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VEEDHARE R AAFEHTRICE VIEEZHRET 2 FERR) A, Sy —mEzre v
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L1E [Fi@

1.1 5=

MIST (MlIniature STudent satellite) (&, 2V = —F Y FVTRRETED oY 27 FTEEXATWS
Fa—T%v b+ HkeBEOBNINTEHE) THH, ZOH A XE10x10x30ecm TH %, 715 EiFiE
2021 2 FELTED, MIST DRRE A X —Y2ZzhzhE 1.1, K 1.1ITRT,

MIST (2#4#k X415 CUBES (CUBesat x-ray Explorer using Scintillators) (. #2838 LD EREEETIR % H
ET HMERTH %, CUBES I E TV 2 GAGG' & MPPC Mitti#R, ASICHIEFH T O RS2
<L TEHRRIEZE L T, 2L DG THMEZE T 2 MEPE LOBRE TORHEOREED I v > a v O HIY
TH 5,

E2y e
CubeProp HHESRT LT b RA S
RATEX-] HEDHrEE
Piezo LEGS BV =7 E—&—
CUBES BEHRRAN Y 2 750 v FHIE S
SiC in Space SiCAR7 VT
MoreBac | i E#LE L TONY 7V 7EAE
SEUD 53—+ 797

X 1.1: MIST £ X — [2]

7 1.1: MIST &A% [2]

1.2 ®HEEM

MIST D & 5 7% % 2 — 7% v b T #l RSB 7 — 2 2 3N TEETE 213 7 — XBEHEIC
FRAADIZ L KBNS T — R Z2[EMET 20ENDH 5, —/7 T BHEHELOLY 7R INLF—ART F L
DHIBICX > T, TERARTEER T —XZEHMiETICEBTEIIEPEELWEELH S, Lizdio
TARHETIE, HELOZEFELza~y RIS LA R T — X THiEHE® CUBES ICEET 2 Z e B HIN
TH 5,

VEMREL S ~F L — & GdzAlLGazOrs
2EEE DR D 7= DI KRG S - SR E



1.3 FEYE LDBRGIRIRIR

BEHFRICIE, TIER T BT B FHETFREPORIELIIALF—RTHRE. XY v ROERE
B D 5, ZODHEITIZ., CUBES THIE T 2 FHEL X, vHRIZOWTIHHT %,

1.3.1 FHIE

FHEME, (—R) FHREFEIN 2 BT ALF R FBRGE > T3, Bl X2 FEROEE
F (B 2RV YR FH=2— bY 2R EIEER). BT 89%. afitoiiy 10%. Zh s X hEWL
JRFEBRI1%THD, BDDIFL AL ZEFVED S, K 1212, FHMEOZALF—ART bMLERT,
ZFOZANF =4I, 108 ~100 eV DA —X—ThHDH, ZOEHE LT 10° eV 23K, 107 ~ 101
eV DRIATRIL. 10'8 ~ eV BRI RA L ZEZ 5N TW5, £/, BHlENA 2 FHEOMEBIE. 31—

DE 72218 D 7% 5,

(hExr) B E O WE
=

—
=

10
10
10

1.3.2 MBS EERF

10*
10°

22

25

28

-
L]
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% .

“FrUl=RH"
- (L4, 1km? Z&IZ1REF)

(18, Im*Z&IiZ1KTF)

[y

®o, (14, 1m? T &IT18F)

-]

10° 10'°10" 10"10'*10" 10" 10" 10" 10'* 10" 10* 10™

TR E— (%) (eV)

M 1.2: FEHEOZIALF—ZRZ FIL (6]

AR CGhEROBEE) 13, HIT B X Z 2266 km 17 H 2O NTUEENC & - THET 3, T, A%
DEMTTH ZEEEDOE N BIROBFIRETIFE L., RSESI TERZEL 2 2 L ITERT 5,



1312, HROMGHREN M ZR T KPOROCOIIMNIFHTHEEG T VIHIKTH D BRI RE
eI S, FARPEFEHIR SRR F R B VTR, IO S EIMEL Lo TV S 20, FiETHR
DRE MFET B0 — /T TRBEMNEIZBWTIE, KR DEEIMICLERTE L FIEFH IR R D]
DIZhZ vy 7FENsd T, HEJEEANDRAZIHIL TV,

THO00
70000
GRO0
G000
55000
50000
45000
40000
35000
30000
25000
20000

X 1.3: HiR ORI 017 7]

1.3.3 ZAXRFHE

BEPUE LITB T 2. T RFHEHRICE 2 5 O TH 5, “RFHRIZ, HERDKRSEIZ
RALE—RFHEMPRKQPTOERPHRRDO R T EERET 2 e ICL o TERT 5, HZEERD RFH
X, B T SAPREF 22 —RFREDRH 5, I D RFHMIS 5ICMDEFI% L &
KL, ZRORRLT 2L EE 5,

134 Xig

FIEN X8R SEARBFOEELINAMZZEZ 2 %, LARE#EI NS & HB) X e R T 2, HE)
X RO A F—1F, #BFEART bLTH B,

Y XR FHToHEEFIX. 72— Y itk THREINTWS, BEHRORRE2 2 X - Tk L 728
EETPEEREBICRZ2 &2, LB LAZBETOEREZED 2 7-DIMIOEBETFLER L
T WET AL F —DRITHY T 2 RHE X e T 2, FHEX RO AL F =1, Hulo xL¥—
DFEICE > TRET 272, BERIIRMEY 2%,

>ooOOYVEE B X o TR XN EZEFIIWIROE D ZFHES Liss s, BREZME T %,
2, BTOBENNHEIEWESE RS 70 b o Vg e FER,



135 yig

HIUIER 717 7 BERPN— RBE L\ o T ESHERER DR T1%03, IREE D & 228 R UEN 1B
FTRLE, TIAF—ZHFL LTHI T2, OIS YRERTHD., I3 HTFHyRRT
HB, AMEDS I a2l —2aryTHWEYCsoh v~<iEEfly LT, X 1.4 THAT 3,

55Cs137

56Bal37m
2.55m

0.6617 11/2-

0.6617 MeV'y

y 56Bal37

stable

0 3/2+

1.4: 37Cs ORBUFMEEEZ [5]

B7Cs 13, R— XL X > T 95 UELLERINARD 3MBa iz, 5D D 5 B HLEIRRED 137Ba ¥ 72
%, 2D, BmBa s BBaNt AU ~vBER TS &, #662keV Dy IREBETT 5,

14 E#ERS FL—2IC& S HEHSRIE

CUBES 2883 % GAGG & RKWFeDY 7 b v = 7EIWEBEED 72 DITH W= Csl 1d, SRS 71—
RTHb, ZOHEHITIX, EEELS >V F L —XDFHEHE Y . MPPC 12 X 25T OBEOWTEHT %,

14.1 EEERS VFL—2ORNEE

B 1.5WRT LD, BEARS Y FL—XNOEFOT X =KX, T LR Tv 21
B, MmN E  HENCBE T 208, 2 L TEFOFE LRVWEHIRIC N 5, BEHROASHZ XD
fiEFHDOEFBRINS &, REFE 2D THICH 2MEE 10eV IZE ORI FIICHHEBEFIBEIL.
fili & FH I IXEFLDER D, Z DR, (REFDOETFOMETFHICKS & EF, ZOZXLF—F v v AITHYT
BREDY vFL—a v HERIET 5, it\nm WIEEERS TN TV B & 1%, BEHHTPIC R
IANF—MENEERT 2, ZOHE. IRFHICH 2 ET L IELOEFENCREE L7, Bl -8
FRIEFLIC & o TIEEARDAIEEIREEN L B L. %m@ﬁfﬁ%uﬁét% rFL—a VHFERIR
35, MRS S Y FL—2B0TiE. ZOIEEEROFIRENFELZFENOERTH %,
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B 1.5: fEHES o F L — X DFECHERS (9]

1.4.2 MPPC &+ 28

MPPC (Multi-Pixel Photon Counter) (&, 7 # b > AV V7 4 > 27 EFEHED) N4 2 TH %, MPPC D
TANHATIT AV TDAR=T %, M1.6 17T, MPPCOT + Mo AV T4 Y 70F 1 7RI
1207+ bR, ZRZIGUI VAT 28 TH 5, /. BROE 7L T 5 b UH
BHEINEGEE, AU VAP EREDLIN, MH L7+ b BICIGC 2REEE 13 5,

X 1.6: MPPC D7 4 F > AD T 4 7 [8]



F2E CUBESICHIT3EHEAE

2.1 eI wviay

CUBES (FHIBRIKHE 12 31T 2 BREEHEGHRRHER TH D, EEFHRA T —> a > e FAD B X Z 300~500
km OEEZFELTW5, CUBES O EXZMHAIZ lem 5D GAGG. MPPC. Citiroc ASIC (Weeroc %
Citiroc #f). ADC (7 F v 2772 ZVEHEE) . SoC (System on a Chip) TH b, Zi &% PBC (V) >
M) 123%E L7z CUBES PBC B HE %, [¥ 2.1 12777, CUBES PBC 1213, KH12d 3 # 1D GAGG &
¥ F L —& ¥ MPPC #itH#343 3 OLE X THE D, CUBES X CUBESPBC 32t v b T X%, L7z
2o T, GAGG ¥ ¥ F L —XIIHFT 6 [EE#H XN %,

X 2.1: CUBES PBC

LUFTIE. CUBES DI v ¥ a YIZOoWTHiHT %, HEHE L OMSIRRECHEE X, HEOMEIC
FoTRELER D, 132 TR L5112, FREMHETEFEHBDOMELD DI n—T7T, Mo RPEE
KR FEH CRIFMEBEN FTH G FRPETIRE LT b, ZOREE. KGEEHREDOEEICED
BERFZ{L LTV 5729, CUBES IC X > THRHTD T — X 2 BUST %, F7o. FHTOMAKERO LW GAGG
UFL—RRASIC OR[N ERIIT22d3I v a1 2THb, ZN5DHIEIEX. CUBES TH
HENTBEIHRDE AN 7T L7 =22l LITEE T2 2 e TEBHT 2, Ldo TROHITIE, BEHR
F—REM EIGEET 2 ETOTERHAT %,



2.2

BEHRRAIE DN

CUBES OEHRHE DTN Z R LIXA 777 £7%, K221T5R7, BRSOz r—22 LT
HEIGKET 2 ETOLRR. UTOXSRHNTH 5,

1.

2.

GAGG ¥ Y F L —RIZE 5T, X ¥ vIEBAIHFEAN L EH XN 3,
MPPC THTZHRH L. XTI TV ZAEZH T 5,

Citiroc ASIC TV 2 DIKEEEIY & g 21T 5,
ASIC TIEAL vy ¥ adk—L K (B 2B 2RETH e TE, Z20ELEUEOZ IV F—
BH ol VAR IR 7 Il FYRANEWRT B I ENARETH B,

ADCIC &> T7 FuZ82 7T Y RNEENLEHRT S,
SoC NEBD FPGAIC & D, 1 ARV FZRICTF—XDER L., Histo-RAM TR X + 75 A B1ERT 5,

—ER 2 L7z, SoC WD CPU T % Cortex-M3 TR A+ I A7 =X ZMML, 1 ¥ X —
7z — A T#H % MSP(MIST Space Protocol) % 41 L T CUBES #}48® OBC (On-Board Computer) 1Z3%
3%,

OBC T, i EADTF—ZEERH L2 S0 a2y FRZEREEITo T2,

HVPS
Module
C€11204-02

i I

Citiroc
ASIC

SoC
(FPGA + uC)

GAGG (3)

Xory
Ray

MPPC (x3) ‘4 Photons

ADC <

A

2.2: CUBES SH#RHIE DiftaL [4]

AV x—7 Y EVTLRERF T, CUBES Zil ETEHEX B 2BICHE OBC 2/ &3, AL —&—¥
LT Weeroc 3 d Y 7 b (Citiroc UD) ZF|H L T3,

23 BEXMITSLT—2DHUIE

CUBES ORI X > TEHIGE I N2 A b7 47— &1k, K22 TRUZAEO THEZELTHI
FicEEEZN3, ZOHITIE. 120 CUBES PBC IXBIT BB L OF — X NBELERIZOWTEHHAT 3,

2.3.1 Citiroc ASIC * Dual ADC

Citiroc ASIC ¥ Dual ADC TlZ. MPPC 25D VA Z LT D X 5 RN T T 3,



1. BREE 2 BIEEEAZLET 2, MPPC 226D 1 ANIZO &, HIERDE W HG (High Gain) ¥ KW
LG (Low Gain) ® 2 DDETEEE2H 15 %, ASIC Tid, 32D MPPC EE5 22 Z L T E,
ZNFEND S hg lg 2T 2720, 64 GBS 3,

2. 5t 64 O HG, LG FEOVFIUCONT, AL v ¥ ak—L KEMBALTILF —DIFE2 MPPC 2>
BRSNS L. 264 (FROBTMAE Y — 2 - KT 5,

3. V=2 k=L RLEBEEZ7F0HE LT, 1 F % YR AEICHG LGZ 1y b2 LT, ADC
WIS %,

4. ADCIZBF 27 Fu /7Y ZNVEROENZ, M231R3, NPT, ASIC»qotihEhiz2o
(HG & LG) ¥ ¥ % out hg, outlg, KEZxFmAIS XA I 7% clkread £ L TW5, ASIC DY
Y T®H% outhg & outlg O N SNEBEED T F v 7 {HIEZ. ADCIZEWT clkread D 194 7)1
(<200 ns) ORENT, 12bits DT Y XIVEANE EfiZ N, ZhZ2hp FPGA &b, 32 DA
1% Ch.0-Ch.31 ¥ L7z, CUBES T 3 fl® GAGG 2t XT3 F ¥ > /L& Ch.0, Ch.16,
Ch.31 TH %,

clk_read | | |
out_lg :X Channel 0 X Channel 1 X:

out_hg z:X Channel 0 X Channel 1 X:

23: ADC I X A7 FurFo R 254

2.3.2 Histo-RAM

ADC 2B EN- HG (B 4 v THlRE NE8) t LG (K7 4 Y THilExh7z1E5) &, FPGA
M D Histo-RAM (&8 T %, Histo-RAM TiX, HG ¥ LG DFNZHN 3 F % > %L (Ch.0, Ch.16, Ch. 31)
MHEEZAEN-T—XIZLD, BET6 LA NI aME &G, ZOLER MO 1y bEHIRT 2
Py b7 MZX o T, 12bits (4096 ¥ >) DF ¥ > 3L 11 bits (2048 ¥ ) IKEfiX b, ThehdT
IVF—HiR e LTIE, LG TWX 0~1 MeV, HG Tl 0~300keV ZFELTWVW3, 1 DD R T LI
2048 UV THEE X AL, | BV BTz D 2 bytes DAEE (0~65535 DfEIR) # b0, I I FTTER7 Histo-RAM
KB BT =2 E, R21IWRT, Ny X—lEREzEDZ L, 1 T4 71 (60 D) OF—XHUFIZ
B 27— X FEIX, 24832 bytes TH %,



NA ML UT IR | N4 M A

0~255 256 Ny X —TEH
256~4351 4096 t 2 2 4 (ASIC Ch.0) HG
4352~8447 4096 bt 2 b 2'F A4 (ASIC Ch.0) LG
8448~12543 4096 t 2 k25 4 (ASIC Ch.16) HG
12544~16639 4096 b 2 7' 4 (ASIC Ch.16) LG
16640~20735 4096 bt 2 k2 F A4 (ASIC Ch.31) HG
20736~24831 4096 t 2 k2 4 (ASIC Ch.31) LG

5% 2.1: Histo-RAM 1IZB1F 3 7 — X DAY [4]

2.3.3 APB ° Cortex-M3

19 A 7D F—REUEHE T $ 5% &, APB DHfilfllic X - T Histo-RAM D b 2 k 7'F A7 — X A5 A S
N3, 2D, SoCND CPU TH % Cortex-M3 TT — XUHHRTH 5, Histo-RAM 225 APB (Advanced
Peripheral Bus) Z /1L C. Cortex-M3 T{ThHiL 57— X WHDEEZ, K 2.41TRTF, KD X 512 Histo-RAM
Tld. 7—XlE% 2 bytes 7> 5 4 bytes (32 bits) 12> 7 b X, APB TZD 7T —X & HiAH S, X 512 Cortex-M3
TiE, 25D T —&X % 1bytes Z I3 T, OBCNEIEET 5,

Histo-RAM —>  Processor Memory

0x00 | o0l | oao | 0x00
Ox01 | 007 | oo NIV 0x04

0x02
0x03 /
MSP Data Array
o o (2 B u L & [0
| oo | oo | T oo | o |

K 24: B A2 AT —XOUELER [3]



BIE FT—AEHRIOTSLDOEE

31 T—REREDOBEIE

CUBES OBEIRENX 1 94 20 4 HE) 70 14KRITH 2, F/=. 1 [ BOT— XEIFIZHD 2 KRR
BRI 61 F (60 MORESHIE+ T — XU <1 %) THBZ o, 1A 71Hh 07— XEUSEEE
UTDOESRFHETRKDBZENTES, UNUGSLITYIDY BW)

(14 x 60 x 60) /61 ~ 827 3.1)

£oT. 15?D CUBES PBC %3 OBC TEHAIAER T —X A L —YBRE%Z Abytes £ T2 8. 1 HOT—
ARG THREFTEIRADLA N FLT—XBLY 1 AN T 0B V%, UTD XS REHHE
TEHTZIMNTE S,
LR T LT —RE=A/827 bytes (3.2)
LR NI AT —RIZEANY X —1HRD 256 bytes DD, 1 BV H/zD 2bytes DT —X@EE DL AT
L6 DIERENE 06,
Y= (A/827—256)/(2 x 6) bins (3.3)
F 72 MIST OEFEEICIE. ZY > ) ¥ 7 D3FK 9.6 kbps L HfilfR23%H b, Z4UZ & - T CUBES PBC 2%
fHTE27—X A ML —YRFEIE. 2MB, 25MB, 3MB D 3 OHEEXINTWS, [1] ZAFHUIHIE
LT —XBE 1R NI 8%, £3.1117,

F—RAPML—VRR | LAMNTLT—X | EUE
(bytes) (bytes) (bins)
2,000,000 2,418 180
2,500,000 3,022 230
3,000,000 3,627 280

F31LT—RXAFL—VBEBICH LU THIGEARER LA NI4T —RBEE VR

232 TN E 512, FEMBIO LR k75 57— &% 24832 bytes TH D, £ 3.1 TR L7 HUEATEER
TXEZEEL TS, LPoT, &DPRVT =X L —IFRETIE 2418 bytes AT, mH 2
HETIE3627 bytess U FTETT — X Z TS 2 Z e BEB R 5,

32 EVZVTICELB R NI S LT —XDESE

LR NS ATF—XDEMZ. BHROL Y Z 1 2O ICE DB EVZV T TToTED. ZONHE
DOFNELLTITRT,



1 b2 oZELavy FOMEICK>T, FLRA N F7 0Dy 7 HRERET 5,
2. ZhZ2hobLy Zy 7R TERIN TV L VIBRDEH T, v > MORAZE L %,
3. Ay MNROBRNIE L VIETED, FEE L 5,

4. B LUEE#H BT -2 LTIRAT %,

5. 2 TOLARAMN T LT =R Y VI F2ET, 2.4 OFFREREDET,

LUIRERET 2 Y Sy 7 ARCE. FMRBREY VI T—TIEYZ VT D2 & -V AL
TW3, FHEE Y o 728 0Tid, B A AF—HEH T VIEZ—EL LTWd, —ATT =7
ZUZRBOVTE, TIOAEHOTEVIEER SRS —VICREL, BRI —iIE Y ViRE A
CLTW3, zhzhob y =y 7ARICBYT 25 LWILE ORI OWTIX, 3.4.1 & 3.5.1 TR 3,

3.3 REFFRDEET

2.2 TibR7= & 512, CUBES @ F ¥ Z VAL FPGA @ Histo-RAM ¥ CPU TiThbh s, LEd-TZ
NOHEHKT 28T, CRA NI L7 —XDOEMERER 22T 2GR IET %,

32 TG OEMMEE B L 72858 2R T, CUBES @ CPUKRBVWTIE, 1 I/ hEnt—&—
THENRAJRER RIAATH D, T —XEEDOV A4 7 VCEE LRI T IO TERWeE I 5N
3, EBRZAN— R = 7 %2 FHWTREE L 2RO W T, 3.6.4 TitBid %, FPGA IZBWTIE, #
BOWMFEZUH| L TITH 2D TE S0, CPU XD b E#EBRABENAIRETH 5, & o CUHEKFEICE W
TiE. W& bHERNEEZ N5,

BB DWW TIZX 2.4 T/RL72 & 512, OBC 1TV CPU O Cortex-M3 T, HREDFEE%E X b F#K
WZATS Z e WA[EETH B, —/ T, Histo-RAM %> 5 OBC % TIiZid APB 72 Y EE D ALELRFEN B 5 T2
FPGA TOREZH LW EZ SND, Liho> T, 77— RIEMKRER T 2571 % SoC WD CPU T
H %, Cortex-M3 IZHE L 7=,

EAEETIECTIE )
CPU O O O
FPGA ©) X X

K 3.2: KRG OBALMED L

34 FRREYZVIHEEDORRE
341 ZHEBE>C I OUEDFRN

FHfRY v v ZONEEE 2. BROMER ListingA.1 IZR”F, Y—Ra2—FTE, By 7 HR%E
RET 5a~> NTH55|8% bin_config, ¥ VIE% binsize, E %% num bins, #8757 —X &% len &/E
FLTW5, LITFTIE, ListingA.1 TfTbA TV 2 MBI OWTHAT %,



1478 bin_config (51%0) =1,2,3,4,5,6 D& =, FHFY > Y 7% ETT 5,
bin_config=0 D& XL ¥ ¥ FBITHIR,

3. 4178 binsize (B >IE) ¥ num_bins (¥ %% &, binconfig D¥' v b7 M X > TIRET 5,
bin_config=N ¥ 3% ¥, bin_size =2, num_bins = 2048 /bin_size=2048 /2N ¥ 72 %,

7~10 178 bin_size DHIPHTHEMZ & 5,
Ly b7 by MmHETZHWT, 4bytes DIEZHDAPB DL R N T LT =X 05, 2bytes
DEYEMHHL TV,

11178 vrofflizey b7 bTEELT 5,
12, 13178 24 TRLUZEAFRT, FL L /-{E% send_data_payload (OBC IZE(ET 37— &) ITRAT 3,
5~14 178 for /L — 7T num_bins D[E%HE DK 3,

157B 1 e A5 6DF—ZE%len (RT—ZE) ITIET 3,

Z D X512, bin_config [IZFIG L THRE % binsize, 1 E 2 F 275 472D D num_bins DA% F 3.3 1TRT,

bin_config ‘ bin_size ‘ num_ bins

1 2 1024
2 4 512
3 8 256
4 16 128
5 32 64
6 64 32

F33: HHRBE Y BT 2518 EUIB. 1 XN 0H720DE U

342 FRRBE>ZYIPZal—Ia iR

DIz, ZERE Y o270y Ial—2 a2 LT, Fv YRl 0~2047 ODREBRICHEMT 32 8 2 b
TR Y T TR Tolz, TOLRA N ILIE. 00T Y VDS TOWIML, 20757
P 3.1 1R T,



20000
17500
15000
12500

€
= 10000

8
7500
5000

2500

0 500 1000 1500 2000
channel

K3.1:Ial—a VICHOWEBERE XS A

PIal—YarviEoTH/RLL Yy 7ROEZMMEL IR T 2 2 & T, FMRE Y v 721EL
CHEBEL TV 2 E I D h iR LTz ZDREROFDDE D%, £ 3411 T,

FEREDEH FIEZ U T D X 51T 072, BV Y ZHROMEIZ. N7 8 DEEBINOM I TEH| - 7=
bDLLTERDIENTES, DL E, FIHEAREIZMHZ & 25F v ¥ 2NV OEM & REDHEZ 8 1H
L72bDTHH, ZHZN 8 xchy, 8xch EET, X/, #MHI%Z L 2HEI binsize (B VE) DIEIZHIG
T2Zeh6, BANILITO XS REHHEAE 25,

bin_size x 8 x (ch¢+chy)
2

X 512 bin_size TH| D FHLT 2 DT, HEHEX 4 x (chg+ch) ZFHVWTEHTE, ZoHERmHEYED OH
T3 2R L7,

(3.4)

binconfig | EEEME | il |
1 4x(0+1)=4 4
2 4x(0+3)=12 12
3 4x(047)=28 28
4 4x(0+15)=60 | 60
5 4x(0+431)=124 | 124
6 4% (0463) =252 | 252

34 FRRY > =0 202 B0 2 HEmE L I ED g

I, Csl & ¥ F L —& ¥ MPPC MBS THUE L7z B7Cs =L F —2ARZ bW T, FHREY > =
TDIal—yarEfTol, EVIUTHIDIFRILF —ARY L%, K321Z7R"F, 72, bin_config
WG L7z, BV Y 7RO IINF —ARY ML EKIZ3IRT, TRNODRA NI L6, Fr 2%
N IBOMEIIECTRP L TED, Vv X o TTF—XEMINTWE Z e HERTE 3, &
512, fed 7 — XJEAE X A7z bin_config=6 DL A b 7T LIZBWT D, PCs 0> <y — 27 O %
HT&ETW3,



bin_config=0 original histogram

« observed value

T T
0 500 1000 1500 2000

M32: 32— a IHOEREPBCs D3 L¥F—2<R7 b L

o bin_config=1 o bin_config=3 » bin_config=5
+ observed value «  observed value + observed value

&0 @ [

50 50 50
o =% ]
O 0y W »

. “h )
20 20 4 ;" 20
>3 1 "y
10 0 g/ P 10
; -
[} 0 0
800 1000 [} 0 100 150 200 20 0 10 0 EY F) 0 &0
channel channel channel
. bin_config=2 . bin_config=4 » bin_config=6
« observed value » observed value « observed value

s & 60

50 0 50
L@ . @ L@
H M ] » o, g
g, ‘g}f.r:_, - — »

Larlon -, ",
i 3

» # . A 0{ = " e 2

10 ‘-%' $ 5 0 .‘M\h . 10

. el % . % . ..

[} 100 200 300 00 500 [} 0 0 0 2 00 120 0 H 10 15 2 % E)
channel channel channel
1 S = N = S . S N, — > S~ < o
¥ 3.3: bin_config (%277 7 DNy X —IZF#E) OEICHELEFMRLY Y 07Dy Ial—va VAR

35 T=JIEYZVIMEEDRE
351 7—=7ILE>ZYJDUEBDRN

TN Yy IR, % ListingA 2 ISRT, SEOTF— ALY Y TR, BTV
F—HRIC R BICONE VIED B 22 — AV THKRT 27— 7 RFE L, B p ¥R Ttz
FNF = ZARY PVERIGFT 2 Z e HAREL 18D, BT R =LK T 2 L VIR, H Y v MO

B D3F v ANDHEEE T —TNTRYIZ Z 21k > TIREIN, LIFTZDORMZERICOWTHA
T2, ¥/. V=R —FTO table DEZ 1% ListingA.3 IR T

* binconfig=11 D ¥ = tablel ZFREL. ZOL VIEX {1,1,2,4} DX S WTHEKT 5,
B VRIS LT 256 BV RRET 57205, BV BUL4x256=1024 £ 125,

17



* bin_config=12 D ¥ = table2 ZFHE L. FDY VIEIZ {1,1,2,4,8,16,32,64} DX S5 ITHKT %,
B UIEIZHLTI6 BV RHRET A0, ErEiigx16=128 723,

e binconfig=13 D &, I 2l — a3 YD table3 ZHET %,
U UIEE {1,1,2,4,7,8,9,31,32,33,63,64,65} DX IITHAL, | KHKREVFHOL VIREEA
TW3,
{1,1,2} DB VIRICH L T256 B>, {4} DB VRIS LT 178 B>, {7,8,9,31, 32,33, 63, 64,65}
DEVIRIZH LTI LY ERET 2720, EVBUE3x256+1x 178 +9x1=955 7% 3,

PUFCl&, ListingA.2 TfTbhA TV 2 UHEFRICOWTHHT %,

117H  binconfig (5180 =11,12,13 D &, v RAr—A Ly IBRETEIN 5,

5~16 1TH bin_config DfEIZJE LT, table ZIRE T 5,
bin_config =11 D & & tablel. bin_config=12 D & X table2, bin_config=13 D ¥ = table3 TR A » &
THET,
¥ 72 sizeof A FIT L o T, FE IS table RIFD X E VI A 2T T 5,
ZM% table D 1 R D7D DRXEYH A4 XTEHID I LT, table DERKEHMT 2,
X HIC, table DEFRED S 15102 b D%, numbin (K 2#) & LTRAT 2,

18 178 table IC X > TEZFE XN T3 binsize (¥ UIE) BIRET 5,

19~66 1TH table IC X > TIEINHHE T, LA M7 F L7 =X DEE L D, ZDHRE > DFHI% bin_size
THID. FET 5,
ZD¥ =, carry_over & binsize DETUIEZ I TED., ZOTEZX 3.41TR7,
BTIEFE LT, APBDOER M T LT =K% 0x00 556, ZHZAbinsize=6 (/) & bin_size =
5 () OHITHRMZ L 258%2E R %,
bin_size =6 THMEZ L o722 X, Ox08 FTETOL Y MO TN TE 3,
—73 T, binsize=5 THMZ L o7z Z, Yy FamfHIC X o T Bind FTHHD XA, Bin5 2% -
TL% S,
ZOXSE, HIOWEDO L 2K - TWAIREED & 2%, carry over=1 835 Z 2 THHIL T3,

(carry_ over=0 D & X%, BIOMETE VK> TVWRWI L EKRT,)

2 bytes
Bin 1 Bin 0 0x00 Bin 1 Bin 0 0x00
Bin 3 Bin 2 0x04 Bin 3 Bin 2 0x04
Bin 5 Bin 4 0x08 Bin 4 0x08
Bin 5
carry_over

34: T =N YU I B carry_over



carry_over DH X, AIEIOLETOD carry over & bin_size DEHFFIC L > TIRE TS Z B TE, K
3.5 122 DWERZE RS,

A D carry_over ‘ bin_size ‘ carry_over

0 b 0
0 AT 1
1 B 1
1 A 0

72 3.5: carry_over O¥| 7l

E 51T binsize HAHD & ZiE, ZOES 1 DHA L, £ TRVWEATLHEZ T T 5,
binsize =1 D ¥ TIIEBO L > TRz & 2 BED LW, carry_over =1 7> binsize=1 D & &
&, HiE carry over & L TH-o/E Y%y b7 by MnHETHD L. carry_over=0 2D
binsize=1 D ¥ Fld, HiCty MERIEET 1 E 2D 13,

67. 681T8B 2.4 T/RL7FT. FL LM% send_data_payload IZfRAF 5,
17~70 78 for J/L'— 7T num_bins D[EIEHE D IR $,

T17E 1 e R N7 L6DT—XBE% len(l8 7 — X&) IZMET %,

Z D& 51, binconfig DEIZIGE L TRESZ 1 EA N5 4H72D D num_bins 2, & 3.6 IZ/RT,

bin_config | num. bins

11 1024
12 128
13 955

£3.6: TF—TNAEL Yy IIIBITA5 U

352 F—JIE>Z>IoZalL—ariER

M 321K L7 PCs DZINF—ZRT PLEAWT, 7—IAE Y 07Dy Ial—Yaryi2fTo
TR ZN 351013, TNHDLR NI 406, FHRE Y =0 7 L FABKICTF ¥ & 2 VEDT B DEIR
JGCTHRALTED, BV Ik o TT =& EMEINTWS Z e DR TE 5, £/ K33 TRL
F v ¥ FIVEDIFE U binconfig=1,4 DL A M7 I A T2 a7 A — D7 =70y
VI TIERZ AN O T AL X — AR ML EZFHMICHHTE TV Z e DR TE %, — /A ThH
IANF—HIIZBWTIE, FHZ binconfig=12 Db A+ 75 AT, AU~y — 27 OfEREDbh TV
DD 5,



T, YIalb—yaryHADOT—7N%EKE LT binconfig=13 IZBWTIE, carry_over IZJG U 7R hll 72
WIRWSAELT H - 7223, FIER S T F—ART MLDOEMEEITD 2 8 D TE 7, bin_config=11,12 ¥ [
RIS, F o Y IEDI 955 S THALTED., BIA X —HHO T I L F — 27 ML 2RI ERT
BIEMTET,

bin_config=12 bin_config=13

« observed value

« observed value

« observed value

[¥] 3.5: bin_config (%277 7 DNy X —IZF#) DEICMIGLIT =7y =y 7D I a b — a ViR

3.6 E>ZY e R
361 E>=->J%DT—22

IEIOTF—XEEBTERENE 6 L XM I 0%, RIUAARTE Y=V 2F 5L X, bin_config DL ¥
VB RMER NI AT —RRIFRIT DL D,

EEIEE A et
1 1024x6 12544
2 512x6 6400
3 256x6 3328
4 128x6 1792
5 64x6 1024
6 32x6 640
11 1024x6 12544
12 1286 1792
13 9556 11716

37Ky o 7ARCBITB5HL voB RF—%E
3 TRz X 512, I DPRBRVT =X AL =Y AR TIE. 1 20D CUBES PBC T 2418 bytes AT £ T

LA NS AT —REFMET BHENDH S, L7zd> T, binconfig=4,5,6, 12 1KLLy =20
RTlE, F—XEMOBEZZERLTED., HEASREET2a~y FOWREDHZ L 125,

20



362 6ERMITSLICHRIGELI-E Y ZJ#REDRERE E R

CUBES ICF#T 5 Yy =V ZHRED Y — A a— R %, ListingA 4 127”3, Y —A2— KTi&, #HE»5
vy =y IR EPET 523~ R TH 5 bin_config ZELRZHD 6 DOEFITERL., THZNH 1 R
NI LD Y=V I HRERET B, Thbb, 1 HOT—-XEIFTIERENS 6 DDA MFF4 (3
fild MPPC ZH20h3, hg lgD2 LR 75 La%HD) 2, FLA M 7481, EVIRRE VEORE
BRolkC Y=y R T Y=V 755 2 eARETH 5, LT T ListingA.4 TITbT W 2 JUE5ETE
WCDOWTHIAT %,

1917H ~14917H 77— V2 HRET %,
162 1T7H ~166 TTH L A F 7' J LD~ v X —1E# % send_data_payload IZfX AT %,
16778 ~y X =MD T —XE% len ITIRAT %,

170 7B ~26817H 6 L A N I AIHE Lz > > 7 %417 5, binconfiglil =1,2,3,4,5,6 D& Zi&
3.4.1 TR L 7=FMMEY > > 7, bin_configli] =11, 12, 13 D ¥ &i&, 351 CHHAL 7 —7 1
YV T EITI,

181, 198, 2701TH 1 LA M F DT —XEZRMZ. len ITIRAT %,

169~2721TH @ TOLRA NI L2V 7T 5720, 6 HEDIKRT,

27317H RO fEX LT, 7 —XETH 3 len ©iIRT,

363 N—Roxz72RAW:Ial—>ayhAE

N—RY 2 7ZHVWEL YU IHEREDY I 2L —Ya viE, AT 2 —F U EVNIRRETEmMmEINS,
VIal—YavilBIA 7T —REZEFEOWHRNE, K 3.6~ F, MHO Citiroc Ul 1Z, MH#ROFREI~
VREZEEFELED, TREZELTERTIDIHHT 5, 204 —x1%, #i L TOFHBRDEICH
AL TWaEHE 27 4 TH %, Arduino Due t&, MIST # 2 THILE ¥ OEEZHIEIT2 OBCOS I 21—
X —TdH 5, Cortex-M3 I&, CUBES ® SoC NiZH % CPU THEIL Y =¥ FHRER FE L 5T TH %,

%72, EFRIZ Citiroc UL £ OBC &3 2L —&, CUBESPBC IV T I a2l —> a v &fToTWAEET
., K378 7,

MSP

u
(Serial Port) (20 ol
- * Arduino Due |« | S

- | (SoC)
PC running
CitirocUl

K 3.6: =R c72HVESI 2L —Ya v iZBIF 37— 2 EZEDHRN

21



K37 N—Foz7EHAnEIalL—ya okt

232 TiR7z & 512, FPGA 121 Ch.0, Ch.16, Ch.31 23X TED., ZhFNHG ¥ LG 2 EATR
Bit6 LA NI AMEREN D, N—F Y27 EAVEY I 2L —2a vy TR I RR N TLTRICE
ol v 7R THEMEITO, Cititoc UL TREINZL AT T AT —XPIEMICY YV 73R T
W3 ZeEklErD b,

364 N—Roxz7ZRAW:>Ial—oaryER

bin_config=0,1,2345 %a~<> R LT, FHREL >y 7 iED> I a1 —> a v &2{Tot, 7—7
LYy Zoyial—yavid, SBRITO>FETH S, "—Fvz7EHAVEYIalL—ya ViR
LT. HGE LGD LR} L%[K3.8(Ch3l)., K 3.9 (Ch.16), X 3.10 (Ch.0)IZ/RL7ze ZZTlE JLD
LU TH5 2048 BV EBREFFLTERRT 220, ErFdINE Vi, ¥ VRO FE CIEE
53 %,

CHHEDMMIRT ESIC, bR NS AT LI Y Uy P HREBIRET 27— X EfMBITHORA TV S
B, XHIT, binconfig DIEMEER T 21ICONT, LA N7 2D VEDBBY L. 7—RDE
farmEilcx %,

F 724G D 5. Individual DAQ time(1 [B]0D 7 — 2 EU{FRFE) 53 20 #, actual acq. time (IEBKD 7 — X HUS
M) 19 TH 2B 0h b, ZD#AIZ, CUBES 67 —X &KX v ru— R 3K% | ICRE
FTHRIETHELREALTTTHY, BV Y ITRREFEERO T Y XV | R TITbATnS Z
LERLTWVWS,

22



WIWWWEETDC.Com Citiroc User Interface v2.0.0.250 (KTH)

C) (ool et Acquisition Individual DAQ tirme (s) Acquisition tirme (hh:mm:ss) Elapsed tirme: 20000 s

Save to folder C:\Users{Theodor StanalDesktopltest210203Y | . Lleaddata  Actual acg. time: 19.000 s
Slow Control Per channel  Per acquisition
Channel |31 = Number of registered hitin channel 31 = 39662 Select Number of Bins
Energy cut - Low High : 2048 Energy cut - Low High : 2048
e [ jor-ton 0] et ]
300
100
Calibration
80 .
z S 200
- R : Z
Data Acquisition b J Z ‘
0 { 100 '
20 +
Firmware options o ol

200 400 600 800 1000 200 400 600 800 1000
High gain charge (ADCu) file:dataCiT_2021-02-03 21-36-14.dat Low gain charge (ADCu)

weeroc

38 N=—Fvz7ZHVY I 2L - a YA Ch31,HG bin_config=2 (/). LG bin_config=0 (45)

WIWWWEEroC.Com Citiroc User Interface v2.0.0.250 (KTH)

| Connect Start Acquisition  Individual DAQ time (s) Acquisition time (hh:mm:ss) Elapsed time: 20.000 s
Save fo folder C:\Users{Theodor Stana\DesktopltestZ10203} | . Leaddata  Actual acq time: 19.000
Slow Control Per channel  Per acquisition
Channel |16 = Number of registersd hitin channel 16 = 39664 Select Number of Bins
Bliafhres Energy cut - Low E High Energy cut - Low D High
100
300
q q 80
Calibration
E 60 T 200
Data Acquisition i & i
100
Firmware options ) I
200 400 600 800 1000 200 400 600 800 1000
High gain charge (ADCu) file:dataClTl_2021-02-03_21-36-14.dat Low gain charge (ADCu)

weeroc

39 N—=Fv 7 EHWEY I 2L — a3 ViR Ch.16,HG bin_config=4 (/). LG bin_config=1 (5)
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WIWWWEETDC.Com Citiroc User Interface v2.0.0.250 (KTH)

c) Connect Start Acquisition  Individual DAQ time (s)

Acquisition time (hh:mm:ss) | 00.0100 | Elapsed time: 20.000 s

Save to folder CiiUsers{Theodor StanalDesktopltest210203Y | . loaddata  Actual acg. time: 19.000 s
Per ch |
Slow Control er channe Per acquisition
Channel |0 % Number of registered hitin channel 0 = 39628 Select Number of Bins...
Energy cut - Low High : 2048 Energy cut - Low High : 2048
e o] b
q q 200 |
Calibration
= ERREY
Data Acquisition E E 100
50
Firmware options ol
200 400 600 800 1000 200 400 600 800 1000
High gain charge (ADCu) file:dataCiTl 2021-02-03 21-36-14.dat Low gain charge (ADCu}

weeroc

310: "= Ry = 72V I 2L — 3 YR Ch.0,HG bin_config=5 (/). LG bin_config=3 (15)

24



F4E FrH5E

41 F&

AHFEOHIZ, #HEPE ORGSR TH 5 CUBES 12, 7 — X EMiKRER FE T2 2T
Hotee KRBT FDZ. ULTITRT,

o CUBES 2MEF[EER F— XA ML —VRBET. XM S AF—XZ2EMTAEYZ VT 1%EE
EET LN TE,

o F—REMICIE. FRBE VI TF—TJIEYZVFI D2 FREFEFEL, HErsDa<r R
& o TR A2 JEMERSRE 2 HIL L 7=,

o EETHE GBI T — 2 E D CUBESPBC ZFHlWVW/s I 2L —>a VARBELT, ¥y
MO ELIRET 2 L BHERTE =,

42 SEDFEE
AR B L CTROD - =25 0FEICONWT, UT T3,

e CUBESPBC ZHW/y I al—Ya iZBnWlld, ZlRE Yy ZOABRIEERITo 72720, 5%
N—FRY 27 HWETF—TLE Y U TORIERIT S,

e R YCs DT INF —ZRZ MAEHWETF—TAE Y 07Dy Ial—Ya Y iZBWT, &
VX =IO y Y — 7 OMIENLON T LESMESHS D -7z, 22T, HErsDa<xr RiC
FoTHRIL 20 I F —IFHDARY FVEFFHICIIR T 2 € 0 Y JHRREO RN NETDH 5
EZ 5, iz, BCs DA NLF—2ARTZ ML THIUE, HErSDaYY RTCEHIZ ALY —H
BUZ/NX W binssize (B VIR) 237 P EB2 22T, sz yiRY — 27 OB 2EUS T 2 Z L H3A]
BEX 2%,

F/, BEPELETY 7 VY 2 7 OF S DML TR, ARG U T — 7V EBINT 5 Z 8T,
FEAREE R R ICHUS T 2 7 — AL Y U O RITS L B ARET H B,

25



T ERA

Listing A.1: FRfRE > > 7

1 else if (bin_configl[i]<7) {
2 /* equal interval binning */

3 num_bins = HISTO_NUM_BINS_GW>>bin_config [i];

4 bin_size = 1<<bin_config[i];

5 for (j=0; j<num_bins; j++) {

6 bin = 0;

7 for (k=j*bin_size/2; k<(j+1)*bin_size/2; k++) {

8 bin += (histo_datal[k + i*HISTO_NUM_BINS_GW/2 +

HISTO_HDR_NUM_BYTES/4]>>16 & OxFFFF)
9 +(histo_data[k + i*HISTO_NUM_BINS_GW/2 +
HISTO_HDR_NUM_BYTES/4] & OxFFFF) ;

10 }

11 bin >>= bin_configlil;

12 send_data_payload[j*2 + 1 + len] = bin & OxFF;
13 send_data_payload[j*2 + len] = (bin>>8) & OxFF;
14 }

15 len = len + num_bins*2;

16

Listing A2: 77—V Y V7

else if (10<bin_config[i] && bin_config[il<14) {

2 /* logscale binning */

3 unsigned char carry_over;

4 carry_over = 0;

5 if (bin_config[i] = 11) {

6 num_bins = sizeof (tablel)/sizeof (table1[0]) - 1;
7 table = tablel;

8 ¥

9 else if (bin_config[i] == 12) {

10 num_bins = sizeof (table2)/sizeof (table2[0]) - 1;
11 table = table2;

12 }

13 else if (bin_config[i] == 13) {

14 num_bins = sizeof (table3)/sizeof (table3[0])-1;

15 table = table3;

16 ¥

17 for (j=O; j<num_bins; j++) {
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23

24
25
26
27
28
29
30

31

32

33
34
35

36
37
38
39
40
41

4
43
44
45
46
47

48
49

50

51
52

53
54

bin_size = *(table+j+1) - *(table+j);
if (carry_over == 0 && bin_sizel’2 == 0) {
carry_over = 0;
for (k=*(table+j)/2; k<*(table+j+1)/2; k++) {
bin = bin + (histo_datal[k + i*HISTO_NUM_BINS_GW/2 +
HISTO_HDR_NUM_BYTES/4]>>16 & OxFFFF)

+ (histo_data[k + i*HISTO_NUM_BINS_GW/2 + HISTO_HDR_NUM_BYTES/4] & O

xFFFF) ;
}
bin = bin/bin_size;
}
else if (carry_over == 0 && bin_size%2 == 1) {
carry_over = 1;
if (bin_size !'= 1) {
for (k=*(table+j)/2; k<(*(table+j+1)-1)/2; k
++) {
bin = bin + (histo_datal[k + i*HISTO_NUM_BINS_GW/2 +
HISTO_HDR_NUM_BYTES/4]1>>16 & OxFFFF)
+ (histo_data[k + i*HISTO_NUM_BINS_GW/2 + HISTO_HDR_NUM_BYTES/4]

& OxFFFF) ;
}
bin = bin + (histo_datal[k + i*HISTO_NUM_BINS_GW
/2 + HISTO_HDR_NUM_BYTES/4] & OxFFFF);
bin = bin/bin_size;
}

else if (bin_size == 1) {
k = *(table+j)/2;
bin = histo_datalk + i*HISTO_NUM_BINS_GW/2 +
HISTO_HDR_NUM_BYTES/4] & OxFFFF;

}
else if (carry_over == 1 && bin_size’2 == 0) {
carry_over = 1;
k = (*(table+j)-1)/2;
bin = histo_data[k + i*HISTO_NUM_BINS_GW/2 +
HISTO_HDR_NUM_BYTES/4]1>>16 & OxFFFF;
for (k=(*(table+j)+1)/2; k<(*(table+j+1)-1)/2; k++) {
bin = bin + (histo_datal[k + i*HISTO_NUM_BINS_GW/2 +
HISTO_HDR_NUM_BYTES/4]1>>16 & OxFFFF)
+ (histo_datal[k + i*HISTO_NUM_BINS_GW/2 + HISTO_HDR_NUM_BYTES/4] & O

xFFFF) ;
}
bin = bin + (histo_data[k + i*HISTO_NUM_BINS_GW/2 +
HISTO_HDR_NUM_BYTES/4] & OxFFFF);
bin = bin/bin_size;
}
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55
56
57
58

59
60

61

62

63
64
65
66
67
68
69
70
71
72

N=REe CHEE =)W B S VS R S )

else if (carry_over == 1 && bin_size}2 == 1) {
carry_over = 0;
k = (*(table+j)-1)/2;
bin = histo_data[k + i*HISTO_NUM_BINS_GW/2 +
HISTO_HDR_NUM_BYTES/4]1>>16 & OxFFFF;
if (bin_size !'= 1) {
for (k=(*(table+j)+1)/2; k<*(table+j+1)/2; k
++) {
bin = bin + (histo_datal[k + i*
HISTO_NUM_BINS_GW/2 + HISTO_HDR_NUM_BYTES
/41>>16 & OxFFFF)
+ (histo_data[k + i*HISTO_NUM_BINS_GW/2 + HISTO_HDR_NUM_BYTES/4]
& OxFFFF) ;
}

bin = bin/bin_size;

}
send_data_payload[j*2 + 1 + len] = bin & OxFF;
send_data_payload[j*2 + len] = bin>>8 & OxFF;
bin = O;

}

len = len + num_bins*2;

Listing A3: ¥V =Y ZIZHWE 7T —T L

unsigned short int table1[1025] = {0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,
18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,
41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,
64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,86,
87,88,89,90,91,92,93,94,95,96,97,98,99,100,101,102,103,104,105,106,107,
108,109,110,111,112,113,114,115,116,117,118,119,120,121,122,123,124,
125,126,127,128,129,130,131,132,133,134,135,136,137,138,139,140, 141,
142,143,144,145,146,147,148,149,150,151,152,153,154,155,156,157, 158,
159,160,161,162,163,164,165,166,167,168,169,170,171,172,173,174,175,
176,177,178,179,180,181,182,183,184,185,186,187,188,189,190,191,192,
193,194,195,196,197,198,199,200,201,202,203,204,205,206,207,208,209,
210,211,212,213,214,215,216,217,218,219,220,221,222,223,224,225,226,
227,228,229,230,231,232,233,234,235,236,237,238,239,240,241,242,243,
244,245,246 ,247,248,249,250,251,252,253,254,255,256,257,258,259,260,
261,262,263,264,265,266,267,268,269,270,271,272,273,274,275,276,277,
278,279,280,281,282,283,284,285,286,287,288,289,290,291,292,293,294,
295,296,297,298,299,300,301,302,303,304,305,306,307,308,309,310,311,
312,313,314,315,316,317,318,319,320,321,322,323,324,325,326,327,328,
329,330,331,332,333,334,335,336,337,338,339,340,341,342,343,344,345,
346,347,348,349,350,351,352,353,354,355,356,357,358,359,360,361,362,
363,364,365,366,367,368,369,370,371,372,373,374,375,376,377,378,379,
380,381,382,383,384,385,386,387,388,389,390,391,392,393,394,395,396,
397,398,399,400,401,402,403,404,405,406,407,408,409,410,411,412,413,
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24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

66
67
68
69
70
71

414,415,416,417,418,419,420,421,422,423,424,425,426,427,428,429,430,
431,432,433,434,435,436,437,438,439,440,441,442,443,444,445,446,447,
448,449,450,451,452,453,454,455,456,457,458,459,460,461,462,463,464,
465,466,467 ,468,469,470,471,472,473,474,475,476,477,478,479,480,481,
482,483,484,485,486,487,488,489,490,491,492,493,494,495,496,497,498,
499,500,501,502,503,504,505,506,507,508,509,510,511,512,514,516,518,
520,522,524,526,528,530,532,534,536,538,540,542,544,546,548,550,552,
554,556,558,560,562,564,566,568,570,572,574,576,578,580,582,584,586,
588,590,592,594,596,598,600,602,604,606,608,610,612,614,616,618,620,
622,624,626,628,630,632,634,636,638,640,642,644,646,648,650,652,654,
656,658,660,662,664,666,668,670,672,674,676,678,680,682,684,686,688,
690,692,694,696,698,700,702,704,706,708,710,712,714,716,718,720,722,
724,726,728,730,732,734,736,738,740,742,744,746,748,750,752,754,756,
758,760,762,764,766,768,770,772,774,776,778,780,782,784,786,788,790,
792,794,796,798,800,802,804,806,808,810,812,814,816,818,820,822,824,
826,828,830,832,834,836,838,840,842,844,846,848,850,852,854,856, 858,
860,862,864,866,868,870,872,874,876,878,880,882,884,886,888,890,892,
894,896,898,900,902,904,906,908,910,912,914,916,918,920,922,924,926,
928,930,932,934,936,938,940,942,944,946,948,950,952,954,956,958, 960,
962,964,966,968,970,972,974,976,978,980,982,984,986,988,990,992,994,
996,998,1000,1002,1004,1006,1008,1010,1012,1014,1016,1018,1020,1022,
1024,1028,1032,1036,1040,1044,1048,1052,1056,1060,1064,1068,1072,1076,
1080,1084,1088,1092,1096,1100,1104,1108,1112,1116,1120,1124,1128,1132,
1136,1140,1144,1148,1152,1156,1160,1164,1168,1172,1176,1180,1184,1188,
1192,1196,1200,1204,1208,1212,1216,1220,1224,1228,1232,1236,1240,1244,
1248,1252,1256,1260,1264,1268,1272,1276,1280,1284,1288,1292,1296, 1300,
1304,1308,1312,1316,1320,1324,1328,1332,1336,1340,1344,1348,1352,1356,
1360,1364,1368,1372,1376,1380,1384,1388,1392,1396,1400,1404,1408,1412,
1416,1420,1424,1428,1432,1436,1440,1444,1448,1452,1456,1460,1464,1468,
1472,1476,1480,1484,1488,1492,1496,1500,1504,1508,1512,1516,1520, 1524,
15628,1532,1536,1540,1544,1548,1552,1556,1560,1564,1568,1572,1576,1580,
1584,1588,1592,1596,1600,1604,1608,1612,1616,1620,1624,1628,1632,1636,
1640,1644,1648,1652,1656,1660,1664,1668,1672,1676,1680,1684,1688,1692,
1696,1700,1704,1708,1712,1716,1720,1724,1728,1732,1736,1740,1744,1748,
1752,1756,1760,1764,1768,1772,1776,1780,1784,1788,1792,1796,1800, 1804,
1808,1812,1816,1820,1824,1828,1832,1836,1840,1844,1848,1852,1856,1860,
1864,1868,1872,1876,1880,1884,1888,1892,1896,1900,1904,1908,1912,1916,
1920,1924,1928,1932,1936,1940,1944,1948,1952,1956,1960,1964,1968, 1972,
1976,1980,1984,1988,1992,1996,2000,2004,2008,2012,2016,2020,2024,2028,
2032,2036,2040,2044,2048%};

unsigned short int table2[129] = {0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,
18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,34,36,38,40,42,44,46,48,
50,52,54,56,58,60,62,64,68,72,76,80,84,88,92,96,100,104,108,112,116,
120,124,128,136,144,152,160,168,176,184,192,200,208,216,224,232,240,
248,256,272,288,304,320,336,352,368,384,400,416,432,448,464,480,496,
512,544,576,608,640,672,704,736,768,800,832,864,896,928,960,992,1024,
1088,1152,1216,1280,1344,1408,1472,1536,1600,1664,1728,1792,1856,1920,
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72
73

75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

1984,2048}%};

unsigned short int table3[956]={0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,
19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,
42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,
65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,86,87,
88,89,90,91,92,93,94,95,96,97,98,99,100,101,102,103,104,105,106,107,
108,109,110,111,112,113,114,115,116,117,118,119,120,121,122,123,124,
125,126,127,128,129,130,131,132,133,134,135,136,137,138,139,140, 141,
142,143,144,145,146,147,148,149,150,151,152,153,154,155,156,157, 158,
159,160,161,162,163,164,165,166,167,168,169,170,171,172,173,174,175,
i7e6,177,178,179,180,181,182,183,184,185,186,187,188,189,190,191,192,
193,194,195,196,197,198,199,200,201,202,203,204,205,206,207,208,209,
210,211,212,213,214,215,216,217,218,219,220,221,222,223,224,225,226,
227,228,229,230,231,232,233,234,235,236,237,238,239,240,241,242,243,
244,245,246 ,247,248,249,250,251,252,253,254,255,256,257,258,259, 260,
261,262,263,264,265,266,267,268,269,270,271,272,273,274,275,276,277,
278,279,280,281,282,283,284,285,286,287,288,289,290,291,292,293,294,
295,296,297,298,299,300,301,302,303,304,305,306,307,308,309,310,311,
312,313,314,315,316,317,318,319,320,321,322,323, 324,325,326,327, 328,
329,330,331,332,333,334,335,336,337,338,339,340,341,342,343,344, 345,
346,347,348,349,350,351,352,353, 354,355,356,357,358,359,360,361,362,
363,364, 365,366,367,368,369,370,371,372,373,374,375,376,377,378,379,
380,381,382,383,384,385,386,387,388,389,390,391,392,393,394,395,396,
397,398,399,400,401,402,403,404,405,406,407,408,409,410,411,412,413,
414,415,416,417,418,419,420,421,422,423,424,425,426,427,428,429,430,
431,432,433,434,435,436,437,438,439,440,441,442,443,444,445,446,447,
448,449,450,451,452,453,454,455,456,457,458,459,460,461,462,463,464,
465,466,467,468,469,470,471,472,473,474,475,476,477,478,479,480,481,
482,483,484,485,486,487,488,489,490,491,492,493,494,495,496,497,498,
499,500,501,502,503,504,505,506,507,508,509,510,511,512,514,516,518,
520,522,524,526,528,530,532,534,536,538,540,542,544,546,548,550,552,
554,556,558,560,562,564,566,568,570,572,574,576,578,580,582,584,586,
588,590,592,594,596,598,600,602,604,606,608,610,612,614,616,618,620,
622,624,626,628,630,632,634,636,638,640,642,644,646,648,650,652,654,
656,658,660,662,664,666,668,670,672,674,676,678,680,682,684,686,688,
690,692,694,696,698,700,702,704,706,708,710,712,714,716,718,720,722,
724,726,728,730,732,734,736,738,740,742,744,746,748,750,752,754,756,
758,760,762,764,766,768,770,772,774,776,778,780,782,784,786,788,790,
792,794,796,798,800,802,804,806,808,810,812,814,816,818,820,822,824,
826,828,830,832,834,836,838,840,842,844,846,848,850,852,854,856, 858,
860,862,864,866,868,870,872,874,876,878,880,882,884,886,888,890,892,
894,896,898,900,902,904,906,908,910,912,914,916,918,920,922,924,926,
928,930,932,934,936,938,940,942,944,946,948,950,952,954,956,958, 960,
962,964,966,968,970,972,974,976,978,980,982,984,986,988,990,992,994,
996,998,1000,1002,1004,1006,1008,1010,1012,1014,1016,1018,1020,1022,
1024,1028,1032,1036,1040,1044,1048,1052,1056,1060,1064,1068,1072,1076,
1080,1084,1088,1092,1096,1100,1104,1108,1112,1116,1120,1124,1128,1132,

30



120
121
122
123
124
125
126
127
128
129
130
131

—_

O 0 9 N B W N

1136,1140,1144,1148,1152,1156,1160,1164,1168,1172,1176,1180,1184,1188,
1192,1196,1200,1204,1208,1212,1216,1220,1224,1228,1232,1236,1240, 1244,
1248,1252,1256,1260,1264,1268,1272,1276,1280,1284,1288,1292,1296,1300,
1304,1308,1312,1316,1320,1324,1328,1332,1336,1340,1344,1348,1352,1356,
1360,1364,1368,1372,1376,1380,1384,1388,1392,1396,1400,1404,1408,1412,
1416,1420,1424,1428,1432,1436,1440,1444,1448,1452,1456,1460,1464,1468,
1472,1476,1480,1484,1488,1492,1496,1500,1504,1508,1512,1516,1520,1524,
1528,1532,1536,1540,1544,1548,1552,1556,1560,1564,1568,1572,1576,1580,
1584,1588,1592,1596,1600,1604,1608,1612,1616,1620,1624,1628,1632,1636,
1640,1644,1648,1652,1656,1660,1664,1668,1672,1676,1680,1684,1688,1692,
1696,1700,1704,1708,1712,1716,1720,1724,1728,1732,1736,1743,1751,1760,
1791,1823,1856,1919,1983,2048};

Listing A4: 6 E A b 7' Z LG L7z Yy v 7

/%

msp_rebin210130.c

Author: Takuma Yamaguchi

*
*
* Created on: 30 Jan. 2021
*
*

*/

#include <stdint.h>

#define
#define
#define
#define

HISTO_ADDR (0x50030000)
HISTO_LEN (24832)
HISTO_NUM_BINS_GW ( 2048)
HISTO_HDR_NUM_BYTES ( 256)

static unsigned char send_data_payload[HISTO_LEN]="";

unsigned short int *table;

unsigned short int table1[1025] = {0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,

18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,
41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,
64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,86,
87,88,89,90,91,92,93,94,95,96,97,98,99,100,101,102,103,104,105,106,107,
108,109,110,111,112,113,114,115,116,117,118,119,120,121,122,123,124,
125,126,127,128,129,130,131,132,133,134,135,136,137,138,139,140, 141,
142,143,144,145,146,147,148,149,150,151,152,153,154,155,156,157, 158,
159,160,161,162,163,164,165,166,167,168,169,170,171,172,173,174,175,
i7e6,177,178,179,180,181,182,183,184,185,186,187,188,189,190,191,192,
193,194,195,196,197,198,199,200,201,202,203,204,205,206,207,208,209,
210,211,212,213,214,215,216,217,218,219,220,221,222,223,224,225,226,
227,228,229,230,231,232,233,234,235,236,237,238,239,240,241,242,243,
244,245,246 ,247,248,249,250,251,252,253,254,255,256,257,258,259, 260,
261,262,263,264,265,266,267,268,269,270,271,272,273,274,275,276,277,
278,279,280,281,282,283,284,285,286,287,288,289,290,291,292,293,294,
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35
36
37
38
39
40
41
4
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82

295,296,297,298,299,300,301,302,303,304,305,306,307,308,309,310, 311,
312,313,314,315,316,317,318,319, 320,321, 322,323,324, 325,326,327,328,
329,330,331,332,333,334,335,336,337,338,339,340,341,342,343,344,345,
346,347,348,349,350,351,352,353,354,355,356,357,358,359,360,361,362,
363,364 ,365,366,367,368,369,370,371,372,373,374,375,376,377,378,379,
380,381,382,383,384,385,386,387,388,389,390,391,392,393,394,395,396,
397,398,399,400,401,402,403,404,405,406,407,408,409,410,411,412,413,
414,415,416,417,418,419,420,421,422,423,424,425,426,427,428,429,430,
431,432,433,434,435,436,437,438,439,440,441,442,443,444,445,446,447,
448,449,450,451,452,453,454,455,456,457,458,459,460,461,462,463,464,
465,466,467 ,468,469,470,471,472,473,474,475,476,477,478,479,480,481,
482,483,484,485,486,487,488,489,490,491,492,493,494,495,496,497,498,
499,500,501,502,503,504,505,506,507,508,509,510,511,512,514,516,518,
520,522,524,526,528,530,532,534,536,538,540,542,544,546,548,550,552,
554,556,558,560,562,564,566,568,570,572,574,576,578,580,582,584,586,
588,590,592,594,596,598,600,602,604,606,608,610,612,614,616,618,620,
622,624,626,628,630,632,634,636,638,640,642,644,646,648,650,652,654,
656,658,660,662,664,666,668,670,672,674,676,678,680,682,684,686,688,
690,692,694,696,698,700,702,704,706,708,710,712,714,716,718,720,722,
724,726,728,730,732,734,736,738,740,742,744,746,748,750,752,754,756,
758,760,762,764,766,768,770,772,774,776,778,780,782,784,786,788,790,
792,794,796,798,800,802,804,806,808,810,812,814,816,818,820,822,824,
826,828,830,832,834,836,838,840,842,844,846,848,850,852,854,856,858,
860,862,864,866,868,870,872,874,876,878,880,882,884,886,888,890,892,
894,896,898,900,902,904,906,908,910,912,914,916,918,920,922,924,926,
928,930,932,934,936,938,940,942,944,946,948,950,952,954,956,958, 960,
962,964,966,968,970,972,974,976,978,980,982,984,986,988,990,992,994,
996,998,1000,1002,1004,1006,1008,1010,1012,1014,1016,1018,1020,1022,
1024,1028,1032,1036,1040,1044,1048,1052,1056,1060,1064,1068,1072,1076,
1080,1084,1088,1092,1096,1100,1104,1108,1112,1116,1120,1124,1128,1132,
1136,1140,1144,1148,1152,1156,1160,1164,1168,1172,1176,1180,1184,1188,
1192,1196,1200,1204,1208,1212,1216,1220,1224,1228,1232,1236,1240, 1244,
1248,1252,1256,1260,1264,1268,1272,1276,1280,1284,1288,1292,1296,1300,
1304,1308,1312,1316,1320,1324,1328,1332,1336,1340,1344,1348,1352,1356,
1360,1364,1368,1372,1376,1380,1384,1388,1392,1396,1400,1404,1408,1412,
1416,1420,1424,1428,1432,1436,1440,1444,1448,1452,1456,1460,1464,1468,
1472,1476,1480,1484,1488,1492,1496,1500,1504,1508,1512,1516,1520,1524,
1528,1532,1536,1540,1544,1548,1552,1556,1560,1564,1568,1572,1576, 1580,
1684,1588,1592,1596,1600,1604,1608,1612,1616,1620,1624,1628,1632,1636,
1640,1644,1648,1652,1656,1660,1664,1668,1672,1676,1680,1684,1688,1692,
1696,1700,1704,1708,1712,1716,1720,1724,1728,1732,1736,1740,1744,1748,
1752,1756,1760,1764,1768,1772,1776,1780,1784,1788,1792,1796,1800, 1804,
1808,1812,1816,1820,1824,1828,1832,1836,1840,1844,1848,1852,1856, 1860,
1864,1868,1872,1876,1880,1884,1888,1892,1896,1900,1904,1908,1912,1916,
1920,1924,1928,1932,1936,1940,1944,1948,1952,1956,1960,1964,1968,1972,
1976,1980,1984,1988,1992,1996,2000,2004,2008,2012,2016,2020,2024,2028,

2032,2036,2040,2044,2048%};
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83
84
85
86
87
88
89
90
91
9”2
93
94
95
96
97
98
99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

unsigned short int table2[129] = {0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,
18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,34,36,38,40,42,44,46,48,
50,52,54,56,58,60,62,64,68,72,76,80,84,88,92,96,100,104,108,112,116,
120,124,128,136,144,152,160,168,176,184,192,200,208,216,224,232,240,
248,256,272,288,304,320,336,352,368,384,400,416,432,448,464,480,496,
512,544,576,608,640,672,704,736,768,800,832,864,896,928,960,992,1024,
1088,1152,1216,1280,1344,1408,1472,1536,1600,1664,1728,1792,1856,1920,
1984,2048}%};

unsigned short int table3[956]={0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,
19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,
42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,
65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,86,87,
88,89,90,91,92,93,94,95,96,97,98,99,100,101,102,103,104,105,106,107,
108,109,110,111,112,113,114,115,116,117,118,119,120,121,122,123,124,
125,126,127,128,129,130,131,132,133,134,135,136,137,138,139,140, 141,
142,143,144,145,146,147,148,149,150,151,152,153,154,155,156,157,158,
159,160,161,162,163,164,165,166,167,168,169,170,171,172,173,174,175,
176,177,178,179,180,181,182,183,184,185,186,187,188,189,190,191,192,
193,194,195,196,197,198,199,200,201,202,203,204,205,206,207,208,209,
210,211,212,213,214,215,216,217,218,219,220,221,222,223,224,225,226,
227,228,229,230,231,232,233,234,235,236,237,238,239,240,241,242,243,
244 245,246,247 ,248,249,250,251,252,253,254,255,256,257,258,259,260,
261,262,263,264,265,266,267,268,269,270,271,272,273,274,275,276,277,
278,279,280,281,282,283,284,285,286,287,288,289,290,291,292,293,294,
295,296,297,298,299,300,301,302,303,304,305,306,307,308,309,310,311,
312,313,314,315,316,317,318,319,320,321,322,323,324,325,326,327,328,
329,330,331,332,333,334,335,336,337,338,339,340,341,342,343,344,345,
346,347,348,349,350,351,352,353,354,355,356,357,358,359,360,361,362,
363, 364,365,366,367,368,369,370,371,372,373,374,375,376,377,378,379,
380,381,382,383,384,385,386,387,388,389,390,391,392,393,394,395,396,
397,398,399,400,401,402,403,404,405,406,407,408,409,410,411,412,413,
414,415,416,417,418,419,420,421,422,423,424,425,426,427,428,429,430,
431,432,433,434,435,436,437,438,439,440,441,442,443,444,445,446,447,
448,449,450,451,452,453,454,455,456,457,458,459,460,461,462,463,464,
465,466,467 ,468,469,470,471,472,473,474,475,476,477,478,479,480,481,
482,483,484,485,486,487,488,489,490,491,492,493,494,495,496,497,498,
499,500,501,502,503,504,505,506,507,508,509,510,511,512,514,516,518,
520,522,524,526,528,530,532,534,536,538,540,542,544,546,548,550,552,
554,556,558,560,562,564,566,568,570,572,574,576,578,580,582,584,586,
588,590,592,594,596,598,600,602,604,606,608,610,612,614,616,618,620,
622,624,626,628,630,632,634,636,638,640,642,644,646,648,650,652,654,
656,658,660,662,664,666,668,670,672,674,676,678,680,682,684,686,688,
690,692,694,696,698,700,702,704,706,708,710,712,714,716,718,720,722,
724,726,728,730,732,734,736,738,740,742,744,746,748,750,752,754,756,
758,760,762,764,766,768,770,772,774,776,778,780,782,784,786,788,790,
792,794,796,798,800,802,804,806,808,810,812,814,816,818,820,822,824,
826,828,830,832,834,836,838,840,842,844,846,348,850,852,854,856,858,
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131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176

177

860,862,864,866,868,870,872,874,876,878,880,882,884,886,888,890,892,
894,896,898,900,902,904,906,908,910,912,914,916,918,920,922,924,926,
928,930,932,934,936,938,940,942,944,946,948,950,952,954,956,958, 960,
962,964,966,968,970,972,974,976,978,980,982,984,986,988,990,992,994,
996,998,1000,1002,1004,1006,1008,1010,1012,1014,1016,1018,1020,1022,
1024,1028,1032,1036,1040,1044,1048,1052,1056,1060,1064,1068,1072,1076,
1080,1084,1088,1092,1096,1100,1104,1108,1112,1116,1120,1124,1128,1132,
1136,1140,1144,1148,1152,1156,1160,1164,1168,1172,1176,1180,1184,1188,
1192,1196,1200,1204,1208,1212,1216,1220,1224,1228,1232,1236,1240,1244,
1248,1252,1256,1260,1264,1268,1272,1276,1280,1284,1288,1292,1296, 1300,
1304,1308,1312,1316,1320,1324,1328,1332,1336,1340,1344,1348,1352,1356,
1360,1364,1368,1372,1376,1380,1384,1388,1392,1396,1400,1404,1408,1412,
1416,1420,1424,1428,1432,1436,1440,1444,1448,1452,1456,1460,1464,1468,
1472,1476,1480,1484,1488,1492,1496,1500,1504,1508,1512,1516,1520, 1524,
1528,1532,1536,1540,1544,1548,1552,1556,1560,1564,1568,1572,1576, 1580,
1584,1588,1592,1596,1600,1604,1608,1612,1616,1620,1624,1628,1632,1636,
1640,1644,1648,1652,1656,1660,1664,1668,1672,1676,1680,1684,1688,1692,
1696,1700,1704,1708,1712,1716,1720,1724,1728,1732,1736,1743,1751,1760,
1791,1823,1856,1919,1983,2048%};

unsigned long prep_payload_data(uint8_t *bin_config)

{

unsigned long i, j, k, len;
uintl16_t num_bins;

uint8_t bin_size;

uint32_t bin;

uint32_t *histo_data = (uint32_t *)HISTO_ADDR;

/* histogram header into send_data_payload */

for (i=0; i<HISTO_HDR_NUM_BYTES/4; i++) {
send_data_payload[i*4 + 1] = histo_data[i] & OxFF;
send_data_payload[i*4 + 0] histo_datal[i]>>8 & OxFF;
send_data_payload[i*4 + 3] histo_data[i]>>16 & OxFF;
send_data_payload[i*4 + 2] histo_data[i]>>24 & OxFF;

}
len = HISTO_HDR_NUM_BYTES;

for (i=0; i<6; i++) {

if (bin_configli] == 0) {

/%

* not re-binning

*/

num_bins = HISTO_NUM_BINS_GW;
for (j=0; j<HISTO_NUM_BINS_GW/2; j++) {
send_data_payload[j*4 + 1 + len] = histo_datal[j + i*
HISTO_NUM_BINS_GW/2 + HISTO_HDR_NUM_BYTES/4] & OxFF;

send_data_payload[j*4 + O + len] = histo_datalj + i*
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178

179

180
181
182
183
184
185
186
187
188
189
190
191

192

193
194
195
196
197
198
199
200
201
202
203
204
205
206

208
209
210
211
212
213
214
215
216
217

HISTO_NUM_BINS_GW/2 + HISTO_HDR_NUM_BYTES/4]>>8 & O
xFF;
send_data_payload[j*4 + 3 + len] = histo_datalj + i*
HISTO_NUM_BINS_GW/2 + HISTO_HDR_NUM_BYTES/4]>>16 & O
xFF;
send_data_payload[j*4 + 2 + len] = histo_datalj + i*
HISTO_NUM_BINS_GW/2 + HISTO_HDR_NUM_BYTES/4]1>>24 & O
xFF;
}
len = len + HISTO_NUM_BINS_GW*2;

/* Re-binning...*/
else if (bin_configl[il<7) {
/* equal interval binning */
num_bins = HISTO_NUM_BINS_GW>>bin_configl[i] ;
bin_size = 1<<bin_config[i];
for (j=0; j<num_bins; j++) {
bin = 0;
for (k=j*bin_size/2; k<(j+1)*bin_size/2; k++) {
bin += (histo_datal[k + i*HISTO_NUM_BINS_GW/2 +
HISTO_HDR_NUM_BYTES/4]1>>16 & OxFFFF)
+(histo_data[k + i*HISTO_NUM_BINS_GW/2 +
HISTO_HDR_NUM_BYTES/4] & OxFFFF);
}
bin >>= bin_config[i];
send_data_payload[j*2 + 1 + len] = bin & OxFF;
send_data_payload[j*2 + len] = (bin>>8) & OxFF;
}

len = len + num_bins*2;

else if (10<bin_configli] && bin_configl[il<14) {
/* logscale binning */
unsigned char carry_over;
carry_over = 0;
if (bin_config[i] == 11) {
num_bins = sizeof (tablel)/sizeof (table1[0]) - 1;
table = tablel;
}
else if (bin_configl[i] == 12) {
num_bins = sizeof (table2)/sizeof (table2[0]) - 1;
table = table2;
}
else if (bin_configl[i] == 13) {
num_bins = sizeof (table3)/sizeof (table3[0])-1;
table = table3;
}
for (j=0; j<num_bins; j++) {
bin_size = *(tablet+j+1) - *(table+j);
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219
220

222

223
224
225
226

228
229

230

231

232
233
234

235
236
237
238
239
240

241
242
243
244
245
246

247

248

249

if (carry_over == 0 && bin_size’2 == 0) {
carry_over = 0;
for (k=*(table+j)/2; k<*(table+j+1)/2; k++) {
bin = bin + (histo_datalk + i*
HISTO_NUM_BINS_GW/2 + HISTO_HDR_NUM_BYTES
/41>>16 & OxFFFF)
+ (histo_datal[k + i*HISTO_NUM_BINS_GW/2 +
HISTO_HDR_NUM_BYTES/4] & OxFFFF) ;

bin = bin/bin_size;
}
else if (carry_over == 0 && bin_size%2 == 1) {
carry_over = 1;
if (bin_size !'= 1) {
for (k=*(table+j)/2; k<(*(table+j+1)-1)
/2; k++) {
bin = bin + (histo_datalk + i*
HISTO_NUM_BINS_GW/2 +
HISTO_HDR_NUM_BYTES/4]1>>16 & O
xFFFF)
+ (histo_datal[k + i*HISTO_NUM_BINS_GW/2 +
HISTO_HDR_NUM_BYTES/4] & OxFFFF);

}
bin = bin + (histo_datalk + i*
HISTO_NUM_BINS_GW/2 +
HISTO_HDR_NUM_BYTES/4] & OxFFFF);
bin = bin/bin_size;
}
else if (bin_size == 1) {
k = *(table+j)/2;
bin = histo_data[k + i*HISTO_NUM_BINS_GW
/2 + HISTO_HDR_NUM_BYTES/4] & OxFFFF
;
}

}
else if (carry_over == 1 && bin_size),2 == 0) {
carry_over = 1;
k = (*(table+j)-1)/2;
bin = histo_data[k + i*HISTO_NUM_BINS_GW/2 +
HISTO_HDR_NUM_BYTES/4]1>>16 & OxFFFF;
for (k=(*(table+j)+1)/2; k<(*(table+j+1)-1)/2;
k++) {
bin = bin + (histo_datal[k + i*
HISTO_NUM_BINS_GW/2 + HISTO_HDR_NUM_BYTES
/41>>16 & OxFFFF)
+ (histo_datal[k + i*HISTO_NUM_BINS_GW/2 +
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250
251

252
253
254
255
256
257

258
259

260

261

262
263
264
265
266

268
269
270
271
272
273

HISTO_HDR_NUM_BYTES/4] & OxFFFF);
}
bin = bin + (histo_data[k + i*HISTO_NUM_BINS_GW
/2 + HISTO_HDR_NUM_BYTES/4] & OxFFFF);

bin = bin/bin_size;

}
else if (carry_over == 1 && bin_size),2 == 1) {
carry_over = 0;
k = (*(table+j)-1)/2;
bin = histo_data[k + i*HISTO_NUM_BINS_GW/2 +
HISTO_HDR_NUM_BYTES/41>>16 & OxFFFF;
if (bin_size !'= 1) {
for (k=(*(table+j)+1)/2; k<*(table+j+1)
/25 k++) {
bin = bin + (histo_datal[k + i*
HISTO_NUM_BINS_GW/2 +
HISTO_HDR_NUM_BYTES/4]1>>16 & 0O
xFFFF)
+ (histo_datalk + i*HISTO_NUM_BINS_GW/2 +
HISTO_HDR_NUM_BYTES/4] & OxFFFF);
}
bin = bin/bin_size;
}
}

send_data_payload[j*Q + 1 + len] = bin & OxFF;
send_data_payload[j*2 + len] = bin>>8 & OxFF;
bin = 0;

}

len = len + num_bins*2;

}

return len;
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