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A Study on the Bit-slice Signal Processor for the Biological Signal Processing

Young-Ho Kim,* Dong-Lok Kim,* Byoung-Goo Min*

We have developed a microprogrammable signal processor for real-time ultrasonic

signal processing. Processing speed was increased by the parallelism in horizontal

microprogram using 104bits microcode and the pipelined architecture.

Control unit of the signal processor was designed by microprogrammed architec-
ture and writable control store(WCS) which was interfaced with host computer,
APPLE-1. This enables the processor to develop and simulate various digital signal
processing algorithms. The performance of the processor was evaluated by the Fast
Fourier Transform(FFT)program. The execution time to perform 16 bit 1024 poi-
nts complex FFT, radix-2 DIT algorithm, was about 175 msec with 1MHz master

clock.

We can use this processor to develop more efficient signal processing algorithms

on the biological signal processing.
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Appendix 1, Microprogram List of FFT

ADDR KICROCODE

0000 - 0000£00C00008600111111100010000011110010010010101110101C108111110111111000101011001000111001101018111111
0001 = 00000000000001001111111600100000101000100100111111161010101111111111111100101011001000111001201011111111
0002 - 00000001000000001111111800111000111101108301101111181610111111110011111000181011201001081001100011111111
0003 : 00001000000000001111111000111600131101100100111311101010102111110111111016101011G1160111180110011111121E
0604 - 006000000000000011151119001001061011011001001110011110108010010001001£00001010110¢0000111001100001111111
0005 : 0000000000000100001111100011100011110110010001101110103011110111011111100010201100160811101120001101 1101
000$ : 00000000000000101100111000111000111161100100101811101010111111110111881110101012011001111001100113111110
0007 = 0000000000000100111111100011100011110110010011¢0111010101111111301111E111020101101100113100010031111141
Q008 : 000000000B00011051111110011118001111811001001101£1201010111111110111111110101011018001111001100112121111
0009 - 000010100000000011111110001110001111011001000000£11010180011011101111$1100101011001000111001100011311E111
0010 = 000000G008000030111111106010000000600110010G00101111101011111111G1111111001010111081110040011010113211LL
0011 = 6000C0GC0000C0001101]11000]80000000001100100000101111010011001000100111100101011000000111001100001111110
0912 : 00000G00000000061610111000001060111101100106060111111010111111110111111110101011011001113001100111111110
0013 : 00000006000000001111111000100000000101100100001111111018111111§161111111101010110110011110011003E1113110
0014 : 00000060000000001111111280001000611110111G10003111111101011121111611111111010181301100111106110011211211
0015 : 00000000GOC00A0DE111111600000000101101100106010011111010111111116112111110101612011001111001100112111211
0016 : 00000000000000001111111000001000101101100200018111111040118111210£1111111010101101100111100110011112321L
0617 = 11111110000000810000111000001001000000100200£01111101019111111111108111110101011001018001001101011101101
0018 : 600111000000000011100011000100101111C0110101111111111080111110110011111110101011011001111601950110151111
0319 - 60000000000000100011111010101060011101100100100011101010111111120811111110101011311G0111100810021 1101101

6020 - 0101000100000000001100010010600001110110010010011111101011411111011111111010101101100111]00210061 11

0021 : 00000000000000001111111060100000100100100£00111111111010111111131111111110161011G110011110011002 1120184
9022 - 6000000000000000111111100001000011110011010011111101101010111111C2111100001Gi01101100011100110601112112E

0023 - 0001100100000000111000110001001011110011010011111011101006111:110111116100101011081090111001531051%
0024 : 0600000600000000111111100001000021110011010011111141101000011001011111011010101160100011100116602111
0025 : 091011100000000011111100000100001111001101001211118110£00111111100i1110016101011811001111001100%
0026 : 00101000000060001111001106160010000006160100111310(116160211111111111101001010110010001110616820:
(027 : 00101G000000D0001111001000010000111100116100111111211C160101101161111101101010110010001110:1100C
0028 : 11111116000000110111111000160001101001100100100081101C1011111111011111115010101101100000100110:92110

il

0029 : 001608030000000011100011001000101100011601001001111110101111111101112111101010£10116051110010561¥01115:1

003¢ : 01010001000000000001080110001100011101160100100011111010111111118¢1111131C10£0110110011110011¢C
2031 : 006161010000000005110010016010600111011001001001111110181311111101111111101610110110011110011001
0032 = 111111100000012100001110001000011101011001001000111061010111111116G111111110501011011C0C0015A1101C 4!
G033 : 00102100060000001110001100100316116081160101001111110101112111101111 1111010101 1011001111501026 4.8
0934 - 01010G0160000660000100010100000101110110010010001111101011111111011111111018101161200111100110321218
4035 : 660161010000¢000000100101000110G011101 10010010011 1111010111111110111112i1010:C11011001 111081108
03¢ + 000000000060011000111110011012000111611001G00001111616501121111101111111101010110110011110013%011110

h)

1HE

0237 : 016100010000000011110001000100001111801101001111111110101111111101111111103010110110021110

0838 -
0039 :

0040 : 0CO0020000GG000011111110000100001111001161011111111110101111111100121111101010120110611140013501EE
- 000¢DC0000000EA01111111CC01A00G5200100100010111113111010111111111112110i001010110010601i10011010:}

ng41
0042 -

(043

0046 ¢
€047 :
0043 -

0049 - 000G000GOGG00000111111100001000011110011010011150111101010001101011111620010£611006200111011:00001
0050 : 0G0Y0OBCO0000001111111C001000000G0000100200 111 1111010110110011411216010101011001810011901100011

00310010006300000110001100010010111100110010]111111110106011111200111110G0101011001000111GC108121015
0044 : (GOCCCOJIGCO0000111111100001000011110011016011116111101011001113011111618010161100930011101110000111
0945 - QPOCOC0OGCD00000011111110808100001111001161901111511110100610000101111110001C1011090000111011105021
06GC009996009000111111100001000011110011010011110111101011C001110111110G001G101186)008111C
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73%- 1024 points complex FFTS 87k 74m microcodeo] ¢ s}e] A A control FHEE o 74
ADIR HICROCODE

0031 = £03080000000000011111110000100001111C011010011111111101011112211031111111010101101100111100810014111111
0052 - 05110110000009000111061102010000411100110100111341111110010131110111111611101011601000011001000010111141
€253+ §151101000000000G000300100010001111100110100111101¢11010011100100100111000101011610000111008100061101:52
0254 : 009930000000000011111110080100001111901101001111111100101101031100111100101010110011101110101800{ 1111111
€055 - 30111801030000001110011000010301011001601000006£11111100101111111111110111010110010000110010200108 18111
: 0101101066303600006000010001600111110011010011110111101001119010010021100010101101000011100110063110:101

: 8006£00000060000011111110000100001111001101001111£11100100101110100111101101010116011100110001600311111i1
: £00600000000009011111110060130001111001 101601111 1131101011 101110111111110101811011601111001100281111E11
+ (3006000060000011111110000100001111001101G0111181111C1011110E10T111111101018110130011110011008 11081111
0 : 06311111000000000011100110160000600100100100111111111118011100011111111011101311001000011001000C10111111
+ 01011310000000000060000100010001111100110100111101111010011100100100111000101G11016098111001100001101101

2 - §3000J0000600000111111100001000012110011910011111111001001011011081111011010101100111011101010061 1111111
£122030105600000011100116000100010110016C1G0000111111110011100011111111011102011001000011031000018111111
01311215000000060000000100010001111100110160111101111610011100100100111006101011010000111001100011121i01
5 ¢ GCC000CO00000000311011160G010000111100110100111111100010001111110011111110101011001000001000101012111001
5 ¢ 71420101000060606101001100100110000001100100000011111010111111110111111110101011011601111601600116111111
0620003000001 1111110000010600110011601000111E1111010110111110111118100101011001100611011100012118111
£100130100006600000001000160100000101£0)10000011111201011111101611111111010101100100001100110001 2111111
10000000000060011111116050010001110011001000610£111101600110111011111110010101100100011100110001 1131111
0700000000008200111151105000100011100110010006111111101811111141011111111010101101200111100110011111111)
£27000000000030011111116051560000010G1 16016000001 11110101111111101111111101016110110011110011001101111¢2
"2 ¢ 62500000000006GC11111110061080000011011001G000041111101011011121011111010010161100116001101110001181111%
$23011100230630001000011C0010011111200i1010012111111101001111081011111110110101110100601100160061011411L

000300G:30000001111111G20100000121011100100111401111010111181100100111000101811616600111001100001 111111

0675 0000023060001100)11€0619030010111110010016110111101010101166010011110010101100000011100110C0011:1110
(976 (20CCCE0CO30601016511681000110116101001000106111151000006000010011000810£0110000081110016000001111:1
00003026C60010111090010000111:C0L101001E111 1211010111213 0111111110101011011001121001106111011101

1001G03000601010031 10001006011 11001101001 111411110J011121111011211111010181101106111100100011011111]
0190§3530600011019G100301000011116014C10011111111101011111141011111111C101012011061121001100118111110
0330000000111 10510066100001111001£01001111E1111010121141120111111110104011011601111001300111111111
¢ 0670900011 1111100810000010906010001011111111101001111111111151000010101100500011100110101¢113111
+ (CuDOOCOBC20E0U0I 1111 13000010000111100110100114111011010011151110011110001101011011000111001100011112111
(20101210050060401 110001100001015000130106100101110111010111111111111110000101011001000111001002010111111
00006111111150C0100001 111601101011 1111111010011121110411111E101018110010006111011100011111111
0000001 111£1503010300111100110104118111111016112131135010111110101011011002112001 100111115111
20000003111111100610000016000010001G111111111010101311111111110000101011001806111001101011112111
i 500011111116500100001411€011010611111101191010212111001111000110101101100011100110061 1411111
C62111610100001001011110011010611111011101010111111011111016010101130100011100100101011111%
GJ00111110106001096012110011810G111111111010106111010111110218101011001000111011160C1 1111111
G00002411160660100611311001101008111011116100111001C8163111000101011010030111001130601101101
0011120111000100161111001101001111 111110101 11111110121E11110101011811001111001000218111111

2 C000001111101000010300111100110100111111ETF010LI11111011LLIL11010101101106111100120011111111L
B35 ¢ 0C0RGALIIT10100061006011 110011010012 11T111161611111111C1121E21101010110110012110021001 81121101
043006CG10L5101C003100101 111G 800 TLITINTEGID1111111011E111110101021C11001111001000110111111
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