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Abstract: This paper proposes a coding method and an instruction set processor that utilizes character-
istics of biomedical information. In recent years, biomedical information sensing system is developing for
monitoring biomedical information in daily life. In these sensing systems, information 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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Fig. 1 Data of intravesical pressure.

X2 EHEANEOT—%

Fig. 2 Data of rectum pressure.
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Table 1 Probability of the difference of the data of intravesical pressure and rectum

pressure (%).
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Fig. 3 Delta encoding.
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Table 2 Codeword of the proposed coding method.
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Table 3 Codeword and differential value.
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Fig. 4 Encoding flow.
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Fig. 5 The state of bufferstep and buffer at coding.
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Table 4 Comparison of compression ratio of intravesical pressure data (%).

JBEBEA HIEAY

OF—% | |ETP  miniLZO NTIr NTTU A REE
F—=%1 57.1 16.1 —9.7 -80 —8.0 28.2
F—% 2 54.9 —20.1 —24.7 —24.8 —245 —9.2
F—% 3 58.2 22.9 —2.5 1.2 —04 35.2

x5 EBHNEDT— ¥ OEMR (%)

Table 5 Comparison of compression ratio of rectum pressure data (%).

[ENCISIER I :o]

DOF—% | BEFHE  miniLZO NTwr NIy i BEY
T—% 4 57.3 27.9 13.9 17.2 14.8 39.3
7T—%5 51.6 -39 —9.1 —5.7 =73 4.9
T—%6 58.2 33.5 10.7 13.5 11.8 39.7
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Table 6 Comparison of compression ratio of difference of intravesical pressure data (%).
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T—%3 58.2 229 20.0 20.2  21.6 55.9
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Table 7 Comparison of compression ratio of difference of rectum pressure data (%).
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Fig. 6 Controll flow of encoding in the case of using special

instructions.
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Fig. 7 Behavior of instruction of BR3.
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#* 8 Brownie Micro 16 D#p4+t v b

Table 8 Instruction set of Brownie Micro 16.

i 4 OFEH FH XN TV DS

HATE g, A, HA 7 b

L S AR, PR, HHURORRERAN, A&, ALY 7 b
Bl 3 SE I, ASEE I, e LI

Rt 5 AMiEhnss, BMERAEY 7 b, EMEo—F
vy MEF vy bty b, EvbZUT7T, Ev T ZXb
O—F, A7 | H—=F, A7

IR S

Vx v TENE BMEY v > 7, VIRSEE®Y v T

&) AR END SARFAT, B AR

PR AL NOP, 21 —7

K9 BERHNEDT -5 LEBNEDT— ¥ OEMHER (%)

Table 9 Compression ratio of intravesical pressure and rectum pressure (%).

ENED 7 — %

EGNED T — %

F—5 1] 742

F—% 3

F—s 4| F—45] 746

JEAEE (%) 55.9 57.4

58.2 57.1 57.0 58.9

Thb. mBAEBIE, WEFRNMNIRS L) ICEMEES
A THT o 72, ERFFOBIERITIX 1.8[V], BfERE K
100 MHz] TH 5. HEZ RN L TER L 70ty 4
2oV, I REIERIERICOWT L. SwESR LT
- TR 571 79 4 % Mentor #:0 ModelSim [15]
FHWTCYIaLb—2vary LTHEITHA 7V EEZNZEL,
E 512 Power Compiler [14] % FIV> CTIHE B 2l L7z,
HEEDEER, EAFTA 72 VENH A2V, HEED
P [uW], BIERMEE f [MHz) # VT (2) TROBND.
E—PNL (2)
f
52 TAMF—2%&
TAMT=51E, BENEOT -5 LEBNEOT— ¥
ThHb. BERANEOT—5137—%1, T—%2, T—%3
T, Y ITNT=I 1000 HOT—5 ThHLH. EHENE
DF—=FFT—4%4, =455, =¥ 67T, YT N7—
1,000 HOT—% THb. T ICEEHNELERBNE
DK T —Z BT F LD EZ R .

5.3 EERER

5.3.1 BIMUEERGSOERTY A 7IVEICEY 351
REGHOMELRT-OIC, ]| 10 1EML S H 46
SERMGHETN—2A 70ty FI2HbaHOATEELRL
WL EOGS AR L. SEBGS %, BG4 %
Brzmwrot vy CEFT L & E0aaE, £EHG
SOWMBERT LIRS, BRIGAERERGST
X, TR AGA TR LTV BEE 1 &4 TITH) 2 &
NTEDL LR -7, BRIGHRDIEEELHSTH
D, ML EITHIERNY 77 A7 — FOIKEEIZ L - Thy
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® 10 FHamORR
Table 10 Effect of specific instructions.

N—=Z27 B4ty T
B G | AT 5 L 2 0hh
LDSAM 3
BRENC 3
BR3 8~79
COM4 5
COMS 3
COM12 4
COM16 4
RES3 5
RES2 5
RES1 A
RESO 3

F 11 70ty HoEitgE

Table 11 Design qualities of processors.

Fut o | @ [pm?]  ERES) [uW/MHz]
N— A

Fut ¥ 61,449 30.51
£ S 80,382 30.76

THEST (4 30.8%) (+0.8%)

GEHBELR D, Ny T 7 AT — b3 TESOMEH —4
530MDLE, SN DOENEE 1 A TEITTE S,
Ny T 7 AT — DY 0 THESOMEA —2340 05 —293, %
7213292 05 2339 DD & X, 19 A OEIEE 1 A4
THEITTE 5.
5.3.2 Oty YOEE HESH, KRASERKEEK
F 11 |2 Brownie Micro 16 £ 257 0t v H O & i
BEDZRT. £ 11 FORIRNOHKAEIL, Brownie Micro
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® 12 BERANEOT— % EHEBNED T — 5 OFF o ALLEEE O FEATH A 7 VEL

Table 12 Execution cycles of coding of data of intravesical pressure and rectum

pressure.

Sy ERENIE D 7 — & [Cycles] HENED 7 — % [Cycles]
F—51| 7—%2] 7-43]| 7—-%4] 7—%5] 756
N—Z 70+t v 573,580 557,184 550,045 560,485 562,101 545,033
LR 231,055 | 224,737 | 221,238 | 226,008 | 226,585 | 219,473
FHE (—59.6%) | (—61.1%) | (=59.8%) | (=59.7%) | (=59.7%) | (—59.7%)

£ 13 BENEDT =8 LEGNIED T — 8 O/ 5 LI O 1 ) &

Table 13 Energy consumption of coding of data of intravesical pressure and rectum

pressure.
Sy BEBENIED 7 — % [nJ] ESNLED T — % [nJ]
T—=%1 T—=4 2 T—%3 T—4 4 T—%5 T—% 6
N—A7 ot v 23,631 23,012 22,717 23,092 23,271 22,401
Ei S 10,345 10,046 9,867 10,057 10,128 9,701
Jat oy (—=56.2%) | (—56.3%) | (—56.6%) | (—56.5%) | (—56.5%) | (—56.7%)
= 14 HHGHOETEEK
Table 14 Frequency of specific instructions.
BmL7-gHas | 741 F—%2 FT—¥3 T—854 T—855 T—56
LDSAM 999 999 999 999 999 999
(100%) (100%) (100%) (100%) (100%) (100%)
BRENC 999 999 999 999 999 999
(100%) (100%) (100%) (100%) (100%) (100%)
BR3 999 999 999 999 999 999
(100%) (100%) (100%) (100%) (100%) (100%)
COM4 903 945 969 940 937 974
(90.4%)  (94.6%) (97.0%)  (94.1%)  (93.8%) (97.5%)
COMS 94 48 20 49 51 25
(9.4%) (4.8%) (2.0%) (4.9%) (5.1%) (2.5%)
COM12 2 6 10 10 11 0
(0.2%) (0.6%) (1.0%) (1.0%) (1.0%) (0.0%)
COM16 0 0 0 0 0 0
(0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%)
RES3 225 239 245 240 238 241
(22.5%)  (23.9%) (24.5%) (24.0%)  (23.8%) (24.1%)
RES2 229 237 244 234 238 245
(22.9%)  (23.7%) (24.4%) (23.4%) (23.8%) (24.5%)
RES1 227 235 240 228 230 246
(22.7%)  (23.5%) (24.0%) (22.8%) (23.0%) (24.6%)
RESO 222 234 240 238 231 242
(22.2%)  (23.4%) (24.0%) (23.8%) (23.1%)  (24.2%)
16 3L Lo 2OMBOEEEER LTV A., MEIC Brownie Micro 16 &5 LH 72 & v+ 12OV Tk %

DT, Brownie Micro 16 & b _TH5ALH 7' vt v 413
30.8%EINL T\W5b. {HE®EIIIZD>WT, Brownie Micro
16 L HRTHESLH 72 2 v HiZ 0.8%INL Twab. *
72, WETT Xy b ORKEEREEIL 143 [MHz] & 7% -
72, N=AT 0ty Y ORKEEEEEIL 190 [MHz] TdH
DT, 24.7%WL LT 5.
5.3.3 ME{LAEBBREOETY A JILREEEENE
AL DT A 7 VL WBENEICOWT,
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11o72. |12 IBERNLEOT— % L EHEANLOT— 7 %
b Lz EOFETFA 7 VI ERT. £ 12 ORI
NOEfEIL, Brownie Micro 16 (&3 S OEI G = FK L
TWwa., 75t 78+ v % 1d Brownie Micro 16 & X
TR 61.1%FATH A 7 VB 2 Hlk L 7.

xR 13 KERNTEOTF—% L EREANLEDO T — % 25551t
L7 ZOEERBNEZRT. £ 13 FOFHNNOIIE,
Brownie Micro 16 |23 2 HHOE G2 KL T 5. 5
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AL 7 1+t 91 Brownie Micro 16 & I~_THK 56.7%1H
BRI ETHIRL 72,

54 Z&
5.4.1 BIGEOY A 7IVEICET 25
+ 1412, BNML2CHEHAGEPHFTTE T T LETH
AT ST D 0% RS, K 14 OFEIN O IE
%9EEﬁ%ﬁ5¢f@mmw#ﬁméné@ﬁ®ﬁA%
HLTWD, EFBMTHHLET—%1317—%H20H
TVEIE 1,000 [ TH Y, RAOMEITAESFTILS N
DT I DT > TNDEGFFALSI NG, iz — 7§
% LDSAM fn4r, #THE 2TVl % 3 % BRENC 4y
%,%Evbhf%ﬁ%ﬁ5tb®COM4CDMmmw,
Ny T 7 AT — NEFFERERICL o T/N Y 7 7 DKM %
179 RES3~RESO iz i3 HHET SN T 5. 4Nl
L7727 =% Tl&, 16 € v ML SN AED A > TV
Mol l®ll, 16 €y MIFFILT 27005 ThH 5
mnﬂﬁﬁ éﬁﬁénfw&w A OMmY 2RI L
BafbE 7> TV b ols, —FEHW4 €y ML
#é&»ﬂ#@@%%wﬁ%&m«f T CFATS N
Twh. COM16 DA D &g, % U &
NTBY, FATHA 7 IVEOHIEI I RYIIThIL TV 5
e B
5.4.2 70Oty HOEE HEEN, RAEERKEHR
70t v ¥ OTifElE Brownie Micro 16 & X, 30.8%#4
U7 WEEBDICBOTHHMMLA. mHELHEEIO

W, munwi’l_ﬂﬂbf_\_k s CchHhs. F
t,mn%LmLt_ I Z7UTF 4 HVIRADESH
772D\ RIES KR E LS 2D, FE LA 7 o1 v ¥k

Brownie Micro 16 & 1) b s KENEEWE B 2504 L 72,
5.4.3 ETHAVIVEEHEEBEEHE

5 (LALERES T UL, Brownie Micro 16 & X, 5510
Ty FOETH A IOV HEEE L D ICKRIRICH]
WITAHZENTE, HEAGFe b2 LT, E794
IV TE 72, HEBNEIZOWT, HEEIIHF
FALH 7 B4 v % L) b Brownie Micro 16 D J5 AV & v
W5, WEBNIOELID SETTA 7 VEOEIRKE VD
HEBENEIFITHA 7 VBEORELHWZITHDT, H
BEIIES KIBICHIRT 2 2 &3 T& 7.

6. BBbHYIC

RWFFETIE, Z0AVNE &) R x B R IEHR O
JEfEFE L L TaEGOFsblefRFE L. 2L T, 28
L7 b 2 b RICAT R 2 G S 2 o - 7at vy
FRBERLUZ. BELLTO vy EHAWT, EEERE
T TR NS L OB O EE ) = & HI T
572012, EET 5 ARG L TR E ) T O
Biro 7z,
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HEbCRBERNED T, EBNEDOT— 712k L
50%7 5 60%FEEDEMN TE -2 L 2 MR L. Kol
A7aty b cid, EHGSEINEO 70ty & gL
TEATTA 7V - HEEEE S0%8 RS 5 2 &
MBTEz, ARIEFTUIEIZOVWTO T Ot v OlE %
79 .

HEE AWIEO—EIE, CEHREAA TE - 1 - ot
IZ& BN 7))y FETFE ST RE | B LU
Wil 4/ R—3 3 VR T 0 7T A (EIEES IR
) [V IZ A SR T~V A 7 7 RSl ] 12 X %
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