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Measurement method and verification of performance parameters of
indirect time-of-flight depth camera

LIU Jiaxin"?, GUAN Xin'"?, CAO Zhongxiang', HUA Baocheng'?, LI Lin"*’
(1. Beijing Institute of Control Engineering, Beijing 100094, China; 2. Science and Technology on Space
Intelligence Control Laboratory, Beijing 100094, China; 3. Space Optoelectronic
Measurement and Perception Laboratory, Beijing 100190, China)
Abstract: Indirect time of flight (iTOF) camera has a wide application prospect in the field of three-
dimensional environmental perception. According to the imaging principle of iTOF camera, its imaging quality
is closely related to the exposure time. When the exposure time is too large causing the camera to work in the
nonlinear area, the depth information of the solution will also introduce additional biases and thereby affecting
the accuracy of the measurement results. In order to further improve the application accuracy of time-of-flight
camera, according to the optical imaging mechanism of time-of-flight camera, a method was put forward to
measure the performance parameters of time-of-flight camera. Through experiments and calculations, the
global system gain and other performance parameters of time-of-flight depth camera were indirectly obtained,
then the corresponding curves between distance and camera output gray value could be obtained by
substituting them into the optical imaging model of time-of-flight camera, and the necessity of measuring
related performance parameters was verified by experimental results. The relative error between modeling and
experimental results can be within 20%, and the average relative error is 0.16%. These performance parameters

and simulation models are used to guide the integration time selection of iTOF cameras when used in different
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scenarios, which can effectively solve the problem of reducing distance measurement accuracy due to the

introduction of non-linear errors by improper use.

Key words: depth camera; camera performance parameters; four-phase ranging method; time of flight
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Fig.2 Comparison of depth data between unsaturated and

oversaturated gray values

MR PE EAH M 1 810 mm S, R4 FI YR BE # 7E
1 810 mm=+20 mm 5% 22 15 [Bl P 5 1017 5 16 F0 R B2 BTN
7 [A] W P i Bl K, BB TR B I /N T HLAH, 11
REEEZ) R 1 710 mm, AR FJ5 S2 10 B kb 21
[H I 5 45 5] iTOF AHALE R A Pk 2 80, AR P
AE S B ST AHPLD B B SRl T oK,
FIH 7 BB AL 5 R B — R B N —
iTOF AHAIL 0 05 EC i i K BEAR o >4 05 E R FE (B /]S
F 2600 DN B, AT DLH EAHAL TAEAE LM X, 85
TEL M X AR Y B PN %) B DG F ], DA TT 980 /)N iTOF



. 398 - o]

k¥

a6 2 )

AEBLIR B L 1) 225 (] 7 DA e 00 e s
2.2 iTOF MRS HNEF %
X338 AT WAL, BRI O A R
PIVERE S EOhR HED", K B A FEMLSAG S R R A 2k
RERY, fif HDOG 75 B 2 S IR AR 25 20, HOY
ta TR LA & 3 FraR, Horp Oy g 3R K BE (A AR AR
B TR FROR 0~ 70% 16T A B BOHE S L 7E
TR Y N T R/ Rk I il R, AR

RO HAALEY AR e 4

0 1 000 2000 3000 4000
FIRIEE S W A LG H U (/DN

3 L@ A LAY R i ah 2R

Fig. 3 Gain calculation curves of ordinary visible light ca-

400 F

(98]
(=3
(=}

XIS IR 7 22/DN?
g g

Hegk M 7 BE R i e an 1 4 B, Ho s
B 25 78 0~ 70% 1A S i BUE L L, 5T R4

34 45 AL, AT B Y BN T B /N TR ik [l
£k, LRk B SR AR AL A e i O

4000
% E 3000 |- /
T
B
e P
Jz = 2000 b /
£z P
&5 -~
H= P
= 1000 r
o
0 '/ e
0 1 2 3 4 5 6 7 8
AHBLEE I /(W -m™2) x10%

B 4 EiEA SR LAY 2 1 m R B i ph k™
Fig.4 Linear responsivity curves of ordinary visible light

camera"”

i T iTOF AHBLR R 09 AR 5 31 5 AT WG AHAIL
FL, AT R /INFL UG R 3, TR i TOF AH HL
4 A AL JAG 3t o ] R A 2R PR AR AL, AN A A7
By L B R L I P i) 07 A R AR 5 R 3 2R A,
TE 35 B A AR, 5 015 5 00 K B2 (8 5 R R
IEH o X — B A T WG AR ALK B, AN B8 AR IE H:

U5 5 BRBE R AR, PRI A A e e 3 B R
BT EA T RS KB R, WA 4 i
/N o {HATOF AHBLAE B —A E3DEAIAL, oI LR IIE
O R R BE R T AR AL, PP B RS
B I I ] e e P 5 &R, U — A AR 3 1 ) A AR
MU T A B AR TG B, 5 B G R] T G 2R A0
# (17) Fios:
My = MTiy (17)
D5 1 7 1158 iTOF A HIL A% 2 1 i) 17 J3E iy £k B,
B AR AR AT LA TS B TR RAE AR B A D450 &
HR A H L R0, T LLAS B — AN B4 B[R]
W, H#E AR BLAE T N SR 0T 1) g i 28 0 O L e 4
J B LB e :
He = TQe X Mac X Hp (18)
s o AT RS nac 4 iTOF AHBLIA il 305
VO MLE 53 42 8 G, 538627 A B g s 0% %L
FAR S RGN py, WA
Hy = fyq + Gl (19)
o WIS T 0PI REE S
He =L (18) FRAR (19), fL a7 5.
Hy = Hya = G X 1ge X ac X hy (20)
HR A 215 1 o iTOF AHAIL A U B I 4t e 3, 7
— B IF ] Y ATOF AHAIL AT L3 5l it PO P90,
P180. P270 3 4 MBI K EE M < Ly~ Hyrg ~ My »
WA
Hy, — Myoa = M X Gy XNge X Nac X Tino (21)
Hyp = Hyod = M X Goo X1jqe X ac X Tioo~ (22)
Hyo — Mygod = M X G130 X Nge X Nac X Tinso (23)

Hysy = Hynpd = M X Gogo X1ige X 1ac X Tinero (24)
Horb iTOF AHAL VU AH AL A4 £ 1 Wi 17 18 Loy
L=MxG X1qg X Nac (25)
AL Ao S 50 A5 2 PO AR AL A K A SRR L A
ARG A XA Bt B L. REH G
S5 iTOF M MLYERE S 8. iz 0y ik I &= 1+ 315
FIW ARG &, BE I AR A S S S
SRR ERUR . RGN 4 5OLIRTR, A
AGASERY AT LU S 2P 28 58 0 5 4 AHAILAET T LA A
FHZNERE S50 5 7 A AT 6
K SEERAT B A WG 5 e RO 25 GEIERE
SRk A\ iTOF ALY AR, R AT 4y i 50 (9) ~
A C12) Y 4 A EAHSCHT HAE . R4 iTOF ALY



NG 2025, 46(2)

XHgE, 45 IR RAT AL ARHL I A S 0 T i 12 5 e + 399

0 JEUBH, K 4 S AR SCAEL 5 A9 B IR B
(EL AN IR BE A5 FLAEL o A D LK JE AL 7E iTOF AHHL T
PRRYLAETE T N, A8 A7 SEBRAE T v, nl L B
7 FUIRK BEAELNS [0 1) B D N [ 247 52 5

3 XWRESHER
3.0 SHREXLWERE

HRAE iTOF A% JE B, XF iTOF AHML A A~ A
B PR ST Tap A M Tap B #E47 RS 50 . Tap
A I Tap B /& iTOF M HL— MR R P> S AH (B
A 180°4H 31 22 ) 9 H.IT, K43 iTOF AH AL L +54
B WA BT R i s A, A Az A A ]
PLA R R AR ITOF AH AL R0 A 20 45 0 31550 i ) o 52
6 R FH A A 28 J A 7= IR R B SRR, TSN
MLX75027, #.3% ff 30°x40°, {fi H] CCD/CMOS hi{
G RR 25 A PN R 45 7 A S 500 52 56 I 7% O
U8, 1% 3 G050 MR TH 3 S MR 95%, JE il
380 nm~2 400 nm. AN ] iTOF AHAL B £ i 65
ARG, WOE BB R N 20 MHz, 256 R G0 % B %
BRI A 5 PR .

iTOFARAL

(a) 5B RS (b) SR B
5 RBWKRETEE

Fig. 5 Schematic diagram of test device

32 MESHREERSN

I 77 S 4 AR B G IR IRST A 15 20 T, AL
B () M P 45 DA 2852 ) 7 2R 19 LA 5, B AR LA
Hh B - 35 K BEAE pyq o iTOF AHAIL 5 53 56 24 AH AL
AL, JHC I G A i I R O R, A2
JES M AR, i TR i AR, A
B L AN K, AT LA 220 i i B 3 B R R, 351
F S B0 25 R m] LUSRAIE, AN [R] g G 18] | A [R] AR A2 0
A 2 A I R AT C ] AR A . PR AR
I, PDRE SRR A5 RAE N I E W EHS SRR

F1 ARERHSEEMAEECAESFEHKER
Table 1 Average gray values of dark field with different in-

tegration time and different phases

— SR TR [ /s

ot RFEARREE T S 5 250 950

Tap A Hyg.dark /DN 186.85  186.77  186.84
Hygo.dark/DN 186.76  186.72  186.77
Hy,g0.dark /DN 186.76  186.83  186.76
Hyyro.dark /DN 186.73 18678  186.82

Tap B Hyg.dark /DN 186.54  186.49  186.57
Hygo.dark/DN 186.57  186.56  186.53
Hy,g0.dark /DN 186.58  186.61  186.64
Hyyzodark/DN 186.62  186.55  186.56
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Fig. 6 Four-phase linear responsivity curves
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Table 2 Comparison of four-phase linear responsivity

It ABAE 5 )37 3 /(DN ps ™)
Tap A PO 1.866

P180 1.997

P90 1.995

P270 2.000
Tap B PO 1.910

P180 1.907

P90 1.912

P270 1.906
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Fig. 8 System gain curves for four phases
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Table 3 Comparison of four-phase system gain

LSTH AHAL RYH35/(DN-e ™)

Tap A PO 0.003 414
P180 0.003 410
P90 0.003 336
P270 0.003 267

Tap B PO 0.005 159
P180 0.005 319
P90 0.005 166
P270 0.005 335
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