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หล?�N���์!@!#�@%สํ@ห#?&Nค#ANอ�/? ค/@! ?%Pลห>!O&&R!N#B�ลOํ@ 
สN/%#?N 1 : />$?�@#สอ&N#?"&Nค#ANอ�/? ค/@! ?%Pลห>!O&&R!N#B�ลOํ@ 

 
1. �อ&�N@" 
 หล?�N���์!@�#�@���?��?Q อ�>�@"�@��@#2อ�N�?"�Nค#APอ�/?�ค/@!�?�Pลห>�O��R!N#B�

ลQํ@��>��ํ@�@�O��อ?�P�!?�> (non-invasive automated sphygmomanometers) Oล>��>��ํ@�@�O��
N�>��ล (non-invasive mechanical sphygmomanometers) #@"ล>Nอ?"�N�AQอห@ค#อ�คลB! �@#N�#?"!�@#
2ํ@ห#?��@#2อ�N�?"� �@#@!>N�อ#์�?P�>2อ�N�?"� �B�2อ�N�?"� �?Q��อ��@#2อ�N�?"� �@#คํ@�/��ล�@#
2อ�N�?"� �@#�#>N!>�ค/@!R!NO�N�อ��อ��@#/?� Q�#?�#อ��@#2อ�N�?"� Oล>�@#�/�2อ� 

 
2. Nอ�ส@#อO@�อ>� 
 Nอ�2@#อO@�อ>��NอR��?Q �>N�็���?��ั��B�?�Oล>N�็�2>P��ํ@N�็�2ํ@ห#?��@#�#>"B��์Q�O�?�

หล?�N���์!@�#�@��?Q 
ISO/IEC 17025 General requirements for the competence of testing and calibration 

laboratories 
JCGM 100 Evaluation of measurement data - Guide to the expression of uncertainty in 

measurement 
JCGM 200 International vocabulary of metrology � Basic and general concepts and 

associated terms (VIM) 
OIML R 16-1 Non-invasive mechanical sphygmomanometers 
OIML R 16-2 Non-invasive automated sphygmomanometers 
ECRI Noninvasive Blood Pressure/Vital Signs Monitors Procedure: No. 454-20160809, 

Emergency Care Research Institute (ECRI) 
TP-MMD-01 คCN!Aอ�@#��2อ�Nค#APอ�!Aอ/?��@��@#O��"์ Nค#APอ�/?�ค/@!�?�Pลห>�  
DKD R 6-1 Calibration of Pressure Gauges 
ISO 80000-1 Quantities and units � Part 1: General 
 

3. %>"@! 
3.1 ค?��์ (cuff) คAอ อB��#�์�อ�Nค#APอ�/?�ค/@!�?�Pลห>� 2ํ@ห#?��?�#อ�O���อ�

ค�R�ON�APอ�ิ��?Q�หลอ�NลAอ���>�?P�ํ@�@#/?�  
3.2 ค/@! ?% (pressure) คAอ อ?�#@2N/�#>ห/N@�O#��?P�#>�ํ@Q�O�/�?Q��@��Nอห�@P�

ห�N/"�AQ��?P 
3.3 ค/@! ?%�ล/?! (dynamic pressure)  คN@ค/@!�?��?PN�ล?P"�O�ล�R��@!N/ล@ 
3.4 ค/@! ?%ส">! (static pressure)  คN@ค/@!�?��?PR!NN�ล?P"�O�ล�R��@!N/ล@ 
3.5 ค/@! ?%Pลห>! (blood pressure)  ค/@!�?�NลAอ�O���?P�#>�ํ@�?���?�หลอ�

NลAอ� 
3.6 ค/@! ?%Pลห>!�>สP#ล>� (systolic blood pressure)  ค/@!�?�Pลห>�2C�2B�

��>�?Pห?/Q��?��?/  
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3.7 ค/@! ?%Pลห>!R OอสP#ล>� (diastolic blood pressure)  ค/@!�?�Pลห>�
�Pํ@2B���>�?Pห?/Q�คล@"�?/  

3.8 ค/@! ?%!@!#�@% (standard pressure)  คN@ค/@!�?�!@�#�@��?PQ�OQ��@#
2อ�N�?"�Oล>QหOค/@!2@!@#�2อ��ล?�R�O�@�!@�#/>�"@ อ@�R�O!@�@�Nค#APอ�!Aอ�?��?Q N�N� Nค#APอ�!Aอ/?� 
ค/@!�?�!@�#�@� (standard pressure gauge)  Nค#APอ�ค/�คB!ค/@!�?� (pressure controller) Oล>Nค#APอ�
�ํ@ลอ�ค/@!�?�Pลห>� (NIBP simulator) N�็��O� 

3.9 "?�อ@�@0 (air tank)   @��>�?P!?�AQ��>/O�O�2@!@#���ค/@!�?�R�Oอ"N@��Oอ" 
300 mmHg !?�#>!@�# @"Q���@� 500 ml ±25 ml 

3.10 อB'�#�์�ํ@N%> ค/@! ?% (pressure generator)  อB��#�์�?P�ํ@ห�O@�?PQหO�ํ@N�>�
Oล>2@!@#��#?�ค/@!�?�R�O P�"�@#N�ล?P"�O�ล��#>!@�# @"Q�#>��2อ�N�?"� ห#AอN�>P!-ล�ค/@!�?�N�O@R�
Q�#>��P�"�#� N�N� ลC��อล"@� 2�#C�๊ั!  �@P�อ@�N�็�2N/�ห�@P��อ�Nค#APอ�!Aอ!@�#�@��O@�ค/@!�?��?PQ�OQ�
�@#2อ�N�?"� 

3.11 O�%N#?"! (artificial limb)  อB��#�์�?P�ํ@ห�O@�?PO��O�� �@ �อ��CO�N/" Oล>
�>�Oอ�!?��@��?PNห!@>2! 

3.12 #Nอล! (air tube)  อB��#�์Q� N �?P�ํ@ห�O@�?PN�็��@��N@��อ�ล! N�N� �Nอ"@� 
�Nอ�ล@2�>�  

3.13 อ?!#@�?��# (pulse rate)  อ?�#@�@#�?��?/�อ�ห?/Q�Q�ห�N/"ค#?Q��Nอ�@�?�?P
#@"�@�P�"Nค#APอ�/?�ค/@!�?�Pลห>�  

3.14 ค/@!ส@!@#"สอ&�ล?&R O#@�!@!#/>#"@ (metrological traceability)  
2!�?�>�อ��ล�@#/?� P�"�?P�ล�@#/?��?Q�2?!�?��์�?�2>P�อO@�อ>�อ"N@�R!N�@��N/��@#2อ�N�?"��?PR�O�?��ํ@N�็�
Nอ�2@#R/O P�"�@#2อ�N�?"�O�Nล>ค#?Q�!?2N/��Nอค/@!R!NO�N�อ��อ��@#/?�  
 

4. �@#N!#?"!�@#สํ@ห#?&�@#สอ&N#?"&  
4.1 ส @/>O/ ลOอ!Oล>Nส"?"# @��อ�อB�ห C!> 

อB�ห C!> (temperature) : อ"CNQ��N/� 18 C �@� 28 C 

อB�ห C!>#>ห/N@��@#2อ�N�?"� : N�ล?P"�O�ล�R!NN�>� ±2 C  
 

4.2 �@#!#/�สอ&N&AOอ�!O% 
1) �B�2@"R��O@�ํ@ล?� N�N� line cord, AC plug, strain relief อ"CNQ�2 @����> 

R!N!?2N/�Q��?�ห#Aอ�@�  
2) �?/Nค#APอ� �Oอ�อ"CNQ�2 @�2!�C#�์ R!N!?#อ"O��ห?� 
3) �BN!ค/�คB! �Oอ�อ"CNQ�2 @�2!�C#�์ 2@!@#��ํ@�@�R�Oอ"N@����> 
4) ห�O@�อO2���ล O2���ลR�Oอ"N@�2!�C#�์ 
5) ค?��์R!N�?��@� อ"CNQ�2 @��?P2@!@#�Q�O�@�R�O���> 
6) �Nอล! R!N!?#อ"#?P/ห#Aอ�?��@�  
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4.3 �@#!> !?O�Nค#ANอ�!Aอ 
Nค#APอ�!AอOล>อB��#�์�?P2ํ@ค?�  

#@"�@# #@"ล>Nอ?"  

1. Nค#APอ�!Aอ/?�ค/@!�?�!@�#�@� สํ@ห#?&�@#สอ&N#?"&ค/@! ?%ส">! 
- �>2?"�@#/?� 0 mmHg �@� 300 mmHg  
- !?คN@ค/@!�C��Oอ� (accuracy) ห#AอคN@ค/@!R!NO�N�อ� (uncertainty) 
R!NN�>� ±0.8 mmHg 

2. Nค#APอ��ํ@ลอ�ค/@!�?�Pลห>� 
(NIBP simulator) 

สํ@ห#?&�@#สอ&N#?"&ค/@! ?%�ล/?! 
- �>2?"�@#/?� 60/30 mmHg �@� 250/190 mmHg 
สํ@ห#?&�@#สอ&N#?"&อ?!#@�?��#  
- �>2?"�@#/?� 60 BPM �@� 120 BPM 
- !?คN@ค/@!�C��Oอ�ห#AอคN@ค/@!R!NO�N�อ�R!NN�>� ±2 BPM  
สํ@ห#?&�@#สอ&N#?"&ค/@! ?%ส">!  
- �>2?"�@#/?� 0 mmHg �@� 300 mmHg   
- !?คN@ค/@!�C��Oอ�ห#AอคN@ค/@!R!NO�N�อ�R!NN�>� ±0.8 mmHg 

3. �?�อ@�@0 (air tank) ค/@!�B 500 ml ±25ml 
4. O��N�?"! Q�O��@�Nห!@>2!�?�ค?��์ ห#Aอ�@!�?P�CO�ล>��ํ@ห�� 
5. อB��#�์�ํ@N�>�ค/@!�?�  2#O@�ค/@!�?�R�OR!N�Oอ"�/N@ 300 mmHg 
6.อB��#�์�?�N/ล@  !?ค/@!ล>Nอ?"�อ"N@��Oอ" 1 />�@�?  

 
 �@#�>��?Q� 
 4.3.1 �@#!> !?O�สํ@ห#?&�@#สอ&N#?"&ค/@! ?%�ล/?! (dynamic pressure) 

Oล>อ?!#@�?��# (pulse rate)  
�ํ@�@#�Nอ#>��ล!�อ�Nค#APอ��ํ@ลอ�ค/@!�?�Pลห>� (NIBP simulator) N�O@

�?�ค?��์Oล>Nค#APอ�/?�ค/@!�?�Pลห>��?P�Oอ��@#2อ�N�?"� P�"�@#�?�ค?��์N�O@�?�O��N�?"!�?�O2��Q�#C��?P 1 
 

 
#C��?P 1 O2���@#�#>�อ�อB��#�์2ํ@ห#?��@#2อ�N�?"�Nค#APอ�/?�ค/@!�?��ล/?�Oล>อ?�#@�?��# 

O�%N#?"! 

Nค#ANอ�/? ค/@! ?%Pลห>! 
ค?��์ NIBP simulator 

Nค#ANอ��ํ@ลอ�ค/@! ?%Pลห>! 
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4.3.2 �@#!> !?O�สํ@ห#?&�@#สอ&N#?"&ค/@! ?%ส">! (static pressure) 
�ํ@�@#�Nอ#>��ล!�อ�อB��#�์ค/�คB!ค/@!�?�N�O@�?�Nค#APอ�/?�ค/@!�?�

!@�#�@�Oล>Nค#APอ�/?�ค/@!�?�Pลห>� (non-invasive blood pressure : NIBP) �?P�Oอ��@#2อ�N�?"�  �?Q��?Q 
อ@��Nอ�N/��?�อ@�@0N�APอ�N/"ล��@#O�#�#/��อ�ค/@!�?�Q�#>��ล!�O/"ห#AอR!N�OR�O �?�O2��Q�#C��?P 2 
ห!@"Nห�B  - Q��@���>�?�>อB��#�์ค/�คB!ค/@!�?�อ@�N�็��B�ค/�คB!ค/@!�?�อ?�P�!?�> ห#Aอ2�#C�๊ั! 

(screw pump) ห#Aอ�๊ั!!Aอ (hand pump) �OR�O 
- Q��@#2อ�N�?"�ค/@!�?�2�>� 2@!@#�2อ�N�?"�Nค#APอ�/?�ค/@!�?�Pลห>��#Oอ!�?�หล@"

Nค#APอ� P�"�Nอ��@��?�R�O!@��/N@ 1 Nค#APอ� 

#C��?P 2 O2���@#�#>�อ�อB��#�์2ํ@ห#?��@#2อ�N�?"�Nค#APอ�/?�ค/@!�?�2�>� 
 

4.4 �@#อBN%Nค#ANอ� (warm up)  
�ํ@�@#N�ิ�Nค#APอ�/?�ค/@!�?�!@�#�@�QหOอ"CNQ�2 @/>�#Oอ!Q�O�@� N�็�N/ล@R!N

�Oอ"�/N@ 10 �@�? ห#Aอ�@!�?P�CO�ล>�O�>�ํ@  
 

4.5 �@#!#/�ส @�ค/@!�#Oอ!�อ�Nค#ANอ�!AอO�#"์#?N�>สอ&N#?"& 
QหO"�Nล>��@#2อ�N�?"�ห@���/N@Nค#APอ�!Aอ�?��ลN@/R!N!?ค/@!�#Oอ! N�N� �Nอ ห#Aอ 

ค?��์ �?/�ํ@N�>�O#��?� ลC��อล"@� #?P/ R!N2@!@#��ํ@�@�R�O���>  Q��@���>�?�>2@!@#���2อ��@##?P/ P�"�@#
��2อ��?Pค/@!�?�Q�O�@�2C�2B�N�?"��B�N�?"/ �@P��Oอ�!?อ?�#@#?P/R!NN�>� 6 mmHg/min 2ํ@ห#?�Nค#APอ�/?�ค/@!�?�
Pลห>�O��อ?�P�!?�> (automated sphygmomanometer) Oล> 4 mmHg/min 2ํ@ห#?�Nค#APอ�/?�ค/@!�?�
Pลห>�O��R!Nอ?�P�!?�> (non-automated sphygmomanometer) �ํ@N�>��@#�@!/>�?�@#Oล>N���์�?P�CO�ล>�
O�>�ํ@ห#Aอ�@!!@�#�@��@#��2อ��?PหOอ���>�?�>�@#อO@�อ>� 
 

5. �@#@!>N!อ#์#?Nสอ&N#?"& 
5.1 ค/@!�?��ล/?� (dynamic pressure) 
5.2 อ?�#@�?��# (pulse rate) 
5.3 ค/@!�?�2�>� (static pressure) 
�N/�N/ล@สอ&N#?"& (calibration interval)  
Nค#APอ�!Aอ/?�!@�#�@�2ํ@ห#?��@#2อ�N�?"�ค/@!�?�Oล>อ?�#@�?��#ค/#!?�N/�N/ล@ 

2อ�N�?"�R!NN�>� 12 N�Aอ� ห#Aอ�B�ค#?Q�หล?��@��Nอ!ห#Aอ�#?�O�N��?P!?�?"2ํ@ค?��Nอ�ล�@#2อ�N�?"� 

Nค#ANอ�/? ค/@! ?%Pลห>! 
ห/@0เห�@  ?�อ@ก@ศ�>OชOห1?อP/NOชOก็P�O 

 

air tank 
500 ml 

Nค#ANอ��ํ@N%>  
ค/@! ?%!@!#�@% 
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6. �B สอ&N#?"& 
�B�2อ�N�?"��อ�O�Nล>�@#@!>N�อ#์ O2���?��@#@��?P 1 
 

�@#@��?P 1 O2���B�2อ�N�?"� 

ห?/�Oอ#?N#ํ@�@#สอ&N#?"& �B สอ&N#?"& 

(1) ค/@!�?��ล/?�  
(dynamic pressure) 

�?PคN@ค/@!�?�Pลห>�  
�N/��Pํ@  
- ค/@!�?�Pลห>��>2P�ล>� R!NN�>� 80 mmHg  
- ค/@!�?�Pลห>�R�Oอ2P�ล>� R!NN�>� 50 mmHg 
�N/��ล@� 
- ค/@!�?�Pลห>��>2P�ล>� !@��/N@ 80 mmHg �@� 150 mmHg  
- ค/@!�?�Pลห>�R�Oอ2P�ล>� !@��/N@ 50 mmHg �@� 100 mmHg 
�N/�2C� 
- ค/@!�?�Pลห>��>2P�ล>� !@��/N@ 150 mmHg  
- ค/@!�?�Pลห>�R�Oอ2P�ล>� !@��/N@ 100 mmHg 

(2) อ?�#@�?��# (pulse rate) �?Pอ?�#@�?��# 60 BPM  80 BPM Oล> 120 BPM      

(3) ค/@!�?�2�>�  
(static pressure) 

N#>P!�?P�B� 0 mmHg �@�คN@Q�O�@�2C�2B� (O�>�ํ@ 250 mmHg)  
/?�คN@ค/@!�?��B� N 50 mmHg  

 
7. �?O%!อ%�@#สอ&N#?"& 

7.1 �@#สอ&N#?"&ค/@! ?%�ล/?! (dynamic pressure) 
1) �NออB��#�์�@!#C��?P 1  
2) �#?��?Q�Nค#APอ� NIBP simulator �?��?Q 

- อ?�#@�?��# 80 BPM  
- คN@ค/@!�?�Pลห>��>2P�ล>�Oล>ค/@!�?�Pลห>�R�Oอ2P�ล>��?P�N/��Pํ@ห�@P�คN@ 

N�N� 60/30 mmHg 
3) �?��@�คN@ค/@!�?�Pลห>��>2P�ล>�Oล>ค/@!�?�Pลห>�R�Oอ2P�ล>��?PอN@�R�O�@�

Nค#APอ�/?�ค/@!�?�Pลห>� �?�O2��Q��@#@��?P �.1 �อ� @ค��/� � 
4) /?��Qํ@อ?� 2 ค#?Q� 
5) �#?��?Q�คN@ค/@!�?��?P�N/�อAP�Oล>�ํ@�Qํ@�Oอ 2) �@��Oอ 4) ��ค#��?Q� 3 �N/� 

ค/@!�?��?P#>�BR/OQ��@#@��?P 1 
7.2 �@#สอ&N#?"&อ?!#@�?��# (pulse rate) 

1) �NออB��#�์�@!#C��?P 1 
2) �#?��?Q�Nค#APอ� NIBP simulator �?��?Q 

 - คN@ค/@!�?�Pลห>��>2P�ล>�Oล>ค/@!�?�Pลห>�R�Oอ2P�ล>� 120/80 mmHg 
 - อ?�#@�?��# 60 BPM  
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3) �?��@�คN@อ?�#@�?��#�?PอN@�R�O�@�Nค#APอ�/?�ค/@!�?�Pลห>� �?�O2��Q��@#@��?P 
�.2 �อ� @ค��/� � 

4) /?��Qํ@อ?� 2 ค#?Q� 
5) �#?��?Q�คN@อ?�#@�?��#�?PคN@อAP�Oล>�ํ@�Qํ@�Oอ 2) �@��Oอ 4) ��ค#��?Q� 3 คN@�?P#>�B

R/OQ��@#@��?P 1  
7.3 �@#สอ&N#?"&ค/@! ?%ส">! (static pressure)  

�?Q��อ��@#/?�ค/@!�?�2�>�2@!@#��ํ@N�>��@#R�O 2 />�? �#>�อ��O/" />�?�@#�#?�
N�>P!-ล�ค/@!�?�O���NอN�APอ� (/>�?�@# A) Oล>/>�?�@#/?�O���#>�ํ@�Qํ@ (/>�?�@# B)  P�"Q�O/>�?�@# A N�็�/>�?�@#
หล?� O�N�O@Nค#APอ�/?�ค/@!�?�Pลห>� (NIBP) R!N2@!@#�2อ�N�?"��O/"/>�?�@# A R�O QหOQ�O/>�?�@# B  

ห!@"Nห�B O�>�ํ@�B�ค/@!�?�2อ�N�?"�2C�2B� 250 mmHg  
/>$?�@# A '#?&N�>N!-ล ค/@! ?%O&&!NอN%ANอ� 
1) 2ํ@ห#?�Nค#APอ�/?�ค/@!�?�Pลห>�อ?�P�!?�> �?Q�Nค#APอ�/?�ค/@!�?�Pลห>��?P�@#/?�คN@

O��2�>� N�N� static mode,  cal mode, test mode ห#Aอ�@!�?P�CO�ล>�O�>�ํ@ 
2) N�ิ�#>��ล!QหOค/@!�?� @"Q�#>��!?คN@N�N@�?�ค/@!�?��##"@�@0 �#?�2N/�

O2���ล�อ�Nค#APอ�/?�ค/@!�?�!@�#�@�Oล>Nค#APอ�/?�ค/@!�?�Pลห>� (�O@�#?�R�O) QหO!?คN@N�N@�?�0C�"์ (zero 
tare) 

3) #อ�#>!@� 30 />�@�? �?��@�คN@ค/@!�?��?PอN@�R�O�@�Nค#APอ�/?�ค/@!�?�Pลห>�
Oล>คN@ค/@!�?�!@�#�@� �?P 0 mmHg OลO/�ิ�#>��ล! 

4) �#?��?Q�คN@ค/@!�?�N�>P!�@Q� 50 mmHg �ลNอ"QหOค/@!�?�ค��?P คO@�R/O 30 />�@�? 
OลO/�?��@�คN@ค/@!�?��?PอN@�R�O�@�Nค#APอ�/?�ค/@!�?�Pลห>�Oล>คN@ค/@!�?�!@�#�@� �?�O2��Q��@#@��?P �.3 
�อ� @ค��/� � 

5) �ํ@�Qํ@�Oอ 4) ���#>�?P��@��B�ค/@!�?�2อ�N�?"�2C�2B� OลO/�?��@�คN@ค/@!�?��?P
อN@�R�O�@�Nค#APอ�/?�ค/@!�?�Pลห>�Oล>คN@ค/@!�?�!@�#�@� 2 คN@ คAอ�?PคO@�R/O/>�@�?�?P 30 Oล>/>�@�?�?P 60  

6) �#?�ล�ค/@!�?�ล� 50 mmHg �ลNอ"QหOค/@!�?�ค��?P คO@�R/O 30 />�@�? OลO/
�?��@�คN@ค/@!�?��?PอN@�R�O�@�Nค#APอ�/?�ค/@!�?�Pลห>�Oล>คN@ค/@!�?�!@�#�@� 

7) �ํ@�Qํ@�Oอ 6) ���#>�?P�ค/@!�?��B�2อ�N�?"�N�N@�?� 0 mmHg 
8) �B�2อ�N�?"�ค/@!�?��@!ลํ@�?��?�O2��R/OQ�#C��?P 3  
/>$?�@# B �@#/? O&&�#>#ํ@�Oํ@ 
1) 2ํ@ห#?�Nค#APอ�/?�ค/@!�?�Pลห>�O��อ?�P�!?�> �?Q�Nค#APอ�/?�ค/@!�?�Pลห>�R��?P

�@#/?�คN@O��2�>� N�N� static mode, cal mode, test mode ห#Aอ�@!�?P�CO�ล>�O�>�ํ@ 
2) N�ิ�#>��ล!QหOค/@!�?� @"Q�#>��!?คN@N�N@�?�ค/@!�?��##"@�@0 �#?�2N/�

O2���ล�อ�Nค#APอ�/?�ค/@!�?�!@�#�@�Oล>Nค#APอ�/?�ค/@!�?�Pลห>� (�O@�#?�R�O) QหO!?คN@N�N@�?�0C�"์  
3) �#?��?Q�คN@ค/@!�?��?P 50 mmHg �ลNอ"QหOค/@!�?�ค��?PคO@�R/O 30 />�@�? OลO/

�?��@�คN@ค/@!�?��?PอN@�R�O�@�Nค#APอ�/?�ค/@!�?�Pลห>�Oล>คN@ค/@!�?�!@�#�@� �?�O2��Q��@#@��?P �.4 �อ�
 @ค��/� � 

4) #>�@"ค/@!�?�ล�0C�"์Oล>�>Q�R/O 30 />�@�? 
5) /?��Qํ@�?P�B�2อ�N�?"�N�>! P�"�#>�ํ@�Qํ@�Oอ 4) �@��Oอ 5) 
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6) N�ล?P"��B�2อ�N�?"�ค/@!�?��@!ลํ@�?��?�O2��R/OQ�#C��?P 4 (�#?�N�>P!�B� 50 
mmHg)  

7) �ํ@�Qํ@�Oอ 4) �@��Oอ 6) QหO�B�2อ�N�?"�ค#�2!�C#�์  
 
 

 

#C��?P 3 �?�O2��ลํ@�?��@#/?�2ํ@ห#?��@#2อ�N�?"�ค/@!�?�2�>� 
Q��#�?�?PNค#APอ��ํ@N�>�ค/@!�?�!@�#�@�2@!@#�N�>P!Oล>ล�O#��?��NอN�APอ�R�O (/>�?�@# A) 

 

 

#C��?P 4 �?�O2��ลํ@�?��@#/?�2ํ@ห#?��@#2อ�N�?"�ค/@!�?�2�>� 
Q��#�?�?PNค#APอ��ํ@N�>�ค/@!�?�!@�#�@�R!N2@!@#�N�>P!Oล>ล�O#��?��NอN�APอ�R�O  
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8. �@#คํ@%/%(ล�@#สอ&N#?"&  
8.1 �@#คํ@%/%(ล�@#สอ&N#?"&ค/@! ?%�ล/?! (dynamic pressure)  

�@##@"�@��ล�@#/?��>#@"�@�คN@N�ล?P"ค/@!คล@�NคลAPอ��อ��@#/?� 2 ค#?Q� 
คํ@�/��@!2!�@#�?��NอR��?Q ∆ÿ � ∑ �ÿ���� � ÿ��������� ÿ  

P�"�?P  Pstdi คAอ อ�B�#!�@#/?�ค/@!�?��อ�Nค#APอ� NIBP simulator (mmHg) 
 Puuci คAอ อ�B�#!�@#/?�ค/@!�?��อ�Nค#APอ�/?�ค/@!�?�Pลห>� (mmHg) 
 n    คAอ �ํ@�/�ค#?Q��อ��@#/?�ค/@!�?� !?คN@N�N@�?� 2 ค#?Q�  

 
8.2 �@#คํ@%/%(ล�@#สอ&N#?"&อ?!#@�?��# (pulse rate) 

�@##@"�@��ล�@#/?��>#@"�@�คN@N�ล?P"ค/@!คล@�NคลAPอ��อ��@#/?� 2 ค#?Q� 
คํ@�/��@!2!�@#�?��NอR��?Q ∆ý � ∑ �ý���� � ý��������� ÿ  

P�"�?P  Bstdi คAอ อ�B�#!�@#/?�อ?�#@�?��#�อ�Nค#APอ� NIBP simulator (BPM) 
 Buuci คAอ อ�B�#!�@#/?�อ?�#@�?��#�อ�Nค#APอ�/?�ค/@!�?�Pลห>� (BPM) 
 n    คAอ �ํ@�/�ค#?Q��อ��@#/?�อ?�#@�?��# !?คN@N�N@�?� 2 ค#?Q� 

 
8.3 �@#คํ@%/%(ล�@#สอ&N#?"&ค/@! ?%ส">! (static pressure)  

�@##@"�@��ล�@#/?��>#@"�@�คN@N�ล?P"ค/@!NคลAPอ��อ��@#/?� 2 ค#?Q� คํ@�/�
�@!2!�@#�?��NอR��?Q ∆ÿ � ∑ �ÿ���� � ÿ��������� ÿ  

P�"�?P  Pstdi คAอ อ�B�#!�@#/?�ค/@!�?��อ�Nค#APอ� NIBP simulator (mmHg) 
 Puuci คAอ อ�B�#!�@#/?�ค/@!�?��อ�Nค#APอ�/?�ค/@!�?�Pลห>� (mmHg) 
 n    คAอ �ํ@�/�ค#?Q��อ��@#/?�ค/@!�?� !?คN@N�N@�?� 2 ค#?Q�   
 

9. �@#'#>N!>%คN@ค/@!R!NO%N%อ%�อ��@#/?  (uncertainty of measurement) 
 @ค��/� � �@#�#>N!>�คN@ค/@!R!NO�N�อ��อ��@#/?�  

 
10. Q&#?&#อ��@#สอ&N#?"& (certification of calibration) 
  @ค��/� ค �?/อ"N@�Q�#?�#อ��@#2อ�N�?"�  
 
11. �@##/%สอ& (verification)  

Nค#APอ�!Aอ�?P�ํ@�@#�/�2อ� �>�Oอ�!?�ล�@#�/�2อ��N@�N���์�@#Q�O�@��@!�@#@� 
�?P 2 P�"คN@ค/@!คล@�NคลAPอ��อ��ล�@#/?�Oล>ค/@!R!NO�N�อ� �>�Oอ�อ"CNQ�N���์�@#Q�O�@��?P�ํ@ห��  
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�@#@��?P 2 O2��N���์�@#"อ!#?�คN@ค/@!คล@�NคลAPอ�Oล>คN@ค/@!R!NO�N�อ��อ��@#/?�2C�2B�  
 

ห?/�Oอ 

N���์�@#"อ!#?& 
(acceptance Limit) 

ค/@!คล@ NคลANอ% ค/@!R!NO%N%อ% 

(1) �@#2อ�N�?"�ค/@!�?��ล/?� (dynamic pressure) ±10 mmHg ±7 mmHg 

(2) �@#2อ�N�?"�อ?�#@�?��# (pulse rate) ±3 BPM ±2 BPM 

(3) �@#2อ�N�?"�ค/@!�?�2�>� (static pressure) ±4 mmHg ±2 mmHg 
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 @ค(%/� � �@#&?%#@�(ล�@#สอ&N#?"& 
 
�@#@��?P �.1 �@#@��?��@��ล�@#2อ�N�?"�ค/@!�?��ล/?� (dynamic pressure)  

STD setting  (mmHg) 
pressure reading 

(mmHg) 
pulse rate reading 

(BPM) 
1 2 3 1 2 3 

�N/��Pํ@  
ค/@!�?�Pลห>��>2P�ล>� 60          
ค/@!�?�Pลห>�R�Oอ2P�ล>� 30       

�N/��ล@�  
ค/@!�?�Pลห>��>2P�ล>� 120          
ค/@!�?�Pลห>�R�Oอ2P�ล>� 80        

�N/�2C�  
ค/@!�?�Pลห>��>2P�ล>� 200          
ค/@!�?�Pลห>�R�Oอ2P�ล>� 150       

ห!@"Nห�B �?/Nล��?Pอ"CNQ��@#@�N�็�N�?"��?/อ"N@�Q��@#�#อ��Oอ!CลN�N@�?Q�  
 

�@#@��?P �.2 �@#@��?��@��ล�@#2อ�N�?"�อ?�#@�?��# (pulse rate)  

STD setting (BPM) 
pressure reading 

(mmHg) 
pulse rate reading 

(BPM)  
1 2 3 1 2 3 

60 
ค/@!�?�Pลห>��>2P�ล>� 120          
ค/@!�?�Pลห>�R�Oอ2P�ล>� 80       

80 
ค/@!�?�Pลห>��>2P�ล>� 120          
ค/@!�?�Pลห>�R�Oอ2P�ล>� 80       

120 
ค/@!�?�Pลห>��>2P�ล>� 120          
ค/@!�?�Pลห>�R�Oอ2P�ล>� 80       

ห!@"Nห�B �?/Nล��?Pอ"CNQ��@#@�N�็�N�?"��?/อ"N@�Q��@#�#อ��Oอ!CลN�N@�?Q�  
 

�@#@��?P �.3 �@#@��?��@��ล�@#2อ�N�?"�ค/@!�?�2�>� (static pressure) 2ํ@ห#?�Nค#APอ��ํ@N�>�ค/@!�?�
!@�#�@��?P2@!@#�N�>P!Oล>ล�ค/@!�?�R�O�NอN�APอ� (/>�?�@# A) 

UUC applied 
(mmHg) 

standard reading (mmHg) 
increasing direction decreasing direction 

0   

50   
100   

150   

200   

250   

300   

ห!@"Nห�B �?/Nล��?Pอ"CNQ��@#@�N�็�N�?"��?/อ"N@�Q��@#�#อ��Oอ!CลN�N@�?Q�  
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�@#@��?P �.4 �@#@��?��@��ล�@#2อ�N�?"�ค/@!�?�2�>� (static pressure) 2ํ@ห#?�Nค#APอ��ํ@N�>�ค/@!�?�
!@�#�@��?PR!N2@!@#�N�>P!Oล>ล�ค/@!�?�R�O�NอN�APอ� (/>�?�@# B) 

UUC applied 
(mmHg) 

standard reading (mmHg) 

repeat No.1 repeat No.2 
50   

100   

150   

200   

250   

300   

ห!@"Nห�B �?/Nล��?Pอ"CNQ��@#@�N�็�N�?"��?/อ"N@�Q��@#�#อ��Oอ!CลN�N@�?Q�  
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 @ค(%/� � �@#'#>N!>%คN@ค/@!R!NO%N%อ%�อ��@#/?  
 
�@#�#>N!>�คN@ค/@!R!NO�N�อ��อ��@#/?�Q�O�Nล>หOอ���>�?�>�@# อ@��>!?�@#�#>N!>��?P

O���N@��?��@Q��?��ั��?"�อ�หOอ���>�?�>�@# �?��?Q��@#�#>N!>�คN@ค/@!R!NO�N�อ��อ��@#/?�Q�หล?�N���์
!@�#�@���?��?Q �@�N�็�N�?"��OอO�>�ํ@ N�APอQ�ON�็�O�/�@��@#คํ@�/�N�N@�?Q�  

 
O�/�@��@#�#>N!>�คN@ค/@!R!NO�N�อ��อ��@#/?� !?�?��?Q 
1. O&&�ํ@ลอ�#@�ค�>!0@ส!#์ (mathematical model) ÿÿ � �ÿ��� � ÿÿ��� _ ���� � �ÿ��� � ÿÿ��� _ ���� � ÿÿ��� 

N!APอ ÿÿ  คAอ ค/@!คล@�NคลAPอ��อ��@#/?�คN@ค/@!�?� 
 ÿ���  คAอ คN@ค/@!�?��?P/?�R�O�@�Nค#APอ�/?�ค/@!�?� NIBP 
 ÿÿ��� _ ���  คAอ คN@คล@�NคลAPอ�N�APอ��@�ค/@!ล>Nอ?"� (ค/@!O"��?�) �อ�Nค#APอ�/?�ค/@!�?� NIBP 
 ÿ���  คAอ คN@ค/@!�?��?P/?�R�O�@�Nค#APอ�!Aอ!@�#�@� 
 ÿÿ��� _ ��� คAอ คN@คล@�NคลAPอ�N�APอ��@�ค/@!ล>Nอ?"� (ค/@!O"��?�) �อ�Nค#APอ�!Aอ!@�#�@� 
 ÿÿ���  คAอ คN@คล@�NคลAPอ�N�APอ��@�N�APอ�R��@#�#>�ํ@�Qํ@ (repeatability)  

 
2. �@#'#>N!>%คN@ค/@!R!NO%N%อ%�อ��@#/?   

2.1 �@#ห@คN@�ล�@#/?�ค/@!�?��?PR�O�@�Nค#APอ�!Aอ!@�#�@�, Pstd 
คN@�ล�@#/?�ค/@!�?��?PR�O�@�Nค#APอ�!Aอ!@�#�@� คAอ คN@N�ล?P"�อ�ค/@!�?��?P/?�R�O

�@�Nค#APอ�/?�ค/@!�?�!@�#�@� 2@!@#�ห@R�O �?��?Q  

ÿ��� � ∑ ÿ��������ÿ  

N!APอ  n     คAอ �ํ@�/�ค#?Q��@#/?� 
 ÿ���� คAอ อ�B�#!�@#/?�ค/@!�?� 
 
�?/อ"N@��@#คํ@�/��@#2อ�N�?"�ค/@!�?�2�>�  

�@��?/อ"N@�N!APอ�ํ@�@#2อ�N�?"�ค/@!�?�2�>��?PคN@ nominal 200 mmHg �อ�Nค#APอ�/?�
ค/@!�?� NIBP �ํ@�/� 2 ค#?Q� (n=2) OลO/�?��@�คN@�ล�@#2อ�N�?"��?PNค#APอ�!Aอ!@�#�@� R�OคN@�?��?Q คAอ 
200.1 mmHg Oล> 200.5 mmHg �?��?Q� คN@ค/@!�?��?P/?�R�O , stdP  คAอ�ล#/!�อ��@#/?��?Q�ห!�OลO/ห@#
�O/"�ํ@�/��อ��@#/?� 

ÿ���   �    ∑ ÿ��������ÿ  

ÿ���   �     
�200.1�200.5� 2          =    200.3  mmHg 
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�@#�?��@��ล�@#2อ�N�?"��?�O2��Q��@#@��?P �.1 
�@#@��?P �.1 �?/อ"N@��ล�@#2อ�N�?"�  

UUC applied 
(mmHg) 

standard reading (mmHg) 

increasing direction decreasing direction 

200 200.1 200.5 

average ; Pstd 200.3 

STDEV 0.2828 

urep 0.200 
 

2.2 �@#ห@คN@ค/@!คล@�NคลAPอ��อ��@#/?�คN@ค/@!�?�, ÿÿ 
คN@ค/@!คล@�NคลAPอ��อ��@#/?�คN@ค/@!�?�Oล>คN@ค/@!R!NO�N�อ��อ��@#/?� 

2@!@#�คํ@�/�R�O�@�O���ํ@ลอ��@�ค�>�0@2�#์�?P�#>�อ�คO/" uucP , resuucP _ , stdP , resstdP _ Oล>
repP  

 
�?/อ"N@�  �@#/?�คN@ค/@!�?��อ� NIBP �?PคN@ 200 mmHg �?PอN@�R�O�@�Nค#APอ�/?�ค/@!�?�Pลห>��?Q�ห!� 2 ค#?Q� 

�>R�OคN@N�ล?P" stdP  = 200.3 mmHg คN@ค/@!คล@�NคลAPอ��อ��@#/?�คN@ค/@!�?�     

P  �  �Puuc - Puuc_res� – �Pstd - Pstd_res� - Prep 
P  �  �200 - 0� – �200.3 - 0� - 0   �  -0.3 mmHg 

 
�@#ห@ combined uncertainty �อ��@#/?� P�"Q�O���อ� propagation of 

uncertainty �?��@#�#>!@�คN@ non-correlated variables: 

ÿ� � �ÿ���� � ÿ��� _ ���� � ÿ��� _ ���� � ÿ����  

Oล> ý� � ý � ÿ�  
N!APอ stdu  คAอ  ค/@!R!NO�N�อ�N�APอ��@�Nค#APอ�!Aอ!@�#�@� 

 resstdu _  คAอ ค/@!R!NO�N�อ�N�APอ��@�ค/@!ล>Nอ?"� (ค/@!O"��?�) �อ�Nค#APอ�!Aอ!@�#�@� 

 resuucu _  คAอ ค/@!R!NO�N�อ�N�APอ��@�ค/@!ล>Nอ?"� (ค/@!O"��?�) �อ�Nค#APอ� NIBP 

 repu  คAอ ค/@!R!NO�N�อ�N�APอ��@�คN@คล@�NคลAPอ�2BN!O���#>�ํ@�Qํ@ (repeatability)  

 cu  คAอ ค/@!R!NO�N�อ�#/! 

 k  คAอ คN@�?/�#>�อ�ค#อ�คลB! (coverage factor) 
 EU  คAอ ค/@!R!NO�N�อ��"@" 
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�?/อ"N@��@#@��@#�#>N!>�ค/@!R!NO�N�อ��อ��ล�@#/?� O2���?�Q��@#@��?P �.2  
 
�@#@��?P �.2  �?/อ"N@� uncertainty budget �?P 200 mmHg  

quantity 
estimate 

value unit 

standard 
uncertainty probability 

distribution 

sensitivity 
coefficient 

uncertainty 
contribution 

degree of 
freedom 

Xi xi u(xi) ci u(yi) i 

ค/@!�?��?P/?�R�O�@�Nค#APอ�/?�
ค/@!�?� NIBP, Pucc 

200 mmHg - - - - - 

Nค#APอ�!Aอ!@�#�@�, Pstd 200.3 mmHg 0.200 rectangular 1 0.20  
ค/@!ล>Nอ?"��อ�Nค#APอ�/?� 

ค/@!�?� NIBP, Puuc_res 

0 mmHg 0.289 rectangular 1 0.29  

ค/@!ล>Nอ?"��อ�Nค#APอ�!Aอ
!@�#�@�, Pstd_res 

0 mmHg 0.029 rectangular 1 0.03  

ค/@!2@!@#�Q��@#�#>�ํ@�Qํ@ 
Prep 

0 mmHg 0.283 normal 1 0.28 1 

ค/@!คล@�NคลAPอ��อ��@#/?� 

คN@ค/@!�?� P 

-0.3 mmHg uc k = 2.516 0.45 7 

  mmHg UE   1.14  
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 @ค(%/� ค !?/อ"N@�Q&#?&#อ��@#สอ&N#?"& 
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