained With less light amount. 

[0131] Additionally, in the distance measurement appara 
tus according to claim 5 or 10, the signal With less offset 
components, that is, the signal With less shot noise compo 
nents of the ?rst and second accumulated signals can selec 
tively be used in distance eXtraction. Adetection error by the 
shot noise can be reduced, high-precision distance measure 
ment is possible as compared With the conventional art, and 
an irradiation amount can be reduced. 

[0132] Moreover, in the distance measurement apparatus 
according to claim 6 or 11, it is possible to independently 
detect the delay time of the object re?ected light image 
formed on the piXel array of the photodetector for each piXel, 
and to simultaneously eXtract the object three-dimensional 
information of multiple points. Additionally, the error by the 
shot noise is reduced, the high-precision distance measure 
ment is possible as compared With the conventional art, and 
the irradiation amount can be reduced. 

[0133] Additional advantages and modi?cations Will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the speci?c 
details and representative embodiments shoWn and 
described herein. Accordingly, various modi?cations may be 
made Without departing from the spirit or scope of the 
general inventive concept as de?ned by the appended claims 
and their equivalents. 

What is claimed is: 
1. A distance measurement apparatus for irradiating an 

object With a light from a light source Whose luminance can 
be modulated or from a pulse light source, and receiving the 
re?ected and returned light to obtain a distance to said 
object, said distance measurement apparatus comprising: 

a photoelectric converter for receiving said re?ected light 
and photoelectrically converting the received light; 

a ?rst charge accumulator for accumulating an electric 
charge transferred via a ?rst gate driven by a ?rst 
transfer pulse synchroniZed With an emitting timing of 
the light from said light source among electric charges 
generated by said photoelectric converter; 

a second charge accumulator for accumulating an electric 
charge transferred via a second gate driven by a second 
transfer pulse complementary to said ?rst transfer pulse 
among the electric charges generated by said photo 
electric converter; and 

a normaliZation circuit for reading a ?rst signal based on 
the accumulated electric charge of said ?rst charge 
accumulator, and a second signal based on the accu 
mulated electric charge of said second charge accumu 
lator, and normaliZing the smaller signal of said ?rst 
signal and said second signal With an added signal of 
said ?rst signal and said second signal. 

2. A distance measurement apparatus for irradiating an 
object With a light from a light source Whose luminance can 
be modulated or from a pulse light source, and forming an 
image of the re?ected and returned light on a tWo-dimen 
sional piXel array by an optical system to obtain a distance 
to said object for each piXel, said distance measurement 
apparatus comprising: 



US 2001/0024271 A1 

a tWo-dimensional pixel array in Which each pixel com 
prises a photoelectric converter, a ?rst gate for trans 
ferring an electric charge generated by said photoelec 
tric converter to a ?rst charge accumulator, and a 
second gate for transferring the electric charge gener 
ated by said photoelectric converter to a second charge 
accumulator, and control terminals of said ?rst gate and 
said second gate of each piXel are connected in com 
mon; 

a line selection circuit for selecting a line of said tWo 
dimensional piXel array; 

a line parallel reader for reading a ?rst signal based on the 
electric charge accumulated in said ?rst charge accu 
mulator and a second signal based on the electric 
charge accumulated in said second charge accumulator 
in parallel With respect to the piXel of the line selected 
by said line selection circuit; 

a normaliZation circuit for normaliZing the smaller signal 
of said ?rst signal and said second signal read by said 
line parallel reader With an added signal of said ?rst 
signal and said second signal for each roW of said 
tWo-dimensional piXel array; 

a ?rst transfer pulse applicator for applying a transfer 
pulse synchroniZed With an emitting timing of the light 
from said light source to said ?rst gate; and 

a second transfer pulse applicator for applying a transfer 
pulse complementary to the transfer pulse applied to 
said ?rst gate to said second gate. 

3. A method for irradiating an object With a light from a 
light source Whose luminance can be modulated or from a 
pulse light source, and receiving the re?ected and returned 
light to obtain a distance to said object, said method com 
prising the steps of: 

receiving said re?ected light and photoelectrically con 
verting the received light; 

accumulating an electric charge transferred via a ?rst gate 
driven by a ?rst transfer pulse synchroniZed With an 
emitting timing of the light from said light source 
among electric charges generated by said photoelectric 
converter in a ?rst charge accumulator; 

accumulating an electric charge transferred via a second 
gate driven by a second transfer pulse complementary 
to said ?rst transfer pulse among the electric charges 
generated by said photoelectric converter in a second 
charge accumulator; and 

reading a ?rst signal based on the accumulated electric 
charge of said ?rst charge accumulator, and a second 
signal based on the accumulated electric charge of said 
second charge accumulator, and normaliZing the 
smaller signal of said ?rst signal and said second signal 
With an added signal of said ?rst signal and said second 
signal. 

4. A distance measurement apparatus for irradiating an 
object With a light from a light source Whose luminance can 
be modulated or from a pulse light source, and receiving the 
re?ected and returned light to obtain a distance to said 
object, said distance measurement apparatus comprising: 

a photoelectric converter for photoelectrically converting 
said re?ected light; 
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a ?rst charge accumulator for accumulating an electric 
charge generated by said photoelectric converter; 

a ?rst gate for transferring the electric charge to said ?rst 
charge accumulator via said photoelectric converter; 

a ?rst transfer pulse applicator for applying a pulse 
synchroniZed With an emitting timing of the light from 
said light source to said ?rst gate; 

a ?rst reader for reading the electric charge accumulated 
in said ?rst charge accumulator; 

a second charge accumulator for accumulating the electric 
charge generated by said photoelectric converter; 

a second gate for transferring the electric charge to said 
second charge accumulator via said photoelectric con 
verter; 

a second transfer pulse applicator for applying a pulse 
complementary to the pulse applied by said ?rst trans 
fer pulse applicator to said second gate; 

a second reader for reading the electric charge accumu 
lated in said second charge accumulator; 

an addition circuit for adding an output from said ?rst 
reader and an output from said second reader; 

a selector for comparing the output from said ?rst reader 
With the output from said second reader to select a 
smaller output; 

a normaliZation circuit for normaliZing the output selected 
by said selector With the output of said addition circuit; 
and 

a distance measurement section for obtaining the distance 
to said object from the output of said normaliZation 
circuit. 

5. A distance measurement apparatus for irradiating an 
object With a light from a light source Whose luminance can 
be modulated or a pulse light source, detecting the re?ected 
light from the object by a photodetector, and detecting a 
delay time of the re?ected light from an emitting timing of 
said irradiation light to eXtract a distance to the object, said 
distance measurement apparatus comprising: 

a photodetector comprising a photoelectric converter, 
formed on a semiconductor substrate, for converting 
said re?ected light to an electric charge, a ?rst transfer 
gate for transferring the electric charge photoelectri 
cally converted by said photoelectric converter to a ?rst 
charge accumulator, a second transfer gate for trans 
ferring the electric charge photoelectrically converted 
by said photoelectric converter to a second charge 
accumulator, and accumulated signal reader for reading 
a ?rst accumulated signal accumulated in said ?rst 
charge accumulator and a second accumulated signal 
accumulated in the second charge accumulator; 

a ?rst transfer pulse applicator for applying a transfer 
pulse synchroniZed With an emitting timing of the light 
from said light source to the ?rst transfer gate of said 
photodetector; 

a second transfer pulse applicator for applying a transfer 
pulse complementary to the transfer pulse applied to 
said ?rst transfer gate to said second transfer gate; 
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an addition circuit for adding said ?rst accumulated signal 
and said second accumulated signal read by said accu 
mulated signal reader; 

a comparison selector for comparing a siZe of said ?rst 
accumulated signal With the siZe of the second accu 
mulated signal read by said accumulated signal reader 
to select a signal With a smaller signal amount from said 
?rst accumulated signal and the second accumulated 
signal; 

a normaliZation circuit for normaliZing the signal selected 
by said comparison selector With the added signal 
obtained by said addition circuit; and 

a delay time extractor for extracting the delay time of said 
re?ected light from the normaliZed signal obtained by 
said normaliZation circuit. 

6. A distance measurement apparatus for irradiating an 
object With a light from a light source Whose luminance can 
be modulated or a pulse light source, forming an image of 
the re?ected light from the object on a photodetector by an 
optical system, and detecting a delay time of the re?ected 
light from an emitting timing of said irradiation light to 
eXtract a distance to the object, said distance measurement 
apparatus comprising: 

a piXel array in Which each piXel comprises a photoelec 
tric converter, formed on a semiconductor substrate, for 
converting said re?ected light to an electric charge, a 
?rst gate for transferring the electric charge photoelec 
trically converted by said photoelectric converter to a 
?rst charge accumulator, a second gate for transferring 
the electric charge photoelectrically converted by said 
photoelectric converter to a second charge accumulator, 
and an accumulated signal reader for reading accumu 
lated signals accumulated in said ?rst charge accumu 
lator and the second charge accumulator, and the 
respective piXels are arranged in a tWo-dimensional 
array; 

a line selection circuit for selecting a line of said piXel 
array; and 

a photodetector comprising a line parallel reader for 
reading a ?rst accumulated signal and a second accu 
mulated signal accumulated in said ?rst charge accu 
mulator and the second charge accumulator of the piXel 
positioned in the line selected by said line selection 
circuit in parallel, an addition circuit, disposed in 
parallel for each roW of said piXel array, for adding the 
?rst accumulated signal and the second accumulated 
signal read by said line parallel reader, a comparison 
selector, disposed in parallel for each roW of said piXel 
array, for comparing the read ?rst accumulated signal 
With the read second accumulated signal, and selecting 
the smaller accumulated signal from the ?rst accumu 
lated signal and the second accumulated signal, and a 
normaliZation circuit for normaliZing the signal 
selected by said comparison selector With the signal 
added by said addition circuit, 

Wherein said piXel array is connected in common to 
control terminals of said ?rst transfer gate and the 
second transfer gate, and 

said piXel array comprises a ?rst transfer pulse applicator 
for applying a transfer pulse synchroniZed With an 

Sep. 27, 2001 

emitting timing of the light from said light source to 
said ?rst transfer gate and a second transfer pulse 
applicator for applying a transfer pulse complementary 
to the transfer pulse applied to said ?rst transfer gate to 
said second transfer gate. 

7. A distance measurement apparatus for irradiating an 
object With a light from a light source Whose luminance can 
be modulated or from a pulse light source, and receiving the 
re?ected and returned light to obtain a distance to said 
object, said distance measurement apparatus comprising: 

a photoelectric converter for photoelectrically converting 
said re?ected light; 

a ?rst charge accumulator for accumulating an electric 
charge transferred via a ?rst gate driven by a ?rst 
transfer pulse synchroniZed With an emitting timing of 
the light from said light source among electric charges 
generated by said photoelectric converter; 

a second charge accumulator for accumulating an electric 
charge transferred via a second gate driven by a second 
transfer pulse complementary to said ?rst transfer pulse 
among the electric charges generated by said photo 
electric converter; and 

means for reading a ?rst signal based on the accumulated 
electric charge of said ?rst charge accumulator, and a 
second signal based on the accumulated electric charge 
of said second charge accumulator, and normaliZing the 
smaller signal of said ?rst signal and said second signal 
With an added signal of said ?rst signal and said second 
signal. 

8. A distance measurement apparatus for irradiating an 
object With a light from a light source Whose luminance can 
be modulated or from a pulse light source, and forming an 
image of the re?ected and returned light on a tWo-dimen 
sional piXel array by an optical system to obtain a distance 
to said object for each piXel, said distance measurement 
apparatus comprising: 

a tWo-dimensional piXel array in Which each piXel com 
prises a photoelectric converter, a ?rst gate for trans 
ferring an electric charge generated by said photoelec 
tric converter to a ?rst charge accumulator, and a 
second gate for transferring the electric charge gener 
ated by said photoelectric converter to a second charge 
accumulator, and control terminals of said ?rst gate and 
said second gate of each piXel are connected in com 
mon; 

a line selection circuit for selecting a line of said tWo 
dimensional piXel array; 

line parallel reading means for reading a ?rst signal based 
on the electric charge accumulated in said ?rst charge 
accumulator and a second signal based on the electric 
charge accumulated in said second charge accumulator 
in parallel With respect to the piXel of the line selected 
by said line selection circuit; 

means for normaliZing the smaller signal of said ?rst 
signal and said second signal read by said line parallel 
reading means With an added signal of said ?rst signal 
and said second signal for each roW of said tWo 
dimensional piXel array; 

means for applying a transfer pulse synchroniZed With an 
emitting timing of the light from said light source to 
said ?rst gate; and 
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means for applying a transfer pulse complementary to the 
transfer pulse applied to said ?rst gate to said second 
gate. 

9. A distance measurement apparatus for irradiating an 
object With a light from a light source Whose luminance can 
be modulated or from a pulse light source, and receiving the 
re?ected and returned light to obtain a distance to said 
object, said distance measurement apparatus comprising: 

a photoelectric converter for photoelectrically converting 
said re?ected light; 

a ?rst charge accumulator for accumulating an electric 
charge generated by said photoelectric converter; 

a ?rst gate for transferring the electric charge to said ?rst 
charge accumulator via said photoelectric converter; 

?rst transfer pulse applying means for applying a pulse 
synchroniZed With an emitting timing of the light from 
said light source to said ?rst gate; 

?rst reading means for reading the electric charge accu 
mulated in said ?rst charge accumulator; 

a second charge accumulator for accumulating the electric 
charge generated by said photoelectric converter; 

a second gate for transferring the electric charge to said 
second charge accumulator via said photoelectric con 
verter; 

second transfer pulse applying means for applying a pulse 
complementary to the pulse applied by said ?rst trans 
fer pulse applying means to said second gate; 

second reading means for reading the electric charge 
accumulated in said second charge accumulator; 

addition means for adding an output from said ?rst 
reading means and an output from said second reading 
means; 

selection means for comparing the output from said ?rst 
reading means With the output from said second read 
ing means to select a smaller output; 

normaliZation means for normaliZing the output selected 
by said selection means With the output of said addition 
means; and 

means for obtaining the distance to said object from the 
output of said normaliZation means. 

10. A distance measurement apparatus for irradiating an 
object With a light from a light source Whose luminance can 
be modulated or a pulse light source, detecting the re?ected 
light from the object by a photodetector, and detecting a 
delay time of the re?ected light from an emitting timing of 
said irradiation light to eXtract a distance to the object, said 
distance measurement apparatus comprising: 

a photodetector comprising a photoelectric converter, 
formed on a semiconductor substrate, for converting 
said re?ected light to an electric charge, a ?rst transfer 
gate for transferring the electric charge photoelectri 
cally converted by said photoelectric converter to a ?rst 
charge accumulator, a second transfer gate for trans 
ferring the electric charge photoelectrically converted 
by said photoelectric converter to a second charge 
accumulator, and reading means for reading a ?rst 
accumulated signal and a second accumulated signal 
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accumulated in said ?rst charge accumulator and the 
second charge accumulator; 

means for applying a transfer pulse synchroniZed With an 
emitting timing of the light from said light source to the 
?rst transfer gate of said photodetector; 

means for applying a transfer pulse complementary to the 
transfer pulse applied to said ?rst transfer gate to said 
second transfer gate; 

addition means for adding said ?rst accumulated signal 
and said second accumulated signal read by said read 
ing means; 

comparison selection means for comparing a siZe of said 
?rst accumulated signal With the siZe of the second 
accumulated signal read by said reading means to select 
a signal With a smaller signal amount from said ?rst 
accumulated signal and the second accumulated signal; 

normaliZation means for normaliZing the signal selected 
by said comparison selection means With the added 
signal obtained by said addition means; and 

delay time extraction means for extracting the delay time 
of said re?ected light from the normaliZed signal 
obtained by said normaliZation means. 

11. A distance measurement apparatus for irradiating an 
object With a light from a light source Whose luminance can 
be modulated or a pulse light source, forming an image of 
the re?ected light from the object on a photodetector by an 
optical system, and detecting a delay time of the re?ected 
light from an emitting timing of said irradiation light to 
eXtract a distance to the object, said distance measurement 
apparatus comprising: 

a piXel array in Which each piXel comprises a photoelec 
tric converter, formed on a semiconductor substrate, for 
converting said re?ected light to an Ad electric charge, 
a ?rst transfer gate for transferring the electric charge 
photoelectrically converted by said photoelectric con 
verter to a ?rst charge accumulator, a second transfer 
gate for transferring the electric charge photoelectri 
cally converted by said photoelectric converter to a 
second charge accumulator, and reading means for 
reading accumulated signals accumulated in said ?rst 
charge accumulator and the second charge accumula 
tor, and the respective piXels are arranged in a tWo 
dimensional array; 

a line selection circuit for selecting a line of said piXel 
array; and 

a photodetector comprising line parallel reading means 
for reading a ?rst accumulated signal and a second 
accumulated signal accumulated in said ?rst charge 
accumulator and the second charge accumulator of the 
piXel positioned in the line selected by said line selec 
tion circuit in parallel, addition means, disposed in 
parallel for each roW of said piXel array, for adding the 
?rst accumulated signal and the second accumulated 
signal read by the reading means, comparison selection 
means, disposed in parallel for each roW of said piXel 
array, for comparing the ?rst accumulated signal With 
the second accumulated signal read by said line parallel 
reading means, and selecting the smaller accumulated 
signal from the ?rst accumulated signal and the second 
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accumulated signal, and normalization means for nor 
maliZing the signal selected by said comparison selec 
tion means With the signal added by said addition 
means, 

Wherein said pixel array is connected in common to 
control terminals of said ?rst transfer gate and the 
second transfer gate, and said pixel array comprises 
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means for applying a transfer pulse synchroniZed With 
an emitting timing of the light from said light source to 
said ?rst transfer gate and means for applying a transfer 
pulse complementary to the transfer pulse applied to 
said ?rst transfer gate to said second transfer gate. 


