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Application Specific Instruction Set Processor
for Delta Encoding of Biomedical Information

NAKATSUKA SHOKO,! SAKANUSHI KEISHI,# TAKEUCHI Y OSHINORIt
and IMAT MASAHARUY

This paper proposes a coding method and an instruction set processor that utilizes charac-
teristics of biomedical information. In recent years, biomedical information sensing system is
developing for monitoring human information in daily life. In these sensing systems, informa-
tion is compressed for reducing energy consumption in communication. Proposed instruction
set processor is designed for proposed delta encoding with low energy. Experimental results
show that proposed processor achieves 56.7% energy reduction compared to a normal RISC
implementation.
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Table 1 Probability of the difference of the data of intravesical pressure and rectum pressure(%)

5y -5 —4 -3 —2 —1 1 2 3 4 5 —6 T, 6 Ll
EDEPIE
(%) 0.5 0.7 1.4 4.6 17.9 47.2 16.0 4.5 1.2 0.7 0.5 4.8
L
(%) 0.4 0.9 1.3 4.6 15.4 50.6 14.2 4.7 1.0 0.8 0.4 5.7
® 2 RETLHHEOR5E NIIFRTVT 1NyT7
Table 2 Codeword of the proposed coding method 3 | |
i peegan oy il FKBLE
1 —1~3 OFFF Plamax |
2 —-36 ~ —-5,4~ 35 QR
3 —292 ~ —37, 36 ~ 291 1Lk ! |iiii ol R ——— |
4 —2340 ~ —293 ,292 ~ 2339 L LQFHFHHAH AR A AN 0 | |
R X Y X R R xR A
P B 5 HRE0y 77 27 T LRy 7 7 ORIE
&3 HEHLAENOM Fig.5 The state of bufferstep and buffer at coding
Table 3 Codeword and differential value
i A O RAL SNy 77 PRI D. £, Ny Ty ~iTE Y k
1 —4 ~3 O*** 5 - o —
: s 2 s B ST B D ORIER BT 7008y 7 7 ZF v
3 —202 ~ —37, 36 ~ 291 k] kR (ko TEHEBELE. RNy T 7 AT v TRy Ty L
4 —2340 ~ —293 ,292 ~ 2339 ool Roliol Rallal Vool 075‘5’1% é);ﬁj— 2R > 77 VR > 7"‘i 4 }ﬁiﬁ@/\ > 77
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Table 4 Comparison of compression ratio of intravesical pressure data (%)

TEEIDE P = ]
DF—# | BEFYE  miniLZO NTvr AT R BEEN
F—%1 57.1 16.1 -9.7 -8.0 -8.0 28.2
F—4 2 54.9 —20.1 —24.7 —24.8 —24.5 —9.2
T—4 3 58.2 22.9 —2.5 1.2 —0.4 35.2
£ 5 HBNEDOT —X DOIEMEE (%)
Table 5 Comparison of compression ratio of rectum pressure data (%)
BT T
OF—4% | #BEFE miniLZO NTvr T Rl REER
T—4 4 57.3 27.9 13.9 17.2 14.8 39.3
FT—45 51.6 -39 —9.1 —5.7 —-7.3 4.9
T—4 6 58.2 33.5 10.7 13.5 11.8 39.7
DEHOREICREY, YT ARRNE FI2EH
TRBIR G~ D
e BR3 rs (BRanch 3bufferstep)
GPR(1s) ICASTWH Ry 77 AT v T DL,
LY A Z GPRT IZHM S LT 5 7225 OB
U C 16 i~ 3 5. X 712 BR3 Sy
| e e — s . — o N
[ coma OMEERT. Bz, Ny 77 AT v TOfEN
M oms | ITEGOMEN2DL &I, Ny T 7 AT v TN

BR3

RESO-3 |

BEDT—5&EHL
THICEERAS

6
Fig. 6

FHaS WSS OF HeofiE 7 a—r7 7
Controll flow graph of encoding in the case of
using special instructions
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WL Zbd 59 7 V% GPR(rs) ~u— K
T5.
4.1.2 #HHIELARIERGS
R BAL M I i B 3R BAGIC L Byl & % & DT
METHD.
e BRENC rs (BRanch ENCode)
GPR(rs) \ICAD R GALT &I T NOR Ak
2, BT _REV T AnD 5 & X ITITRTLEE
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FENFE LM I 2T 5 & XTI S

MHThHD.

e COMA4 rd rs (COMpress 4bit)
GPR(1s) & 4 E'y M BT DM,
GPR(rd) = GPR(rs)&0x0007 D5 %47 5.
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GPR(rs) & 8 By MIfFE LT 5 & MM
DA,
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GPR(rs) & 12 &'y MIfF ST D & SIS
AT
GPR(rd) = (GPR(rs) << 2)&0x0700|
GPR(rd)|0x0880 DA77 5.

e COM16 rd rs (COMpress 16bit)
GPR(rs) & 16 'y MIFFLT 5 & &M
DA,
GPR(rd) = (GPR(rs) << 3)&0x7000|
GPR(rd)|0x8880 DFHEZ1T .

VYR GPRTICHEM SN TNDES%E 12 8y b
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4.1.4 FEEMGS
FEAL LT =223 16 By Mz & o3y
Ty ST DM TH D, 1s BHFERE, 1d BNy
T7r&T 5.
e RES3 rd rs (RE-Stuff bufferstep3)
Ny T7 AT vTNIDEED 4 By ML
w2179
GPR(rd) = (GPR(rs) << 12)&0x 000 DFH
w179
e RES2 rd rs (RE-Stuff bufferstep2)
Ny T7 AT TN2DEED 4 By MEHILEL
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21T 9.
GPR(rd) = (GPR(rs) << 8)&0x0£00)]
GPR(rd) OFIFHET .

e RESI rd rs (RE-Stuff bufferstepl)
Ny Ty ATy TRLDLED 4Ly MEHILHE
Z1T9.
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GPR(rd) O#HEE1T 9.
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Ny T7 AT TR0DEED 4 By MEMILEL
21T 9.
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GPR(rd) OFtE %175
5. EF ffi £ B8

AT, FHGTEEE LTy L, X—
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Table 7 Design qualities of processors

HE T KEITE
Futod | @R [pm?] BH [mW]  JERK [MHZ2)
Brownie
Micro 16 61,449 3.051 190
) %R 80,382 3.076 143
TRtyY | (130.8%) (40.8%) (—24.7%)

A7 7V ThD. mBERHIE, mENENIED XD
&M E 52 T To Tz, e REMERKREL T =& >
DY VT 4 TNV ZAOIBIERER DN e/ & 72D & & DOfE
THhDH. wHEGK L TRERECHE LT s 7 0%
Mentor #£® ModelSim'® # ATy Ial—ia v
LCHEITHA I A EEREL, 512 Power Com-
piler? & HWTIHEE S 2ME L. WHES R,
FATH A I NV N[V A 7 V], WEES PluW], BifE
JAR S fMHz) 2 AT (2) TR HN D, FEBRRE
OEEEEIT 1.8[V], BIEEEEIT 100[MHz] TH 5.
1
E=PN; (2)

5.2 FRLT—%

TANT =2, BMNEDOT —& L EBNED
T=2ThD. BHRNEOT =237 —H% 1. 7 —X 2.
F—H 3T, FrFAR 1000 HOF—F THDH. H
BWNEDT —Z X7 —% 4. T—% 5 T—4% 6T, ¥
U 1000 EOT—H ThDH. F 6 ITEENELE
ERENEDORT — ZIZBT D 5O ERFEE R~

53 ER#FER
5.3.1 JRtyYOmEiE, HEEH RAXHER
R

7% 7 \Z Brownie Micro 16 * 2R 7 1t v+ O
LWHBEE), MO KRIIEEEZEZ RS, RT7TH0
FEIMN O¥EIX, Brownie Micro 16 Z %L L7-#F
DOEROEI L% F LT D, HHICOWT, Brownie
Micro 16 & TR 7 7t v Hid 30.8%H 0
LCW5. {EEEIIZOWT, Brownie Micro 16 &
AT 7 m o i3 0.8%WIML TS, &
KENMEE R HIZ >\ T, Brownie Micro 16 & fb~_T
B b7 et v 1% 24.7%B LT 5.

5.3.2 MESLEBERORTHAILHEHEENE

FF AR D FATH A 7 N L THE B &EICOW
C, Brownie Micro 16 &£ &5t ~7 ot v Hizon
THEZITolz. & 8 ITBRNEDT — % L EIGN
JEOTFT —2 B/t LTz & 2 OFETY A 7 VEE R
7. £ 8 HOFHIMNOHIX, Brownie Micro 16 (Z
T HHEBOE A EREL TS, B LA vty
i< Brownie Micro 16 & Tk 61.1%F(TV1 7
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VA HE LTz,

KOIBWANEDT — & L EIBRNEDT —X 2555
b7z b 2 DEBEENEEZ T, £ I HOFHIMNOK
%, Brownie Micro 16 \Z%f3 BB OEI A 2R L
TWa. FE{bH~” =t v %1% Brownie Micro 16 &
e THRR 56.7%1H B E &2 B L 7.

5.4 & =
5.4.1 FRAtyHOmEHE, HEEH RAXHER
g

7’at oY OmfEIL Brownie Micro 16 & Eb-X,
30.8% MM L7=. WEEINCBWTHEIM LI, @k
CHEES ORI, FHGSZEBENLZZ LICk5
bOTHD. £z, MBEBMLIZZ itk s YT
FNIRADF SPHOT I DITRIEN K E < 72V, 7
LA~ 2% » ¥ Brownie Micro 16 X Y & & KE)
VEE BB W Lz,

5.4.2 ERITHAVILBEEEENE

TFEALALERRE ClE, Brownie Micro 16 &b, 7F
BT vy Y OFETHA 7 VE - WERERE D
WCRIEICHI T 2 Z & TEl. SlAmFEHnsZ
LT, AT A I NB R CE 7o HEENEICO
W, HEENIFEFLHZ 2ty ¥ X0 Brownie
Micro 16 D A/NS WA, HEEHOFELY b FET
WA I NVBOFEDPRKEN DL B BILFATY A 7
DL R 2T 50T, HEEIED KIEIZHI
WDz ENTE.

6. HEbH Y I

ARBFZETIX, 22DV E VLW D Kz oA A
WOFEMTIEE L TESOFRLEERE L. £
LT, MBELIEFAHALEEDRNATA2EMGS %
Fol-7uv v 2R L. BELEZ kv Y%
FAWT, AR o I L ANIEERE & ol(E
BrOMBEBHEZHIRT 572012, EET ARG
23t L CIRIHE B/ COEMEIT - 72

AL TIIERNEDT — %, EBNEDOT —Z x5t
L 50%7% 5 60%FREDEMEN CTE /=2 & AR LT-.
HELH 7 ety YT, SEHGSENROT 2ty
&bl U CEITY A 2V B E DR E S0%TRE
HIE T 5 Z &N CT&E 2. ARITE LI O W TO
-y ORFEIT .

HE RUFEO-TE, SCHREE TE - T - fF i
PEIZ K DA 7 ) RIE TP L B i 3
BLOMHIRA ) _— g VKRR T 0 7T A (EEE
A R HIR) TR WD R A AR SRR T~V A A7 T B
FHUIE] 12X D.
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% 6 BEEAIEDT— 5 LEBNIEDT — 2 DIEHR (%)

Table 6 Compression ratio of intravesical pressure and rectum pressure (%)

BBt E D7 — & EBMEDT — ¥
F—4 1| 742|743 | 744|745 ] 746
[EREE (%) 55.9 57.4 58.2 57.1 57.0 58.9

* 8 BMNEDT —# LEBNEDT — X OFFSALLIERF O ETH 1 7 V4K

Table 8 Execution cycles of coding of data of intravesical pressure and rectum pressure

S a i H%H%WE@%*& [Cycles]\ \ EJ]%I‘/‘\]JIU)?#& [Cycles]\
F—4 1 T—4 2 F—4 3 T—4 4 F—45 T—4 6
Brownie Micro 16 573,580 557,184 550,045 560,485 562,101 545,033
"R 231,955 224,737 221,238 226,008 226,585 219,473
Tutk i (—59.6%) | (—61.1%) | (—59.8%) | (—59.7%) | (—59.7%) | (—59.7%)

£ 9 BEMNEOT —% LEIBNIEDOT — % OFFSALILERRE OIS & % ) &
Table 9 Energy consumption of coding of data of intravesical pressure and rectum pressure

D _ BAEOT—5 ] _ EBAEDT—5 )]
T—%1 T—4 2 T—% 3 T—4 4 T—45 T—=46
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