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(54) TIME-OF-FLIGHT SYSTEM AND CALIBRATION METHOD

(57) The present application provides a time-of-flight
distance measuring system (10), including a delay unit
(12) configured to generate a plurality of delayed pulses
according to a plurality of delay signals, wherein the plu-
rality of delay signals correspond to a plurality of delay
times; a light-emitting unit (13), configured to generate a
plurality of delayed pulsed lights according to the plurality
of delayed pulses; a photosensitive pixel circuit (14), con-
figured to receive a plurality of delayed reflected lights to

generate a plurality of pixel signals; a storage unit (16),
configured to store a correspondence between the plu-
rality of delay times and the plurality of pixel signals; and
a control unit (18), configured to generate the plurality of
delay signals; wherein, the time-of-flight distance meas-
uring system performs a time-of-flight distance measur-
ing according to the correspondence between the plural-
ity of delay times and the plurality of pixel signals.
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Description

TECHNICAL FIELD

[0001] The present application is related to a time-of-
flight distance measuring system and calibration method;
in particular, to and a time-of-flight distance measuring
system and calibration method capable of avoiding off-
set.

BACKGROUND

[0002] With the rapid development of science and tech-
nology, the acquisition of the three-dimensional (3D) in-
formation of an object has a wide variety of application
potential in many application fields, such as production
automation, human-machine interaction, medical diag-
nosis, reverse engineering, digital modeling, etc. The
structural light 3D measurement is a contactless 3D in-
formation acquisition technique, and has been widely
used because of advantages such as easy-to-imple-
ment, fast speed and high accuracy.
[0003] The time-of-flight (ToF) technology is a com-
monly used 3D depth measuring method. However, the
current time-of-flight distance measuring system has
many shortcomings. For example, two conduction times
of two transmission gates of photosensitive pixel circuits
applied in the time-of-flight shall be separated by a time
interval, or pulse transferred to light-emitting units may
be a non-ideal continuous square wave, thereby resulting
in an offset between distance, measured by the time-of-
flight technique, and actual distance.
[0004] In view of the foregoing, there is a need in the
related art for further improvement.

BRIEF SUMMARY OF THE INVENTION

[0005] In view of the foregoing, the purpose of some
embodiments of the present disclosure is to provide a
time-of-flight distance measuring system and calibration
method capable of avoiding offset, so as to address the
disadvantages in the existing art.
[0006] To address the above-mentioned technical is-
sues, embodiments of the present application provides
a time-of-flight distance measuring system, which com-
prises a delay unit that receives a plurality of delay signals
and is configured to generate a plurality of delayed pulses
according to a plurality of delay signals, wherein the plu-
rality of delay signals correspond to a plurality of delay
times; a light-emitting unit, coupled to the delay unit and
configured to generate a plurality of delayed pulsed lights
according to the plurality of delayed pulses; a photosen-
sitive pixel circuit, configured to receive a plurality of de-
layed reflected lights corresponding to the plurality of de-
layed pulsed lights to generate a plurality of pixel signals
corresponding to the plurality of delay times; a storage
unit, configured to store a correspondence between the
plurality of delay times and the plurality of pixel signals;

and a control unit, coupled to the delay unit and config-
ured to generate the plurality of delay signals; wherein,
the time-of-flight distance measuring system performs a
time-of-flight distance measuring according to the corre-
spondence between the plurality of delay times and the
plurality of pixel signals.
[0007] For example, the control unit generates an op-
timal delay signal to the delay unit according to the cor-
respondence between the plurality of delay times and
the plurality of pixel signals, and the time-of-flight dis-
tance measuring system performs the time-of-flight dis-
tance measuring according to the optimal delay signal,
wherein the optimal delay signal corresponds to an op-
timal delay time.
[0008] For example, the delay unit generates an opti-
mal delayed pulse according to the optimal delay signal,
the light-emitting unit generates an optimal delayed
pulsed light according to the optimal delayed pulse, the
photosensitive pixel circuit receives the optimal delayed
reflected light corresponding to the optimal delayed
pulsed light to generate an optimal delayed pixel signal,
and the time-of-flight distance measuring system com-
putes a time-of-flight distance corresponding to a target
object according to the optimal delayed pixel signal.
[0009] For example, the plurality of delayed reflected
lights are reflected from the reflector, and there is a fixed
distance between the reflector and the time-of-flight dis-
tance measuring system.
[0010] For example, the photosensitive pixel circuit
comprises a photosensitive device; a first readout circuit,
which comprises a first transmission gate, wherein the
first transmission gate is coupled to the photosensitive
device, and the first transmission gate receives a first
transmission signal and is conducted at a first conduction
time; and a second readout circuit, which comprises a
second transmission gate, wherein the second transmis-
sion gate is coupled to the photosensitive device, and
the second transmission gate receives a second trans-
mission signal and is conducted at a second conduction
time, wherein the second readout circuit outputs the plu-
rality of pixel signals; wherein, the first conduction time
and the second conduction time are separated by a time
interval.
[0011] To address the above-mentioned technical is-
sues, embodiments of the present application further pro-
vide a calibration method for a time-of-flight distance
measuring system, wherein the calibration method com-
prises generating a plurality of delay signals, wherein the
plurality of delay signals correspond to a plurality of delay
times; generating a plurality of delayed pulses according
to the plurality of delay signals, emitting a plurality of de-
layed pulsed lights corresponding to the plurality of de-
layed pulses; receive a plurality of delayed reflected lights
corresponding to the plurality of delayed pulsed lights to
generate a plurality of pixel signals corresponding to the
plurality of delay times; storing a correspondence be-
tween the plurality of delay times and the plurality of pixel
signals; and performing a time-of-flight distance meas-
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uring according to the correspondence between the plu-
rality of delay times and the plurality of pixel signals.
[0012] To address the above-mentioned technical is-
sues, embodiments of the present application further pro-
vides a time-of-flight distance measuring method, ap-
plied in a time-of-flight distance measuring system,
wherein the time-of-flight distance measuring method
comprises, obtaining a correspondence between a plu-
rality of delay times and a plurality of pixel signals; and
performing a time-of-flight distance measuring according
to the correspondence between the plurality of delay
times and the plurality of pixel signals, wherein, the cor-
respondence between the plurality of delay times and
the plurality of pixel signals is obtained by a time-of-flight
calibration method and stored in the time-of-flight dis-
tance measuring system, and the time-of-flight calibra-
tion method comprises, generating a plurality of delay
signals, wherein the plurality of delay signals correspond
to a plurality of delay times; generating a plurality of de-
layed pulses according to the plurality of delay signals;
emitting a plurality of delayed pulsed lights corresponding
to the plurality of delayed pulses; receive a plurality of
delayed reflected lights corresponding to the plurality of
delayed pulsed lights to generate a plurality of pixel sig-
nals corresponding to the plurality of delay times; and
outputting the correspondence between the plurality of
delay times and the plurality of pixel signals.
[0013] By emitting a plurality of delayed pulsed lights
corresponding to different delay times, the present dis-
closure simulates different simulation distances between
the time-of-flight distance measuring system and the re-
flector so as to obtain a correspondence between the
simulation distance and the measured distance, and per-
forms the time-of-flight distance measuring according to
said correspondence. As compared with the prior art, the
calibration stage of the present application obtains the
correspondence between the simulation distance and
the measured distance without human operation, and the
present application is advantages in its easy-to-operate
and capability of obtaining an accurate time-of-flight dis-
tance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

Figure 1 is a schematic diagram of a time-of-flight
distance measuring system according to embodi-
ments of the present application.

Figure 2 is a timing diagram of a plurality of signals
according to embodiments of the present applica-
tion.

Figure 3 is a schematic diagram of a photosensitive
pixel circuit according to embodiments of the present
application.

Figure 4 is a schematic diagram of a plurality of cor-
responding curves according to embodiments of the
present application.

Figure 5 is an waveform diagram of a plurality of
signals according to embodiments of the present ap-
plication.

Figure 6 is a flowchart of a process according to em-
bodiments of the present application.

Figure 7 is a flowchart of a process according to em-
bodiments of the present application.

DETAILED DESCRIPTION

[0015] To further explain the purposes, technical solu-
tions and advantages of the present application, the ap-
pended drawings and embodiments are discussed below
to give a detailed description of the present disclosure.
It should be noted that the embodiments provided herein
are used to explain the present disclosure, and shall not
be used to limit the present application.
[0016] Please refer to Figure 1, Figure 1 is a schematic
diagram of a time-of-flight (TOF) system 10 according to
embodiments of the present application. The time-of-
flight distance measuring system 10 comprises a delay
unit 12, a light-emitting unit 13, a photosensitive pixel
array 14, and a storage unit 16 and a control unit 18.
During a calibration stage of the time-of-flight distance
measuring system 10, a reflector 11 is disposed at a po-
sition that is apart from the time-of-flight distance meas-
uring system 10 with a known fixed distance GD, and the
light-emitting unit 13 emits light toward the reflector 11
and the photosensitive pixel array 14 receives reflected
light from the reflector 11.
[0017] Specifically, during the calibration stage, the
control unit 18 generates a plurality of delay signals
ds1∼dsn to the delay unit 12, wherein the plurality of delay
signals ds1∼dsn respectively correspond to a plurality of
delay times td,1∼td,n. In other words, the delay signals
ds1∼dsn are signals used to represent the delay times
td,1∼td,n, or the delay signals ds1∼dsn include information
corresponding to the delay times td,1∼td,n. The delay unit
12 receives the plurality of delay signals ds1∼dsn, and
generates a plurality of delayed pulses dp1∼dpn accord-
ing to the plurality of delay signals ds1∼dsn, whereas the
delayed pulses dp1∼dpn correspond to the delay times
td,1∼td,n. The light-emitting unit 13 may be a light-emitting
diode (LED), such as an infrared ray (IR) LED. The light-
emitting unit 13 is coupled to the delay unit 12 to receive
the delayed pulses dp1∼dpn, and is configured to, ac-
cording to delayed pulses dp1 ∼ dpn, generate a plurality
of delayed pulsed lights LD1 ∼ LDn, which is correspond-
ing to delayed pulses dp1∼dpn, at time intervals T1∼Tn,
respectively. In this case, delayed pulses dp1∼dpn may
form a delayed pulse signal DP (that is, the delayed pulse
signal DP consists of a plurality of delayed pulses
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dp1∼dpn, which is described below). The light-emitting
unit 13 can be used to receive the delayed pulse signal
DP to generate delayed pulsed lights LD1∼LDn. The de-
layed pulsed lights LD1∼LDn is emitted toward the reflec-
tor 11, whereas the reflector 11 reflects a plurality of de-
layed reflected lights R1∼Rn to the photosensitive pixel
array 14, wherein there is a known fixed distance GD
between the reflector 11 and the time-of-flight distance
measuring system 10. The photosensitive pixel array 14
comprises a plurality of photosensitive pixel circuits 140,
and the plurality of the photosensitive pixel circuits 140
are arranged in an array. Without losing generality, the
following description uses one photosensitive pixel circuit
140 in the photosensitive pixel array 14 as an example.
The photosensitive pixel circuit 140 receives a plurality
of delayed reflected lights R1∼ Rn corresponding to a plu-
rality of delayed pulsed lights LD1∼LDn during time inter-
vals T1∼Tn, and generates a plurality of pixel signals
p1∼pn corresponding to the plurality of delay times
td,1∼td,n according to the delayed reflected lights R1∼Rn,
wherein the plurality of pixel signals p1∼pn form one out-
put signal. The storage unit 16 is configured to store a
correspondence between the plurality of delay times
td,1∼td,n and the plurality of pixel signals p1∼pn.
[0018] During a distance measuring stage of the time-
of-flight distance measuring system 10, the light-emitting
unit 13 no longer emits light toward the reflector 11, but
emits light toward an object to be measured or a target
object to be measured. At this time, the time-of-flight dis-
tance measuring system 10 may use the correspondence
between the plurality of delay times td,1∼td,n and the plu-
rality of pixel signals p1∼pn stored by the storage unit 16
to perform TOF on the target object.
[0019] Please refer to Figure 2, Figure 2 is a timing
diagram of a first pulse signal PP and a delayed pulse
signal DP according to embodiments of the present ap-
plication, wherein the first pulse signal PP may be used
as a reference object for the delayed pulse signal DP.
The delayed pulse signal DP has delayed pulses
dp1∼dpn, and the first pulse signal PP may have one ref-
erence pulse pref individually during time intervals T1∼Tn.
That is, a plurality of reference pulses pref may form the
first pulse signal PP, wherein the time intervals T1∼Tn
may have the same length of time. The delayed pulses
dp1∼dpn may have delay times td,1∼td,n with respect to
the reference pulses pref. For example, rising edges of
the delayed pulses dp1∼dpn have delay times td,1∼td,n
with respect to rising edges of the reference pulses pref,
respectively. Alternatively, falling edges of the delayed
pulses dp1∼dpn have delay times td,1∼td,n with respect to
the falling edges of the reference pulse pref, respectively.
In this case, the delayed pulses dp1∼dpn and the refer-
ence pulses pref may have the same pulse width and
pulse amplitude.
[0020] Moreover, during the calibration stage, the light-
emitting unit 13 receives the delayed pulse signal DP and
emits delayed pulsed lights LD1∼LDn according to de-
layed pulse signal DP during time intervals T1∼Tn, re-

spectively, whereas the photosensitive pixel circuit 140
may receive delayed reflected lights R1∼Rn during time
intervals T1∼ Tn, respectively.
[0021] Operation of the photosensitive pixel circuit 140
applied in TOF is known to persons having ordinary skill
in the art, and is briefly discussed below. Please refer to
Figure 3, Figure 3 is a schematic diagram of the photo-
sensitive pixel circuit 140 according to embodiments of
the present application. The photosensitive pixel circuit
140 comprises a photosensitive device PD, and photo-
electric readout circuits 31 and 32, wherein the photo-
sensitive device PD may be a photo diode. The photoe-
lectric readout circuit 31 comprises a transmission gate
TG1, an output transistor DV1 and a reading transistor
RD1. The photoelectric readout circuit 32 comprises a
transmission gate TG2, an output transistor DV2 and a
reading transistor RD2. The transmission gates TG1 and
TG2 are coupled to the photosensitive device PD. The
output transistors DV1 and DV2 are coupled to the trans-
mission gates TG1 and TG2, respectively. The reading
transistors RD1 and RD2 are coupled to the output tran-
sistors DV1 and DV2, respectively, and output the first
output signal Pout1 and the second output signal Pout2,
respectively. The transmission gates TG1 and TG2 re-
ceive transmission signals TX1 and TX2, respectively.
The reading transistors RD1 and RD2 receive a row se-
lection signal ROW. When the row selection signal ROW
controls the reading transistors RD1 and RD2 to conduct
the reading transistors RD1 and RD2, the photosensitive
pixel circuit 140 outputs the output signals Pout1 and
Pout2. The photoelectric readout circuits 31 and 32 fur-
ther comprise, respectively, reset transistors RT1 and
RT2, wherein the reset transistors RT1 and RT2 receive
a reset signal Rst. When the reset signal Rst controls the
reset transistors RT1 and RT2 to conduct the reset tran-
sistors RT1 and RT2, electric charges at a floating diffu-
sion node FD is able be cleared. The photosensitive pixel
circuit 140 further comprises an anti-blooming transistor
AB, wherein the anti-blooming transistor AB is under the
control of an anti-blooming signal TX5. When the anti-
blooming signal TX5 controls the anti-blooming transistor
AB to conduct, photoelectrons generated by the photo-
sensitive device PD because of the receipt of a back-
ground light are drained, so as to avoid affecting a normal
operation of a circuit. In this case, in some embodiments,
the signals TX1, TX2, Rst, ROW and TX5 may be gen-
erated by the control unit (illustrated in Figure 1) of the
time-of-flight distance measuring system 10.
[0022] Please refer to Figure 2 again, Figure 2 addi-
tionally illustrates a timing diagram of the transmission
signals TX1 and TX2 according to embodiments of the
present application. As shown in Figure 2, the transmis-
sion gate TG1 is under the control of the transmission
signal TX1 so that the transmission gate TG1 is conduct-
ed at a conduction time TT1. The transmission gate TG2
is under the control of the transmission signal TX2 so
that the transmission gate TG2 is conducted at a con-
duction time TT2, wherein the conduction time TT1 and
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the conduction time TT2 are separated by a time interval
ΔT. ΔT may be a fixed time interval or a non-fixed time
interval. During the time intervals T1∼Tn (i.e., periodical-
ly), the transmission signal TX1 individually may have a
reference pulse pref. That is, the transmission signal TX1
may have the same timing or waveform as the first pulse
signal PP. From another perspective, the delay times
td,1∼td,n may be the delay times of the delayed pulses
dp1∼ dpn with respect to the reference pulse pref of the
transmission signal TX1.
[0023] Moreover, the pixel signals p1∼pn outputted by
the photosensitive pixel circuit 140 may relate to the first
output signal Pout1 or the second output signal Pout2.
Since the time-of-flight distance measuring system 10
computes the distance mainly according to the relative
ratio between the first output signal Pout1 or the second
output signal Pout2, and the second output signal Pout2
is positively proportional to the distance computed by us-
ing TOF. That is, the second output signal Pout2 is pos-
itively proportional to the time-of-flight of light. The rela-
tionship between the pixel signals p1∼pn and the second
output signal Pout2 is used as an example in the following
embodiments. Furthermore, pixel signals p1∼pn may be
a plurality of signal values of the second output signal
Pout2 during the time intervals T1∼Tn, respectively. That
is, during the time intervals T1∼Tn, the photosensitive de-
vice PD respectively receives the plurality of delayed re-
flected lights R1∼Rn, and since the delayed pulses
dp1∼dpn have different time differences (respectively re-
lated to delay times td,1∼td,n) with respect to the conduc-
tion time TT2 of the transmission gate TG2, the second
output signal Pout2 outputted by the photoelectric read-
out circuit 32 during the time intervals T1∼Tn include a
plurality of pixel signals p1∼pn, and the plurality of pixel
signals p1∼pn respectively correspond to the plurality of
delay times td,1∼td,n.
[0024] The storage unit 16 may store a correspond-
ence between the delay times td,1∼ td,n and the pixel sig-
nals p1∼pn, directly. Additionally, the time-of-flight dis-
tance measuring system 10 may estimate simulation dis-
tances d1∼dn according to a known fixed distance GD
and the delay times td,1∼td,n, and estimate measured dis-
tances d1’∼ dn’ according to the pixel signals p1∼pn,
whereas the storage unit 16 may indirectly store the cor-
respondence between store delay times td,1∼td,n and pix-
el signals p1∼pn by storing the correspondence between
simulation distances d1∼dn and measured distances
d1’∼dn’. In this example, simulation distances d1∼dn may
be a fixed distance GD plus the distance that light prop-
agate with light speed during time td,1∼td,n. The measured
distances d1’∼dn’ may be the time-of-flight distance com-
puted by TOF according to the plurality of second output
signals Pout2 corresponding to the time intervals T1∼Tn,
and the measured distance does not necessarily equal
to an actual distance.
[0025] Moreover, sine the simulation distances d1∼dn
and the times td,1∼td,n are substantially in a linear rela-
tionship and since the pixel signals p1∼pn and measured

distances d1’∼dn’ are substantially in a linear relationship,
the correspondence between the delay times td,1∼td,n and
the pixel signals p1∼pn is equivalent to the correspond-
ence between the simulation distances d1∼dn and the
measured distances d1’∼dn’.
[0026] Please refer to Figures 4 and 5; Figure 4 is a
schematic diagram illustrating a plurality of curves show-
ing the relationship between the actual/simulation dis-
tance and the measured distance, wherein these curves
represent the correspondence between the delay times
and pixel signals. Subfigure 5a in Figure 5 is a waveform
diagram showing the transmission signal TX1’ received
by the transmission gate TG1 and the transmission signal
TX2’ received by the transmission gate TG1 when there
is seamless between the conduction time TT1’ of the
transmission gate TG1 in the photosensitive pixel circuit
140 and the conduction time TT2’ of the transmission
gate TG2. Subfigure 5b is a waveform diagram showing
the transmission signal TX1 received by the transmission
gate TG1 and the transmission signal TX2 received by
the transmission gate TG1 when there is time interval ΔT
between the conduction time TT1 of the transmission
gate TG1 and the conduction time TT2 of the transmis-
sion gate TG2. Subfigure 5c is a waveform diagram of
an ideal non-continuous square wave outputted to the
delayed pulses dp1∼dpn. Subfigure 5d is a waveform di-
agram of a non-ideal continuous square wave outputted
to the delayed pulses dp1∼dpn.
[0027] Moreover, in Figure 4, the curve cv1 is a curve
showing the correspondence between the actual/simu-
lation distance and the measured distance when there
is seamless between the conduction time TT1’ of the
transmission gate TG1 and the conduction time TT2’ of
the transmission gate TG2, in which ΔT=0 (that is, the
transmission gates TG1 and TG2 in Figure 3 receive the
transmission signals TX1’ and TX2’ illustrated in Subfig-
ure 5a) and the delayed pulses dp1∼dpn are the ideal
non-continuous square wave illustrated in Subfigure 5c.
The curve cv2 is a curve showing the correspondence
between the actual/simulation distance and the meas-
ured distance when there is a non-zero time interval ΔT
between the conduction time TT1 of the transmission
gate TG1 and the conduction time TT2 of the transmis-
sion gate TG2 (that is, the transmission gates TG1 and
TG2 receive the transmission signals TX1 and TX2 illus-
trated in Subfigure 5b/Figure 2), and the delayed pulses
dp1∼dpn are the ideal non-continuous square wave illus-
trated in Subfigure 5c. The curve cv3 is a curve showing
the correspondence between the actual/simulation dis-
tance and the measured distance when there is seamless
between the conduction time TT1’ of the transmission
gate TG1 and the conduction time TT2’ of the transmis-
sion gate TG2 (corresponding to Subfigure 5a), and the
delayed pulses dp1∼dpn are the non-ideal continuous
square wave illustrated in Subfigure 5d. The curve cv4
is a curve showing the correspondence between the ac-
tual/simulation distance and the measured distance
when there is a non-zero time interval ΔT (corresponding
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to Subfigure 5b) between the conduction time TT1 of the
transmission gate TG1 and the conduction time TT2 of
the transmission gate TG2, and the delayed pulses
dp1∼dpn are the non-ideal continuous square wave illus-
trated in Subfigure 5d. In this case, the actual distance
is the distance between the time-of-flight distance meas-
uring system 10 and the object to be measured (which
may be the target object or the reflector). Moreover, the
curves cv1∼cv4 may also be the curves representing the
correspondence between the delay times and pixel sig-
nals.
[0028] Moreover, the correspondence between the de-
lay times td,1∼td,n and pixel signals p1∼pn or the corre-
spondence between the simulation distances d1∼dn and
the measured distances d1’∼dn’ that is stored by the stor-
age unit 16 may be represented by a plurality of discrete
points on the curve cv4 in Figure 4. For example, the
correspondence between d1∼dn and d1’ ∼ dn’ may be
expressed as the ratio between the horizontal-axis coor-
dinate and the vertical-axis coordinate of the discrete
points.
[0029] As can be seen in Figure 4, under an optimal
circumstance (corresponding to circumstance associat-
ed with the curve cv1), the measured distance computed
by the time-of-flight distance measuring system will equal
the actual distance between the time-of-flight distance
measuring system and the object to be measured. In re-
ality, when designing the circuits, wirings are required to
be taken into consideration. There has to be a certain
time interval ΔT (that is, ΔT is non-zero) between the
conduction time TT1 of the transmission gate TG1 and
the conduction time TT2 of the transmission gate TG2.
On the other hand, when transition times of the delayed
pulses dp1∼dpn is non-negligible or comparable with re-
spect to pulse width, the delayed pulses dp1∼dpn exhibit
waveforms as shown in Subfigure 5d. Considering the
foregoing realistic factors, the curve cv4 has an offset
with respect to the curve cv1. That is, the measured dis-
tance computed by the time-of-flight distance measuring
system does not equal the actual distance between the
time-of-flight distance measuring system and the object
to be measured.
[0030] In order to avoid the offset, during a calibration
stage of the prior art, a staff responsible for calibration
shall constantly move the reflector to change the distance
between the time-of-flight distance measuring system
and the reflector, so as to obtain the plurality of discrete
points of the curve cv4 in Figure 4. The existing calibration
method involves manual operation (the distance be-
tween the time-of-flight distance measuring system and
the reflector is changed manually), thereby causing in-
convenience to a technician. In comparison, the present
disclosure simulates different simulation distances d1∼dn
between the time-of-flight distance measuring system 10
and the reflector 11 under the premise that the distance
GD between the time-of-flight distance measuring sys-
tem 10 and the reflector 11 is fixed, so as to obtain the
plurality of discrete points at the curve cv4 in Figure 4.

In some embodiments, the time-of-flight distance meas-
uring system 10 may, according to the plurality of discrete
points at the curve cv4, use interpolation to obtain the
curve cv4.
[0031] In this way, during the distance measuring stage
(after obtaining the curve cv4), the time-of-flight distance
measuring system 10 may obtain the actual distance be-
tween the time-of-flight distance measuring system 10
and the target object (which may refer to the horizontal
axis in Figure 4; in this case, the actual distance is the
distance obtained by referring to the horizontal axis in
the curve cv4 with the second output signal Pout2 ob-
tained in the distance measuring stage) by referring to
the curve cv4 with the second output signal Pout2 (refer-
ring to the vertical axis in Figure 4) obtained in the dis-
tance measuring stage (outputted by the photoelectric
readout circuit 32 in the photosensitive pixel circuit 140).
[0032] Operation of the time-of-flight distance meas-
uring system 10 may be summarized as a process.
Please refer to Figure 6, which is a schematic diagram
of a process 60 according to embodiments of the present
application. The process 60 comprises the following
steps:

Step 600: the control unit 18 generates a plurality of
delay signals ds1∼dsn to the delay unit 12.

Step 602: the delay unit 12 generates a plurality of
delayed pulses dp1∼dpn according to the plurality of
delay signals ds1∼dsn.

Step 604: the light-emitting unit 13 emits a plurality
of delayed pulsed lights LD1∼LDn during time inter-
vals T1∼Tn.

Step 606: the photosensitive pixel circuit 140 re-
ceives a plurality of delayed reflected lights R1∼Rn
during time intervals T1∼Tn and generates, accord-
ing to the delayed reflected lights R1∼Rn, a plurality
of pixel signals p1∼pn corresponding to a plurality of
delay times td,1∼td,n.

Step 608: the storage unit 16 stores a correspond-
ence between the plurality of delay times td,1∼td,n
and the plurality of pixel signals p1∼pn.

Step 610: the time-of-flight distance measuring sys-
tem 10 performs a time-of-flight distance measuring
according to the correspondence between the plu-
rality of delay times td,1∼td,n and the plurality of pixel
signals p1∼pn.

[0033] For the details regarding the process 60, please
refer to the relevant paragraphs above, and a repeated
description is omitted herein. In this case, Steps 600∼608
may belong to the calibration stage carried out before
the device leaves the factory, and Step 610 may be the
actual distance measuring stage carried out after the de-
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vice leaves the factory.
[0034] The foregoing embodiments are only used to
illustrate the concept of the disclosure of the present ap-
plication, and persons having ordinary skill in the art can
made various modifications thereto, and the present dis-
closure is not limited thereto. For example, in Step 610,
the time-of-flight distance measuring system 10 may
compute a more linear segment (the linear segment, for
short) of an optimal delay time td,opt (or the corresponding
simulation distance thereof) in the middle of the curve
cv4 according to the curve cv4, so that the measured
distance computed by the time-of-flight distance meas-
uring system 10 according to the time-of-flight distance
measuring method is closer to the actual distance be-
tween the time-of-flight distance measuring system 10
and the target object.
[0035] Regarding the details of how the time-of-flight
distance measuring system 10 computes the optimal de-
lay time td,opt and performs time-of-flight according to the
optimal delay time td,opt, please refer to Figure 7. Figure
7 is a flowchart of a process 70 according to embodiments
of the present application. The process 70 comprises the
following steps:
[0036] Step 700: the control unit 18 computes the op-
timal delay time td,opt according to the correspondence
between the plurality of delay times td,1∼td,n and the plu-
rality of pixel signals p1∼pn, and generates the optimal
delay signal dsopt, which corresponds to optimal delay
time td,opt, to the delay unit 12.
[0037] Step 702: the delay unit 12 generates the opti-
mal delayed pulses dpopt according to the optimal de-
layed pulse signal dsopt.
[0038] Step 704: the light-emitting unit 13 generates
the optimal delayed pulsed lights LDopt according to the
optimal delayed pulses dpopt.
[0039] Step 706: the photosensitive pixel circuit 140
receives the optimal delayed reflected light Ropt corre-
sponding to the optimal delayed pulsed lights LDopt, and
generates, according to the optimal delayed reflected
light Ropt, the optimal delayed pixel signal popt corre-
sponding to the optimal delay time td,opt.
[0040] Step 708: the time-of-flight distance measuring
system 10, according to the optimal delayed pixel signal
popt, computes the time-of-flight distance corresponding
to the target object.
[0041] In Step 702, the optimal delay time td,opt may
be the delay time of the optimal delayed pulse dpopt with
respect to the reference pulse pref in the transmission
signal TX1. In Step 708, the optimal delayed pixel signal
popt is the second output signal Pout2 outputted corre-
spondingly by the photoelectric readout circuit 32 in the
photosensitive pixel circuit 140 when the photosensitive
pixel circuit 140 receives the optimal delayed reflected
light Ropt. The details of the computation of the time-of-
flight distance corresponding to the target object accord-
ing to the second output signal Pout2 are known to per-
sons having ordinary skill in the art, and a repeated de-
scription is omitted herein. The remainder of the details

with respect to the process 70 is similar to that of the
process 60, and a repeated description is omitted herein.
[0042] In view of the foregoing, by emitting a plurality
of delayed pulsed lights corresponding to different delay
times, the present disclosure simulates different simula-
tion distances between the time-of-flight distance meas-
uring system and the reflector so as to obtain a corre-
spondence between the simulation distance and the
measured distance, and performs time-of-flight accord-
ing to said correspondence. As compared with the prior
art, the calibration stage of the present application ob-
tains the correspondence between the simulation dis-
tance and the measured distance without human oper-
ation, and the present application is advantages in its
easy-to-operate and capability of obtaining an accurate
time-of-flight distance.
[0043] The foregoing outlines a portion of embodi-
ments of the present disclosure, and shall not be used
to limit the present application; any modification, equiv-
alent substitution or improvement made within the spirits
and principles of the present application shall be included
in the scope of protection of the present application.

Claims

1. A time-of-flight distance measuring system, compris-
ing:

a delay unit, receiving a plurality of delay signals
and configured to generate a plurality of delayed
pulses according to the plurality of delay signals,
wherein the plurality of delay signals correspond
to a plurality of delay times ;
a light-emitting unit, coupled to the delay unit
and configured to generate a plurality of delayed
pulsed lights according to the plurality of delayed
pulses;
a photosensitive pixel circuit, configured to re-
ceive a plurality of delayed reflected lights cor-
responding to the plurality of delayed pulsed
lights to generate a plurality of pixel signals cor-
responding to the plurality of delay times;
a storage unit, configured to store a correspond-
ence between the plurality of delay times and
the plurality of pixel signals; and
a control unit, coupled to the delay unit and con-
figured to generate the plurality of delay signals;
wherein the time-of-flight distance measuring
system performs a time-of-flight distance meas-
uring according to the correspondence between
the plurality of delay times and the plurality of
pixel signals.

2. The time-of-flight distance measuring system of
claim 1, wherein the control unit generates an opti-
mal delay signal to the delay unit according to the
correspondence between the plurality of delay times
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and the plurality of pixel signals, and the time-of-flight
distance measuring system performs the time-of-
flight distance measuring according to the optimal
delay signal, wherein the optimal delay signal corre-
sponds to an optimal delay time.

3. The time-of-flight distance measuring system of
claim 2, wherein the delay unit generates an optimal
delayed pulse according to the optimal delay signal,
the light-emitting unit generates an optimal delayed
pulsed light according to the optimal delayed pulse,
the photosensitive pixel circuit receives an optimal
delayed reflected light corresponding to the optimal
delayed pulsed light to generate an optimal delayed
pixel signal, and the time-of-flight distance measur-
ing system computes a time-of-flight distance corre-
sponding to a target object according to the optimal
delayed pixel signal.

4. The time-of-flight distance measuring system of
claim 1, wherein the plurality of delayed reflected
lights are reflected from a reflector, wherein there is
a fixed distance between the reflector and the time-
of-flight distance measuring system.

5. The time-of-flight distance measuring system of
claim 1, wherein the photosensitive pixel circuit com-
prises:

a photosensitive device;
a first readout circuit, comprising a first trans-
mission gate, wherein the first transmission gate
is coupled to the photosensitive device, and the
first transmission gate receives the first trans-
mission signal and is conducted at a first con-
duction time; and
a second readout circuit, comprising a second
transmission gate, wherein the second trans-
mission gate is coupled to the photosensitive
device, and the second transmission gate re-
ceives the second transmission signal and is
conducted at a second conduction time, wherein
the second readout circuit outputs the plurality
of pixel signals;
wherein the first conduction time and the second
conduction time are separated by a time interval.

6. A calibration method for a time-of-flight distance
measuring system, the calibration method compris-
ing:

generating a plurality of delay signals, wherein
the plurality of delay signals correspond to a plu-
rality of delay times;
generating a plurality of delayed pulses accord-
ing to the plurality of delay signals;
emitting a plurality of delayed pulsed lights cor-
responding to the plurality of delayed pulses;

receiving a plurality of delayed reflected lights
corresponding to the plurality of delayed pulsed
lights to generate a plurality of pixel signals cor-
responding to the plurality of delay times;
storing a correspondence between the plurality
of delay times and the plurality of pixel signals;
and
performing a time-of-flight distance measuring
according to the correspondence between the
plurality of delay times and the plurality of pixel
signals.

7. The calibration method of claim 6, wherein the step
of performing the time-of-flight distance measuring
according to the correspondence between the plu-
rality of delay times and the plurality of pixel signals
comprises:

generating an optimal delay signal to a delay
unit according to the correspondence between
the plurality of delay times and the plurality of
pixel signals, wherein the optimal delay signal
corresponds to an optimal delay time; and
performing the time-of-flight distance measuring
according to the optimal delay signal.

8. The calibration method of claim 7, wherein the step
of performing the time-of-flight distance measuring
according to the optimal delay signal comprises:

generating an optimal delayed pulse according
to the optimal delay signal;
generating an optimal delayed pulsed light ac-
cording to the optimal delayed pulse;
receiving an optimal delayed reflected light cor-
responding to the optimal delayed pulsed light
to generate the optimal delayed pixel signal; and
computing a time-of-flight distance correspond-
ing to a target object according to the optimal
delayed pixel signal.

9. The calibration method of claim 6, wherein the plu-
rality of delayed reflected lights are reflected from a
reflector, wherein there is a fixed distance between
the reflector and the time-of-flight distance measur-
ing system.

10. A time-of-flight distance measuring method for a
time-of-flight distance measuring system, the time-
of-flight distance measuring method comprising:

obtaining a correspondence between a plurality
of delay times and a plurality of pixel signals; and
performing a time-of-flight distance measuring
according to a correspondence between the plu-
rality of delay times and the plurality of pixel sig-
nals, wherein the correspondence between the
plurality of delay times and the plurality of pixel
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signals is obtained through a time-of-flight cali-
bration method and stored in the time-of-flight
distance measuring system, and the time-of-
flight calibration method comprises:

generating a plurality of delay signals,
wherein the plurality of delay signals corre-
spond to the plurality of delay times;
generating a plurality of delayed pulses ac-
cording to the plurality of delay signals;
emitting a plurality of delayed pulsed lights
corresponding to the plurality of delayed
pulses;
receiving a plurality of delayed reflected
lights corresponding to the plurality of de-
layed pulsed lights to generate the plurality
of pixel signals corresponding to the plural-
ity of delay times; and
outputting the correspondence between the
plurality of delay times and the plurality of
pixel signals.
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