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Abstract: Objective To design a method for automated proton spot measurement and analysis based on video scintillation

detector Lynx-PT and pencil beam scanning (PBS) proton radiation therapy system, which can offer a reliable and efficient

solution for PBS proton radiation therapy system commissioning, beam modeling, and routine quality assurance

measurements. Methods Configuration items of PBS proton radiation therapy system and Lynx-PT were set up based on the

spot acquisition requirements, and a data preprocessing workflow and a spot analysis workflow were designed and embedded

in the self-developed software (SpotCheck) to realize the automation of spot acquisition, data preprocessing and spot

analysis. Results The spot sizes calculated by SpotCheck were consistent with the results from a commercial software

package (myQA, IBA, Belgium) and manufacturer's on-site acceptance data. By SpotCheck, all the video data quality events

were successfully recognized, and the measurement duration was significantly reduced from 4 days to 0.5 day. Conclusion

The proposed method can provide accurate spot sizes, rapid spot acquisition and highly automated data processing, greatly

improving the quality and efficiency of clinical commissioning and beam modeling.
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Figure 1 Diagram of video data quality issues induced by Lynx—PT system limitation (sampling interval frames)

| #RFFE

1.1 &

1.1.1 JRFHYT %% ProBeam SHEE FESF.OF
JiC 1) BL L %2 ProBeam it 1T R4 N L ) A
R 2 RGP A 4N IRIT R H R 3 A
BEEEHLAIRIT € AT EEREAY RS, M EIE N 2K 45
S| H Y T A AE L 70 MeV £I] 244 MeV % 22 1]
Mo ERGAEIRIT CHPLLBCAIEAE , AT ERC 3 A
[ JEE B B AR B 4% o TRIT B PLL B R =S

AR B R R BER ST R 3~6 mm,

1.1.2 [AHRAER R 25 Lynx-PT IBA 2> & Rk Ak =
it Lynx-PT [N FRAR SR 2% C 8% 2 5T+ BT HLAL B
FH UG PRI B2 57 R g 5 o1 AR
TR SN I, DA RRAAR SR I s 1) 4 P B AR
FEARUE T T A BE A5 5L ST AR B0 [] B, JEHR 0 25 1
53 B 2R FURE X 50 2 R DUORS 3 6 2 o B U 1
B A I A SRR TR R /N A 30 em>30 em,
JRAZ 3 HER A 0.5 mm, 1T F) R AL A9 CCD BRAR L



10 LA ~ 1219 -
XF S S DA B 1) J5 5 RSP T8 e AT PR R, A TRV EAT RO A — R AR B 5 SRS U T R E
AT R 12 308 10 bit(0-1023 ent) , BOGIREE AEE G WA, MRS T E S WOR A . BT RBEAY AR
BIZEAT I . R O ERIMGCRAE T ARl 73 o AR ORI 2 i .
AR TRAARE T Al 3 i 8 e ' iy

800 800

_ 600 _ 600

M\EH 400— :ﬂﬂ -
e 1 e 400

g B 1

200 200

fulrm2(02,-0.4) ] 1

0 — 1T T 0 T —
T T T T
40 20 0 20 40 () 40 20 0 20 40 ()
X Profile/mm Y Profile/mm
2 EHTF Lynx-PT &% H) ProBeam & %; 70 MeV #: 8 RPIA 1% (a) K H profiles(b.c)
Figure 2 70 MeV spot image and related profiles of the ProBeam system acquired by Lynx-PT
12 BHRE (B 3) . 7E4S 146 Xt DICOM 4% 3 1 5% S

TE W B 2R B 115 20 % 28 T8 49 4 (Pencil Beam  ZEATARAT B B A7 RS T A AR 22 05 L O BE A ent) %
Scanning, PBS) it ity 7 REEA Lynx-PTHRIM A 4T AL W 24 e85 R U — e B0 i KK
BCE R BE SR GO B R BERE S 0 A ORI BEE R R (E 9 W EBR B HEAT FEAR, FIWT AT
S 2 T R M R R AR R B O 5 2. PBS BT MBI A . £E5 2 28 T, HUER R — T TR AN fe R
7 ARG AT I TR SOPF B RC R Oy S RIRAE KR S THRORE , EA T A R W, R A T Bt
A i B A B TR BEGOF BUE A REGURIR. 0 A Rt 5 A AR BE 85 R A i) A 2 i (
(9 (07 B AL WX (MU) o Lynx-PT WR AR AGBE A #9500 5 SR 5 R BN 23 1 it el i 22 25 1
A WOV E N 1.875 Hzo H BRI FECREL R WIS AR RESORBE R PR, & IF A A8 0
6 U OB B R/, Al R B A i it 5 IR AT AR, SR BB A — SR AR A AR
B B R R IR REARGER T B I RBEERA FOROK B, I 5O R fE
AL MU BEATIEAULAL , (R D PO RE A R RO B4 T HUR AR B A7 A B I . 7E50 3 28 v, Xt
PEREC I T — 2, RN ARG B Lynx-PT BOCRIR  SROBRE IR ATl v B 382 109 RE St A7 W, 14
N A RBERBEOCIR EE S HAER N BT Wra PR RO R S ARG L .
ProBeam it ¥ 2 GEAEAR BE T FEROR 5 | B ACRAR, JE Ok Bl AL BRI AR i SpotCheck H 2l i AT , Bodla it i
MU 2368 B U I [H] B SE G, B0 Lynx-PT ANHRIISR:  Z0 A4l SRR B 0 R Tk B i g /s (T 4)

BRI B B A RE R o DRIt , 7 4 T 3RO M Ol it JEE )
i A, NG S O O B R/ 2 I RO Y

MU. 52 s 00 1l 3C P A Lynx-PT £ 2 5 8 PRERIR = B
J5 . 0¥ Lynx-PT BCE T34 97 0Lk F 7 IR 7 3 v
B A PR Lynx-2D X ROBEHERT SR AE Rl G A0 [ BRI
13 MIEFANIE 1

FEHUAEAR IR T A Lynx-2D ety R HBERAITE b e
1) DICOM 46 2% 5 1y , 3 HEA7 M 5 1 KU T kb
G T PR S A SO v ) Al R B A 4T B o B 3 HEmALERE

Figure 3 Data preprocessing workflow

AT E I, It S A i R R — — W
T B SR A 3 P Lynx-PT 15 454 BRI L B2 A
NIHE BT, T A X RBE R B B AT 14 SRBEES T

I AT H 43k SR BE ) Sl U AR R O 3 e R SpotCheck 7 56 i B4 Fil ab BRI AR I L B sl 4k
BEREG R . BRI i R SR AR A A A TR B AT ARBE AR S T TR 1 R RN 4% 25 R B 1 ] i



- 1220 -

N e

$39 %

BRI E S R . BAALIRA (1) BURIG(E,
AT BEA IR AT 0.5 mm J3 FER 1 SR BE G o BER
P22 0.1 mmo (2) T3 T A N [A] BB Y Hh ot 43
8. %T Lynx-PT I R B KR C 2t L& R %
B 1 R M - 3 b BT HL ProBeam £ 45 1Y SR B
LA B 5 0% 15 B RR AT R B TG b ) e RO B AL 7
AL TR AE RO B s A ORI B B KR
JEAE 80% 1Y A5 (B 26 15 P (W) B 252 vh 0 S350 R AR B vh
o p o TGO BEARL ) JBT U YR A S SR A SR BE P
1) B 2 — gk g A B Dy RE S Bl vt 202t
(3) $2HUR BT profile, Fe T E RS ARG 0 s B
FARAEE EIG A  R R R AL E B TR R Ak

mﬁml

gl
9004

BHER

iRHER

11

DicomIZ{+-EFRR
RS2-1 f.dem

WEE (cnt)

BERAILED

0 2 4 6 8 101

THiERME | 18

e P s L Vo e i i S S e g S G s ) | D | e | S e s e

14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70

B 43 ) 5 BUOR BEAE X 5w RN Y O L — 4
profile $ 4 o (4) IHA R B F, 3 F E— B4R B
profile, AJ fifi F fie /N e i b AT — 4 R W HU65, 40 3
KX AY 7 ERRBER S (0, filo,) , Al @it
B B profile A - 16 4> 55 (FWHM) FiBR LA 2.35 %%
N o, o2 (5) TR R BEXTFR I, 36 F B RS 1)
PRI ) b R R, 3l el 20 (D) T3S [F] Rl R
BE G XF FRPE o WRCBE R 43 M 18 B0 A B A R A5

Jei s A THESS SO e R B A R s (1 6) .

-0,

o
Symmetry = g *100% (1)

x y

LhrseiR S | 18 max cnt per frame “J

EEtd (Frame)

s L
— 1000
St
/40

-]

a

‘%EE%E
A A
240 7

A
=0 =

&

ProfileIZRL=EGEFEE
Max Value

|

Gauss Fit e

|

0.1mm &EE
-] 0, | | | | ]
240 230 220 210 200 190

max cnt per layer E I

| | | | I ! I | I I !
170 160 150 140 130 120 110 100 %0 80 70
SSERER (MeV)

bilinear o

4 SpotCheck 1B TNALIE & /R EAR
Figure 4 SpotCheck data preprocessing panel
A b IR IR SRS T i — TR A R KK AR, A7 SRR P e IR R R MR G )5 A SRR R OR BE (8, 22 k1545

JE TR FER A S 50000 0

28 R
T R I I B B, S PR 12007 35 19 AT SRR R
SpotCheck [ HEE R THE5 5535115 IBA Rk AL F A4
T myQA MTHEZE R UL 4T R 13 5k

B AT WA B UE . AR50 — Ik, B s
Pl RO S L 8 MIAUAEE T CHELAIBR 45°)
(1 Lynx-PT WREEEIZ , 2T myQA R {4 Fll SpotCheck %X
PSR G T RESURBERY SigmaX I SigmaY Y
PRI . 55U 7T , SpotCheck HEHER



10 =

- 1221 -

— AR
s iz
Y — Rk R
SCH 1 £ 5 AT
1 T o

HBEProfiledHL

v

FZ i

— 4k m A
FBE R 5
¢
PR

E5 RESMRIEMKERBLEEE
Figure 5 Spot analysis workflow and related

data processing algorithms

o | |

=R

-
5.75 -0
5.5-
R e
5]
DicomIZiET
RS0-0_f.dem

I 1 I
100 110 120

-
BERATE TR
el .

R

®
71000 :
"H'“&ﬁlé G

a4
o 40
o

EiSHR SHERER
240 o7 70

EEREE  E324MeV
), 10 =

ProfileiSBlEGERIZ
Max Value W l
Gauss Fit = I
0.1mm =&
-

EERERE i . ! ) i 120

bilinear B ‘

ST S A BB SRR K, SigmaX 14 5 K 2 (A HY
1E 150 MeV, i 22 0.06 mm, 1 2% 1 43 b N 1.59%.
SigmaY ¥ K ZEH H FRAE 200 MeV , fi 22 0.07 mm, i
Z T3 N 1.83%, SpotCheck Y SigmaY FrifE 276
1o AE B X (] B 25 T myQA A9 SigmaY brifE2 . 7655
YIS UEHT, SpotCheck 73T H I A1 EF — 4130 3iF Hh fiff
HECIE AR TR, BT e ) g B AL A 34 9 W e Al ) 5
TA%A F) AW R B AGCR AL R S8 (IAS) R BE 5B
FEIF o SR AE 8 7R , SpotCheck WHER ST Y145
T RRBE RN, SigmaX A R 22E HBILE 230 MeV,
i 2£-0.06 mm, 2= H 73 b -1.74%. SigmaY A9 K
Z{E 1 BLAE 230 MeV , fii 22 -0.07 mm , i 25 H 77 b
7-1.89%. SpotCheck [ SigmaX i 2= 7 (K HE Fl = AE
it D)W /N TR S OB S 1Y SigmaX bRl 2=

Sigma X Sigma ¥ - ]

i i 1 ! I ] i I 1
140 150 160 170 200 210 220 230 240
FHEEER ( MeV)

Symmetry ]

I I i i I
200 210 220 230 240

SRR ([ MeV)

Center X Center ¥ - ]

i i i i
140 150 160 170
SHIEER ( MeV)

E 6 RS HTEREIR
Figure 6 Spot analysis panel

A7 I Prek R R & TEYORBENRY SigmaX T SigmaY , 47 FPF 4 IR /R & BESCR BRI XS FRIE , 47 4T 4 1R /R e rf oA XY J5 1) |

A AR AR L ., 22y 5 5 J R FIAR P2 B 0

WP R 5T BT 2R G i R A1 Y R T A

Yo TR RY A A ST, B 1) BR 0 %R 5 o i £k
B, 3 i EEAN ] v B V- T ) SROBRE profile #4335 Hi = 4E 4
SRR R AR . 27T RI R G



- 1222 -

N e

5539 %:

6.5+

& myQA SigmaX
-8 SpotCheck SigmaX

6.0
5.5
£50]
o]
Z 4
= 4.5 ]
® ]
4.0
3.5

30
60 80 100 120 140 160 180 200 220 240
RBEE R/ MeV
a:SpotCheck 5 myQA % 5 & 19 SigmaX tL 35

6.5
4 -8 myQA SigmaY
-®- SpotCheck SigmaY

6.0

5.5

a0
W (=)
1 PRI

B /mm
& ;
TN

3.5

3.0 =

60 80 100 120 140 160 180 200 220 24
WBEAE B/ MeV

a:SpotCheck 5 myQA % £ E 14 SigmaY LEE

&7 SpotCheck 5 myQA £-F#HE Lynx-PT M E X B RER T IHEERELBR(ZSHEFRONE)

Figure 7 Comparison between SpotCheck and myQA calculated results based on the same Lynx—PT data set (in air at isocenter)

6.5+
4 -®- Varian SigmaX
-8 SpotCheck SigmaX

6.0

PHE ) /mm
R w
s g s

by
o
i 1

3.5

3 0r——T—T T T T T T T 1
60 80 100 120 140 160 180200 220 240
RBERE H/MeV

a:SpotCheck 55 B RIG W 4E R % f & 15 SigmaX EL 4R

-®- Varian SigmaY
-®- SpotCheck SigmaY

Or——T 7T 71T T 71T 1T T 17 1 T
60 80 100 120 140 160 180200 220 24
HBERE I/ MeV

a:SpotCheck 5 FL B RN R % /i B F 14 SigmaY LLiE

8 SpotCheck RER TN HERERE LR HWWH BN LR (ZRHEROMAE)

Figure 8 Comparison between SpotCheck calculated spot sizes and Varian on-site acceptance data (in air at isocenter)

PRl v T AR LML T 9 B Y1 L P B A P
AR B ST A BBRE Xprofile A1 Yprofile £ . it
T H i AR I PR3 ) SE PR 2, A IR T R 2
HLO S SIRYT S R BEN B N AR 1R, BR
A RORBE 1585 41>, Al AL S PR e ol BE R AR
7, ProBeam R 4t BF YR MU TR =K 21 HUIR 5 AUFE I 24
1 min, B 2% Lynx-PT WA 1RO FERT , (R BER AR FIAE
fithid B BT FENT 29 27 h, 2/ & 4 d B9 S TE] .
B RE R, TN T B T R G H MU S48k
B Lynx-PT (1 6B K/, Fgh VR 00 % 0 & & 1
Fio Al FHESR T2, PBS R THUT R G it —
UG 40 °T 42 55 19 4> BE LA R BE (70~240 MeV,
[ #E 10 MeV, J) #h o 5 F e Sk 244 MeV) , 075 T30
M AE MU S 80806 B K/ . B4 8 SpotCheck %X
PR AT AR i o K SRAR SO 5 AR R

AR AT B T A AT A AR kS N T A T iR
BEEMG, AR A R BER R B4R 2 0.5 do FJA,
IR KA T T R B4 M M OCR , JE R
myQA AT B A T X SAR S (4 3 T 353 Hr , W]
TFLHEARAT SAG SO b I A BB AR BE 1) RUST, ikt B 2K
AN ISR S TR (N
3.2 HiEREEHIHER

TE HBE R AR o #2 v & B8 H SpotCheck 1 1)
B o e A ) 9 T R U ) SRR S R
I RO S o | B A A B R B BRLK A
MG, B ) B I i n) B AN 1] 9a~c TR o AN
PRBER AR B 1 10 5 25 L WUT 51, PBS JBT T
RGAH IR 2 A RME = A e VI 0 R B ZE i 7
A SR R 25 LT 81, an &l 9d TR, SpotCheck
BAEATY T IE B U ARG B0 B A BB A SR



10 =

- 1223 -

R1 BERVERED AL

Table 1 Spot acquisition and classification for beam modeling
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2 70~244 -20, -10, 0, 10, 20 2 0, 90, 270 285
3 70~244 -20, -10, 0, 10, 20 3 0,90, 270 285
4 90~244 -20, -10, 0, 10, 20 5 0, 90, 270 255
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