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Abstract

This article develops a cost-effective and accurate measurement system for heart best intervals, The system is

composed of an analog to digital (A /D) converter, an IBM personal computer (an 8088 microprocessor, an

8253-5 timer, an 8259A interrupt controllet, and memories) and assembler programs for controlling these hardware

components, An exponential smoothing algorithm effectively reduced noise effects from A /D converted

electrocardiogram (ECG) signals influenced by 60 Hz alternating current (AC). The system can collect 15000

heart beat intervals with an 1 /5400 second unit.
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10 DEFINT A-Z

20 INPUT "Number of R-R intervals to collect (1 - 15000) : ";NO
30 INPUT "Frequency of A/D conversion (19 - 3300Hz) : ";HZ

40 INPUT "For a exponential smoothing coefficient 1/(2°N), type N : “":N

50 INPUT "File name : ":NAMS
60 DIM X(N0O) 'data buffer of BASIC

70 DEF SEG=8H9620 'segment address of assembly routine
80 BLOAD "rrm.bin" 'loading of assembly routine
30 RRM=8HO0 'offset address of assembly routine

100 CLS

110 LOCATE 10,30:PRINT "now a/d conversion"
120 CALL RRM (NR,NO,HZ,N,X(0)) 'R-R interval measurement by assembly routine
130 'NR = Number of R-R intervals measured by assembly routine

140 CLS

150 LOCATE 10,30:PRINT "end of a/d conversion"

160 OPEN "0",#1,NAM$
170 FOR I=0 TO NR-1

180 WRITE #1, INT(X(I)*1000/HZ+.5) 'saving R-R intervals in msec

190 NEXT I
200 CLOSE #1
210 END

Fig 3. BASIC Program part for R-R interval measurement.
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1:
2: title R-R Interval Measurement
5 HEH
4: code segment para
5: assume cs:code,ds:code
6: rra proc far ;define assembly routine procedure
R T TR R R R R S N T PR PP PP SRS TR PUR
8: 3353333333333 MAIN ROUTINE PERFORMED BY BASIC CALL;sssssssssisiissss
R R R R T R E R F e g S T T T SRR PP PO R Rgaa
10: ;
11: 3335545 ;Transfer BASIC data to assembly routine;;sssssssss:
12: ;
13: ;transfer number of R-R intervals to no_data
14; push bp
15: mov bp, sp
16: movV bx, [bp+12]
17: mov ax, [bx}
18: BOV no_data,ax
19: ;transfer frequency of A/D conversion to freq
20: nov bx, [bp+10]
21: mov ax, [bx}
22: BOV freq,ax
23: ;establish a criterion (minimum R-R interval=latency) to detect R peak
24: shr ax,1
25: mov latency,ax
26: ;transfer a exponential smoothing coeff. to s_c
27: nov bx, {bp+8}
28: mov ax, {bx}
29: nov S_c,ax
30: ;transform number of R-R intervals into a suitable form for
31: ;assembly routine
32: ROV ax,no_data
33: shl ax,1
34: sub ax, 2
35: ROV no_data,ax
36: ;transform A/D conversion frequency into a suitable form for

37: ;82535 timer chip

38: mov dx,12h

39: nov ax, 34dch

40: div freq

41: shr freq,1

42: cRp dx, freq

43: Jl roundoff

44: inc ax

45: roundoff:

46: Bov freq,ax

47: ;

48: ;3;::3::Assign segwent and offset addresses of timing pulse routine
49: ;355535:1n which 8088 microprocessor should branch out at each

50: ;335;535;;timing pulse from a 8253-5 timer chip

51: ;

52: push ds

53: nov ax,0

54: nov ds,ax

55: ROV 8i,112 ;memory address for location of timing pulse
56: ;routine

57: nov cx,word ptr [si] ;offset of old timing pulse routine
58: nov dx,word ptr [si+2] ;segment of old timing pulse routine
59: nov ax,offset adcon ;offset of new timing pulse routine
60: mov word ptrisi],ax ;set offset of new

Fig 4. Assembler orogram part for R-R interval measurment.



61: nov ax,seg adcon ;segment of new timing pulse routine
62: nov word ptr[si+2},ax ;set segment of new

63: ;

64: pop ds

65: nov mml,cx ;save offset of old timing pulse routine

66: mov mm2,dx ;save segment of old timing pulse routine

67: ;

68: ;;;:5::5:Prepare data for timing pulse routine by changing data segment
69: ;:533:::into a suitable form for timing pulse routine

70: ;

T1: mov ax, latency

72: BOV bx,s_c

73: push ds

74: push cs

75: pop ds

76: BEOV latency,ax ;minimum R-R interval

B BOV s_c,bx ;exponential smoothing coeff.

18: nov si,0 sinitialize R-R interval counter

79: nov bx,0 ;initialize memory address indicator

80: nov ®1,500 ;initialize forecasted value

81: pop ds

82: ;

83: 3333333:5et 8253-5 timer chip by input frequency of A/D conversion
84: ;

85: nov al,00110110b ;timer setting data

86: out 43h,al ;port address for timer setting data

87: ROV ax,freq " ;input timing pulse frequency

88: out 40h,al ;set lower 8 bit of timing pulse frequency
89: nov al,ah

90: out 40h,al ;set higher 8 bit of timing pulse frequency
91:

92: 5535355 3Checking loop for number of R-R intervals;;;s;ssssss:ss

93: ;

94: ;if number of R-R intervals <= no_data then loop, o/w pass to the next
95: cont:

96: cmp bx,no_data

97: jle cont

98: ;save memory size for R-R intervals

99: nov di,bx

100: ;

101: ;353535 5Retrieve original default timing pulse frequency;;;i:isiiiss
102: ;

103: nov al,00110110b itimer setiing data

104: out 43h,al ;port address for timer setting

105: nov ax,0ffffh ;data for default timer fregquency

106: out 40h,al ;set lower 8 bit of timer frequency

107: nov al,ah

108: out 40h,al ;set higher 8 bit of timer frequency

109: ;

110: isisisssRetrieve address of default timing pulse routine;;sssssssiss
111:

112: BHOV cx,mml ;offset of default timing pulse routine

113: mnov dx,mm2 ;segment of default timing pulse routine

114 push ds

115 mov ax,0

116 nov ds,ax

117: mov si,112 ;memory address for location of timing pulse
118: ;routine

119 nov word ptr [si+2],dx ;set segment of default routine
120: nov word ptr [si],cx ;set offset of default routine

Fig 4. Continued




121: pop ds

122: ;

123: ;5555353 Transfer measured R-R intervals to BASIC data buffer;;;::s::::s
124: ;

125: ;transfer number of measured R-R intervals to a BASIC variable NR

126: shr di,1

127: nov bx, [bp+14]

128 mov [bx],di

129: ;transfer R-R intervals in assembly routine memory to BASIC data buffer
130: mov cx,di

131: nov 51,0 ;initialize address indicator

132: a4:

133: push ds

134: push cs

135: pop ds

136: nov dx,[ary_x+si] ;address of assembly routine memory

137: pop ds

138:  1o)'4 bx, [bp+6] ;address of BASIC data buffer

139: BOV [bx+si],dx ;R-R intervals to BASIC data buffer

140: inc si sincrement address indicator

141: inc si ;by 16 bit

142: loop a4

143: ;

144: 33553555End of main routine---Return to BASIC program;;s;sississssss
145: ;

146: pop bp

147: ret 10

A8 s s353558305330333533883833333305353035308333333333352333338338308
149: 5555555 TIMING PULSE ROUTINE PERFORMED BY EACH TIMING PULSE;;;33::::::
150: 5535535 GENERATED BY A 8253-5 TIMER CHIP;;5:355355335533353350:38s383:3
151: A It S F SR T S S P SRRy
152: adcon proc far ;define timing pulse routine procedure

153: push ds

154: push ax

155: push cx

156: push dx

157: push cs

158: pop ds

159: ;analog to digital conversion of ECG signal using

160: ;a KSE-8627 A/D converter

161: nov dx,380h ;port address for channel selection = 380h
162: nov ax,7 ;current channel number = 7

163: out dx,ax ;channel selection

164: ROV dx,385h ;port address for conversion start = 385h
165: ROV ax,0 ;start signal = 0

166: out dx,ax ;conversion start

167: waitt:

168: [ Tel's dx,380h ;port address for reading lower 8 bit data
169: in al,dx ;read lower 8 bit

170: OV 1sb,al  ;temporal storage of lower 8 bit data

171: mov dx,381h ;port address for reading higher 8 bit data
172: in al,dx ;read higher 8 bit

173: mnov msb,al  ;temporal storage of higher 8 bit data
174: and al,00010000b  ;check for completion of reading
175: Jjnz waitt ;if not yet read then read again

176: ;otherwise pass to the next

177: ROV al,lsb

178: ROV ah,msb

179: and ah,0fh ;obtain A/D converted 12 bit data

180: ;exponential smoothing for A/D converted data using forecasted

Fig 4. Continued



181: ;value and given smoothing coeff.

182: nov cl,byte ptr s_c
183: shr ax,cl
184: add ax,ul
185: shr nl,cl
186: sub ax,ml
187: nov rl,ax

;save smoothed data for next use

188: ;compare smoothed data with R peak detection criteria

189: cap ax, 2457
190: il branch
191: cap

192: Jl branch

;compare with minieum R peak height

si,latency ;compare R-R interval with minimum

193: :;if R peak then save R-R interval counter into assembly routine memory

194: ;otherwise pass to branch

195: mov [ary_x + bx],si ;save R-R interval counter

196: inc bx sincrement address indicator

197: inc bx :by 16 bits

198: ROV si,0 ;reset R-R interval counter

199: branch:

200: inc si ;incrememt R-R interval counter by one

201: ;return to main routine

202: pop dx

203: pop cX

204: pop ax

205: pop ds

206: iret

207: adcon endp send of timing pulse routine procedure

A S S
209: ;:33::::ESTABLISH AREA FOR MEMORIES USED IN MAIN ROUTINE;;::::sssssssss
210z 53555555 30R IN TIMING PULSE ROUTINE;;:sisssss3ss333353s5s38s3s3333s5343
A N AR AR HE R R
212: nl dw ?  ;memory for forecasted value

213: Isb db ?  ;memory for A/D converted lower 8 bit data
214: msb db ?  ;memory for A/D converted higher 8 bit data
-215: no_data dw ? :memory for number of R-R intervals

216: freq dw ?  smemory for A/D conversion frequency

217: latency dw ?  ;memory for minimum R-R intervals

218: 5_¢C dw ? . ;memory for code of smoothing coeff.

219: ary_x dw 20000 dup (?) ;memory for R-R intervals

220: mal dw ? ;memory for offset of timing pulse routine
221: ne2 dw ? ;memory for segment of timing pulse routine
222: rre endp ;end of assembly routine

223: code ends

224: end

225:
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41: call
42: ;

43: inpt macro
44: ROV
45: mov
46: int
47: call
48: nov
49: call
50: endm
51:

52: inpt
53: ROV
54: shl
55: sub
56: ROV
57: inpt
58: mov
59: oV
60: div

R-R interval measurement

segment
dw
ends

db
db
db
db
db
db
db
dw
dw
dw
db
db
dw
dw
dw
dw
dw
dw

crlf

public
cs:code,

ax,stack
8§8,ax
sp,0fffe
ax,data
ds,ax
clear
cursor

inptl,in
dx,offse
ah,9

21h
decibin
inpt2,bx
crifp

inl,nol
ax,nol
ax,1
ax,2
nol,ax
in2,no2
dx,12h
ax, 34dch
no2

stack
100 dup(?)

0dh,0ah, '# of R-R intervals to collect : ','$’
0dh,0ah, 'accuracy in HZ (19 - 5400) : ','s$"'
0dh, 0ah, ‘threshold level of R waves : ','$"'
0dh,0ah, 'code # for smoothing coeff. : ','$'
0dh,0ah,0dh,0ah, 'Start : press ESC key','$’
0dh,0ah, ‘now collecting of data','$’

0dh,0ah, 'data size : ','$’
2

?

?

?

?

?

?

?

?

?

?

db 50

db ?

db 50 dup(?)

dw 20000 dup(?)

db 0dh,0ah, 'file name : ','$’
db 0dh,0ah, '$’

ds:data,ss:stack

h

pt2

t inptl

Fig 5. Assembler program for R-R interval measurement.
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61: shr
62: mov
63: nov
64: cap
65: J1
66: inc
67: roundoff:
68: nov
69: nov
70: inpt
71: inpt
72: OV
73: nov
T4: int
75: ROV
76: nov
T7: int
78: Bov
79: nov
80: nov
81: ;

82: ROV
83: ROV
84: ROV
85: int
86: 2oV
87:

88: nov
89: nov
90: int
91: contl:
92: nov
93: int
94: cmp
95: Jjne
96: call
97: call
98: ROV
99: 20V
100: int
101:

102: ROV
103: nov
104: nov
105: push
106: push
107: nov
108: nov
109: BOV
110: ROV
111:

112: ROV
113: ROV
114: ROV
115: nov
116: nov
117:

118: BOV
119: out
120: nov

Fig 5. Continued

noz, 1
cX,no2
latency, cx
dx,no2
roundoff
ax

no2, ax

bx,no2

in3,nod

ind,nod
dx,offset filnam
ah,9

21h

dx,offset nambuff
ah, 0ah

21h

bl, [nambuff+1}
bh,0
[nambuff+bx+2},0

dx,offset nambuff+2
cx,0

ah,3ch

21h

handle,ax

dx,offset msgl
ah,9
21h

ah,1

21h

al,27

contl

clear

cursor
dx,offset msg2
ah,9

21h

ax,0

ds,ax

si, 112

word ptrlsi]

word ptrisi+2]
ax,offset adcon
word ptrisi],ax
ax,seg adcon
word ptr{si+2],ax

ax,data
ds,ax
si,0
di,0
nl,500

al,00110110b
43h,al
ax,no2

121: out 40h,al
122: mov al,ah
123: out 40h,al
124: ;

125: cont2:

126: CHp di,nol
127: Jjle cont2
128: ;

129: BOV al,00110110b
130: out 43h,al
131: nov ax,0ffffh
132: out 40h,al
133: nov al,ah
134: out 40h,al
135:

136: BOV ax,0

137: ROV ds,ax
138: nov si,112
139: pop word ptrisi+2}
140: pop word ptrisi]
141: ROV ax,data
142: nOV ds,ax
143: mov count,di
144:

145: shr di,1

146: nov datsiz,di
147: nov dx,offset msg3
148: mOV ah,9

149: int 21h

150: mov bx,datsiz
151: call putdec
152: ;

153: mov bx,handle
154: nov dx, offset datbuff
155: nov cx,count
156: nov ah,40h
157: int 21h

158: ;

159: nov bx,handle
160: ROV ah, 3eh
161: int 21h

162: nov ax,4c00h
163: int 21h

164: ;

165: adcon proc far

166: push ds

167: push ax

168: nov ax,data
169: aov ds,ax
170: mnov dx, 380h
171: nov ax,7

172: out dx,ax
173: ROV dx, 385h
174: nov ax,0

175: out dx,ax
176: waitt:

177: ROV dx, 380h
178: in al,dx
179: ROV 1sb,al
180: nov dx,381h

Fig 5. Continued



181: in
182: nov
183: and
184: Jnz
185: oV
186:- ROV
187: and
188: nov
189: shr
190: add
191: shr
192: sub
193: nov
194: cap
195: Jl
196: cap
197: Jl
198: ROV
199: inc
200: inc
201: ROV
202: branch:
203: inc
204: pop
205: pop
206: iret

207: adcon endp
208: ;
209: crlfp

210: push
211: push
212: nov
213: ROV
214: int
215: pop
216: pop
217: ret
218: crlfp
219: ;

220: clear
221: nov
222: nov
223: nov
224: nov
225: int
226: ret
227: clear
228: ;

229: cursor
230: nov
231: nov
232: nov
233: int
234: ret
235: cursor
236: ;

237: putdec
238: push
239: push
240: push

Fig 5. Continued

al,dx

msb,al
al,00010000b
waitt

al,lsb
ah,msb
ah,0fh
cl,byte ptr no4
ax,cl

ax,ml

rl,cl

ax,ml

nl,ax

ax,nod
branch
si,latency
branch
{datbuff+di],si
di

di

si,0

si
ax
ds

proc near
dx

ax

dx,offset crlf
ah,9

21h

ax

dx

endp

proc near
ax,0600h
bh,7

cx,0

dx, 184fh

10h

endp

proc near
ah,?2
bh,0
dx,0
10h

endp

proc near
bx
dx
ax

241: nov
242: nov
243: nov
244: div
245: push
246: nov
247: call
248: pop
249: nov
250: mOV
251: nov
262: div
253: push
254: nov
255: call
256 pop
257: nOV
258: nov
259: div
260: push
261: ROV
262: call
263: pop
264: ROV
265: nov
266: Bov
267: div
268: push
269: mov
270: call
271: pop
272: nov
273 call
274: pop
275: pop
276: pop
277: ret
278: putdec
279: ;

280: prin proc
281: push
282: push
283: add
284: ROV
285: int
286: pop
287: pop
288: ret

289: prin endp
290:
291: decibin

292: ;

293: nov
294: newchar:
295: nov
296: int
297: sub
298: Jl
299: cmp
300: jg

Fig 5. Continued
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dx,0
ax,bx
bx, 10000

dl,al
prin
ax
dl,ah
prin
ax

dx

bx

endp

near
dx

ax
dl,30h
ah,2
2th

ax

dx

proc near
bx,0

ah,1
21h
al,30h
exitl
al,9
exitl
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301: cbw

302: ;

303: xchg ax,bx
304: nov cx,10d
305: mul cx
306: xchg ax,bx
307: ;

308: add bx,ax
309: Jjmp newchar
310: exitl:

3. ret

312: ;

313: decibin endp
314: ;

315: code ends

316: end main

231 #R1E 4 AL offset address= HE 02=%
-is= program sizex> MASMO & C()mpileﬁ}%} A
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