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An Examination on the Impact of Re-encoding
and Re-reencoding for Band-passed MPEG Audio
in Encoded Data and Decoded Audio

TosHINORI HAGINOYA, ! KryosHT TANAKAT!
and KoIcH1 TAKAGI?

In this paper, to realize a new data hiding method for MPEG audio, we exam-
ine the impact of re-encoding and re-reencoding for band-passed MPEG audio
in encoded data (compressed audio) and decoded audio. Through computer
simulation using several music data, we found that the change (difference) in
number of bits allocated to each sub-band between the band-passed compressed
audio and the re-reencoded compressed audio is very small, and there is almost
no perceptual difference between both docoded audios. From these results, the
possibility of a new data hiding that uses redundancy caused by re-encoding is
suggested.
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Step1:7 (1) ZHWT, TAAUIZHID Y THERZRRE > MK (size) ZHHT 5.
1152 x bitrate

see = sampling frequency (™)
7272 L, bitrate 135551k — b [kbps], samplingfrequnecy (XY 7Y v 7 JE B
¥ [kHz] #7~7.

Step2:1AAU @ size 75, %K T 5 Header(fF 5L L — K, H o7V > VJEHEE,
F v o XNVHEEE), CRC(=F7—F =v7), BitAllocation(H 7/ RfgnH 7
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T) Oy MIAERRTS.
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Fig.1 Concept from band-limitation to Re-encoding and Re-reencoding
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Fig.2 Flow of series of processing from Band-limitation
to Re-encoding and Re-reencoding
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Fig.3 Transition of compressed audio and total amount of codes
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IR % O FAET T Gl % TOEME 52RO S8 Crt, THA LT BLY.
EAEMT DL E, B 5IRT L ICERIEMOE 0 YTy hEEMISEL )7 /50 M
P'(< P) Zfi/h+ 2. TR P UBEIAFAET 2 @O O 58 Cpp 0~ P —1
BTN RICERICHHTEDL LT, BTV RRLIERICEY 7SR
DEREDYBTE Y MO B EROE D Y TEy MIEREAE LR EHO Ly MEER L
T, ZAN Cpy BEICRZY TNy FERE P & LTHET S, £-C, E5(a) O
£ DN P SRR SR E S, P LABRICAEAE S D Wy OFF i Cpy 23078
WG, PN SREE 7Y, ORI O TN RIZEZEOE y RaSENEID ¥ TS
N5, Wz, B5(b) IRt L5 IC P AMEERICEE S, SRS OF SR Cpr 1<
B E, PPOfELREL ALY, By MNBMEID B TINE TN RO G ILN 5.

ZOFETED YTy MEE T 59 73 RORIAZ D 7-8541C, HlE s P
K35 PP OFEIE (“Pops”, 384[kbps] ZFIH) ZFH& L7k RER 1 17T, Likoid
D, MEWTEEE P OEAKRENZEGIBED DOy M Cpy 372 < 2257280, PIFK
BINSL 22D e 0h 5. WA P % & 2 ECEHE L7254, P LR @Ry
DT Cpy 1F7 L—24 (AAU) TEICRARY, o TP 4T 2. 2ok, AT
179 R B LOFA LTI, 4 TRLIEXIIL, EREo AAU IR 2 IR0
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Fig.5 Reduction of sub-bands to allocate extra bits by modified dynamic bit allocation
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EBRITIZ, RWC HIZEHERT — 2 =2 (5T v ) b LT “Pops” (No.1),
“Jazz” (No.30), “Classic”(No.53) @ 3 ghzFIH L, LEREELZMZ - MPEG-1 4 —
T AT A Y — I Fofbdse e, WEHIRTIE, 730 FES EETERER) P =
1 < P < 26(112~160[kbps] DH#4), 1< P < 29(192~384[kbps] DI E) [0 L (L S

P, HHREIR U722 BG5S 75 Bl & 2NE B2 EL LI EfT T BLES &7
YRCBTFLEIDETEy MRO—EREFELZHRER 3 IORT. 7272L, —BF0
ERIE, FIVETEy MR B L72EEEFRL, Zhaey Lb— A 8TRE LZEIA T
oD, Eiz, KT “Pops” ZFIM L, HWWEKREIZ P =9 IZRELL. ZORERND,
By b= PRIV TN REFICL o TRRDLN, MENELTWDL I ERDND. £
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® 1 JEWENE P 22L& WD PP OFHfE (“Pops”, 384[kbps])
Table 1 Average of P’ as we change cutoff frequency P

HEWTE R | e TR | Wbz
P P’ P P’
1 1.00 15 5.37
2 2.00 16 4.98
3 3.00 17 4.29
4 4.00 18 3.69
5 5.00 19 3.05
6 6.00 20 2.52
7 7.00 21 2.02
8 8.00 22 1.47
9 8.99 23 1.12
10 8.00 24 1.02
11 7.67 25 1.00
12 7.00 26 1.00
13 6.58 27 1.00
14 5.99 28 1.00

R 2 WAL LOHAFSEICRT 2FY M TE Yy Mo LREDHRE

Table 2 Upper bound in dynamic bit allocation for re-encoding and re-reencoding

PTR RES PR o ERRME
. 0~P —1 HIRMEL (FcK 16 £ b)
R e BT, OTBE
" 0~ P —1 | WBMEL (K16 E5 1)
AL =T | BET Rk
rate

T, RICZOBEDOHHEZRE LR EFR 4 Z T, HEflicY TN NE
’QD%TEVFﬁ®%%*b,£7V~AT®¥WL NEEFHEEL WS, Zhky,
FRZEITRIRRC 0 IEBEOBNEIPHIZIN E > TR Y, EMFAEOEID YTy NMIuE, B/ %
{bB L OFA FALLERIZ L > TRESEMLLTWARN bbb,

WIT, MR U7 BRI 5 Bl & 2ha Fx ek L eSS BEEE #2nzhn
BAELEEE GE L., GERP iconWC, #V PFAERE G & OREIT Segmental SNRS %
FHH Ltﬁ*%%z 6 IR, 72720, ENTNOT T 7, 2EHEELTEHEEY FL— ]
TIEME L7257 Gele OA ) DI L8 GITHT 5 Segmental SNR EH R L THL. =
nkov, Gmte, GERE L bz, AN P 2RISR BEId 51265, EREH G2l
DERRT H SNR EHRFITHA L, WHIROEBBNTND Z EBbnd. £z,
Ghoieo GEEE Wi, P OWANCHES SNREIZFSAREE R LTS, 2D Lnb,
Gl W BB L OF 2 LIC L 5L (B1L) b E<MmabnTWb &5
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® 3 HHIREHE (BE ) LEam g s (BEED) oFln STy MO (%)
Table 3 Concordance rate for number of bits allocated in Bmte and ija}:f
YT REE
BitRate[kbps] 0 1 2 3 4 5 6 7 8
128 84.94 91.73 98.22 94.95 95.82 95.47 96.95 96.87 95.99
192 91.08 90.81 92.03 96.82 96.91 96.43 96.87 94.38 95.86
256 93.51 94.30 92.38 90.99 90.29 95.65 97.56 97.91 97.69
320 95.99 95.69 95.47 93.73 93.82 93.38 95.52 95.30 95.86
384 97.17 97.47 97.04 97.13 96.43 97.21 96.13 93.25 91.25
® 4 BIRGIREF (BE,,) WA bis (BEEE) 0Bl STy MRoBEEDOFE &
Table 4 Statistics for errors between number of bits allocated in Bfatc and Bf;:f
PTN RES
BitRate[kbps] 0 1 2 3 4 5 6 7 8
128 0.13 0.06 -0.02 -0.03 -0.02 -0.02 -0.03 -0.03 -0.04
192 0.05 0.03 0.03 -0.01 -0.02 -0.03 -0.02 -0.02 -0.02
R 256 0.04 0.02 0.01 0.02 0.01 -0.04 -0.01 -0.01 -0.01
320 0.03 0.03 0.02 0.02 0.01 0.00 0.01 -0.05 -0.04
384 0.01 0.01 0.01 0.01 0.01 0.00 0.00 -0.02 0.01
128 0.137 0.079 0.018 0.033 0.023 0.024 0.025 0.029 0.054
192 0.092 0.091 0.080 0.016 0.023 0.026 0.015 0.016 0.017
Faniid 256 0.065 0.057 0.077 0.088 0.083 0.039 0.013 0.007 0.011
320 0.042 0.042 0.045 0.062 0.062 0.066 0.045 0.045 0.040
384 0.031 0.025 0.030 0.030 0.036 0.028 0.039 0.067 0.087

Z5.
ZOZEEESLICEEICHN B oL, G, Gh., GEE. BEXOGEEE oadthA
Y MVERRESERER 7 ICRT. 72720, 384[kbps] TR L7z “Pops” ZFIA L,
HERE I P =9 Ths. B T(a) D G, 1349 20[kHz] FE £ TA L7 MANEET S
23, HHRHIRC X o CB 7(b) 1773 & 51K 6500[Hz] AR D@k /3237 » b ST
DI ENDND. SHIZINEFFEL, BB LEEROARY MVER T(c), (d)
Rt SR BIER T(b) ISR Le A7 ML EIRIERBROEFEEZ R LTV 5.
IHRLOREREY, BRI > Ty MIAIER L EfES 7= BEY. OTLERY %
T—=ENAT 4 T L DAIMEROERDIAZ IR EITRH LTS, JLORIRHIIR U mAE
B Gl CIEFEE LW GHIE 28y 2 3 cax b 2 LRSI
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Fig.6 Comparison of Segmental SNR for original audio

I R OFF 5 & CH A4 551k LTc G OG5 b7 — 2 B L OBAE R ZIZ W TH
T v Iab—a VEROME, HEHIR U7 EMT 5 & 2 5 LI B 5o
BTN REOEID Y TE Y M (FFEE) OZT/hanwZ & £z, WMFOBAEETHIX
FV OFNEFEICKTT % Segmental SNR EOFHHIE L OVEE LA~ Mok LJ:O’C
EEAEERNRNT LN bt

ST, B RLIC L TR LB YTy MOTTERSZMM LT — 2 A
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