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Figure S1. The original coding curve space and the one under
exclusive demodulation mechanism.

In Sec. 4.1 of the main paper, we introduce an exclusive de-
modulation mechanism. This mechanism originates from
multi-tap [-ToF, which usually avoids activating different
taps simultaneously [1, 4] to prevent electrical crosstalk. In
Eq. (22) of main paper, an equation about demodulation
sequence is described to meet the exclusive mechanism in
coding scheme design. In fact, we can also incorporate the
exclusion mechanism into the coding curve space by com-
bining Eq. (3) and Eq. (22):

OSCQ(t)—i-Cl(t)-i-Cg(t) <1. (S1)

And Eq. (S1) will limit the space of coding curve from orig-
inal unit cube [2] to a regular tetrahedron as shown in Fig.
S1.

This constraint will highly affect the performance of pre-
vious coding scheme. As shown in Fig. S2 (a), which illus-
trate the coding scheme with period 90 ns, ideal Hamilto-
nian coding curve [3] run along the edge of the unit cube.
But in practical setting with exclusive demodulation, it will
be converted to Fig. S2 (b), which use three times of period
to achieve the same sensing range as (a). This makes the
correlation 1/3 of ideal scheme and the coding curve length
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also becomes 1/3 of original length and is limited into the
regular tetrahedron space in Fig. S1b.

In Sec. 4.3 of the main paper, we compared different
coding schemes with same laser peak power which leads to
different total power. And we set same total power here to
clearly show the influence of exclusive demodulation mech-
anism. As main paper, we set the integration time 7' = 10
ms, period 7 = 90 ns, albedo and light fall-off parameter
s = 0.01 and readout noise standard variance o, = 20. But
we set the laser power of proposed-high to P,,,,, = 1 and
power of Hamiltonian to P,,,, = 2, which bring us same
total power 3.33e6 for the two coding schemes.
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Figure S3. The result of MAE for Hamiltonian and proposed-high
under different strength of ambient light with same total power in
simulation.

The simulation result of MAE under different ambient
strength is shown in Fig. S3. The power of ambient light is
set to O ~ 1 with 0.1 step in Fig. S3a and 0 ~ 10 with
1 step in Fig. S3b. From the results, we can see that
even with same total power, the Hamiltonian show worse
MAE results than proposed-high due to the exclusive mech-
anism and their difference gets bigger with stronger ambi-
ent light. This demonstrates the crucial role of exclusion
mechanisms, compelling us to consider them when design-
ing coding schemes.
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Figure S2. The coding schemes of (a) ideal Hamiltonian [3], (b) practical Hamiltonian with exclusive mechanism. The modulation,
demodulation, correlation function and coding curve for every schemes are shown. Note that(b) have time range 3 times of period 90 ns in
modulation/demodulation function due to exclusive mechanism.
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Table S1. The Result of 5-tap simulation (mm)

coding scheme

MAE of high SNR

MAE of low SNR

Hamiltonian 3-tap 23.075 59.435
Hamiltonian 5-tap 15.954 122.188
Proposed 5-tap 3.165 7.351

Figure S4. coding scheme for 5-tap Hamiltonian.
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Figure S5. Found coding scheme for 5-tap.

S2. The simulation on multi-tap

In main paper, we use the three taps as example for the anal-
ysis, whose number is exactly same to the unknown param-
eters in depth estimation. But our work can also be extended
to multi-tap (more than three) with just change the number
if demodulation signals. And we use our method on 5-tap
simulation with the same constraints and setting in main pa-
per which set period 90 ns and integration time 10 ms with
exclusivity, same laser power, binary and bandwidth.

The found coding scheme with high SNR setting is
shown in Figure S5, which shown a complex correlation

function. The 5-tap Hamiltonian [3] is shown in Figure S4,
which show very short laser opening time which is only 3
ns in 90 ns period, and it also need 5 times of periods time
because of the exclusivity. And the simulation result com-
pared to the 5-tap Hamiltonian is shown in Table S1 with
low SNR and the setting of same laser power. Note that
high/low SNR means the @ is set to 0 and 1.

From the result, we can see that 5-tap Hamiltonian with
same laser power show improvement with high SNR setting
than 3-tap, but it inversely show worse result in low SNR
due to its extreme short time of laser opening. And pro-
posed method show both big improvement on MAE result
in high/low SNR setting than 3-tap and 5-tap Hamiltonian
with our device constraints.

S3. The simulation without exclusivity

We also use our optimization method without exclusivity
constraint, but relaxing exclusivity is possible by dividing
the max laser power by the number of shared taps under the
fixed total power constraint with thinking the structure of
sensor. We performed the optimization using SA in non-
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Figure S6. Found coding scheme for non-exclusive 3-tap.

Table S2. The Result of non-excluvie simulation (mm)

coding scheme MAE of high SNR | MAE of low SNR
Hamiltonian exclusive 23.075 59.435
Hamiltonian non-exclusive 23.200 99.428
Proposed low exclusive 9.353 18.005
Proposed low non-exclusive 18.098 48.330

exclusive 3-tap due to exponential complexity of 3 non-
exclusive demodulation function, and the result with low
SNR setting is shown in Figure S6.

And the simulation result with 90 ns period and 10 ms
integration time is shown in Table S2. The non-exclusive
Hamiltonian show close result to exclusive Hamiltonian in
high SNR, but in low SNR, it show worse result because its
lower laser power to achieve non-exclusivity. But proposed
methods show better MAE result in high/low SNR both
exclusive and non-exclusive than Hamiltonian. But non-
exclusive result show worse result because its lower laser
power and it can not be said as optimal one with SA opti-
mization rather than brute-force in exclusive setting. But
the results still show the effect of proposed optimization
method and its feasible property on different problem set-
ting, which means our framework can be extended to differ-
ent structures of I-ToF.
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